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A series of investigations has evidenced, in the blood serum of 
patients with several types of neoplasms, an increase of the concentrations 
of su l fur 1 5 . 1 6 . 1 7 and copper 22> 25> 2 8 . 2 9 > 3 0 , this latter being most likely re­
lated to the non-ceruloplasmin fract ion 1 5 . 1 6 . 1 7 . Data on the magnesemia 
in such cases are variable 1 5 > i e . 1 9 . 3 1 . 

In tumors grown in non-nervous tissues an increase of Cu has also 
been f o u n d 1 5 . 1 6 . 1 7 . 2 1 . 2 6 - 3 8 . In the rat hepatoma a rise of Mg, K and Na 
was observed2 7. Regarding the neoplasms of the central nervous system, 
Grashchenkov and Hekht 2 0 found an increase of Cu contents. Alexander 
and Myerson1, comparing the composition of a spongioblastoma with the 
normal grey matter, found higher values of K, lower values of Mg and 
P, and similar levels of Na. Higher concentrations of Ca were found in 
two-thirds of 25 gliomas studied by Wender and Hierowski32; in 60 per 
cent of the cases Na was increased, while K was lowered; in a third of cases, 
however, K levels were higher than in normal brain tissue. Studying the 
Taiochemistry of 9 astrocytomas, 1 0 glioblastomas and 1 0 medulloblastomas 
as compared to the normal brain tissue, Canelas et al . 6 found higher 
contents of Ca, Cu and Mg, irrespective of the histological pattern; the 
levels of Na were higher in astrocytomas and glioblastomas, K showed a 
trend to higher levels in astrocytomas, and the values of P were higher 
in glioblastomas and medulloblastomas. 

In a survey of the literature on meningiomas we have only found studies 
on some organic components of the tumors, such as fatty acids, phospholi-
pides, lipides in general, and mucopolysaccharides. 

A study has been made of Cu, ceruloplasmin, Mg and S contents in the 
blood serum of patients with meningiomas, as well as of Cu, Mg, Ca, P, 
K and Na concentrations in the tumor itself. The results were compared 
with the normal values in the serum and in the dura mater (it is well 
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known that meningiomas arise in the arachnoid membrane; however, owing 
to the difficulties for the isolated removal of the arachnoid, the concen­
trations in the normal dura mater of human brain5 were used as control 
in the comparative studies, a method already adopted by Cain et al. * in 
a similar investigation). 

MATERIAL AND METHODS 

Specimens of 9 meningiomas were studied. Seven tumors were in the supra-
tentorial region and two were intraspinal in location (Table 1) . These latter 
and one intracranial neoplasm were of the psammomatous type; from the remain­
ing 6 cases, 4 were of the meningotheliomatous type and 2 of the fibroblastic 
type, according to Bailey and Buey 2 classification. 

Eight patients were female; 8 were white and 1 was negro. Ages varied' 
from 23 to 60 years. Symptoms had lasted from 1 to 10 years. The largest 
diameter of the intracranial tumors varied between 5 and 8 cm.; in the intras­
pinal meningiomas it was of 2 cm. Calcifications were seen at the X-ray exami­
nation in 4 cases of intracranial tumor (Table 1 ) . 

In the blood serum of 8 patients the concentrations of Cu, ceruloplasmin, 
Mg and S were determined. In the tumoral tissue of the same patients plus 
one Cu, Mg, Ca, P, Na and K contents were determined. The results were sub­
mitted to conventional statistical analysis3. 

Immediately after remotion the tumoral samples were placed in a glass 
container with a plastic cover and put in a freezer. Afterwards each sample was 
collected in a porcelain crucible and heated at 100°C for approximately hr. until 
a constant weight was reached. The samples were ashed in a furnace overnight 
at 550^ . The ashes were dissolved in a known volume of 2N-HC1. In this 
solution Na and K were determined by flame spectroscopy in a Coleman model 20; 
Ca by the Clark and Collip 7 method; P by that of Fiske and Subbarow1S; Mg by 
the yellow titan method1 3; S by the turbidimetric method described elsewhere14. 
Copper was determined by the diethyldithiocarbamate method8; all reagents were 
tested for copper contamination; the water used in all operations was redistilled 



in an all-glass distiller; the glassware used for analytical determinations was soaked 
overnight in chromic acid and washed thoroughly with redistilled water; the 
material was boiled in a 20 per cent HC1 solution for 2 nr., washed with redis­
tilled water, and put in an oven to dry within a glass container. 

The results are expressed in mequiv./100 ml. (blood serum) or mequiv./100 g. 
dry weight (tumoral tissue) for Mg, Na, K; mg/100 ml. or mg/100 g. for Ca, 
P, S; /tg/100 ml. or ¿ig/100 g. for Cu; and mg,/10O ml. for ceruloplasmin. The 
results 'were compared with the normal values in the blood serum V W 2 and in 
the human dura mater 5 . 

R E S U L T S 

The blood serum values of Cu, ceruloplasmin, Mg and S were significantly 
higher than the normal levels (Table 2 ) . Although the correlation between Cu 
and copper-oxidase was highly significant (r = 0.9) the difference of means of 
Cu is more significant than that of ceruloplasmin. 

In the tumoral tissue, the average concentrations of all the elements studied 
were significantly higher than those of the normal dura mater of human brain 
(Table 3 ) . If this comparison was made considering apart the 3 psammomatous 
and the 6 meningotheliomatous or fibroblastic meningiomas, the same result was 
found, except for Ca content in the latter group, which did not differ statisti­
cally from the levels of normal meninx. 





The average concentrations of the elements in the psammomatous meningio­
mas were compared to the averages in the other types as a whole (Table 4 ) . 
The levels of Ca, Cu and Mg were significantly higher in the psammomatous 
type than in the others. 

Significant correlations were found between the contents of Ca and P, Ca and 
Mg, P and Cu, and Cu and Mg in the tumoral tissue of the whole group, while 
the correlations of Ca and Cu, and P and Mg showed a trend (0.1 > P > 0.05) 
to significant levels. 

No significant correlation was found between the concentration of the ele­
ments in the neoplastic tissue and the duration of symptoms or the tumor size, 
except a negative correlation (r = —0.98) between Cu levels and tumor size, 
and a trend to a negative correlation between tumor size and P levels (r = —0.5) 
and Mg (r = - 0 . 6 ) . 

The concentrations of Cu and Mg in the blood serum did not evidence corre­
lation with those in the tumoral tissue. 

C O M M E N T S 

Concerning the blood serum levels of Cu and S our results confirm 
the literature data pointing to an increase of them in patients with neo­
plastic diseases 1 | 5 - 1 , 6 . 17> 22< 2 5< 28> 29> 3 0 . The increased magnesemia is in 
accordance with the findings in fibroleiomyomas and cancer of the breast 
and larynx 1 5 > 1 6 . 1 7 . 

In the tumoral tissue our results also agree with the findings of 
increased concentrations of Ca 6- 3 2 , Cu «. " . 1 < 3 . 1 7 . 21> 26> 3 S , Na 6- 2 7 > t * 2 , 
Mg 6 > 2 7 and K 2 7 in various kinds of neoplams. 

Ca levels in the tumoral tissue showed an extremely wide range of 
variation. Nevertheless, it must be emphasized that significantly higher 



values were found in the three cases of psammomatous tope than in the 
meningotheliomatous and fibroblastic types as a whole (table 5 ) . This 
findings agrees with the results of Huh 2 4 : calcification was histologically 
detected in 100 per cent of 52 psammomatous meningiomas, while in 317 
meningotheliomatous or fibroblastic meningiomas the proportion of calci­
fication was 31 per cent (the difference of these percentages is highly 
significant). 

Wender and Hierowski32, studying the biochemistry of gliomas, did 
not find a correlation between Ca contents and histological signs of calci­
fication. In our material, likewise, no definitive correlation was found 
between Ca level and presence of calcifications on the X-ray pictures. 

The sole biochemical study comparing meningiomas and normal me­
ninges that we could find in a survey of the literature is the investigation 
of Cain et al . 4 on the concentration of lipides, particularly the proportion 
of hydrocarbons. These authors found a greater percentage of lipides in 
the meningiomas than in the normal meninges. Moreover, the composition 
of hydrocarbons in the two tissues was different and the neoplasm contained 
almost five times as much squalene as the membrane; this hydrocarbon is 
most likely involved in the cholesterol synthesis. 

The findings of Cain et al . 4 and our results in the study of the 
inorganic elements are probably related to a difference in the metabolic 
activity of the normal pachymeninx and the meningeal neoplasm. 

S U M M A R Y 

The concentrations of Cu, ceruloplasmin, Mg and S in the blood serum 
of eight patients with meningioma were significantly higher than the nor­
mal levels. Ca, P, Cu, Mg, Na and K contents in the tumour itself of 
the same patients plus one were compared with the concentrations in the 
normal dura mater of human brain. The contents of all elements were 
significantly increased, except the mean Ca in six meningotheliomatous or 
fibroblastic meningiomas when this group was studied apart. The psammo­
matous tumours had higher concentrations of Ca, Cu and Mg than the 
other histologic types. No significant correlation was found between the 
concentrations of the element in the neoplastic tissue and the duration 
of symptoms or the tumour size, except a negative correlation between Cu 
levels and tumour size. 

R E S U M O 

Bioquímica dos meningiomas: conteúdo de cobre, ceruloplasmina, magnésio 
e enxofre no soro sanguíneo, e conteúdo de cálcio, fósforo, cobre, magnésio, 

sódio e potássio no tecido tumoral 

As concentrações de Cu, ceruloplamina, Mg e S no soro de 8 pacientes 
com meningioma foram significantemente mais elevadas que os níveis nor­
mais. Os teores de Ca, P, Cu, Mg, Na e K no próprio tumor dos mesmos 



pacientes e de um outro foram comparados com as concentrações na dura 

máter normal do cérebro humano. Os valores de todos os elementos foram 

significantemente mais altos no tecido tumoral, exceto o conteúdo médio 

de Ca em 6 meningiomas meningoteliomatosos ou fibroblásticos, quando 

este grupo foi estudado à parte. Os tumores psamomatosos mostraram 

maiores concentrações de Ca, Cu e Mg que os outros tipos histológicos. Não 

foi verificada correlação significante entre as concentrações dos elementos 

no tecido neoplásico e a duração dos sintomas ou o volume do tumor, exceto 

uma correlação negativa entre os níveis de Cu e o volume do tumor. 
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