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In an earlier publication Dravidamani (1987) made observations 
on the sequential changes of Lactate Dehydrogenase (LDH) and its iso—
enzymes in Methylcholanthrene (MCA) induced brain tumours of Wistar 
albino rat, Rattusnnrvegicus• Aldolase was found to be elevated frequently 
in the serum of patients with neoplastic disease (Bodansky, 1978). 
The works of Warburg and Christian (1943) Sibley and Lehninger 
(1949), Rose et al. (1961), Schwart et al. (1962a, b) and West et al. 
(1962) indicated that the serum aldolase enzyme was elevated in various 
forms of cancer. 

Alterations in aldolase isoenzyme patterns have been observed in 
a number of pathological conditions. Tumours of neuroectodermal 
origins such as glioblastomas, astrocytomas, oligodendrogliomas and 
ependymomas have a normal complement of type A, type C and three 
hybrids; whereas meningiomas, pituitary adenomas and metastatic brain 
tumours had only type A and one hybrid (1<umanishi et a/. 1970 and 
Sugimura et al. 1972). 

Sato et a/. (1970) studied the aldolase isoenzyme patterns in human 
and experimental brain tumours and observed that the tumour aldolase 
type was of "Foetal like" pattern. The relative amounts of aldolase A 
and C appeared to vary according to the origin of the tumour. 

Although there is considerable information about the presence of 
different grades of enzymes like LDH and aldolase, the role in the forma 
lion of MCA induced brain tumours in rats have not been fully studied. 
A sequential study of aldolase and its i~:oenzymes was made and the 
results are presented here under. 

*Forms part ofi the thesis approved by tl~e University of Madras for the award of 
the Pf~. D. degree. 
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Materials and Methods 

The details of experimental ani~~nals used and the methods to 
induce brain tumour have been described earl ier (Dravidamani, 1987). 

In a sequential periodical rr.anner the test and control rats were 
sacrificed in batches of ten. As indicated in the tables, seventeen such 
sets of animals from 30 days to 720 days after the implantation of MCA 
were sacrificed. However the results are tabulated only for the days on 
30, 90, 150, 180, 240, 270, 300, 350, 450 and 720 days which were 
highly relevant for the study. Total aldolase activity and isoenzymes of 
aldolase were studied in the serum end, brain tissue. 

The method of Sibley and Lehninger (1949) as modified by Beck 
(1955) was used for the estimation of aldolase. After electrophoresis 

the aldo'ase iso-anzy~-ries were identified as per the method of Penhoet 
etal. (i 966) The statistical analyses were carried out as per Snedecor 
(1956). Total aldolase and isoenzymes of aldolase were done on the 
brain tissue of the 7tli day and 17th day foetus of rat. "fhe results were 
compared with test and control animals. 

Results and Discussion 

Tlae total aldolase activity of the serum and brain tissue of the test 
and control groups are tabulated with their mean values and standard 
deviations respectively in tables I and II . 

Tl~e mean total aldolase values of the serum of the control male 
animals ranged fro,-n 6.32-F-0.31 to 6.17±0.48 units!g of protein at 30 
days and 720 days respectively whereas in the test males the range was 
from 6 20+0.20 to 10.6+-0.62 units!g of protein at 30 days and 720 days 
respectively. 

In the control female animals the serum aldolase activity ranged 
from 7.71 +0 20 to 7.30 +0.24 units;~g of protein. There was a uniform 
pattern seen without much alteration in the control animals of both sexes. 
But in the test females the mean serum aldolase activity ranged from 
6.12+_0.32 to 1 1.60 + 0.29 units,'g of protein. There was an increase in 
the mean aldolase activity of the test animals of both sexes from 150 days 
till 720 days. 

The mean aldolase activity of the brain tissue of the control males 
ranged from 262.5 ± 9.2 at 30 days to 271.7 + 8.7 units/g of protein at 
720 days ~ti~hereas in the test males the range was from 262.4 + 6 3 to 
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338.1 +_ 10.9 units,-g of protein. Statistically significant values were 
obtained from 150 days till 720 days. In the control females, the total 
aldolase activity of the brain tissue ranged from 261.6 + 10.1 to 264.5+ 
9.9 units/g of protein and in test females the range was from 264.5 -t- 5.8 
to 332.9 + 8.6 units;'g of protein. As in test males statistical ly signi-
ficant increase was obtained from 150 days till 720 days 

This increased value of aldolase may b~ used as an aid in diagnosis. 
When compared with the results obtained in Wistar albino rats to human 
patients having brain tumours, it is seen that there is elevation of values 
in aldolase enzyme in rats (Sibley et al. 1955 and Perrin eta/. 1964). In 
the present study highly significant values are obtained both irl serum 
and brain tissues of y0 days test male rats after implantation with a peak 
on 270 days. Simi lar significant values are observed in test females on 
150 days with a psak on 350 days in both serum anti brain tissue. It 
seems that no sub3tantial study has been attempted by earlier workers 
employing MCA implantation intracerebrally in Wistar albino rats. How-
ever the work o~ Sibley et al. (195) indicated that aldolase activity was 
more when the tumour mass was increased and when the mass was 
removed the aldolase activity was reduced. Therefore the values of 
aldolase may be ussd as an indicator to evaluate iha possible incidence 
for tumour either in man or in animal. 

Aldolase molecule is composed of four subunits. The three 
distinct aldolase isoanzymas A, B and C are present in muscle, liver and 
brain tissue of ail animals, (Sugimura et al. 1969 and Sato eta/.1970). A 
study of aldolase isoenzyme pattern may be useful in the identification of 
cells in question. 

The serum of the control males and females showed Aldolase A 
isoenzyme with its hybrid throughout the study. in the test animals aldo—
lase Aisoenzyme witf~ its hybrids were noticed on 90, 120 and 150 days. 
It was noted that the hybrids were seen more prominently when compa-
red to their respective control groups on the above said days. Further it 
was noted that the aldolase A isoenzyme was faintly noticed from the 
time of tumour growth till 650 days both in test male and females. It 
was relevant to point out that in test males the aldolase A isoenzyme was 
faintly seen on 160 days when compared to the earl ier stages and in 
females aldolase A isoenzyme was faintly seen on 300 days. It was 
interesting to note that aldolase A isoenzyme which was very faint from 
180 days to 450 days reverted to its original condition on 680 days and 
720 days. 

Aldolase A and C isoenzymes with their hybrids were present in 
the brain tissue of both control and teat rats throughout the study. A note 
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worthy finding in this study was seen on 300 days on test animals where-
in aprominent preband before Aldolase C isoenzyme was seen which 
disappears in the subsequent set of animals from 330 days till 729 days. 
These observations were made when the tumour tissue was more 
malignant. 

The detection of aldolase isoenzymes like A and C with their 
hybrids has also been encountered by Sato et a/. (1970) in the human 
glioblastoma. Therefore the present study corroborates the work of Sato 
et al. (1970). 

Further, the present study also revealed that the total aldolase 
activity and the aldolase isoenzymes in test males and females resembled 
that of the 17 days old foetal brain tissue. The resurgence of foetal 
enzymes and isoenzymes in cancer is a well known phenomenon demon-
strated in this study. The results support the view of Uriel (1969) that 
the same cell synthesize both foetal type and the normal adult type and 
there is an abnormal expression of normally silent genes. This study 
offers clues to the cliniciansand surgeons to know better the stage of 
tumour in patients at the time of examination. 

Table-1 

Sequential changes in the.mean values of aldolase in serum 
and test rats of both sexes. (Units/g of protein) 

Days Control mate Test male Control female 

30 6.32 +_ 0.31 6.20 +_ 0.20 7.71 +_0.20 
90 6.58+_0.41 7.20+0.50 6.91+0.19 

150 7.22+_0.23 9.30+_0.36 7.12+_0.22 
180 6.76+_0.14 9.50+0.42 7.08-0.26 
240 7.51 + 0.31 12.5 +_ 0.54 7.04 -+- 0.40 
270 7.16 + 0.25 13.4 +_ 0.50 7.28 +_ 0 30 
300 6.42 +_ 0.41 11.5 +_ Q.44 6.79 _+ 0.33 
360 7.27+0.41 10.7 +_0.67 7.23-1-0.27 
450 6.52+0.39 10.4 +_0.63 7.09+_ 0.25 
720 6.17+_0.48 10.6 +_0.62 7.30+0.24 

of control 

Test female 

6.12 +_ 0.32 
6.90+_0.41 
7.90+_0.32 
8.10+_0.18 
9.30 +_ 0.46 

10.20 +_ 0.57 
11.90 + 0.41 
13.50+_0.55 
11.40-}-0.29 
11.60+0 29 

Highly Highly 
significant significant 
(P~0.001) (P~0.001) 
values from ~ values from 
90 days till from 150 till 
720 days. 720 days. 
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Table II 

Sequential changes in the mean values of aldolase in brain tissue of 
coniro! and test rats of both sexes (Units 'g of Protein) 

Days Control Male Test Male Control Female Test Female 

30 262.5+_ 9.2 262.4± 6.3 261.6 + 10.1 264.5 +_ 5.8 
90 269.1 + 9.6 279.2+ 5.0 262.3+ 4.4 263.8+_ 7.7 

150 265.9 +_ 5.8 297.7 + 10.0 264.9 + 7.7 272.2+_ 4.6 
180 259.4+_ 8.4 308.0+_ 9.7 261.6+_ 8.4 267.8 +_ 8.8 
240 266.2+_ 7.5 390.6+_ 10.2 260.6 +_ 9.9 288.7 +_ 11.1 
270 260.5 +_ 10.0 420.6+ 9.1 265.2 +_ 5.8 307.2+_ 9.6 
300 267.1 + 7.5 387.0+_ 8.9 265.7 + 8.9 329.0 + 5.5 
360 270.1 +_ 6.3 339.0 _+ 8.7 276.9+_ 9.~ 417.7+_12.1 
450 278.4+_ 7.1 330.0 +_ 7.4 277.6+ 8.2 342.9+ 8.0 
720 271.7 + 8.7 338.1 +_ 10.9 264.6+_ 9.9 332.9+ 8.6 

Highly significant 
(P~0.001) values 
from 90 days till 
720 days 

Highlysignificant 
~P~0.001) values 
from 150 days till 
720 days 

Surrrmary 

UsinD 20 methylcholanthrene to induce brain tumours, sequential 
changes of total aldolase activity and its isoenzymes in the serum and the 
brain tissue of 340 control and 340 test Wistar albino rats, were studied. 

Statistically significant increased values were obtained from 90 
days till 720 days of the serum of the test males and #rom 150 days till 
720 days in test females respectively. 

Highly significant elevated values were obtained from 90 days till 
720 days and from 150 days till 720 days of the test males and females 
respectively. 

Aldolase A isoenzyme with its hybrids was detected in the serum 
of the control and test males and females. Aldolase A isoenzyme was 
faintly noticed from the time of tumour growth to 180 days in males and 
300 days in females. When glioblastoma multiforme was observed from 
450 days to 720 days the aldolase A isoenzyme reappeared prominently. 

Aldolase A and C with their hybrids were seen in the brain tissue 
of test mates and females. In test males aldolase C was more prominent 
than aldolase A. A prominent preband before aldolase C was seen on 
300 days in tast animals and the preband disappeared from 330 days till 
720 days. 
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Foetal pattern of enzyme was seen in the tumour bearing animals. 

This study offered clues to the clinicians and surgeons to know 
bitter the stage of tumour inpatients at the time of examination. 
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