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Abstract The activity of six hydrolytic enzymes-

carboxyl esterase, acid phosphatase, alkaline phosphatase,

b-galactosidase, b-glucosidase and b-hexosaminidase,

were studied in different regions of the normal human brain

tissue obtained at autopsy. Protein estimation and activities

of the hydrolytic enzymes with respective substrates were

assayed by spectrophotometric and spectroflourometric

methods. Amongst the eight regions of the brain-frontal,

parietal, occipital, temporal, thalamus, cerebellum and

hippocampus, the pineal gland showed highest activity

for all hydrolytic enzymes studied except for carboxyl

esterase. Among six hydrolases studied, hexosaminidase

exhibited highest activity in all regions of the human brain

while alkaline phosphatase activity was the least amongst

all regions studied. A majority of the enzymes studied

showed higher activity in gray matter as compared to the

white matter except acid phosphatase and b-glucosidase

which exhibited higher activity in the white matter. The

most significant finding in the present study was the high

activity of all hydrolytic enzymes noted in the pineal gland

as compared to all other regions of the human brain. Such a

finding has not been hitherto reported earlier in human

brain tissue samples. If the specific activities of these

enzymes are to be considered as any functional index, then

pineal gland may be more metabolically active tissue with

respect to the hydrolytic function as compared to the other

regions of the brain.

Keywords Acid phosphatase � Alkaline phosphatase �
Carboxyl esterase � b-Galactosidase � b-Glucosidase �
b-Hexosaminidase � Hydrolytic enzymes � Pineal gland

Introduction

Hydrolytic enzymes alternatively referred to as hydro-

lase’s, split different groups of biomolecules such as esters,

peptides and glycosides. Hydrolytic enzymes break down

protein, lipids, nucleic acids, carbohydrate and fat mole-

cules into their simplest units. Lysosomal hydrolase’s

comprising phosphatases, carboxylesterases, glucuronid-

ases and b-galactosidase, ribonuclease and acid proteinase

are believed to play an important role in brain tumor [1].

Several studies have earlier highlighted the importance

of studying hydrolytic enzymes in a variety of pathological

conditions such as brain tumors [2, 3], neurodegenerative

diseases such as Alzheimer’s disease [4] and inherited

metabolic disorders [5]. Among all the hydrolase’s, two

phosphomonoesterases viz., alkaline and acid phospha-

tase(s) have been extensively studied in tumors [6] then

esterase’s were studied [7].

In particular, alkaline phosphatase activity was reported

to be higher in meningiomas as compared to gliomas [8]
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where as acid phosphatase activity, localized in the form

of coarse granules in the lysosomes, was found to

be increased in reactive glial cells of gemistocytic and

microglial origin. Carboxyl esterase was reported in endo-

thelial cells and blood brain barrier of human brain [9].

There are few studies of the lysosomal hydrolase’s in

developing human brain indicate brain growth occurs in

alternate phases of structural plasticity and trophic acqui-

sition [10]. The localization of b-galactosidase isoenzymes

determined separately and hexosaminidase B was higher in

granular layer than the molecular layer of cerebellum [11].

However there are not many studies that have elucidated

the role of these enzymes in the normal human brain.

In the absence of precise quantitative and topographic

distribution of the hydrolytic enzymes in the normal human

brain, interpretation of results obtained in pathological con-

ditions can either be fallacious or incomplete. Even amongst

the few studies reported in literature, all the six hydrolytic

enzymes have not been quantified in the same set of brain

tissues. Further, the relative expression of these enzymes in

the different regions of the human brain has also not been

studied. Therefore, the present study was undertaken to

quantify the six important hydrolytic enzymes (carboxyl

esterase (E.C.3.1.1.1.)—Carboxylic ester hydrolase, acid

phosphatase (E.C 3.1.3.2)—Orthophosphoric monoester

phosphohydrolase (acid medium), alkaline phosphatase

(E.C.3.1.3.1) Orthophosphoric monoester phosphohydro-

lase (alkaline optimum), b-galactosidase (E.C.3.2.1.23.)

b-D-galactoside galactohydrolase, b-glucosidase (E.C.

3.2.1.21) b-D-glucoside glucohydrolase and b-hexosamini-

dase (E.C.3.2.1.52) b-N-acetyl-D-hexosaminide N-acet-

ylhexosaminohydrolase) in various regions of the normal

human brain.

Materials and Methods

Normal Brain Tissue

The Department of Neuropathology, NIMHANS has a

National brain tissue repository wherein fresh brain tissue

samples obtained at autopsy after informed consent is

available for research purposes. A total of 27 fresh brain

tissue samples were obtained from this repository for the

study after obtaining institutional ethics committee

approval. Amongst them 14 were males (13–50 years) and

13 (7–51 years) were female subjects. All these subjects

had died of head injury following road traffic accidents.

The salient socio-demographic features of these subjects

are provided in Table 1 (25 no’s). The brain tissue samples

were collected and processed between 3 and 17.5 h after

death.

Brain Tissue Processing

Fresh frozen tissues from frontal lobe (n = 10) parietal lobe

(n = 13) temporal (n = 13) occipital (n = 10) regions of

brain were dissected to obtain white matter (WM) and gray

matter (GM) rich areas and processed for biochemical

studies. In addition, WM and GM areas of thalamus (n = 12)

hippocampus (n = 10) cerebellum (n = 7) and pineal gland

(n = 6) were also obtained for biochemical studies. Briefly,

the normal postmortem brain slices were cleared of the blood

clots, if any and rinsed in normal saline and the net weight of

the brain was noted. Subsequently, the tissue specimens were

subjected to homogenization in tissue extraction buffer Tris

Buffered saline (TBS containing 1 % (v/v) triton-X 100)

using a in a glass homogenizer. The tissue to buffer ratio

was maintained at of 1:31 w/v (ice) for homogenization.

Homogenates were centrifuged (16,000 rpm/30 min) at

4 �C. The supernatants were collected for biochemical

analysis and stored at -20 �C then at 4�C until the enzyme

activity was assessed.

Protein Estimation

Protein estimation was carried out according to Lowry’s

method [12, 13] using Bovine serum Albumin solution

(BSA) as a standard.

Estimation of Hydrolytic Enzymes

Activities of the hydrolytic enzymes in supernatant tissue

extracts were assayed by spectrophotometric (modified

total assay volume was 1.5 ml) and spectroflourometric

(modified total assay volume was 2.05 ml) methods as

described below.

Carboxyl Esterase

Assay was carried out by Gomori [14] and later modified

by Van Asperen [15]. Enzyme reaction was initiated by

adding 900 ll of 5 mM a-naphthyl acetate in Phosphate

assay buffer (pH 7.0) to pre incubated 100 ll tissue extract

and was incubated for 15 min at 27 �C. Subsequently, the

reaction was stopped by the addition of 500 ll DBLS

reagent and enzyme activity was measured at 600 nm.

Acid Phosphatase

Assay was carried out according to the method described

earlier [16]. Briefly, the enzyme reaction was initiated by

allowing 100 ll of the supernatant obtained following tis-

sue homogenization to react with 900 ll of 5 mM pNPP

(SIGMA) in 0.1 M-citrate buffer (pH 5.0) and incubated

for 15 min at 37 �C in a water bath. The reaction was
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stopped by the addition of 500 ll 1.6 N NaoH and enzyme

activity was measured at 410 nm.

Alkaline Phosphatase

Assay was carried out using the method described earlier

[17, 18]. Briefly, the enzyme reaction was initiated by

allowing 100 ll of the supernatant obtained following tis-

sue homogenization to react with 900 ll of 5 mM pNPP

(SIGMA) in 0.1 M-citrate buffer (pH 5.0) and incubated

for 15 min at 37 �C in a water bath. The reaction was

stopped by the addition of 500 ll 1.6 N NaoH and enzyme

activity was measured at 410 nm.

Glycosidase(s)

The following estimation of enzyme assays each of 2.05 ml

total volume in which Enzyme action was stopped by

adding 2.0 ml of Gly/CO3 buffer. Then the Fluorescence

intensity was measured at 450 nm after exciting 360 nm in

a spectrophotoflourimeter.

b-Galactosidase

Assay was carried out using the method described earlier [19]

and subsequently modified with 0.29 mmol/L 4-methyl um-

belliferylb-D-galactoside (SIGMA) substrate. The supernatant

tissue extract of 20 ll was pre incubated at 37 �C for 5 min

and 40 ll substrate was added to initiate the enzyme action

and allowed the reaction to continue for 60 min at 37 �C.

b-Glucosidase

Assay was carried out using the method described earlier [20]

subsequently modified by using 2.5 mM 4-methyl umbel-

liferyl b-D-glucoside (SIGMA) substrate. The supernatant

tissue extract of 20 ll was pre incubated at 37 �C for 5 min

and 40 ll substrate was added to initiate the enzyme action and

allowed the reaction to continue for 60 min at 37 �C.

b-Hexosaminidase

Assay was carried out using the method described earlier

[21, 22] subsequently modified with 0.52 mmol/L 4-methyl

umbelliferyl N-acetyl-b-D-Glucosaminide (SIGMA). The

supernatant tissue extract of 20 ll was pre incubated at

37 �C for 5 min and 40 ll substrate was added to initiate

the enzyme action and readings taken after 60 min at 37 �C.

Electrophoresis [23]

The brain tissue supernatant sample of 20 ll (20 lg to

higher protein content) was electrophoresed in a native

polyacrylamide gel (10 %) at a constant voltage of 50

Volts for 10 min, followed by 150 Volts for 1 h (approx-

imately). The run was stopped when the marker dye

reached 1–2 mm above the lower edge of the plate. The gel

was carefully transferred to the staining solution with

Coomassie Brilliant Blue R-250 at room temperature for

1 h and de-stained with glacial acetic acid till the back-

ground became clear.

Results

Specific Activity of Hydrolytic Enzymes in Normal

Human Brain

The summary of the six hydrolytic enzymes studied in the

frontal, parietal, temporal and occipital regions of brain is

presented in Table 2 [30]. The specific activity of enzymes

was expressed in nanomoles of product formed/min/mg

protein in white and gray matter rich tissues representative

of these four regions of the brain. By and large, the

activities of different enzyme(s) studied were found to

differ in white and gray matter rich tissues (Table 2).

Further, the activity of a given enzyme was also found to

differ between white and gray matter rich tissues of frontal,

parietal, temporal and occipital lobes. In these four regions

of the brain, the enzyme activities of tissue extracts from

gray matter rich tissues (G), were found be relatively

high as compared to the white matter rich fraction (W) for

the four enzymes-Carboxyl esterase (G58.12 ± 5.73 vs.

W39.81 ± 4.64, Fig. 1a), Alkaline phosphatase (G3.59 ±

0.27 vs. W1.40 ± 0.23, Fig. 1c), b-Galactosidase

(G198.43 ± 35.23 vs. W131.10 ± 8.62, Fig. 1d).

b-Hexosaminidase (G2928.99 ± 304.8 vs. W2495.65 ±

211.411, Fig. 1f). On the contrary, Acid phosphatase

(G5.56 ± 0.458 vs. W8.18 ± 0.519, Fig. 1b), and b-Glu-

cosidase activity (G143.25 ± 9.2 vs. W178.83 ± 17.15,

Fig. 1e), was higher in white matter as compared to gray

matter.

In the other regions of the brain such as thalamus, hip-

pocampus, cerebellum and pineal gland, distinct gray and

white matter regions could not be dissected out. Hence the

enzyme activities were measured in the mixture of both

gray and white matter was estimated. The results were

similar to those obtained in the frontal, parietal, temporal

and occipital regions of the brain excepting for pineal gland

(Tables 3, 4). In the pineal gland, however, significantly

higher enzyme activities were noted for all enzymes except

for carboxyl esterase (Tables 3, 4). The cerebellum showed

higher glycosidase activities compared to hippocampus and

thalamus although it was much lower than the activity

noted in the pineal gland (Tables 3, 4). Further, the mean
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specific activities of enzymes in tissue extracts from thal-

amus, hippocampus and cerebellum were 59.36 (±7.0) nm/

min/mg of protein for carboxyl esterase, 7.10 (±0.86) for

Acid phosphatase, 2.38 (±0.502) for Alkaline phosphatase,

209.91 (±24.28) for b-galactosidase, 190.645 (±62.19) for

b-glucosidase and b-hexosaminidase showed 3390.245

(±605.06) nm/min/mg of protein.

Native PAGE for protein in brain tissue extracts showed

thin band (lane # 2 and 4) (Fig. 2) for grey matter of frontal

and occipital regions. While their white matter (lane # 1 and

3) have not shown clear bands as compared to grey matter.

However the 20 ll of pineal tissue extract of the brain

(n = 3) showed an intense band (Fig. 2, lane # 8 and 9,

Fig. 3, lane # 5 and 7). Other lanes showed thick band

patterns for protein content in brain tumors (Fig. 3, lane # 8,

9 and 10).

Discussion

The study of hydrolytic enzymes in the normal human

brain has been attempted earlier by some investigators [10,

11, 24, 25, 31]. However, none of these studies have

addressed the topographical distribution of hydrolytic

enzymes in the various regions of the brain. Therefore, the

present study was carried out with a view to analyze the

distribution of these enzymes in the various anatomical

regions of ‘normal’ human brain. The main objective of the

present study was to describe the distribution of these

enzymes in various discrete areas of brain, in various white

matter fiber tracts, and gray matter and to describe the sub

cellular distribution of these six enzymes in the central

nervous system, utilizing Tris buffered saline (homogeni-

zation buffer) as a suspending medium. The use of an

autopsy brain offers an opportunity to establish the normal

range for the study of hydrolytic enzymes. Indeed, a

number of metabolic and functional parameters have

already been shown to be well retained in p.m. human

preparations and these compare quite favorably with the

corresponding data from laboratory animals [25]. One of

the main limitations of studying the biochemical profiles of

postmortem brain specimens is the postmortem effect on

the parameters of interest. Enzymes, unlike some of the

biologically labile metabolites, are relatively more stable,

provided the postmortem removal of brain tissue is effected

within the reasonable time of couple of hours. In this study

the mean interval of analysis of enzymes following death

was 9.9 h (range 1.5–17.5 h, Table 1). Though some of the

enzymes are likely to be labile, a number of enzymes

including acid hydrolases will survive for several hours and

their activity can be measured [1]. It can be concluded that

the methods used for the assay of acid hydrolases [8] are

highly reliable and that influences of post mortal sampling

time can be neglected.

One more important observation to this work is that there

was no significant difference in age group samples for protein

and enzymatic activity. However the difference was shown to

the region wise of the normal autopsy brain samples.

Table 2 Specific activity of six hydrolytic enzymes in normal human brain thalamus, hippocampus, cerebellum and pineal gland

Enz Thalamus Hippocampus Cerebellum Pineal gland

CE (n) (7) (8) (6) (5)

Mean ± SD

range

65.46 ± 9.69

(52.46–78.45)

54.41 ± 10.01

(39.93–67.91)

64.32 ± 25.34

(32.91–96.205)

51.63 ± 14.6

(28.4–62.35)

Acd P (n) (8) (8) (6) (5)

Mean ± SD

range

8.22 ± 2.40

(5.21–11.91)

8.09 ± 3.0

(4.06–12.63)

6.86 ± 1.63

(5.66–9.91)

22.92 ± 5.75

(18.42–29.7)

Alk P (n) (7) (10) (5) (5)

Mean ± SD

range

2.32 ± 0.87

(1.4–4.04)

2.74 ± 0.839

(1.8–4.01)

2.03 ± 0.67

(1.07–2.915)

12.39 ± 2.77

(10–15.7)

b-Gal (n) (7) (9) (6) (4)

Mean ± SD

range

166.82 ± 19.99

(135.59–202.74)

192.74 ± 38.53

(150.95–264.205)

227.08 ± 26.37

(193.11–257.76)

1536.48 ± 372.068

(1278.14–2068.63)

b-Glu (9) (8) (5) (4)

(n) Mean ± SD

range

180.28 ± 41.54

(137.76–263.75)

146.67 ± 18.24

(133.405–173.1)

234.62 ± 77.072

(158.84–362.75)

1072.71 ± 434.48

(515.305–1546.33)

Hex (n) (7) (7) (5) (6)

Mean ± SD

range

3082. ± 492.76

(2422.7–4008.55)

2962.40 ± 477.37

(2366.73–3742.9)

3818.09 ± 509.22

(3078.9–4422.55)

12601.53 ± 3679.30

(8763.48–18663.58)

CE carboxyl esterase, Acd P acid phosphatase, Alk P alkaline phosphatase, b-Gal b-galactosidase, b-Glu b-glucosidase, Hex hexosaminidase.

Specific activity = nmoles/min/mg of protein. – B Standard deviation, n number of samples
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In the present study it was noted that carboxyl esterase

activity is significantly higher in gray matter (two-tailed

P value is less than 0.0001) as compared to white matter

regions of frontal, parietal, temporal and occipital regions

of the human brain (Table 2; Fig. 1a). However, slightly

higher values of this enzyme were noted in the combined

gray and white matter regions of thalamus, hippocampus

and cerebellum (Table 3). Such a finding for non specific
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Fig. 1 Specific activity of six hydrolases in different regions of normal (postmortem) human brain a carboxyl esterase, b acid phosphatase,

c alkaline phosphatase, d b-galacatosidase, e b-glucosidase and f b-hexosamindase. (SA specific activity)
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esterase has been reported earlier by Schiffer et al. [26].

Indeed they observed that, a-naphthol esterase activity is

present in neurons and in the cytoplasm of astrocytes, but

little activity is found in white matter. Thus the higher

activity of carboxyl esterase in gray matter rich tissues

could be attributed to the fact that gray matter represents

primarily the soma of the neurons, where as the white

matter predominantly represent axon and glial tissue

compartments. Further, Zhang et al. [9] observed that in the

central nervous system, carboxylesterase-2 expression was

confined to capillary endothelial cells, consistent with the

enzyme having a role to protect the central nervous system

from toxic esters and perhaps being a component of a

blood–brain barrier system.

In contrast to carboxyl esterases, the physiological sig-

nificance, if any, of the observed differential distribution of

‘acid’ and ‘alkaline’ phosphatases in ‘white’ and ‘gray’

matter rich tissues is rather difficult to explain (Table 2;

Fig. 1b, c). The frontal, parietal, temporal and occipital

regions showed higher acid phosphatase activity in the

white matter (8.18 ± 0.519) as compared to gray matter

(5.56 ± 0.458) in the four regions of the brain. On the

other hand, the specific activity of alkaline phosphatase

was lower (1.40 ± 0.23) in white matter as compared to

gray matter (3.59 ± 0.27) (Fig. 1c; Table 2). In the com-

bined gray and white matter regions of thalamus, hippo-

campus and cerebellum showed 2.38 ± 0.502 nm/min/mg

of protein (Table 3). Apparently, these two enzymes with

different pH optimum may have distinct functions in dif-

ferent sub cellular domains/compartments of brain tissue.

Table 3 Mean specific activity of six hydrolytic enzymes in eight regions of normal human brain and pineal gland

Mean sp act of

enz

CE Acd P Alk P b-Gal b-Glu Hex

W & G (n) of F,

P, Te & Oc

(85) (98) (95) (93) (89) (89)

Mean ± SD

range

48.965 ± 10.91

(33.95–62.47)

6.858 ± 1.54

(4.95–8.87)

2.58 ± 1.22

(1.198–3.87)

169.17 ± 46.024

(120.28–250.21)

160.94 ± 21.08

(134.48–198.28)

2789.201 ± 310.26

(2503.83–3333.92)

W & G (n) of T,

H & C

(21) (22) (22) (22) (22) (19)

Mean ± SD

range

59.36 ± 7.0

(54.41–65.46)

7.47 ± 0.869

(6.86–8.22)

2.38 ± 0.502

(2.03–2.74)

209.91 ± 24.28

(166.82–227.08)

190.645 ± 62.19

(146.67–234.62)

3390.245 ± 605.064

(2962.4–3818.09)

Mean sp act of 7

regions (n)

(106) (120) (117) (115) (111) (108)

Mean ± SD

range

52.355 ± 11.15

(33.95–65.46)

7.104 ± 1.33

(4.95–8.87)

2.463 ± 1.01

(1.198–3.87)

173.16 ± 41.11

(120.28–250.21)

168.17 ± 30.16

(134.48–234.62)

2869.189 ± 440.26

(2195.43–3818.09)

Pineal gland

(Pi) (n)

(5) (5) (5) (4) (4) (6)

Mean ± SD

range

51.63 ± 14.6

(28.4–62.35)

22.92 ± 5.75

(18.42–29.7)

12.39 ± 2.77

(10–15.7)

1536.48 ± 372.068

(1278.14–2068.63)

1072.71 ± 434.48

(515.305–1546.33)

12601.53 ± 3679.30

(8763.48–18663.58)

F frontal, P parietal, Te temporal, O occipital, WM white matter, GM gray matter, T thalamus, O occipital, H hippocampus, Pi Pineal gland,

CE carboxyl esterase, Acd P acid phosphatase, Alk P alkaline phosphatase, b-Gal b-galactosidase, b-Glu b-glucosidase, Hex hexosaminidase.

Specific activity = nmoles/min/mg of protein. ± C Standard deviation, n number of samples

1 2 3 4 5 6 7 8 9 10

Fig. 2 Native PAGE profile of protein in different regions of normal

(postmortem) human brain (Protein content of *20 lg were loaded

on to each lane): 1 Frontal (white); 2 Frontal (gray) 42 years/F; 3

Occipital (white) 40/M; 4 Occipital (gray) 40/F; 5 Parietal (white)

7/F; 6 Parietal (gray) 7/F; 7 Cerebellum 42/F; 8 Pineal gland 40/M; 9

Pineal gland 15/M; and 10 Pineal gland 51/M

Fig. 3 1. Marker; 2. Frontal (white); 3. Frontal (gray); 4. Cerebellum

40/M; 5. Pineal gland 40/M; 6. Pineal Gland 51/M, 7. Pineal gland

15/M; 8. Meningothelial meningioma G-I olfactory groove; 9.

Anaplastic meningioma G-III recurrent right frontal 75/M; and 10.

Glioblastoma multiforme (G-IV) frontal tumor shows florid micro

vascular proliferation 40/M
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Possibly, further studies involving immuno-cytochemistry

and/or histochemical staining of neural tissues may throw

more light on the differential tissue distribution of ‘acid’

and ‘alkaline’ phosphatase(s). While the observed (rela-

tive) high specific activities of many of the hydrolytic

enzymes in gray matter rich tissues could be in the mem-

branous fraction of cell bodies of the gray matter, the

significance of acid phosphatase being high in white matter

rich fraction of brain tissue remains to be explained. The

relative differential distribution of acid and alkaline phos-

phatase(s) between white and gray matter was conspicuous

in this study. Earlier studies on these enzymes in ox and

human brain [27] reported a similar pattern of acid and

alkaline phosphatases activity.

An intensive study of glycosidases in nervous tissue was

carried out in the present study by utilizing 4-methylum-

belliferyl-b-D-glycosides. This assay is simple and conve-

nient to perform, and permits the measurement of the

enzyme activity in as little as 1 pg of neural tissue. This

provides insight into some properties of the three glycosi-

dases with regard to sub cellular organelles. It was inter-

esting to note in the present study that higher activity of b-

galactosidase, b-glucosidase and b-hexosaminidase were

noted in the cerebellum as compared to other regions

(except for pineal gland) of the human brain (Table 3;

Fig. 1). One earlier study has reported the relatively higher

distribution of b-galactosidase and b-glucuronidase in the

granular layer of cerebellum [28]. In contrast to the cere-

bellum, activity of b-galactosidase was higher in gray

matter of frontal, parietal, temporal and occipital regions

(198.43 ± 35.23) (Table 2; Fig. 1d), while b-glucosidase

showed higher activity of 178.83 ± 17.15 in white matter

as compared to gray matter (Table 2; Fig. 1e). However

b-glucosidase did not showed statistically much difference

in white (163.86 ± 32.9) and gray (151.4 ± 41.67) matter

of the occipital region.

Amongst all the six enzymes, b-hexosaminidase showed

the highest activity gray matter of frontal, parietal, tem-

poral and occipital regions (2495.65 ± 211.411; Table 2;

Fig. 1f). The two-tailed P value for this enzyme was less

than 0.0001 and by conventional criteria; this difference

is considered to be extremely statistically significant.

Similarly the cerebellum (3818.09 ± 509.22), thalamus

(3082 ± 492.76) and hippocampus (2962.40 ± 477.37)

showed high activity for this enzyme.

The most significant finding in the present study was the

high activity of all hydrolytic enzymes (except for carboxyl

esterase) noted in the pineal gland as compared all other

regions of the human brain (Table 3; Fig. 1). Such a

finding has not been hitherto reported in human brain tissue

samples. If the specific activities of these enzymes are to be

considered as any functional index, then pineal gland may

be more metabolically active tissue with respect to the

hydrolytic function as compared to the other regions of the

brain. This observation possibly reflects the differential

metabolic disposition of hydrolytic enzymes in the pineal

gland as compared to the rest of the brain. Therefore, it

would be interesting to look into the role of hydrolytic

enzymes in pineal gland.

To summarize, among all the hydrolytic enzymes

studied, brain tissue was found to have high activity of

hexosaminidase followed by b-galactosidase and b-gluco-

sidase, (160–250 units) Carboxyl esterase (50–70 units),

Acid phosphatase and alkaline phosphatase 2–10 units

(Fig. 1). The observed high specific activity of b-hexosa-

minidase (2,700–3,300 units), as compared to other

enzymes in brain tissue, may explain the metabolic sig-

nificance of this enzyme with respect to the catabolism of

gangliosides [29]. Except for carboxyl esterase activity

localized mainly in microsomes, which was found to be

comparable between the pineal gland and rest of the brain

regions, other hydrolytic enzymes studied were found to be

several folds higher in pineal gland. The present report is

the first comparative investigation of the levels of several

hydrolases in different regions of white matter, gray matter

and mixture of both in autopsy human brain.

Native PAGE for protein in brain tissue supernatant of

pineal gland showed intense bands which thereby indicat-

ing high protein content in this tissue. Further, it was

observed the supernatant exhibited higher specific activity

of enzymes, which confirms the higher total activity of the

five hydrolytic enzymes in the pineal gland.
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