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( - ) -maa l ian-5-o l  (I) gave opposite sign compared with the 
values ~[a]D -- 138 ~ and [a]D + 149 ~ of the known com- 
poundsL 
Accordingly, it was certain that the alcohol consists of the 
structure and absolute configuration, excluding the tertiary 
hydroxyl group on C-5, as shown in the stereostructure I. 
Next, the configuration of the hydroxyl group was eluci- 
dated by examination of the solvent effect on 1H-NMR 
spectra to be trans to both the methyls on C-4 and C-10: 
when the 1H-NMR spectra of  the alcohol (I) were mea- 
sured in CDC13 and CsDsN solutions, the C-4 secondary 
methyl (A 0.04) and the C-10 tertiary methyl (A 0.02) 

exhibited no solvent shift due to vicinal deshielding of  the 
C-5 hydroxyl group 5. 
On the basis of the above chemical and spectroscopic 
evidence, the structure and absolute configuration of  the 
sesquiterpene alcohol, ( - ) -maal ian-5-o l ,  was determined 
to be shown by the stereostructure I. This may be biosyn- 
thesized from trans-farnesyl pyrophosphate via ( - ) - b i c y -  
clogermacrene which has been isolated as a common com- 

ponen t  in the liverworts 6. We were interested in such 
occurrence of the enantiomeric sesquiterpenoids in the 
liverworts with respect to a chemotaxonomy of the plants 
and a biogenesis of the compounds. 

1 The authors express their gratitude to Dr H. Inoue, National 
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T. Tokoroyama, Osaka City University, for sending of the data 
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due to the Ministry of Education for financial support of this 
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Summary. The specific activities of acid and alkaline phosphatases in different regions of the brain of 9 nutritionally 
important fishes were worked out. The region consisting of pituitary, hypothalamus and thalamus showed the highest acid 
and alkaline phosphatase activities. Least activities of both the enzymes were found in the cerebellum and medulla 
oblongata. The piscivorous fishes contain the highest acid and alkaline phosphatase activity followed by cat fishes and 
major carps. The distributional pattern of these 2 enzymes in 4 regions of the brain of 9 fishes is the same. 

Recently, studies in the biochemical aspect of animal 
tissues has been encouraged for a better insight into bio- 
chemical organisation 2-4. Much attention has been paid in 
the past to the mammalian brain with regard to key 
enzymes like glutamate de-carboxylase, choline acetyl, 
transferase, glucose-6-phosphatase, fructose 1, 6-diphos- 
phatase, important neurotransmitters like catecholamines, 
energetic substances like adenine-nucleotides, glycogen, 
glucose, lactate and pyruvate 5 10. However, the compart- 
mentation of the brain in fishes has to be investigated. It is 
known that variouS parts of the brain differ in their 
biochemical make-up following distinct phylogenetic ages. 
Although acid and alkaline phosphatases are widely dis- 
tributed in animal tissues, they are mainly concerned with 
the reabsorbtion of glucose molecules in renal tissue, to 
conduct an active glycolytic mechanism in liver, dephos- 
phorylation of glucoesters in sex organs, active involvement 
in protein synthesis, association with the secretory activity 
and absorption of  nutrients in digestive system, phosphate 
cycles and growth ll-13. However, the functional significance 
of these phosphatases in various regions of the brain is still 
to be completely known. If  we want to understand fully the 
complex functions of the brain as a central, controlling, 
regulating and co-ordinating organ for sensory and memo- 

ry functions, it is essential to know the levels of the non- 
specific phosphomonoesterases in different regions of 
brain, because of the close relation between brain metabo- 
lism and neuronal activity 14. 
The functional significance of  alkaline phosphatase (ortho- 
phosphoric monoester phosphohydrolase EC 3.1.3.1) in 
brain is supposedly involved in various secretory and 
transport processes and in blood-brain barrier mechan- 
�9 14 1sins . The acid phosphatase (orthophosphoric monoester 
phosphohydrolase EC 3.1.3.2) is implied again in the 
secretary processes and in the intracellular transport 
mechanisms. Such non-specific phosphomonoesterases are 
also involved in transphosphorylation 3. The main aim of 
the present investigation is to study the differential distri- 
bution and functional role of these phosphatases in 
4 regions of the brain i.e. cerebrum, cerebellum, the region 
consisting of pituitary, hypothalamus and thalamus and 
medulla oblongata  of 9 nutritionally and economically 
important fishes i.e. Labeo rohita (Ham), Cirrihina mrigala 
(Ham), Carla carla (Ham) (herbivorous and soft fishes), 
Channa punctatus (Bloch), Channa marulius (Ham), Chan- 
na striatus (Bloch) (hard and piscivorous) and Clarias 
batrachus (Linn), Heteropneustes follilis Bloch and Mystus 
seenghala (sykes) (hard and carnivorous). This is a first 
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a t tempt  to invest igate fish f rom a tropical  e n v i r o n m e n t  on  a 
compara t ive  basis, 
Materials and methods. Heal thy  L. rohita, C. mrigala, C. eat- 
la, C.punctatus, C.marulius, C. striatus, C. batrachus, H.fos- 
silis and M. seenghala of  a par t icular  size range  (18-20 cm, 
10-month-old)  were ob ta ined  locally f rom some selected 
ponds  to avoid the ecological variat ions,  and  accl imatized 
to the labora tory  immedia te ly .  The  ma jo r  carps (L. rohita, 
C. mrigala and  C. catla) were fed with algae, decayed h igher  
plants,  vegetable  debris,  cat fishes (C. batraehus, H.fossilis 
and  M. seenghala) with worms,  insects, decayed organic  
mat te r  and  murre ls  (O.punctatus, O.streatus and O. maru-  
lius) and with small  and  medium-s ized  fishes (Trichogaster, 
Barbus and Chela sps.). Water  was b rough t  f rom the 
selected ponds  ( f rom where  the fishes were ob ta ined)  to 
provide a na tura l  e n v i r o n m e n t  to the fishes in terms of  
physico-chemical  pa ramete r s  in the labora tory  aquar ia ,  and  
kept  for  a per iod  of  2 days 13. The  size of  the aquar ia  is 
5 • 1.5 x 1.5 m. The  water  in the aquar ia  was changed  every 
10 h. Fishes were kil led by decapi ta t ion  and  the b ra in  was 
careful ly r emoved  as quickly as possible, and  then  separat-  
ed into cerebrum,  cerebel lum,  the region consist ing of  
pituitary,  hypo tha l am us  and  tha lamus  and  medu l l a  ob lon-  
gata by the m e t h o d  descr ibed ear/ ier  8. The  p repa ra t ion  o f  
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tissue samples and  enzymes es t imat ions  were the same as 
descr ibed elsewhere 16. The  exper imen t  was repea ted  
6 times, s tudent ' s  t-test (paired)  was pe r fo rmed  to know the 
level of  significance. 

Results and discussion. It is ev ident  f rom table  1 that  
m a r k e d  differences  exist in  the acid and  a lkal ine  phospha -  
tase activities a m o n g  the 4 regions of  the b ra in  of  these 
9 nut r i t iona l ly  i m p o r t a n t  fishes. The  highest  acid and  
alkal ine  phospha tase  activity was found  in the region 
consist ing of  pituitary,  h y p o t h a l a m u s  and  tha l amus  fol- 
lowed by cerebrum.  The  lowest  values were recorded  in 
medul la  ob longa ta  and  cerebel lum.  A m o n g  these 3 groups 
of  fishes, the piscivorous and  snake -headed  fishes ( table 2) 
conta in  the highest  acid and  a lka l ine  phospha t a se  activity 
(C.punctatus, C. striatus, C. marulius) fol lowed by cat fishes 
which  are carnivorous  ( table  3) (C. batrachus, H.fossilis and  
M. seenghala) and  majo r  carps which are he rb ivorous  
(L. rohita, C. mrigala and  C. catla) ( table 1). The  presence of  
these 2 enzymes indicate  thei r  metabo l ic  i nvo lvemen t  in  
di f ferent  compa r tmen t s  o f  the bra in .  I f  the b iochemica l  
picture of  the different  regions o f  the b ra in  are avai lable,  it 
may  help to f ind some mechan i sms  to cure acute and  
chronic  diseases o f  the brain.  

Table 1. Differential distribution of acid and alkaline phosphatase in different regions of the brain majors carps 

Name of the fish Regions of the brain Enzyme activity (gg of pi/mg protein at 37 ~ 
Acid phosphatase Alkaline phosphatase 

L. rohita Cerebrum 0.055 d +_ 0.004 0.091d -+ 0.007 
Cerebellum 0.034 +_0.005 0.051 d +0.009 
Pituitary, thalamus and hypothalamus 0.108 +_0.008 0.173 +0.012 
Medulla oblongata 0.043 b + 0.006 0.065 +0.009 
Reference value * 0.075 _+ 0.009 0.110 +0.006 

Cerebrum 0.042 d,o +- 0.002 0.074 b,d + 0.007 
Cerebellum 0.025 d +0.005 0.045 d _+0.010 
Pituitary, thalamus and hypothalamus 0.096 +_0.006 0.138 +_0.014 
Medulla oblongata 0.031 +- 0.008 0.058 +- 0.005 
Reference value* 0.052 • 0.089 _+0.005 

Cerebrum 0,032 d _+ 0.008 0,062 d + 0.008 
Cerebellum 0.020 d _+ 0.005 0,034 d +0.004 
Pituitary, thalamus and hypothalamus 0,066 + 0.008 0.113 _+ 0,006 
Medulla oblongata 0.022 + 0.006 0.037 + 0.003 
Reterence value ~ 0.039 + 0.004 0.066 +_ 0.007 

C. mrigala 

C. catla 

Values are mean+ SEM of 6 replicates. Student's t-test was performed between specific activities of acid and alkaline phosphatases in 
different regions of the brain. Superscripts a d indicate that p > 0.05. ~ Whole brain homogenate values. 

Table 2. Differential distribution of acid and alkaline phosphatase in different regions of the brain - snake headed fishes 

Name of the fish Regions of the brain Enzyme activity (~tg of pi/mg protein at 37 ~ 
Acid phosphatase Alkaline phosphatasc 

C.punctatus Cerebrum 0.156 _+ 0.007 0.323 + 0.024 
Cerebellum 0.117 _+ 0.008 0,196 +_ 0.014 
Pituitary, thalamus and hypothalamus 0.284 +_ 0.017 0.527 +_ 0.029 
Medulla oblongata 0.183 + 0.004 0.269 a +- 0.010 
Reference value ~ 0.220 +_0.010 0.364 +_0.020 

Cerebrum 0.121b+- 0.017 0.261 +-0.014 
Cerebellum 0.099 +0.008 0.151 +_0.015 
Pituitary, thalamus and hypothalamus 0.216 a +_ 0.013 0.440 _+ 0.031 
Medulla oblongata 0.150 a _+ 0.012 0,201 a +- 0.009 
Reference value ~ 0.164 +_0.009 0.291 +0,015 

Cerebrum 0.104 _+0,008 0.21 ld+_0.014 
Cerebellum 0,075 a + 0.012 0.135 _+ 0.007 
Pituitary, hypothalamus and thalamus 0.184 +- 0.011 0.343 +_ 0.013 
Medulla oblongata 0.118 a +_ 0.007 0.184 +_ 0.01 l 
Reference value ~ 0.132 +_ 0.005 0.236 +_ 0.011 

C. striatus 

C. marulius 

Values are mean+_SEM of 6 replicates. Student's t-test was performed between specific activities of acid and alkaline phosphatases 
in different regions of the brain. Superscripts a-d indicate that p > 0.05. ~ Whole brain homogenate values. 
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Table 3. Differential distribution of acid and alkaline phosphatase in different regions of the brain - cat fishes 

Name of the fish Regions of the brain Enzyme activity (gg of pi/mg protein at 37 ~ 
Acid phosphatase Alkaline phosphatase 

H.fossilis Cerebrum 0.120 • 0.005 0.185 • 0.007 
Cerebellum 0.081 • 0.009 0.116 _+ 0.008 
Pituitary, thalamus and hypothalamus 0.173 • 0.287 • 
Medulla oblongata 0.109a-b+ 0.006 0.137 b • 0.007 
Reference value* 0.146 • 0.006 0.206 • 

Cerebrum 0.097 • 0.149 • 
Cerebellum 0.070 • 0.007 0.097 • 0.006 
Pituitary, thalamus and hypothalamus 0.145 ___ 0.013 0.248 • 0.015 
Medulla oblongata 0.081 a b • 0.017 0.124 a-b • 0.011 
Reference value* 0.116 • 0.005 0.172 • 0.009 

Cerebrum 0.081 • 0.008 0.127 • 0.011 
Cerebellum 0.060 a • 0.081 • 0.009 
Pituitary, thalamus and hypothalamus 0.133 • 0.209 • 
M edulla oblongata 0.066 a-b • 0.012 0.104 a-b • 0.008 
Reference value* 0.095 • 0.140 • 

C. batrachus 

M. seenghala 

Values are mean_+ SEM of 6 replicates. Student's t-test was performed between specific activities of acid and alkaline phosphatases 
in different regions of the brain. Superscripts a-b indicate that p > 0.05. * Whole brain homogenate values. 

The region consisting o f  pituitary, hypothalamus and thala- 
mus not only assumes a greater significance as a co- 
ordinating centre and a source of  different hormonal  secre- 
tions like the ones involved in reproduction, but  also 
indicates their participation in various secretory, transport, 
and blood-brain barrier mechanisms due to their highest 
acid and alkaline phosphatase activities. The cerebrum, 
which is considered to be the organ of  sensation, has the 
2rid highest acid and alkaline phosphatase levels. Although,  
cerebel lum and medul la  oblongata which are intensively 
involved in neuronal  activity and glycolysis respectively, 
showed lowest levels of  acid and alkaline phosphatases. 
Regions of  the brain belonging to lesser hierarchy dis- 
played lesser phosphomonoesterase activities. 
The reasons for the differential distribution o f  acid and 
alkaline phosphatases are not  clearly known at present. It 
may be explained on the basis of  classification. The major  
carps which are primitive (table 1), occupy first place in the 
order cypriniformes (group cyprini) then cat fishes (group 
siluri table 3) which come under  the same order. The 
snake-head fishes, which are advanced, come in another  
order  (channiformes, table 1) which is far away from 
cypriniformes in classification. The author observed a 
direct relationship between the course of  evolution and the 
rise in the levels o f  phosphatases. The phylogenetic older 
fishes (major  carps, table 1) contain lower levels of  
phosphatases than the phylogenetic younger animals (cat 
fishes and snake-headed fishes, tables 3 and 4). Even the 
phylogenetically older parts o f  the brain (medulla  oblonga- 
ta) contain lower levels o f  phosphatases than the younger  
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manuscript. 
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parts (pituitary, hypothalamus and thalamus) of  the brain. 
This may be due to intensive glycolytic activity in phyloge- 

4 netically older parts o f  the brain (medulla  oblongata) and 
it may be an important  biochemical  adaptat ion among 
different regions of  the brain as one part o f  the brain may 
be intensively involved only in one type of  metabol ism 
rather than all types of  metabolism. Secondly, it may be 
related with the diet. The  highest acid and alkaline 
phosphatase activity in snake-headed fishes (table 2) may 
be related with the piscivorous feeding habit, and the 
lowest in cat fish (table 3) and major carps (table 1) may be 
related with carnivorous and herbivorous diets respectively. 
These 2 interpretations may be the possible reasons for the 
differential distribution o f  phosphatases in 4 regions o f  the 
brain of  3 groups o f  fishes. F rom the above results and 
discussion, it is suggested that phylogenetic age has an 
influence on fish in general  a n d  the organ in particular. 
This is true with acid and alkaline phosphatase in different 
regions of  the brain of  the .9 fishes tested. The content of  
energy reserve (glycogen) and its metabolic products (lac- 
tate and pyruvate), gluconeogenic enzymes and adenine 
nucleotides (ATP, ADP and AMP)  were biochemically 
compartmental ised in tissues of  primitive fishes (major 
carps) and they are higher than that o f  the advanced fishes 
(cat fishes and murrels) 17. This also supports again the 
interpretation that phylogeny has an influence on fish in 
general, and the organ in particular in relation to biochemi-  
cal compartmentat ion of  the tissues. The possibility of  their 
varied associations in the phosphate cycles and nerve action 
have already been suggestedll. 
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