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ABSTRACT 

In the present investigation the authors made an attempt to study the 

detoxifying impact of Chlorella vulgaris and Spirulina platensis on 

sub-lethal and lethal Mercury and Lead caused enzyme variations 

(Phosphoglucomutase and Hexokinase) in various brain regions 

(Cerebrum, Diencephalon, Cerebellum and Medulla oblongata) of 

three fresh water teleost i.e. Labeo rohita, Clarias batrachus and 

Channa punctatus on a comparative approach from a tropical 

environment. The enzymes fall in presence of heavy metal and rise in 

presence of detoxifying autotroph and was highest in L. rohita than C. 

batrachus and C. punctatus. Among the brain regions, it is the 

diencephalon at 16 hours registered maximum enzyme variations and 

minimum at 8 hours in cerebellum. Between the metals, mercury was more toxic than lead. 

Between the autotrophs, it is Chlorella vulgaris proved as an effective detoxifying agent than 

Spirulina. The recorded variations were discussed in detail. 
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INTRODUCTION 

The quality of water is of great significance for Homo sapiens as it is directly concerned with 

their welfare. Water is one of the most important natural resources that exist on our planet 

and it is essential for the survival of both aquatic and terrestrial organisms. 

 

Rapid industrialization, urbanization, population explosion, mining activities, deforestation 

conversion of agriculture land into housing colonies, non – implementation of government 

legislation on the protection of the environment, non - establishment of effluents treatment 

units in industries, ignoring ISI directives to maintain the standards and overall mans greed to 

exploit the nature precipitated the environmental protection issues scenario and drawn global 

attention. Water contamination is major global problem with the presence of harmful 

pollutants in the habitat. 

 

Among the pollutants heavy metals are considered most dangerous due to higher specific 

gravity than water and their accumulation ability in different tropic level of organisms. 

 

Contamination in the aquatic system including heavy metals stimulates production of reactive 

oxygen species (ROS) that can damage fish species and other organisms including oxidative 

stress and it has been associated as a causative agent for a number of dysfunctioning in fish 

species. The fish species have evolved a variety of defense mechanisms including 

detoxification and anti-oxidant system which protect against environment, provided that the 

toxicants are under tolerable limits. 

 

Following are the recent investigations related to heavy metals on fish species. (Annabi et al 

2011) investigated on cadmium accumulation and histological lesion in mosquito fish 

(Gambusia affinis) tissues following acute and chronic exposure Raibole et al (2013) studied 

the influence of selenium on lead caused variation of phosphofructokinase in different brain 

region of fresh water teleosts, Veeraiah et al (2013) reported on heavy metal cadmium 

chloride induced biochemical changes in the Indian major carp Cirrhinus mrigala (HAM), 

Varadarajan et al (2014) conducted sub lethal effects of phenolic compounds on biochemical, 

histological and ionoregulatory parameters in a tropical teleost fish Oreochromis 

mossambicus (Peters), Sabullah et al (2015) published the heavy metal biomarkers: fish 

behavior, cellular alteration enzymatic reaction and Lavoie et al (2018), reported on mercury 

transport and human exposure from global marine fishers, Ali et al (2019), reviewed all 

environmental chemistry and Eco toxicology of hazardous heavy metal, environmental 
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persistence toxicity and bioaccumulation, Yan et al (2019), studied about neglect of 

temperature and pH impact leads to underestimation of seasonal ecological rise of ammonia 

in chinese surface fresh water, Altenburger et al (2019), reported about future water quality 

monitoring: improving the balance between exposure and toxicity assessment of real world 

pollutant mixture and Traina et al (2019) mention about organic carbon content drives methyl 

mercury level in the water and estuarine food webs across latitudes in the northern united 

studies. Proteomics approaches, Swaleh and Usmani (2016) studied the impact of heavy 

metal in environment. A review, Kumar et al (2018) reported the change in the biochemical 

profile of Anabus testudineus bloch 1792 on exposure to aquatic toxicant of Buckingham 

canal Chennai, Tamil Nadu, India. Raja & Puvaneswari (2017), investigated the heavy metal 

lead nitrate induced the toxic effect on enzymatic and non-enzymatic antioxidant activities in 

selected tissues of the fish L. rohita HAM (1822), fingerling, Francis and Muthulingam 

(2018), conducted the ameliorating performance of Di mercaptosuccinc acid on heavy lead 

nitrate induced protein and amino acid content alteration in gills and kidney of freshwater fish 

Channa striatus Bloc, Hegazi et al (2018) reported the effect of spirulina incorporated in diet 

of Tilapia nilotica a fresh water fish exposed to lead toxicity, Nichat et al (2019) conducted 

the study of combined impact of chlorella vulgaris and spirulina platensis on sub lethal and 

lethal concentration of copper and zinc toxicity on L. rohita (HAM) C. batrachus (LINN) and 

C. punctatus (BLOCH) and Nourrain et al (2019), investigated the effect of vitamin C on lead 

induced plasma biochemical alteration in fish Cyprinus carpio. 

 

In the present investigation the authors made an attempt to investigate the impact of 

autotrophs on heavy metal mercury & lead caused enzymatic variation in different brain 

regions in three inland water teleosts i.e. L. rohita, C. batrachus and C. punctatus on a 

comparative basis from a tropical environment under acute studies. 

 

MATERIAL AND METHODS 

Active, Alive, Mature, Healthy and Diseases free L. rohita (HAM) C. batrachus (LINN) and 

C. punctatus (Bloch) of 120 to 130 grams in weight and of 18- 20 cm (standard length) were 

procured from few selected local ponds as there is no dumping of industrial sewage and other 

toxicants near those ponds.  

 

The procured fish species (L. rohita, C. batrachus and C. punctatus) were stocked in 

laboratory condition for a period of ten days and later were subjected for acute exposure        

(8 hours, 16 hours, & 24 hours) in investigation. 
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As the fish undergoes spawning during monsoon period, no experiment was conducted in this 

period. The fish species remains active from November to march hence experiments were 

carried out during this period. The procured fish species (L. rohita, C. batrachus and C. 

punctatus) were stocked in laboratory conditions for a period of ten days and later were 

subjected for various exposures (acute & chronic) and investigations.  

 

The above selected three fishes species differ phylogenetically, growth rate wise eating habit 

wise and survival and acclimatization capacity and they have demand in the market, due to 

their nutritional value L. rohita (HAM) is a major crap and soft fish and C. batrachus and C. 

punctatus murrel and cat fish are hard fish. The C. batrachus and C. punctatus bear accessory 

respiratory organs and due to this they can absorb oxygen directly from the terrestrial habitat. 

 

Details of fish keeping in the Laboratory 

Big sized (4- feet in length and 2.5 feet in width) Aquarium were used for free swimming and 

stress-free acclimatization and to provide natural habitat and to study only the effects of 

toxicants. All groups of fish species i.e. L. rohita, C. batrachus and C. punctatus were kept in 

separate aquaria and were monitored round the clock. After completion of the treatment 

duration, fish species were dissected for collection of brain and analyzed for subsequent 

enzymes. 

 

Source of Bio- Chemical Reagents, Other Chemicals and Toxicants 

Mercury nitrate and lead nitrate (C. D. H. India) of Analytical grade was obtained from local 

distributor. The Chemicals for enzyme analysis i.e. for Phosphoglucomutase, Hexokinase, 

were obtained from sigma U.S.A analytical grade. The preparation of various concentrations 

of mercury and lead (Stock Solution) and further details were followed as per 

A.P.H.A.(2005) techniques. Distilled water was used to get the required concentration for 

investigation. 

 

Calculation of Safety, Sub-lethal and Lethal Concentrations 

Safety, Sub- lethal and lethal concentrations of mercury and lead were determined on L. 

rohita, C. batrachus, and C. punctatus by the probit analysis method (Finney 1971). Higher 

concentration to know the Lc 50/100 value for 96-hour exposure. Determination of Lc 50, Lc 

100 and safety concentrations of mercury and lead on L. rohita, C. batrachus and C. 

punctatus after 48 hour exposure. 
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Name of the 

metal 

L. rohita C. batrachus C. puntatus 

Lc 

50 

Lc 

100 

Safety 

content 

Lc 

50 

Lc 

100 

Safety 

content 

Lc 

50 

Lc 

100 

Safety 

content 

Mercury 

Nitrate 

0.10 

±0.04 

0.16 

±0.06 

0.04 

±0.01 

0.50 

±0.10 

0.65 

±0.09 

0.26 

±0.06 

0.75 

±0.13 

1.00 

±0.28 

0.30 

±0.08 

Lead Nitrate 
0.09 

±0.03 

0.19 

±0.07 

0.06 

±0.02 

0.42 

±0.09 

0.76 

±0.13 

0.29 

±0.08 

0.68 

±0.10 

1.15 

±0.016 

0.38 

±0.07 

Values are ± 5 SDM of seven replicates each experiment was repeated seven times on seven 

fish species separately L.rohita, C. batrachus and C. punctatus. 

 

Method of Microbe Feeding 

Four to five hundred (50grams) species of Chlorella vulgaris and Spirulina platensis was 

given daily for L. rohita, in flour as pellets and for C. batrachus and C. punctatus the above 

microbes mixed with 35% animal flesh species, were pellets (Ad Libitum) and these three 

fish species were kept under observation for thirty minutes to note any noteworthy reaction 

after feeding i.e. vomiting etc. 

 

Details of Exposure – Acute Studies  

The L. rohita, C. batrachus and C. punctatus (120 to 130 grams) of 18 to 20 cm (Standard 

length) were taken separately and kept in twenty groups and each group consist of 56 fish 

species. No food was given to the above fish species during this period (08, 16, 24 hours). 

 

The first set of L. rohita, C. batrachus and C. punctatus were exposed to sub- Lethal and 

lethal concentrations of mercury and lead for 96 hours separately. The chlorella vulgaris was 

fed to the above three fish species in order to understand the influence of the microbe in 

detoxifying the toxic impact of mercury and Lead. 

 

The second set of L. rohita, C. batrachus and C. punctatus were exposed to sub lethal and 

lethal concentration of mercury and lead separately for 96 hours and fed with chlorella 

vulgaris and spirulina platensis. The fourth set of L. rohita, C. batrachus and C. punctatus 

were exposed to sub lethal and lethal concentration of mercury and lead separately for 96 

hours and fed with chlorella vulgaris and spirulina platensis and treated as control for third 

group. 

 

The fifth set of L. rohita, C. batrachus and C. punctatus were kept in water for 96 hours 

without any toxicant and microbe to treat as control. 
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Enzyme Assay  

The Phosphoglucomutase and Hexokinase were assayed as mentioned in methods in 

Enzymology (Colowick & Kaplan 1955) and also by Crane and Sole (1953) Najjar (1948), 

Joshi & Handler (1969), Shaffi and Habibullah (1977), Shaffi (1982), Bodansky (1958). 

 

Preparation of Tissue Extract  

Fishes were killed quickly by trans- spinal dissection method and total brain was taken from 

cranium immediately and separated into four regions and the blood clot was removed by 

blotting paper and used for the preparation of brain region homogenates for the above said 

two enzyme and the details are as follows:- 

Regions of the brain were quickly washed in ice- cold 0.9% solution of NaCl- Blotted on 

filter paper weighed and Homogenized in a potter elvehjem homogenizer in with a glass 

pestle in 10 volumes of homogenization solution. 

 

Enzyme assays  

Phosphoglucomutase [Ec 2. 7. 5. 1] 

The method is based on Colowick and Kaplan (1955). The activity of phosphoglucomutase in 

brain regions [cerebrum, diencephalon, cerebellum and medulla oblongata] extract was 

measured during the conversion of Glucose -1- Phosphate to Glucose- 6- Phosphate 

dehydrogenase and quantized spectrophotometrically at 340nm by monitoring the formation 

of NADPH from NADP at 30C.  

 

The mixture contained 5mm MgCl2, 0.4mm NADP, 2U glycerol -3-phosphate dehydrogenase 

and 50uM alpha glucose- 1- Phosphate. After the tissue extract was added the reaction was 

started with addition of alpha glucose- 1- phosphate to a concentration of 1.4 mm. 

 

Hexokinase [E. C.2.7.1.1]  

This method is based on Crane and Sole (1953) Shaffi (1982). The enzyme assay measure 

consists of in a final volume of 1.25ml tris- HCl buffer [ph 7.5] 5 mm, MgCl2 10mm, 

glucose-6- phosphate, 2mm ATP and 0.01 ml of tissue extract. The rate of reduction of 

NADP at 340 nm for six minutes. A unit of the enzyme activity was defined as of mol. Of 

NADP formed per gram fresh tissue weight at 25C measured in spectrophotometer PC- 22.2 

(systromics). 
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Statistical Analysis 

The data was subjected to statistical analysis of variance (ANOVA) to know the degree of 

significance and expressed as p > 0.01, p> 0.03 and p>0.05. 

 

RESULTS  

The sub- lethal and lethal exposure of mercury and lead caused significant changes in 

phosphoglucomutase and hexokinase in cerebrum, diencephalon, cerebellum and medulla 

oblongata in L. rohita, C. batrachus and C. punctatus and the sub lethal and lethal exposure 

of mercury and lead in presence of chlorella vulgaris and spirulina platensis alone and in 

presence of chlorella vulgaris and spirulina platensis together made marked variations in the 

level of Phosphoglucomutase and hexokinase in cerebrum, Diencephalon, cerebellum and 

medulla oblongata in L. rohita, C. batrachus and C. punctatus (Table 1A to 12 B). 

 

The sub-lethal mercury exposure caused highest fall in diencephalon phosphoglucomutase at 

16 hours of exposure than cerebrum, medulla oblongata and cerebellum in L. rohita in 

comparison to C. batrachus and C. punctatus. The sub lethal mercury exposure in presence of 

chlorella vulgaris caused highest fall in phosphoglucomutase at 8 hours in Diencephalon at 

16 hours in cerebrum and medulla oblongata and 24 hours in cerebellum. In L. rohita and in 

C. batrachus the maximum fall in phosphoglucomutase was noticed in diencephalon. In 

cerebrum, medulla oblongata and cerebellum at 16 hours. In C. punctatus at 24 hours in 

diencephalon at 16 hours in cerebrum, at 8 hours in medulla oblongata and in cerebellum at 8 

hours exposure (Tab- 1- A). 

 

The lethal mercury exposure crushed the phosphoglucomutase to a great extent in 

diencephalon than in cerebrum, medulla oblongata and cerebellum at 8 hours in L. rohita than 

C. batrachus (Diencephalon, cerebrum medulla oblongata and cerebellum at 08 hours) and C. 

punctatus (the same trend noticed). 

 

The lethal mercury exposure in chlorella vulgaris presence registered maximum fall in 

phosphoglucomutase in diencephalon at 08 hours, than cerebrum at 16 hours, in medulla 

oblongata and cerebellum at 08 hours of exposure in L. rohita. In C. batrachus the fall in 

phosphoglucomutase was optimum in diencephalon, cerebrum at 16 hours, in medulla 

oblongata and in cerebellum at 08 hours of exposure. In C. punctatus, maximum fall in 

phosphoglucomutase was recorded in diencephalon, cerebrum, medulla oblongata and 

cerebellum at 08 hours of exposure (tab- 1- B). 
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The sub- lethal mercury caused highest hexokinase fall in diencephalon at 16 hours of 

exposure in comparison to cerebrum at 08 hours, medulla oblongata at 16 hours and 

cerebrum at 24 hours of exposure.  

 

In C. batrachus the fall in diencephalon hexokinase was optimum at 16 hours. In cerebrum. 

In medulla oblongata and in cerebellum. In C. punctatus the fall in diencephalon hexokinase, 

cerebrum, medulla oblongata and cerebellum at 16 hours of exposure. 

 

The sub –lethal exposure of mercury in presence of chlorella vulgaris caused highest fall in 

hexokinase in diencephalon cerebrum, medulla oblongata at 08 hours and in cerebellum at 16 

hours of exposure in L. rohita. In C. batrachus the fall in hexokinase activity was maximum 

fall in diencephalon, cerebrum at 16 hours medulla oblongata at 08 hours and in cerebellum 

at 16 hours of exposure. In C. punctatus the hexokinase fall was optimum in diencephalon, 

followed by cerebrum medulla oblongata and cerebellum at 16 hours of exposure (Tab- 2- 

A). 

 

The lethal mercury exposure registered maximum fall in hexokinase in diencephalon 

followed by cerebrum medulla oblongata and cerebellum at 08 hour of exposure in L. rohita 

in comparison to C. batrachus (Diencephalon, cerebrum medulla oblongata and cerebellum at 

16 hour of exposure) and C. punctatus(Diencephalon, cerebrum, medulla Oblongata and 

cerebellum at 16 hour of exposure). 

 

The lethal mercury exposure in presence of chlorella vulgaris depleted the hexokinase in 

diencephalon, cerebrum medulla oblongata and cerebellum at 16 hours 1 N L. rohita 

followed by C. batrachus and in C. punctatus. (Tab- 2- B). 

 

The sub- lethal lead exposure on phosphoglucomutase was maximum fall in diencephalon, in 

cerebrum and medulla oblongata at 08 hours where as in cerebellum at 16 hours of exposure 

in L. rohita in C. batrachus the fall in phosphoglucomutase was recorded in diencephalon 

than cerebrum medulla oblongata and cerebellum at 16 hours of exposure. In C. punctatus the 

fall in phosphoglucomutase was maximum in diencephalon in comparison to cerebrum, 

medulla oblongata and cerebellum at 16 hours of exposure. 

 

The sub lethal lead exposure in presence of chlorella vulgaris caused optimum fall in 

phosphoglucomutase in diencephalon than cerebrum, medulla oblongata and cerebellum at 8 

hours exposure in L. rohita then in C. batrachus (Diencephalon, cerebrum, medulla oblongata 
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and cerebellum at 8 hours of exposure) and in C. punctatus (Diencephalon at 16 hours, 

cerebrum 8 hours, medulla oblongata 16 hours and cerebellum at 8 hours) (Tab- 3- A). 

 

The lethal lead exposure responsible for the phosphoglucomutase. Fall in diencephalon 

followed by cerebrum medulla oblongata and cerebellum at 8 hours of exposure in L. rohita 

than C. batrachus (Diencephalon, cerebrum and medulla oblongata at 16 hours and 

cerebellum at 24 hours exposure) and in C. punctatus (the fall in phosphoglucomutase was 

recorded at 16 hours in diencephalon, cerebrum, medulla oblongata and cerebellum).  

 

The lethal lead exposure with chlorella vulgaris recorded highest fall in phosphoglucomutase 

in diencephalon, cerebrum and medulla oblongata in eight hours and in cerebellum at 16 

hours of exposure in L. rohita. In C. batrachus at 08 hours in diencephalon, cerebrum, and 

medulla oblongata and in cerebellum at 16 hours of exposure and in C. punctatus the fall in 

phosphoglucomutase was maximum in diencephalon. Cerebrum and medulla oblongata at 8 

hours and in cerebrum at 16 hours of exposure (Tab – 3- B). 

 

The sub – lethal lead caused hexokinase variation were, maximum in diencephalon, cerebrum 

and medulla oblongata at 8 hours exposure where as in cerebellum at 24 hours exposure in L. 

rohita. 

 

In C. batrachus optimum fall in phosphoglucomutase was recorded in diencephalon followed 

by cerebrum and medulla oblongata at 16 hours and in cerebellum at 08 hours of exposure. In 

C. punctatus the fall in phosphoglucomutase was highest in diencephalon followed by 

cerebrum, medulla oblongata and cerebellum at 16 hours of exposure.  

 

The sub lethal lead exposed with chlorella vulgaris reduced the hexokinase to a great extent 

in diencephalon than in cerebrum, medulla oblongata and cerebellum in L. rohita in 

comparison to C. batrachus (Diencephalon, cerebrum and medulla oblongata at 8 hours and 

cerebellum at 16 hours of exposure) and C. punctatus (Diencephalon, cerebrum and medulla 

oblongata at 8 hours and cerebellum at 16 hours of exposure) (TAB- 4-A). 

 

The lethal lead exposure inhibited the hexokinase activity in diencephalon, Cerebrum and 

medulla oblongata to a marked extent at 8 hours than in cerebellum at 16 hours of exposure 

in L. rohita. In C. batrachus the fall in hexokinase was noticed in diencephalon than in 

cerebrum medulla oblongata at 16 hours of exposure. In C. punctatus the trend is same as 

reported in C. batrachus the fall in hexokinase was noticed in diencephalon than in cerebrum, 
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medulla oblongata at 16 hours of exposure. In C. punctatus the trend is same as reported in C. 

batrachus.  

 

The lethal lead exposure with chlorella vulgaris registered optimum fall in hexokinase 

activity in diencephalon followed by cerebrum, medulla oblongata and cerebellum at 8 hours 

of exposure in L. rohita followed by C. batrachus (Diencephalon, cerebrum, medulla 

oblongata and cerebellum at 8 hours) and In C. punctatus (diencephalon, cerebrum, medulla 

oblongata and cerebellum at 8 hours of exposure). (TAB- 4-B). 

 

The sub- lethal mercury exposure resulted into maximum fall in diencephalon 

phosphoglucomutase in comparison to cerebrum, medulla oblongata and cerebellum in L. 

rohita in comparison to C. batrachus (the fall in phosphoglucomutase was highest in 

diencephalon, cerebrum, medulla oblongata and cerebellum at 16 hours of exposure and C. 

punctatus (the trend is same to that of C. punctatus). 

 

The sub- lethal mercury exposure in presence of spirulina platensis caused optimum 

phosphoglucomutase fall in diencephalon in L. rohita followed by cerebrum, medulla 

oblongata and cerebellum at 8 hours of exposure than in C. batrachus (diencephalon, 

cerebrum, medulla oblongata, cerebellum at 8 hours of exposure) and in C. punctatus the fall 

in phosphoglucomutase in various brain regions was similar to L. rohita and C. batarchus 

(Tab- 5- A). 

 

The lethal mercury exposure caused highest fall in phosphoglucomutase in diencephalon 

cerebrum, medulla oblongata and cerebellum at 08 hours of exposure. However in C. 

batrachus the fall in phosphoglucomutase was similar to that of L. rohita and C. batrachus 

but at 16 hours of exposure. The lethal mercury exposure in presence of spirulina platensis 

lead to maximum fall in phosphoglucomutase in diencephalon, cerebrum, medulla oblongata 

and cerebellum at 8 hours of exposure in L. rohita the same pattern was noticed in C. 

batrachus and in C. punctatus at the 08 hours of exposure. 

 

The sub- lethal mercury exposure reduced the hexokinase activity to the optimum extent in 

diencephalon, than cerebrum, medulla oblongata and cerebellum in L. rohita at 08 hours than 

C. batrachus and C. punctatus in diencephalon cerebrum, medulla oblongata and cerebellum 

at 16 hours respectively. 
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The sub lethal mercury exposure with spirulina platensis registered highest fall in 

diencephalon hexokinase followed by cerebrum, medulla, oblongata and cerebellum at 08 

hours in L. rohita in comparison to C. batrachus (Diencephalon, cerebrum, medulla 

oblongata at 8 hours) and in C. punctatus (Diencephalon, cerebrum, medulla oblongata and 

cerebellum at 08 hours) (Tab – 6- A). 

 

The lethal mercury exposure caused maximum hexokinases fall in diencephalon followed by 

cerebrum, medulla oblongata and cerebellum. At 08 hours in L. rohita and in C. batrachus 

and in C. punctatus the fall in hexokinase pattern is same to that of L. rohita but 16 hours of 

exposure. 

 

The lethal mercury exposure with spirulina platensis registered maximum fall in hexokinase 

in diencephalon than cerebrum, medulla oblongata and cerebellum at 08 hours in L. rohita 

than C. batrachus (Diencephalon at 24 hours, cerebrum at 16 hours, medulla oblongata at 08 

hours and in cerebellum at 08 hours) and C. punctatus (diencephalon at cerebrum at 8 hours, 

medulla oblongata and in cerebellum) (Tab – 6- B). 

 

The sub- lethal lead exposure caused maximum phosphoglucomutase fall in diencephalon 

cerebrum, medulla oblongata and cerebellum at 08 hours in L. rohita than C. batrachus and 

the fall in all brain regions was recorded at 16 hours and in C. punctatus too the fall was 

noticed at 16 hours. 

 

The sub- lethal lead exposure in presence of spirulina platensis was optimum at 8 hours in 

diencephalon, cerebrum, medulla oblongata and cerebellum in L. rohita in comparison to C. 

batrachus (Diencephalon, cerebrum & medulla oblongata at 08 hours) and in C. punctatus 

(Diencephalon, Cerebrum & Medulla Oblongata at 8 hours and in Cerebellum at 16 hours) 

Tab- 7- A. 

 

The lethal lead exposure led to highest fall in phosphoglucomutase in diencephalon than 

cerebrum medulla oblongata and cerebellum at 8 hours in comparison to C. batrachus same 

to that of L. rohita and in C. punctatus the fall was maximum in diencephalon, cerebrum, 

medulla oblongata and cerebellum and 16 hours of exposure.  

 

The lethal lead exposure with spirulina platensis registered optimum fall in 

phosphoglucomutase in diencephalon, cerebrum, medulla oblongata and cerebellum at 08 
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hours exposure in L. rohita and pattern of fall of phosphoglucomutase was same in C. 

batrachus and in C. punctatus as recorded in L. rohita (Tab- 7 B). 

 

The sub – lethal lead exposure recorded maximum fall in hexokinase in diencephalon 

accompanied by cerebrum, medulla oblongata and cerebellum at 8 hours in L. rohita. In C. 

batrachus and C. punctatus the fall in hexokinase activity was on the same pattern as noticed 

in L. rohita but at 16 hours. The sub – lethal lead exposure with spirulina platensis caused 

optimum fall in hexokinase in diencephalon followed by cerebrum, medulla oblongata at 8 

hours and in cerebellum (at 16 hours) exposure. In C. batrachus and in C. punctatus the fall 

in hexokinase was recorded in diencephalon, cerebrum, medulla oblongata and cerebellum at 

8 hours of exposure (Tab- 8-A). 

 

The lethal lead exposure registered marked fall in hexokinase in diencephalon accompanied 

by cerebrum, medulla oblongata and cerebellum in L. rohita at 8 hr. However the fall in 

hexokinase was maximum in diencephalon followed by cerebrum, medulla oblongata and 

cerebellum at 16 hours exposure in C. batrachus. In C. punctatus the fall in hexokinase was 

recorded to optimum level in diencephalon accompanied by cerebrum, medulla oblongata and 

cerebellum at 08 hours of exposure (Tab – 8- B). 

 

The sub- lethal mercury exposure with chlorella vulgaris and spirulina platensis caused, 

maximum fall in phosphoglucomutase in diencephalon, accompanied by cerebrum medulla 

oblongata and cerebellum at 8 hours of exposure than C. batrachus (Diencephalon, cerebrum, 

medulla oblongata and cerebellum at 16 hours exposure) and in C. punctatus the fall in 

phosphoglucomutase was maximum in diencephalon cerebrum, medulla oblongata and 

cerebellum at 16 hours of exposure (Tab – 9- A). 

 

The lethal mercury exposure induced optimum fall in phosphoglucomutase in diencephalon 

in comparison to cerebellum at 08 hours than in C. batrachus (diencephalon in comparison to 

cerebellum at 16 hours exposure) and in C. punctatus optimum fall in phosphoglucomutase 

was recorded in diencephalon than cerebrum medulla oblongata at 16 hours exposure. 

 

The lethal mercury exposure in presence of chlorella vulgaris and spirulina platensis 

reported marked fall in phosphoglucomutase in diencephalon than cerebrum, medulla 

oblongata at 8 hours of exposure and in cerebellum at 24 hours of exposure in L. rohita in 

comparison to C. batrachus (Diencephalon, cerebrum medulla oblongata and cerebellum at 8 
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hours exposure) and in C. puntatus (fall in phosphoglucomutase was highest in diencephalon 

than in cerebrum, medulla oblongata and cerebellum at 8 hours of exposure) (Tab – 9- B). 

 

The sub- lethal mercury exposure induced the hexokinase fall to a great extent in 

diencephalon, cerebrum, medulla oblongata and cerebellum at 8 hours of exposure in L. 

rohita than in C. batrachus. The fall in hexokinase was optimum in diencephalon, than in 

cerebrum medulla oblongata and cerebellum at 16 hours exposure. In C. punctatus the fall in 

hexokinase activity was highest in diencephalon, cerebrum and medulla oblongata and 

cerebellum at 16 hours exposure. The fall in hexokinase activity was highest in diencephalon, 

cerebrum and medulla oblongata and cerebellum at 16 hours exposure. (Tab – 10- a). 

 

The lethal mercury exposure lead to the optimum fall in diencephalon at 8 hours hexokinase 

at comparison to cerebrum 8 hours medulla oblongata (8 hours) and cerebellum (16 hours) in 

L. rohita. In C. batrachus the fall in hexokinase was highest in diencephalon accompanied by 

cerebrum, medulla oblongata and cerebellum at 16 hours of exposure. In C. punctatus the fall 

in hexokinase activity was highest in diencephalon than in cerebrum and medulla oblongata 

and the fall was maximum at 16 hours exposures.  

 

The lethal mercury exposure with chlorella vulgaris and spirulina platensis was maximum in 

diencephalon, cerebrum medulla oblongata and cerebellum at 08 hours L. rohita than in C. 

batrachus (Diencephalon cerebrum, medulla oblongata and cerebellum at 16 hours) and in C. 

punctatus too the pattern is like that of C. batrachus (Tab- 10- B). 

 

The sub- lethal led exposure led to marked variations in the phosphoglucomutase fall in 

diencephalon, cerebrum, medulla oblongata and cerebellum at 08 hours of exposure in L. 

rohita. In C. batrachus too the trend is lke that of C. punctatus at 16 hours.  

 

The sub- lethal lead exposure with chlorella vulgaris and spirulina platensis noticed highest 

fall in phosphoglucomutase in diencephalon, cerebrum, and medulla oblongata at 08 hours 

and in cerebellum at 16 hours exposure in L. rohita in comparison to C.batrachus 

(diencephalon, cerebrum, medulla oblongata at 08 hours and in cerebellum at 16 hours) and 

in C. punctatus (diencephalon, cerebrum, medulla oblongata cerebellum at 16 hours 

exposure) (Tab – 11- A). 

 

The lethal lead exposure made significant changes in phosphoglucomutase in diencephalon, 

cerebrum, medulla oblongata and cerebellum. At 8 hours exposure in comparison to C. 
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batrachus (Diencephalon, cerebrum, medulla oblongata and cerebellum exposure at 16 hours) 

and in C. punctatus (the enzyme fall trend is similar to C. batrachus at 16 hours exposure. 

The lethal lead exposure in presence of chlorella vulgaris and spirulina platensis induced 

marked changes in phosphoglucomutase of the Diencephalon followed by cerebrum, medulla 

oblongata and cerebellum at 16 hours of exposure in L. rohita. In C. batrachus and C. 

punctatus the fall in phosphoglucomutase in diencephalon, cerebrum, medulla oblongata and 

cerebellum to that of L. rohita at 16 hours of exposure (Tab- 11- B). 

 

The sub lethal lead exposure led to the fall in hexokinase in diencephalon to a significant 

extent in comparison to cerebrum medulla oblongata and cerebellum at 8 hours of exposure 

in L. rohita. However in C. batrachus and in C. punctatus the enzyme fall trend is like that of 

L. rohita. 

 

The sub lethal lead exposure in presence of chlorella vulgaris and spirulina platensis marked 

fall in hexokinase in diencephalon accompanied by cerebrum, medulla oblongata and 

cerebellum in L. rohita at 08 hours of exposure in comparison to C. batrachus 

(Diencephalon, cerebrum, medulla oblongata and cerebellum at 16 hours of exposure and in 

C. punctatus (Diencephalon, cerebrum, medulla oblongata and cerebellum at 16 hours of 

exposure) (Tab 12- A).  

 

The lethal lead exposure caused remarkable variations in the hexokinase activity in 

diencephalon, cerebrum, medulla oblongata and cerebellum at 8 hours of exposure in L. 

rohita than C. batrachus (Diencephalon, cerebrum, medulla oblongata and cerebellum). At 

16 hours of exposure and C. punctatus at 8 hours of exposure and the fall trend is more like in 

C. batrachus. The lethal led exposure in presence of chlorella vulgaris and spirulina platensis 

registered in hexokinase fall in diencephalon followed by cerebrum, medulla oblongata and 

cerebellum in L. rohita at 8 hours of exposure in comparison to C. batrachus and C. 

punctatus. The pattern of enzyme fall is like in L. rohita but the fall at 16 hours of duration in 

C. batrachus and in C. punctatus among the metals mercury was more toxic than lead and 

among the fish species L. rohita was more sensitive than C. batrachus and C. punctatus. 

Between the microbes chlorella vulgaris was a better detoxifying microbe than spirulina 

vulgaris, among the brain regions it is diencephalon most affected and cerebellum least 

affected. (Tab 12- B). 
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DISCUSSION 

The nature has lost its natural character as vegetable, grain, flora and fauna lost its original 

flavor due to contamination of water, land and air. Even the arrival of RO system is an 

indication of conversion of water from palatable into unpalatable water. The congenial 

atmosphere too drastically transformed into uncongenial atmosphere and effecting the 

productivity and yield of natural bodies and National reservoir. 

 

The air quality in Delhi (2019) and the warning issued by MP pollution control board and 

Central pollution control board (2019) are indicators that the atmosphere is inducing 

respiratory disorders and choking of lungs is not an aberration but stark reality. Even the apex 

court stopped construction and demolition in national capital region and an affidavit is filled 

with central pollution control board New Delhi (No construction should be permitted) in this 

connection. 

 

Though man behaves himself like the master of the nature but his interference with the nature 

{mining, urbanization, industrialization, sewage discharge, runoff from agriculture and 

industrial effluents}, is mainly responsible for the above events. Heavy metal pollution is a 

serious threat even to the survival of the man himself. Due to their high electrical 

conductibility, malleability and luster which on its own lost their electrons to form cations, 

heavy metals specific density is more than 58/cm3 and adversely affects the habitat and living 

organisms. Various biochemical and physiological functions in living organisms are totally 

dependent on heavy metals if they are in small concentration Bhopal air 2019, air quality 

delhi 2019, jai shankar 2013,2014 mcrail et al 2012. The oxidative deterioration of biological 

Macromolecules mainly due to binding of heavy metals to the DNA and nuclear protein 

(Noorian (2019), Ibrahim et al, (2015), Tanekhy (2015). 

 

Heavy metal exposure in particular inactivate enzymes, reduces RBC life span, reduction in 

Hemoglobin surface area, changes in electron transport, damages genetic material, 

immunological variations and significant changes in biochemical and functional ability of 

various fish species (Nichat et al 2018, 2019). 

 

In the present investigation, the authors investigated the autotrophic microbe’s impact of 

chlorella vulgaris and spirulina platensis on sub lethal and lethal mercury and lead caused 

enzymatic variations i.e. Phosphoglucomutase and Hexokinase on different brain regions i.e. 

cerebellum, cerebrum, medulla oblongata and Diencephalon in three fresh water fish species 
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i.e. L. rohita, C. batrachus and C. punctatus. On comparative approach from a tropical 

environment. 

 

The sub lethal and lethal mercury exposure, on L. rohita, C. batrachus and C. punctatus in 

presence of chlorella vulgaris caused significant variations in phosphoglucomutase and 

hexokinase increase in diencephalon than in cerebrum, medulla oblongata and cerebellum in 

L. rohita in comparison to C. batrachus and in C. punctatus with mercury than Lead. The 

sub-lethal and lethal Mercury exposure of L. rohita, C. batrachus and C. punctatus without 

chlorella vulgaris too caused marked enzymatic variations i. e phosphoglucomutase and 

hexokinase in different brain region (diencephalon, cerebrum, medulla oblongata and 

cerebellum) but the fall of the above said enzymes are on higher side than their fall in 

presence of autotrophic microbes reflects that the autotrophic microbes has the ability to 

detoxify the metal mercury caused toxicity as the above said enzyme fall is less than the 

direct exposure of mercury. 

 

The chlorella vulgaris possess a three layered cell wall, the middle layer is thick and contains 

micro fibril and the outer layer is a polymerized carotenoid material. It is the outer cellular 

material that is most likely provides chlorella its detoxifying ability. The material binds the 

heavy metals and then carries these substances out of the body. The microbes are good 

nutrient source and hence have the capacity of cleansing and detoxifying properties. Such a 

mechanism might have taken place in the present investigation too and the removal of heavy 

metals like mercury and lead and rise in phosphoglucomutase and hexokinase are ascribed to 

the above mechanism. On the other hand the autotrophs microbes were able to trap/close the 

active sites in heavy metals due to the presence of thiol group/protein ligands in the microbes 

and the less fall in enzyme levels were observed when exposed to sub lethal and lethal 

concentrations. Among the brain regions, diencephalon registered highest fall in 

phosphoglucomutase and hexokinase as diencephalon is the center of metabolism, 

reproduction, homeostasis, sleeping and autonomous nervous system got disturbed and the 

fall in phosphoglucomutase and hexokinase may be understood on the above interpretation. 

 

The cerebrum being the largest part of the brain registered second highest fall in 

phosphoglucomutase and hexokinase with sub lethal and lethal mercury and lead exposure 

and also coordinates the sensory region of the body regulates vital processes like learning, 

memory, feelings, decision making and few other voluntary activities too got affected due to 

sub lethal and lethal concentrations of mercury and lead when investigated through 
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phosphoglucomutase and hexokinase emphasizes that the detoxifying property chlorella 

vulgaris and spirulina platensis is responsible for the rise in the above said enzymes in the 

presence of microbes to reduce the toxicant burden and extends protection of organism 

through metabolism. This will be further understood like this L. rohita, C. batrachus and C. 

punctatus exposure to sub lethal and lethal mercury and lead exposure induce the formation 

of mucus layer in presence of microbes thus the penetration of mercury and lead is reduced 

due to non-permeable mucus layer on the above said three fish species such a phenomena 

can’t be ruled out even in the present investigation. 

 

The third highest fall in phosphoglucomutase and hexokinase was noticed in medulla 

oblongata which is an involuntary center for respiration, excretion, circulation, vomiting 

reflex and glycolysis exposed to sub lethal and lethal mercury and lead concentrations might 

be justified with the following observations- microbes are the powerful centers of antioxidant 

and anti-inflammatory activities and may improve muscle strength and endurance. Microbes 

supplementation through feed appears to alleviate heavy metal (mercury and lead) induced 

tissue damage. The microbes contain phycocyanin, chlorophyll, carotenes and formation of 

phosphate on cell wall inside the cell. This caused enhanced polyphosphate bodies formation 

and perhaps these bodies were suggested as the site of metal absorption in aquatic autotrophs 

(Nichat et al 2019) the potential negative surface charge of the polyphosphate in the 

polyphosphate bodies will help to absorb metals and extended exposure time of autotrophs to 

heavy metals further enhance the number of polyphosphate bodies and also made up of other 

materials such as magnesium, sodium, potassium, iron and copper such bodies not only 

function in polyphosphate storage and further function as a detoxification process such a 

mechanism is not ruled out even in the present investigation and the fall in the enzymes with 

metal exposure on L. rohita, C. batrachus and C. punctatus educates that the presence of 

aquatic autotrophs significantly chocked the fall of enzymes in different brain regions of the 

above said species. 

 

The last highest fall in phosphoglucomutase and hexokinase was noticed in cerebellum 

(center of voluntary activities, balance of posture, soul, protein synthesis, reflex action) 

exposed to sub lethal and lethal mercury and lead concentrations however the sub lethal and 

lethal metal exposure in presence of microbes increased phosphoglucomutase and hexokinase 

levels in cerebellum in L. rohita, C. batrachus and C. punctatus, this can be explained like 

this – exposure to sub lethal and lethal mercury and lead cause formation of reaction of 
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oxygen species cause oxidative stress and these substances damage cells and implant 

photogenecity. Fish is a rich source of amino acids, omega -3, fatty acids, minerals, vitamins 

and is consumed widely and there exists a growing concern. The chlorella vulgaris and 

spirulina platensis have the ability to chelate mercury and lead ions and have the restoring 

capacity. 

 

The adverse biochemical alterations caused by sub lethal and lethal mercury and lead metal 

exposure in L. rohita, C. batrachus and C. punctatus microbe presence during heavy metal 

exposure may alter the balance between antioxidant level and the generation of the radicals 

thus chocks the metal toxicity and helps to recover normalcy. Such events too cannot be ruled 

out in the present investigation Nourian et al (2019). 

 

The fish species are the easy customers of polyunsaturated fatty acids per oxidation in 

presence of heavy metals and aquatic autotrophic microbes present may contain per oxidation 

of poly unsaturated fatty acids and promote the cellular metabolism to regain biochemical 

organization and establish the physiology of that organ and fish in totality in due course of 

time by detoxifying the toxic effects of heavy metals. Such events might have occurred even 

in the present study Shahsavani et al (2012) reported the impact of allicin on lead induced 

oxidative damage in selected organs of the common carps (Cyprinus carpio) (Nichat et al 

2019) studied the combined. 

 

A corollary to our finding can be understood from Hegazi et al (2018) who investigated the 

effect of spirulina incorporation in diets of Tilapia nilotica fresh water fish exposed to lead 

toxicity, Kaur et al (2012) studied correlative remedial effects of spirulina and vitamin “E” on 

the histo-architecture of liver and kidney of mercury chloride challenged cat fish Clarias 

gariepinus , Rana et al (2013) reported about the remedial effect of spirulina on the histology 

of the liver of mercury chloride affected fresh water cat fish Clarias gariepinus, Raibole 

(2013) studied the influence of selenium on lead caused variations of phosphofructokinase in 

different brain regions of fresh water teleosts, Nourian et al (2019) conducted on the effect of 

vitamin “C” lead induced plasma bio chemical alterations in fish, Hounkpatin et al (2012) 

studied the protective effects of vitamin C on hematological parameters in intoxicated wistar 

rats with cadmium, mercury and combined cadmium and mercury, Uszczek- trojnar et al 

(2013) investigated the accumulation and elimination in tissues of Prussian carp, Carassius 

gibelio (bloch) after long-term dietary exposure and depuration periods. 
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