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INTRODUCTION
Cyanide is a well known chemical for its properties as suici-
dal, homicidal and chemical warfare agent (Hariharakrish-
nan et al. 2010). Industries dealing with metal plating and 
finishing, mining and extraction of metals such as gold and 
silver, production of synthetic fibers and the processing of 
coal generate large quantities of cyanide-containing wastes 
(Rocha-e-Silva et al. 2010). Consequently release of cyani-
de containing wastes into the environment has generated 
considerable interest. Cyanide is found to be highly toxic 
to the aquatic organisms, primarily due to the formation 
of complexes with metal ions that are present as enzyme 
cofactors. Most notably this occurs with Fe3+ ion in cyto-
chrome, thereby inhibiting respiration and hence, oxidative 
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Experiments were designed to study in-vivo effects of sodium cyanide on biochemical 
endpoints in the freshwater fish Labeo rohita. Fish were exposed to two sublethal concen-
trations (0.106 and 0.064mg/L) for a period of 15 days.  Levels of glycogen, pyruvate, lac-
tate and the enzymatic activities of lactate dehydrogenase (LDH), succinate dehydrogenase 
(SDH), glucose-6-phosphate dehydrogenase (G6PDH), phosphorylase, alkaline phosphata-
se (ALP), acid phosphatase (AcP) were assessed in different tissues (liver, muscle and gills). 
Result indicated a steady decrease in glycogen, pyruvate, SDH, ALP and AcP activity with a 
concomitant increase in the lactate, phosphorylase, LDH and G6PD activity in all selected 
tissues. The alterations in all the above biochemical parameters were significantly (p<0.05) 
time and dose dependent. In all the above parameters, liver pointing out the intensity of 
cyanide intoxication compare to muscle and gills. Study revealed change in the metabolic 
energy by means of altered metabolic profile of the fish. Further, these observations indi-
cated that even sublethal concentrations of sodium cyanide might not be fully devoid of 
deleterious influence on metabolism in L. rohita.
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phosphorylation (Daya et al. 2000). Lower concentrations 
in the range of 50-100µg/l of cyanide have proven even-
tually fatal to many sensitive fish species (Dube & Hosetti 
2010). Even at concentrations as low as 20 µg/l, chronic 
or sublethal effects of cyanide have been found in several 
freshwater species (Heath 1991).

Biochemical alterations are considered as sensitive in-
dicators of toxicity before hazardous effects occur in fish. 
Biochemical approach has been advocated to provide an 
early warning of potentially harmful changes in stres-
sed fish. Evaluation of intermediary metabolism of fish 
was used, for example, to study cyanide induced effects 
(Prashanth & Neelgund 2007, De Zwaan et al. 1993). The 
effect of toxicant on enzymatic activity is one of the most 
important biochemical parameters, which is affected under 
stress (Das & Mukherjee 2003). When an organ is diseased 
due to the effect of a toxicant, enzymatic activity appears 
to be increased or inhibited due to the active site being ei-
ther denatured or distorted. Since some enzymes catalyze 
some steps in the metabolism of carbohydrate and protein, 
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they are present in most tissues. The increase or decrease 
in their level may be sufficient to provide information of 
diagnostic values (Begum 2009).

Sodium cyanide is extremely toxic, which might hamper 
the fish health through the impairment in the metabolism, 
sometimes leading to death. This is because, most of the 
cyanide absorbed is detoxified by enzymatic combination 
with sulfur, and thus the detoxification process imposes a 
nutritional cost (Prashanth & Neelagund 2007). Concentra-
tions of cyanides and lethal and sublethal toxicities of cya-
nides to the fishes are well documented (Dube & Hosetti 
2010). Further it is also essential to evaluate the sublethal 
effects of cyanides on the fishes, since they form very im-
portant members of the food chain. Consequently it was 
considered as a matter of warranted interest to elucidate 
biochemical effects in the fish. Evaluation of biochemical 
activities in an organism helps to identify disturbances 
in its metabolism. In this study, we monitored the distur-
bances of metabolism in Labeo rohita by exposing them to 
different sublethal concentrations of sodium cyanide for a 
period of 15 days. Labeo rohita constitutes one of the main 
fish species of economic importance, as an abundant cul-
tural fish species in India and as very popular fish among 
farmers and consumers.

MATERIALS AND METHODS
Studies were conducted on fingerlings of Labeo rohita, obtai-
ned from State Fisheries Department, Bhadra Reservoir Project 
(BRP), Shimoga, Karnataka, India. Fish weighing 3.5±0.5g with 
mean body length 6±0.75cm were maintained in large holding 
tanks following standard fish maintenance procedure during 
acclimatization and exposure (APHA 2005). Acclimatized fishes 
were transferred to aquaria (20 L) for subacute studies. Aquarium 
water was kept oxygen saturated by aeration and its temperatu-
re was maintained at ambient laboratory temperature (25±1°C). 
Animals were transferred to a fresh volume of water for every 24 
h to minimize contamination from metabolic wastes and the fi-
shes were fed with fish food pellets (Nova Aquatic Pvt Ltd, not less 
than 3% of body weight). Prior to exposure the fish were exami-
ned carefully for any pathological symptoms.

Stock solution of the sodium cyanide (99.9%, Loba Chemicals 
Mumbai, Maharashtra, India) was prepared in double distilled 
water. After acclimatization, fish were transferred to aquarium 
(20 L capacity) supplied with dechlorinated tap water (total 
hardness 23.4±3.4mg as CaCO3/L, phosphate 0.39±0.002μg/L, 
salinity 0.01ppt, specific gravity 1.001 and conductivity less than 
10μS/cm). Experiments were carried out in static renewal system 
(APHA 2005). Median lethal concentration (96 h LC50) of sodium 
cyanide to L. rohita was found out to be 0.32 mg/L (Dube and Ho-
setti 2010). Two sublethal concentrations selected for the present 
study were based on the 1/3rd and 1/5th of the 96 h LC50. Accli-
matized fish were distributed into seven equal groups with ten 
fish each. Fish in first three groups were exposed to 0.106mg/L 
and the next three groups to 0.064mg/L of sodium cyanide, whi-
le remaining group was kept in cyanide free tap water, served as 
control. Five replicas were maintained for each concentration. 
The test media was changed daily with fresh addition of toxicant. 

At the end of 5, 10 and 15 days of exposure, fish were sacri-
ficed and liver, gill, muscle tissues were collected immediately, 
washed with distilled water and weighed before homogenization. 
Tissues were homogenized using a glass homogenizer with res-
pective homogenizer solution and centrifuged.  Glycogen content 

in the tissue was estimated by using the anthrone reagent as des-
cribed by Caroll et al (1956). The homogenate (5%) was prepared 
in 5% trichloroacetic acid (TCA). Values were expressed as mg 
glycogen/g of tissue. Pyruvate level was measured according to 
Friedman & Haugen (1943). Homogenate (50 mg/ml) was prepa-
red in 10% TCA. Sodium pyruvate was taken as standard and the 
values were expressed as mg pyruvate/g tissue. Lactate content 
in the tissues was estimated according to the method of Hucka-
bee (1961). Homogenate (50mg/ml,) was prepared in 10% cold 
TCA and centrifuged at 1000 g for 5 minutes. Sodium lactate was 
taken as standard. Lactate content was expressed as mg lactate/g 
wet weight tissue. LDH (EC 1.1.1.27) was assayed following Go-
vindappa & Swami (1965) and SDH (EC 1.3.99.1) by the method 
of Nachilas et al (1960). The formazon extracted was measured at 
495nm and the activity of enzyme was represented in µmol form-
azon/mg of tissue. For the estimation of G6PDH (EC 1.1.49) activi-
ty method described by Bergmeyer & Bernt (1965) and Glycogen 
phosphorylase activity (EC 2.4.1.1.), using; the method described 
by Sutherland (1955) was followed and the activity expressed as 
µM Pi liberated/mg protein/h, using phosphate standards. Acid 
Phosphatase (AcP; E.C. 3.1.3.2) in the tissues were estimated by 
using method of Kind & King (1954) and the inorganic phosphate 
(Pi) liberated was measured by the method of Fiske & Subbarow 
(1925). The enzyme assays were made after preliminary standar-
dization regarding linearly with respect to time of incubation of 
enzyme concentration. Enzyme activity was expressed as µmol Pi 
liberated/mg protein/h. 

Each assay was replicated five times, and values thus obtai-
ned were converted to percentage of the respective control and 
analysis of variance (ANOVA) was employed followed by Duncan 
multiple range test as post hoc as test to calculate the significant 
difference. The analysis was made between the means of the con-
trol and cyanide treated fishes. In all the cases, differences were 
considered statistically significant at p<0.05 (Daniel 1987).

RESULTS AND DISCUSSION
No mortality was observed during in the fish exposed to 
both sublethal concentrations of sodium cyanide. The effect 
of cyanide in the liver, muscle and gills of Labeo rohita are 
shown in Table 1 to 4. The biochemical changes observed 
in the present study were due to disturbed metabolism in 
the fish. Cyanide has its own target sites of action and most 
of them are metabolic depressors. They generally affect the 
activity of biologically active molecules (Prashanth & Nee-
lagund 2007).

Effect on glycogen
Glycogen level in all the three tissues significantly de-

clined in both concentrations. The percent in the glycogen 
content in the fish exposed to 0.106mg/L of sodium cyani-
de ranged from liver (19.49 to 37.10%) > muscle (19.45 to 
34.93%) > gills (11.37 to 31.43%), whereas at 0.064mg/L, 
liver (12.97 to 31.89%) > muscle (13.53 to 31.24%) > gills 
(8.83 to 24.71%). Maximum decrease was observed in the 
liver tissues in 1/3rd sublethal concentration (Table 1). Sig-
nificant decrease which was dose depended may be consi-
dered to be symptom of stress induced by cyanide. Marked 
glycogenolysis was observed after subacute exposure to so-
dium cyanide. Glycogen breakdown is known to be rapidly 
activated as a result of changes in both extracellular and in-
tracellular environments. Massive glycogenolysis has been 
reported to occur due to shortfall of oxygen in the tissues 
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(Rees et al. 2009). The decrease was greater in liver than in 
muscle and gills, since liver is the principal organ for glyco-
gen storage. Depletion of glycogen may also indicate its di-
rect utilization for energy generation, a demand caused by 
cyanide-induced hypoxia (Dube & Hosetti 2010).

Effect on pyruvate
Table 1 show pyruvate levels in all the three tissues. 

Maximum decrease was recorded in the liver and lowest 
in the muscle. The percent decrease in the pyruvate con-
tent in different tissues was in the order of liver (11.91 
to 40.76%) > muscle (15.83 to 36.58%) > gill (9.55 to 
28.98%) in 0.106mg/L of sodium cyanide and liver (10.07 
to 29.92%) > muscle (7.34 to 29.03%) > gill (8.85 to 
22.33%) in 0.064mg/L of sodium cyanide. Decrease in the 
level of pyruvate suggests the possibility of a shift towards 
anaerobic dependence due to a remarkable drop in aerobic 
segment, a characteristic feature of cyanide intoxication 
(Singh et al. 1989). This might also be due to its conversion 
to lactate, or due to its mobilization to form amino acids, 
lipids, triglycerides and glycogen synthesis in addition to 
its role as a detoxification (De Zwaan et al. 1993).

Effect on lactate
Lactate concentrations reached highest values after 

subacute exposure compared to control (Table 1). Signi-
ficantly elevated lactate concentrations were observed in 

the fishes exposed to cyanide. Values ranged from muscle 
(10.57 to 48.96%) > gills (22.45 to 42.69%) >l iver (26.21 
to 39.39%) in 0.106mg/L and in 0.064mg/L sodium cya-
nide, muscle (8.54 to 42.03%) > liver (15.95 to 34.59%) > 
gills (16.21 to 30.13%). The level of lactic acid in the tissue 
known to act as an index of anaerobiosis (Rees et al. 2009), 
which might be beneficial to the animal to tolerate hypo-
xic conditions (Baud et al. 2002). Observed changes in the 
lactate level, which was dose depended, may be considered 
as a symptom of stress induced by the cyanide. Similar ob-
servations were noticed in the rats following exposure to 
cyanide and carbon monoxide (Dodds et al. 1992).

Effect on LDH and SDH
In contrast to control, significant inhibition in the acti-

vity of SDH and enhancement of LDH levels were noticed at 
both the concentrations (Table 2). The activity levels sco-
red high in liver than the muscles and gills. The LDH activi-
ty was in the range of liver (23.27 to 44.16%) > gill (13.79 
to 43.34%) > muscle (15.19 to 40.13%) at 0.106mg/L and 
in 0.064mg/L of sodium cyanide, gill (9.09 to 36.58%) > 
muscle (12.55 to 33.22%) > liver (14.71 to 33.06%). Si-
milarly, SDH activity ranged in liver (16. 12 to 40.32%) > 
muscle (9.83 to 39.88%) > gill (16.45 to 39.62%) in 0.106 
mg/L and in 0.064 mg/L of sodium cyanide, gill (10.65 
to 30.70%) > liver (13.09 to 30.08%) > muscle (7.11 to 
29.57%) respectively. Any change in the intermediary me-

Table 1. Effect of sublethal concentrations of sodium cyanide on glycogen, pyruvate and lactate levels in 
different tissues of Labeo rohita

 Control   0.106 mg/L 0.064 mg/L
    5 10 15 5 10 15

 Glycogen (mg / g wet wt)      
  Liver 7.20 ± 0.47a 5.79 ± 0.34c 5.11 ± 0.22e 4.53 ± 0.65g 6.26 ± 0.11b 5.50 ± 0.32d 4.90 ± 0.18f

  Muscle 1.84 ± 0.41a 1.36 ± 0.23e 1.48 ± 0.16c 1.20 ± 0.26g 1.59 ± 0.23b 1.37 ± 0.74d 1.27 ± 0.52f

  Gill 1.73 ± 0.12a 1.53 ± 0.37c 1.34 ± 0.12e 1.18 ± 0.32g 1.57 ± 0.54b 1.42 ± 0.18d 1.30 ± 0.65f

 Pyruvate (mg / g wet wt)      
  Liver 12.73 ± 0.43a 11.22 ± 0.32c 10.11 ± 0.67e 7.54 ± 0.54g 10.39 ± 0.44d 11.45 ± 0.68b 8.92 ± 0.84f

  Muscle 9.66 ± 0.32a 8.13 ± 0.65c 7.45 ± 0.34e 6.13 ± 0.22g 8.95 ± 0.54b 6.85 ±  0.87f 7.90 ± 0.22d

  Gill 10.24 ± 0.78a 8.65 ± 0.44e 9.26 ± 0.93c 7.27 ± 0.42g 9.33 ± 0.65b 8.76 ± 0.65d 7.95 ± 0.12f

 Lactate (mg / g wet wt)      
  Liver 2.55 ± 0.32g 3.22 ± 0.54d 3.55 ± 0.31a 3.35 ± 0.37c 2.95 ± 0.38f 3.18 ±0.24e 3.43 ±0.13b

  Muscle 3.47 ± 0.34g 3.84 ± 0.62e 4.23 ± 0.41d 5.18 ± 0.21a 3.77 ± 0.64f 4.64 ± 0.13c 4.94 ± 0.53b

  Gill 2.55 ± 0.42g 3.11 ± 0.51e 3.36 ± 0.43b 3.62 ± 0.17a 2.96 ± 0.62f 3.28 ± 0.43d 3.32 ± 0.73c

Data are means ± SD (n=5) for an organ in a row followed by the same letter are significantly different (p<0.05) from each 
other according to Duncan’s multiple range test.

Table 2. Effect of sublethal concentrations of sodium cyanide on activities of LDH and SDH in different 
tissues of Labeo rohita

 Control   0.106 mg/L 0.064 mg/L
    5 10 15 5 10 15

 LDH (mM formazon/mg protein/h)      
  Liver 5.23 ± 0.44g 6.45 ± 0.34e 6.94 ± 0.64c 7.54 ± 0.35a 5.98 ± 0.32f 6.51 ± 0.44d 6.96 ± 0.44b

  Muscle 4.02 ± 0.65g 4.63 ± 0.44e 4.96 ± 0.33c 5.64 ± 0.41a 4.53 ± 0.22f 4.80 ± 0.43d 5.36 ± 0.65b

  Gill 3.64 ± 0.44g 4.14 ± 0.31e 4.53 ± 0.24c 5.22 ± 0.11a 3.97 ± 0.85f 4.33 ± 0.77d 4.97 ± 0.93b

 SDH (mM formazon/mg protein/h)      
  Liver 3.62 ± 0.23a 3.04 ± 0.87c 2.74 ± 0.27e 2.16 ± 0.87g 3.15 ± 0.47b 2.85 ± 0.31d 2.53 ± 0.62f

  Muscle 1.58 ± 0.62a 1.43 ± 0.98c 1.25 ± 0.86e 0.95 ± 0.34g 1.47 ± 0.11b 1.38 ± 0.60d 1.11 ±0.72f

  Gill 0.86 ± 0.62a 0.72 ± 0.46c 0.65 ± 0.13e 0.52 ± 0.87g 0.76 ± 0.62b 0.59 ± 0.45f 0.68 ± 0.11d

Data are means ± SD (n = 5) for an organ in a row followed by the same letter are sig nificantly different (p < 0.05) from each 
other according to Duncan’s multiple range test
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tabolism due to stress is results in altered activity of oxida-
tive enzymes like SDH, LDH, and G6PDH. These may also 
contribute to the classic signs of cyanide toxicity (Baud et 
al. 2002). Stimulation of LDH and concurrent inhibition of 
SDH, in the tissues of the cyanide-intoxicated fish signifies 
disturbances in the cellular oxidative processes (Daya et 
al. 2000). The changes appear to favor alternative meta-
bolism in response to the environmental stress, probably 
due to the inability of the tissues of fish to derive sufficient 
oxygen for the normal metabolic functions. Increased LDH 
resulted in lactic acidosis, due to an enhanced rate of con-
version of pyruvate to lactate (Singh et al. 1989, Rees et al. 
2009). Similarly under hypoxic condition augmented relea-
se of LDH in to the tissues were reported by Sharma & Jain 
(2008). The significant decline of LDH activity in L. rohita 
further suggest the decrease in the glycolytic process due 
to the lower metabolic rate as a result of cyanide exposure 
(Bhattacharya et al. 2009). The suppression of SDH activity 
in subacute conditions indicates derailment of metabolic 
cycle. This may also be due to the mitochondrial disruption 
leading to a decrease in activities of oxidative enzymes. The 
induced decrease of SDH activity can be attributed to the 
ability of cyanide to inhibit mitochondrial enzymatic acti-
vities (Archanakumta & Gaikwad 1998). Ramkritinan et al 
(2005) reported similar results in the fish Cyprinus carpio 
exposed to distillery effluents.

Effect on G6PDH
Glucose-6-Phosphate dehydrogenase (G6PDH), key 

enzyme that catalyses the oxidative irreversible step PPP 
(Pentose phosphate pathway) exhibited enhanced acti-
vity under cyanide intoxication (Table 3). Activity ranged 
from liver (21.92 to 49.42%) > gills (16.93 to 41.63%) > 
muscle (18.77 to 37.79%) in 1/3rd and at 1/5th sublethal 
concentration, liver (15.72 to 42.93%) > muscle (16.18 to 
34.49%) > gills (13.61 to 33.46%) respectively. G6PDH is 
mainly regulated by the NADPH/NADP ratio (Saraswathi & 
Govindasamy 2002), needed as reducing power for various 
detoxification pathways. The effects of different chemical 
substances on the activity of G6PDH enzyme have been in-
vestigated in many in vitro and in vivo studies, performed 
with various organisms (Murat et al. 2009). In the present 
study, sodium cyanide significantly stimulated G6PDH acti-
vity in the fish indicating mobilization of glucose through 
pathways other than glycolysis-Krebs cycle. High G6PDH 

activity is indicative of increase in the HMP (Hexose mono-
phosphate) shunt under stress condition. Since G6PDH can 
generate NAD+ rapidly, thereby promoting triose phospha-
te oxidation which is found to increase during the stress. 
Similar results were reported by Surendranath et al (1991) 
and substantiate the present work.

Effect on glycogen phosphorylase
Decrease in the levels of glycogen was accompanied by 

an increase in the activity of phosphorylase, main glycogen 
degrading enzyme (Table 3). The activity ranged from liver 
(20.01 to 39.41%) > muscle (9.65 to 21.95%) > gill (6.75 
to 20.11%) in 1/3rd and at 1/5th sublethal concentration 
muscle (6.45 to 19.40%) > liver (11.54 to 13.71%) > gill 
(2.13 to 12.31%). Augmentation of phosphorylase activity 
in tissues of the cyanide exposed fish indicates the active 
breakdown of glycogen. Therefore the observed decrea-
se in the glycogen content of the tissues with concurrent 
increased efficiency of phosphorylase following exposure 
to sodium cyanide may be a compensatory mechanism to 
meet the increased energy demand. Anoxia or malfunction 
of the respiratory chain could induce the generation of a 
stimulator of phosphorylase activity (Begum 2009). Hypo-
xic conditions in tissues have been reported to increase the 
catalytic efficiency of phosphorylase (Conaglen et al. 1984). 
The glycogenolytic rate in hypoxic conditions is about two 
fold higher than expected from the concentration of the 
normal phosphorylase (Vandebroeck et al. 1988).

Effect on acid and alkaline phosphatase
Exposure to sodium cyanide induced significant decli-

ne in phosphatase activity (Table 4) in the fish. Activity of 
AcP, ranged from liver (19.06 to 38.21%) > muscle (15.66 
to 32.66%) > gill (13.88 to 25.64%) at 1/3rd and at 1/5th 
sublethal concentration liver (22.91 to 35.57%) > muscle 
(17.61 to 29.84%) > gill (13.68 to 23.17%). Similarly for 
ALP, the activity ranged from liver (20.14 to 33.49%) > mus-
cle (14.81 to 28.36%) > gill (12.69 to 25.40%) at 1/3rd and 
at 1/5th sublethal concentration liver (20.48 to 29.72%) > 
muscle (15.87 to 25.28%) > gill (15.54 to 23.28%) respec-
tively. The significant difference in phosphatases activities 
between the control and experimental groups of fish may 
be due to the damage of hepatic tissue with disturbed nor-
mal liver function. Since, cyanide has anti-phosphatase 
activity; inhibition of phosphatase activity may be due to 

Table 3. Effect of sublethal concentrations of sodium cyanide on activities of G6PDH and glycogen  
phosphorylase in different tissues of Labeo rohita

   Control 0.106 mg/L 0.064 mg/L
    5 10 15 5 10 15

 G6PDH (mM of Pi formed/mg protein/h)     
  Liver 5.34 ± 0.44g 6.52 ± 0.15e 7.12 ± 0.54c 7.99 ± 0.32a 6.18 ± 0.35f 6.95 ± 0.12d 7.64 ± 0.31b

  Muscle 7.53 ± 0.25g 8.94 ± 0.14e 10.38 ± 0.19a 9.82 ± 0.28c 8.75 ± 0.34f 10.13 ± 0.29b 9.65 ± 0.53d

  Gill 2.95 ± 0.22g 3.45 ± 0.16e 3.81 ± 0.33c 4.18 ± 0.21a 3.35 ± 0.28f 3.63 ± 0.63d 3.94 ± 0.72b

 Glycogen phosphorylase (mM of Pi formed/mg protein/h)    
  Liver 7.83 ± 0.01a 9.40 ± 0.08c 10.26 ± 0.01e 10.91 ± 0.02a 6.13 ± 0.05g 5.94 ±  0.08g 5.56 ± 0.01g

  Muscle 4.87 ± 0.06a 5.58 ± 0.08c 5.34 ± 0.05e 5.94 ± 0.04g 5.19 ± 0.13g 5.51 ± 0.01g 5.82 ± 0.02g

  Gill 1.42 ± 0.03a 1.52 ± 0.15c 1.71 ± 0.01e 1.63 ± 0.10g 1.45 ± 0.01g 1.54 ± 0.04g 1.59 ± 0.02g

Data are means ± SD (n=5) for an organ in a row followed by the same letter are significantly different (p<0.05) from each 
other according to Duncan’s multiple range test.
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reduced protein synthesis, as such phosphatases plays an 
important role in protein synthesis (Okolie & Osagie 2000). 
Ogundele et al (2010) illustrated inhibition in ALP and AcP 
activity in the adult Wistar rats, administered with the cas-
sava. Inyang et al (2011) reported inhibition of ALP and 
AcP activity in the fish Clarias gariepinus resulting from the 
Diazinon exposure. Das & Mukharjee (2003) made similar 
observation in the fish Labeo rohita exposed to sublethal 
concentrations of cypermethrin. Due to the resulting activi-
ty of AcP and ALP activity, it may be assumed that the liver 
tissue of the experimental animal exhibited marked inhibi-
tion in the activity of phosphatases by cyanide. As hypoxic 
cell damages are mediated through increased permeability 
of cell membrane, the localization of phosphatases within 
the membrane would make it highly susceptible to release 
in cyanide-induced tissue lesions (Rees et al. 2009). This 
may be responsible for the inhibition of phosphatases in 
the tissue of the cyanide-intoxicated animals.

CONCLUSION
The results of this study show clearly that carbohydrate me-
tabolism in the fish disrupted in the presence of the sodium 
cyanide, and this may lead to a severe energy crisis at the 
cellular level and altered the intermediary metabolism. De-
creased activity of SDH, with concomitant increase in the 
LDH, G6PDH and phosphorylase in various tissues under 
cyanide intoxication indicates the switch over of metabolic 
pathways towards compensatory mechanisms. This clear-
ly represents a shift from aerobic to anaerobic metabolism 
as evidenced by elevated lactate and fall in pyruvate levels. 
Therefore, alterations in the metabolism of the fish reflects 
the differential effects of stress and can be considered as 
a biomonitoring tool in the assessment of environmental 
pollution by cyanide on non-target organisms.
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