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Toxicological effects of Methanol on Acid Phosphates’ (ACP) activity in 

Intestine, Liver and Muscle tissues of freshwater fish Cirrhinus mrigala were 

observed. The experimental fishes were obtained from Government fish 

seed production center, Dhom, Tal-Wai, Dist- Satara. The fishes were 

exposed to lethal concentrations (LC0-11ml/l and LC50-13.05ml/l) for 96 hrs 

and sub lethal concentrations of LC50 (0.65ml/l and1.30ml/l) for 30 days to 

organic solvent Methanol. The experimental result illustrated decreased 

values of Acid Phosphates activity in the treated group as compared to 

control. The observations confirm the toxicological effects of Methanol as it 

alters enzymatic activity in freshwater fish Cirrhinus mrigala. The 

observations suggest that Methanol causes deleterious effects to aquatic 

organisms especially to inhabiting fish population at higher concentrations. 
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INTRODUCTION 
 

Methanol, also known as methyl alcohol among others, is a chemical with 

the formula CH3OH (often abbreviated MeOH). Methanol acquired the name 

wood alcohol because it was once produced chiefly as a byproduct of the 

destructive distillation of wood. Today, industrial methanol is produced in a 

catalytic process directly from carbon monoxide, carbon dioxide, and 

hydrogen. Methanol is the simplest alcohol, being only a methyl group 

linked to a hydroxyl group. It is a light, volatile, colorless, flammable liquid 

with a distinctive odor very similar to that of ethanol (drinking alcohol). 

However, unlike ethanol, methanol is highly toxic and unfit for 

consumption. At room temperature, it is a polar liquid. It is used as an 

antifreeze, solvent, fuel, and as a denaturant for ethanol. It is also used for 

producing biodiesel by transesterification reaction. Methanol is produced 

naturally in the anaerobic metabolism of many varieties of bacteria and is 

commonly present in small amounts in the environment. As a result, the 

atmosphere contains a small amount of methanol vapor. However, in only a  
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few days, atmospheric methanol is oxidized by sunlight 

to produce carbon dioxide and water. Methanol is also 

found in abundant quantities in star-forming regions of 

space and is used in astronomy as a marker for such 

regions. It is detected through its spectral emission lines. 

The organic solvent Methanol is routinely used in leath-

er industries, textile industries, plastic manufacturers, 

soap factories, dye industries, etc (Sitting 1980., Walden 

et al., 1986) as well as it is extensively used in quinine 

factories (Saha et al., 1988). It is used for manufacturing 

paints, varnish removers and spirits (Budavari 1989). 

Large quantities of Methanol are discharged from indus-

tries as industrial wastewater (Kaviraj et al., 2004). The 

presence of chemical in the industrial effluents produces 

deleterious effect on cell organelles and alters the enzy-

me activity in aquatic animals (Valarmathi and Azariah 

2003). The toxicological studies of Methanol on various 

fish species have been studied by many workers viz. 

Veith et al., 1983; Poirier et al., 1986; Helmstetter et al., 

1996; and Kaviraj et al., 2004. In the present studies, 

attempts have been made to study the acute and chronic 

toxicological effect of Methanol on freshwater fish 

Cirrhinus mrigala. 

 
METHODOLOGY 
 

Test Chemicals: 

Analytical grade Methanol (CH3OH, Ranbaxy, India; 

molecular weight 32.04; weight per milliliter at 20ºC is 

0.790-0.793 g) was used as the test chemical. It is 

available in liquid form and is treated directly to the test 

medium. The required volume of the chemical was 

added to the test medium to prepare stock solution to be 

used during experimentation duration. 

 

Test organisms: 

The experiment was initiated by collecting a healthy set 

of Cirrhinus mrigala (Order: Cypriniformes and Family: 

Cyprinidae), weighing 8-10g and 10-12cm in length, 

from Government fish seed production center, Dhom, 

Tal -Wai, Dist- Satara. These fishes were acclimatized for 

two weeks in the large glass aquariums filled with 

dechlorinated water and with proper aeration. The 

fishes were fed twice a day at the rate of 2% of body 

weight with deoiled groundnut oil cake and water was 

changed after every 24 hrs. 

 

For experimental purpose, healthy fishes were exposed 

to lethal concentrations (LC0-11ml/l and LC50-

13.05ml/l) for 96 hrs and sub lethal concentrations 

(0.65ml/l and 1.30ml/l) for 30 days to Methanol. After 

exposure period the live fishes were sacrificed and fresh 

tissues viz. Intestine, Liver and Muscle were isolated 

from the treated fish. The ACP activities were estimated 

by using Butterworth and Probert (1970) method. 

Simultaneously, control and blanks were run and the 

Optical Density was measured at 410 nm on UV 

Spectrophotometer SHIMADZU (UV 1800). 

 

Statistical analyses: 

 In the present study, data was expressed as a mean ± 

SE. The values were statically analyzed by the student t 

test (Milton et al., 1983) and the results obtained were 

considered significant at (P<0.05), (P<0.01) and 

(P<0.001) level. 

 
RESULTS 
 

Changes in the ACP activities in Intestine, Liver and 

Muscle of freshwater fish Cirrhinus mrigala exposed to 

Methanol after acute and chronic exposure are 

presented in Table 1 and Table 2; and graphically 

represented in Figure 1 and Figure 2 respectively. In 

control fish, ACP activities was in the sequence Liver > 

Intestine > Muscle. After LC0 exposure, the percent 

depletion was significant (P < 0.05) in Liver (-7.5%) 

followed by Muscle (-7.02) and in Intestine (-5.23%). 

After exposure to LC50 concentration, the percent 

depletion was moderately significant (P<0.01) in Liver (-

23.25%). ACP activity was significant (P<0.05) in the 

Intestine (-16.44%) and Muscle (-12.14%). 

 

 

Table 1: Effect of Methanol on the Acid Phosphates activity acute exposure (µ mole PNP/mg Protein/h) 

Tissue Control LC0 % change over control LC50 
% change over 

control 

Intestine 1.01±0.047 0.96±0.016* -5.23 0.89±0.043* -12.14 

Liver 1.6±0.069 1.48±0.053* -7.5 1.228±0.11** -23.25 

Muscle 0.641± 0.02 0.596±0.027* -7.02 0.527±0.057* -17.78 

Values are the mean of (n=5) ± SD            *= P < 0.05; ** = P < 0.01; ***= P < 0.001 
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Table 2: Effect of Methanol on the Acid Phosphates Activity chronic exposure (µ mole PNP/mg Protein/h))                                            

Tissue Control 1/20th 
% change over 

control 
1/10th 

% change over 

control 

Intestine 1.06± 0.10 0.92± 0.021* -13.39 0.87±0.021** -18.11 

Liver 1.76± 0.24 1.33±0.097** -24.32 1.16± 0.063** -34.09 

Muscle 0.576±0.01 0.50± 0.071* -13.8 0.42±0.0063* -27.59 

Values are the mean of (n=5) ± SD            *= P < 0.05; ** = P < 0.01; ***= P < 0.001 

 

  
Figure 1       Figure 2 

Figure 1: Changes in Acid Phosphates Activity in tissues of freshwater fish Cirrhinus mrigala after acute exposure to 

Methanol  

Figure 2: Changes in Acid Phosphates Activity in tissues of freshwater fish Cirrhinus mrigala after chronic exposure 

to Methanol  

 

In general, there was a significant depletion in ACP 

activity of LC0 and LC50 group as compared to control 

after acute exposure. In chronic exposure, ACP activity 

in control fish was in the order Liver > Intestine > 

Muscle. After 1/20thexposure, the percent change was 

moderately significant (P < 0.01) in Liver (-24.32%), 

significant (P<0.05) in Muscle (-13.8) and in the 

Intestine (-13.39). After exposure to 1/10th concentra-

tion, ACP activity depletion was moderately significant 

(P<0.01) in Liver (34.09%) followed by the Muscle (-

27.59%) and percent depletion was significant in the 

Intestine (-18.11%). In general, after chronic exposure 

there was a more significant decrease in ACP activity on 

exposure to1/10th concentrations of methanol than 

exposure to 1/20th concentrations and control. 

 
 

DISCUSSION 
 

Methanol is toxic by two mechanisms. First, methanol 

(whether it enters the body by ingestion, inhalation, or 

absorption through the skin) can be fatal due to its CNS 

depressant properties. Second, in a process of toxication, 

it is metabolized to formic acid (which is present as the 

formate ion) via formaldehyde in a process initiated by 

the enzyme alcohol dehydrogenase in the liver. 

Methanol is converted to formaldehyde via alcohol 

dehydrogenase (ADH) and formaldehyde is converted to 

formic acid (formate) via aldehyde dehydrogenase 

(ALDH). The conversion to formate via ALDH proceeds 

completely, with no detectable formaldehyde remaining. 

Formate is toxic because it inhibits mitochondrial 

cytochrome c oxidase, causing hypoxia at the cellular 

level, and metabolic acidosis, among a variety of other 

metabolic disturbances.  During present investigation, 

the activity of ACP was found to decrease in the treated 

group when compared with that of the control. The 

present observations are in agreement with the findings 

of Bakde et al., 2011 who has observed rising levels of 

ACP in the gills, liver and gonad of Common Carp 

Cyprinus carpio exposued to steel plant effluent. Afsar et 

al., 2013 reported decrease in ACP activity in the liver 

and muscle after exposing Channa punctatus to sub 

lethal concentrations of Malathion for four days. 

Observations of the present work are in correlation with 

Suresh et al., 2013who studied the effect of chromium in 

the phosphates’ activity of Catla catla and concluded 

that there was decrease in the acid and alkaline 

phosphatase activity in liver, intestine, brain and kidney. 

Satyanarayanan et al., 2011 observed a significant 
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decline in ALT, AST, ACP and ALP activities in Clarias 

gariepinus on exposure nonylphenol (family of closely 

related organic compounds called alkylphenols) and 

octylphenol.  

 

Similar observations were reported in Cyprinus carpio in 

response to fenthion (Muralidharan 2014). On the 

contrary, decrease in ACP activity was observed in Liver 

and Kidney of fish Gambusia affinis exposed to 

chlorpyrifos organophosphate (Khan and Sharma 2012). 

The decrease in ACP activity is attributed to uncoupling 

oxidative phosphorylation of liver or lysosomal 

membrane damage (Dalela et al., 1980; Moraes et al., 

1998). The changes in the enzyme activity produce the 

stressful metabolic burden in fishes (Hansen, 1992). 

 

 

CONCLUSION 
 

From the present observations one can concluded that, 

“lethal and sub lethal concentrations of Methanol 

produce adverse effects on ACP activities in freshwater 

fish Cirrhinus mrigala. After acute and chronic exposure, 

the ACP activities decrease in Intestine, Liver and 

Muscle tissues of exposed fish. The percent depletion 

was highest in the Liver followed by Muscle and 

Intestine.  
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