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Abstract.- The muscles of fresh water fish, Tor putitora (Hamilton) netted from two sites of polluted part of the River Kabul were analyzed for various biochemical parameters and compared with control fish caught from Warsak Dam. The total proteins in muscles of the fish from polluted water were 12% high in sample 1 (less polluted) as compared with 90% in sample 2. Soluble proteins, however, remained unaffected in sample 1 but showed 77% increase in sample 2. The muscles of fish caught from polluted sites 1 and 2 had 17% and 12% less cholesterol, 41% and 51% less glucose, 24% and 4% less DNA, 19% and 43% less GOT, and 46% and 49% less GPT, respectively compared with the muscle of fish caught from Warsak Dam (Control). The muscles of fish caught from sites 1 and 2 had 41% and 100% more total lipids, 19% more DNA in both, 36% and 43% more amylase activity and 22% and 46% more LDH, respectively from site 1 and site 2 with reference to control fish. The fish at site 2 had 31% more amino acid (FAA) and 97% more free fatty acid (FFA), whereas at site 1 the muscle had 12% less FAA and 54% less FFA compared to control fish. The present study has shown that the ambient toxicants cause significant variation in most of the biochemical parameters of muscle of fish from polluted water in relation to control by showing hyperproteinemic, hypoglycemic, hyperlipemic and hypocholesterolemic conditions. 
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INTRODUCTION


River Kabul originates from the base of Unai Pass in the Paghman Mountains in Afghanistan and enters Pakistan at Shalman in the Khyber Agency. It then flows between the Khyber and Mohmand Agencies flanked by the Kohi-Safed Mountains until it reaches Warsak Dam (Fig. 1). Below the dam the river is divided into three main channels Shah Alam, Naguman and Adezai and several canals originating from these channels irrigate Peshawar, Charsadda and Nowshera Districts. After flowing for 34 and 30 km, respectively, these channels join again and flow as a single channel downstream for many kilometers before joining River Indus at Kund (Attock).

Warsak Dam is situated on River Kabul at Warsak, between Khyber and Mohmand Agencies. It is a hydroelectric power project, used both for irrigation   and   electricity   production.    The  dam
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construction was started in 1952 and completed in 1960 with the technical and financial assistance of the Canadian Government. The dam is 750 feet long and 235 feet high. Water reservoir is 26 miles long and 1000 feet wide with a storage capacity of 20,000-acre feet water.  The dam has 240 MW (mega watt) electricity production capacity. Three canals: the Gravity Canal, the KRC (Kabul River Canal) and the Mohmand Canal have been taken out. The former two canals irrigate the valley of Peshawar and the later irrigate parts of Mohmand Agency. The dam is without any fish ladder, and hence is an obstacle for upstream migration of the fish population especially during breeding season which starts in spring and lasts till late summer. The reservoir inhabits almost the same fish population as is found in River Kabul and is used for commercial fishing as well.


About fifty-four fish species have been identified from River Kabul and its tributaries (Rafique, 2001) of which about thirty five are considered as common. The main commercial species are Mahaseer, Tor putitora (Hamilton, 1822),   Mullee   Wallago  attu   (Schneider,  1801),
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Fig. 1. Fish sampling sites I and II at River Kabul (treated sample) and site III in Warsak Dam (control sample).

Sheermai spp. Ompok bimaculatus (Bloch, 1794) and Ompok pabda (Hamilton, 1822), Gulfam Cyprinus carpio (Linnaeus, 1758), Swati Schizothorax spp. like Schizothorax richardsonii plagiostomus (Heckel, 1838), Schizothorax progastus labiatus (MeClleland, 1842), Schizothorax esocinus (Heckel, 1838), Singhara Aorichthys seenghala (Sykes, 1841), Torki Labeo dyocheilus pakistanicus (Mirza and Awan, 1976), and Chinese grass carp Ctenopharyngodon idella. The catch is consumed locally. 


Mahaseer, the king of river fish is both resident and migratory through the river. It is found in rivers and streams of hilly regions of Indo-Pakistan sub-continent. It inhabits clear and cold waters of hilly rivers and streams with stony beds, all over Pakistan except northern areas and western Balochistan at an elevation of 200-2000 meter. It has been reported in the River Chenab upto Head Marala, in River Jhelum upto Head Mangla and in River Indus upstream from Kalabagh upto Besham including Tarbela Dam, in River Kabul upto Bagram near Charikar in Afghanistan, in River Swat upto Bagh Dheri. It has also been reported from lower parts of River Panjkora, River Chitral and from Bara River (Mirza,1986, 2001; Mirza and Alam, 2000). 


The River Kabul water is mainly used for irrigation, effluent and waste disposal, watering live stock, fishing, recreation, transport, washing and bathing.


A survey in NWFP lists 348 large and small scales industries, of which about 80 industries and industrial units discharge their untreated effluents directly or indirectly into the River Kabul (Fig.2). Among these are: 4 sugar mills, 2 distilleries, 3 ghee (edible oil) factories, 5 textile mills, 2 woolen mills, 12 tanneries, 3 paper and board mills, 10 chemical and pharmaceutical factories, 4 match factories, 10 soap industries, 1 petroleum refinery, 10 photo laboratories, 4 paint and varnish industries and 11 rubber and plastic industries (IUCN, 1994).


Unluckily all the above units are without effluent treatment facilities and the effluents from the above units end up in the River Kabul, either directly or indirectly through canals or nullahs. These pollutants have not only deteriorated the river water but the sub-surface water of the area as well (IUCN, 1994; Khan et al., 1999; Akif et al., 2002). 


The villagers living at the riverbanks have also been complaining about the pollution, which is very obvious and has often resulted in periodic fish kill. It has been reported that the discharge of industrial effluents in River Kabul have resulted in marked decline in whole fish population in general and Mahaseer, Tor putitora in particular which has been reported to be very sensitive to oxygen depletion due to the effluent pollution. 


The River Kabul and its tributaries transport untreated sewage from the adjoining areas of Swat, Dir, Malakand, Charsadda, Mardan, Peshawar and Nowshera. The lower portion of the river passes through the plains, which are particularly densely populated. 


Previously, Khan et al. (1985) and Akif and Khattak (1990) have studied the impacts of industrial pollution on the River Kabul and its tributaries. River Kabul water is blamed for causing skin diseases in humans, maladies in livestock and periodic fish kill. It has been reported that River Kabul water is no longer fit for drinking, its major tasks today are as carrier of domestic and industrial wastes, and to provide water for irrigation (Khan and Mumtaz, 1997). 


Recently, Akif et al. (2002) have studied effluent samples from a textile industry at Aman Garh Nowshera that discharge various pollutants into River Kabul in concentrations  above the permissible limits laid down by the National and International Standards. These effluents contained toxic metals, high oxygen demanding wastes and appreciable amounts of sulfide. This study indicates the presence of deleterious effects of industrial pollutants in general and sulfide in particular, as alarmingly high concentration of sulfide (608 times higher than the permissible limit) is being discharged in to the River Kabul. 


Khan and Mumtaz (1997) and Khan et al. (1999) in their studies on River Kabul pollution found higher concentrations of ammonia, nitrates, nitrites and sulfide over the entire stretch of the river and high values of BOD, COD and fecal coliform at some points making the water unsafe for human as well as aquatic life and irrigation. In another study impacts of industrial discharges on the quality of River Kabul water at Aman Garh, Nowshera was analyzed by Khan et al. (1999) for various chemical and biochemical parameters like pH, suspended solids, electrical conductivity, alkalinity, hardness, COD, NO2-N, NO3-N, chlorides, sulfates, sodium, potassium etc. The results indicated localized pollution within half kilometer after the confluence point where the quality of the river water was reported to have deteriorated. Increase in salinity and the presence of appreciable amount of oxygen demanding wastes in effluents and in downstream river was reported to have created a suffocating environment to fish crop. Previously incidences have occurred (Akif et al., 2002) where several buffaloes have died and crops have dried in fields using a stream water containing effluents of Pak-China Fertilizer and Hazara Super Phosphate Factories located at Haripur, Hazara. 


About 12 tanneries discharge their effluents in River Kabul. These effluents contain heavy sediment load, toxic metallic compounds, chemicals, biologically oxidisable materials and large quantities of suspended matter. These effluents with high BOD are responsible for the depletion of dissolved oxygen of the receiving water-body and thus seriously affecting the aquatic life. Such water if used for irrigation causes increased salinity of the soil (Nasreen et al., 1995). Effluents from tanneries/leather industries in NWFP drained to the river were studied by Nasreen et al. (1995) and found high load of solids, COD, phenols, chromium and sulfides besides being highly colored. Jan et al. (2002) studied effluents of selected industries located at small Industrial Estate, Kohat Road, Peshawar and found higher concentrations of TSS, Fe 3+, Mn2+ and Cr6+. Higher values of the above parameters are of great concern because finally these effluents are drained into River Kabul. 


Tissue biochemical changes can be used as indicators of fish physiological stress and health. Fish store energy as either glycogen or lipid and during times of stress, these energy stores are mobilized. Protein can also be used as an energy source during severe stress (Mayer et al., 1992). The analysis of these three types of energy reserves can be used as a general indicator of fish health. Changes in these systems are generally indicative of long-term sub-lethal exposure to a stressor (Mayer et al., 1992). 


To examine the toxic effects of the fore-said effluents and city sewage on the inhabiting fish population Tor putitora being more sensitive to aquatic pollution was selected and analyzed for various muscle biochemical parameters.This is the first report regarding the fish health in River Kabul although some work has been done in the past regarding the water pollution as stated earlier.
MATERIALS AND METHODS


Fish samples were collected from two sites (1 and 2) of the polluted portion of River Kabul and were compared with samples taken from Warsak Dam reservoir (site 3) comparatively pristine (Fig. 2).


Fishing was done during late night with the help of professional local fishermen. Gill nets (Patti) about 40 feet long and 6 feet wide with a cork line at the top rope and metal line with the ground rope made locally of nylon were used for fishing as fish gear. Four fishermen with the help of 2 wooden boats usually operated a single Patti. Motor driven boats were not used, as the fish would be disturbed with sound from engine.


Two fish samples at different times were collected from the highly polluted belt of the Main River. One fish sample was collected from the area of about 3 km in length upstream Nowshera-Mardan Road Bridge to Aman Garh industrial zone (Site 1). The second fish sample was taken about 4 km downstream Nowshera-Mardan Road Bridge (Site 2). Both the above samples collected from sites 1 and 2 of River Kabul were considered fish samples from polluted water (test fish samples) and were compared with the third fish sample collected from  the non polluted Warsak Dam (Site 3) about 60 km upstream the polluted part of the River Kabul. This was the control fish sample.  Five fish were selected from each test fish sample from the polluted part of River Kabul, while the control fish sample from Warsak Dam comprised of 5 to 6 fish. 

A portion of fish muscle was dissected out, washed with distilled water, and shifted to properly marked sterilized polythene bags and then stored in laboratory freezer (at –20°C) for further analyses.

 
Muscle tissue after thawing were cut with razor, washed with distilled water and blotted with blotting paper. A weighed portion (about 3 g) of muscle was homogenized in 3 ml ice-cold saline (0.89% NaCl) solution for saline extract and 3 ml ethanol for ethanol extract in a motor driven teflon glass homogenizer. The homogenate was centrifuged at 4,000 rpm (3,500 ×g) for 45 minutes at 5C( in a refrigerated centrifuge (DAMON/IEC DPR-6000) to get a clear saline supernatant and for 15 minutes at 5C( at the same speed for ethanol supernatant. Aqueous muscle extract in ice-cold saline was used for the estimation of enzymes like glutamate oxaloacetate transaminase (GOT), glutamate pyruvate transaminase (GPT), amylase, lactate dehydrogenase (LDH) and other biochemical parameters like glucose, free amino acids (FAA) and protein (total and soluble) contents. For the estimation of cholesterol, total lipids and free fatty acids ethanol extract was used, which was extracted from separate, weighed muscle tissue. Total protein content was estimated from the tissue processed for nucleic acid estimation. For this purpose the pellet obtained after extraction of DNA and RNA was crushed with 2.5 ml of 0.5 N NaOH to solublize the protein fraction for estimation.  


Total and soluble proteins were determined by the method of Lowry et al. (1951), cholesterol according to the method of Liebermann and Burchardt described by Henry (1964), glucose contents were determined by O-toluidine method of Hartel et al. (1969), free amino acids by the method of Moore and Stein (1974), total lipid by the method of Zöllner and Kirsch as described by Henry and Henry (1974). Nucleic acids were extracted according to the method reported by Shakoori and Ahmad (1973). DNA and RNA contents were estimated according to the method mentioned by Schneider (1957). 


Nucleic acid contents of muscle tissue were extracted by the method described by Shakoori and Ahmed (1973). Weighed amount of muscle tissue was crushed in boiling ethanol. 2-3 washings in methanol: ether (3:1 mixture) followed by three washings in ethanol. The crushed tissue was then desiccated over dry calcium chloride as a desiccant in the vacuum for 24 hours. RNA was extracted in 10% perchloric acid (PCA) after keeping at 4C for 18 hours, while DNA was extracted after keeping in 10% PCA at 65C for 30 minutes. Standard curves were prepared both for DNA and RNA by taking different known quantities of their respective standards. The optical densities obtained were calibrated against the standard curves to determine the quantities of RNA and DNA.


For proteins determination saline extract (0.4 ml) was mixed with 2.0 ml of Folin mixture (prepared by mixing 50 ml of solution A, 0.5 ml of solution B and 0.5 ml of solution C, while solution A was formed by dissolving 4 gm of NaOH and 20g of anhydrous sodium carbonate in 1000 ml of distilled water, solution B was prepared by dissolving 2 gm of potassium sodium tartarate in 100 ml of distilled water and solution C was prepared by dissolving 1 gm of CuSO4 in 100 ml of distilled water) was mixed well by an electric mixer and kept at room temperature for 15 minutes. 0.2 ml of Folin-Ciocalteau reagent (1+3 diluted) was added to the mixture, and mixed well. The absorbance was noted at 750 nm against the blank after 30 minutes. Distilled water was used as blank. A standard curve was prepared by using bovine serum albumin. The ODs obtained were calibrated against the standard curve to determine the amount of proteins present.

For the determination of cholesterol muscle extract (0.05 ml) was mixed with 2.0 ml of cholesterol reagent (0.25 g ferric chloride/100 ml of 85% H3PO4). The mixture was kept at room temperature for 15 minutes. Then 0.5 ml of H2SO4 was added to the mixture, mixed well and OD noted at 610 nm against blank after 10 minutes.


For the estimation of glucose saline extract (0.03 ml) was mixed with 3 ml of color reagent (2.14 g O-toluidine in 25 ml acetic acid). The contents were boiled for 8 minutes, then cooled and the absorbance taken at 590 nm against distilled water as blank. Glucose formed a green compound with the color reagent.

 
To determine soluble proteins 0.4 ml of saline extract was mixed well with 2.0 ml of Folin mixture (prepared by mixing 50 ml of solution A, 0.5 ml of solution B and 0.5 ml of solution C, while solution A was formed by dissolving 4 gm of NaOH and 20 gm of anhydrous sodium carbonate in 1000 ml of distilled water, solution B was prepared by dissolving 2 gm of potassium sodium tartarate in 100 ml of distilled water and solution C was prepared by dissolving 1 gm of CuSO4 in 100 ml of distilled water) by an electric mixer and kept at room temperature for 15 minutes. 0.2 ml Folin-Ciocalteau reagent (1+3 diluted) was added to the mixture, and mixed well. Absorbance was noted at 750 nm wavelength against distilled water as blank after 30 minutes. A standard curve was prepared by taking bovine serum albumin as standard in different quantities. The ODs obtained were calibrated against the standard curve to determine the amount of soluble boiled for 10 minutes and absorbance was read at 600 nm wavelength against distilled water as blank after cooling the mixture. 


For the estimation of free fatty acids weighed amount of muscle was ground in ethanol and centrifuged at 4,000 rpm (3,500 xg) for 45 minutes at 5C( to remove the cellular debris and obtain the clear supernatant (extract). Estimation of free fatty acids in muscle was performed by the method No. A a 6-38 as described by the official methods and recommended practices of the American Oil Chemists’ Society (AOCS), (1990). An extract of 7.05 g of muscle was mixed with 50 ml of neutral alcohol (equal volumes of ethanol and diethyl ether was mixed by gentle heating and neutralized with N/10 (0.1 N) KOH shortly before use while using phenolphthalein as an indicator). Later phenolphthalein indicator (1 ml) was added and the mixture titrated against 0.25 N KOH until a faint pink color persisted for 1 minute. The amount of KOH consumed showed the amount of acidity of the fat present in the sample. 


Among enzymes GOT and GPT were determined by the method of Reitman and Frankel (1957), LDH activity by the method based on the method of Cabaud and Wroblewski (1958) and amylase activity according to procedure described by Wootton (1964). 


To estimate glutamate oxaloacetate transaminase (GOT) activity buffer substrate mixture (0.5 ml) with pH 7.5 (25 ml of phosphate buffer with pH 7.5 having 400 mg L-aspartate and 9 mg 2-oxoglutarate) was mixed with 0.2 ml of muscle saline extract and incubated at 37°C for 30 minutes. The reaction was stopped with 0.5 ml of color reagent (20 mg 2,4-dinitrophenyl hydrazine dissolved in 100 ml of 1 N HCl). The mixture was diluted with 5.0 ml of 0.4 N NaOH and after 10 minutes the absorbance of the assay was measured against blank at 550 nm. The GOT activity was then derived from the calibration curve prepared for this purpose.   


For the estimation of glutamate pyruvate transaminase (GPT) activity buffer substrate mixture (0.5 ml), (25 ml of phosphate buffer with pH 7.5 having dissolved 270 mg of DL-alanine and 9 mg of 2-oxoglutarate) was mixed with 0.1 ml muscle saline extract and incubated at 37C for 30 minutes. The reaction was stopped with 0.5 ml of color reagent (20 mg 2,4-dinitrophenyl hydrazine dissolved in 100 ml of 1 N HCl). After 20 minutes the mixture was diluted with 5 ml of 0.4 N NaOH solution. The absorbance was measured against blank after 10 minutes at 550 nm. The GPT activity was derived from the standard curve prepared for this purpose.


To determine lactate dehydrogenase (LDH) activity 0.5 ml of buffer substrate mixture (8.25 mg pyruvate in 100 ml of phosphate buffer pH 7.5 with NADH2 in the ratio of 1 mg NADH2/1 ml of buffer pyruvate) was mixed with 0.05 ml of muscle saline extract and incubated at 37°C for 30 minutes. The reaction was stopped with 0.5 ml of color reagent (20 mg of 2,4-dinitrophenyl hydrazine dissolved in 100 ml of 1 N HCl). The mixture was allowed to stand at room temperature for 20 minutes before dilution with 5 ml 0.4 N NaOH. The absorbance of the assay was measured at 525 nm wavelength using water as blank. LDH activity was derived from the standard curve prepared for this purpose.


1.0 ml of 0.4 g/l buffer starch pH 7.0 was mixed with 0.1 ml of muscle saline extract to determine the amylase activity. The mixture was incubated at 37°C for 15 minutes. The reaction was stopped and color was developed by the addition of 0.4 ml of 0.01 N working iodine solution. The mixture was diluted with 8.5 ml distilled water and the absorbance of sample and control (Standard) was measured at 660 nm wavelength against water as blank.

Statistical analysis


Student’s ‘t’ test was applied for comparison of the data of control with the test samples. Values of P less than 0.05 were considered significant.

RESULTS AND DISCUSSION


Tables I and II show the effect of aquatic pollution on biochemical components of muscles of fish captured from polluted sites of River Kabul. Figures 2 and 3 show percent change in the various biochemical components in response to toxicant stress in the aquatic habitat.

The total protein concentration of both the muscles samples of fish from polluted sites (1 and 2) was 12% higher in sample 1 and 90% high in sample 2. The increase in total protein contents is probably because of accelerated protein synthesis under the influence of toxicants. In a similar study Lohner et al. (2001) have also reported such tissue protein increase and have attributed it to increasing metal levels, possibly due to the synthesis of proteins to sequester the metals. Shobha et al. (2001) have also reported elevated total protein and free amino acid contents in muscle (Shobha et al., 2001) of teleost fish, Tilapia mossambica exposed to sublethal dose of sodium arsenite.


Soluble protein, however, remained unaffected in sample 1 but showed a drastic 77% increase in sample 2. The soluble protein seems to be more sensitive to aquatic pollutants. This suggests that soluble proteins are prominently affected as compared to total protein.  Free amino acids decreased 12% in sample 1 and increased 31% in sample 2. The decrease in free amino acids reveals either their incorporation into proteins or their utilization as energy source through the process of gluconeogenesis, as already stated by Ali (1989).


Probably the carbohydrates are the main source of energy in fish, as the total proteins, free amino acids and soluble protein contents increased in sample 2. However, decreased free amino acids and soluble proteins in sample 1 showed a shift from carbohydrates to protein as source of energy. The free amino acids, which normally would be metabolized through Kreb's cycle, due to enzyme inhibition, start accumulating in the cells, as is clear from decreased activities of GOT and GPT. This can be correlated with increase in FAA concentration in sample 2. Secondly increased level of amino acids could also be due to its increased  absorption from the intestine under the effect of toxicants, as already been reported by Iqbal (1988). Thus the decrease in amino acids concentration in sample 1 could logically be correlated with decreased absorption from the intestine. Mujeeb (1985) reported a significant decrease in FAA and soluble protein contents after feeding Cirrhina mrigala with lead for a period of 1-7 weeks. Shakoori et al. (1994) have reported an increase in the soluble protein concentration after 6 hour feeding of mercuric chloride mixed diet to Ctenopharyngodon  idella,  but later on a significant 
Table I.-
Biochemical components of muscles of Tor putitora, caught from Warsak Dam (control) and two sites (site 1 and site 2) of River Kabul receiving industrial effluents.

	Parameters (mg/g)
	Control 
(n=6)
	Site 1 
(n=5)
	Site 2 
(n=5)

	
	
	
	

	Total protein 
	155.61±1.63*
	174.00±27.89
	164±2.53*

	Soluble protein 
	44.81±0.99
	43.80±2.40
	79.4±1.89***

	Total cholesterol 
	3.39±0.13
	2.8±0.11**
	2.96±0.24

	Total lipid
	10.14±0.98
	51.39±6.34***
	22.27±2.48***

	Glucose
	16.4±4.79
	9.64±2.56
	8.03±0.46

	Free amino acid
	0.45±0.05
	0.398±0.07
	0.59±0.09

	DNA
	1.16±0.16
	1.38±0.19
	1.38±0.10

	RNA
	6.45±0.25
	4.91±0.26**
	3.9±0.27***

	Free fatty acids %
	0.43±0.1
	0.20±0.07
	0.85±0.12*

	
	
	
	


* Mean±SEM; Student’s ‘t’ test; *P<0.05, **P<0.01; ***P<0.001

For statistical significance biochemical parameters in muscle of test fish samples has been compared with control.

Abbreviations used: DNA, deoxy ribonucleic acids; RNA, ribonucleic acids.

Control, fish sample from non polluted Warsak Dam; Site 1, polluted portion of River Kabul upstream Nowshera-Mardan Road bridge; Site 2, downstream to Site 1 where Nowshera city sewage also joins the main river.

Table II.-
Biochemical components of muscles of Tor putitora caught from Warsak Dam and two sites (site 1 and site 2) of River Kabul receiving industrial effluents.

	Parameters (mg/g)
	Control 
(n=6)
	Site 1 
(n=5)
	Site 2 
(n=5)

	
	
	
	

	Amylase (IU/g)
	31.61±1.22a
	43.08±3.71*
	45.14±4.29**

	GOT (mIU/mg)
	191.5±7.31
	155.6±22.68*
	108.52±10.67***

	GPT (mIU/mg)
	654.76±21.7
	354.8±18.58***
	336.5±16.22***

	LDH (IU/g)
	5833±317.6
	7106±767.5
	8551±207.4***

	
	
	
	


aMean±SEM; Student’s ‘t’ test; *P<0.05, **P<0.01; ***P<0.001

For statistical significance enzymes in muscle of test fish samples has been compared with control.

Abbreviations used: LDH, lactate dehydrogenase.
decrease was observed after 12, 14 and 18 hour exposure to the toxicant. Soluble protein concentration here can be correlated with time of exposure to the toxicants. 


Total lipid increased 407% (5.07 fold) in sample 1 and 120% (2.2 fold) in sample 2. Significant increase in total protein and total lipid in both the samples from polluted water is indicative of the affect of ambient toxicants. 


Increase in protein and lipid contents confirms the presence of hyperproteinaemia and hyperlipaemia. The chemical composition of fish is known to vary with the season in addition to differences in sex, individual, age and body parts.  A marked variation is usually shown for lipid contents during spawning period. Also changes in lipid contents of fish are related to increasing and decreasing water temperature. Free fatty acids (FFA) decreased 54% in sample 1 but showed 97% higher value in sample 2. Increase in FFA in sample 2 correlates with the increase in lipid content in this sample.


Sample 1 shows 41% less glucose, whereas sample 2 show 51% less glucose as compared with the control fish. Increase of total protein and glucose in the muscles indicates the presence of metabolic disorders. Decrease in glucose level in the muscle reflects the hypoglycemic condition which most probably could be because of renal failure to reabsorb 100% glucose and its redistribution to the tissue cells via the blood capillaries.  The  renal  impairment  could  be due to 
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Fig. 2. Biochemical responses in the muscle of Tor putitora showing % increase (+) or decrease (–) captured from two polluted sites (S1and S2) of River Kabul receiving industrial effluents. 
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Abbreviations used: S1, Tor putitora sampled from polluted site 1 of River Kabul upstream to Nowshera- ardan Road Bridge; S2, Tor putitora sampled from polluted site 2 of River Kabul downstream to Nowshera-Mardan Road Bridge.

DNA, deoxy ribonucleic acids; RNA, ribonucleic acids.
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Fig. 3. Biochemical responses in the Muscle of Tor putitora showing % increase (+) or decrease (–) captured from two polluted sites (S1 and S2) of River Kabul receiving industrial effluents. 

Abbreviations used: S1, Tor putitora sampled from polluted site 1 of River Kabul upstream to Nowshera-Mardan Road Bridge; S2, Tor putitora sampled from polluted site 2 of River Kabul downstream to Nowshera-Mardan Road Bridge.

GPT, glutamate pyruvate transaminase; GOT, glutamate oxaloacetate transaminase; LDH, lactate dehydrogenase.

the toxic effects of heavy metals present in the ambient habitat. There are many such reports about renal tubules impairment as a result of metal intoxication. Renal dysfunction due to heavy metal indication has been reported in children (Friberg et al., 1979). Lead contaminated whisky has also been shown to impair the renal tubular transport mechanism (NAS, 1972). Similarly chromium is also been reported to causing liver necrosis and necrosis of renal tubules of kidney leading to kidney failure (Davies, 1978; Baker, 1984; Langard and Norseth, 1979). Gill and Pant (1983) reported hypoglycemia and diminished cholesterol levels and Dubale and Shah (1981) found decreased protein in fish chronically exposed to cadmium. Sastry and Sunita (1983) also noted similar changes in fish chronically exposed to chromium.


Total cholesterol content of muscle of fish from polluted water was comparatively lower than in the fish from Warsak Dam. The decrease was 17% in sample 1 and 12.43% in sample 2. Significant decrease in the level of total cholesterol in both the sample signals the hypocholesterolemic conditions. Chromium has been reported for conspicuous changes in blood and tissue metabolite levels with acute and chronic poisoning and it causes hyperglycemia, glycogenolysis in the brain and liver (Pant and Gill, 1984, Campanella et al., 1987, Ginter et al., 1989). Cholesterol level in blood and liver increased after acute chromium intoxication in mammals (Gauglhofer, 1984). However, chronic exposure leads to hypocholesterolemia and low levels of tissue cholesterol (Muller et al., 1979). Decrease in total cholesterol level in both the samples can also be correlated with the inhibition of protein metabolism and switching on of the energy production source to some other metabolite. Significant decrease in cholesterol level may also be due to decreased synthesis, which in turn may be due to the lack of cholesterol starting material (acetyl co-enzyme A) partly in the glucose deficient environment and partly due to extra needs of energy for the body to detoxify the toxic compounds.


The fish muscle had DNA 19% higher in polluted samples. RNA content on the other hand are 24% lower in sample 1 and 40% lower in sample 2. Decrease in muscle RNA and increases in DNA contents are also reported after feeding lead to freshwater fish, Cirrhina mrigala (Mujeeb, 1985). In another study of similar nature, RNA levels decreased, while DNA levels were elevated in muscle of the Indian major carp, Labeo rohita after sub-lethal concentrations of cypermethrin (Das and Mukherjee, 2003).  Das and Mukherjee (2000) have also reported decreased RNA and protein and elevated DNA levels in muscles of Indian major carp, Labeo rohita after exposure to sublethal concentrations of organophosphate pesticide, quinalphos.

Besides biochemical components the activities of various enzymes have also been affected by the ambient toxicants. Among the muscle enzymes, GOT and GPT were significantly lower in both the samples from polluted water while amylase and LDH were significantly higher. Amylase activity was 36% higher in sample 1 and 43% in sample 2. GOT activity was 19% lower in sample1 and 43% in sample 2. GPT activity was 46% and 49%, in sample 1 and 2, respectively. LDH activity showed 22% increase in sample 1 and 46% in polluted sample 2.


Alteration in enzymes is direct reflection of histopathological effects in the secretary cells. The main cellular component to be effected in the result of ambient toxicants was the cell. membrane. The toxicants either increase the membrane permeability causing enhanced leaching out of the enzymes, or reduce the permeability forcing the enzymes to accumulate in the cells. Moreover, cellular damage could be another reason for decreased synthesis of enzymes in the living organisms. 

The heavy metals may change the cell membrane permeability, resulting in the loss of enzyme. Eichorn et al. (1986) have reported such chromium induced cell membrane toxicity. 

Transaminases (GOT, GPT) are the enzymes present in most of the tissues which shift metabolic cycle from amino acids to α keto acids which enter into Kreb's cycle and hence cause the acceleration or deceleration of the intermediary metabolism. Accordingly energy production is also altered. Inhibition of both transaminases suggests that toxicants have affected the intermediary metabolism, which in return depressed the energy production through Kreb's cycle. The administration of chromium compounds has been reported to inhibit activities of a number of enzymes (Pant and Gill, 1984; Fan, 1987; Mormo, 1987). Rainbow trout, Oncorhynchus mykiss exposed to different concentrations of aniline chlorohydrate for 15 days showed decreased GOT activity and increased GPT activity. It was suggested that the increase in GPT activity was due to an increase in cellular permeability. In another study a significant decrease in both the serum GOT and GPT activities was reported by Anjum (1991) after feeding mercuric chloride (1 mg/kg body weight) to rabbits for five days. The GOT and GPT activities were also reported to be inhibited in teleost fish, Tilapia mossambica (Shobha et al., 2001) after sublethal doses of sodium arsenite.

Decreased levels of these enzymes exhibit heavy metals interference in protein metabolism. It is reported that in the result of chromium intoxication, the metal is taken up by the plasma and protein fractions and binds with iron binding protein, transferrin (Langard, 1983; Zober et al., 1984). Heavy metals are transported and distributed by the blood stream and deposited in different organs and tissues, which interferes with their normal activities. There are several reports of chromium produced lesions and necrosis in animals (Alderson et al., 1981; Shefet et al., 1982; Alexceff et al., 1989). Cellular damage is another reason for decreased synthesis of enzymes in living organisms. Most probably heavy metals in the aquatic medium have caused such cellular damage. 


Amylase activity in muscle increased in both the treated samples. The increased activity or level of this enzyme in the body may be due to acute pancreatitis or increased synthesis. Ali (1989) has reported a significant increase in amylase activity after feeding rat with aldrin mixed diet (2.5 mg/kg body weight/day) for 6-18 months. 


LDH activity in both the test samples in the present study have increased significantly, showing either induced synthesis or blockage of the enzyme inside the cells by causing changes in membranes permeability. Level of LDH reflects cytotoxicity. Many investigators reported significant increase in LDH level after heavy metal administration (Itoh and Ozasa, 1985; Siegel, 1988; Wang et al., 1989). In another study of similar nature, freshwater fish, Labeo rohita after exposure to a lethal and sublethal concentration of cypermethrin exhibited elevation in LDH activity (Philip et al., 1995). The increase in LDH activity after mercury treatment to freshwater fish is also reported by Stokinger (1980).

Shakoori et al. (1994) in a similar study also reported an increase in LDH activity in freshwater fish, Ctenopharyngodon idella after 12-hour exposure to mercury. Treatments with copper sulphate (CuSO4), paraquat (PQ) and methidathion (MD) caused tissue damage and stress effects in carp Cyprinus carpio, indicated by the increased lactate dehydrogenase activity (Asztalos et al., 1990). In another study carp, Cyprinus carpio exposed to a mixture of herbicide (paraquat) and an insecticide (methidathion) showed an increase in LDH activity (Asztalos et al., 1988).


The results show that most of the biochemical parameters studied were having significant variation in relation to control, reflecting hyperproteinaemia, hyperlipaemia, hypoglycemic and hypocholesterolemic conditions in response to the ambient toxicants. Similarly enzymes also exhibited induction or inhibition in their activities showing dysenzymia in response to the aquatic pollutants, reflecting muscular dystrohpy, pancreatitis, tumors in the secretary cells and cellular damage. The results confirm that aquatic pollution is one of the major reasons of decline in Tor putitora population and most probably in the population of the other fresh water fish residing in River Kabul.
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