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Abstract
The study considered the special effects of Polycyclic Aromatic
Hydrocarbons or PAHs present in the diesel infested Loco tank on the liver of
three teleostean fishes namely, Labeobata,Labeorohita and Cirrhinusmrigala.
The histopathological study on liver of these three fishes revealed the distortion
of the hepatic cords, dilation of the sinusoids, degeneration of endothelial cells
lining, shrinkage of acinar cells, bile stagnation and early signs of necrosis,
prominent ones in L. bata. In L. rohita, the hepatic cords were disrupted.
Apart from the deformed nucleus, nuclear megalocity, dilated sinusoids were
noticed. In C. mrigala, vacuolation of the sinusoids, degeneration of the hepatic
cords, bile stagnation, formation of small vacuoles, and mild necrosis in
some places were the major symptoms of toxicity. The mean plasma ALPase
activities (117.0±20.368, 412.0±128.550, and 160.6±9.074 IU/l) of all the fish,
L. bata, L. rohita and C. mrigala amplified at 162.95%, 201.96% and 107.56%
respectively, while SGOT (AST) activities (199.0±40.037, 232.0±39.661
and 276.3±31.086u/l) increased at 125.15%, 126.98% and 169.35% with
significantly higher (p<0.05) in respect to control. Plasma SGPT (ALT) activity
in fish illustrated a similar pattern of increment over control group. However,
the modified histo-architechture phenomena and altered enzymatic activities of
liver disclosed that the PHAs originated from diesel-fed aquatic system, may
revolutionize physiological functions of these three fishes L. bata, L. rohita and
C. mrigala of three different layers, surface, column and bottom, respectively.
Keywords: Polycyclic Aromatic Hydrocarbons (PAHs); Histopathology;
Plasma enzymes; Fish

Introduction
Pollutants are continuously impairing the biological functioning
of an organism to cause an undesirable change to ecosystem including
humans even to non-target organisms, which are associated to
that particular environmental condition [1]. At the present time,
different aquatic systems exposed to pollutants due to unsystematic
and spontaneous use of resources generating number of alarming
responses to both on system as well as organisms. Petroleum is
employed as the main source of energy; despite of its all importance,
it also acts as a global environmental pollutant [2]. Petroleum,
enter into the aquatic system through waste disposal and accidental
spills is considered to be a complex mixture of many chemicals and
its 1% is soluble in water having Water-Soluble Fraction (WSF)
like Hydrocarbons (HCs) and heterocyclic compounds [3]. Some
microorganisms can utilize petroleum and petroleum products as
sole carbon sources for getting their energy and metabolic activities
[4]. Multiplicity of sub-lethal effects of crude oil or diesel components
have been accounted to a number of aquatic organisms, like fish [5]
due to large quantities of PAHs originate form diesel in the course
of microorganisms degradation [2]. Fish are suitable indicators of
contaminants accumulation [6] and aquatic toxicity study of any
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contaminant because of their high sensitivity to environment. Its
minimum modification can alter physiological and biochemical status
of the respective organ, tissue or pathways related to that toxicant.
Fishes are the good accumulator of soluble petroleum hydrocarbons
[3]. Accumulation, excretion and biotransformation of most
pollutants take place in liver, vital functions in essential metabolism,
act in response specifically to the level and nature of contamination
[7]. Histo-pathological changes in liver are used as biomarker as
well as assessment of effect for the environmental pollution and its
changes in fish livers exposed to number of organic compounds [8].
Like other, in fish multifunctional enzyme, alkaline phosphatase
produces transphosphorylase in alkaline medium and mineralizes
in skeleton [9]. Biochemical indicator of liver toxicity, ALT (Alanine
aminotransferases) and AST (Aspartate aminotransferase) are
aminotransferases, help gluconeogenesis from amino acids, and in
hepatic cells provide aminotransferase activities [10].
AST and ALT, present in different organs plays a vital role in
amino acid and carbohydrate metabolic pathway, can be hampered
in several stress condition [11]. Alkaline phosphatase which involved
in the hydrolysis of phosphomonoester substrates can be altered
in cyanide exposure and thus affected on hepatic and renal tissues
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41.32±3.49 cm while, weight were 0.24±0.14, 0.74±0.18, 1.40±0.23 Kg
respectively. It is worth mentioning that total 12 number of fishes from
each category were taken (n=12).This pond is located at 23014’42”N
latitude and 87052’38”E longitude. As a consequence of residential and
locomotive works, it is receiving an appreciable amount of domestic
sewages also from the North and North-Western parts of the pond
and diesel discharging points located at the Southern and SouthWestern parts. There are two main parts from where the diesel oils are
directly discharged into the pond, although there is a small “effluent
treatment plant” on the Southern part of the pond (Figure 1).

Figure 1: Sampling sites of study pond showing different sampling points
S1 (23°14’48.54”N, 87°52’24.41”E), S4 (23°14’41.39”N, 87°52’31.30”E), S5
(23°14’45.26”N, 87°52’30.4”E) and S6 (23°14’49.13”N, 87°52’27.32”E) are
domestic waste discharge point while S2 (23°14’44.91”N, 87°52’26.98”E)
is diesel effluent discharge point and S3 (23°14’42.31”N, 87°52’28.98”E) is
diesel discharge point.

[12]. Transaminase enzymes act as a marker for the functions and
integrity of the heart and liver. By examining blood physiological,
nutritional and pathological status of an organism can be reveal.
For the plasma membrane and endoplasmic reticulum ALP is act
as a marker enzyme. It also can be use for assessing integrity of the
plasma membrane. Increment of ALP level and ALP activity are the
indication of the membrane and liver damage respectively. Hence,
changes in enzyme kinetics in different organs reveal the presence/
exposure of toxic elements in the surrounding environment and thus
enzyme studies facilitate to understand the toxicity in the organs [13].
The effects of PAHs are well documented in laboratory conditions,
but its changes in liver for diesel and diesel derivative PAHs with
other vital limnological factors in field conditions still are lacking.
The present experiment has been conducted to show the effect of
discharged diesel oil of the diesel-fed Loco tank in the liver of the fish
collected from three different trophic levels of the pond. The histopathological studies and serum biochemical parameters like SGOT
(AST), SGPT (ALT), Alkaline Phosphatase (ALPase) have been
investigated to register the effect of diesel oil on the liver of target
fish species viz.,Cirrhinusmrigala, Labeobata and Labeorohita which
are abundantly cultured in the study site. According to the feeding
habit Labeobata is a surface feeder, Labeorohita is a column feeder
and Cirrhinusmrigala is a bottom feeder. So, these target species can
cover the whole water column.

Water samples were collected from epilimnion zone of six
sampling sites of the Loco tank marked as S1, S2, S3, S4, S5 and S6.
The S2 and S3 sites are the diesel discharge points from the Diesel
shed, whereas, the S4 and S5 points usually receive domestic wastes.
Samples were preserved in well plugged glass bottles, which were
previously soaked in nitric acid (10 %) for 24 h followed by washing
with millipore water. Prime physico-chemical features of water such
as temperature, pH, Dissolved Oxygen (DO), phosphate, oil and
grease, chloride and ammonia-nitrogen etc., were measured as per
APHA (2005).
GC analysis of contaminated water
1 ml concentrated (1,000-fold) blanks were analyzed with Gas
Shimadzu Class LC-1 (set of Auto-injector along with split/splitless
injector and fused silica capillary B-5 (30m, 0.32mm, 0.17μm) 100 %
dimethylpo-lysiloxane. 60 to 300 °C temperature with 5°C /min rate
was programmed and then 290 °C for 25 min. The temperature of
injector was 280°C and detector was 300 °C. 2 µL sample was injected
in 10:1 ratio in split mode in purge time of 1min. Carrier gas (nitrogen)
flow rate was 1.0m1min–1. Scanning range of spectrometer was 50–
350Da/ sec with the 70 eV electron energy. Based on the matching
retention time with a mixture of PAH standards, identification and
quantification were carried out of 16 PAH compounds. GC–MS
(Hewlett-Packard 5889B MS “Engine”) with selected ion monitoring
mode was done for confirmation. HP-1 column and helium as carrier
gas were used while other programs were same as above.
Tissue preparation for histological examination

Methods

Liver tissues were dissected (0.5 ± 0.145 g) from control and
treated fish species from three different trophic levels (surface,
column and bottom). Physiological saline solution (0.75 % NaCl) was
taken to rinse or clean the tissues. It was fixed in Bouin’s solution
(75 ml saturated picric acid, 25 ml formaldehyde (37-40 %) and 5 ml
glacial acetic acid) for 48 h. Consequently, dehydrated with graded
alcohol series, followed by xylene, the clearing agent and embedded
in paraffin. 3µm liver sections were taken from microtome (Leica-RM
2145). Hematoxylin-Eosin (H&E) staining method was performed
and examined using an Olympus BX 51 optical microscope.

Study site

Plasma enzymes analysis

The Loco tank, which is adjacent to Barddhaman locomotives is
used by the Rupali Cooperative Limited for aquaculture with a total
area approximately 11.0 hectares with an yearly catch at an average
of 22.72 metrictons. The main species cultured in this pond are
tilapia, catla, rohu, mrigal, silver carp etc. Labeobata, Labeorohita and
Cirrhinusmrigala were chosen during the experimental period and
weight of the chosen fish species were 26.71±4.17, 35.53±2.97 and

Blood samples from three sets of fishes like Labeobata,
Labeorohita, Cirrhinusmrigala have been collected from caudal vain.
The blood sample (1.3 ml) was taken midline just posterior of the
anal fin, inserting the needle into the musculature perpendicular to
the ventral surface of the fish until the blood enters the heparinized
syringe (n=12).Both the activities of AST and ALT were estimated
using Reitman and Frankel [14] method and activity of ALP was
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Table 1: Changes in water quality parameters of different sampling sites.
Parameters

S1

S2

S3

S4

S5

S6

pH

8.25

8.96

8.32

8.15

8.1

8.34

Temp (0C)

19.21

20.23

20.7

20.12

20.62

21.45

Conductivity (μS/cm)

702

708

707

707

706

703

TDS (mg/l)

470.34

474.36

473.69

445.41

444.78

471.01

TSS (mg/l)

7

9

22

14

8

6

DO (mg/l)

8.5

Total Alkalinity (mg/l) 272.89

7.45

8.23

7.11

7.67

8.35

287.16

266.13

245.25

242.09

252.12

Chloride (mg/l)

75.37

79.22

70.64

69.12

75.12

67.22

Total Hardness
(mg/l)

241

247

231

246

243

223

BOD (mg/l)

6.5

37.4

41.5

4.2

4.9

5.1

PO4-P (mg/l)

0.07

0.01

0.1

0.06

0.12

0.31

performed as phenolphthalein monophosphate method with Randox
kits. Analysis was performed in Robonik Prietest Touch Biochemistry
Analyser (Version 2.622A).
Statistical analysis
Observations were statically considered with ANOVA and least
significance difference or LSD, which was mentioned as mean ± SEM.
Significance of the differences between treated and control value was
obtained (p< 0.05 and p< 0.01) using SPSS version 10.0.

Results and Discussion
Limnological study
Water quality indicates the physical, chemical and biological
properties of aquatic system, determine the condition for utilize
and facilitate to sustain the health of aquatic organisms farmed
for commercial and economic growth. Dissolved or suspended
constituents control or influence its properties. Primary physical
properties like pH (av.8.35±0.31), temperature (av.20.39±0.74
0
C), conductivity (av. 705.50±2.43 µS/cm), total dissolved solids or
TDS (av. 463.27 ± 14.16 mg/l) and total suspended solids or TSS
(11.00±6.07 mg/l) had a minimum range in alteration over seasons,
but difference with the site was prominent. The average value of
physico-chemical parameters like dissolved oxygen, total alkalinity,
chloride, total hardness, biochemical oxygen demand or BOD,
ammonia-nitrogen or NH3-N and orthrophosphate or PO4-P are
7.885±0.556, 260.94 ± 17.53, 72.782±4.528, 238.5±9.50, 16.6±17.73,
0.131±0.013, 0.111±0.104 mg/L respectively. pH, conductivity,
TDS, total alkalinity, chloride and total hardness concentration
were highest in S2 while in the case of TSS and BOD S3 showed the
highest value. The study revealed that most of the factors were remain
within the standard aquaculture water quality index for tropical
climate except alkalinity. Changes in water quality parameters with
sampling site has mentioned in Table 1. However, osmoregulation
in high ion concentrations associated with alkalinity [15], but effects
on liver and its function less documented. The average oil and grease
concentration was 369.65±241.58 mg/l, but the values showed a wide
range from 87.98 to 746.23 mg/l. A wide range between 560.12 and
746.23 mg/l was obtained from diesel effluent discharge point (S2)
and diesel discharge point (S3) respectively in respect to others.
Ara et al., [16] found the less pH content in the diesel oil
Submit your Manuscript | www.austinpublishinggroup.com

Figure 2: PAHs concentration (2.1), alkaline PAHs (2.2) and total PAHs (2.3)
in the diesel-fed pond water.
Table 2: Concentration of PAH in diesel fed pond water (ng/l).
PAH (ng/l)

No of rings Abbr

S2

S3

S4

Naphthalene

2

Nap

Acenaphthylene

3

Acy

Acenaphthene

3

Ace

4.91

4.64

0

4.33

Fluorene

3

Flu

9.55

27.41

1.94

5.98

Dibenzothiophene

3

DB

2.76

4.12

1.36

2.95

Phenanthrene

3

Phe

21.49

11.24

5.52

10.99

Anthracene

3

Ant

1.21

42.04

0.77

1.48

Fluoranthene

4

Flut

5.08

16.91

2.26

3.3

Pyrene

4

Pyr

5.44

124.82

3.54

2.93

Benzo[a]anthracene

4

BaA

0.64

13.93

0.52

0.78

Chrysene

4

Chr

0.45

5.58

0.26

0.56

Benzo[b]fluoranthene

5

BbF

0.96

7.24

0.3

0.7

Benzo[k]fluoranthene

5

BkF

0.27

1.17

0.1

0.16

Benzo[a]pyrene

5

BaP

0.82

8.83

0.39

0.61

Perylene

5

Per

2.86

15.27

1.54

2.52

Benzo[g.h.i]perylene

6

BP

0.71

2.51

0.14

0.42

5

DA

0.16

0.33

0

0

6

IP

0.81

4.92

0.18

0.5

Dibenzo[a.h]
anthracene
Indeno[1.2.3-c.d]
pyrene
∑PAHs

288.59 192.27 19.97

S5

2.93

6.69

0.92

65.42
2.99

349.64 489.92 39.71 106.62

contaminated water than that of control water, where the control water
had the pH of 7.5 before the treatment and after the contamination,
the pH showed the value of 6.3. Ara et al., [16] and Achudume (2009)
which opined that the increasing oil concentration in water body
could lower concentration of dissolved oxygen; it may be due to the
subsequent release of free CO2, which supports the degradation of
hydrocarbons as the end product of CO2. Alkalinities of Loco tank
water was greater in cold season or winter, which supports the greater
capability microbial growth and survivalists of aquatic organisms
[17], which relates the present observations depicting the huge
microbial growth in the pond.
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Polycyclic aromatic hydrocarbons (PAHs)
According to the GCMS study of the pond water, the total
concentration of PAH in S2 was 349.64 ng/l, in S3 489.92 ng/l, in S4
106.62 ng/l and in S5 it was 39.71 ng/l, where, the S2 and S3 sites are the
main discharge points of diesel into the pond. The total concentration
of the alkyl PAH has been estimated, where the alkyl PAH of S2 was
54.05 ng/l, in S3 was 377.04 ng/l, in S4 was 45.05 ng/l and S5 showed
20.23 ng/l. Among the PAHs, the concentration of naphthalene and
phenanthrene were found to be much higher in S2 and S3 than the
other sites S4 and S5 (288.59 and 21.49 ng/l, respectively). S3 also
contained the higher concentrations of naphthalene, fluorine,
phenanthrene, pyrene, benzo[a]anthracene, benzo[a]pyrene,
anthracene, perylene, benzo[a]fluoranthene (192.27, 27.41, 11.24,
124.82, 15.27, 42.04, 13.93, 7.24 and 16.91 ng/l, respectively). Among
the alkyl PAHs, the concentrations of 1-methyl naphthalene, 2-methyl
naphthalene, 1-methyl fluorine, 1,2-dimethyl naphthalene, 1-methyl
pyrene, 2,3,5-trimethyl naphthalene, 4,6-dimethyl dibenzothiophene,
2-methyl phenanthrene, 2,3-dimethyl anthracene, 2-methyl
fluoranthene and 4-methyl dibenzothiophene were 17.06, 24.29, 9.29,
78.35, 34.44, 98.63, 16.68, 11.60, 19.89, 11.97, 50.48 ng/l, respectively,
which were higher in S3, the main discharge points of diesel. But in
case of the other sites, the concentrations of alkyl PAHs had been
found in much lower amount except 2-methyl naphthalene, which
showed their presence in the sites such as S2, S4 and S5 in adequate
amount, 21.29, 10.83 and 4.91 ng/l, respectively (Figure 2 and Table
2).
Among the 16 PAHs which are considered to be carcinogenic,
all were obtained in the S2 and S3 sites of the diesel-fed pond in a
considerable amount. The ranking of the PAHs levels revealed
that the diesel-fed pond contained a larger number of Polynuclear
Aromatic Hydrocarbons (PAHs). A number of PAHs are considered
as potential human carcinogens; they are like, benz[a]anthracene,
chrysene, benzo[b]fluoranthene, benzo[a] pyrene and benzo[ghi]
perylene [18]. The Agency for Toxic Substances and Disease Registry
(ATSDR) find a study, shows the limits of concentrations less than
0.2 mg/m3 of benzo(a)pyrene in the drinking water and within the
work place of individuals work for 8 h per day [19] and in drinking
water, it should not exceed 0.0002 mg/l (USEPA, 2009). Here, this
pond contained less amount of benzo(a)pyrene (0.00012 mg/l) in S2
site than the standard limit.
Oxidative stress is mainly caused by the imbalance of pro- and
antioxidants ratios and thus leads to the generation of Reactive Oxygen
Species (ROS). Presences of some contaminants (PAHs, pesticides,
metals etc.,) are responsible for the alteration of the antioxidant
defense system and thus make oxidative damage through ROS
formation. When ROS reacts with the biological macromolecules, it
inactivates the enzymes, oxidize membrane lipids and proteins, make
damage in DNA and occurs cell death [20,21]. In fish, antioxidant
defense system pathways contain enzymatic antioxidants (Catalase
(CAT), Glutathione Peroxidase (GPx) and Glutathione-S-Transferase
(GST)) and non-enzymatic antioxidants, reduced glutathione (GSH)
activity and other thiols (NP-SH)) [22,23].
Increased cellular vacuolization, RER proliferation and glycogen
depletion have also been recorded in the liver of fish, which has
been exposed to petroleum hydrocarbons [24,25]. Sindermann [26]
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Figure 3: Histopathological photomicrographs of liver (Haematoxylin-Eosine
Staining) of L. bata (3.1) 1000 X, L. rohita (3.2) 1000 X and C. mrigala (3.3)
1000 X in control conditions under light microscopy, field condition of different
fishes L. bata (3.4 X 400 and 3.5 X 1000), L. rohita (3.6 X 1000 and 3.7
X 1000) and C. mrigala (3.8 X 400 and 3.9 X 1000). The hepatocytes are
arranged in cords (HC) with radiating manner showing hepatopancreas (HP)
(3.1). Extended pancreas into liver forming a HP have nucleus (N) (3.2 and
3.3). Distortion (broken arrow) of the hepatic cords (HC), dilation (broken
arrow) of the sinusoids (S), shrinkage of acinar cells (AC), bile stagnation
(B) and early signs of necrosis in L. bata (Treated) (3.4 and 3.5). Irregular
shaped hypertrophied and pyknotic nuclei nucleus (N), nuclear megalocity
(arrow head), dilated sinusoids (S) and distortion (broken arrow) of hepatic
cords (HC) in L. rohita (3.6 and 3.7). Vacuolation of the sinusoids (V) formed
(broken arrow) in the hepatic cords (HC), bile stagnation (B) in C. mrigala
(3.9 and 3.8).

have noticed the increased vacuolization in liver cells, which reflects
the increased hepatic lipid content in fish exposed to petroleum
hydrocarbons.
Liver histology
The liver is considered as a good indicator of nutritional pathology
because of its function in metabolism. The histology of fish liver has
been depicted by the absence of portal triads and liver lobules, which
are the basic morphological unit of liver structure of mammals. The
fish liver structurally contains the liver cells-hepatocytes, bile ducts
and blood vessels, which are differently organized as compared with
mammals. Liver is a bilobed gland. The hepatocytes are arranged
in cords with radiating nature. The central veins made up of blood
vessels. Pancreas is extended into liver forming a hepatopancreas. It
is made up of exocrine cells, which are large in nature and columnar
or cuboidal shape with a large nucleus. Each exocrine cell has a
basal portion containing homogeneous cytoplasm and an apical
part containing a large number of zymogen granules. Due to diesel
toxicosis in the liver of L. bata, distortion of the hepatic cords,
dilation of the sinusoids, degeneration of endothelial lining cells,
shrinkage of acinar cells, bile stagnation and early signs of necrosis
were the prominent observations. In L. rohita, the hepatic cords were
also disrupted. Apart from that distorted nucleus, nuclear megalocity,
dilated sinusoids were also noticed. In C. mrigala, vacuolation of
the sinusoids, degeneration of the hepatic cords, bile stagnation,
Austin Environ Sci 2(1): id1017 (2017) - Page - 04
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formation of small vacuoles, and mild necrosis in some places were
the major symptoms of toxicity (Figure 3).
A number of investigations have been reported to show the
observations in liver such as, vacuolar degeneration (focal and diffuse)
of hepatocytes, regeneretion and inflammation, foci of necrosis,
piknotic nuclei in the hepatocytes etc., which may be caused due to
the exposure of fishes to a number of different chemical compounds,
like crude oil, high ammonia concentrations, heavy metals released
from paper and pulp mill effluents, and complex environmental
pollution [27-32]. In the study of Belicheva and Sharova (2011), it has
been revealed that fish contains signs of neoplastic changes in liver.
The affected liver cells possess the characteristics of variable degrees
of cellular pleomorphism, high mitotic activity, nuclear atypia, along
with abnormal architecture. Non-neoplastic proliferative changes
related to diesel oil pollution, which are characterized with small
islands of regenerating hepatocytes, enclose noticeably basophilic
and rear cytoplasmic vacuoles. Due to the effect of water soluble
fractions of diesel, the most relevant changes has been studied in
the liver of the exposed fish are like nuclear hypertrophy, irregular
shaped nucleus situated in lateral position, cellular hypertrophy and
irregular, cytoplasm with eosinophilic granules, cellular atrophy,
melanomacrophage aggregates, nuclear atrophy, peripheral nuclei,
cytoplasmic vacuolation along with biliary stagnation [33]. The study
conducted by Myers et al., in 1998 revealed the presence of several
hepatic lesions in the fish flounder Pleuronectesvetulus, which has
been exposed to sediment PAH. In another study, various histological
alterations in liver has been found in the fish Pleuronectesamericanus
(Flounder),collected near an oil refinery considered as an indicator
to show the ill effects of oil on fish health [34,35]. Necrosis areas,
cellular vacuolization, inflammatory response, pre-carcinogenic
or carcinogenic lesions can be frequently observed in liver of fish,
which has been environmentally exposed to PAH´s, PCB´s, heavy
metals, sewage, harbour or industrial effluents [36- 41]. According
to the study of (42), the liver of the milk fish, which has been exposed
to petroleum hydrocarbons revealed the histological alterations,
like sinusoid dilation, lipidosis, necrosis, vacuolations, nucleus
pleomorphism and bile stagnation. The blood sinusoids are dilated
between the cords of hepatocytes, which is almost similar to the
present observations.
Enzymatic assay
Presence of high concentration specific enzymes like alanine
aminotransferase (ALT or SGPT) and aspartate aminotransferase
(AST or SGOT), through simple blood test can reveal the liver injury
because enzymes present in liver cell spilled out into the blood stream
during injury and thus raised the enzyme concentration in blood,
which plays as an indicator of liver injury [43].
Several hazardous compounds produced from diesel act as an
effective carcinogenic and immunotoxicant for living cells. It can
promote several degenerative alteration in structure and enzymes in
hepatic cells. Diesel can induce variable degenerative alterations in
the structural integrity of liver cells along with its enzymes [44].
In the present observation, the herbivorous fishes like C.
mrigala, L. bata and L. rohita, which were collected from the diesel
contaminated pond, the mean plasma SGOT (AST) values were
276.3±31.086 u/l, 199.0±40.037 u/l and 232.0±39.661 u/l respectively,
Submit your Manuscript | www.austinpublishinggroup.com

Figure 4: Liver enzyme activity of different three test fish species. Data
of aspartate aminotransferase (4.1), alanine aminotransferase (4.2) and
alkaline phosphatase (4.3) are expressed as mean±SEM (n = 12). Values
with different lowercase superscripts (alphabet) [a (L. bata), b (L. rohita) and c
(C. mrigla)] differ significantly between control and treated fishes and different
numeric superscripts indicate differ significantly at p<0.05(1) and p<0.05(2).

which were higher than the values in the fish of some species of the
control pond (172.3±57.873 u/l, 159.0±43.486 u/l and 182.7±35.921
u/l respectively) (Figure 4.1). The mean plasma SGPT (ALT) values
of the affected fishes were 17.00±2.00u/l in C. mrigala, 31.167±6.825
u/l in L. bata, and 34.667±6.506 u/l in L. rohita. They also showed
higher mean values than the control fishes i.e, 12.333± 2.517 u/l,
21.933±1.069 u/l and 22.333±5.508 u/l, respectively (Figure 4.2). The
plasma alkaline phosphatase activity (Figure 4.3) of the diesel affected
fishes became higher (160.667±9.074 IU/l, 117.067±20.368 IU/l and
412.0±128.550 IU/l in C. mrigala, L. bata and L. rohita, respectively)
than the control fishes (Table 3).The mean plasma ALPase and SGOT
(AST) activity of all the affected set of fish, which have been exposed
to sublethal concentrations of diesel oil were significantly higher
(p<0.05) in respect to the set of control fish. The mean plasma of SGPT
activity of all the set of affected fish groups were significantly higher
(p<0.05) than that of the set of control fish. Azad [45] observed same
pattern of diesel toxicity on different tissues and organs of fish. Due
to the effect of diesel contamination, the fishes (L. bata, L. rohita, and
C. mrigala) showed elevated level of plasma enzymes than the control
fishes. These increments may be due to the malfunctioning of liver
under stress condition. The fluctuations in the liver enzyme (SGOT,
SGPT, alkaline phosphatase) level may be caused by the changes
in metabolic pathways due to petroleum exposure. The increase in
SGOT and SGPT activities is the indicator of liver damage occurred
due to petroleum exposure leads to the seepage of these enzymes to
blood. Elicited level of different hepatic biotransformation of enzymes
with different sensitivity level after the severe exposure of the fish
Scophthalmus maximus (juvenile turbot) to Prestige fuel oil has been
demonstrated by [46]. It has been reported by [47] that temporary
exposure of petroleum oil spill on Rainbow fish can potentially affect
the level of metabolic and detoxification enzymes. According to [44],
the average serum plasma ALP activity of all the treated fish sets,
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Table 3: Comparative analysis of plasma enzymes between the control and diesel-fed pond fishes.
SGOT AST (u/l)
L. bata
Control

L. rohita

SGPT ALT (u/l)
C. mrigala

L. bata

L. rohita

ALPase (IU/l)

C. mrigala

L. bata

L. rohita

C. mrigala

159.0 ± 43.486 182.7 ± 35.921 172.3 ± 57.873 21.9 ± 1.069 22.3 ± 5.508

12.3 ± 2.517

71.8 ± 19.937

204.0 ± 66.903

149.3 ± 3.512

Treatment 199.0 ± 40.037 232.0 ± 39.661 276.3 ± 31.086 31.1 ± 6.825 34.6 ± 6.506

17.0 ± 2.000

117.0 ± 20.368 412.0 ± 128.550

160.6 ± 9.074

which have been treated with sub lethal concentrations of graded
diesel oil are significantly higher (p<0.05) as compared to the control
fish group after 14, 21 and 28 days of treatment, respectively. After 14,
21 and 28 days of treatment with diesel, the measured mean plasma
SGPT activity of all the diesel exposed fish groups were significantly
higher (p<0.05) than the untreated fish group (control). Sometimes
the levels fluctuated due to the degree of death of the hepatic cells
of fish liver, which has been exposed to different concentrations of
diesel oil. From the obtained results, it can be inferred that exposure
of diesel increased the mean serum SGPT level, which is a strong
indication of cirrhosis and stress, myocardial infarction; similar type
of increments were found in serum mean ALP, SGOT and SGPT in
plasma. This is similar to the finding of [48], where alterations in
the level of plasma enzymes, which have been exposed to the lowest
concentration of stressors, showed the highest effect. A related work
has been recorded by [49], where freshwater fish was exposed to
diethylphthalate. For determination of the physiological status of cells
or tissues, measurement of liver and plasma enzyme activities can
be considered as a promising diagnostic tool [44]. There are several
reports on changes in immune system, cells, tissues and organs of
fish for alteration of plasma enzyme activities [50,51]. According
to [52], significant increase in ALP and SGPT is the indication of
random pathological changes and damage to specific organs of the
fish C. gariepinus. Another study of [53] shows the increase of plasma
ALP, SGPT and SGOT in C. gariepinus by exposing at sublethal
concentration of Diazinons. No tissue damage takes place. Decrease
in transaminases, liver enzyme cannot show any tissue injury [54,55].
Low metabolism and reduction in the metabolic transport lessen
the synthesis rate of glycogen, which may decrease the SGPT level
[56]. Enzymological study reveals that activity of SGOT (AST) in
C. mrigala is higher than other target species, but SGPT (ALT) and
ALPase activities are higher in L. rohita, which indicates that whole
water body is contaminated by PAHs and especially the column and
bottom strata.

Conclusion
PAHs are the mixture of hundred separate chemicals with wide
and varied group of compounds. This study attempted to examine
the impact of PAHs on fresh water fish to reveal the toxicity level
in the organism because it may be further affect on human, ultimate
consumer of the food chain. The major outcome from this work was
identification of different PAHs molecules from Loco tank, according
to USEPA, among them 16 PAHs molecules are considered to be
carcinogenic. All are found to be present in the S1 and S2 sites, the
discharge points, of the diesel-fed pond in a considerable amount.
High molecular weight of PAHs are less soluble in water, more stable/
persist in environment and toxic for ecosystem. Due to their effect,
several histo-pathological lesions have been found on the liver of
the three teleostean fishes like L. bata, L. rohita and C. mrigala. The
plasma enzymes, which have been taken from the plasma, showed
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significant increase in activities than the control one at p<0.05 level
[57-69].
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