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In this study, the Silver barb was exposed glyphosate to lethal concentration (10 mg/L) as the
®
commercial formulation Roundup for 4, 6, and 8 days, in order to examine the biochemical analysis.
The activity of the biotransformation enzyme in the liver for 4, 6, and 8 exposure days was measured as
follows: Cytochrome P450 (CYP) and glutathione S transferase (GST). The aminotransferase enzymes
in the serum were: Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST). Compared
with the duration times, there was found to be a significant difference in the enzymes activities with CYP,
ALT, and AST (P<0.05), the highest induction was for the treated group at 8 days. Histo pathological
alterations were observed in the liver and gills of fish after exposure to pesticides. In the liver, cloudy
swelling, hyperplasia and hypertrophy, the congregation in central vein and sinusoid, atrophy and
degeneration of the vacuoles, the severe degeneration of the vacuoles, and cell necrosis were all found.
In the gills, lamellae cell edema, hyperplasia and hypertrophy, thickened epithelial cells coating the gill
lamellae and congregating in the afferent and efferent arteries, degeneration of the vacuoles, and cell
necrosis were found. These changes had predominantly occurred within 8 days. These results revealed
that Glyphosate was able to induce the activities of CYP, GST, ALT and AST. Furthermore, this was
found to be related to the histo pathological alterations of liver and the gills. The information presented in
this study may be helpful in understanding the biotransformation mechanism in Silver barb.
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INTRODUCTION
The application of environmental toxicological
studies on aquatic ecosystems is rapidly
expanding, and fish are becoming indicators for
the evaluation of the effects of toxic substances.
Pesticides are one of the essential factors for
increasing agricultural productivity, especially the
herbicides the use of which is rapidly increasing
®
every year around the world. Roundup is one
herbicide that has been recently become

®

popularly used in agriculture. Roundup contains
48% acid equivalent of the isopropylamine salt of
glyphosate
(N-phosphonomethyl
glycine)
(C3H8NO5P; Monsanto Agricultural Co, St. Louis,
®
MO, USA). Roundup is used as a non-selective
broad spectrum herbicide used for post emergent
herbicide to control weed in agriculture and for
aquatic weed control in ponds and canals.
Glyphosate has a good property of water
solubility, which makes it easy for the herbicides
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to easily contaminate the aquatic ecosystem. This
problem has attracted the attention of researchers
all over the world (WHO, 2005) and research in
this area has increased in the last few decades
due to their extensive use of them in agricultural
and non-agricultural settings and as a result, this
herbicide is becoming a threat to the living
organisms. Fishes are more frequently exposed to
these toxicants because it is believed that
regardless of where the sources of pollution
occur, the pollution will eventually end up in the
aquatic environment which means that the final
effects of use will usually affect the consumer.
Although it is believed that the herbicide,
glyphosate, is relatively non-toxic to humans
(Samsel and Seneff, 2013), it has been found to
be very toxic to fish and most aquatic organisms
(Topal et al., 2015). Teleostean fish may be good
indicators of polluting contaminants, such as
herbicides because their biochemical responses
are similar to those found in mammals (Sancho et
al., 2000; Begum, 2004). The commercial
formulations of the glyphosate are more acutely
toxic than the technical grade chemicals, the 96h
®
LC50. Roundup is typically in a range of 4.2 - 52
mg/L (Giesy et al., 2000). The biological response
of an aquatic life to herbicides toxicants is
frequently induced at the cellular biochemical
levels, leading to changes in the structure and
function of the cell, histo pathological changes in
the tissues, and the physiology and behavior of
the organism (Glusczak et al., 2007), especially
concerning the metabolism of detoxified
parameters in response to toxicant aquatic
ecosystem
exposure.
Biotransformation
is
important in altering the biological activity of toxic
compounds and in preventing them from causing
cell damage. The biotransformation process
includes numerous different enzyme systems and
several types of substrates. The function of
biotransformation
enzymes
is
to
render
compounds more water soluble, thus facilitating
their excretion. The biotransformation of
xenobiotic compounds usually consists of two
phases. “Phase I” reaction involves oxidation,
reduction, and hydrolysis reactions, catalyzed
mainly by cytochrome P450, that facilitates the
excretion of compounds by “Phase I” metabolism.
It transforms them into more water soluble
compounds and also serves as a substrate for
“Phase II” reactions that increase the excretion
rate (Simonato et al., 2011). The Cytochrom P450
(CYP) enzyme plays a major role in the catalysis
of oxidative reaction involving exogenous
compounds (Nash et al., 2014) and is widely

recognized as being a useful molecular
biomarker. It is involved in the metabolism of a
variety of drugs and xenobiotics (i.e., polycyclic
chlorinated biphenyls (PCBs) and polycyclic
aromatic hydrocarbons (PAHs) in eukaryotic
organisms). Some studies have used the CYP
protein in the microsomes of fish to determine
toxicant contaminants in the aquatic ecosystem
effects. (Hasselberg et al., 2004) Studies have
used the alkylphenols and 17β-estradiol to induce
CYP1A and CYP3A protein expression in male
Atlantic cod. Tom et al., (2002) reported increases
in CYP1A protein in sea bream and trout
microsomals that were exposed to fish from the
Mediteranean coast of Israel. In addition, Dong et
al., (2009) also studied the effects of atrazine (2chloro-4-ethylamino-6-isopropylamino-1, 3, 5triazine) in adult zebra fish, which resulted in an
increase in the P450 enzyme activity of zebra fish
that were exposed to an atrazine. Moreover,
another piece of important and useful information
about detoxification is the GST enzyme, which is
thought to play a physiological role in initiating the
detoxification of potential alkylating agents, which
are pharmacologically active compounds that are
involved metabolism of xenobiotics (Habig, 1974).
GST activity has been used in evaluation as a
biomarker of PAH pollution in the Mudskipper
(Boleophthalmus dussumieri) in the Persian Gulf.
The results suggested that the hepatic GST
activity is induced after exposure to PAH and
could be extended as a biomarker of PAH
pollution (Sinaei et al., 2013). Rudneva et al.,
(2010) conducted an analysis of GST activity in
different fish species (two elasmobranchs and ten
teleost Black Sea fish species) and studied
different ecological groups. This experiment
indicated that specific features of ecology and
physiology in different marine locations is
important for the evaluation of the fishes’ abilities
to protect themselves against pollutants and to
continue their lives in the impacted environments.
There are also enzymes which are related to the
functions of the cells. Aspartate and Alanine
amino transferases (AST and ALT), may serve as
strategic links between protein and carbohydrate
metabolism, which is known to be capable of
being altered under several physiological and
pathological conditions. Moreover, the activity of
AST and ALT are considered as sensitive
indicators of stress (Gould et al., 1976). Whenever
there are enzymes present in blood serum or
plasma, they may provide specific information on
organ dysfunction. Elevation of ALT activity
appears to reflect liver disease, and it is more
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specific for liver disease than AST because of the
biological location of these two enzymes
(Shahsavani et al., 2010).
Silver barbs (Barbonymus gonionotus) are a
native freshwater species that is commercially the
most important in Thailand. In addition, they are
sensitive to the potential effects of water quality
changes and chemical changes. Thus, the goal of
this present study was to investigate the effects of
lethal toxic exposure of Silver barb to a
commercial glyphosate herbicide, and to place
emphasis on the toxicological parameters, such
as the biochemical metabolic parameters and the
detoxification enzymes in liver and aminotransferase enzymes in serum. In addition,
investigations were also carried out to determine
whether the histo pathological changes in the gills
and liver are possible indicators of herbicide
toxicity in the aquatic ecosystem.
MATERIALS AND METHODS
Experimental Animals
The juvenile fish samples were provided by
the farm of the Department of Fisheries of Khon
Kaen University, Thailand. The live fish used in
this experiment were healthy and had an average
body mass of 32.60+1.62 g and average length of
16.93+1.06 cm. For the experiment, the fish of
each group were kept in glass aquariums of the
size 25 x 50 x 50 cm (W x L x H) with continuous
air flow. Fish were acclimatized to laboratory
conditions for one week before exposure. The
average water temperature was 28.70+0.78 C.
Two-thirds of the water in the aquarium was
replaced every two days. The water quality
parameters i.e., O2 and pH were 5.93+0.44 mg/L
and 7.04+0.13, respectively. During the period of
acclimation, the fish were fed with the commercial
fish pellets (15.5% crude protein, CP,Thailand ) at
about 2% of their body weight twice a day.
Experimental Design
The herbicide used in the experiment was a
commercial
formulation
C3H8NO5P
(48%)
(C3H8NO5P; Monsanto Agricultural Co., St. Louis,
MO, USA) and was dissolved in water. The
experimental glyphosate concentration was
chosen,
based
on
acute
toxicity data
(unpublished). Fish were divided into four groups
(six fish in each aquarium) with both a control and
a treated group. Group I was a control (no toxicity
in the water), for 4, 6 and 8 days. The water was
renewed every 2 days with freshly prepared
herbicide solution for the treated groups. At the

end of experiment in each duration time, six fish
were collected from each glass aquarium. Fish
were immediately anesthetized on ice, and blood
samples were collected, and the liver and gills
were extracted immediately and stored at -20C.
Enzyme Assays
Cytosolic Microsome and Serum Preparation
The cytosolics were prepared by using the
method described by Habig, et al., (1974). The
GST activity was determined in the fish liver.
Tissue samples were washed thrice with cold
0.85% NaCl and 0.1M potassium phosphate
buffer solution (pH 6.5) was added at 5 volumes
per gram weight of liver tissues and centrifuged
at 12,000g at 4 C for 20 min. Cytosolic fractions
were used for GST analysis and stored at -20C.
Microsomes were prepared using the
procedure described by Waugh, et al., (2005).
Liver tissue samples were washed thrice with cold
0.85% NaCl and cold homogenization buffer 5
volumes (0.05 M NaH2PO4.2H2O, 0.05 M
Na2HPO4; pH 7.4) per gram weight of liver tissue
was added. Samples were homogenized with two
3-second bursts from the sonic dismembrator.
The homogenates were centrifuged at 10,000 g at
4 C for 20 minutes. The supernatants were
centrifuged at 100,000 g at 4 C for 60 minutes
with an ultracentrifuge. The resulting pellets were
re-suspended in 200 l of re suspension buffer
(0.1 M Sodium phosphate buffer, 0.1 M NaCl,
20% glycerol; pH 7.4). Microsomal fractions were
used for the EROD analysis and were stored at 20C.Serum from blood samples were taken from
the caudal veins of the fish. This blood was
collected without anti-coagulants and was
centrifuged at 4 C at 5,000g for 10 min. The
serum was stored at -20C for ALT and AST
analysis.
Enzyme Assays
CYP1A induction was determined from the
analysis of the EROD activity. The method
adapted was from Waugh, et al., (2005) and
consisted of fluorometric measurements on a 96well plate. The reaction mixture contained
potassium phosphate buffer 0.1 M; pH 7.6;
NADPH 2 mM; and 7-ethoxyresorufin 0.1 mM.
The reaction was initiated by the addition of the
sample (10 l of liver microsome) to 200 l of the
reaction mixture. The progressive increase in
fluorescence resulting from the formation of
resorufin was measured at 1-min intervals for 10
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min (at Ex. 530/Em. 590 nm). The initial linear
portion of the curve was used to evaluate the
reaction rate and the EROD activity was
expressed in mol of resorufin min-1 mg of
protein, based on the standard resorufin curve.
GST activity was determined by the
conjugation of reduced glutathione (GSH) with 1chloro-2, 4-dinitrobenzene (CDNB) as the
substrate. The change in absorbance was
recorded at 340 nm and the enzyme activity was
calculated as nmol CDNB conjugate formed min-1
mg of protein using a molar extinction coefficient
of 9.6 mM cm-1. This was carried out by following
procedures described by Habig et al., 1974;
Sinaei and Rahmanpour, 2013.
ALT and AST activities were determined using
a UV test technique. The products of ALT and
AST activities (i.e., pyruvate and oxaloacetate)
+
were used to oxidize NADH to NAD . The rate of
the photometrically determined NADH decrease
was directly proportional to the rate of formation of
pyruvate or oxaloacetate and thus, the ALT or
AST activity, respectively. The method was
adapted from Singer, et al., (1990).
Histopathology
The Fish were dissected directly in the
laboratory and the samples of the target organs
(gill and liver) were quickly removed and taken
and then washed thrice with cold 0.85% NaCl and
immediately fixed in 10% formalin solution for 24h
at room temperature. Tissues were dehydrated
and processed so that they could be embedded in
paraffin. Then, 4-5 m thick sections were made
by a using a rotary microtome and were then
stained with haematoxylin and eosin. Tissues
were screened under light microscopy. The
method adapted from (Humason, 1979)
Statistical Analysis
The results of enzyme activity data are
presented as mean + SE. For the statistical
analysis, a one-way analysis of variance (ANOVA)
was carried out and was followed by the Duncan’s
multiple range tests using the SPSS version 16.0
statistical software (SPSS Inc., Chicago, IL, USA).
For all analyses, the significance level, that was
adopted, was 95% (p<0.05).
RESULTS
The Enzyme Activities of the Levels of CYP,
GST, ALT and AST in Silver barb Exposed to
®
Roundup
The activity of EROD CYP1A in the liver

tissue of fish exposed to glyphosate, showed
significant decreases after 4 days of exposure and
was significantly higher (P<0.05) at 6 and 8 days,
as compared with their respective control group
(Fig. 1A). Regarding the GST activity in the liver,
for all groups no significant changes were shown
th
th
th
on the 4 , 6 , and 8 days in the treated groups,
as compared to the control group (Fig. 1B). Serum
ALT and AST activities were found to be
significantly increased in all the three treated
groups, and the highest induction was for the
treated group at 8 days as expected. The activity
increased with the exposure duration time (Fig.
1C and 1D).
The Histopathology of the Gill and Liver
®
Tissues in Silver barb exposed to Roundup
Light Micrographs of a Transverse Section of
Silver barb in Gill Tissues
Control Group:
No recognizable changes were observed in
the gills of the control fish. Each gill consisted of a
gill filament and gill lamellae. The gill filament
epithelium was covered with one or two cell
layers. Chloride cells were visible along the gill
lamellar epithelium, especially at the bases of the
gill lamellae. The secondary gill lamellae were
composed of one layer of epithelial cell that was
supported by pillar cells, which were contractile
and separated the capillary channels. Mucus cells
and pavement cells were also presented in the
epithelium of the filament and at the base of the
lamellae. (Fig 2A).
Treated Groups:
Light microscopic study of the gills of Silver
®
barb, exposed to 10 mg/L of Roundup for 4, 6
and 8 days, showed several pathological changes
and their frequencies increased with duration of
exposure to the toxin. After 4 days of exposure,
filament cell proliferation was quantified by the
height of the filament epithelium. Several
edematous gill lamellae and clubbing were found
at the tips of the secondary lamellae (Fig 2B).
After 6 days of exposure, mild respiratory
epithelial proliferation was observed. The
epithelial layer was slightly hyperplasic and
hypertrophied, and there was edema which
showed a lifting of gill lamellae epithelium.
Leukocytic infiltration was observed (Fig 2C). After
8 days of exposure, the thickness of the gills was
more pronounced. In addition, there was a cover
of primary lamellar epithelium, an accumulation of
red blood cells in the primary filament, and
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hyperplasic tissues were observed in the primary
epithelial cells. Finally, the whole epithelium

sloughed off and the gill lamellae lost their rigidity
(Fig
2D).

Figure 1: Hepatic Activity of CYP1A (A), GST (B), serum activity ALT (C), and AST (D) in B.
gonionotus exposed to glyphosate for 4, 6, and 8 days. Data is expressed as mean + standard
deviation (N=6). The asterisks (*) indicate significant differences in relation to the control at the
same exposure time (P<0.05).

(A) Control Group of Fish with normal histological structure of gill lamellae, chloride cells (CC), epithelial cells (EC), pillar cells
(PC), and red blood cells (RBC). (B) Gills of fish after 4 days of exposure with severe edema at the base of gill lamellae (ED) and
clubbing at the tips of the secondary lamellae (CB).(C)
Gills of fish after 4 days of exposure with several edematous areas of
epithelial cells (ED), hyperplasia (HP), and hyperthrophy (HT).(D)
Gills of fish after 8 days of exposure with severely thickened
cover of primary lamellar epithelium (arrows) and an accumulation of red blood cells in the primary filament.
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Light Micrographs of a Transverse Section of
Silver barb (B. gonionotus) in Liver Tissues
Control Group:
The liver histology of the control fish revealed
a typical parenchymatous appearance. The liver
was made up of hepatocytes which were
polygonal cells with central spherical nuclei and
densely stained nucleoli (Fig 3A).
Treated Groups:
After 4 days of exposure, the following was
observed: 1) the hepatocytes had begun to swell,
2) there had been a slight infiltration of leukocytes,
and 3) melanomacrophages had been present
(Fig 3B). After 6 days of exposure, the

hepatocytes had continued to swell. They had
shown extensive pyknosis and involution and
were exhibited as darkly stained specks of
necrotic nuclei. There had also been a mild
infiltration of leukocytes. In addition, there had
been some degeneration of the cell membrane
and vacuolation in the cytoplasm (Fig 3C). After 8
days of exposure, large vacuoles in the cytoplasm
were present, the nucleus had continued to be
pyknotic, and there had been a moderate amount
of leukocyte infiltration. There had been a severe
infiltration
of
leukocytes.
Moreover,
the
hepatocytes had shown extensive numbers of
pyknotic nuclei and large vacuoles in many areas
(Fig 3D)

(A) Liver of fish: normal histological structure of hepatocytes, hepatocyte cells, and nucleus (N).
(B) Liver of fish–after 4 days of exposure: The hepatocytes were swollen (S), and there were some melanomacrophages (M), and
a few small lipid vacuoles (V).
(C) Liver of fish–after 6 days of exposure: There was a mild infiltration of leukocytes (L), the hepatocytes were still swollen (S), and
there were a few small lipid vacuoles (V).
(D) Liver of fish–after 8 days of exposure: There was severe dilation of sinusoid with blood congestion (BC), and the presence of
blood sinusoids (S), and melanomacrophages (M).

DISCUSSION
Effects of Glyphosate on Biotransformation
and Aminotransferase Enzyme Activity
Several studies have shown that the Silver

barb is one of the most sensitive groups of fish
species to the aquatic toxicological effects of
glyphosate with 96h LC50 values for several
different species of fish. The commercial
formulations of the glyphosate, which are more
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acutely toxic than the technical grade chemicals,
®
have the 96h LC50 values. Roundup has a values
in the range of 4.2 - 52 mg/L (Giesy et al., 2000).
The liver is an organ that performs various
functions associated with the metabolism of
xenobiotics in fish (Jimenez and Stegeman,
1990). According to the bio-transformation
enzyme activity results, CYP1A activity was
significantly induced at 6 and 8 days after
exposure to 10 mg/L glyphosate treatment as
compared with the control group. In regard to the
Hepatic Cytochrome P450 (CYP) expression of
fish, it is a biochemical indicator that can be
induced by exposure to xenobiotics, especially
CPY1A expression which is the highest in the liver
organ (Bhutia et al., 2013). The toxicokinetics of
the herbicide, glyphosate, after uptake into the
fish CYP plays a major function in the enzyme
mediated oxidative, hydrolytic, or conjugative
biotransformation in liver tissue produces more
polar metabolites, and thus, it is easily excreted
from the body. Thus, metabolism plays a critical
role in determining both the efficacy and the
residence time of the toxin in the body, as well as
in modulating the response to the toxic chemicals
(Akdogan and Sen, 2010).
Glutathione-S-transferase
(GST),
this
important enzyme in “Phase II” biotransformation,
protects the cells against from the xenobiotics
substances by catalyzing the conjugation of
reduced glutathione (GSH) with a wide variety of
electrophilic metabolites, and is involved in the
detoxification of both reactive intermediates and
oxygen radicals (Van Der Oost et al., 2003;
Ferrari et al., 2007). It has been demonstrated
that the activity of these enzymes may be
enhanced in the liver of fish exposed to a variety
of pollutants. Moreover, even a low level of
organic contamination can lead to increased
hepatic GST activity in fish (Machala et al., 1997).
However, in the present study, conducted on
Silver barb, has shown that the GST activity in the
liver of all the test fishes was insignificant due to
the fact that glyphosate exposure under laboratory
conditions has indicated that there is no variation
in GST liver activity (Fig. 1B). This fact indicated
that the metabolism of the compounds present in
®
Roundup
occurs by other pathways of
biotransformation (Langiano and Martinez, 2008).
This result agrees with Ballesteros et al., (2008),
who observed a decrease of GST in the gills, liver,
and muscles of Jenynsia multidentata, which had
been exposed to endosulfan. The findings from
this study also agreed well with the results of
Menezes et al., (2011) who found that GST had

decreased in liver of R. quelen when exposed to
®
Roundup . In accordance with the statements
given by Relyea (2006) and by Costa et al.,
®
(2008), the findings indicated that Roundup was
shown to have a negative impact on amphibians.
The results of the studies demonstrated that the
exposure of R. arenarum tadpoles to several
concentrations of glyphosate for 48 hrs had
shown the potential to induce oxidative stress.
The GST concentration was significantly lower
when compared with untreated tadpoles, with a
maximum decrease of 86.12% after exposure to
the toxin. Similarly, Lushchak et al., (2009)
®
demonstrated that Roundup exposure induces
mild oxidative stress in goldfish tissues with a
decreased GST activity of 29-34%. GST depletion
was also observed with the herbicide, glufosinate,
and its analogous compound, glyphosate
(Yamano and Morita, 1995).
Serum ALT and AST activities were
significantly increased in all the three treated
groups with the highest induction being shown by
the 8 day treatment group as expected. The
activity increased with the duration time of
exposure. Alanine aminotransferase (ALT) plays a
vital role in the synthesis and deamination of
amino acids during stress-imposed conditions
when meeting the high energy demand of the
organism. Aspartate aminotransferase (AST),
although a liver specific enzyme, is found in high
amounts in the skeletal muscle cells and
promotes gluconeogenesis from amino acids in
association with ALT. Increased levels of ALT and
AST in the serum indicated that the fish had been
under toxic stress. The amino acids appeared to
have been mobilized to undergo transamination to
2-keto acids for use in the production of energy
rich compounds (Deva, 2000). The study also
showed an elevated pattern of enzyme activity in
the serum. In the present study, enhanced AST
activity was an indication of damage to either the
tissues or organs which had led to the release of
the enzyme into the serum or blood circulation.
Similar results of increased AST activity have also
been reported by different authors in different fish
tissues exposed to pesticides.
Effects of Glyphosate on Histopatology of Gill
and Liver Tissues
The present study has also demonstrated the
®
toxic effects of Roundup on gill and liver tissues
of Silver barb after the sub-acute toxicity tests at
exposure periods of 4, 6 and 8 days.
Gills: Fish gills are critical organs for
respiration,
osmoregulation,
and
excretory
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functions. The gills of fish are a function of the
total body surface area, which is in direct contact
with the water (Hughes, 1984). Respiratory
distress is one of the early symptoms of toxicant
®
poisoning. A high rate of absorption of Roundup
through the gills also makes the fish become
vulnerable targets to its toxicity. In this study,
exposure to 10 mg/L of glyphosate concentration
showed a thickening of the gill lamellae epithelium
and chloride cell hypertrophy in the Silver barb.
There were lesions on the gills which can affect
many functions (e.g. the transfer of ions and water
and the exchange of oxygen, carbon dioxide,
acids and ammonia). Each filament contains a
capillary network that provides a large surface
area for the exchange of oxygen and carbon
dioxide.
Liver:
The liver of fish is the main target organ for
pollutants since it participates in biotransformation
and the excretion of xenobiotics (Thophon et al.,
2003). The teleost liver is one of the most
sensitive organs which can show alterations in the
histology of the fish.
Its structure can be
significant in the evaluation of fish health and
reflects the effects of a variety of environmental
pollutants (Langiano and Martinz, 2008). In the
present research, the fish, which were exposed to
toxins,
showed
several liver
histological
alterations (Fig. 3). In the control group, there
were no histo pathological changes. Yet, for the
treatment group, exposed to 10 mg/L of
glyphosate, the following was found: 1) the
hepatocytes had begun to show some swelling, 2)
there had been a slight infiltration of leukocytes, 3)
some hepatocytes had continued to swell, and 4)
there had been congestion of the sinusoids. This
was indicative of the pathological effects of
organochlorine herbicides reported by Couch
(1975). They showed extensive pyknosis and
involution, as well as exhibited darkly stained
specks of necrotic nuclei and a mild infiltration of
leukocytes. There had been some degeneration of
the cell membrane and vacuolation in the
cytoplasm, while the nucleus continued to be
pyknotic. Similar to the results of a study by
Risbourg and Bastide (1995), who examined fish
exposure to atrazine herbicide, an increase in the
size of lipid droplets and some vacuolization was
found in the liver. Focal fibrosis is a progressive
type of change and could indicate possible
serious damage to the liver structure. The harmful
effect of glyphosate on the liver histology of Silver
barb depends upon the duration of exposure and

the concentration of the toxicant.
CONCLUSION
In our study, with glyphosate poisoning (10 mg/L),
the activities of CYP1A, ALT, and AST were able
to be induced and were found to be related to the
histo pathological alterations of the liver and gill
tissue. The information presented in this study
may be helpful in understanding the toxico kinetic
interactions of the biotransformation mechanism
in Silver barb.
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