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Abstract

Aim : The present study was carried out to investigate the impact of Roundup 41% (glyphosate) on serum enzymes, like aminotransferases activity (ALT
and AST), alkaline phosphates (ALP), total protein and glucose of fresh water fish, Rasbora daniconius.

Impact of glyphosate on serum glucose,
total protein, transaminase (AST, ALT)
and alkaline phosphatase.

Methodology : LC,, of glyphosate for R. daniconius was
calculated by static bioassays and recorded as 5.6 ppmat 96 hr.
The fish were exposed to sub-lethal concentration (1/10" 96 hr
LC,,) of glyphosate for a period of 7, 14, 21 and 28 days. The
serum ALT, AST, ALP, glucose and total protein were

determined by standard methods. Fresh water fish Rasbora daniconius

Results : Statistically important differences were observed in " ;

alanine aminotransferase (ALT), aspartate aminotransferase Exposed to sublethal concentration of 96 hrs.
(AST), alkaline phosphatase (ALP), total protein and glucose LC,, at specific time interval

levies. ALT, AST and ALP values were significantly higher
(p<0.05) in treated group, compared with the control group.
There was also a significant increase (p<0.05) in the level of
serum glucose while the reduced amount of protein content as
compared to control fish.

Experiments conducted in laboratory
condition using enzyme assay.

Investigation of

Interpretation : Increased metabolic enzymes, protein

metabolism and hyperglycemia in the serum may be a possible ' ' ' ' ' )
indicator of liver damage caused by Roundup 41% (glyphosate) AST 1t ALT t ALP t  Glucose t Total Protein  §
exposure in fish, Rasbora daniconius. ) ; ; )
Increased metabolic enzymes, protein metabolism and hyperglycemia
Key words: Aminotransferases activity, Glyphosate, Rasbora in serum may be possible indicator of liver damage caused by
daniconius, Roundup 41%, Serum enzymes, Toxicity glyphosate (Roundup, 41%) exposure in fish, Rasbora daniconius.
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Introduction

Aquatic ecosystems have gained a lot attention because
of hazardous agrochemicals that cause water pollution all around
the world. These chemicals are pesticides, herbicides which
include halogenated polycyclic hydrocarbons and food additives
(Ibeto and Okoye, 2010). Contamination in aquatic ecosystem
pose aserious problemto non-target species like fishes, which
are continuously exposed to pesticides as a toxicant not only in
lethal but also in sub-lethal concentrations cause drastic
consequence resulted by agricultural practices (Parvez et al.,
2005). Herbicide has long been known as hazardous toxicants
found in the aquatic environment.

They are used extensively in agriculture and public health
practices and are gaining significant importance due to their
ability to control crop and aquatic weeds (Abu-Darwish et al.,
2011). Glyphosate, chemically known as isopropyl amine salt of N
- phosphonomethyl glycine, is a post-emergent herbicide most
commonly used in several types of practices. The most known
worldwide commercial names for glyphosate is Roundup™ (Giesy
et al., 2000). Agricultural run-off near water bodies is the major
source of deposition of herbicides in aquatic ecosystem (Aktars et
al., 2009). Biochemical blood parameters are commonly used for
investigating the sub-lethal effects in fish exposed to toxic
substances. Fishes being the first level of consumers in the
aquatic ecosystem are accepted as bio-indicator to study the
health of an aquatic ecosystem as they are directly or indirectly
exposed to chemicals. Blood is highly susceptible to changes in
the aquatic habitat and is a good indicator of aquatic toxicity
(Diego martin Joffre et al., 2013).

Serum metabolic enzymes like alanine transaminase
(ALT), aspartate transaminase (AST) and alkaline phosphatase
(ALP) are important serum markers to detect the health of animal
(Inyang et al., 2013). Alkaline phosphatase is a poly functional
enzyme and considered as a biomarker due to its adaptive
response to cytotoxic and genotoxic effects of xenobiotics
(Samanta et al., 2013), and also plays an important role in transport
of metabolites across the membranes. In addition,
aminotransferases AST and ALT are the most significant enzymes
involved in protein and amino acid metabolism (Glusczak et al.,
2011). The other serum biomarkers such as glucose and total
protein are commonly used to investigate the health of animals
exposed to environmental stresses (Inyang et al., 2014). Therefore,
assessing enzyme levels in fish seem to be a promising tool as an
indicator of chemical intoxication. Freshwater fish, Rasbhora
daniconius is selected as a modal organism due to its greater
sensitivity for evaluating toxicity, as it is easily available, easily
acclimatized in laboratory condition and easily available. The aim
of the present study was to investigate the effect of serum
biochemical parameters including enzyme alanine transaminase,
aspartate transaminase, alkaline phosphatase, total protein and
glucose in freshwater fish, R. daniconius exposed to herbicide
Roundup 41% (glyphosate) over sublethal concentration (1/10"
of 96 hrLC,,) for 7,14, 21and 28 days.

Materials and Methods

Sample collection and analysis: Freshwater fish, Rasbora
daniconius were collected from Godavari river at Kaigaon village
45 km away from Aurangabad city in Maharashtra. It is a
commonly occurring freshwater fish available in local ponds and
rivers. Fishes were acclimatized under laboratory conditions for 1
week in glass aquaria. The fishes were fed with commercially
available fish mash. Fish of same size (6-7gm and 5-7cm),
irrespective of sexes were selected for the experiment.

Batch of 10 healthy fishes were exposed to different
concentration of herbicide Roundup 41% (glyphosate) to calculate
the LC,, value, as determined 5.6ppm for 96 hr by Finney's Probit
analysis (Finney, 1971). Four group of fishes were exposed to sub-
lethal concentration of (1/10th 96hrs LC,;) 0.56 ppm of Roundup
41% (glyphosate) for 7, 14, 21 and 28 days, respectively, while
another group served as control. At the end of experiment , blood
samples were taken immediately from caudal vein. Blood samples
were centrifuged at 3000 rpm for 10 min and extracted serum
samples were stored at —20°C prior to further analysis.

Serum biochemical analyses

Aspartate aminotransferase: AST catalyses the reaction
between a-oxoglutarate and L-aspartate to give L-glutamate and
oxaloacetate. Serum AST was assayed by the method of Reitman
and Frankel (1957). AST in the sample was estimated by
monitoring the concentration of oxaloacetate hydrazine formed with
2 4-dinitrophenylhydrazine and absorbance was read at 545 nm .

Alanine aminotransferase: The principle for this assay is that
ALT catalyses the reaction between a-oxoglutarate and L-alanine
to give L-glutamate and pyruvate. Serum ALT was assayed by the
method of Reitman and Frankel (1957). The concentration of ALT
was measured by monitoring the concentration of pyruvate
hydrazine formed with 2,4-dinitrophenylhydrazine and
absorbance was read at 545 nm.

Alkaline phosphatase: ALP was estimated by monitoring by the
concentration of p-nitrophenyl phosphate. A 0.5 ml of p-nitrophenyl
phosphate and 0.5 ml of glycine buffer were taken in test tubes
labelled as blank, control and sample. The tubes were placed in a
water bath at 37°C for 5 min. Then 0.1ml of sample added to the test
and 0.1ml of distilled water to the blank. The test tubes were
incubated at 37°C for 30 min, 10 ml of 0.02 N NaOH was added to
each test tube. The tubes were mixed well. The absorbance was
measured at 405 nm (Bergmeyer, 1972) and the results were
expressedin UII",

Total protein: Protein content in the samples was estimated by
the method of Lowry et al. (1951) using bovine serum albumin as
standard and the values were expressed as mg protein I'. The
absorbance was read at 620 nm against a blank.

Blood glucose: Blood glucose levels in the samples were
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determined by colorimetric method as described by Nelson and
Somogyi (1952) and expressed as mg glucose 100 mi” of blood
and the absorbance was read at 540 nm against a blank.

Statistical analysis: The mean values of biochemical
parameters for the control and experimental group of fish were
analysed for statistical significance by student ‘t test at 0.01 and
0.05 level of significance.

Results and Discussion

Roundup 41% (glyphosate) is commonly used herbicide
by the farmers, commercially formulated product (isopropyl
amine saltof N - phosphonomethyl glycine) which are toxic to fish
and to some other aquatic organisms (Servizi et al., 1997). Many
hazardous chemicals reaching the aquatic ecosystem cause
adverse effect on the aquatic animals and deleterious changes
that disrupt the metabolic activity and physiological levels (Das
and Mukerjee, 2000). Biochemical changes in serum are often
regarded as the most significant indicator of physiological status
of fish (Inyang et al., 2014). Enzyme activities affect various
chemical and biological reactions in the body of fish and it is
commonly used as an early warning of pollutant toxicity in animals
(Dutta and Areids, 2003). Evaluation of enzymatic activities in the
serum of aquatic organisms is one of the important tools in
toxicological assessment (Oluah ef al., 2005). The use of fish
species in toxicity based studies is now being widely used due to
their sensitivity to toxic chemicals resulting from agricultural
processes along with surface run-off (Diego martin jofre etal., 2013)
and can be considered as indicators of xenobiotic contamination
(Vander Oost et al., 2003). In the present study, the 96 hr LC,, of
glyphosate for R. daniconius was estimated as 5.6 ppm (Table1).
The present study revealed changes in aspartate
aminotransferases, alanine aminotransferases, alkaline
phosphatase, total protein and glucose content in serum of treated
fish (Table 2). AST, ALT and ALP activities showed significant
(p<0.05) increase in duration-dependent manner (Table 2).

In Rashora daniconius, the serum AST and ALT activity
increased as compared to control. The AST and ALT activity was
found to increase with increasing exposure period. Aspartate
aminotransferase and alanine aminotransferase activity in blood
exposed to control and glyphosate exposure showed increasing
trend. There is anincrease in the percentage variation of AST and
ALT with increasing exposure period due to its toxic effect. In the
present study, observed that percent changes in the blood serum
ASTincreased at 7 days exposure in sub-lethal concentrations of
glyphosate when compared to control by 9.5 %, further exposure
for 14 day, 21 day and 28 days, the AST level gradually increased
by 18.23%, 29.57% and 38.39%, respectively. These finding
were found to be highly significant at (p<0.05). Alanine
aminotransferase activity increased on day 7 by 9.29% as
compared to control , and further exposure to glyphosate, ALT
activity increased by 27.87%, 33.99% and 44.87% on 14, 21 and
28 day, respectively (Table 2). Similarly, serum ALP level in
exposed fish also increased at 7 day by 18.9% as compared to

control and further on 14 day, 21 day, 28 day ALP level increased
by 34.35%, 55.32% and 69.64%, respectively (Table 2).

Protein content in fish treated with glyphosate decreased
by 22.47% on 7" day, 39.50% on 14" day, 50.72% on 21 day and
61.44% on 28" day as compared to the control whereas glucose
level increased by 10.93% on day 7, 19.69% on day 14, 30.86%
on day 21 and 38.28% on day 28, respectively, as compared to
the control (Table 2). Enzymes of blood serum have been
considered as relevant to stress indicator. Therefore, activities of
serum ALT, AST and ALP have been commonly used for the
detection of tissue damage caused by environmental pollution. In
the present study, serum AST, ALT and ALP activity were
significantly increased in all the treated groups as compared to
control with highest induction being shown on 21 day treatment
group although 28 day higher by damage of cell. Therefore,
alterations in the activity of these enzymes are a sensitive
biomarker for damage to cell membranes (Gholizadeh Zare
Tavana et al., 2018). The increased enzyme activity (AST) may be
attributed to enhanced transamination for transfer of more amino
acids into TCA cycle to meet high energy under toxic stress.
These values demonstrate liver damage due to xenobiotic
exposure and is in agreement with the study of Loro et al. (2015)
who reported increased AST and ALT activities in Cyprinus carpio
exposed to glyphosate at 3.5, 7 and 14 mg I". Enhanced ALT and
AST levels in serum indicate stress in fish. Further, enhanced
levels of these enzyme activities in the extracellular fluid or serum
is a sensitive indicator of even minor cellular damage (Palanivelu
et al, 2005) and indicate stress-based tissue impairment.
Alkaline phosphatase is a polyfunctional enzyme that plays an
important role in transport of minerals to the skeleton of aquatic
animals. Furthermore, increased ALP may be related to hepato-
cellular damage in tissue due to higher metabolic activities to
meet high energy demand.

Increased activity in the investigated fish under
glyphosate exposure in the present study indicated toxicity to
tissues or organs leading to release of the enzyme into the serum
or blood circulation and the presence of these metabolites acts as
intermediate to Krebs’ cycle. Both AST and ALT also play a vital
role in protein and carbohydrate metabolism. Therefore, they
appearto be reliable indicator in demonstrating liver damage
caused by pesticides (Gholami-Seyedkolaei et al., 2013). In
general, the results of ALT, AST and ALP indicate degenerative
changes and hypofunction of liver as toxicants affect
hepatocytes. Therefore, enhanced levels of these enzyme
activities in serum of R. daniconius is mainly due to the leakage of
these enzymes from the liver cytosol into the blood stream as a
result of liver damage by glyphosate which gives an indication of
hepatotoxicity. Any increase or decrease in the levels of ALT and
AST indicate damage to vital organs of fishes (Dhanapakiam et
al., 2006). Transaminases are released in blood stream from the
damaged organs and their increased activities in the blood
serum indicate the degree of tissue damage (Kristofferson et al.,
1974). Several reports are available on the increase as well as
decrease or more effect in the enzyme activities of organs and
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Table 1: 96 hr lethal dose (LC,,) of glyphosate for fish, Rasbora daniconius

Concentration of No. of fish Corrected % Log of conc. Probit
glyphosate in ppm used of mortality to base 10 analysis
5.0 10 30 0.6990 4477
5.2 10 30 0.7160 4478
54 10 40 0.7324 4.747
5.6 10 50 0.7482 5

5.8 10 60 0.7634 5.253
6.0 10 70 0.7782 5.521

Table 2: Values of blood serum enzymes and biochemical parameter of fish, Rasbora daniconius exposed to sub-lethal concentration (0.56ppm) of

glyphosate

Exposure period/ AST (UI") ALT (UI') ALP (UI") Total protein Glucose (mg I)

Biochemical parameters (mg ")

Control 37.19 17.65 4497 485 62.30
+1.42* +0.85* +3.15* +1.57* +3.39"

7 days 40.75 19.29 53.47 3.76 69.12
+1.78* +0.84* +1.62¢ +0.66** +1.85"*
9.5%1 9.29% t 189% t 2247 %1 10.93 % *

14 days 43.94 22.57 60.42 2.94 7457
+2.12* +2.25* +3.88* +1.39%* +1.56**
18.23 %t 2187 % t 34.35% t 3950 % | 19.69 % *

21 days 45.19 23.57 69.85 2.39 81.53
+2.78* +2.45* +6.20* +1.40% +3.07**
29.57% * 33.99% t 55.32% 1t 50.72% | 30.86 % t

28 days 51.47 25.57 76.29 1.87 86.15
+3.60* +3.40* +6.12* +0.14** +3.19**
38.39% 1t 44.87 % 1t 69.64 % t 61.44 % | 3828 % 1t

Values are mean of five replicates + S.D; * indicates significant (p<0.05) and ** indicates significant (p<0.01).

blood of fish exposed to pesticides (Kumavan et al., 2011).
Some authors have reported herbicide toxicity in fish, especially
concerned with metabolic enzymes in response to glyphosate
exposure (Gholami-Seyedkolaei et al., 2013; Glusczak et al.,
2011). Similarly, increased AST and ALT activity in fish Cyprinus
carpio exposed to glyphosate has been reported. Alterations of
these enzymes (ALT, AST and ALP) in fish as a result of toxic
effect in serum of fish have been reported (Aly and EL-Gendy
2015; Sunmonu and Oloyede, 2012). Similar results were
reported in C. carpio exposed to dimethoate (Rezaei Shadegan
and Banaee, 2018). Therefore, changes in the activity of
biochemical enzyme in serum may be considered as sensitive
biomarkers in eco-toxicological studies as prediction of
herbicide toxicity in aquatic animals.

In the present study, the total protein content in the serum
of all the exposure periods was reduced significantly compared to
control. The decrease in protein contentin serum might be due to

an induced effect of glyphosate toxicity in Rasbora daniconius.
Low serum protein levels in R. daniconius exposed to glyphosate
for 28 days indicate protein mobilization, since a high energy
demand may increase protein catabolism. Glusczak et al. (2006)
reported that Piavas exposed to Roundup exhibited
hypoproteinemia. Similar results were also reported by David et al.
(2004). Biochemical parameters are useful tool for understanding
the impact of pesticides in fish species and indicated alterations
under different stress conditions (Anamika Singh and Ajay Singh,
2017; Kreutz et al.,, 2011; Modesto and Martinez, 2010). In the
present finding, glucose content in the serum increased at all
exposure periods and was found higheston day 28. The increased
serum glucose level indicates increased energy demand.
Increase in serum glucose levels in fish under stress was earlier
reported by Cicik and Engin (2005). In conclusion, the findings of
the present study provide a better understanding of
ectoxicological endpoint of glyphosate that can be used at a safer
levelinthe aquaticenvironmentin order to protectits habitat.
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