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ABSTRACT

The present study investigated some biochemical effects of glyphosate on juvenile African catfish -
Clariasgariepinus. Eighty acclimatized C. gariepinus were selected and divided into eight groups in
laboratory aquaria containing 10 fish each for acute toxicity test. The groups were exposed tovarious
concentrations of glyphosate to obtain the96 h LCso. The 96 h LCsq value was 367.133 mg 1"'. A total of 36
acclimatized fish were divided into three groups containing 12 fish in each aquarium for biochemical
studies.Each group of C. gariepinus was exposed to three sub-lethal concentrations of 91.78, 45.89 and
36.71 mg I'of glyphosate, corresponding to the Vaith, 1/gthand 1/lomof 96 h LCs for 16 days. A set of 12 fish
was simultaneously maintained in an aquarium to serve as the control. The result from the serum collected
every 4 days showed significant (P<0.05) increases in the activities of ALT, AST and ALP; withsignificant
(P<0.05) increases in the concentrations of direct bilirubin,total protein, creatinine, urea, sodium and
potassium. Also, there weresignificant (P<(0.05) decreases in the activities of SOD, catalase, GST and GSR;
withsignificant (P<0.05) increase (P<0.05) in the concentration of MDA. The results revealed that the use of
herbicides such as glyphosate in the upland can be toxic to aquatic life when washed down from streams
into larger water bodies via oxidative stress, liver and kidney damages.

Key words: Glyphosate, fish, Clarias gariepinus,herbicide, liver function parameters, antioxidant enzymes,
kidney function parameters.

L. INTRODUCTION

The application of herbicides in weed control has been a normal practice for many years. However, this
practice could expose non-target aquatic organisms to danger. This is observed in small water bodies close
to lands on which herbicides were applied; after being washed into the water bodies by rain as a result of
their solubility, or by careless handling such as spillage or washing their containers in such water bodies.
High levels of the herbicide scan cause the dead of fishes and other aquatic organisms, thereby producing
foul odours that pollute the water bodies and can become a threat to human health.

Glyphosate is non-selective herbicide used in the control of plants in agricultural, industrial, urban, forestry
and aquatic landscapes [1]. It is a very important herbicide developed and has been continually used and are
even tolerated in plant varieties that are modified genetically.[2].Formulations of glyphosate include an acid,
monoammonium salt, diammonium salt, is opropylamine salt, potassium salt, sodium salt, and
trimethylsulfonium or trimesium salt [3],[4],[5]. Glyphosate is mainly formulated as “Roundup”, in which
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glyphosate is formulated as isopropylamine salt and a surfactant, polyethoxylene amine (POEA), is added to
enhance its efficacy [6],[7].

Glyphosate is translocated throughout the plant after its absorption across the stems and leaves[3], [8]. Its
area of concentration is in the tissue of the meristem [9]. Malformation of leaf or wrinkling, green colour
loss, stunted growth and death of tissue are associated with glyphosate-exposed plants. It takes between 4 to
about 20 days for the exposed plant to die[5], [9]. Due to the high solubility of glyphosate in water and its
vast usage, especially in or near shallow water systems, the non-target aquatic organisms may be affected
[6]. The World Health Organization has indicated low acute toxicity for glyphosate [10]. However, the
acutely-toxic commercially formulated glyphosate ishigher than glyphosate [11],[12].

Fishes can be used as bio-markers of environmental pollution and can be necessary in investigating
thecontamination risks in water bodies since they are exposed directly to chemicals used from agricultural
practicesthrough surface run-off or indirectly through food chain in ecosystem [13]. Herbicides, insecticides
and heavy metals are some of the environmental contaminants thatregulate antioxidant defense systems,
resulting in the production of reactive oxygen species (ROS) that cause oxidative damage to aquatic
organisms.[14], [15], [16], [17].

Clariasgariepinus, also knownas African catfish, belongs to the air-breathing catfishesofthe family
Clariidae. They are very much available inAfrica, as well asin the Middle East. They live in rivers,
freshwater lakes, swamps, evenman-made aquaria, such as ponds,including urban sewage systems.They
migrate within streams and rivers [18].C.gariepinus live in different freshwater habitats, including ponds,
lakesand pools. Also, they areabundantaround damsand in flowing rivers. They can survive in
extremeconditions of environmentand in waterswith pH range of6.5t08.0. They canthrive in turbid waters
and temperatures of 8 - 35 OC. Their optimal growth temperature is 28 — 30 °C [18]. They are bottom-water
dwellers and most of their feedings take place there. They can spend some time on the water surface,
making them obligate air breathers. This species can live in very poorly oxygenated waters and is one of the
last species to live in such an uninhabitable place [19]. They secrete mucus that prevent them from drying
and can burrow in the muddy substrate of a drying body of water [20].

C. gariepinushave elongated shape with fairly long anal and dorsal fins. The dorsal fin has 61-80 soft rays
and the anal fin has 45-65 soft rays. They have strong pectoral fins with spines that are serrated on the outer
side [18].C. gariepinus specie can attain up to 1.7 meters in length, with weight up to 59 kg when fully
grown. They possess nasal and maxillary barbels and somewhat smallish eyes. They have dark grey or black
colour dorsally and ventrallycream colour. Dark-longitudinal lines are found on either side of the head in
adult, which is not present in young fish. Adult's heads are coarsely granulated, while the head is smooth in
the young. They have large, depressed, and heavily boned head; with large and sub-terminal
mouth[20].C.gariepinuscansurviveinboth poorly and well oxygenated waters; thereby making it very
hardy.Hence, theyare mostly used for fish farming in Nigeria and are normally used as samples in aquatic
toxicity studies, due to their easy management when compared to some other fish species.

IL. MATERIALS AND METHODS

Materials: Glyphosate herbicide (glyphosatetested as 360 g isopropylamine (IPA) salt per litre) was
purchased at Abakpa Market, Abakaliki, Ebonyi State; while one hundred and fifty (150) juvenile
Clariasgariepinus (African catfish)were procured from Chi-boy Farms, Abakaliki, Ebonyi State, and were
acclimatized in the laboratory aquaria for two weeks and were fed with fish feed before exposure to the
toxicant.

Equipment: Spectrophotometer, oven, weighing balance, measuring cylinder, glass wares (pyrex),
centrifuge (Binatone), refrigerator, sample containers.
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Chemicals/Reagents: All the chemicals and reagents used in this research were of the purest analytical
grade commercially available. The assay kits were products of Randox Laboratories Limited, BT29 4QY,
United Kingdom.

Methods

Acute Toxicity Test

Acute toxicity test to determine the 24, 48, 78 and 96 hour LCsy, values of glyphosate on C.
gariepinus(weighing between 240.00 + 20.00 g and 180.00 + 60.00 g with length 30.80 cm to 25.50 cm)
was conducted in a semi — static system in the laboratory according to the OECD guideline NO 23 [21]. The
water with the glyphosate concentrations was changed every 24 hours with freshwater and glyphosate in
order to counter-balance their decreasing concentrations. Eighty (80) fish were selected and divided into
eight groups containing ten (10) fish in each aquarium for acute toxicity testing. The groups were
respectively exposed to 3600, 1800, 900, 450, 360, 270, 180 and 0 mg 1! of glyphosate, to obtain their 24 h,
48 h, 72 h and 96 h LCsp. The experiment was conducted in aquaria containing 40 litres of aerated tap water.
The percentage survival and mortality were calculated, while the LCsy was determined following the Probit
analysis [22].

Sub-acute Toxicity Test

The 96 h LCsy value Glyphosate on C. gariepinus (367.133 mg I"") was used for the sub-acute toxicity
(biochemical studies). A total of 36 acclimatized fish were divided into three groups containing twelve (12)
fish in each aquarium. The two groups were exposed to 91.78, 45.89 and 36.71 mg " of glyphosate
respectively, corresponding to their 1/4th LCs, 1/gm LCspand 1 1oh LCsp, for sixteen days. A set of 12 fish was
simultaneously maintained in an aquarium to serve as the control.

Sample Collection

At the end of every 4 days, three fish were taken from each aquarium and their blood sample collected from
the head and caudal fin region in an anticoagulant free sample containers and allowed to clot. The blood
samples were centrifuged at 3000 ppm for 30 minutes. The serum collected was used for assaying the
various biochemical parameters.

Determination of Biochemical Parameters

Standard methods were used for all the biochemical analysis. For liver function parameters;serum
alanine aminotransferase (ALT) andaspartate aminotransferase (AST) were determined by the method of
Reitman and Frankel [23]. Alkaline phosphatase (ALP) activity was determined by the method of Kind and
King [24]. Direct Bilirubin concentration was determined by the method described by Jendrassik and Grof
[25], while total protein concentration wasdetermined by Tietz method[26]. In the case of kidney function
parameters; serum urea and creatinineconcentrations were determined by the method of Tietz [27], while
serum sodium and potassium concentrations were determined by flame photometry method [28]. For
oxidative stress parameters;superoxide dismutase (SOD) and catalase (CAT) activities weredetermined
using the methods of Xin et al. [29] andAebi [30], respectively. Serumglutathione transferase (GST) and
glutathione reductase(GSR) activities were determined according to the method ofHabig et al., [31].Lipid
peroxidation was determinedaccording to the method of Wallin et al. [31].

Statistical Analysis: The percentage survival andmortality were calculated, while the LC50 was
determinedfollowing the Probit analysis [22]. Statisticalanalysis was performed using one-way Analysis
ofVariance (ANOVA) followed by Ducan’s multiple rangetest procedure of SAS software version 9.1. All
the resultsobtained were expressed as mean + Standard Deviation(S.D.) of three replicates of each sample
and thedifferences between means were regarded significant at P<0.05.
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III. RESULTS

Acute Toxicity effect of Glyphosate on Clariasgariepinus

The acute toxicity effect of Clariasgariepinus juvenile exposed to glyphosatefor 96 hours is shown Table 1.
The result showed that there was no death (100 % survival/0 % mortality) recorded on the fish exposed to
glyphosate from 0 to 270 mgl™". A total of 4 fish died in the aquaria exposed to 360 mgl™ (60 % survival/40
% mortality) and 8 fish died in the aquaria containing 450 mgl’l, (20 % survival/80 % mortality) of
glyphosate; whereas all the fish died in the aquaria containing 900 to 3600 mgl™ (0 % survival/100 %
mortality) within 96 hours. The various mean lethal concentrations (LCsg) of glyphosate are shown.

Table 1. Acute toxicity test of Clariasgariepinus juvenile exposed to Glyphosate

Glyphosate Number of Number of deaths % mortality

Conc.(mgl") fish exposed 24hrs 48hrs 72hrs  96hrs 24hrs 48hrs  72hrs 96hrs

00 10 00 00 00 00 00 00 00 00
180 10 00 00 00 00 00 00 00 00

270 10 00 00 00 00 00 00 00 00
360 10 00 02 04 04 00 20 40 40
450 10 06 08 08 08 60 80 80 80
900 10 08 10 10 10 80 100 100 100
1800 10 10 10 10 10 100 100 100 100
3600 10 10 10 10 10 100 100 100 100

The mean lethal concentrations (LCso) expressed in mg I'" at various exposure times (95% confidence intervals) are shown below.
24 h LCsy=556.557 (344.389 — 1926.439)

48 h LCsy = 402.692 (361.525 — 452.442)

72 h LCsy = 384.745 (339.743 — 435.011)

96 h LCsp=367.133 (320.566 — 413.040)

Sub-lethal Toxicity/Biochemical Parameters

Liver Function Parameters: The result of the effects of sub-lethal concentrations of glyphosate on some
serum liver function parametersof Clariasgariepinus is shown in Figure 2.The result showed that there were
significant increases (P<0.05) in the activities of ALT, AST and ALP, with concomitant significant
increases (P<0.05) in the concentrations of direct bilirubin and total protein in a dose and time dependent
manner, when compared with that of the normal control. The highest effects were observed in the group
exposed to 1/4&1 LCs of glyphosate, while the lowest effects were observed in those exposed to 1/10th LCs.
For example, ALT activity increased from 20 % on the 4t day (13.56 + 0.25) in the 1/4m LCspto 84 % on the
16" day (65.50 +0.17).

Table 2. Effects of sub-lethal concentrations of glyphosate on some serum liver function parameters of C. gariepinnus

Days/Groups AST (U/L) ALT (U/L)ALP (U/L) Direct Bilirubin (umol/l) Total Protein (g/1)
4™ Day

Control 44.56 £ 0.6910.78 £ 0.25*13.12 £ 0.24" 19.84 +0.38" 37.85+0.41°

1/10th LC5048.33 +£0.33°10.72 + 0.25%14.39 £ 0.24°>  22.88 +0.25" 43.71 £0.40°

1/8th LCsy 50.89 + 0.38° 11.39 +£0.25°15.87 +0.32° 25.83 +£0.25° 48.77 + 020‘?
1/4th LCs 55.33 +0.33¢ 13.56 +£0.2519.37 £ 0.16° 29.36 +£0.14° 53.83 +0.20°
8™ Day

Control ~ 45.11 +0.84* 11.01 £0.35%13.04 £ 0.37* 19.88 +0.25° 37.96 +0.55°
1/10th LC5,59.44 +0.51° 23.33 +£0.33°24.20 £ 0.18" 32.80 +0.38° 54.90 +0.55°
1/8th LCsy 65.12 + 0.39¢ 33.89 +0.25¢ 25.09 £0.18° 35.59 +0.38° 58.29 +£0.42¢
1/4th LCsy 73.33 £ 0.33° 37.89 +0.25°28.17 + 0.10° 41.57 £0.25° 66.03 +0.36°
12" Day

Control ~ 44.89 +0.84" 10.89 £0.44%13.20 £ 0.47* 20.12 £ 0.25° 37.26 +0.46°
1/10th LCs 67.22 +0.84° 39.06 + 0.25°25.22 +0.29° 41.25+0.14° 60.87 +0.46°
1/8th LCsy 71.78 £ 0.51°¢ 38.28 +0.25°26.97 + 0.19° 45.18 £0.38° 64.23 +0.70°
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1/4th LCso 88.78 +£0.19°

16" Day

Control ~ 45.21 +0.85"
1/10th LC5,82.00 + 0.33°
1/8th LCsy 87.44 £ 0.51°¢
1/4th LCs 97.33 £ 0.33¢

2021
www.ijsred.com
4239 +0.10°34.71 £ 0.29" 50.68 +0.25
11.10 £ 0.29*13.24 + 0.39° 20.11 +0.25
57.78 £0.25°33.87 + 0.50° 52.73 £0.38"
60.78 +0.25°35.07 + 0.32° 59.53 +0.25°
65.50 +0.17°40.15 + 0.50° 76.51 £0.25"

73.38 £0.70°

38.33+0.36"
72.71+0.21°
78.00 +0.36"
88.28 +0.21"

Available at

Data are presented as mean + Standard deviation of 3 fish in each group. Values with different alphabet superscript differ significantly (p <
0.05) between durations within concentration.
AST = Aspartate Aminotransferase, ALT = Alanine aminotransferase, ALP = Alkaline Phosphatase

Kidney Function Parameters:The result of the effects of sub-lethal concentrations of
glyphosate on some serum kidney function parametersof Clariasgariepinus is shown in
Figure 3. The result showed significant increases (P < 0.05) in the concentrations of urea,
creatinine, sodium and potassium in a dose and time dependent manner, when compared with
that of the normal control.The highest increaseswere observed in the group exposed to 1/4m
LCsp of the toxicants while the lowest level was observed in those exposed to l 1oth LCso. For
example, the urea concentration increased from 46 % on the 4t day (11.48 £0.08) in the 1/4m
LCspto 75 % on the 16% day (21.85 £ 0.13).

Table 3. Effects of sub-lethal concentrations of glyphosate on some serum kidney function parameters of C.gariepinnus

Days/Groups  Creatinine (mg/dl)  Urea (mg/dl) Sodium (Na*) (mEg/1) Potassium (K+) (mEq/1)
4™ Day

Control ~ 5.55 +0.31° 7.49 +0.08" 14.30 +0.35° 3.80 £0.01°

1/10th LCs7.17 + 0.23° 10.13 +£0.00°19.07 + 0.53° 441+0.01°

1/8th LCsp 7.65 £ 0.12° 10.83 £0.13¢ 20.00 +0.53° 531 £0.01°
1/4th LCs 9.74 + 0.20° 11.48 +£0.08°22.33 +0.35¢ 6.14 +0.01¢

8" Day

Control ~ 5.48 +0.27° 7.55+0.17° 1432 +0.17° 379 £0.01°
1/10th LC509.99 + 0.27° 11.25 +0.06° 21.00 +0.536.28 + 0.00°

1/8th LCso 10.25 + 0.09° 13.26 +0.06° 21.93 +0.35° 6.83 +0.00™
1/4th LCsp 12.23 +0.24° 14.84 +0.11¢ 24.71 £0.35¢ 8.36 +0.01¢

12" Day

Control ~ 5.53 +0.38° 7.78 £ 0.00° 14.26 +0.41° 3.82 +0.06°
1/10th LCs11.39 +0.13° 13.94 +0.05" 23.71 £0.62° 7.79 £0.02°

1/8th LCso 12.29 +0.05° 14.84 +0.10° 26.02 +0.81° 8.70 +0.06°
1/4th LCso 14.58 +0.05° 16.09 + 0.09° 27.64 +0.41¢ 10.35 +0.06°

16" Day

Control ~ 5.50 +0.24° 7.51 £0.20° 14.31 £0.23" 3.86£0.01°
1/10th LCso 13.56+0.18° 18.32+0.15° 26.77 +0.23° 10.75 +£0.01°
1/8th LCso 14.29 +0.15¢ 19.74 +0.13¢ 27.85+0.13° 10.86 +0.01¢
1/4th LCs 16.16 + 0.30° 21.85+0.13¢ 30.54 +0.27° 12.94 +0.00°

Data are presented as mean * Standard deviation of 3 fish in each group. Values with different alphabet superscript differ significantly (p <
0.05) between durations within concentration.

Oxidative Stress Parameters: The result of the effects of sub-lethal concentrations of
glyphosate on some serum oxidative stress parametersof Clariasgariepinus is shown in
Figure 4. The result showed significant (P<0.05) decreases in the activities of SOD, CAT,
GST and GSR, with a significant (P<0.05) increasein the concentration of MDA in a dose
and time dependent manner, when compared with that of the normal control. The highest
effects were observed in the group exposed to 1/4th LCsy of glyphosate, while the lowest

effects were observed in those exposed to Yiom LCsy.
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Table 4. Effects of sub-lethal concentrations of glyphosate on some serum oxidative stress parameters of Clariasgariepinnus

Days/Groups SOD (IU/g) CAT (IU/g) GST (M/min)GSR (Umol/ml)MDA (mg/ml)

4™ Day

Control ~ 6.22+0.01914.28 +0.01¢2.50 + 0.01¢ 0.37 +0.01¢ 5.64 +0.02°

1/10th LC56.18 £ 0.01° 13.99 +£0.01° 2.29+0.01° 0.34 £ 0.00° 5.88£0.01°
1/8th LCso 5.73 # 0.00° 13.51 £0.00° 2.12+0.01° 0.28 + 0.00 6.24 +0.00°
1/4th LCs 5.31 + 0.00° 13.09 +0.00°1.71 £ 0.01° 0.25+0.01° 7.01 £ 0.00°

8" Day

Control ~ 6.15+0.01¢ 14.22 +0.00° 2.46 +0.03¢ 0.37 +0.01¢ 5.66 +0.01°
1/10th LC505.09 % 0.00° 12.79 +0.00° 1.88 +0.01° 0.28 + 0.00° 7.51 £0.00°
1/8th LCs 4.87 + 0.00° 12.63 +0.05° 1.76 +0.01° 0.25 +0.00° 7.85+0.01°
1/4th LCs 4.29 + 0.00° 12.02 +0.00° 1.44 +0.02° 0.22 +0.00° 8.36 +0.00¢
12" Day

Control ~ 6.20 +0.01¢ 14.13 £0.01¢ 248 +0.01¢ 0.37 +0.01¢ 5.63+0.01°
1/10th LCs4.30 % 0.00° 11.64 +0.00° 1.72 +0.02° 0.24 +0.00° 8.82 +0.00°
1/8th LCs 4.29 + 0.00° 11.50 +0.00° 1.57 +0.02° 0.22 +0.00° 9.32 +0.00¢
1/4th LCs 4.09 % 0.00° 11.11 £0.00° 1.53+0.01° 0.20 + 0.00° 9.89 + 0.00°
16" Day

Control ~ 6.12+0.01¢ 14.17 £0.01¢ 2.51+0.01¢ 0.37 +0.01¢ 5.65+0.01°
1/10th LCs, 4.04 +0.00° 10.94 +0.00° 1.54 +0.01° 0.21 +0.00° 9.99 +0.01°
1/8th LCs 3.62 + 0.00° 10.63 +0.00° 1.48 +0.02° 0.20 + 0.00° 10.54 +0.00°
1/4th LCs 3.53 + 0.00° 10.16 +0.00° 1.31+0.01° 0.18 £0.01° 10.66 + 0.00"

Data are presented as mean + Standard deviation of 3 fish in each group. Values with different alphabet superscript differ significantly (p < 0.05)
between durations within concentration.
SOD = Superoxide Dismutase, CAT = Catalase, GST = Glutathione S-transferase, GSR = Glutathione reductase, MDA = Malondialdehyde

IV.  DISCUSSION

Acute Toxicity: During acute toxicity testing, the fish in the aquaria containing high
concentrations (450 to 3600 mg 1) of glyphosate displayed erratic swimming, quick and sudden
movement, slow movement, settled in the bottom and dorsal swimming/floating before they
finally died. The fish in the aquaria with lower concentrations of glyphosate displayed less
erratic and quick movements but were weak after 96 hours. The normal control fish (0.00 mg )
displayed normal movements after the 96 hours. The 24 h, 48 h, 72 h and 96 h LCsy of
glyphosate were 556.557, 402.692, 384.745, and 367.133 mg 1" respectively (Table 1).
Neskovicet al. carried out acute toxicity test of glyphosate with carp (Cyprinus carpio) and
found the 96 h LCs of glyphosate to be fairly high (620 mg 1") [33]. However, considering the
formulated product Roundup, 96 h-LCspcould vary, depending on the fish species, life stage and
test conditions [34].

Liver Function: Our results showed that serum ALT, AST and ALP activities, and MDA,
bilirubin and total protein levels in Clariasgariepinusexposed to glyphosate showed significant
(P<0.05) increasescompared to the normal control, in a time and concentration dependent
manner from the /jon to '/4u LCso of the fourth day to sixteenth day of the study. The most
significant effects were observed in the Y4y, LCsg of the 16" day, whereas the least effects were
observed in the'/;os LCs of the 4™ day.

The increases in the activities of ALT (20 % - 84 %), AST (8 % - 54 %), ALP (9 % - 67 %); the
increased levels of bilirubin (13 % - 75 %) and total protein (13 % - 57%) in our study (Table 2),
indicated that high doses of glyphosate can cause liver damage in fish. This result is in
agreement with the report that the liver of C. gariepinus exposed to glyphosate for 96 hours
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showed fatty degeneration, severe fat vacuolation, diffuse hepatic necrosis and darkly stained
specks of necrotic nuclei and infiltration of leukocytes [35].

Serum ALT and AST are necessarymarkers for identifying liver inflammation and necrosis [36].
The highest concentration of ALT is found in the liver. Lesser activity of the enzyme is found in
the kidney and skeletal muscles. ALT activity is a more specific measurement for liver damage
than AST. Also, ALT activity is usually higher than that of AST at early or acute hepatocelluar
disease [37]. However, in chronic liver diseases such as cirrhosis, AST seems to be released
more thanALT [37]. Liver, bone, placenta and intestine are clinically important sources of the
plasma activity of ALP. Thisenzyme activity increases in many clinical states; mostly arein bone
and liver diseases. Hence, serum ALP activity is very useful in diagnosis, screening and follow
up for cholestatic hepatobiliary lesions [38]. Cholestasis is the main, if not the only liver disease
responsible for increased plasma alkaline phosphatase activity. Therefore, a normal ALP activity,
in the presence of abnormal levels of other liver function parameters, may be suggestive of liver
pathology other than obstruction [36].

An increase in tissue or serum bilirubin concentration results in jaundice and it occurs in toxic or
infectious disease of the liver e.g., hepatitis or bile obstruction [39]. Elevated bilirubin is an
indication of liver cell impairment. Bilirubin measurement is also a useful index of determining
the excretory function of the liver and assessment of haemolyticaneamia. In the liver, bilirubin is
conjugated with glucoronic acid in a reaction catalysed by bilirubin —UDP-glucuronyltransferase
which renders it soluble and subsequently excreted into the bile [40]. Increased plasma total
protein concentration observed in the current work at high doses may be due to dehydration
and/or increased plasma immunoglobulin concentration due to infection [40].

Kidney Function: From our results, there was gradual increases in the levels of serum creatinine
(23 % to 66 %), urea (46 % to 75 %), sodium (25 % to 53 %) and potassium (14 % to 71 %)of C.
gariepinus exposed to glyphosate (Table 3). The increases in the kidney function parameters
observed in this study could be as a result of kidney damage in the fish exposed to glyphosate.
Our finding is in agreement with a previous study that reported that the kidney tissue from C.
gariepinusexposed to different concentrations of glyphosate showed necrosis, degenerated
kidney tubules pyknosis, exfoliated and swollen with pyknotic nuclei [35].

Creatinine is the major catabolic products of the muscle and it is excreted in the kidneys. High
creatinine levels are used as indicator of renal failure [41]. The increased level of urea observed
is an indication of azotaemia. High blood urea is associated with increased tissue protein
catabolism, excess breakdown of blood protein and diminished excretion of urea [42]. The levels
of sodium(Na") and potassium(K")in glyphosate-exposed fishincrease significantlyin a dose and
time dependent manner. The increase in levels of theseelectrolytes could be attributed to renal
impairment.

Oxidative Stress: Antioxidants represent the cellular defense against oxidative stress caused by
free radicals. Enzymatic antioxidants such as superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), glutathione S-transferase (GST), glutathione reductase (GSR or
GR) and the non-enzymatic reduced glutathione (GSH) always mediate in oxidative crisis in the
cells in a synergic manner. Hence, the activities of these enzymes are used as parameters for
oxidative stress.

From the results of our study, there was a gradual decrease (p > 0.05) in the serum activities of
SOD (1 % to 43 %), CAT (7 % to 40 %), GST (8 % to 29 %) and GSR (11 % to 53 %), while the
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level of malondialdehyde (MDA) gradually increased (p < 0.05) from 4 % to 47 % in C.
gariepinus exposed to glyphosate within 16 days. The decrease in the activities SOD, CAT,
GST, GSR and increased MDA level observed in this study is in agreement with the findings of
Lushchaket al. [43] which reported that Roundup (a glyphosate herbicide) exposed to goldfish
generally suppressed superoxide dismutase (SOD), glutathione S-transferase (GST) and
glutathione reductase (GSR) activities,and caused an increase in catalase (CAT) activity; while
lipid peroxides (LOOH) concentration increased by 3.2 fold in the brain and liver of goldfish.
However, Modesto and Martinez [44] reported a transient decrease in the activities of SOD and
catalase in fish after exposure to Roundup Transorb in 6 hours while it inhibited glutathione S-
transferase activity after 6 and 24 hours. Another herbicide, butachlor, induced lipid peroxidation
(increased MDA concentration) and decreased GST activity in C. gariepinus[45]. The alterations
in the activities of SOD, CAT, GST, and GSR observed in this study could be due to inefficient
scavenging of reactive oxygen species (ROS) by the body antioxidants, which might be due to
oxidative inactivation of the enzymes [46]; while the increasedlevel of malondialdehyde (MDA)
is suggestive that glyphosate caused lipid peroxidation in the fish.

Superoxide dismutase catalyzes the dismutation of O, to H,O,, and catalase reduces H,0, to
2H,0 [47]. Reduced activity of SOD could lead to immune system damage [48]. Catalase is a
ubiquitous enzyme present in cells of aerobic organism. It converts hydrogen peroxide to
molecular oxygen and two molecules of water [49]. The decrease in catalase activity observed in
this study could be due to the flux of superoxide radicals, which have been reported to inhibit
CAT activity [50].

Glutathione peroxidase (GPx) plays a role in defending cells against oxidative damage and this
in turn involves GSH as its cofactor. GPxcatalyses the oxidation of GSH to GSSG (oxidized
glutathione or glutathione disulfide) at the expense of H,O,[51]. Glutathione reductase (GSR)
mediates in the glutathione disulfide (GSSG) reduction to form two molecules of GSH, which is
necessaryfor combatingoxidative stress, including the maintenance of the reductive state of the
cell [52]. Glutathione transferase (GST) catalyzes the conjugation of GSH via a sulfhydryl group
to electrophilic centers on various substrates to make the compounds more soluble [53]. The
decreased activities of GSR and GSTs observed in this study could be likened to decreased
activity of glutathione peroxidase (GPx) since they function in ‘synergy’ to combat reactive
oxygen species that cause oxidative stress.

High level of MDA is an indication of lipid peroxidation as a result of free radicals [54], [55].
Lipid peroxidation can occur in the cell if the rate of ROSproduction is higher than that of the
antioxidants synthesis/activities. MDA levels in the test samples were significantly elevated
compared to those in normal controls. This indicates that free radical-mediated injury occurred in
the exposed animals leading to lipid peroxidation.

V. CONCLUSION

Glyphosate, a commercially available herbicide, is toxic to fish such as Clariasgariepinus.
Therefore, indiscriminate spilling of glyphosate on or near water bodies should be avoided since
it is harmful to aquatic lives and could lead to environmental toxicity.

REFERENCES

ISSN : 2581-7175 ©IJSRED:AIll Rights are Reserved Page 1479



International Journal of Scientific Research and Engineering Development-— Volume 4 Issue 3, May -June 2021

[1]

(2]

[3]
[4]

[5]
[6]

[7]
[8]
[9]
[10]
[11]
[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

Available at
www.ijsred.com

T.Cavas, and S. Konen, “Detection of cytogenetic and DNA damage in peripheral
erythrocytes of goldfish (Carassius auratus) exposed to a glyphosate formulation using the
micronucleus test and the comet assay,” Mutagenesis,vol. 22, pp. 263-268, 2007.
G. M. Williams, R.Kroes, and I. C.Munro, “Safety evaluation and risk assessment of the
herbicide Roundup and its active ingredient, glyphosate, for humans,”Regulatory
Toxicology and Pharmacology,vol. 31, pp. 117-165, 2000.
C. D. S.Tomlin, The Pesticide Manual: A World Compendium, 14th ed.; British Crop
Protection Council: Hampshire, UK, 2006, pp. 545-548.
RED (Reregistration Eligibility Decision) Facts,Glyphosate; EPA-738-F-93-011; U.S.
Environmental Protection Agency, Office of Prevention, Pesticides, and Toxic Substances,
Office of Pesticide Programs, U.S. Government Printing Office: Washington, DC. 1993,
Pp.11-13
W. K.Vencill, and K. S. Lawrence,Herbicide Handbook, 8th ed.; Weed Science Society of
America, 2002, pp. 231-234.
M. T. K. Tsui, and L. M.Chu, “Aquatic toxicity of glyphosate-based formulations:
comparison between different organisms and the effects of environmental
factors,”Chemosphere,vol. 52, pp. 1189 — 1197, 2003.
R. A. Releya, (2005). The impact of insecticides and herbicides on the biodiversity and
productivity of aquatic communities. Ecological Applications,vol. 15, pp. 618 — 627, 2005.
T. R.Roberts, Metabolic Pathways of Agrochemicals-Part 1: Herbicides and Plant Growth
Regulators; The Royal Society of Chemistry, Cambridge, UK,1998, pp 396 - 399.
J. E.Franz, M. K. Mao, and J. A.Sikorski, (1997). Glyphosate: A Unique Global Herbicide;
American Chemical Society: Washington, DC. 1997, pp. 521-527, 604-605, 615.
World Health Organization (WHO), Glyphosate: Environmental Health Criteria,
Publication No. 159, Geneva, Switzerland, 1994. P. 159.
Jr. O. P.Amarante, T. C. R.Santos, N. M.Brito, and M. L.Ribeiro, “Glifosato:Propriedades,
toxicidade, uso e legislacdo. Quim,” Nova, vol.25, pp. 589 — 593, 2002.
F. Peixoto, “Comparative effects of the Roundup and glyphosate on mitochondrial oxidative
phosphorylation,” Chemosphere,vol.61, pp. 115 — 122, 2005.
W. S.Lakra, and N. S.Nagpure, “Genotoxicological studies in fishes”,A review of Indian
Journal of Animal Sciences,vol. 79, 93 — 98, 2009.
C.Risso-de FaCerney, A. Devaux, M. Lafaurie, J. P. Girard, B. Bailly, and R.Rahmani,
(2001). Cadmuim induces apotosis and genotoxicity in rainbow trout hepatpcytes through
generation of reactive oxygen species. Aquatic toxicology,vol. 53, pp. 65 -76, 2001.
F. 1. Achuba, and S. A. Osakwe, “Petroleum — induced free raeical toxicity in African
catfish (clariasgariepinus),”Fish Physiology and Biochemistry, vol. 29, pp. 97 — 103,
2003.
Y.Liu, Y. Zhang, J. Liu, and D. Huang,“The role of reactive oxygen species in the
herbicide acetachlor-induced DNA damage on Bufo-raddei tadpole liver,”Aquatic
Toxicology, vol. 78,pp. 21-26, 2006.
D. A.Monteriro, J. A.Almenda,F. T. Rantin, and A. L.Kalnim, “Oxidiative stress
biomakers in the freshwater characid fish Brycon celphalus exposed to organophophon
insecticide Folisuper 600 (Methyl parathion),” ComparativeBiochemistry and Physiology,
vol. 143, pp. 141 — 149, 2006.
G. Teugels, “A systematic revision of the African species of the genus Clarias (Pisces:
Clariidae),”Annales Musee Royal de l'Afrique Centrale, vol. 247, pp. 1-199, 1986.
U.Pienaar, “The Freshwater Fishes of the Kruger National Park. Republic of South
Africa,”The National Parks Board of Trustees of the Republic of South Africa,vol. 2, pp. 11
—13, 1968.

ISSN : 2581-7175 ©IJSRED:AIll Rights are Reserved Page 1480



International Journal of Scientific Research and Engineering Development-— Volume 4 Issue 3, May -June 2021

[20]
[21]
[22]

[23]

[24]
[25]
[26]
[27]
(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Available at
www.ijsred.com

P.Skelton, A Complete Guide to the Freshwater Fishes of Southern Africa, Halfway House:
Southern Book Publishers Ltd. 1993, p. 388.
Organisation for Economic Cooperation and Development (OECD),Guidlines for the
testing of chemicals: Fish acute toxicity test, 1992, Document 2003.
D. T. Finney, Probit analysis, Cambridge University Press, Campbridge University Press,
Cambridge, 1971, p. 5.
S. Reitman, and S. Frankel, “A colorimetric method for the determination of serum
glutamic oxaloacetic and glutamic pyruvic transaminase,’American Journal of Clinical
Pathology, vol. 28, pp. 56-63, 1957.
A. Kind, and S. A. King, “Alkaline phosphate estimation”,Journal of Clinical Pathology,
vol. 7, pp. 322 - 323, 1954.
J. Jendrasick,and P. Grof,“Vereinfachtephotometrische method. Zur Bestimmury des
Blulbiliruin. Biochemical Zur,vol. 297, pp. 81-89, 1938.
N. W.Tietz, Clinical Guide to laboratory tests, (3 edition) W. B. Saunders Company.
Philadephia, 1995,vol. 10, 578 — 519.
W. B.Tietz, Textbook of Clinical Chemistry, Fourth edition. W. B. Saunders Company,
Philadelphia, 2006, vol. 24, 801-803.
D.Zilversmit, “A method for determination of sodium and potassium”Lablin
Medicine,vol. 45, pp. 175-179, 1965.
Z. Xin, D. F. Waterman, R. M. Henken, and R. J. Harmon, “Effects of copper status on
neutrophil function, superoxide dismutase and copper distribution in steers,” Journal of
Diary Science, vol. 74, pp. 30 — 78, 1991.
H. E.Aebi, Catalase: In; Methods of enzymatic analysis. 3" Edition. (Bergmeyer, H. U.,
et al. Edited), Weinheim Deerfield Beach, 1983, pp. 273 — 285.
W. H. Habig, M. J.Pabst, and W. B.Jakoby, “Glutathione S-transferases: The first
enzymatic step in mercapturic acid formation,”Journal of Biological Chemistry,vol.
249,pp. 7130-7139, 1974.
B. Wallin, B. Rosengren, H. G. Shertzer, and G. Camejo, “Lipoprotein oxidation and
measurement of TBARS formation in a single microlitre plate; its use for evaluation of
antioxidants,” Analytical biochemistry, vol. 208, pp. 10 — 15, 1993.
N. K. Neskovic, V.Poleksic, I. Elezovic, V. Karan, and M. Budimir, “Biochemical and
histopathological effects of glyphosate on carp (Cyprinus carpio),” Bulletin Environmental
Contamination and Toxicology,56: 295 — 302, 1996.
W.Jiraungkoorskul, E. S. Upatham, M. Kruatrachue, S. Sahaphong, S. Vichasri-Grams, and
P.Pokethitiyook, “Histopathological effects of Roundup, a glyphosate herbicide, on Nile
tilapia (Oreochromis niloticus),”Science Asia, vol. 28, pp.121 — 127, 2002.
S. O. Ayoola, “Histopathological Effects of Glyphosate on Juvenile African Catfish
(Clariasgariepinus),”American-Eurasian Journal of Agriculture and Environmental
Science,vol. 4 (3), pp. 362 — 367, 2008.
S. M.Tilkian, M. B. Conover, andA. G. Tilkian,Clinical Implications of Laboratory Tests,
C.V. mosby company; St louis. Toronto.London.1979, pp. 3-44; 117-132; 154-159.

L. G. Whitby, A. F.Smith, and G. J. Becket, Lecture Notes on Clinical Chemistry, Fourth
Edition; Blackwell Scientific Publications; Oxford, London, Edinburgh, Boston,
Melbourne. 1989, pp. 38 — 178.

P. L.Wolf, “Clinical significance of an increased or decreased serum alkaline
phosphatase,”Archives of Pathology and Laboratory Medicine,vol.102, pp.497 — 501,
1978.

ISSN : 2581-7175 ©IJSRED:AIll Rights are Reserved Page 1481



International Journal of Scientific Research and Engineering Development-— Volume 4 Issue 3, May -June 2021

Available at
www.ijsred.com

[39] D. O. Edem, and I. F. Usoh, “Biochemical changes in Wistar Rats on oral doses of
Mistletoe (Loranthus micranthus),” American Journal of Pharmacology and Toxicology,
4(3): 94 - 97, 20009.

[40] Y.Saidu, F. C. Nwachukwu, L. S.Bilbis,U. Z. Faruk, and A. Y.Abbas, “Toxicity Studies of
the Crude Aqueous Root Extract of Albizzia chevalieriHarms in Albino Rats,” Nigerian
Journal of Basic and Applied Science, vol. 18(2): 308 - 314, 2010.

[41] R. Aliyu, A. H.Adebayo, D.Gatsing, and 1. H.Garba, (2006). “The Effects of Ethanolic
Leaf Extract of Commiphoraafricana(Burseraceae) on Rat Liver and Kidney Functions,”
Journal of Pharmacological Toxicology,vol. 2, pp. 373 — 379, 2006.

[42] N. Nduka, Clinical biochemistry for students of pathology, AnimoPress Ltd, Nigeria, 1999,
pp- 142-143, 1999.

[43] O. V.Lushchak, O. I. Kubarak, J. M.Storey, K. B. Storey, and V. I.Lushchak, “Low toxicity
herbicide Roundup induces mild oxidative stress in goldfish tissues,”Chemosphere,vol.
76(7), pp- 932 — 937, 2009.

[44] K. A.Modesto, and C. B. Martinez, “Effects of Roundup Transorb on fish: hematology,
antioxidant and acetycholinesterase activity,” Chemosphere, 18 (6), pp. 781 — 787, 2010.

[45] E. O.Farombi, Y. R. Ajimoko,and O. A.Adelowo, “Effect of butachlor on antioxidant
enzyme status and lipid peroxidation in freshwater African
catfish(ClariasGariepinus),” International Journal of Environmental Research and Public
Health,vol.5,pp. 423 - 427. 2008.

[46] J.Jayaraman, V. Muniappan, and N. Nalini, “Potential beneficial effect of naringenin on
lipid peroxidation and antioxidant status in rats with ethanol induced
hepatotoxicity,”Journal of Pharmacology and Pharmacotherapeutics,vol. 61, pp. 1383 —
1390,2009.

[47] G.Atli, O.Alptekin, S.Tiikel, and M.Canli, “Response of catalase activity to Ag2+, Cd2+,
Cr’”*, Cu** and Zn** in five tissues of freshwater fish Oreochromis
niloticus,” Comparative Biochemistry and Physiology,vol. 143C (2), 218 — 224.

[48] D. P.Barondeau, M.Kass, C. J. Mann, C. K.Bruns,J. A.Taine,and O. D.Getzoff,
“Superoxide dismutase structure and mechanism,”Biochemistry,vol. 43(25): pp. 8038 —
8047, 2003.

[49] A.Laszlo, B. Matkovics, S. Z. Varges, . Wittmant, and T. Fazekas, “Changes in lipid
peroxidation and antioxidant enzyme activity of human red blood cells after myocardial
infarction,” ClinicaChimica Acta,vol. 203,p. 413.

[50] S. Pandey, I.Ahmad, S.Parvez, B. Bin Hafeez, R. Haque, and S.Raisuddin, “Effects of
endosulfan on antioxidants of freshwater fish Channa punctatus Bloch: 1. protection
against lipid peroxidation in liver copper preexposure,”’Archives of Environmental
Contamination Toxicology, vol. 41,pp. 345 — 352, 2001.

[51] P.Cerutti, R. Ghosh, and Y. Oya, “The role of cellular antioxidants defence in oxidant

carcinogenesis,” Environmental Health Perspective,vol. 102, pp. 123 — 129, 1994,

[52] M. Deponte,“Glutathione catalysis and the reaction mechanisms of glutathione-dependent
enzymes,”Biochimicaet Biophysica Acta,vol. 1830(5): pp. 3217 — 3266, 2013.

[53] A.Oakley, “Glutathione transferases: a structural perspective,”Drug Metabolism

Reviews,vol. 43 (2),pp. 138 — 151, 2011.

[54] L. Orun, Z. S. Talas, and A. Alkan, “Modulating Effect of Selenium on Gills of Fish
Exposed to Heavy Metals,”Fresenius Environonmental Bulletin,vol. 20, pp. 104 — 108,
2011.

[55] Z. S.Talas, and A.Duran, “The effects of slaughtering methods on physical and biochemical
changes in fish,”Energy Education Science and Technology Part A,vol. 29 (2), pp. 741-748
2012.

ISSN : 2581-7175 ©IJSRED:AIll Rights are Reserved Page 1482



