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Abstract

Background and Objective: Herbicides are chemicals which are employed to kill or control vegetation. Herbicides being used in
agriculture industry have agents with the ability to cause death to plants and animals. Sub-lethal toxicity bioassay experiment was
conducted to determine the toxicity of glyphosate herbicide on Koi carp, Cyprinus carpiofingerlings. Materials and Methods: Koi carp
fingerlings with mean length 8.060.99 cm exposed to sub-lethal concentrations i.e., 1/10th (3.6 mg L™') and 1/5th (6.6 mg L") of
glyphosate. Blood samples were collected from both control and experimental group fishes by puncturing posterior caudal vein using
adisposable 1.0 mL tuberculin syringe having needle size 0.45 X 13 mm for analysis at 7B day interval for a period of 28 days. Total white
blood and red blood cells counts were carried out using Neubauer Haemocytometer. Haemoglobin percentage was determined following
the Cyanmethemoglobin method. The micro-haematocrit method was used to determine the haematocrit. The derived haematological
indices of mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration
(MCHC) were calculated using the following standard formulae. Results: Findings revealed significant decrease (p<0.05) in red blood cells
(1.06£0.008 to 0.60%0.029), haemoglobin (11.2£0.116 to 7.45%0.029), haematocrit (18.2£0.664 to 14.7£0.404), mean corpuscular
haemoglobin concentration (62.7+1.628 to 45.8+1.199) and increase in white blood cells count (204.0%3 to 216.5+0.404), mean
corpuscular volume (170.4£7.707 to 255.2£18.65), mean corpuscular haemoglobin (106.2£7.707 to 116.8£6.500). Conclusion: This
indicated that glyphosate hasimpact on haematological parameters of exposed fishes. Thus, itis harmful to target, non-targeted species
and the environment.
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INTRODUCTION

Herbicides represent the largest proportion of pesticides
used inagriculture. Worldwide use of pesticides was estimated
to be 2.4 billion kg during 2007, of which the herbicides
contribute 40% i.e., 950 million kg'. The active components in
herbicides possess toxicity potential to cause harm in plants,
aquatic biota. Enormous amounts of herbicides are found in
the environment such as in the soil and water.

Most herbicides used in agriculture, except biocides such
as disinfectant chlorine and the wood preservative,
pentachlorophenol are specific to a group of pests because of
their specificity of mode of action. This is particularly the case
for the herbicides that are designed to control plants. For
example, photosynthetic inhibitors such as urea and triazine
herbicides specifically target components of the
photosynthetic apparatus*, which are not found in animals.
Therefore, animals are usually less sensitive to herbicides than
plants. However, at significantly large concentrations,
herbicides can be toxic to animals through narcosis>.

Glyphosate is widely used for controlling weeds such as
grasses, broad leafed weeds and shrubs®. Its worldwide use
has resulted in pollution of surface water, rivers and streams.
Glyphosate gained its importance because it has wide range
of applications in agriculture, including its use in genetically
modified seed fields which are resistant to the herbicide and
its low persistence in the environment’. However, the
herbicide contains surfactants which are lethal to aquatic
organisms, thereby, making the formulations not appropriate
for use in aquatic environments?.

Koi carp is an important ornamental fish species of Asian
origin which is sold at a good price in the market®. Koi carp
was chosen as a representative of the Cyprinidae family, which
is one of the major groups of cultured species worldwide.

Change in haematological parameters is a widely used
measure of stress in organisms. Thus in the present study,
changes in haematological parameters were analyzed as a
measure of toxicity to evaluate the impact of glyphosate in Koi
carp fingerlings.

MATERIAL AND METHODS

Sublethal toxicity bioassay experiments were conducted
in the College of Fisheries, Ratnagiri wet laboratory for a
period of 56 days from December, 2018 to January, 2019.

Test animals: Koi carp (Cyprinus carpio) fingerlings with
mean length 8.06+0.99 cm were obtained from a freshwater

fish seed hatchery for use in the present study. The fishes were
acclimatized for a period of 2 weeks prior to the start of the
bioassay experiments. Water temperature and pH were
recorded daily and ranged from 28-29°C and 6.5-7.0,
respectively. Feeding was done twice a day during the
acclimatization period using commercial pelleted feed.

Test solution: Glyphosate 41% SL herbicide (Trade name:
CEDAAR) was procured from a local agro-dealer in Ratnagiri
market. Its chemical name is (N-(phosphonomethyl)-glycine).
The test liquid was measured using a volumetric pipette for
making stock solution. The test solution was prepared
immediately prior to commencement of each experiment.

Collection of blood: Blood samples were collected from
both control and experimental group fishes by puncturing
posterior caudal vein using a disposable 1.0 mL
tuberculin syringe having needle size 0.45X13 mm.
Ethylenediaminetetra-acetic acid (EDTA) was used as
anticoagulant’® and the blood sample was immediately
transferred into EDTA tubes for analysis.

Red blood cells (RBC) count: Total RBC counts were carried
out using Neubauer Haemocytometer''. Blood was diluted at
a ratio of 1:200 with Hayem’s fluid'%. Erythrocytes were
counted in the loaded Haemocytometer chamber and total
numbers were recorded’® as 105 mm=3,

White blood cells (WBC) count: Total WBC counts were
determined by Neubauer Haemocytometer''. Blood was
diluted at a ratio of 1:20 with Turk’s diluting fluid and placed
in a Haemocytometer. Four large (1.0 sg.mm) corner squares
of the Haemocytometer were counted under the microscope.
Cells touching the boundary lines were not counted. The total
number of WBC was expressed as x103> mm=.

Haemoglobin (%): Haemoglobin (%) was determined
following the Cyanmethemoglobin method™. A quantity of
20 pL of blood was added to 5 mL of Drabkin's reagent
(Potassium Ferricyanide, Potassium, Cyanide and Potassium
Dihydrogen phosphate) and was allowed to stand for 4 min
and read against blank at 546 nm. The absorbance of
Cyanmethemoglobin standard was read in a similar
manner. The Haemoglobin content was expressed as a
percentage.

Haematocrit (HCT) value (%): The micro-haematocrit method
was used to determine the haematocrit (PCV)'™. The derived
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haematological indices of mean corpuscular volume (MCV),
mean corpuscular haemoglobin (MCH) and mean corpuscular
haemoglobin concentration (MCHC) were calculated using the
following standard formulae'®:

MCV (fL) = ;%xlo

HGB
MCH =——"x10
(rg) RBC

HGB in 100 mg blood y
HCT

MCHC = 100

Statistical analysis: Haematological parameters of Koi carp,
Cyprinus carpio (Linnaeus, 1758) were analyzed statistically
using one way analysis of variance (ANOVA) followed by
Duncan’s Multi Range Test using SPSS software (Version 14) to
determine the significant differences and homogeneity of
variances in measured variables among experimental and
control groups.

RESULTS AND DISCUSSION

Haematological parameters such as white blood cells
(WBCs), red blood cells (RBCs), haemoglobin (HBG),
haematocrit (HCT) value, mean corpuscular volume (MCV),
mean corpuscularhaemoglobin (MCH) and mean corpuscular
haemoglobin concentration (MCHC) were analyzed as a
measure of stress in Koi carp fingerlings exposed to
glyphosate herbicide. The fishes were subjected to 2 sublethal
dose s, which are 1/10th (3.3 mgL"") and 1/5th (6.6 mgL™")
of the LCs, value. Controls i.e., without herbicide were also
set for comparison with fingerlings exposed to the said
herbicide.

White blood cells (WBCs)(x 10> mm~3): There was gradual
increase in WBCs in fishes exposed to glyphosate for a
period of 28 days. WBCs ranged from 204.0£3.1754 to
205.0+0.4619, 211.5+0.8083 and 216.5+0.4041 in control,
1/10th and 1/5th concentrations, respectively. In 1/10th
concentration, WBCs increased as the exposure period
increased ie., from 204.0%3.1754 to 211.5%0.8083.
One-way analysis of variance (ANOVA) showed significant
difference (p<0.05) in WBCs on 21st and 28th day but there
was no significant difference in WBCs from day 0 up to day 14.
Duncan multiple range test revealed no significant difference
(p>0.05) in WBCs among sampling days in control and 1/10th
concentrations. Significant difference (p<0.05) was observed
between 21st and day 28th 1/5th concentration (Fig. 1a).

The decrease may be attributed to disruption of WBCs
development and discharge from tissue reservoirs'".

Red blood cells (RBCs) count (10° mm—3): Red blood cells
count for Koi carp fingerlings exposed to glyphosate ranged
from 1.06£0.0087 to 1.16%£0.0837, 0.72%+0.0231 and
0.60+0.0289 in control, 1/10th and 1/5th concentrations of
the LCs, respectively during exposure period of 28 days.
ANOVA indicated no significant difference (p>0.05) in RBCs
count up to day 28 in control. In the 1/10th and 1/5th
concentrations of the LCqg, values significantly decreased
(p<0.05) from 1.06+0.0087 t00.72+0.0231 and 0.60£0.0289,
respectively during the exposure period of 28 days (Fig. 1b).

Duncan multiple range test between days showed
significant difference between some daysin 1/10th and 1/5th
concentrations. The decline in RBC count could be due to
anemia after exposure, which might be attributed to
malfunction of red blood cells and hemoglobin synthesis and
escalation of red blood cells damage in blood forming sites?%2'.
Red blood cells formation inhibition and damage were also
reported by Saravanan et al?' in Cyprinus carpio exposed to
Roundup.

Haemoglobin (HGB)(%): Haemoglobin of Koi carp fingerlings
exposed to glyphosate ranged from 11.2%+0.1155 to
10.75£0.3753, 8.1£0.0577 and 7.45%0.0289 in control,
1/10th and 1/5th concentrations of the LCs, respectively
during 28 days. Haemoglobin showed no significant decrease
(p>0.05) from 11.2£0.1155 to 10.75%+0.3753 in control. In
1/10th and 1/5th concentrations of the LCs, of glyphosate,
HGB significantly decreased (p<0.05), respectively from
11.2£0.1155 to 8.1%£0.0577 and 7.45%0.0289. One way
ANOVA indicated significant difference (p<0.05) in HGB
among treatments of Koi carp fingerlings exposed to
glyphosate. Significant difference in HGB was also found
between days in 1/10th and 1/5th concentrations during the
exposure period of 28 days (Fig. 1¢).

The reduction in HGB value may be due to herbicide
interference of chemosynthesis and elevated red blood cells
destruction in blood forming systems?2. Further, lower levels
of hemoglobin of treated fish might also be due to the
disruption in synthesizing of iron?.

Haematocrit (HCT) value: Haematocrit values of Koi carp
fingerlings exposed to glyphosate ranged from 18.2+0.6640
to 17.8£0.4330, 15.5+0.2890 and 14.7£0.4040 in control,
1/10th and 1/5th concentrations, respectively during the
28 days of exposure period. In control, there was no significant
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Fig.1(a-g): (a) White blood cells count, (b) Red blood cells count, (c) Haemoglobin, (d) Haematocrit, (€) Mean corpuscular volume,
(f) Mean corpuscular haemoglobin and (g) Mean corpuscular haemoglobin concentration for Koi carp fingerlings
exposed to different concentrations of glyphosate

difference (p>0.05) in HCT value which remained almost same
and decreased from 18.2£0.6640 to 17.8+0.4330 during the
28 days exposure period. In 1/10th and 1/5th concentrations
of the LC,, HCT values significantly decreased (p<0.05) during
the exposure period of 28 days (Fig. 1d).

Reduction in haematocrit value was also reported
after Cyprinus carpio was exposed to a glyphosate-based
herbicide?*. The reduction in HCT after exposure to glyphosate
may be due to impairment of haemopoietic procedures
increased breakdown of membranes of RBCs?.

Mean corpuscular volume (MCV), mean corpuscular
haemoglobin (MCH) and mean corpuscular haemoglobin
concentration (MCHC): Values for MCV and MCH significantly
increased (p<0.05) (MCV: 170.4%7.7072 to 251.5+10.9482
and 255.21+18.6529, MCH: 106.2+7.7072 to 119.5+2.8153
and 116.8%+6.5002 in 1/10th and 1/5th, respectively) while
MCHC decreased significantly (62.7£1.6277 in control to
48.0+1.3472 and 458%1.1997 in 1/10th and 1/5th,
respectively) during the accumulation period of 28 days
(Fig. Te-g).

10

The observation suggests haematological effects of
glyphosate on Koi carp fingerlings. Exposure of Cyprinus
carpio to sublethal levels of Roundups caused increase in
MCV and MCH values and resulted into reduction in
MCHC value?. The increase in MCV and MCH and reduction
MCHC may be due to anemia. The change in MCV and
MCH values may be due to more release of undeveloped
cells?,

CONCLUSION

Glyphosate has been found to cause negative impacts on
Koi carp fish. Fingerlings exposed to glyphosate exhibited
decrease red blood cells, haemoglobin, haematocrit and
mean corpuscular  haemoglobin  concentration and
incrementin mean corpuscular volume and mean corpuscular
haemoglobin. The results indicated that glyphosate induces
stress in fish and leads to haematological damage even at
sub-lethal concentrations. Therefore, use of glyphosate for
control of weeds in agricultural fields should be regulated to
ensure appropriate use.
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SIGNIFICANCE STATEMENT

The study revealed that sublethal concentrations of

glyphosate are toxic to fishes. The findings of this study will
help policy makers to make informed decisions concerning
glyphosate use. The knowledge derived from this study will
also add to the scientific construct with regard to glyphosate
toxicity.

10.

1.

REFERENCES

Grube, A., D. Donaldson, T. Kiely and L. Wu, 2011. Pesticides
industry sales and usage: 2006 and 2007 market estimates.
Biological and Economic Analysis Division, Office of Pesticide
Programs, U.S. Environmental Protection Agency,
Washington, DC., USA., pp: 1-33.

Adedeji, 0.B. and R.O. Okocha, 2012. Overview of pesticide
toxicity in fish. Adv. Environ. Biol., 6: 2344-2352.

Hogan, CM. and S. Draggan, 2014. Herbicide. The
Encyclopedia of Earth.

Devine, M.D., S.0. Duke and C. Fedtke, 1993. Physiology of
Herbicide Action. Prentice Hall, Englewood Cliffs, New Jersey,
Pages: 441.

Solomon, K.R., K. Dalhoff, D. Volz and G. van der Kraak, 2013.
Effects of herbicides on fish. Fish Physiol., 33: 369-409.
Okayi, R.G., P.A. Annune, M.U. Tachia and O.J. Oshoke, 2010.
Acute toxicity of glyphosate on Clarias gariepinusfingerlings.
J. Res. For. Wildlife Environ., 2: 150-155.

Williams, G.M., R. Kroes and I.C. Munro, 2000. Safety
evaluation andrisk assessment of the herbicide Roundup and
its active ingredient, glyphosate, for humans. Regul. Toxicol.
Pharm., 31: 117-165.

Tu, M., C.Hurd and J.M.Randall, 2001. Weed control methods
handbook: Tools and techniques for use in natural areas.
Wildland Invasive Species Team, April 2001.

Hekimoglu, M.A.,, C. Suzer, S. Saka and K. Firat, 2014.
Enzymatic characteristics and growth parameters of
ornamental koi carp (Cyprinus carpio var. koi) larvae fed
by Artemia nauplii and cysts. Turk. J. Fish. Aquat. Sci,,
14:125-133.

Schmitt, CJ.,, V.S. Blazer, G.M. Dethloff, D.E. Tillitt and
T.S. Gross, 1999. Bio monitoring of Environmental Status and
Trends (BEST) program: Field procedures for assessing the
exposure of fish to environmental contaminants. U.S.
Geological Survey, Biological Resources Division, Columbia,
(MO). Information and Technology Report USGS/BRD-1999-
0007, pp: 70.

Shah,S.L.and A. Altindag, 2004. Hematological parameters of
tench (7inca tinca L.) after acute and chronic exposure to
lethal and sublethal mercury treatments. Bull. Environ.
Contam. Toxicol., 73:911-918.

1

12.

20.

21.

22.

23.

24.

Mishra, N., P.K. Pandey, J.5.D. Munshi and B.R. Singh, 1977.
Haematological parameters of an air-breathing mud eel,
Amphipnous cuchia (Ham.) (Amphipnoidae, Pisces). J. Fish
Biol., 10: 567-573.

Wintrobe, M.M., 1967.Clinical Haematology.6th Edn., Leaand
Febiger, Philadelphia, USA., Pages: 414.

Van Kampen, E.J. and W.G. Zijlstra, 1961. Standardization of
hemoglobinometry II. The hemiglobincyanide method. Clin.
Chim. Acta, 6: 538-544.

Sniezsko, S.F., 1961. Microhematocrit valuesin rainbow trout,
brown trout and brook trout. Progressive Fish-Culturist,
23:114-119.

Jain, N., 1986. Schalm's Veterinary Haematology. 4th Edn.,
Lea and Febringer, Philadeiphia, USA.

Khan, A., N. Shah, A. Gul, Najmu-Us-Sahar and A. Ismail et al,
2016. Comparative study of toxicological impinge of
glyphosate and atrazine (Herbicide) on stress biomarkers,
blood biochemical and hematological parameters of the
freshwater common carp (Cyprinus carpio). Pol. J. Environ.
Stud., 25: 1995-2001.

Okomoda, V.T., G.A. Ataguba and V.O. Ayuba, 2013.
Hematological response of Clarias gariepinus fingerlings
exposed to acute concentrations of Sunsate®. J. Stress Physiol.
Biochem., 9:271-278.

Modesto, K.A. and C.B.R. Martinez, 2010. Effects of roundup
transorb on fish: Hematology, antioxidant defenses and
acetylcholinesterase activity. Chemosphere, 81: 781-787.
Jenkins, F., J. Smith, B. Rajanna, U.Shameem, K. Umadevi,
V. Sandhya and R. Madhavi, 2003. Effect of sub-lethal
concentrations of endosulfan on hematological and serum
biochemical parameters in the carp Cyprinus carpio. Bull.
Environ. Contam. Toxicol., 70: 993-997.

Saravanan, M., S.Karthika, A. Malarvizhiand M.Ramesh, 2011.
Ecotoxicological impacts of clofibric acid and diclofenac in
common carp (Cyprinus carpio) fingerlings: Hematological,
biochemical, ionoregulatory and enzymological responses.
J. Hazard. Mater., 195: 188-194.

Svoboda, Z, L. Groch, M. Flajshaus, B. Vykusova and
J. Machova, 1997. Effect of long-term therapeutic bath in
malachite green on common carp (Cyprinus carpioL.). Acta
Vet. Brno, 66: 111-116.

Beena, S. and S. Viswaranjan, 1987. Effect of cadmium and
mercury on the hematological parameters of the fish
Cyprinus carpio. Environ. Ecol., 5: 726-732.
Gholami-Seyedkolaei, S.J., A. Mirvaghefi, H. Farahmand
and A.A. Kosari, 2013. Effect of a glyphosate-based
herbicide in  Cyprinus  carpio.  Assessment  of
acetylcholinesterase activity, hematological responses
and serum biochemical parameters. Ecotoxicol. Environ. Saf.,
98: 135-141.



	JFAS.pdf
	Page 1




