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 Abstract
This study evaluated the effect of Lambda cyhalothrin on protein and Albumin content in the kidney and liver of Parpohiocephalus 

obscurus. The fish (with mean weight 42.20 ± 0.1g SD mean length 16.50 ± 0.12 cm SD) samples used for the study was purchased 
from private fish farm in Yenagoa metropolis and transported to the Department of Biological Sciences laboratory, Niger Delta Uni-
versity, Wilberforce Island, Bayelsa State, Nigeria. The fish samples were exposed to various concentrations of the toxicants (0.000, 
0.012, 0.024 and 0.036 ppm) for 2 weeks. Thereafter, the kidney and liver of the fishes was obtained after dissecting. Both organs 
were processed and analyzed using standard metabolites methodology. The albumin and total protein showed significant variation 
(P < 0.05) at various concentration in most cases apart from albumin content in the liver. The study found that Lambda cyhalothrin 
elicit alteration in total protein and albumin in fisheries as such both parameters are useful indicator is determining toxicity in 
aquatic ecosystem.
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Introduction

Pesticides are material used to control pest. Pesticides are used for crop protection, control of disease causing organisms, prevention of 
insects transmitting diseases, preservation of food and other materials. During the application of pesticides on the target organisms, they 
pose public health risk especially to the sprayer. This is because pesticides are toxic to human, animals, plants and non-target organisms. 
When pesticides are applied into the environment to control a particular pests, they can miss their target and affect other organisms in the 
environment i.e. air, surface water and sediment, groundwater, soil. The biota in each of the environmental component (i.e. soil, water and 
air) could be affected depending on the type of pesticides, concentration and mode of application. Mostafalou and Abdollahi [1] reported 
that pesticides are one of the major factors associated with environmental contamination. When pesticides miss their target, they bio-
concentrate in plants and kill some beneficial organisms in the ecosystem.

In biodiversity including humans, pesticides have the tendency to alter normal metabolism and physiology and under prolong expo-
sure could cause death. Pesticides could cause poisoning, birth and neurological deformity, disruption of several systems including endo-
crine, nervous, cardiovascular, digestive, etc.

Typically, there are different types of pesticides and their use depends on the target pest. As such they can be classified according to 
pest they are used to eradicate i.e. insecticides, acaricides, herbicides, fungicides, rodenticides, fumigants. They can also be classified 
based on formulation (soluble in solvent especially, dust), origin (synthetic or organic) and mode of action (contact, systemic etc).
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Pesticides may end up in surface water through runoff and affect aquatic organisms [2-5] such as zooplankton, phytoplankton, and 
fisheries abundance. Fish is a major source of animal protein especially in communities aligning water way in coastal region of the Niger 
Delta. Again, fisheries are obtained from their natural stock (wild) and pond. Irrespectively of the sources, they require water to thrive/
survive. When pesticides enter the water, they induce metabolic, enzymatic, electrolytes, behavioral, physiological, histological, hemato-
logical and biochemical changes [2,3,6-9].

Insecticides containing pyrethroids are chemically classified into α-cyano group (deltamethrin, cypermethrin, λ-cyhalothrin and cyflu-
thrin); and no α-cyano group (bifenthrin, permethrin, resmethrin) [10]. Typically, pyrethroids based insecticides are used in agriculture 
to control biological vectors [10]. Pyrethroids are synthetic chemical compound analogues of pyrethrins, which are derived from the flow-
ers of chrysanthemums (Chrysanthemum cinerariaefolium) [10,11]. Pyrethroids insecticides have the tendency to interrupt the normal 
functioning of the nervous system in an organism leading to paralysis or death. Pyrethroids based insecticides is a non-systemic and has 
contact and stomach action, and repellent properties [12].

Lambda-cyhalothrin is a synthetic pyrethroid insecticide used globally in agriculture, home pest control, foodstuff protection and 
control of disease causing vectors [13]. Pyrethroid pesticides are used preferably over organochlorines and organophosphates due to 
their high effectiveness, low toxicity to non-target organisms and biodegradability potentials [14]. Pyrethroids class of insecticides are 
usually regarded to be safe to human, however, there have been some instances of human fatalities [15]. Moretto [16] reported that spray 
man exposed to about 62g of lambda-cyhalothrin in about 2.7 – 5.1 hours per day do have itching and burning of the face, nose or throat 
irritation with sneezing or coughing.

Lambda-cyhalothrin can induce toxicity in mammals and well as fisheries. However, toxicity level tends to affect fisheries more com-
pare to mammals. Fetoui., et al. [13] reported significant increase in kidney malondialdehyde and protein carbonyl levels and severe 
vacuolations, cells infiltration and widened tubular lumen in the kidney and decline in catalase activity, superoxide dismutase glutathione 
peroxidase, glutathione reductase and glutathione-S-transferase in rat exposed to lambda-cyhalothrin for 3 weeks. Fetoui., et al. [14] 
reported that lambda-cyhalothrin induces oxidative stress and modifies biochemical parameters and histological aspects of liver of male 
Wistar rats. Feboui., et al. [17] reported that lambda-cyhalothrin induce oxidative damage in tissues of Wistar rats. Velmurugan., et al. [18] 
reported histopathology in the gill, liver, intestine and kidney of Cirrhinus mrigala exposed to 0.3 ppb and 0.6 ppb of lambda-cyhalothrin 
for 10 days and reported that the gills were characterized by epithelial hyperplasia, aneurism, epithelial necrosis, desquamation, epitheli-
al lifting, oedema, shortening of secondary lamellae and lamellar fusion; the kidney were characterized by necrosis of tubular epithelium, 
cloudy swelling of epithelial cells of renal tubules, narrowing of the tubular lumen, contraction of the glomerulus and expansion of space 
inside the Bowman’s capsule; the intestine were characterized by intestinal lesions including infiltration of eosinophils into the lamina 
propria and atrophy of epithelial cells; and hepatic lesions in the exposed fish were characterized by hypertrophy of hepatocytes, cloudy 
degeneration, congestion, karyolysis, karyohexis, dilatation of sinusoids and focal necrosis.

Basically, Lambda Cyhalothrin [alpha-Cyano-3-phenoxybenzyl 3-(2-chloro- 3,3,3-trifluoropropenyl)-2,2-dimethylcyclopropanecar-
boxylate; which has 1:1 reaction mixture of the (Z)-(1R,3R), (S) ester and (Z)-(1S,3S), (R) ester] is one of the most active wide range 
pyrethroids sold in the market [19]. When they find their way to aquatic ecosystems via runoff, it could affect the fish composition and 
abundance. Kumar., et al. [19] reported that lambda cyhalothrin has neurotoxicant potential in Channa punctatus. Kumar., et al. [20] 
reported that lambda cyhalothrin can cause changes in behavior, skin colour, intense hyperactivity, enhanced loss of balance, rapid swim-
ming, amplified surfacing activity, rate of opercular and convulsions activity in Clarias batrachus.

Therefore, this present study evaluates the effects of lambda-cyhalothrin in total protein and Albumin content in the kidney and liver 
of Parpohiocephalus obscurus.
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Materials and Methods
Source of fish used in the experiment

The fish samples used for study were purchased from a private fish farm at Yenagoa, Bayelsa state, Nigeria. The fish sample was con-
veyed to the Department of Biological Sciences Laboratory, Niger Delta University in 50-liter plastic container with the pond water which 
was covered with net to avoid suffocation. Twenty-eight (28) adult healthy Parophiocephalus obscurus (with mean weight 42.20 ± 0.1g SD 
mean length 16.50 ± 0.12 cm SD) were acclimatized individually in a 40 liter circular aquaria for two weeks days and fed between (9.00 - 
11.00h) with 35% crude protein diet at 1% biomass.

General bioassay technique

Sublethal concentrations of lambda cyhalothrin for the assay (0.012, 0.024, 0.36 ppm) in addition to the control (0.000 ppm) were 
determined based on the range finding test [21]. These were prepared by transferring 0.01, 0.02, 0.03 mls with borehole water in the test 
aquaria. 30L of the diluent water was used as control. Replicates of each treatment level (concentration) and control were set up by in-
troducing fishes individually into each aquarium. The exposure period lasted for 2 weeks during which the exposure media was renewed 
every 24 hours. The physio-chemical characterization of the water used for fish bioassay was carried out using standard methods [22] 
and the following values were obtained: Temperature 25.00 - 25.13oC, pH 6.20 - 6.35, alkalinity, 12.44 - 17.88 mg/l, conductivity 99.50 - 
136.12 µs/cm, dissolve oxygen 5.07 – 7.21 mg/l and turbidity 0.23 - 0.50 NTU.

Total protein and Albumin determination

At the end of the 2-week experimental period, the fish was dissected and the kidney and liver was collected for total protein and 
albumin content analysis. About 0.5g of each organ (kidney and liver) was macerated with ceramic pestle and mortar and about 5 ml of 
perchloric acid was added. The samples were centrifuged for 15 minutes at 3000 rpm. The supernatant was transferred to EDTA bottle 
and was sent to Federal Medical Centre Yenagoa, Bayelsa state for analysis. Quantitate approach was used for the determination of total 
protein [23] and albumin [24].

Statistical analysis

Statistical analysis was carried out using Statistical Package for Social Sciences software version 20. Data were expressed as mean 
± standard error. One-way analysis of variance was carried out at α = 0.05 and Tukey HSD statistics was used for multiple comparison.

Results and Discussion

The level of total protein and albumin in the kidney and liver of Paraphiocephalus obscurus exposed to Lambda cyhalothrin is present-
ed in Table 1. In the kidney, the total protein was 0.000 g/l at 0.024 and 0.036 ppm of the toxicant and 0.50 g/l at 0.000 and 0.012 ppm of 
the toxicant. No significant difference (P > 0.05) existed between 0.000 ppm and 0.012 ppm and between 0.024 and 0.036 ppm. While in 
the liver, the level of total protein was 0.50 g/l at 0.000 and 0.012 ppm, 1.00 g/l at 0.024 ppm and 4.00 g/l at 0.36 ppm. Generally signifi-
cant variation (P < 0.05) exist between the various concentration of the toxicant apart from 0.000 and 0.012 ppm. The total protein value 
in the liver is apparently higher than the values in the kidney. This could be associated to the role of the various organs in metabolism of 
toxicants. Total protein is an essential constitutes of cells and tissues which aid in the physiological functions of the cells [25,26]. Due to 
the fact that fish has low carbohydrates, protein which is architecture of the cell and main source of nitrogenous metabolism is used to 
enhance the energy demand [26]. The protein is the energy sources of spores during stress period [27]. The reduction of tissue protein-
pesticides stress impacts in the conversion of tissue protein into soluble fraction [26].
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Conc. of Lambda 
cyhalothrin, ppm

Kidney Liver
Total protein, g/l Albumin, g/l Total protein, g/l Albumin, g/l

0.000 0.50 ± 0.05b 141.00 ± 1.73d 0.50 ± 0.06a 0.00 ± 0.00a
0.012 0.50 ± 0.04b 95.10 ± 0.46c 0.50 ± 0.03a 0.00 ± 0.00a
0.024 0.00 ± 0.00a 73.50 ± 0.35b 1.00 ± 0.01b 0.00 ± 0.00a
0.036 0.00 ± 0.00a 53.70 ± 0.46a 4.00 ± 0.02c 0.00 ± 0.00a

Data were expressed as mean ± standard error: Different alphabets along the column indicate significance variation at P = 0.05 
according to Tukey HSD statistics.

Table 1: Variation in Total protein and Albumin content in liver and kidney of Paraphiocephalus obscurus exposed to Lambda cyhalothrin.

Albumin content ranged from 53.70 – 141.00 g/l in the kidney, being significantly different (P < 0.05) among the various concentra-
tions of the toxicant. Also, the value declines as the concentration of the toxicant increases. The decline in values suggests that the toxicant 
have greatly influenced the normal functioning of the kidney. While in the kidney albumin content were 0.00 g/l among the various con-
centration of the toxicant. As such, the occurrence of albumin in the kidney could be associated with their role in metabolism.

Typically, total protein and albumin are some major metabolites in fisheries. The albumin aids in the transportation of protein for 
steroid hormones and fatty acids from adipose tissue to muscles [25,26]. The decline in albumin in kidney could be due to hindrance in 
transportation function of albumin [25,26]. Albumin is largely produced in the liver [28]. As such, the decline in albumin in the kidney as 
the concentration of the toxicant increases could be due to its immediate energy demand thus high synthesis occurs in the liver [28]. But 
this is contrary to the findings of this study in the liver, where albumin was not recorded. The lack of albumin in the liver may suggest that 
have been used up for other metabolic processes prior to the introduction of the toxicant.

The significance differences (P < 0.05) that exist in this study could be due to the fact that fish have poor ability to metabolize and 
eliminate pyrethroid oriented compounds [20]. As such, fish may be used as toxicity indicator of pyrethroid insecticides for vertebrates 
[20]. The alteration trend in this study is comparable to the work of previous works. Authors have reported significant variation in nucleic 
acids and proteins content of fisheries such as Channa punctatus [29], Clarias batrachus [30] exposed to lambda cyhalothrin. Alteration 
have been reported in protein content in muscle and liver of Clarias lazera exposed to dimethoate [31], total protein and albumin in blood 
of Clarias gariepinus exposed to sublethal levels of fluazifop-p-butyl [32].

Due to lipophilic nature, pyrethroids have a high absorption rate by gills of fish [20]. Fishes are highly sensitive to pyrethroids and the 
nervous system [10]. It also appears that fish lack enzyme system that hydrolyzes pyrethroids which are dependent on stereochemistry 
of the molecule [20]. The metabolites of fisheries are major indicator of pyrethroids toxicity in fisheries.

Conclusion
Pyrethroids pesticides are one of the commonly used insecticides in controlling insects that attack crops, causing diseases in plants, 

animals and humans. This study evaluated the effect of lambda-cyhalothrin in protein and Albumin content in the kidney and liver of Par-
pohiocephalus obscurus. The study found that the metabolites such as total protein and albumin could be affected. As such care, should be 
exercised in the use of lambda-cyhalothrin in the control of insects especially close to water bodies.

Acknowledgement

This publication is based on undergraduate project work of the second author (Onyeka Z. Obidiozo) supervised by the lead author (Dr 
Iniobong R. Inyang) at the Niger Delta University, Nigeria.

Bibliography
1. Mostafalou S and Abdollahi M. “Pesticides and human chronic diseases: Evidences, mechanisms, and perspectives”. Toxicology and 

Applied Pharmacology 268.2 (2013): 157-177.

https://www.ncbi.nlm.nih.gov/pubmed/23402800
https://www.ncbi.nlm.nih.gov/pubmed/23402800


Citation: Iniobong Reuben Inyang., et al. “Effects of Lambda Cyhalothrin on Protein and Albumin Content in the Kidney and Liver of  
Parpohiocephalus Obscurus”. EC Pharmacology and Toxicology 2.3 (2016): 148-153.

Effects of Lambda Cyhalothrin on Protein and Albumin Content in the Kidney and Liver of Parpohiocephalus Obscurus

152

2. Ogamba EN., et al. “Effects of 2, 4-Dichlorophenoxyacetic acid in the electrolytes of blood, liver and muscles of Clarias gariepinus”. 
Nigeria Journal of Agriculture Food and Environment 11.4 (2015): 23- 27.

3. Ogamba EN., et al. “Effects of dimethyl 2, 2-dichlorovinyl phosphate on the sodium, potassium and calcium content in the kidney and 
liver of Clarias gariepinus”. Research Journal of Pharmacology and Toxicology 1.1 (2015): 27-30.

4. Ladipo MK., et al. “Acute Toxicity, Behavioural Changes and Histopathological Effect of Paraquat Dichloride on Tissues of Catfish 
(Clarias gariepinus)”. International Journal of Biology 3.2 (2011): 67-74. 

5. Seiyaboh EI., et al. “Acute Toxicity of Paraquat Dichloride on Blood Plasma Indices of Clarias gariepinus”. IOSR Journal of Environmen-
tal Science, Toxicology and Food Technology 7.6 (2013): 15-17.

6. Napit MK. “The effect of pesticides on fish fauna of Bhopal lower lake (M.P.)”. African Journal of Environmental Science and Technology 
7.7 (2013):725-727.

7. Inyang IR., et al. “Evaluation of Activities of Transferases and Phosphatase in Plasma and Organs of Clarias gariepinus Exposed to 
Fluazifop-p-Butyl”.   Journal of Environmental Treatment Techniques 4.3 (2016): 94-97.

8. Inyang IR., et al. “Effect of dimethoate on lactate dehydrogenase, creatinine kinase and amylase in Clarias lazera”. Biotechnological 
Research 2.4 (2016): 155-160.

9. Inyang IR., et al. “Effect of glyphosate on some enzymes and electrolytes in Heterobranchus bidosalis (a common African catfish)”. 
Biotechnological Research 2.4 (2016):161-165

10. De Moraes FD., et al. “Acute toxicity of pyrethroid-based insecticides in the Neotropical freshwater fish Brycon amazonicus”. Ecotoxi-
cology and Environmental Contamination 8.2 (2013): 59-64

11. He L-M, et al. “Environmental Chemistry, Ecotoxicity, and Fate of Lambda-Cyhalothrin”. In: Reviews of Environmental Contamination 
and Toxicology. Whitacre, D.M. (ed.). Springer 195 (2008): 71-91.

12. http://awhhe.am/wp-content/uploads/2014/02/chemicals_eng/lambda-cyhalothrin.pdf, Accessed 30 September, 2016

13. Fetoui H., et al. “Toxic effects of lambda-cyhalothrin, a synthetic pyrethroid pesticide, on the rat kidney: Involvement of oxidative 
stress and protective role of ascorbic acid”. Experimental and Toxicologic Pathology 62.6 (2010): 593-599.

14. Fetoui H, et al. “Lambda-cyhalothrin-induced biochemical and histopathological changes in the liver of rats: Ameliorative effect of 
ascorbic acid”. Environmental and Toxicologic Pathology 61.3 (2009): 189-196.

15. Ray DE and Fry JR. “A reassessment of the neurotoxicity of pyrethroid insecticides”. Pharmacology and Therapeutics 111.1 (2005): 
174-193.

16. Moretto A. “Indoor spraying with the pyrethroid insecticide lambda-cyhalothrin: effects on spraymen and inhabitants of sprayed 
houses”. Bulletin of the World Health Organization 69.5 (1991): 591-594.

17. Fetoui H., et al. “Oxidative stress induced by lambda-cyhalothrin (LTC) in rat erythrocytes and brain: Attenuation by vitamin C”. Envi-
ronmental Toxicology and Pharmacology 26.2 (2008): 225-231.

http://njafe.org/njafe2015v11no4/5-Ogamba_et_al.pdf
http://njafe.org/njafe2015v11no4/5-Ogamba_et_al.pdf
http://asdpub.com/index.php/rjpt/article/view/212
http://asdpub.com/index.php/rjpt/article/view/212
http://www.ccsenet.org/journal/index.php/ijb/article/download/10138/7236
http://www.ccsenet.org/journal/index.php/ijb/article/download/10138/7236
http://iosrjournals.org/iosr-jestft/papers/vol7-issue6/C0761517.pdf
http://iosrjournals.org/iosr-jestft/papers/vol7-issue6/C0761517.pdf
http://www.jett.dormaj.com/docs/Volume4/Issue%203/Evaluation%20of%20activities%20of%20tranferases%20and%20phosphatase%20in%20plasma%20and%20organs%20of%20Clarias%20gariepinus%20exposed%20to%20fluazifop-p-butyl.pdf
http://www.jett.dormaj.com/docs/Volume4/Issue%203/Evaluation%20of%20activities%20of%20tranferases%20and%20phosphatase%20in%20plasma%20and%20organs%20of%20Clarias%20gariepinus%20exposed%20to%20fluazifop-p-butyl.pdf
http://biotechnologicalresearch.com/index.php/BR/article/view/27
http://biotechnologicalresearch.com/index.php/BR/article/view/27
https://www.ncbi.nlm.nih.gov/pubmed/18418954
https://www.ncbi.nlm.nih.gov/pubmed/18418954
https://www.ncbi.nlm.nih.gov/pubmed/19735994
https://www.ncbi.nlm.nih.gov/pubmed/19735994
https://www.ncbi.nlm.nih.gov/pubmed/18835144
https://www.ncbi.nlm.nih.gov/pubmed/18835144
https://www.ncbi.nlm.nih.gov/pubmed/16324748
https://www.ncbi.nlm.nih.gov/pubmed/16324748
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2393252/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2393252/
https://www.ncbi.nlm.nih.gov/pubmed/21783916
https://www.ncbi.nlm.nih.gov/pubmed/21783916


153

Effects of Lambda Cyhalothrin on Protein and Albumin Content in the Kidney and Liver of Parpohiocephalus Obscurus

Citation: Iniobong Reuben Inyang., et al. “Effects of Lambda Cyhalothrin on Protein and Albumin Content in the Kidney and Liver of  
Parpohiocephalus Obscurus”. EC Pharmacology and Toxicology 2.3 (2016): 148-153.

18. Velmurugan B., et al. “Histopathology of lambda-cyhalothrin on tissues (gill, kidney, liver and intestine) of Cirrhinus mrigala”. Envi-
ronmental Toxicology and Pharmacology 24.3(2007): 286-291.

19. Kumar A., et al. “ƛ-cyhalothrin and cypermethrin induced in vivo alterations in the activity of Acetyl cholinesterase in a freshwater 
fish, Channa punctatus (Bloch)”. Pesticide Biochemistry and Physiology 93.2 (2009): 96-99.

20. Kumar A., et al. “Assessment of acute toxicity of k-cyhalothrin to a freshwater catfish, Clarias batrachus”. Environmental Chemistry 
Letters 9.1 (2011): 43-46.

21. Inyang IR. “Haematological and biochemical responses of Clarias gariepinus to diazinon”. Ph.D thesis, Rivers State University of Sci-
ence and Technology. Port Harcourt, Nigeria (2008).

22. “Standards methods for examination of water and waste water”, APHA (American Public health Association)Washington DC (1998).

23. Lowry OH., et al. “Protein measurement with folin phenol reagent”. Journal of Biological Chemistry 193.1 (1951): 265-275.

24. Henry RJ., et al. “Interferences with Biuret methods for Serum Proteins”. Analytical Chemistry 29.10 (1957): 1491-1495.

25. Adamu KM., et al. “Selected liver and kidney biochemical profiles of hybrid catfish exposed to Jatropha curcas leaf dust”. Croatian 
Journal of Fisheries 71 (2013): 25-31.

26. Adamu KM and Kori-Siakpere O. “Effects of Sublethal Concentrations of Tobacco (Nicotiana Tobaccum) Leaf Dust on Some Biochemi-
cal Parameters of Hybrid Catfish (Clarias gariepinus and Heterobranchus bidorsalis)”. Brazilian Archives of Biology and Technology 
54.1 (2011): 183-196.

27. Olusegun AA and Adedayo OO. “Haematological Responses, Serum Biochemistry and Histology of Clarias gariepinus (Burchell, 1822) 
Exposed to Sublethal Concentrations of Cold Water Fresh root Bark Extracts of Plumbago zeylanica (Leadwort)”. Journal of Aquacul-
ture Research & Development 5.7 (2014): 1-6. 

28. Javed M and Usmani N. “Stress response of biomolecules (carbohydrate, protein and lipid profiles) in fish Channa punctatus inhabit-
ing river polluted by Thermal Power Plant effluent”. Saudi Journal of Biological Sciences 22.2 (2015): 237-242.

29. Kumar A., et al. “Cypermethrin and ƛ-cyhalothrin induced alterations in nucleic acids and protein contents in a freshwater fish Chan-
na punctatus”. Fish Physiology and Biochemistry 34.4 (2008): 331-338.

30. Kumar A., et al. “Cypermethrin and ƛ-cyhalothrin induced in vivo alterations in nucleic acids and protein contents in a freshwater 
catfish Clarias batrachus (Linnaeus; Family—Clariidae)”. Journal of Environmental Science and Health, Part B 44.6 (2009): 564-570.

31. Inyang IR., et al. “Effect of dimethoate on some selected metabolites in the brain, liver and muscle of Clarias lazera”. Sky Journal of 
Biochemistry Research 5.5 (2016): 63-68.

32. Inyang IR and Thomas S. “Toxicity of fluazifop-p-butyl on blood cells and metabolites of a common african catfish (Clarias gariepi-
nus)”. Nigerian Journal of Agriculture, Food and Environment 12.2 (2016):128-132

Volume 2 Issue 3 November 2016
© All rights reserved by Sylvester Chibueze Izah., et al.

https://www.ncbi.nlm.nih.gov/pubmed/21783823
https://www.ncbi.nlm.nih.gov/pubmed/21783823
http://www.sciencedirect.com/science/article/pii/S0048357508001405
http://www.sciencedirect.com/science/article/pii/S0048357508001405
http://link.springer.com/article/10.1007/s10311-009-0244-8
http://link.springer.com/article/10.1007/s10311-009-0244-8
https://www.ncbi.nlm.nih.gov/pubmed/14907713
http://pubs.acs.org/doi/abs/10.1021/ac60130a028
http://hrcak.srce.hr/file/149104
http://hrcak.srce.hr/file/149104
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-89132011000100023
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-89132011000100023
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1516-89132011000100023
http://www.omicsonline.org/open-access/haematological-responses-serum-biochemistry-and-histology-of-clarias-gariepinus-2155-9546-5-282.pdf
http://www.omicsonline.org/open-access/haematological-responses-serum-biochemistry-and-histology-of-clarias-gariepinus-2155-9546-5-282.pdf
http://www.omicsonline.org/open-access/haematological-responses-serum-biochemistry-and-histology-of-clarias-gariepinus-2155-9546-5-282.pdf
http://www.sciencedirect.com/science/article/pii/S1319562X14001284
http://www.sciencedirect.com/science/article/pii/S1319562X14001284
http://link.springer.com/article/10.1007/s10695-007-9192-z
http://link.springer.com/article/10.1007/s10695-007-9192-z
http://www.tandfonline.com/doi/abs/10.1080/03601230903000537?journalCode=lesb20
http://www.tandfonline.com/doi/abs/10.1080/03601230903000537?journalCode=lesb20
http://skyjournals.org/sjbr/abstract/2016/Oct/Inyang%20and%20Izah.htm
http://skyjournals.org/sjbr/abstract/2016/Oct/Inyang%20and%20Izah.htm
http://www.njafe.org/njafe2016v12n2/22InyangThomas.pdf
http://www.njafe.org/njafe2016v12n2/22InyangThomas.pdf

	_GoBack

