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Abstract:

Arsenic intoxication disturbs Haemotological system and Biochemical parameters indicating its toxicity
towards the blood and hematopoietic system is one of the important sources of ROS generation and initiates
cytotoxicity. The Wistar rats were divided into 4 groups, having 6 rats in each group. Group | is treated as
control, Group Il received Sodium arsenite (8 mg/kg BW) for 15 days, Group 11l received Sodium arsenite (8
mg/kg BW) for 30 days and Group IV received Sodium arsenite (8 mg/kg BW) for 45 days. The present study
results on haematological parameters showed significant decrease in RBC, WBC, Lymphocytes, Haemoglobin,
Platelets and RBC indices — PCV, MCV, MCH and MCHC with a significant increase in Neutrophils,
Monocytes, Basophils and Eosinophils and administration of arsenic to rats was associated with increase in
Blood glucose, Triglycerides, Total cholesterol, VLDL and LDL with decline in Total proteins, Serum albumin
and HDL. These results indicate a characteristic effect of arsenic in the alterations of Hematological and
Biochemical parameters.
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Introduction:

Arsenic is precarious to organisms and for humans where millions of people around the globe are
exposed chronically to arsenic by contaminated drinking water, food and soil. Arsenic originates mostly from
mixing, smelting and ores refining and industrial effluents released into environment by geogenic and
anthropogenic disturbances®. Inorganic Arsenic mainly exists as arsenite (As Il1) or arsenate (As V) in the
environment and gets metabolized in humans, and As (III) and As (V) are more toxic than pentavalent
methylated counterparts. Sodium arsenite is a trivalent salt that is more toxic than other forms of arsenical
compounds?.

Haemotological parameters include complete blood count that includes estimation of RBC (Total
Erythrocyte Count - TEC), WBC (Total Leucocyte Count — TLC), Haemoglobin content, Platelets count, MCV,
MCH and MCHC estimation that are critical parameters to determine the toxic effects and are used to assess the
oxygen carrying capacity of the blood.? Arsenic toxicity causes hemolysis of blood and erythrophagocytosis of
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RBC that increased sulfhydryl groups oxidation in haemoglobin and diminished oxygen intake and
proportionally decreases erythrocytes lifespan®. Arsenicals interact with rat RBC sulfhydryls and cause damage
to the blood cells. Low WBC indicates less immunity in the population. RBC counts, haemoglobin level, HCT
percentage, MCV, MCH and MCHC are also found to be less due to by binding of heavy metal with a-chain
and sulphur groups*. Haemoglobin content (Hb), also reduced due to the apoptosis of plasma cells under toxic
effects, increased rate of destruction of haemoglobin, suppression of hemopoitic activity of the kidney and
decrease haemoglobin synthesis®.

Total Leucocyte Count (TLC) or White Blood Cells (WBC) includes the estimation of White blood cells
and its associated cells namely known as Differential Leucocyte Count (DLC). WBC differential count includes
Lymphocytes, Monocytes, Neutrophils, Eosinophils and Basophils and increased levels are indicative of
leukocytosis, lymphocytosis, monocytosis, basophilia, eosinophilia and neutrophilia. Platelets count (PLT), are
prominent in blood clotting, but under arsenic treatment platelet differentiation is inhibited within the
hematopoietic system of bone marrow, and might reduce platelet production®.

Arsenic toxicity causes severe disturbance in carbohydrate, lipid and protein metabolism. Blood glucose
(BG) increased in arsenic treated group which indicates hyperglycemia that could be due to impaired insulin
secretion from 3-cell of pancreas or impaired glucose metabolism in liver and produce glucose-6-arsenate that
inclines glucose content’. Binding or cross-linking of proteins involving sulfhydryl group to arsenic might
activate signaling pathways that ultimately promote arsenic-mediated adverse effects. Decreased levels of
serum albumin (ALB) are due to impaired albumin synthesis under liver damage as liver is the main site of
albumin formation.

Cholesterol are essential structural component of membranes and precursors of all steroid hormones and
elevated in serum. Increased plasma cholesterol and triglycerides levels with decline in serum total protein
content is an index of hepatic damage®. Arsenic treatment significantly decreased phospholipid and HDL with
increased TC, TG and LDL®. Hence in the present study we paved a way to determine the toxicity of Arsenic at
different periods of experimentation on Haematological and Biochemical parameters and analysed the results.

Materials and Methods
Animals:

Adult male albino rats of Wistar strain (120+140g) 90 days old were purchased from a local commercial
dealer and housed in polypropylene cages. Animals were acclimatized in a laboratory condition for two weeks
prior to the experimentation and maintained at temperature of about 22-25°C in a well-regulated light and dark
(12h:12h) conditions in the Animal House Facility of Sri Venkateswara University, Tirupati. Rats were fed with
a commercial rat chow daily that is obtained from Sai Durga Feeds and Foods, Bangalore, India and water was
given at ad libitum. During animal maintenance Rules of the “Institutional Animal Ethics Committee (IAEC) of
Sri Venkateswara University” (Resol. No. 58/2012/(i)/a/lCPCSEA/IAEC/ SVU/AUR — BC), were strictly
followed during the experimentation and steps were taken to protect the experimental animals.

Animals Body weight:

The animal weights were recorded on alternative days and rats with poor growth rate were eliminated
from the experimentation. Seven days prior to the experimentation, rats were acclimatized by human contact by
handling daily for about 5 min and minimize their physiological response to handling.

Chemicals:

Arsenic as Sodium arsenite (NaAsO>) is purchased from Himedia Lab Pvt. Ltd. Mumbai. All other
chemicals used in the present study were obtained from the standard chemical companies like Sigma Chemical
Co. (St Louis, MO, USA) and SD Fine Chemicals, India. The chemical molecules used in the present study are
of the maximum purity to obtain the best results.

Mode of Administration:
The chemical compounds are given to mice by oral gavage.
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Experimental Design:
Male albino rats were divided into 4 groups as given below with 06 rats in each group

Group 1: Not exposed to any treatment and received only deionized water without Arsenic
treatment. (Control-Untreated)
Group 2: Sodium arsenite were intoxicated at a dose of 8 mg/kg body weight for a  time interval
of 15 days
Group 3: Sodium arsenite were intoxicated at a dose of 8 mg/kg body weight for a time interval of
30 days
Group 4: Sodium arsenite were intoxicated at a dose of 8 mg/kg body weight for a time interval of
45 days

Biochemical Analysis:
Preparation of Serum samples

Blood samples were from the orbital venous plexus by puncturing with the tip of pasteur pipette in dry
and clean glass test tubes under light ether anesthesia and used for biochemical analysis. Serum samples were
separated using centrifugation at 2000 rpm for 20 min and used for biochemical analysis. Biochemical studies
are performed by using serum obtained from the blood sample by centrifugation and used to estimate

Blood Glucose y Nelson (1944)°

Total Protein : Lowry et al. (1951)!!
Serum Albumin : Doumas et al. (1971)"?
Triglycerides : Rice (1970)"?

Cholesterol : Parekh and Jung (1970)'
HDL-C : Zlatkis et al. (1953)"°
VLDL-C and LDL-C : Friedwald et al. (1972)'¢

Haematological Parameters:
Preparation of Blood Samples:

Albino rats were anesthetized with by using ether and blood samples were collected from the orbital
venous plexus by puncturing with the tip of pasteur pipette in dry and clean glass test tubes. Blood was
collected into the tubes containing EDTA which acts as anticoagulant. Blood samples were kept at 4°C and
centrifuged at 2000 g for 30 min and used for haematological work. The bleeding was arrested by gently
pressing the eyeball with the help of dry cotton.

Red blood corpuscle (RBC) count : Davidson and Henry (1969)*’
White Blood Corpuscle (WBC) count : Davidson and Henry (1969)”
Differential Leucocyte count : Rukme, (1960)'®
Hemoglobin concentration : Sahli (1962)"°

Packed Cell Volume : Schalm et al. (1975)%°

Total Platelets Count : Sharma and Singh (2000)?!

Mean corpuscular volume (MCV)

MCYV expresses the average volume of the red blood cells. For obtaining the mean corpuscular volume,
the packed cell volume is divided by red blood cell count and the result is multiplied by 10. MCV is expressed
in cubic microns (cup).

Mean corpuscular haemoglobin (MCH)

MCH represents the average weight of haemoglobin contained in each cell. MCH is influenced by the
size of the cell and concentration of haemoglobin. For getting MCH the Hb concentration is usually divided by
red blood cell count and the result is multiplied by 10 and is expressed as pictograms (pg).

Mean corpuscular haemoglobin concentration (MCHC)

MCHC refers to the average concentration of the Hb in the red blood cells. In contrast to MCH, MCHC
is not influenced by the size of the cell. For getting MCHC the haemoglobin is divided by packed cell volume
and the result is multiplied by 100. The MCHC value is expressed in terms of percentage.
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Results:

Clinical observations have shown that arsenic treated animals are less active and quiet when compared
to control ones. Control group animals do not show any mortality, time and dose dependent reduction in
Haemotological parameters is observed over a experimental period of 45 days and values are tabulated and
presented in Table. 1.

After 45 days of treatment RBC showed the maximum trend of decrease at -23.65% when compared to
30 days (-17.03%) and 15 days (-8.35%). A significant fall in Total WBC was observed having a maximum
decline in 45 days (-30.49%) followed by 30 (-25.41%) and 15 days (-6.31%). Hemoglobin content showed
maximum decline from -23.27 to -68.91% with increased period of experimentation and all values are
statistically significant at p<0.001. PCV values showed significant fall of -21.00, -39.52 and -54.91 in 15, 30
and 45 days arsenic treated period respectively. MCV showed maximum decline in 45 days treatment (-
40.95%) followed by -27.11 and -13.80 in 30 and 15 days of experimentation respectively when compared to
control group. MCH did not show significant change in values and decrement was only up to -15.09% (p<0.01)
in 45 days, -7.54 % (p<0.05) in 30 days and -6.58 % (Not significant) in 15 days. 15 days arsenic treated rats
don not show significant change (NS) in MCHC values, but 30 and 45 days treated rats showed decline of -
11.73 and -31.04%. A significant fall in Platelets count at p<0.001 was observed having a maximum decline in
45 days (-37.59%) followed by 30 (-24.13%) and 15 days (-13.90%).

Table 1: Haemotological parameters in Control and Arsenic treated rats at different experimental period.

S.no Parameters/ cntrol Arsenic treatment
Blood ontro 15days 30days 45days
1 RBC 6.34+ 0.56 5.812+0.75 5.26%+0.63 4.842+0.88
(RBC/cu.mm) | PDC -8.35 -17.03 -23.65
2 WBC 7.28+0.42 6.82%+0.46 5.43°+0.15 5.06%+0.18
(WBC/cu.mm) | PDC -6.31 -25.41 -30.49
3 Haemoglobin | 13.19+1.01 10.122£1.03 7.042£0.10 4.10% +0.69
(9/100 ml) PDC -23.27 -46.62 -68.91
4 PCV 54.88+3.45 43.35%+2.30 33.19%+2.76 24747 +£1.92
(%) PDC -21.00 -39.52 -54.91
5 MCV 86.56+5.07 74.62°+4.82 63.092+8.25 51.212+3.38
(cup/cell) PDC -13.80 -27.11 -40.95
6 MCH 20.80+ 1.93 | 19.439+1.84 19.23°+1.56 17.66"+1.41
(pg/cell) PDC -6.58 -7.54 -15.09
7 MCHC 24.03+£1.80 23.349+2 08 21.21°+1.95 16.572+1.26
(%) PDC -2.87 -11.73 -31.04
8 Platelets 886.43+20.31 | 763.21%+23.34 | 672.53%+12.28 | 553.21%+17.09
(cells/cuumm) | PDC -13.90 -24.13 -37.59

All Values are Mean + SD of six individual observations.
Values are statistically significant at (a) p< 0.001, (b) p<0.01, (c) p< 0.05, (d) NS: Not Significant.
PDC: Percent deviation over control group

Differential Leucocyte Count deviations after administration of sodium arsenite was observed in rats in
experimental period of 45 days was presented in Table. 2. The present study results showed Lymphocytes
declined with a significant increase in Neutrophils, Monocytes, Basophils and Eosinophils. Arsenic treatment
showed decline in Lymphocytes and all values are statistically significant at p<0.001 with a decline from -
1.59% to -12.98%. Animals after treatment with arsenic for a period of 45 days showed increment in monocytes
from +7.73 to +23.66%. Similar trend of increment was also observed in Neutrophils that are statistically
significant at p<0.001. Eosinophils showed increment in 15, 30 and 45 days is +10.64, +36.11 and +54.62%
respectively. Basophils showed significant increase p<0.01 in 15 days of treatment and p<0.001 in 30 and 45
days of treatment.
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Table 2: Differential Leucocyte Count in Control and Arsenic treated rats at different experimental period.

S.no | Parameters/ c | Arsenic treatment
Blood ontro 15days 30days 45days
1 Lymphocytes | 72.72+ 4.80 71.56%+1.66 67.842+1.93 63.282+4.31
(%) PDC -1.59 -6.71 -12.98
2 Monocytes 6.72+0.43 7.24°+0.64 7.76%+0.54 8.31%+0.72
(%) PDC +7.73 +15.47 +23.66
3 Neutrophils | 18.56+1.37 19.842+1.70 20.94%+1.54 22.06%+1.41
(%) PDC +6.89 +12.82 +18.85
4 Eosinophils | 2.16+0.24 2.39°+0.15 2.94°+0.15 3.34%+0.34
(%) PDC +10.64 +36.11 +54.62
5 Basophils 1.27+0.08 1.445+0.42 1.602+0.09 1.732%+0.07
(%) PDC +13.38 +25.98 +36.22

All Values are Mean + SD of six individual observations.

Values are statistically significant at (a) p< 0.001, (b) p<0.01, (c) p< 0.05, (d) NS: Not
Significant.

PDC: Percent deviation over control group

Results obtained showed that Serum enzymes showed significant deviations upon exposure of
experimental animals to sodium arsenite and presented in Table. 3. Increase in blood glucose levels was
statistically significant and ranged from +36.61 to +76.52 with increased days of exposure. Treatment with
various days of exposure to arsenic showed significant decline in Total protein content ranging from -14.47 to -
48.52. Albumin content showed maximum decline from -23.54 to -61.77 % with increased period of
experimentation and all values are statistically significant at p<0.001.

Triglycerides showed significant incline of +6.18, +11.67 and +38.33 in 15, 30 and 45 days arsenic
treated period respectively but 15 days rats do not show significant change. Arsenic treatment showed increased
Total cholesterol and all values are statistically significant at p<0.001 with an inclination from +59.15% to
+95.71%. Changes in HDL, VLDL and HDL depend upon the changes in Total cholesterol and Triglycerides.
Animals after treatment with arsenic for a period of 45 days showed decline in HDL and significant at p<0.001
15 and 30 days showed significance at p<0.05 and p<0.01, but increment in VLDL from +6.18 to +38.31% is
observed but 15 days rats do not show significant changes. Similar trend of increment was observed in LDL
content that are statistically significant at p<0.01 and p<0.001 and values ranged from +14.54% to +19.35%.

Table. 3: Changes in the Serum enzymes and Blood parameters in Control and Arsenic treated rats.

S.no Parameters/ Control Arsenic
Serum 15days 30days 45days
1 Blood Glucose 8.52+1.19 11.64%+1.79 13.452+1.29 | 15.042+1.15
(mg /100 ml) PDC +36.61 +57.86 +76.52
2 Total protein 7.46%0.93 6.38°+1.00 4.73%+1.23 | 3.84%+0.84
(mglg) PDC -14.47 -36.59 -48.52
3 Albumin 5.31+0.87 4.062+0.33 3.122+0.64 | 2.032+0.63
(mg/dl) PDC -23.54 -41.24 -61.77
4 Triglycerides 46.85+2.16 49.759%42.61 |52.32°+1.37 | 64.81%2+1.94
(mg/dl) PDC +6.18 +11.67 +38.33
5 Total Cholesterol 30.36+1.88 48.322+3.06 | 51.26%+1.60 | 59.423+2.57
(mg/dl) PDC +59.15 +68.84 +95.71
6 HDL 38.36+2.63 29.61°+2.24 | 27.53"+2.18 | 24.38%+1.89
(mg/dl) PDC -22.81 -28.23 -36.44
7 VLDL 9.37+1.95 9.959%1.12 10.46°+1.18 | 12.96%+1.46
(mg/dl) PDC +6.18 +11.63 +38.31
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8 LDL 59.35+3.35 67.98°+2.66 68.33°+2.74 | 70.842 +2.45
(mg/dl) PDC +14.54 +15.13 +19.35

All Values are Mean + SD of six individual observations.

Values are statistically significant at (a) p< 0.001, (b) p<0.01, (c) p< 0.05, (d) NS: Not

Significant.

PDC: Percent deviation over control group

Discussion:

Arsenic is the twentieth most abundant, naturally occurring and ubiquitous element in earth’s crust and
has no taste or smell and the first metalloid to be identified as a human carcinogen??. Chronic arsenic exposure
leads to carcinogenesis, skin diseases and skin cancer thus increasing morbidity and mortality?3.

Toxin or their metabolites interacts with the cellular constituents and promote perturbations in
haemotological parameters indicative of haemotological disorders including low levels of haemoglobin
(anaemia), reduced white blood cells (leukopenia), low blood platelet level (thrombocytopenia) under toxic
stress?*. Haemotological indices are reported to be most consistent parameter for health status assessment of
animals and humans and used to identify target organs of toxicity to illustrate the toxicity.

Decreased RBC production under arsenic toxicity might promote instability in the hematopoietic system
that interrupted the red cell membrane integrity by lipid peroxidation and results in anaemic condition?®® RBC
and haemoglobin count significantly decreased when compared to control group of rats, leucocytes (WBC)
count increased®. The decrease in RBCs could be a result of blood loss due to gastrointestinal tract bleeding,
inefficient iron absorption in the intestine and haemolysis of red blood cells?’. Increased rate of haemoglobin
destruction, and decrease in haemoglobin synthesis might decrease in Hb concentration.

White blood cells (leukocytes) provide immunity against antigen invasion. Decrease in Hb, neutrophils
and monocytes were increased®. Elevation in blood neutrophils and monocytes causes tissue injury and
infection due to various stresses?®. Arsenic showed depletion in haemoglobin, red blood cells (RBC), packed
cell volume (PCV), lymphocytes but elevated leucocyte count (TLC) in arsenic treated animals.?® Reduced
PCV, haemoglobin and RBC counts inhibits porphyrin or heme synthesis®®. Arsenic diminished the
lymphocytes functionality, which suppresses immune system that combat against infections and cancerous
cells, the lymphocytes were severely damaged by arsenic toxicity.

Decrease in PCV might be due to decline in RBC count under toxic stress. Packed cell volume (PCV) is
the percentage of the RBC volume in the whole blood volume, where low PCV results due to RBC count
diminution and HB concentration that inhibits enzymes that are vivacious for hematopoiesis?. Decreased HB,
RBC, PCV, MCHC, MCH, MCV and PLT, increase in WBC, lymphocytes, monocytes, eosinophils and
neutrophils®. Decrease in PCV, MCHC, MCH, MCV may indicate the microcyti and hypochromic anaemia.
Under decreased platelets excessive blood loss would result during injury that are involved in blood clotting
and reduced platelets induce thrombocytopenia under arsenic toxicity>?.

Carbohydrates are important source of energy including glucose, which is sensitive indicator of
environmental stress. Increased glucose might be due to carbohydrates liberation due to breakdown of
macromolecules (proteins and lipids) from different organs thus also decreases lipid and protein
concentrations.? Blood glucose level increased significantly (P<0.01) under arsenic toxicity and Serum proteins
showed significant decline®. Increased blood plasma levels of glucose was supported and in consonance with
our results®,

Total protein and Albumin levels reflect disruption of protein metabolism that reflects functional
changes in liver and kidney. Total protein and albumin gets declined under arsenic toxicity might be due to
protein activity inhibition and albumin biosynthesis might be due to decrease in free amino acids for protein
synthesis®. Decreased protein is due to degradation and utilization of proteins for metabolic purposes®.
Declined albumin, globulin, and total protein are consistent with previous studies®”.
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Arsenic exposure can affect lipid metabolism by reducing serum HDL levels and increasing serum
triglycerides, LDL and VLDL levels in a significant manner. Increased serum TC, LDL, VLDL, and TGs with
concomitant decrease in the HDL cholesterol promotes dyslipidemia is supported by the previous studies and in
consonance with present results®’. Arsenic induced decrease in MCV, MCHC, neutrophils, monocytes,
eosinophil, platelet levels but showed elevation of WBC, cholesterol, triglycerides and HDLC?®,

We conclude from the present work that experimental administration of sodium arsenite in rats is
associated with changes in haematological and biochemical parameters in the experimental groups. Arsenic-
induced deviations in the above parameters might indicate the incidence of diseases under toxic stress and
blood components are more susceptible to changes in physiological health conditions which are used to
determine the stress. These results are in justification with toxic impact of arsenite and attributed to ROS
generation in blood that shows profound impact on Haematological and Biochemical parameters.

Acknowledgment

The author duly grateful to Prof. A. Usha rani for her help throughout the study. We also wish to acknowledge
Department of Zoology, Sri Venkateswara University, Tirupati for providing necessary laboratory facilities to
carryout work smoothly.

Funding
No funding

Conflict of interest
We have no conflict of interest

References:

1. Dwivedi K. 2020. Heavy Metals Toxicity and its Effect on Hematological Parameters in Albino Rats.
International Journal of Creative Research Thoughts, 8(10): 4126-4135.

2. Kumar R, Banerjee T.K. 2016. 2015. Arsenic induced hematological and biochemical responses in
nutritionally important catfish Clarias batrachus (L.). Toxicology Report, 3: 148-152.

3. Abdul K.S.M, Jayasinghe S.S, Chandana E.P, Jayasumana C, De Silva P.M.C. Arsenic and human
health effects. A review, Environmental toxicology and pharmacology, 40: 828-846.

4. Rahman M.S, Kumar A, Kumar R, Ali M, Ghosh A.K et al. 2019. Hematological and Free Radicals
Changes among People of Arsenic Endemic Region of Buxar District of Bihar, India. Int J Pub Health
Safe, 4: 178.

5. Ferzand R, Gadahi J.A, Saleha S, Ali Q. 2008. Histological and Haematological disturbance caused by
Arsenic toxicity in mice model. Pakistan Journal of Biological Sciences, 11 (11): 1405-1413.

6. WuY, Dai J, Zhang W, Yan R, Zhang Y, Ruan C, Dai K. 2014. Arsenic trioxide induces apoptosis in
human platelets via C-Jun NH2-terminal kinase activation. PloS one, 9 (1): e86445.

7. Sabir S, Hamid Akash M.S, Fiayyaz F, Saleem U, Mehmood M.H, Rehman K. 2019. Role of cadmium
and arsenic as endocrine disruptors in the metabolism of carbohydrates. Inserting the association into
perspectives. Biomedicine & Pharmacotherapy, 114: 108802.

8. Folorunsho A.A, Olorunnisola O.S, Adetutu A, Owoade A.O. 2019. Prolong administration of
methanolic whole fruit extract of Lagenaria breviflora (Benth.) roberty provoke oxidative stress and
kidney dysfunction in male Wistar rats. J Bioanal Biomed, 11: 142-148.

9. Singh M.K, Singh P.K, Yadav S.S, Singh U.S, Dwivedi P, Yadav R.S. 2018. Attenuation of Arsenic-
Induced Dyslipidemia by Fruit Extract of Emblica Officinalis in Mice. International Journal of
Nutrition. Pharmacolacology and Neurology Dis, 8: 3-9.

10. Nelson N. 1944. A photometric adaptation of the Somogyi's method for the determination of glucose. J
Biol Chem, 153: 375-80.

11. Lowry O, Rosebrough N, Farr A and Randall R. 1951. Protein measurement with the Folin phenol
reagent. J biol Chem, 193: 265-75.

JETIR2306880 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | i739


http://www.jetir.org/

© 2023 JETIR June 2023, Volume 10, Issue 6 www.jetir.org (ISSN-2349-5162)

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Doumas B.T, Bayse D.D, Carter R.J, Peters T, Schaffer R. 1971. A candidate reference method for
determination of total protein in serum. I. Development and validation. Clinical chemistry, 27 (10):
1642-1650.

Rice E.W. 1970. Triglycerides in serum. In: Standard methods in clinical chemistry. (Eds.) Roedrick. P
and Mc Donald R D. Academic press, Newyork, 215-222.

Parekh A.C, Jung D.H. 1970. Cholesterol determination with ferric acetate-uranium acetate and sulfuric
acid-ferrous sulfate reagents. Analytical Chemistry, 42(12): 1423-1427.

Zlatikis A, Zak B, Boyle A.J. 1953. A new method for the direct determination of serum cholesterol.
Journal of Laboratory and Clinical Medicine, 41: 486-492.

Friedwald W.T, Levy, R.1I, Fredrickson D.S. 1972. Estimation of the concentration of LDL- cholesterol
in plasma without the use of the preparative ultracentrifuge. Clinical Chemistry, 18: 499-502.

Davidson I, Henry J.B. 1969. Todd-Sanford clinical diagnosis by laboratory methods. 14lh Ed. W.B.
Saunders Co., Philadelphia, London, Oronto, 139-143.

Rukme CL. 1960. Variability of results in differential cell counts on blood smears. Triangle, 44: 154-
157.

Sahli T. 1962. Textbook of clinical pathology (ed. Seward, E. Milles). William & Williams and
Company. Baltimore, 1966-35.

Schalm O.W, Jain N.C. 1975. Caroll E.J. Veterinary haematology. 3(ed.) Lea and Fibiger Philadelphia.
USA, 45-46.

Sharma 1.J, Singh H.S. 2000. Students laboratory manuals of veterinary physiology, 1st edition, Kalyani
publisher, New delhi, India.

Kaushal S, Garg V, Ahsan A.U, Sharma V.L, Chopra M. 2017. Alleviation of Arsenic induced Lung
toxicity by Ocimum sanctum in Murine model. International Journal of Pharmaceutical Sciences and
Research, 8(11): 4604-4613.

Guha Mazumder D.N. 2008. Chronic arsenic toxicity & human health. Ind J Med Res, 128: 436.

Izak M, Bussel J.B. 2014. Management of thrombocytopenia. F1000Prime Reports, 6: 45.

Junqueira L.C, Carneiro J, Kelley R.O. Basic Histology. 2006. A Lange Medical Book 7th ed, Appleton
and Lange.

Lakshmi B.V.S, Sudhakar M, Jyotsna Sudha F, Venu Gopal M. 2015. Ameliorative effect of Triticum
aestivum Linn against experimentally induced arsenic toxicity in male albino rats. Der Pharmacia
Lettre, 7 (1): 202-211

Li X, Sun W.J. 2015. The clinical activity of arsenic trioxide, ascorbic acid, ifosfamide and prednisone
combination therapy in patients with relapsed and refractory multiple myeloma. OncoTargets Ther, 8:
775-781.

Sarker R.S.J, Ahsan N, Akhand A.A. 2012. Sodium Arsenite Induced Systemic Organ Damage and
Changes in Various Blood Parameters in Mice. Dhaka Univ J Pharm Sci, 11(2): 169-172.

Arika W.M, Nyamai D.W, Musila M.N, Ngugi M.P, Njagi E.N.M. 2016. Hematological Markers of In
vivo Toxicity. Journal of Hematology and Thromboembolic Disease, 4(2): 236.

Reddy P.M.M, Bashamohideen. 1989. Fenvalerate and cypermethrin induced changes in the
haematological parameters of Cyprinus carpio, Acta Hydrochim. Hydrobiol, 17: 101-107.

Ewere E.G, Okolie N.P, Avan E.D, Umoh P.E. 2021. Comparative effects of ethanol leaf and stem bark
extracts of Irvingia gabonensis (BUSH MANGO) on sodium arsenite-induced lipid profile perturbtions
in wistar rats. Clinical Phytoscience, 7:3.

Owoade A.O, Alausa A.O, Adetutu A, Owoade A.W. 2022. Protective effects of methanolic extract of
Andrographis paniculata (Burm.f.) Nees leaves against arsenic-induced damage in rats. Bulletin of the
National Research Centre, 46: 141.

Tandan N, Roy M, Roy S. 2012. Ameliorative potential of Psidium guajava on hemato-biochemical
alterations in arsenic-exposed Wistar rats. Toxicol Int, 19: 121-4.

Thangam Y. 2014. Effect of Nitrite Toxicity in Carbohydrate Metabolism to Fresh Water Fish Cirrhinus
Mrigala. IOSR Journal of Pharmacy and Biological Sciences (I0OSR-JPBS), 9(5): 03-11.

Ibrahim N.M, Eweis E.A, El-Beltagi H.S, Abdel- Mobdy Y.E. 2012. Effect of lead acetate toxicity on
experimental male albino rat. Asian Pac. J. Trop. Biomed, 2: 41-46.

JETIR2306880 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | i740


http://www.jetir.org/

© 2023 JETIR June 2023, Volume 10, Issue 6 www.jetir.org (ISSN-2349-5162)

36. Digvijay Singh and Ajay Singh (2002). Biochemical alteration in
freshwater fish Channa punctatus due to lattices of Euphorbia
royleana and Jatropha gossypifolia. Environ Toxicol Pharmacol,12 (3): 129-136.

37. Mohammed E.T, Khalid S.H, Rheim M.R.A. 2014. Biochemical study on the impact of Nigella sativa
and virgin olive oils on cadmium-induced nephrotoxicity and neurotoxicity in rats. J. Invest. Biochem,
3(2): 70-77.

38. Mwaeni V.K, Nyariki J.N, Jillani N, Omwenga G, Ngugi M, lIsaac A.O. 2021. Coenzyme Q 10
protected against arsenite and enhanced the capacity of 2,3- dimercaptosuccinic acid to ameliorate
arsenite-induced toxicity in mice. BMC Pharmacology and Toxicology, 22: 19.

JETIR2306880 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | i741


http://www.jetir.org/

