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 Cadmium (Cd) is a well-known and highly poisonous metal which presents a 
major health concern in exposed organisms. It is a naturally occurring metal 
in the environment which comes from industrial and agricultural process. 
Cadmium toxicity has been recorded in different countries across the globe. 
Therefore, this study executed to investigate the hematological, nuclear 
changes (micronuclei) and morphological alterations in erythrocytes of fresh 
water fish (Labeo rohita) exposed to sub-lethal dose (1.495 mg/L; 1/3rd LC50) of 
cadmium for 28 days. The results on blood investigation revealed that various 
blood parameters like erythrocyte, hemoglobin (Hb), hematocrit (Hct), and 
lymphocytes exposed to heavy metal showed significantly decreased values in 
treated group except white blood cells (WBCs) that showed significant increase 
in treated group. Various morphological alterations (sphrerocyte, dividing 
erythrocyte, microcyte, leptocyte, pear shape erythrocytes, tear shaped 
erythrocyte and leptocyte) were increased in cadmium treated as compared to 
unexposed group. The findings of current experiment work report for the first 
time the hematological and morphological abnormalities in the blood of fish 
due to Cd toxicity which may be considered as the biomarkers of cadmium 
toxicity in other experimental species. 
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Introduction 

 
The prevalence of intoxication has tremendously 

risen during last few decades due to the widespread 
availability of numerous chemical compounds 
(Rahimzadeh et al. 2017; Akram et al. 2021; Ghaffar 
et al. 2021). Contamination of freshwater with diverse 
pollutants due to industrialization has led to 
ubiquitous exposure of aquatic biota to different 
metals from last few decades (Vander Oost et al. 2003; 
Jabeen and Javed 2012; Akram et al. 2021). Long 
term exposure to these pollutants (cadmium, 
mercury, lead, arsenic and chromium) causes 
countless abnormalities and reduces the life 
expectancy of organisms (Jabeen et al. 2012; Khan et 
al. 2012; Naz et al. 2020).  

Cadmium (Cd) particularly is a dangerous metal 
due to its widespread prevalence in the environment. 
In rivers and lakes, Cd concentrations range from 
1.120 to 8 g/L, and can even exceed to 0.8 mg/L, 
which is significantly higher than in typical 

freshwater. Hence, Cd poisoning poses a constant 
hazard to aquatic species (Guo et al. 2018). Cadmium 
is deliberately reported as one of toxic metals and 
associated with hematologic toxicity in a number of 
fish species. Fish blood is extensively used as a 
biomarker of hematological parameters for heavy 
metal intoxication (Yamin et al. 2020; Ghafar et al. 
2021).  

In aquatic ecosystems, Cd and other heavy 
metals discharge come from sewage effluent, mining 
and processing of metals (Ghaffar et al. 2016; Ghaffar 
et al. 2021). Even though studies have determined 
that Cd is continuously released into aquatic and 
terrestrial ecosystems resulting in deposition of this 
metal into the body of various aquatic and terrestrial 
organisms (Abdel-Tawwab and Wafeek 2017). Reports 
have investigated that aquatic organisms particularly 
fish are the major part of food of human and 
consumption of meat of contaminated fish with heavy 
metal may cause adverse effects in exposed organisms 
(Yamin et al. 2020). Different studies have 
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investigated the presence of different heavy metals in 
commercial fish (Begum et al. 2005). It has been 
observed that contaminated fish can be a major 
health problem (Castro-Gonzales et al. 2008; Ghaffar 
et al. 2018; Akram et al. 2021). Fish accumulates Cd 
directly from water-borne and dietary sources. 
Cadmium is directly engrossed by fish in its free ionic 
form (Cd2+) due to chronic sub-lethal water-borne 
exposure that can lead to subsequent ingestion of Cd-
contaminated fish by consumers like humans 
(Drexler et al. 2003). Thus, measuring of the lethal 
impacts of metals on aquatic organisms is of vital 
importance for the screening hazardous substances. 

Biomarkers, such as blood profile and different 
enzymes involved in normal physiological metabolism 
might be utilized to assess physiological changes in 
organisms (Hussain et al. 2019). Hematological 
characteristics might be utilized as markers of fish 
health status under endogenous or external stresses, 
according to certain studies (Li et al. 2021). Therefore, 
we performed this research to know the sub-lethal 
effects of Cd on fish hematology to reduce 
physiological impairments and optimum functioning.  
 
Materials and Methods 
 
Experimental design 

 
A total of 36 freshwater fish (Labeo rohita) 

weighing about 6.20±2.38g and measuring 
9.60±1.84cm in length were collected form 
commercial hatchery in plastic bag containing 
appropriate oxygen. After acclimatization, fish were 
distributed into two groups, control group containing 
normal tap water with continuous aeration and 
treatment group were subjected to sub-lethal dose 
(1/3 LC50, 1.495 mgL-1) of Cd based on pre-
determined value of LC50 (Tiwari et al. 2011). The 
experiment was conducted by employing a semi-static 
system.  
 
Blood collection for hematological studies 

 
After 28 days, blood samples from the control 

and Cd treated fish were obtained from caudal 
peduncle with the help of syringe and transferred to 
eppendorf tubes containing EDTA as anticoagulant 
(Akram et al. 2021).  

Total count of RBC and WBCs were estimated 
according to previous literature using Neubaur 
haemocytometer (Hussain et al., 2018, 2019; Ghaffar 
et al. 2021). Different other blood parameters were 
measured according to the methods as reported 
earlier (Ghazanfar et al. 2018; Bojarski et al. 2021; 
Ghaffar et al. 2021). 
 
Morphological changes and genotoxic Studies 

 
For morphological changes and genotoxic 

investigation, thin blood smears were prepared from 
all the experimental fish in both groups.  
 
Statistical analysis 
 

Values were analyzed and statistically data were 
compared with the help of SPSS at 95% confidence 
level and level of significance was set at p<0.05. All 

slides for morphological changes were observed under 
an optical microscope (Optika B-150).  
 
Results 
 
Hematological profile 

Erythrocytes count (RBC) of Labeo rohita treated 
with sub lethal dose of Cd showed statistically highly 
significant variation between exposed and unexposed 
fish (Table 1). Haematological analysis showed 
significant decreased level of hemoglobin and 
hematocrit values in treated fish. The mean values of 
total leucocytes increased significantly in treated 
group as compared untreated group. The platelet 
count of the treated fish also increased in Cd treated 
fish. The lymphocytes decreased in Cd treated fish in 
comparison to untreated group. Monocytes of treated 
group manifested a significant decrease in number as 
compared to non-treated group. A prominent 
variation was observed in the quantity of neutrophils 
and a notable increase was recoded in Cd treated fish 
(Table 1).  
 
Morphological and nuclear changes 

 
Peripheral blood smears examination showed 

normal and homogenized appearance of cytoplasm in 
red blood cells of control group. The shape and 
nucleus  of red blood cells of untreated control fish 
was normal while in treated fish different 
morphological and nuclear abnormalities were 
recorded in Cd treated fish. Morphological and 
nuclear variations examined in the treated group 
indicated increased frequency of red blood cells with 
morphological and nuclear alterations. During 
present investigations, morphological abnormalities 
in the erythrocytes of the fish exposed to Cd included 
increased percentile rate of sphrerocyte, dividing 
erythrocyte, microcyte, leptocyte, pear shape 
erythrocytes, tear shaped erythrocyte and leptocyte 
(Table 2) when compared to non-treated fish.  

 
Table 1: Blood profile of freshwater fish (Labeo 
rohita) exposed to cadmium 
Hematological 
Parameters 

Treatment/Metal 
exposure 

Control 
Group 

Treated 
group 

Erythrocyte 
(106/mm3) 

4.39±0.13 3.43±0.07* 

Hemoglobin 
(g/dl) 

10.11±0.11 7.13±0.05* 

Pack cell 
volume (%) 

33.31±1.03 24.27±1.11* 

WBC Count 
(x103/µL) 

9.11±1.69 12.5±7.32* 

Neutrophils 
(%) 

31.1±8.05 53.8±4.74* 

Lymphocytes 
(%) 

31.73±3.41 22.8±04.4* 

Monocytes 
(%) 

4.4±0.36 3.2±0.98* 

Eosinophils 
(%) 

2.4±1.36 2.25±1.18 

  Values (mean ± SE) having asterisks are 
significantly different (P<0.05) from normal fish 
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Table 2: Different morphological alterations in red 
blood cells of fresh water fish (Labeo rohita) exposed 
to cadmium 
Morphological 
changes 

Treatment/Metal exposure 
Control 
Group 

Treated group 

Hypochromia - ++++ 

Microcytosis - +++ 
Anisocytosis - ++ 
Poikilocytosis - ++ 

 Semi-quantitative scoring for the evaluation of 
morphological changes. No distinct morphological 
changes (-), mild (++), moderate (+++) and severe 
morphological changes (++++) 
 
Discussion 

 
Stress due to heavy metal (Yamin et al. 2020) and 

different toxicants including industrial waste (Aram et 
al. 2021) and pesticides (Ghaffar et al. 2020, 2021; 
Hussain et al. 2020) adversely affects the fish health 
by causing hematological impairments, hemolysis 
(erythrocytes) and leukocytosis (Ghaffar et al. 2016). 
In the present investigation, Labeo rohita exposed to 
Cd concentration (1.495mgL-1) for 28 days depicted 
changes in behavioral patterns and haematological 
indices of treated group as compared to the control 
group. 
Different studies have highlighted that hematological 
profile including lymphocyte and monocytes are 
valuable in monitoring toxicity in different animals 
especially fed with different chemical compounds in 
feed and water (Oyawoye and Ogunkunle 2004; 
Hussain et al. 2019; Ghaffar et al. 2021).  

The decline in the RBC count during the current 
investigation might be due to negative impact of Cd 
resulting in the inhibition of RBC during the 
hematopoisis process. Leukocytes are mainly 
classified into a granulocytes (lymphocytes and 
monocytes) and granulocytes (neutrophils, basophils 
and eosinophils). The leucocytes count of treated fish 
in this study showed significantly increased values 
suggestive of injuries to different tissues of fish due to 
Cd toxicity. The abrupt increase in the WBC count is 
considered as a response to injurious stimuli and any 
stress condition. The decreased values of monocytes 
and lymphocytes in treated fish exposed to Cd might 
be due to the weaker immunological response of fish. 
The lower hematological parameters (hemoglobin and 
hematocrit) can be related to toxic impact of Cd on 
hematopoiesis process. 

Similarly, decline in RBCs levels was reported in 
different earlier studies (Chandanshive et al. 2012; 
Ghaffar et al. 2016, 2021) after exposure to different 
toxicants including heavy metals (Ghaffar et al. 2016; 
Yamin et al. 2020). Previously, a study investigated 
that reduction in total RBC count occurs due to 
exposure to heavy metals which may be associated 
with impaired intestinal absorption of iron (Joshi et 
al. 2002). Similarly decreased number of RBC in fish 
caused by toxicant exposure has been recorded 
(Chowdhury et al. 2004; Ghaffar et al. 2021). 

In the present study, leukocytosis in Cd treated 
fish may be due to the increased accumulation of Cd 
in liver and different tissues of exposed fish. Shah and 

Altindag (2005) reported an increase in leucocytes 
number as a counteracting mechanism of lymphoid 
tissues to obliteration of circulating lymphocytes. 
Leukocytosis (increase in WBC number) is attributed 
to stress and injury as a result of direct stimulation of 
immune system for fish survival exposed to heavy 
metal stress. The increase in WBC count in Cd treated 
fish could be injurious stimuli to various visceral 
organs. Previously, decreased levels of different blood 
parameters in C. gariepinus treated with lead have 
also been reported (Adeyemo 2007). It is reported that 
leucocytosis is a compensatory response under 
pathological conditions and heavy metal stress. In the 
present study, the decreased hemoglobin contents of 
treated fish are in agreement with earlier findings 
(Chen 2002; Vinodhini and Narayanan 2009). Earlier 
study has determined lower amount of haemoglobin 
in fish exposed to toxic chemical (Allin et al. 2000).  

Hematocrit and reduced hemoglobin contents 
are suggestive of anemia in treated fish which could 
be due to toxic effects of Cd on blood producing 
organs (Karuppasamy et al. 2005; Ayandiran et al. 
2010). Senthamilselvan et al (2012) investigated 
haematological disturbances in Lates calcarifer in 
response to Cd toxicity. The investigation of different 
morphological and nuclear changes in erythrocyte of 
avian species play crucial role in determination of 
oxidative stress and toxic effects of different 
environmental contaminants. In this study, increased 
morphological alterations in red blood cells including 
sphrerocyte, dividing erythrocyte, microcyte, 
leptocyte, pear shape erythrocytes, tear shaped 
erythrocyte and leptocyte could be related to increase 
oxidative stress by Cd exposure. Previously, similar 
morphological alterations in red blood cells of fish due 
to heavy metals (Yamin et al. 2020), different 
synthetic and naturally occurring chemicals (Ghaffar 
et al. 2015, 2016; Akram et al. 2021), different 
pesticides have also been observed (Hussain et al. 
2014, 2016, 2018, 2021). Different nuclear 
alterations in red blood cells of treated fish observed 
in this study might be due to abnormal interaction of 
Cd. 

In addition, formation of micronuclei and other 
nuclear abnormalities in this experimental study 
could be due to DNA damage in erythrocytes and 
different other genic changes caused by Cd toxicity 
resulting to mitochondrion dysfunction via activation 
of physiologically abnormal nuclear proteins (Hussain 
et al. 2012, 2014; Akram et al. 2021). 
 
Conclusion  
 

In conclusion, it can be suggested that heavy 
metal stress seriously damages metabolic functions of 
fish as revealed in terms of as adverse impacts of 
cadmium on hematological and different 
morphological and nuclear changes in red blood cells. 
The present data confirmed that evaluation of 
changes in hematological parameters of fish is a 
sensitive aquatic toxicity biomarker for fish survival, 
fisheries management and aquaculture. Heavy metals 
usage without proper mitigation measures can 
induces variety of disorders in aquatic animals and 
public health. 
 
 



Continental Vet J, 2021, 1(1):20-24   

 
 

23 
 

 
References 
 
Abdel-Tawwab M and Wafeek M, 2017. Fluctuations 

in water temperature affected waterborne 
cadmium toxicity: hematology, anaerobic 
glucose pathway, and oxidative stress status of 
Nile tilapia, Oreochromis niloticus 
(L.). Aquaculture 477: 106-111. 

Ghaffar A, Hussain R, Ahmad N, Ghafoor R, Akram 
MW, Khan I and Khan A, 2021. Evaluation of 
hemato-biochemical, antioxidant enzymes as 
biochemical biomarkers and genotoxic potential 
of glyphosate in freshwater fish (Labeorohita). 
Chemistry and Ecology 37: 646-667. 

Adeyemo OK, 2007. Haematological profile of Clarias 
gariepinus (Burchell, 1822) exposed to lead. 
Turkish Journal of Fisheries and Aquatic 
Sciences 7:163-169. 

Akram R, Iqbal R, Hussain R and Jabeen F, 2021. 
Evaluation of Oxidative stress, antioxidant 
enzymes and genotoxic potential of bisphenol A 
in fresh water bighead carp (Aristichthys nobilis) 
fish at low concentrations. Environmental 
Pollution 268: 115896.  

Allin CJ and Wilson RW 2000. Effects of Pre-
acclimation to aluminium on the physiology and 
swimming behaviour of juvenile rainbow trout 
(Oncorhynchus Mykiss) during a pulsed 
exposure. Aquatic Toxicology 51: 213-224. 

Ayandiran TA, Fawole OO, Adewoye SO and 
Ogundiran MA, 2010. Bioconcentration of metals 
in the head capsule and skeleton of Clarias 
gariepinus exposed to sublethal concentrations 
of soap and detergent effluents. Agriculture and 
Biology Journal of North America 1: 796-802. 

Barcellos LJG, Kreutz LC, Souza C, Rodriguez LB, 
Fioreze I, Quevedo RM, Cericato L, Soso AB, 
Fagundes M, Conrad J, Lacerda LA and Terra S, 
2004. Haematological changes in Jundia 
(Rhamdia quelen) after acute and chronic stress 
caused by usual aquacultural management, with 
emphasis on immunosuppressive effects. 
Aquaculture 237: 229-236. 

Begum A, Amin MN, Kaneco S and Ohta K, 2005. 
Selected elemental composition of the muscle 
tissue of three species of fish, Tilapia nilotica, 
Cirrhina mrigala and Clarius batrachus from the 
freshwater Dhanmondi Lake in Bangladesh. 
Food Chemistry 93: 439–443. 

Bojarski B, Socha M, Drąg-Kozak E, Rombel-Bryzek 
A, Kapinos S, Szała L and Witeska M, 2021. Does 
the site of blood collection in fish affect 
haematological and blood biochemical 
results? Folia Biologica (Kraków) 69: 1-6. 

Castro-Gonzales MI and Mendez-Armenta M, 2008. 
Heavy metals: Implications associated to fish 
consumption. Environmental Toxicology and 
Pharmacology 26: 263-271. 

Chandanshive SS, Sarwade PP, Humbe A and 
Mohekar AD, 2012. Effect of heavy metal model 
mixture on haematological parameters of Labeo 
rohita from Gharni Dam Nalegaon, Aayushi 
International Interdisciplinary Research Journal 
2: 10-12. 

Chen H, 2002. Effects of phenol on haematological 
properties of cat fish (Clarius leather). 
Environmental Pollution Control 24: 104-105. 

Chowdhury MJ, Pane EF and Wood CM, 2004. 
Physiological effects of dietary Cadmium 
acclimation and waterborne Cadmium challenge 
in rainbow trout: Respiratory, ionoregulatory 
and Stress Parameters. Comparative 
Biochemistry and Physiology. Part C: Toxicology 
139:163-173. 

Drexler J, Fisher N, Henningsen G, Lanno R, Mcgeer 
J and Sappington K, 2003. Issue paper on the 
bioavailability and bioaccumulation of metals. 
U.S. Environmental Protection Agency, Risk 
Assessment Forum, Washington, DC., USA. 

Ghaffar A, Hussain R, Abbas G, Ahmad MN, Abbas A, 
Rahim Y, Younus M, Shahid M and Mohiuddin 
M, 2018. Sodium arsenate and/or urea 
differently affect clinical attributes, hemato-
biochemistry and DNA damage in intoxicated 
commercial layer birds, Toxin Reviews 37: 206-
215. 

Ghaffar A, Hussain R, Noreen S, Chodhary IR, Abbas 
G, Khan A, Ahmed Z, Khan MK, Akram K, Ulhaq 
M, Ahmad N, Ali F and Niaz M, 2020. Dose and 
time-related pathological and genotoxic studies 
on thiamethaxam in fresh water fish 
(Labeorohita) in Pakistan. Pakistan Veterinary 
Journal 40: 151-156. 

Ghaffar A, R Hussain, A Khan, RZ Abbas and M Asad, 
2015. Butachlor induced clinicohematological 
and cellular changes in fresh water fish Labeo 
rohita (Rohu). Pakistan Veterinary Journal 35: 
201-206. 

Ghazanfar M, Shahid S and Qureshi IZ, 2018. 
Vitamin C attenuates biochemical and 
genotoxicdamage in common carp 
(Cyprinuscarpio) upon joint exposure to 
combined toxic doses of fipronil and buprofezin 
insecticides. Aquatic Toxicology 96: 43–52. 

Guo SN, Zheng JL, Yuan SS and Zhu QL, 2018. 
Effects of heat and cadmium exposure on stress-
related responses in the liver of female zebrafish: 
heat increases cadmium toxicity. Science of the 
Total Environment 618: 1363-1370. 

Hussain R, A Khan, F Mahmood, S Rehan and F Ali, 
2014. Clinico-hematological and tissue changes 
induced by butachlor in male Japanese quail 
(Coturnix japonica). Pest Biochemistry and 
Physiology 109: 58-63. 

Hussain R, Ali F, Rafique A, Ghaffar A, Jabeen G, 
Rafay M, Liaqat S, Khan I, Malik R, Khan MK, 
Niaz M, Akram K and Masood A, 2019. Exposure 
to sub-acute concentrations of glyphosate 
induce clinico-hematological, serum biochemical 
and genotoxic damage in adult cockerels. 
Pakistan Veterinary Journal 39: 181-186. 

Hussain R, F Mahmood, A Khan, MT Javed, S Rehan 
and T Mehdi, 2012. Cellular and biochemical 
effects induced by atrazine on blood of male 
Japanese quail (Coturnix Japonica). Pest 
Biochemistry and Physiology 103: 38-42. 

Hussain R, Ghaffar Al, Ali HM, Abbas RZ, Khan JA, 
Khan IA, Ahmad I and Iqbal Z, 2018. Analysis of 
different toxic impacts of Fipronil on growth, 
hemato-biochemistry, protoplasm and 



Continental Vet J, 2021, 1(1):20-24   

 
 

24 
 

reproduction in adult cockerels, Toxin Reviews 
37: 294-303. 

 
Jabeen G, Javed M and Azmat H, 2012. Assessment 

of heavy metals in the fish collected from the 
river Ravi, Pakistan. Pakistan Veterinary Journal 
32: 107-111. 

Joshi PK, Bose M and Harish D, 2002. Haematological 
changes in the blood of Clarias batrachus 
exposed to mercuric chloride. Journal of 
Ecotoxicology and Environmental Monitoring 12: 
119-122. 

Karuppasamy R, Subathra S and Puvaneswari S, 
2005. Haematological responses to exposure to 
sublethal concentration of cadmium in 
airbreathing fish, C. punctatus (Bloch). Journal 
of Environmental Biology 26: 123-128. 

Khan A, Ahmad L and Khan MZ, 2012. Hemato-
biochemical changes induced by pyrethroid 
insecticides in avian, fish and mammalian 
species. International Journal of Agriculture and 
Biology 14: 834–842. 

Li ZH, Li P and Wu Y, 2021. Effects of waterborne 
mercury at different temperatures on hematology 
and energy metabolism in grass carp 
(Ctenopharyngodon idella). International Journal 
of Environmental Science and Technology 18: 
1489-1498. 

Oyawoye BM and Ogunkunle HN, 2004. Biochemical 
and haematological reference values in normal 
experimental animals. p. 212-218. New York: 
Masson. 

Rahimzadeh MR, Kazemi S and Moghadamnia AA, 
2017. Cadmium toxicity and treatment: An 
update. Caspian journal of Internal Medicine 8: 
135. 

Senthamilselvan D, Chezhian A, Suresh E and 
Ezhilmathy R, 2012. Toxic effects of heavy 
metals (cadmium plus mercury) on 
haematological parameters and DNA damage in 
Lates calcarifer. Journal of Toxicology and 
Environmental Health Sciences 4: 156-161. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Shah SL, 2010. Hematological changes in Tinca tinca 

after exposure to lethal and sublethal doses of 
Mercury. Cadmium and Lead. Iranian Journal of 
Fisheries Science 9:434-443. 

Shah SL and Altindag A, 2005. Alteration in the 
immunological parameters of tench (Tinca tinca 
L.) after acute and choric exposure to lethal and 
sublethal treatments with mercury, cadmium 
and Leal. Turkish Journal of Veterinary and 
Animal Science 29: 1163–1168.  

Tiwari M, Nagpure NS, Saksena DN, Kumar R, Singh 
SP, Kushwaha B and Lakra WS, 2011. 
Evaluation of acute toxicity levels and ethological 
responses under heavy metal cadmium exposure 
in freshwater teleost, Channa punctata (Bloch). 
International Journal of Aquatic Science 2: 36-
47. 

Vander Oost R, Beyer J and Verneykebm NPE, 2003. 
Fish bioaccumulation and biomarkers in 
environmental risk assessment. A Review. 
Environmental Toxicology and Pharmacology 13: 
57-149. 

Vinodhini R and Narayanan M, 2009. The Impact of 
toxic heavy metals on the hematological 
parameters in common Carp (Cyprinus carpio L.). 
Iranian Journal of Environmental Health Science 
and Engineering 6: 23-28. 

Yamin A, Naz S, Hussain R, Rehman T, Shaheen A, 
Chatha AMM, Ghaffar A, Abbas MI and Moazzam 
MS, 2020. Exposure to low concentrations of 
heavy metals alone and in combination induces 
histopathological and genotoxic effects in fish 
(Labeo rohita). Advancement in Life Sciences 7: 
240-246. 




