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Abstract 
Temperature of aquatic environment is important for ensuring the normal metabolism of aquatic 
animals. It also affects blood vascular system of aquatic organisms. The present paper deals with the 
influence of temperature on the hemoglobin content of freshwater fish, Channa punctatus. The 
freshwater fish, Channa punctatus, were collected from Godavari River, Nanded (Maharashtra). The 
fishes were exposed to different temperatures viz. 15°, 20°, 25°, 30°, 35° and 40° C. The total 
hemoglobin contents were observed at different temperature stress. The values were compared with 
the fish’s acclimated to ambient temperature. The haemoglobin content was found to be increased as 
temperature increases. The total hemoglobin content was found to be decreased as temperature 
decreases. 
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1. Introduction 
Temperature is considered to be the most critical 
factor among most of the ecological factors 
affects the aquatic environment11, 12, 29. Today 
temperature is being a serious problem 
throughout the world. Numbers of factors are 
responsible for the increase in temperature of the 
environment. The uncontrolled increased 
pollution and green houses are responsible for 
emission of enormous amounts of carbon 
dioxide and nitrous oxides15. The increase in 
concentration of gases in atmosphere results in 
the global warming trend in Earth’s Climate34, 19.  
Numerous biochemical indices are used to 
assess the health of aquatic organisms exposed 
under various environmental stress conditions. 
Blood is a valuable diagnostic tool for the 
investigation of diseases and physiological or 
metabolic alterations8. The physical properties 
of blood are very sensitive to environmental 
changes18. Blood parameters are considered as 
patho-physiological indicator of the whole body 
and therefore important in diagnosing the 
structural and functional status of the fish under 
various stresses5. 
The circulatory system transports oxygen from 
the gills to oxygen requiring tissue cells. Oxygen 
from the inspired water diffuses across the gill 
epithelia into the blood due to an oxygen 
gradient. Oxygen tension of the blood is reduced 
due to binding of oxygen molecules by 
hemoglobin molecules within erythrocytes and 
carried in this form to the tissues. The binding 
capacity of oxygen per unit volume of blood 

depends on the number of erythrocytes, 
concentration of hemoglobin within the 
erythrocytes, prevailing oxygen partial 
pressures, and the oxygen binding affinity of the 
hemoglobin molecule. The arterial oxygen 
partial pressure (PaO2) decreases in tissue 
capillaries where carbon dioxide is produced, 
which changes the oxygen affinity of 
hemoglobin by causing a rightward shift on the 
oxygen dissociation curve, so more oxygen is 
released allowing it to diffuse into the tissue 
cells 26, 27. 
Hemoglobin is present in all vertebrates, which 
strongly decreases the circulatory requirement 
(i.e., volume of blood pumped by the heart for a 
unit quantity of oxygen consumed). Hemoglobin 
considered as a heat carrier which absorbs the 
oxygen in tissues. This absorbed oxygen in 
tissues liberated in the gills on oxygenation 35. 
Changes in hemoglobin (Hb) have been 
identified as an efficient stress response 
mechanism, to compensate for a reduction in 
oxygen availability2. It is considered as an 
important diagnostic tool for determination of 
physiological status in aquatic animal under 
stress condition 28, 25.  
 
2. Materials and Methods 
The freshwater fish, Channa punctatus was 
collected from the Godavari River, Nanded 
(Maharashtra) with the help of local fisherman 
for the present investigation. They were brought 
to the laboratory and kept in glass aquarium with 
continuously aerated tap water. The physico-
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chemical parameters of water were maintained 
and determined by standard methods (A.P.H.A, 
A.W.W.A., W.P.C.P., 1992). (PH-7.0–7.2, 
Dissolved Oxygen-7.6 – 8.0 ppm, 
Carbondioxide-2.02 mg/L, Salinity 0.186 gms/L, 
Chlorinity - 0.112 gms/L). The fishes were 
acclimated at room temperature for 8-10 days 
prior to experimentation. Fishes were feed with 
the small pieces of earthworms to avoid the 
effect of starvation. The water in the aquarium 
was replaced daily with fresh tap water. The 
feeding was stopped one day before the starting 
of experiment to eliminate the effects of 
differential diet. The snake headed fish, Channa 
punctatus were subjected to above and below 
room temperatures to carry out experiment. The 
experimental set was designed to investigate 
hematological parameters including estimation 
of hemoglobin in blood of freshwater fish, 
Channa punctatus. The fishes were acclimated 
to different temperatures for 24 hrs, 48 hrs, 72 
hrs and 96 hrs.  
Blood sample in fishes were obtained directly by 
puncturing the caudal vessel 1. The blood 
collected using 2 ml sterile disposable syringe 
with No. 21 needle. The use of glass syringes 
avoided because it may quicken coagulation 31. 
The syringe rinsed with anticoagulant 
(potassium salt of ethylene diamine tetra acetic 
acid, EDTA). The needle inserted in the caudal 
vessel and very slightly aspirated during 
penetration. Blood was taken under gentle 
aspiration and then the needle withdrawn. After 
detaching the needle from the syringe, the blood 
mixed well in a vial containing anticoagulant 
(EDTA) at the concentration of 5 mg EDTA per 
ml of blood 10. Each analysis repeated six times 
and results subjected to statistical analysis 7. The 

collected blood of fish was used for the 
hemoglobin content. 
Hemoglobin content of blood was determined by 
Sahil’s Method 14. The hemometer tube 
possesses the two acid haematin solution tubes 
on sides. These tubes are referred as standards. 
This standard acid haematin solution was used to 
compare with the sample for the determination 
of hemoglobin. 
 
3. Result  
The freshwater fish, Channa punctatus selected 
for the present research showed variations in the 
hemoglobin content when exposed to cold and 
warm temperature stress up to 96 hrs. The fish, 
Channa punctatus was exposed to different 
temperatures i.e. 15 °C, 20 °C, 30 °C & 35 °C. 
The hemoglobin contents were observed on 24, 
48, 72 and 96 hrs of continuous exposure. The 
amount of hemoglobin content was found to be 
decreased at cold (15 °C & 20 °C) and increased 
at warm (30 °C & 35 °C) temperature stress. The 
results were compared with control set at 26 °C. 
Overall it was observed that, as temperature 
increases the hemoglobin content increases in 
Channa punctatus up to 96 hr period of 
exposure.  
The values for hemoglobin content in Channa 
punctatus at 15 ± 1° C, 20 ± 1° C, 30 ± 1° C and 
35 ± 1° C up to 96 hrs are listed on the table No. 
3.1. Using 26 ± 1° C as the baseline temperature 
as it corresponds to the temperature of the 
natural habitat of Channa punctatus. The values 
obtained by exposure to cold (15 ± 1° C and 20 
± 1° C) and warm (30 ± 1° C and 35 ± 1° C) 
represents the remarkable changes relatively as 
compare to the control. 

 
Table 3.1: Effect of Temperature on Hemoglobin content in Channa punctatus at cold and warm 

temperature stress 
 

Sr. 
No. 

Period of 
Exposure in hrs 

Hemoglobin Content (gm/100 ml of Blood) 
At 15° C At 20° C At 30° C At 35° C 

1 26° C± 1° C 
(Control) 

12.6 ± 0.32 12.6 ± 0.25 12.6 ± 0.27 12.6 ± 0.22 

2 24 Hrs 10.3 ± 0.14 11.9 ± 0.29 12.9 ± 0.29 13.8 ± 0.14 
3 48 Hrs 9.8 ± 0.24 10.3 ± 0.14 13.3 ± 0.14 14.6 ± 0.24 
4 72 Hrs 9.3 ± 0.16 10.1 ± 0.22 14.1 ± 0.22 14.9 ± 0.16 
5 96 Hrs 8.6 ± 0.16 9.8 ± 0.16 14.8 ± 0.16 15.2 ± 0.16 

 
Each Value represents Mean of Six Observations ± S. D.  
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Graph 3.2: Effect of Temperature stress on Hemoglobin content of Fresh Water Fish, Channa 
punctatus at 96 periods of exposure 
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Each Value is Mean of Six Observations ± S. D. 
 
4. Discussion 
Among the principal components of nature, 
water has the prime importance for the life of 
plants and animals 6. The dissolved oxygen in 
water is used for metabolism in fishes. The 
circulatory changes are affected by many 
factors, on which water temperature is one of 
them32, 23.  The dissolved oxygen concentration 
directly affects on the hematological parameters 
24. On investigation of hematological parameters 
of fish; the effect of temperature is an important 
aspect to determine the health condition of 
fishes. Establishing reference intervals for 
various hematological parameters of fish is 
important for evaluating effects of various 
environmental on the health of populations in 
aquatic biota. 
The variations in hemoglobin content (Hb) have 
been identified as an efficient stress response 
mechanism, to compensate for reduction in 
oxygen availability 9. Thus, experiment design 
directed towards investigating these 
hematological responses in Channa punctatus to 
determine whether temperature stress affected 
the hemoglobin content in fish. The results of 
the present investigation showed that as 
temperature increases the hemoglobin content 
was increased up to 35 ± 1° C. The decrease in 
hemoglobin content was observed and may be 
due to variations in the oxygen demand of the 
fish, Channa punctatus. The oxygen demand of 
the fish increases as temperature increases. The 
decreasing level of hemoglobin lead to a 
deteriorated oxygen supply 4. The amount of 
haemoglobin content depends on the quantity of 
red blood cells. The variation in RBC’s 

population leads to alterations of haemoglobin 
content. The present investigation showed 
incline in red blood corpuscles level with that of 
increased temperature. As temperature increases 
the combining capacity of oxygen with that of 
RBC’s reduces. Due to this the capability to 
compensate under stress condition in animal 
reduces by increasing the RBC number in blood 
of fresh water fish, Channa punctatus. The 
overall result showed that, as temperature 
increases, the RBC content increases. Due to 
increase in RBC population, the haemoglobin 
content was also found to be increased 3. 
Dheer exposed the freshwater fish Channa 
punctatus under three different temperatures (25, 
30 and 35° C) and compared with a control 
group maintained at 14° C. He was found that 
Erythrocytic polycythemia accompanied by an 
increase in hemoglobin content indicates that the 
fish in thermal stress 20.  
The overall data regarding the variation in 
hemoglobin content in freshwater fish, Channa 
punctatus exposed under varying thermal stress 
reveals that the hemoglobin tend to vary directly 
with temperature. The increase in oxygen 
capacity was seen at low temperatures as 
compared to high temperature of blood related to 
changes in temperatures. The normal variation 
of hemoglobin was mostly due to alteration of 
number of red cells and not due to any change in 
the absolute quantity of hemoglobin in each cell. 
Anything that alters the red cell count will alter 
the percentage of hemoglobin proportionally. 
The hematological study under influence of 
temperature carried on various 
fishes17,22,16,30,13,33,21. 



Research Article                        Jagtap Ashwini Ravichandra                                          826 
 

IJBAR (2012) 03(11)                                                                      www.ssjournals.com  
 

References 
1. A. H. Houston and K. M. Mearow (1979): 

Temperature related changes in the 
Erythrocytic Carbonic Anhydrase 
(Acetazolamide-Sensitive Esterase) activity 
of Goldfish, Carassius auratus, Journal of 
Experimental Biology, Vol. 78, pp. 255-264 

2. A. Wawrowski, F. Gerlach, T. 
Hankeln and T. Burmester (2011): Changes 
of globin expression in the Japanese medaka 
(Oryzias latipes) in response to acute and 
chronic hypoxia, Journal of Comparative 
Physiology, Vol. 181, pp. 199-208 

3. A. Bozorgnia, M. Hosseinifard and R. 
Alimohammai (2011): Acute effects of 
different temperature in the blood 
parameters of common carp, Cyprinus 
carpio, 2nd International conference on 
Environmental Science ans Technology, 
Singapore, IPCBEE Vol. 6, pp.V2-52-V2-55 

4. Adeyemo, O. K., Agbede, S. A., Olaniyan, 
A. O., Shoaga, O. A. (2003): The 
hematological response of Clarias 
gariepinus to changes in acclimation 
temperature, Journal of African Biomedical 
Research, Vol.6, pp. 105-108 

5. Adhikari S., Sarkar B. et.al. (2004): Effects 
of cypermethrin and carbofuran on certain 
hematological parameters and prediction of 
their recovery in a freshwater teleost, Labeo 
rohita (Ham.), Journal of Ecotoxicol. 
Environ Saf.+, Vol. 58, pp.220-226 

6. Ashutosh Gautam (1992): In Aquatic 
Environment, Ashish Publishing House, 
New Delhi. 

7. Baley, N. T. J. (1965): Statistical method in 
biology. English Language Book Society 
Publication, pp. 200 

8. Bansal, S. K., Verma, S. R., Gupta A. K. 
and Dalela, R. C. (1979): Physiological 
dysfunction of haemopoietic system in a 
fresh water teleost, Labeo rohita following 
chronic chlordane exposure. Part I. 
alterations in certain hematological 
parameters, Bull. Environ. Contam. Toxicol., 
Vol. 22, pp. 666-673. 

9. Bernier, N.; Fuentes, J.; Randall, D. (1996): 
Adenosine receptor blockade and hypoxia-
tolerance in rainbow trout and Pacific 
hagfish. II. Effects on plasma 
catecholamines and erythrocytes. J. Exp. 
Biol. 199: pp.497-507. 

10. Blaxhall P. C. and Daisley K. W. (1973): 
Routine hematological methods for use with 
fish blood, Journal of Fish Biology, Vol. 5, 
pp. 771-781 

11. Brett, J. R., (1970): Temperature-Animals-
Fishes. O. Kinne, Ed., in Marine Ecology, 
Vol. 1. Environmental Factors, Part1. pp. 
515-560 

12. Brett, J. R., (1971): Environmental Factors 
and Growth. In: Hoar, W. S., Randall, D. J., 
Brett, J. R. (Eds.), Fish Physiology, Vol. 
VIII. Academic Press, London, pp. 599-675 

13. Caroline Methling, Neelakantheswar Aluru, 
Mathilakath M. V. John F. S. (2010): Effect 
of moderate hypoxia at three acclimation 
temperatures on stress responses in Atlantic 
cod with different hemoglobin types, 
Journal of Comparative Biochemistry and 
Physiology, Part A, Vol. 156, pp. 485-490 

14. Dacie, J. V.; Lewis, S. M. (1991): Practical 
Haematology. 7th edition. London, 
Churchill. Pp. 557. 

15. E. Vivekanandan (Oct.-Nov. 2006): Impact 
of Climate Change on Marine Fisheries, 
CMFRI Newsletter, No. 112  

16. Hiran M. Dutta, J. S. Dutta Munshi (1985): 
Functional morphology of air-breathing 
fishes: A review, Proc. Indian Acad. Sci. 
(Anim. Sci.), Vol. 94, No. 4, pp. 359-375 

17. Houston, A. H. and Dewilde, M. A. (1968): 
Thermoacclimatory variations in the 
hematology of the common carp, Cyprinus 
carpio, Journal of Experimental Biology, 
Vol. 49, pp. 71-81 

18. Hughes G. M. and J. Nemcsok, (1988): 
Effects of low pH alone and combined with 
copper sulphate on blood parameters of 
rainbow trout. Environ. Pollutant, 55: pp. 
89-95. 

19. IPCC (Intergovernmental Panel on Climate 
Change) (2007): Climate Change 2007: The 
Physical Science Basis. Contribution of 
Working Group I to the Fourth Assessment 
Report of the Intergovernmental Panel on 
Climate Change [Solomon, S., D. Qin, M. 
Manning, Z. Chen, M. Marquis, K. B. 
Avery, M. Tignor, and H. L. Miller (eds.)]. 
Cambridge University Press, Cambridge, 
UK, and New York, 996 pp. 

20. J. M. S. Dheer (1988): Haematological, 
haematopoietic and biochemical responses 
to thermal stress in an air-breathing 
freshwater fish, Channa punctatus Bloch,  
Journal of Fish Biology, Volume 32, Issue 
2, pp. 197–206, 

21. Joddy M. Beers, Bruce D. Sidell (2011): 
Thermal tolerance of Antarctic Notothenoid 
Fishes correlates with level of Circulating 
Hemoglobin, Journal of Physiological and 



Research Article                        Jagtap Ashwini Ravichandra                                          827 
 

IJBAR (2012) 03(11)                                                                      www.ssjournals.com  
 

Biochemical Zoology, Vol. 84 (4), pp. 353-
362 

22. Joshi, B. D. and Tandon, R. S. (1977): 
Seasonal variations in hematological values 
of fresh-water fishes Heteropneustes fossils 
and Mystus vittatus, Journal of Comp. 
physiol. Ecol., Vol. 2, pp. 22-26 

23. Kavadias, S., Castritsi-Catharios, J., 
Dessypris, A. (2003): Annual cycles of 
growth rate, feeding rate, food conversion, 
plasma glucose and plasma lipids in a 
population of European sea bass 
(Dicentrarchus labrax L.) farmed in floating 
marine cages, Journal of Applied 
Ichthyology, Vol. 19, pp. 29-34 

24. Korovin, V. A. (1976): Metabolic rate of the 
under yearling of the carp, Cyprinus carpio, 
Adapted to different water temperature, 
Journal of Ichthyology, Vol. 6(1), pp.168-
172 

25. Martins M. L., Tavares-Dias M., Fujimoto 
R. Y., Onaka E. M. and Nomura D. T. (2004 
a): Hematological alterations of Leporinus 
macrocephalus (Osteichthyes: 
Anostomidae) naturally infected by Goezia 
leporine (Nematoda: Anisakidae) in fish 
pond,  Journal of Arq. Bras. Med. Vet. Zoot., 
Vol. 56, No. 5, pp. 640-646 

26. Randall D., Burggren W., French K. (2002) 
Eckert animal physiology: mechanisms and 
adaptations. W.H. Freeman and Company, 
United States of America 

27. Rantin F. T., Kalinin A. L., Glass M. L. 
(2007) The effects of temperature on 
respiratory and cardiac function of teleost 
fish. In MN Fernandes, FT Rantin, ML 
Glass, BG Kapoor, eds, Fish Respiration 
and. Sciences Publishers, United States of 
America 

28. Rehulka J. (2002): Aeromonas causes severe 
skin lesions in rainbow trout (Oncorhynchus 
mykiss): clinical pathology, hematology and 
biochemistry, Journal of Acta Vet. Brno, 
Vol. 71, No. 3, pp. 351-360 

29. Reynolds W. W., Casterlin M. E. (1980): 
The role of temperature in the environmental 
physiology of fishes. In MA Ali, ed, 
Environmental Physiology of Fishes. 
Plenum Press, New York 

30. S. Egginton, E. W. Taylor, R. W. Wilson, I. 
A. Johnston and T. W. Moon (1991): Stress 
response in the Antarctic teleosts 
(Notothenia neglecta Nybelin and N. rossii 
Richardson), Journal of Fish Biology, Vol. 
38, pp. 225-235 

31. Smith, C. G., Lewis, W. B. and Kaplan, H. 
M. (1952): Comparative morphologic and 
physiologic study of fish blood, Prog. Fish. 
Cul., Vol. 14, pp. 169-172 

32. Svoboda, M., Kour h. J., Hamackova, J., 
Kalab, P., Savina, L., Svobodova, Z., 
Vykusova, B. (2001): Biochemical profile of 
blood plasma of tench (Tinca tinca L.) 
during pre- and post spawning period, Acta 
Vet. Brno., Vol. 70, pp. 259-268 

33. Ugwem U. Gabriel, Ojo A. A. and Funkeye 
E. (2011): Hematological responses of wild 
Nile Tilapia Oreochromis nilotcus after 
acclimation to captivity, Jordan Journal of 
Biological Sciences, Vol. 4, No. 4, pp. 225-
230 

34. Wood S. (2001): Global influences. In: 
Waterhouse E (project manager) Ross Sea 
region. A state of the environment report for 
the Ross Sea region of Antarctica. New 
Zealand Antarctic Institute, Christchurch 

35. Wyman, J. (1964): Linked functions and 
reciprocal effects in hemoglobin: A second 
look. Adv. Protein Chem. Vol. 19, pp. 223-
286. 


