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Abstract
Background and Objective: Erythrocyte shape determination has largely been gone through visual observation only. This study describes
for the very first time a standardized method for normal erythrocyte shape determination in fishes using the values of the cell axis ratio. 
Materials and Methods: Blood smear was made from two important freshwater species namely Pangasianodon  hypophthalmus  and
Clarias  gariepinus. Erythrocyte measurements of the cell and nuclear axis were done under the microscope, while the cell axis ratio was
calculated (as minor axis/major axis). Visual assessment was done to categorize the erythrocyte into two (rounded and oval) or three
(strongly rounded, slightly oval and strongly oval) groups. This was then matched with its corresponding cell axis ratio to formulate two
standardized decision rules for shape determination. Descriptive statistics of the measured and calculated parameters were done using
Minitab 14. Results: Decision rule Type A: Rounded erythrocyte have cell axis ratio between 1.0 and 0.75, while the oval cell is below 0.75.
Decision rule Type B: Strongly rounded erythrocyte have cell axis ratio between 1.0 and 0.90, slightly oval cell is between 0.89 and 0.75
and strongly oval cell below 0.75. Conclusion: This novel approach to shape determination of normal fish erythrocyte proposed in this
study have been shown to be easier, simpler and accurate than visual observation alone, hence, preventing false generalization.
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INTRODUCTION

Erythrocyte characterization has been used as a fast and
cost-effective biomarker for environmental mutagenesis1-3 and
diploid-triploid discriminating in fish species4-8. Erythrocytes of
different fish species differ in shape and size and are easily
affected by environmental imbalances. Alteration in the shape
and sizes of normal erythrocyte are effective indicators of
cytotoxicity9-11. Cell shrinkage, membrane blebbing, chromatin
condensation, cell swelling, tear drop-like cells, sickle cells to
mention but a few are examples of shape alteration which are
consequences of environmental imbalances9,10,12-14. The
unique shape and small percentages occurrence of the
abnormal erythrocyte cells make it easy for classification and
quantification.

Despite the fact that some fish erythrocyte comprises of
both rounded and oval shapes in different proportions, shape
proportion is seldom reported in many previous studies. More
so, studies have shown that erythrocyte shape differs when
taken from different parts of the fish and at different stages of
development7. The study by Nilsson et al.15 had demonstrated
the fact that erythrocyte of Oncorhynchus  mykiss  and roach
Rutilus  rutilus  were elliptical in the arterioles and arteries but
rounded in the gills pillar cells. Hence, the determination of
shape proportion could be pivotal for accurate erythrocyte
characterization. Many previous studies as described above
rely on visual observation alone to describe the shape of
erythrocyte, hence leading to high level of false generalization
due to human error. Till date, there is no standardized method
for shape determination. Hence, for the purpose of simplicity
and accuracy, it was attempted to design for the very first time
a standardized protocol for discriminate rounded and oval
shaped erythrocyte in fish with particular references to Asian
catfish Pangasianodon  hypophthalmus  and African catfish
Clarias  gariepinus. The decision rules drawn for this study
were proposed from the result of visual assessment and the
equivalent values of cell axis ratio. 

MATERIALS AND METHODS

Ten fingerlings of P.  hypophthalmus  and C.  gariepinus
were gotten from the School of Fisheries and Aquaculture
Sciences hatchery of the Universiti Malaysia Terengganu,
Malaysia in January, 2017. Blood was collected from the caudal
peduncle of the fish using an 18 gauge needle fitted with a
heparinized syringe. Dry blood smear was then prepared using
the method previously specified by Felip et al.16, Felip et al.17

and Jalil et al.7. The slide was observed under the microscope
(Nikon   eclipse   80i)   at   100×   magnification.  Five  hundred 

Fig. 1: Sketch of erythrocyte with measurement for A (cell
major axis), B (cell minor axis), a (nucleus major axis)
and b (nucleus minor axis) (Sketch adapted from
Normala et al.7)

erythrocytes were measured in total for each group
characterized using the slide sectioning method described by
Jalil et al.7. The parameters measured were cell major axis, cell
minor axis, nucleus major axis and nucleus minor axis (Fig. 1).
From these parameters, the cell area, nucleus area, cell
volume, nucleus volume and cell axis ratio were calculated
using the formulae below7:

Area of erythrocyte = π×A×B

Volume of erythrocyte = 4/3×π×(A/2)×(B/2)2

Cell minor axisCell axis ratio = 
Cell major axis

To standardize shape determination in the erythrocyte of
fish, ten visual assessors were invited to observe and score
pictures of fifty erythrocytes (numbered serially for ease of
tracking) (Fig. 2). Assessors were initially asked to score
erythrocytes as rounded or oval. The process was repeated
however with the addition of a third class of erythrocyte
namely “slightly oval” (and the former classes changed to
strongly rounded or oval). The cell axis ratio of all scored
erythrocyte was then determined and aligned with assessor’s
scores so that a standardized decision rule could be
formulated for shape determination. Using these rules, the
proportion of the different shapes of erythrocyte (in
percentages) observed in the two species of reference in this
study was determined and results presented in a bar chart
using the Microsoft excel software.

Statistical  analysis:  Descriptive statistics of the measured
and calculated parameters were done using Minitab 14
(Minitab inc. State college, Pennsylvania, USA) computer
software.  Student’s  t-test  was  done   to   determine   if   there
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Fig. 2(a-b): Erythrocytes of (a) Clarias  gariepinus  and (b)  Pangasianodon  hypophthalmus

Fig. 3: Proportion of erythrocyte shape in Clarias gariepinus
and Pangasianodon hypophthalmus using “Type A”
decision rule

are  significant  variations  (p<0.05) in erythrocyte parameter
of African and Asian catfish.

RESULTS

Based on the scores of the  assessors  for each erythrocyte
and their equivalent  cell  axis  ratio,  two standardized
decision rules are designed for this study namely “Type A” and
“Type B”. For “Type A” decision rule, cell axis ratio greater or
equal to 0.75 was regarded as rounded, while those lower
than 0.75 were regarded as oval. For “Type B” decision rule, cell
axis ratio greater or equal to 0.90 were regarded as strongly
rounded, cell axis ratio between 0.89 and 0.75 was regarded
as slightly oval, while those below 0.75 were regarded as
strongly oval. 

Using  the  two  decision  rule,  the proportion of the
shape  of  500 erythrocytes each  for  P.  hypophthalmus  and
C.  gariepinus  were described as shown in Fig. 3  and  4.  Using

Fig. 4: Proportion of erythrocyte shape in Clarias  gariepinus
and Pangasianodon  hypophthalmus  using “Type B”
decision rule

the first decision rule (Fig. 3), about 99.4% of the erythrocyte
of C.  gariepinus  was rounded in shape and only 0.4% was
oval cells. In contrast, the erythrocyte of P.  hypophthalmus
had a relatively high proportion of oval shape of 60.2 and
29.8% rounded erythrocyte. Using the second decision rule,
however, the proportion of strongly rounded and slightly oval
C. gariepinus erythrocyte was approximately 1:1 (50.4 vs 49%,
respectively), while oval proportion was only 0.4%. The
erythrocyte of P.  hypophthalmus  on the other had much
more slightly oval erythrocyte compare to strongly rounded
erythrocytes (39.2 vs 0.6%, respectively), however, the
proportion of strongly oval shape erythrocyte remain higher
than the sum of the other groups (about 60.2%). 

Comparing the measured and calculated characteristics
shows that P.  hypophthalmus   erythrocyte  is  larger  than
that of C.  gariepinus  cells (Table 1). However, the mean cell
axis ratio was lower  compared  to  the  value  calculated  for
C. gariepinus (0.90 vs 0.72, respectively).
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Table 1: Erythrocyte characteristics of Pangasianodon  hypophthalmus  and Clarias  gariepinus  (n = 500)
Parameters &CG×%CG &PH×%PH p-value
Cell major axis (µm) 8.58±0.03b (6.75-10.80) 10.62±0.04a (8.51-14.15) 0.001
Cell minor axis (µm) 7.70±0.02 (6.28-9.27) 7.66±0.03 (4.79-9.14) 0.320
Nuclear major axis (µm) 3.55±0.01b (2.97-4.68) 4.12±0.02a (3.11-5.82) 0.001
Nuclear minor axis (µm) 3.30±0.01a (2.75-3.83) 2.92±0.01b (2.13-3.71) 0.001
Cell area (µm2) 66.23±0.36b (43.15-91.35) 81.33±0.40a (43.61-106.57) 0.001
Cell volume (µm3) 269.10±2.27b (144.48-429.77) 328.22±2.55a (109.49-488.57) 0.001
Nuclear area (µm2) 11.73±0.05 (8.82-17.74) 12.05±0.09 (7.91-18.93) 0.152
Nuclear volume (µm3) 20.38±0.14 (13.06-35.27) 18.66±0.22 (9.18-34.56) 0.074
Cell axis ratio 0.90±0.003a (0.72-1.00) 0.72±0.003b (0.45-0.94) 0.001
Mean in the same row with different superscript differ significantly (p<0.05). Numbers are means±standard errors (recorded range)

DISCUSSION

As said earlier, shape discrimination in erythrocyte studies
is subject to a lot of human error using only visual observation
and no attempt has been made to standardize the process till
date. The use of the cell-axis ratio proposed in this study
would bring uniformity and accuracy to the assessment of
erythrocyte shape in subsequent studies. It is based on the
proven assumption that the closer the cell axis ratio is to unity,
that more the erythrocyte would be tagged rounded by visual
assessment. The first decision rule outline for this protocol is
in line with the general observations made on the erythrocyte
of some fish evaluated in previous studies using visual
observation only7,18-21. However, the second decision rule may
better describe the erythrocyte observe as erythrocyte were
considered strongly rounded when cell axis ratio is as close as
possible to unity (between 1-0.90). Hence, certain erythrocyte
which could be difficult to classify using the first decision rule
can be rightly placed using the second rule. More so, the
observation of cell axis ratio of below 0.50 (i.e minor axis less
than half of the major axis) makes it imperative to re-classify
the erythrocyte into three groups. 

Gayatri and Prafulla22 had earlier wrongly assumed that
fish erythrocyte is predominantly oval shape just like their
avian and reptilian counterpart. The observation of higher
proportion of rounded erythrocytes for C. gariepinus and
ellipsoidal (oval) for P.  hypophthalmus  however,  suggest
that different fish species could have predominate different
shapes of erythrocyte and in different proportions. Round
shape has been reported as the characteristics of the
erythrocyte of Common carp Cyprinus  carpio  Linnaeus, 1958
and C.  gariepinus7,8,23. However, the report of Sayed et al.10 on
mono-sex Nile tilapia Oreochromis  niloticus  suggest the fish
has predominantly oval shaped erythrocytes. There is a
paucity of information on  the  erythrocyte  shape and size of
P.  hypophthalmus, hence, the current study may be the first
scientific publication on the erythrocyte of the fish despite a
long history of its culture. This study suggests that many

biometric parameters of P.  hypophthalmus  were significantly
larger than that of C. gariepinus. Sevinc et al.24 had earlier
opined that the gaseous exchange rate in animals with smaller
erythrocytes is higher than that of animals with larger
erythrocytes. Hence, this may have implication for the oxygen
budget needed for physiological activities of the different fish.
Fange25 further opined that erythrocyte size affects the activity
of different species because smaller erythrocyte facilitates
physiological exchanges by favoring surface to volume ratio
(hence active) than what is obtained in larger erythrocytes.
This may also explain the reason for the aggressive nature of
the C.  gariepinus, compared to P.  hypophthalmus.

CONCLUSION

This study has demonstrated a simplified and a more
accuracy method of normal erythrocyte shape discrimination
in fish using the cell axis ratio. It was observed that erythrocyte
parameters of P.  hypophthalmus  are  higher  than  those of
C. gariepinus  and could be possible reason for differences in
the activities of the two species.

SIGNIFICANCE STATEMENT

The advantage of this method over visual observation
alone is the possibility of accurately  estimating  the
proportion of the different shapes of the  erythrocyte available
in any fish, rather than an overall generalization that is
inaccurate. Although this study made particular references to
P.  hypophthalmus  and  C.  gariepinus,  it is believed that this
method can be applied to many other fish or animal species.

ACKNOWLEDGMENTS

The authors are indebted to the School of Fisheries and
Aquaculture Science, Universiti Malaysia Terengganu, Malaysia
for providing facilities and broodstock used in this study.
Authors also acknowledge the immense support and

287



J. Fish. Aquat. Sci., 12 (6): 284-288, 2017

contributions of all technical staffs of the Pusat Pengajian
Sains Perikanan dan Akuakultur (PPSPA) Hatchery Department
during the breeding trial for this study. 

REFERENCES

1. Al-Sabti, K. and C.D. Metcalfe, 1995. Fish micronuclei for
assessing genotoxicity in water. Mutat. Res./Genet. Toxicol.,
343: 121-135.

2. Ateeq, B., M.A. Farah, M.N. Ali and W. Ahmad, 2002. Induction
of micronuclei and erythrocyte alterations in the catfish
Clarias batrachus by 2,4-Dichlorophenoxyacetic acid and
butachlor. Mutat.  Res./Genet.  Toxicol. Environ. Mutagen.,
518: 135-144.

3. Kan, Y., E.I. Cengiz, P. Ugurlu and M. Yanar, 2012. The
protective role of vitamin E on gill and liver tissue
histopathology and micronucleus frequencies in peripheral
erythrocytes of Oreochromis niloticus exposed to
deltamethrin. Environ. Toxicol. Pharmacol., 34: 170-179.

4. Tambets, J., T. Paaver, A. Palm, A. Pihlak and R. Gross, 1991.
Variability of some cell parameters in di- and triploid rainbow
trout Oncorhynchus mykiss. Eesti Teaduste Akadeemia
Toimetised Bioloogia, 40: 129-135.

5. Espinosa, E., A. Josa, L. Gil and J.I. Marti, 2005. Triploidy in
rainbow trout determined by computer-assisted analysis. J.
Exp. Zool. Part A: Ecol. Genet. Physiol., 303: 1007-1012.

6. Maxime, V., 2008. The physiology of triploid fish: Current
knowledge  and  comparisons  with  diploid  fish.  Fish Fish.,
9: 67-78.

7. Jalil, N., M.A. Alim, A.B. Abol-Munafi, N.A. Ariffin, K. Waiho and
S.M. Sheriff, 2016. It is all in the blood: Erythrocyte
characterization of triploid and diploid African catfish, Clarias
gariepinus. J. Fish. Aquat. Sci., 11: 425-431.

8. Jalil,  N.,  M.A.  Alim,  A.B.A.  Munafi,  N.A.  Ariffin,  K.  Waiho,
T.V. Okomoda and S.M. Sheriff, 2017. Morphometric variations
between triploid and diploid Clarias gariepinus (Burchell,
1822). Croatian J. Fish., 75: 113-121.

9. Mekkawy, I.A., U.M. Mahmoud and A.E.D.H. Sayed, 2011.
Effects of 4-nonylphenol on blood cells of the African catfish
Clarias gariepinus (Burchell, 1822). Tissue Cell, 43: 223-229.

10. Sayed,  A.E.D.H.,  H.S. Abdel-Tawab, S.S. Abdel Hakeem and
I.A. Mekkawy, 2013. The protective role of quince leaf extract
against the adverse impacts of ultraviolet: A radiation on
some tissues of Clarias gariepinus (Burchell, 1822). J.
Photochem. Photobiol. B: Biol., 119: 9-14.

11. Sayed, A.E.D.H. and M.A. Fawzy, 2014. Effect of dietary
supplementation of Spirulina platensis on the growth and
haematology  of  the  catfish  Clarias  gariepinus.  J. Adv. Biol.,
5: 625-635.

12. Sayed,   A.E.D.H.,   U.M.   Mahmoud   and   I.A.   Mekkawy,
2016. Erythrocytes alterations of monosex Tilapia
(Oreochromis niloticus, Linnaeus, 1758) produced using
methyltestosterone. Egypt. J. Aquat. Res., 42: 83-90.

13. Talapatra, S.N. and S.K. Banerjee, 2007. Detection of
micronucleus and abnormal nucleus in erythrocytes from the
gill and kidney of Labeo bata cultivated in sewage-fed fish
farms. Food Chem. Toxicol., 45: 210-215.

14. Iarmarcovai, G., S. Bonassi, A. Botta, R.A. Baan and T. Orsiere,
2008. Genetic polymorphisms and micronucleus formation:
A  review  of  the  literature.  Mutat.  Res./Rev.  Mutat. Res.,
658: 215-233.

15. Nilsson, G.E., C.O. Lofman and M. Block, 1995. Extensive
erythrocyte deformation in fish gills observed by in  vivo
microscopy: Apparent adaptations for enhancing oxygen
uptake. J. Exp. Biol., 198: 1151-1156.

16. Felip, A., F. Piferrer, S. Zanuy and M. Carrillo, 2001.
Comparative growth performance of diploid and triploid
European sea bass over the first four spawning seasons. J.
Fish Biol., 58: 76-88.

17. Felip,  A.,  S.  Zanuy,  M.  Carrillo,  G.  Martinez,  J.  Ramos and
F. Piferrer, 1997. Optimal conditions for the induction of
triploidy in the sea bass (Dicentrarchus labrax L.).
Aquaculture, 152: 287-298.

18. Boron, A., 1994. Use of erythrocyte measurements to detect
natural triploids of spined loach Cobitis taenia (L.). Cytobios,
78: 197-202.

19. Flajshans, M., 1997. A model approach to distinguish diploid
and triploid fish by means of computer-assisted image
analysis. Acta Vet. Brno, 66: 101-110.

20. Woznicki, P. and H. Kuzminski, 2002. Chromosome number
and erythrocyte nuclei length in triploid brook trout
(Salvelinus fontinalis). Caryologia, 55: 295-298.

21. Karami, A., A. Christianus, Z. Ishak, S.C. Courtenay, M.A. Syed,
M.N. Azlina and H. Noorshinah, 2010. Effect of triploidization
on juvenile African catfish (Clarias gariepinus). Aquacult. Int.,
18: 851-858.

22. Gayatri, A. and M. Prafulla, 2014. The morphometrical
characterisation of normal blood cells of two airbreathing
fishes, Clarias batrachus and Anabas testudineus. Int. Res. J.
Biol. Sci., 3: 37-41.

23. Ueno, K., 1984. Induction of triploid carp and their
haematological characteristics. Japan. J. Genet., 59: 585-591.

24. Sevinc, M., I.H. Ugurtas and H.S. Yildirimhan, 2000. Erythrocyte
measurements in Lacerta rudis (Reptilia, Lacertidae). Turk. J.
Zool., 24: 207-210.

25. Fange, R., 1992. Fish Blood Cells. In: Fish Physiology, Hoar,
W.S. and D.J. Randall (Eds.). Vol. 12B. Academic Press, New
York, USA., ISBN-13: 9780123504357, pp: 1-54.

288


	JFAS.pdf
	Page 1




