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Abstract

The experiments were conducted with the aim of determining which of the two groups, anemic and chronically iron exposed
sheep, is more fragile erythrocyte using Erythrocyte Osmotic Fragility as an index. A total of 20 ewes were used for this study,
comprising of 10 anemic and 10 chronic iron exposed eweswhich were injected IM of10mg/kg BW iron dextran weekly for
(12week).Approximately 5 ml of blood was collected from each animal for blood smear and erythrocyte fragility test. The result
of blood smear showed iron accumulation in erythrocyte when stained with giemsa and Prussian blue stains, also presence of
pallor center, anisocytosis and poikilocytosis in anemic sheep. The result of fragility test showed a significant differences at (P <
0.05) between anemic and iron exposed ewes, which was higher in chronically iron exposed ewes as compared with the anemic
group. In conclusion, the chronic iron exposed animals have an erythrocyte more fragile than the anemic animal so that anemic
animals must be treated with recommended dose.
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Introduction

Erythrocyte Osmotic fragility (OF) refers to the degree
or proportion of hemolysis that occurs when a sample
of red blood cells are subjected to osmotic stress by
being placed in a hypotonic solution. Osmotic fragility
is affected by various factors, including membrane
composition and integrity as well as the cells' sizes or
surface-area-to-volume ratios (Fischbach& Dunning,
2008).

The uses of erythrocyte mechanical fragility can
include diagnostic testing, calibrations to aid
comparisons of hemolysis caused by blood-handling
devices, or assessment of sublethal (i.e., non-
hemolysing) damage caused to cells from devices that
manipulate blood (such as for dialysis or
intraoperative autotransfusion). It can also help in

assessing damage of stored RBC product (so-called
"storage lesion"), leading to applications in blood
transfusion and blood banking(Yazeret al., 2008).

The role of iron in blood formation became apparent
in the 17th century when it was shown that iron salts
were of value in treating chlorosis, now known as
iron-deficiency anemia, in young women; The first
clinical description of iron overload was reported in
1871 (Fairbanks, 1994).

Iron is an essential component not only for
hemoglobin synthesis erythropoiesis but also for many
enzymes and hormones, iron deficiency had negative
effect on the sheep flock, deficient iron causes anemia
in all animals, Iron deficiency is common finding in
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ruminant, where low dietary intake, starvation,
gastrointestinal parasites, blood parasite infection
increased incidence of infectious disease, inadequate
gastrointestinal absorption, hemorrhage,  effect of
pregnancy and lactation, all these causes influenced on
the level of essential blood constituents especially iron
, cobalt , copper and many of biochemical functions
such as iron utilization and hemoglobin synthesis,
(Weiss and Wardrop, 2010).

Iron’s toxicity is largely based on its ability to catalyze
the generation of radicals, which attack and damage
cellular macromolecules and promote cell death and
tissue injury, however excessive iron accumulation
results in tissue damage and organ failure,
pathological iron accumulation in the liver has also
been linked to the development of hepatocellular
cancer (papanikolaou and pantopoulos, 2005).

The role of iron in blood formation became apparent
in the 17th century when it was shown that iron salts
were of value in treating chlorosis, now known as
iron-deficiency anemia, in young women; The first
clinical description of iron overload was reported in
1871 (Fairbanks, 1994).

The aim of this study is to determine which of two
groups are more susceptible to erythrocyte fragility.

Materials and Methods

Experimental animals:

The research was conducted to study the erythrocyte
fragility in anemic and chronically iron exposed
animal on 10clinically anemic and 10 chronically iron
exposed ewes which given 10mg/kg weekly for 3
monthsin the veterinary medicine college of Al-
Fallujah university. The animals were selected
pregnant at the days (75-100) of pregnancy, at age (2-
4) years, with body weight (25-43) kg.

Animals selected depending on complete blood
picture, serum iron, blood smear and bone marrow
smear stained fore iron, were divided randomly into
two groups including (10) animal in each group as
fallowing:

 The 1st group (anemic) was left on its feed
only.

 The 2nd group (chronic exposed) were injected
IM of10mg/kg BW iron dextran weekly for
(12week).

Clinical examination.

Clinical examination wascarried to all animals for any
changes appetite, wool loosing, diarrhea or any other
signs such as pulse rate, rectal temperature, respiratory
rate and mucous membranes which were examined
and recorded according to Famacha anemia chart.

Blood sampling:

Blood samples were collected from jugular vein into
EDTA tubes for hematological parameters. All
samples collected after 12 hours of fasting at the
morning before breakfast according to (Coles, 1986).

Blood smear:

Blood film was made and stained by Giemsa stain and
Prussian blue stain according to the method by (Coles,
1986).

Erythrocyte Osmotic Fragility Determination:

Sodium chloride solution was prepared according to
Faulkner and King (1970) in concentration ranging
from 0.0 to 0.9 at pH 7.4. Aset of 10 test tubes
(containing 5 ml of sodium chloride solution) where
arranged serially in a test tube rack to analyze each
sample. The test tubes were labeled with
corresponding sodium chloride concentrations. One ml
pipette was used to transfer0.02 ml of blood into each
of the ten test tubes. The content was then mixed by
gently inverting the testtubes for about 3 times. The
test tubes were allowed to stand at room temperature
(26 – 27ₒC) for 30 minutes. The contents of the test
tubes were maintained at pH 7.5 thereafter the
contents of thetest tube were centrifuged at 1,500 g for
20 minutes. The supernatant of each test tube was
transferred into a cuvette. The concentration of
haemoglobin inthe supernatant solution was measured
at 540 nm using a spectrophotometer (CECIL /
England) by reading the absorbance. The same
procedure was repeated for every blood sample used
for the study. The percent haemolysis was then
calculated using the formula (Faulkner and King,
1970).

Optical density of test
Percent haemolysis =

Optical density of standard

X100
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Statistical Analysis:

All data are represented as means + SE. One way
analysis of variance (One-way ANOVA) by using
SPSS program, followed by Least Significant
Difference (LSD) test were used to determine
differences among means of investigated groups. The
level of statistical significant was set at (P < 0.05)
(Snedecor and Cochran, 1989).

Results

The result of blood smear showed toxic effects of iron
in chronic exposed sheep which appeared in RBCs
with variable shape and size due to iron accumulation
(Figure 1), also there were presence of acanthocyte,
Anisocytosis and poikilocytosis in anemic sheep
(Figure 2).

(Figure 3 )Blood smear of chronic iron exposed animal show iron accumulation on RBC wall
(Prussian blue stain) ×100

Table (1) Comparison between anemic and iron exposed groups

Concentration

groups
0.0 0.2 0.4 0.6 0.9

Anemic 1659.5±270.6b 1658±269.7b 1681.3±248b 1427±204.8b 59±27.4b

Iron exposed 1765±251.1a 1860.5±213.7a 1922±220.5a 1747.5±182.2a 105.25±66.8a

(Figure 1) Blood smear of chronic iron
exposed animal (a) diffuse regular
basophilic granule in RBC.
(b) Anisocytosis (Giemsa stain) ×100

(Figure 2) Blood smear of anemic animal
(A) acanthocyte (B) Anisocytosis,
(C) poikilocytosis. (Giemsa Stain)×100
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Discussion

The normal functionality of the erythrocyte is based
on its ability to maintain its membrane integrity. The
compromization of the erythrocyte membrane integrity
resulting in increased erythrocyte fragility may have
arisen from the increased lipoperoxidative changes
which lead to the destruction of erythrocytes being
more in the animals as a result of iron accumulation in
the cell wall.

This is  evidenced  by  increase  in  haemolysis  which
act as powerful free radical generators when found as
free ions in high concentration (Adenkola et al., 2011).

When free radicals production exceed the capacity of
natural tissue antioxidants enzymes (Miller and
Brzezinska-Slebodzinzka, 1993; Nazifi et al., 2009) or
as a result of depletion of endogenous antioxidant
enzymes due to increased lipoperoxidative changes
(Gultekinet al., 2001; Mansour and Mossa, 2009). The
oxidative modification of the erythrocyte membrane
has been shown to increase the fragility of the RBC
(Langsdorf and Zydney, 1993). Increase free radical
generation in the body has been shown to cause lipid
peroxidation of cytomembranes, resulting in cell
injury and, consequently, death (Padayatty et al.,
2003; William et al.,2008), including the erythrocytes
(Sumikawaet al. 1993; Avellni et al., 1995; Adenkola
and Ayo, 2009) thereby exposing the erythrocyte to
destruction by macrophages (Lichtensteiger and
Vimir, 2003). Lipid peroxidation, which is the process
of oxidative degradation of polyunsaturated fatty acids
(PUFA) when it happens in biological membranes
leads to impairment of membrane function and
structural integrity (Gutteridge and Halliwell, 1988).
The results of this study agree with the findings of
Avellini et al.(1995) who showed that free radicals
play a vital role in tissue damage and have adverse
effects on erythrocytes. Although free radicals were
not measured in this study it has been established that
free radicals are generated in animals subjected to
stress (Elsna, 1991; Altan et al., 2003; Tauler et al.,
2003).

The constant exposure to high oxygen tension, high
level of iron and richness in PUFA  (Kollanjiappan et
al., 2002) coupled with their inability to possess
nucleus and other organelles (Dorðevic et al., 2008)
have made erythrocyte a center of free radical attack.
Process of lipid peroxidation decreases hydrophobic
characteristics of bi-layer membrane of erythrocytes,
altering affinity and interaction of proteins and lipids,
thereby impairing the functioning and homeostasis of
erythrocytes membrane (Dargel, 1991).

The presented result of anemic animals showed high
fragility this is due to Iron role in  in oxygen delivery
to the tissues, also as a cofactor with several enzymes
involved in energy metabolism and thermoregulation,
mitochondrial iron enzymes are essential for oxidative
production of cellular energy, aerobic metabolism
depends on iron because of its role in the functional
groups of most of the enzymes of the Krebs cycle, as
an electron carrier in cytochromes, and as a means of
oxygen and carbon dioxide transport in hemoglobin
(Fairbanks, 1994).

In conclusion, the chronic iron exposure increase the
erythrocyte fragility more than anemia, so that
treatment of iron deficiency anemia must be according
to recommended dose.

References

Adenkola, A. and Ayo, J. (2009). Effect of eight hours
road transportation stress on erythrocyte osmotic
fragility of pigs administered ascorbic acid during
the harmattan season. Journal of Cell and Animal
Biology, 3(1): 004 - 008.

Adenkola, A.;  Agbendeh, J. and Okpe, J. (2011).
Comparative assessment of erythrocyte osmotic
fragility of apparently healthy goat and cattle
during the hot-dry and harmattan season in
Makurdi, Nigeria .Journal of Animal & Plant
Sciences, 11(3): 1474-1480.

Altan, O. ; Pabuccuoglu, A. ; Konyalioglu, S. and
Bayracktar, H. (2003). Effect of heat stress on
oxidative stress, lipid peroxidation and some stress
parameters in broilers. British Poultry Science, 44:
54 - 55.

Avellini, L. ; Silverstrelli, M. and Gaitti, A. (1995).
Training-induced modifications in some
biochemical defenses against free radicals in
equine erythrocytes. Veterinary Research
Communications, 19: 179 - 184.

Coles, E. (1986). Veterinary Clinical Pathology 4th
Ed. W.B. Saunders, Philadelphia: 11-41, 114-121.

Dargel, R. (1991). Lipid peroxidation—a common
pathogenic mechanism? Experimental Toxicology
and Pathology, 44:169 – 81.

Dorðevic, N. ; Barbic, G. ; Markovic, S. ; Ognjanovic,
B. ; Štajn, A. ; Žikic, R. and Saicic, Z. (2008).
Oxidative stress and changes in antioxidative
defense system in erythrocytes of preeclampsia in
women. Reproductive Toxicology, 25: 213 - 18.



Int. J. Adv. Res. Biol. Sci. (2016). 3(11): 206-210

210

Elsna, E. (1991). Oxygen radical- biochemical basis
for efficacy. KlinischeKlerchenscrift, 69: 949 -
956.

Fairbanks, V. (1994). Iron in Medicine and Nutrition.
In Modern Nutrition in Health and Disease, M. E.
Shils, J. A. Olson, and M. Shike, Eds. Philadelphia:
Lea &Febiger. Pp. 185–213.

Faulkner, W. and King, J. (1970). Manual of Clinical
Laboratory Procedures. Published by the Chemical
Rubber Company, Cleveland, Ohio, 354 pp.

Fischbach, F. and Dunning, M. (2008). A manual of
laboratory and diagnostic tests (8th ed.). Lippincott
Williams & Wilkins. p. 116.

Gultekin, F. ; Delibas, N. ; Yasar, S. and Kilinc, I.
(2001). In vivo changes in antioxidant systems and
protective role of melatonin and a combination of
vitamin C and vitamin E on oxidative damage in
erythrocytes induced by chlorpyrifos-ethyl in rats.
Archives of Toxicology, 75: 88 - 96.

Gutteridge, J. and Halliwell, B. (1988). Oxygen
radicals and tissue injury. FASEB Journal, 13: 9 -
19.

Kolanjiappan, K. ; Manoharan, S. and Kayalvizhi, M.
(2002). Measurement of erythrocyte lipids, lipid
peroxidation, antioxidants and osmotic fragility in
cervical cancer patients. ClinicaChimicaActa, 326:
143 – 49.

Langsdorf, L. and Zydney, A. (1993). Effect of uremia
on the membrane transport characteristics of red
blood cells. Blood, 81: 820 - 827.

Lichtenstiger, C. and Vimr, E. (2003). Purification and
renaturation of membrane neuraminidase from
Haemophilusparasuis. Veterinary Microbiology

Mansour, S.  and Mossa, A. (2009). Lipid peroxidation
and oxidative stress in rat erythrocytes  induced by
chlorpyrifos and the protective effect of zinc.
Pesticide Biochemistry and Physiology, 93: 34 -
39.

Miller, J. and Brzezinka-Slebodzinska, E.  (1993).
Oxidative stress, antioxidants, and animal function.
Journal of Dairy Science76: 2812 – 2823.

Nazifi, S. ; Saeb, M. ; Baghshani, H. and Saeb, S.
(2009). Influence of road transportation during hot-
summer conditions on oxidative status biomakers
in Iranian dromedary Camels (Camelus
dromedarius). African Journal of Biochemical
Research, 3: 282 – 287.

Padayatty, S. ; Katz, A. ; Wang, Y. ; Eck, P. ; Kwon,
O. ; Lee, J. ; Chen, S. ; Dutta, A. ; Dutta, S. and
Levine, M. (2003). Vitamin C as antioxidant:
Evaluation of its role an disease prevention. A
review. Journal of American College of Nutrition,
22: 18 – 35.

Papanikolaou, G. and Pantopoulos, K. (2005) Iron
Metabolism and Toxicity Toxicol Appl Pharmacol.
Jan 15; 202 (2):199-211.

Snedecor, G. and Cochran, W. (1989). Statistical
Methods. 7th Ed. The State University Press
American, Iowa.

Sumikawa, K. ; Mu, Z. ; Inoue, T. ; Okochi, T. ;
Yoshida, T. and Adachi, K. (1993). Changes in
erythrocyte membrane phospholipids composition
induced by physical training and physical exercise.
European Journal of Applied Physiology, 67: 132 -
137.

Tauler, P. ; Aquilo, A. ; Gimelo, I. ; Fuentaspina, E. ;
Tur, J. and Pons, A. (2003). Influence of vitamin C
diet supplementation on endogenous antioxidant
defences during exhaustive exercise. European
Journal of Physiology, 446: 658 - 664.

Weiss, D. and Wardrop, K. (2010). Schalms
Veterinary Haematology. 6th Ed. Wiley- Blackwell-
Usa. Pp.168-170,593-595,1162, 1163.

Williams, CA,. ; Gordon, M. ; Betros, C. and
McKeever, K. (2008). Apoptosis and antioxidant
status are influenced by age and exercise training in
horses. Journal of Animal Science, 86: 576 - 583.

Yazer, M. ; Waters, J. ;  Elkin, K. ; Rohrbaugh, M. and
Kameneva, M. (2008), A comparison of hemolysis
and red cell mechanical fragility in blood collected
with different cell salvage suction devices.
Transfusion, 48: 1188–1191.

Access this Article in Online

Website:
www.ijarbs.com

Subject:
Veterinary
MedicineQuick Response

Code

DOI:10.22192/ijarbs.2016.03.11.026

How to cite this article:
Thaar Mohammed Najim. (2016). Comparative evaluation of
erythrocyte osmotic fragility between anemic and chronically
iron exposed sheep in Iraq. Int. J. Adv. Res. Biol. Sci. 3(11):
206-210.
DOI: http://dx.doi.org/10.22192/ijarbs.2016.03.11.026


