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Abstract

Background: Blood is permanently exposed to oxidation stress and therefore has a high antioxidants capacity. Many
different factors increasing the demand for the antioxidant capacity can be observed in the stored blood of donors.
Consequently, damage to erythrocytes by free radicals may occur. So it is useful to control the alternation of anti-
oxidant enzymes in stored blood at different days of storage. The aim of the present study was to determine the
alternation of erythrocyte superoxide dismutase and glutathione peroxidase enzyme activities in stored blood.
Material and Methods: Blood samples were obtained from 67 donors with average age of 26 years. Samples were
collected in CPDA-1 anticoagulation solution. Erythrocyte superoxide dismutase and glutathione peroxidase enzyme
activities were determined using Kei Satoh method and kits from Randox. The measurements were performed at the
days 1, 7, 14, 21, 28 and 35 of storage. The blood bags were stored after each sampling at 4BC. Data were analyzed
using analytical variance statistical test and SPSS version16 software.

Results: The erythrocyte levels of erythrocyte superoxide dismutase and glutathione peroxidase enzyme activities
decreased significantly at the day 14th (P<0.001) of storage compared to day 1.

Conclusion: Our results suggest that during blood storage, antioxidant defense in erythrocytes were depleting
gradually depending on the day of storage. Based on our finding a 14 days period can be considered a safe storage

limit for transfusion in relation to oxidative stress on the RBCs in storage medium.
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Introduction

Erythrocyte is one of the important blood products
that can be stored for 35-42 days in blood banks.
Erythrocyte mass recipients are patients, who have
a need for increasing their oxygen carrying capacity.
Red blood cells transfer oxygen to all cells, but
with continuous exposure to the oxidative stress.
The quality of RBC products during the storage
period should be maintained, but the red blood
cells stored over time face changes in biophysical,
biochemical and immunological specifications
called RBC storage lesion ¥, Oxidative damage
is the most important factor causing RBC storage
lesion which is caused by free radicals and can
affect RBC quality . Free radicals can damage
RBC products by lipid and protein oxidation 215,
The membrane of the RBC is also influenced by
oxidative damage which can be an important
factor for RBC hemolysis during storage.

RBCs are more exposed to oxidative stress
and the risk of oxidative damage among these
cells is high but their antioxidant system is also
more sensitive and powerful than other cells 6.
Erythrocytes act against oxidative damage, equipped
with an antioxidant system that contains enzymes:
superoxide dismutase, glutathione peroxidase,
glutathione reductase and catalase. Super oxide
dismutase (SOD) is the first line of defense in the cell
which converts super oxide ion to hydrogen peroxide
and oxygen, then catalase converts hydrogen
peroxide to water and oxygen Y. Glutathione
peroxidase (GPX) belongs to the selenoproteins
family and catalyses the reduction of H202 and
hydro peroxides forms from fatty acids, there by
effectively removing toxic peroxides from living
cells 7. Glutathione reductase (GR) is the enzyme
which is required to maintain reduced glutathione
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(GSH). The thiol groups are very reactive to a great
variety of oxidant agents and are an important
factor in the erythrocyte anti-oxidant system 7.

In normal physiology conditions there is a balance
between RBCs’ antioxidant enzymes and free
radicals * 1%, but when erythrocytes are against
oxidative stress, such as being in blood storage for
a long period, RBCs’ antioxidant enzymes cannot
protect erythrocytes against oxidative damage by
free radicals and RBC storage lesion can occur due
to oxidative damage ?°, with a negative effect on
RBC quality during storage.

In this study, we investigated antioxidant enzymes
activity during RBC storage measuring GPX and SOD
activity up to 35 days after the start of the blood
storage in blood bank conditions.

Materials and Methods

In this study 67 whole blood bags were randomly
selected from healthy donors without any
infections, cardiovascular and other diseases.
After collection of blood from healthy donors, the
whole blood underwent screening tests such as
hepatitis, HIV, and syphilis and then transferred
to laboratory and stored in 2-6°c in blood bank
conditions. We measured GPX and SOD enzyme
activities at the start of weeks 1, 2, 3, 4, 5 and
the six (days 1, 7, 14, 21, 28 and 35) of storage in

blood bank conditions (2-6°c).

Sample preparation for measurement of SOD
activity

At first, the whole blood was centrifuged at 800Xg
for 10 minutes and red blood cells were separated
from plasma. Then erythrocytes were washed
3 times with serum physiology (NaCl 0.9%) and
additional plasma and proteins were discarded.
Erythrocytes were then hemolyzed with addition
of 2cc of distilled water and diluted 25 times by
adding diluent solution. Auto analyzer Hitachi 902
was calibrated by SOD Randox standard solution,
and samples were transferred for measurement
of SOD activity in RBC using Randox kits (Cat.No. SD
125). Hemoglobin in RBCs was measured by a cell
counter (Sysmex K800).

Measurement of SOD activity

The method used employs xanthine and xanthine
oxidase (XOD) to generate superoxide radicals which
react with 2-(4-iodophenyl)-3-(4-nitrophenpl)-5-
phenyltetrazolium chloride (I.N.T) to form a red
formazan dye. The super oxide dismutase activity
is then measured by the degree of inhibition of
this reaction (Randox Kit Cat.No.SD 125). Then the
Activity of SOD is then calculated using this formula:
Activity of SOD (lu/gHb) = SOD activity (IU)/

Table 1: Super oxide dismutase activity in different weeks of blood storage.

SOD Average activity P value
week u/gHB
X *SD
n=67
First 19.18+9.5 =
second 1534 +7 B P<0.68
Third 134554 P<0.001
Forth 12.4%6.23 P=0.001
Fifth 8.8+3 8 P<=0.001
Sixth 6.8+4.11 P<0.001
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Hemoglobin (gr/dl) X 100

Sample preparation for measurement of GPX
activity

At first 0.5cc of the whole blood was diluted with 1cc
diluent solution and put in ambient temperature
for 5 minutes. Then 1lcc of hemoglobin solution
was added and transferred to auto analyzer
HITACH 902 (calibrated with GPX control blood,
Randox kit RS 504).

Measurement of GPX activity

In this method, glutathione peroxidase (GPX)
catalyses the oxidation of glutathione (GSH)
by cumene hydroperoxide. In the presence of
glutathione reductase and NADPH the oxidized
glutathione is immediately converted to the
reduced form with a concomitant oxidation of
NADH to NADP. The decrease in absorbance
at 340 nm is measured (Randox Kit). Then the
activity of GPX is calculated using this formula:
Activity of GPX (lu/gHb) = GPX activity (IU)/
Hemoglobin (g/dl)

Statistical analysis
In this study, data analysis was performed using
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SPSS (version 16) program. P values P<0.05 were
considered significant.

Results

A significant decrease in SOD enzyme activity
was seen after 2 weeks of blood storage (Table
1). According to our results, GPX enzyme activity
significantly decreased after just one week of blood
storage (Table 2).

In the present study, we measured the percentage
of decreasing antioxidant enzyme activity during
blood storage for 35 days. According to our results,
after 2 weeks of blood storage, SOD enzyme
activity decreased 20% compared with the first day
(Figure 1); also GPX enzyme activity decreased 33%
after 2 weeks of storage compared with the first
day (Figure 2). At the end of the study (35 days of
blood storage), SOD enzyme activity in erythrocytes
decreased as much as 65% and GPX enzyme activity
decreased as much as 68% compared with SOD and
GPX enzyme activity in the first day.

Discussion

Human RBCs stored in standard blood banking
conditions undergo time dependent changes,
including loss of ATP, GSH, lipids and structural and
membrane proteins, possibly leading to decreased

Table 2: Glutathione peroxidase activity in different weeks of blood storage.

GPX average activity
u/gHb
week i P value
x ¥SD
n=67
First 40.6+14.7
second 27.25%12.9 P<0.001
P=0.001
Third 16.7+7.8
P=0.001
forth 15.4+11.5
P<0.001
Fifth 14.6+10.3
P<0.001
Sixth 12.9+15.5
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Figure 1: Super oxide dismutase activity in different weeks of blood storage.

deformability and unsatisfactory post transfusion
in vivo survival. One of important changes that
occur during storage is oxidative damage from
free radicals that is due to imbalance between
the production of reactive oxygen species and the
efficiency of the antioxidant defense 2. This is an
important factor for RBC lesion that can affect an
RBC quality during storage. Anti-oxidant system
keeps free radicals at physiologically optimal levels
and acts as an inhibitor of oxidation and deactivates
free radicals 2% 23, SOD, CAT and GPX are three main
enzymatic systems of the organism against free
radicals and peroxides > 24,

SOD plays an important role in the protection of
cells against the deleterious effect of free radicals
by converting super oxide anion to hydrogen
peroxide, which is then transformed to water by
GPX or by catalase. In erythrocytes, catalase and
GPX jointly protect hemoglobin from oxidative
damage. GPX catalyses the reduction of hydrogen
peroxide by reduced glutathione (GSH) and protects
hemoglobin from oxidative breakdown 2.
According to our results, GPX activity in RBCs
significantly decreased after one week of storage,
also SOD enzyme activity in RBC significantly
decreased after two week of RBC storage. Our
results showed that GPX appears to provide the
primary anti-oxidant defense in storaged RBCs. Our

results are similar to those of Marjani et al. %, who
reported decreased SOD and GPX activity at days
7-11 of storage. Decrease in GPX activity, concurrent
with an increase in oxidative modification of
membrane lipids and proteins, may destabilize the
membrane skeleton, thereby compromising RBCs’
survival.

The erythrocyte anti-oxidant defense potential
decreases in correlation with the increase of
oxidative stress. Our results are similar to those of
Aslan et al.2 who reported that enzyme activity of
GPX and SOD, significantly decreases after 9 days
and 13 days of erythrocytes storage respectively.
Reduction of enzyme activity continued until the
6th week of storage. Also Jozwik et al.” reported
that a 12 day period can be considered a safe
storage limit for RBC storage which is in line with
our findings. Ogunro et al. ® reported decreased
GPX and SOD activity by 17.1 % on day 15 and they
concluded that a 15 days period can be considered a
safe RBC storage period. Gultekin et al. * observed
that the enzyme activity of SOD, GPX and catalase
decreased after 7-14 days of storage. According to
our results, SOD enzyme activity decreased 20%
and GPX activity decreased 33% in the second week
of RBC storage. These results are in accordance
with the results of other researchers. Thus, we
could estimate that the equilibrium between anti-
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Figure 2: Glutathione peroxidase enzyme activity in different weeks of blood storage.

oxidant defense and alternation agents could break
after 14 days of storage, irretrievably with great
negative consequences on cellular functions and
morphology which could result in aging and even
lysis of RBCs.

Based on our results the best duration for blood
storage seems to be is up to two week after
donation. In this period, changes of SOD were not
significant and it seems, there is a balance between
oxidant and anti-oxidant mechanisms. Based on our
results we suggest that the storage of erythrocytes,
for more than 14 days causes a significant decrease
of blood quality.

Conclusion

Our results suggest that during blood storage,
antioxidant defense in erythrocytes were depleting
gradually depending on the day of storage. Based
on our finding a 14 days period can be considered
a safe storage limit for transfusion in relation to
oxidative stress on the RBCs in storage medium.

Acknowledgements

This work was supported by a research grant from
Iranian Blood Transfusion Research Center. We
wish to thank the staff of biochemistry lab of the
research center.

Reference
1. Sowjanya B, Kumar MN, Naidu JN, Ramalingma

K, Rajarajeswari D. Imbalance of oxidants and
antioxidant systems in subjects with cirrhosis.
International Journal of Applied Biology and
Pharmaceutical Technology 2010;1(3):1312-16.
Seung HJ, Park JH, Chang SG. Expression of
Antioidant Enzymes (Catalase , Superoxide
Dismutase, and Glutathion Peroxidase) in Human
Bladder Cancer. Korean J Urol. 2007;48(9):921-6.
Gustavo B. and John H. M.,The Antioxidant System.
Anticancer Research. 2003;23: 1411-6.

Korgun DK, Bilmen S, Yesilkaya A. Alterations in the
erythrocyte antioxidant system of blood stored in
blood bags. Res Commun Mol Pathol Pharmacol.
2001;109(5-6):357-63.

Amann K, Tyralla K. Cardiovascular changes in
chronic renal failure--pathogenesis and therapy.
Clin Nephrol. 2002;58 Suppl 1:562-72.

Silliman CC, Voelkel NF, Allard JD, Elzi DJ, Tuder RM,
Johnson JL, et al. Plasma and lipids from stored
packed red blood cells cause acute lung injury in an
animal model. J Clin Invest. 1998;101(7):1458-67.
Jézwik M, J6zwik M, Jozwik M, Szczypka M, Gajewska
J, Laskowska-Klita T. Antioxidant defence of red
blood cells and plasma in stored human blood. Clin
Chim Acta. 1997;267(2):129-42.

Ogunro PS, Ogungbamigbe TO, Muhibi MA. The
influence of storage period on the antioxidants level
of red blood cells and the plasma before transfusion.
AfrJ Med Med Sci. 2010;39(2):99-104.

[ Downloaded from ijbc.ir on 2026-07-02 ]

Volume 6 | Number 2 | Winter 2014

73


http://ijbc.ir/article-1-447-en.html

[ Downloaded from ijbc.ir on 2026-07-02 ]

Deyhimi et al.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Racek J, Herynkova R, Holecek V, Jerdbek Z, Slama
V. Influence of antioxidants on the quality of stored
blood. Vox Sang. 1997;72(1):16-9.

Holovati JL, Hannon JL, Gyongyossy-Issa MI, Acker
JP. Blood preservation workshop: new and emerging
trends in research and clinical practice. Transfus
Med Rev. 2009;23(1):25-41.

Hess JR. Red cell changes during storage. Transfus
Apher Sci. 2010;43(1):51-9.

Halliwell B, Gutteridge JM, Cross CE. Free radicals,
antioxidants, and human disease: where are we
now? J Lab Clin Med. 1992;119(6):598-620.

Sharifi S, Dzik WH, Sadrzadeh SM. Human plasma and
tirilazad mesylate protect stored human erythrocytes
against the oxidative damage of gamma-irradiation.
Transfus Med. 2000;10(2):125-30.

Stansbury LG, Hess JR. Putting the pieces together:
Roger I. Lee and modern transfusion medicine.
Transfus Med Rev. 2005;19(1):81-4.

Sameh M, Zainab M, Nader R, Eman A. Study
of Erythrocyte Superoxide Dismutase , Piasma
Malondialdehyde and Osmotic Fragility Test
in Psoriasis. Journal of Pan-Arab League of
Dermatologists, 2009;20(1):57-69.

Jaw alekar SL, Kulkarni UJ, Surve VT, Deshmukh
VA.Role of Oxidants and Anti Oxidants in Patients
with Cardiovascular diseases . Asian Journal of
Medical Sciences. 2010;2(4): 181-4.

Claiborne A: Catalase activity . In: Handbook of
method for Oxygene Radical Research. Greenwald
RA(ed). CRC Press. Boca Raton. 1985; 283-4.
Baynes JW, Thorpe SR. Role of oxidative stress in
diabetic complications: a new perspective on an old
paradigm. Diabetes. 1999;48(1):1-9.

Sharifi S, Dzik WH, Sadrzadeh SM. Human plasma and
tirilazad mesylate protect stored human erythrocytes
against the oxidative damage of gamma-irradiation.
Transfus Med. 2000;10(2):125-30.

Yoshida T, AuBuchon JP, Tryzelaar L, Foster KY,
Bitensky MW. Extended storage of red blood
cells under anaerobic conditions. Vox Sang.
2007;92(1):22-31.

Hanachi P, Shemshaki A. The Antioxidant Enzymes
Activities in Blood of Physical Education Students
after Eccentric and Concentric Training Activities.
American-Eurasian J. Agric. & Environ. Sci.
2010;7(5):501-4.

Constantinescu AA, Dobreanu M, Popoiu G, Tanase
A, Sturzoiu C, Stoian G. Studying the aging of banked
erythrocytes using a fluorescence marker, hypericin.

23.

24.

25.

Genetica si Biologie Moleculara. 2010;11(4);183-96.
Aslan R, Sekeroglu MR, Tarakgioglu M, Koylu
H. Investigation of malondialdehyde formation
and antioxidant enzyme activity in stored blood.
Haematologia (Budap). 1997;28(4):233-7.

Gultekin F, Akdogan M, Altuntas I, Delibas N,
Kaptanagasi M. Changes in erythrocyte lipid
peroxidation and antioxidation and antioxidation
potential during storage of blood and protective
effect of melatonin. Turkish Journal Biochem.
2000;25(3): 83-91. (Article in Turkish)

Marjani A, Moradi A, Ghourcaie A. Alteration
in plasma lipid peroxidation and erythrocyte
superoxide dismutase and glutathione peroxidase
enzyme activities during storage of blood. Asian
Journal of Biochemistry. 2007; 2(2):118-23.

74

IRANIAN JOURNAL OF BLOOD AND CANCER


http://ijbc.ir/article-1-447-en.html
http://www.tcpdf.org

