Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, A®, 8(1):434-438

ISSN : 0975-7384
CODEN(USA) : JCPRC5

Research Article

|

NN Mg S
DB LA
e SN

Oxidative stress and cytokineole of patients with sickle cell disease

Eman R. Younes& Amina Abdel-Salanf,Hanan F. Aly®,WalaaA. AbulHamd®, Marwa M.
El-Sonbaty*®and Sherien M. El-Daly?

#Department of Medical Biochemistry, Medical DivisidNational Research Centre(NRC), 33 EL Bohouthst.
(Former EL Tahrirst.), Dokki, Giza, Egypt

®Department of Pediatrics, New Children’s Hospitaairo University

CDepartment of Therapeutic Chemistry, Pharmaceutioa Drug Industries Division, National Research
Centre(NRC), 33 EL Bohouthst. (Former EL Tahrirdddkki, Giza, Egypt

dDepartment of Pediatrics, College of Medicine, Editiniversity, Al- Madinah Al- Munawwarah, Kingdarh
Saudi Arabia

*Department of Child Health, Medical Research Daris National Research Centre(NRC), 33 EL Bohouthst
(former EL Tahrirst.), Dokki, Giza, Egypt, Cairog¥pt.(Affiliation 1D:60014618)

ABSTRACT

The present study is undertaken to demonstrageotidant-antioxidant status including serum lipieroxidation
product malondialdehyde (MDA), serum total antiaxitlcapacity (TAC), paraoxonase (PON), tumor osiw
factoro (TNF«) and vascular endothelial growth factor (VEGF) Eyyptian children with sickle cell anemia.
Thus, the levels of MDA, TAC, PON, and TiNBnd VEGF were measured in 52 children with homoaggsickle
cell anemia (30 males and 22 females) and 25 heate- and gender matched controls. The presentltses
markedly declared significant elevated serum MD#ele while, serum AC and paraoxonase levels were
significantly reduced in children with SCA as comggato control subject. On the other hand, cytokitevels,
TNF-— and VEGF levels were elevated significanth<@®1) in SCA children as compared to normal control
group. .There were significant change in the lew#l$1DA, TAC, PON, and TNé&-and VEGF were detected in
sickle cell patients treated with hydroxyurea (H&$) related to untreated one. It was found that MByel was
found to be independent on PON and TAC. Alsonsignificant relationship were detected betweemseMDA,
TAC, PON and TNk and VEGF levels. Thus, it could be concluded ttiad, steady state between oxidant and
antioxidant declaring the chronic oxidative stressreased VOC frequency, decrease in PON levelels as
increase cytokine levels in these patient.
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INTRODUCTION

Sickle cell disease (SCD) is associated with vasdusion, severe anemia, vasculopathy, and orgeusders.
SCD leading to sickle hemoglobin (HbS) which aridesm one mutation in the synthesis of the adult
hemoglobin[1]. Sickled Hb can cause an overproduactf reactive oxygen species (ROS)[ 1]. These R@%e
oxidative stress which often leads to damage oluleel macromolecules; such as DNA, protein, anddsp
potentially leading to cellular apoptosis. A numleérmajor cellular defense mechanisms exist to naéimé and
combat the damaging effects of these ROS. One edfetltellular defense mechanisms is the enzymasieray
which includes superoxide dismutase, catalase,gautdthione peroxidase. Some previous studiesdstiizt the
activities of SOD, CAT and GSH-Px were reduced {#hile others reported that the activities of b&0D and
GSH-Px were increased [3] in erythrocytes of SCHep#s. A recent study has shown that the totalbaigtant
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capacity was reduced in SCA patients as compardedtthy controls[4].Various studies have showrt thaman
sickle RBCs exhibit increased levels of thiobantiitacid reactive substances (TBARS)[4].

SCD is causes 3.4% deaths in children under 5 y&faegie. Also, about eight to ten % SCA subjectgetip
childhood chronic anemia, fragility of erythrocytes well as characteristics of vaso-occlusive <rigie.
thrombosis, fever, splenomegaly, joint pain, infats, lethargy, weakness, and events of stroke laeart
failure)[3].Few studies indicated the role of immunologic d@ation in SCA3,5].It was found that the prevention of
infection could correlated positively with vascehsive crisis prevention in SCA patides Therefore, infectious
complication could contribute to the severity of/SBY initiating inflammatory cytoking8]. Thus, this study aimed to
evaluate the lipid peroxide, total antioxidant awfy, paraoxonase TNi-and VEGF in Egyptian children with sickle cell
anemia.

EXPERIMENTAL SECTION

This was a prospective case-control study conduatt¢ie New Children’s Hospital of Cairo UniversiBgypt, and
at the Child Health and Medical Biochemistry Depwats of the National Research Center, Cairo, Edaffiy two
children with established diagnosis of homozygdtisSS) SCA (30 males and 22 females aged (11.10324(%)
and 25 healthy subjects (age- and gender-matchattotxy 13 males and 12 females aged 10.70+3.06 yeare
enrolled in the study after their legal guardiaigsied the informed consents. All recruited patiemése in a steady
state attending routine follow-up during the styyiod (from June2, 2014 to May, 2015). The studhtqrol was
approved by the Ethics Committee of the Cairo Ursittg and by the Ethics Committee of the Nationak&arch
Center, Cairo, Egypt. At enrollment, the numbes@fere painful episodes in the preceding 12 moméssrecorded
(frequency of VOC per year), with a working defioit of a VOC as pain in the extremities, back, abeo, chest,
or head that led to an unscheduled clinic or enmengeoom visit and required hospitalization, andttbould only
be explained by SCD, with exclusion of hand-foohdrpme, chest syndrome, osteomyelitis, and anyodpi®f
pain that was treated entirely at home [7]. Thipgtients (20 male and 10 female) were on hydroxy\{rU)
therapy with a mean dose of 20.00+3.50 (range 1®8fkg/day, given orally once a day). Dose esaatatvas
guided by clinical and hematological response withattempt to reach the maximum tolerated dose (MBbod
samples for determination of MDA, PON, TAC, TNFand VEGF levels were collected as follows: 5mlblufod
were collected into plain tubes and allowed to #wt30 min at 25C; it was then centrifuged at 3,000 rpm for 15
min at 4-C, and the serum was separated into clean, projaédyed tubes for analysis.

Determination of lipid peroxidation: Lipid peroxidation was assayed by measuring the leveViBf. It was
determined by measuring thiobarbituric reactivecg® using the method of Ruiz-Larrea et al. [8] Wihich the
thiobarbituric acid-reactive substances react whibbarbituric acid to produce a red colored compléth peak
absorbance at 532 nm.

Determination of PON activity: Arylesterase activity of PON was measured speabtopfetrically in supernatants using
phenylacetate as a substrate [9].

Measurement of serum TAC levels: Serum TAC levels were determined using an automaegsurement method,
which is based on the bleaching of the characiestor of a more stable 2, 2-azino-bis (3-ethylb¢hiazoline- 6-
sulfonic acid, [ABTS]) radical cation by antioxidaBeckman Coulter - Fullerton, CA, USA) [10]. TABTS
radical cation is decolorized by antioxidants adawg to their concentrations and antioxidant catesi The results
are expressed in mmol Trolox equivalents/L.

Determination of TNF-a and VEGF levels: Serum levels of both cytokines were estimated hyyle-linked
immunosorbent assay (ELISA) method

Statistical analysis

Patients' data were analyzed using SPSS 17.0 fatomis 7. Quantitative variables were expressed égmand SD
(Standard deviation), compared using unpaireddestutest and Mann-Whitney test. Spearman rankr dedé was
used for correlating quantitative variables. Quadie variables were expressed by numbers (Freghesd

percent compared between groups using Chi-squsttePteralue was considered to be significant ifG50

RESULTS

Table 1 declared that , the mean values of PONT&@, were significantly decrease , while the MDAdé was
significantly increase in SCA patients as compaedormal one. Cytokines levels including TNFend VEGF
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showed significantly elevated level in childrenlw8CD as compared to normal control group. An imficant
change in oxidative stress biomarkers of SCA p&iencytokine levels in both genders (Table 1).

Marked significant changes in MDA,PON ,TAC, TNFand VEGF levels were observed in SCD patienttee
with HU as compared to diseased untreated ondl€T2). An insignificant relation was detected begw VOC
frequency and MDA, PON, TAC, TNé&-or VEGF levels (0.05).

No significant correlations were detected betwe®NRevel and frequency of VOC, MDA level, TAC,TNFer
VEGF(p> 0.05) (Table 3).

Table (1): Comparison of malonialdehyde, paraoxonas total antioxidant capacity, VEGF and TNFe in sickle cell patients as compared

to control
. SCA patients (n=52)
Biomarkers Mean + SD

MDA (nmolk/mL)  3.00+0.56'

PON (u/mL) 200.15%#4.2F

TAC (mmol/L) 0.7740.09"

VEGF(Pg/mL) 710 .00+ 20.32

TNF-o(Pg/mL) 136.72 +10.54

Males
Patients (30) Control (13) Patients (22) Contrd12)
Biomarkers Mean +SD Mean_ +SD Mean +SD Mean_ +SD
MDA (nmol/mL) 2.7840.30 0.9140.0% 2.6640.15 0.934.02
PON (u/mL) 200.8015.0 270.1144.4C0 204.2R4.7 269.9020.40
TAC (mmol/L) 0.776.04 1.004.10 0.7640.08' 1.0240.08
VEGF(Pg/mL) 709 .25+ 20.32130.05+7.34 710.70£16.32 131.00:6.48
TNF-o(Pg/mL) 135.70 £8.50 27.00+5.48 136.02+6.99  26.90+4.1%
Male Female
. Patients Patients
Biomarkers (n-30) (n=22)
Mean + SD Mean + SD

MDA (nmolk/mL) 2.7840.30 2.6640.15'

PON (u/mL) 200.80%5.0° 204.2024.1¢

TAC (mmol/L) 0.770.04 0.7640.05

VEGF(Pg/mL) 709 .25+ 20.3 710 .70+ 16.3
TNF-a(Pg/mL) 135.70 +8.50 136.02 +6.90

MDA, malondialdehyde; PON, paraoxonase; SCA, sicikleanemia; TAC, total antioxidant capacity,
Statistically significant value at0.05.

Table (2): Levels of serum malonialdehyde, paraox@se and total antioxidant capacity in sickle cefpatients treated with HU and

untreated HU

SCA treated with SCA untreated with HU
Biomarkers HU (n=20) (n=10)

Mean + SD Mean +SD
MDA (nmolk/mL) 2.4540.24 3.0040.56’
PON (u/mL) 230.1032.2% 200.1544.2
TAC (mmol/L) 0.9940.13% 0.7740.09
VEGF 345 .00+ 11.8 710 .00+ 0.8
TNF-o 90.72 +10.8 136.72 £10.8

HU, hydroxyurea; MDA, malondialdehyde; PON, paraaase; SCA, sickle cell anemia; SD, standard dexiafl AO, total antioxidant
capacity. Unshared letter is significant at05.

Table 3 : The relation between PON level, patientsind different biomarkers

r-coefficient p- value
VOC frequency (times/year) 0.24 >0.05
MDA(nmol/mL) 0.29 >0.05
PON(u/mL) 0.22 >0.05
TAC(mmol/L) 0.16 >0.05
VEGF 0.22 >0.05
TNF-a 0.15 >0.05

BMI, body mass index; MDA, malondialdehyde; PONapaonase; TAC, total antioxidant capacity andV®&so-occlusive crises. Statistical
analysis reveal an insignificant correlations a&0p05
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DISCUSSION

The role of oxidant damage to red cells in sickid anemia has been of interest in recent years.a good
connection with the present results, Alsultandtld], showed that the activities of SOD, CAT, an8H5Px were
significantly decreased in the SC subjects as coedpaith control normal subjects. The deficiencyttad activities
of these enzymes may be attributed to the high yotimh of ROS in these patients which may destimse
antioxidant enzymes [12].Furthermore, the excesslymtion of MDA, have additional toxic effects I&agl to
alterations of the proteins, including antioxidemzymes and protein receptors [13]. Alsultaneta] @dded that
GSH is an essential cofactor for GSH-Px activityhds been reported that GSH concentration wasdsed in
erythrocytes of sickle cell disease (SCD) individudue to the excess production of ROS which coes@8H
leading to the reduction in the activity of GSH-Excess production of ROS may also have a seridusrse effect
on cell membrane of RBCs resulting in protein apalIperoxidation enhancing production of carboagti MDA
concentrations which is the actual case [11].

In addition, SCA is associated with oxidative strdse to the imbalance in oxidant —antioxidantustét red blood
cells leading to hemolysi§l4]. Over production of MDA cause damage to the phospitblof erythrocyte
membrane which contributes to the formation ofviersible sickle cells (ISC)L5]. It was also suggested that the
high amount of MDA can trigger erythrocyte phagosy$[14]. Moreover, we also noted a significant(p05)
reduction in the TAC level in SCA patients, compgrio control group, supporting the previous statlifoluke et
al[16], where TAC reflects the reducing property of npratein individual antioxidant. Thus, high levdlwaso-
occlussive episodes is seen in patients with TA@eki level[16].That suggested the reduction in low molecular
weight antioxidants, may be triggered vaso-occugssrisis. Various studies have shown the deplietegls of non-
enzyme antioxidant molecules such as carotenemiiteE, vitamin C, zinc and trace elements contritgut
antioxidant activity{13,17,18].

In concomitant with the EI-Ghamrawy et §.9], there were decreases in serum PON, TAC and anaisers
MDA level. In contradictory with the present resuRfolukeet al[16], declared that, HU therapy insignificantly
affect the oxidative stress related to SCA childi&fhile the present data are concomitant with thdysof Folukeet
al. [16] where they demonstrate that gender insignificaaftigct the oxidative stress status of SCA childddso, it
was observed decrease in the activity levels of P&@id TAC[19] HU acts as an inducer of fetal hemoglobin
expression, which reduces HbS polymerization in $@#ents, reducing mortality and VQI®]. The present study
declared the decrease in PON level in SCA pati¢tigas found that PON level was found to signifittg increase
and correlated positively with body weight and BMUt it did not influenced VOC or hemolysis.

The present study reveals that children with sicddit anemia demonstrated higher levels of semftarnmatory
cytokines TNFe. and VEGF, these results are in coordinatindp Witiga et a[4] who found high level of TN
and VEGF despite of periodontal inflammation. Otkardies have also reported similar findings to pihesent
results where elevated levels of inflammatory serum cyieki(TNFe, VEGF), were detected in SCA patief6-
22]. Musa et a[5] emphasized the role of an injured endothelium antivated monocytes resulting in an increase
in VEGF level .The findings of the present studyndastrated that SCA children have high level of TMRvhich

is an accordance with previous wg#§. Significant correlation was noticed in sickle geditients between the level
of inflammatory cytokines and leukocytes humbeggasting an important role of leukocytosis whickliédected in
SCA patientd4]. Sickle cell anemia patients have increased seewsld of circulating TNFe and IL-8 at steady
state and during crisis evenf&3]; these inflammatory molecules also possibly contebto the complex
mechanisms involved in vascular occlusion eventsredver, inter-patient variations in cytokine levebuld be
attributed to gene polymorphisnj&3]. Several studies reported on altered balance oérmflatory and anti-
inflammatory cytokines in SCD patients during VQ@ghlighted by elevation in pro-inflammatory cytakis[24]
and reduction in anti-inflammatory cytokines leviel SCD patients compared to healthy individyaks].

Cytokine imbalance was suggested to contributeht gathogenesis of sickle cell pain crifZ6]. Reduced
expression of anti-inflammatory cytokines, wereared in unselected SCD patients compared to healibjects
[25] and in SCD patients with VOC compared to pain-B&D patient$5]. The present study is also in agreement
with recent study which reported elevated level$NF-o , in SCA Brazilian children of African descentgini [4].
IL-10 may also modulate the translation of TMRRNA through interference with p38 MAPK activatjorsulting
in increased TNFe production[23]. Furthermore, iron overload due to RBC hemolysia asnsequence of SCD or
resulting from transfusion, leads to the generatibmeactive oxygen species (ROS), and hence dezied -10
secretion and stimulation of TNisecretiori23]. These results suggest that the increased ROS genaraSCD,
both in erythrocytes and from other sources, cbuates to SCD pathology by activating endotheligirezsion of
adhesion molecules and increasing endothelium—taa&oand platelet adhesion as well as by reduciBf R
deformability and making them more prone to hemislyBhus, ROS generation plays a part in vaso-samuand
hemolysis, the twin pathophysiologic mechanismS@D.
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In the present study we revealed that, childretn 8I€D can have significant increase in the prodactif MDA,
TNF-a, and VEGF, meanwhile positively correlate with |G C and paraoxonase level as compared to normal
control.
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