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Abstract ALL is the most common form of childhood cancer. Sufferers are treated with chemotherapy, which is asso-
ciated with the production of free radicals. The aim of this study was to investigate the oxidative stress markers and some
antioxidants status among Acute Lymphoblastic Leukemia patients. This study included 40 children newly diagnosed ALL
before chemotherapy (mean age, 8.2 +2) compared to 20 healthy controls (mean age, 7.6 £1.4). The same of 40 patients of
ALL undergoing chemotherapy treatment for 3 months. Oxidative stress, blood antioxidants status, kidney and liver pro-
files were measured in all groups. Our results showed that Antioxidants levels and Hb were significant decreased in ALL
patients (P < 0.05) compared to control group, then antioxidants levels were more significant decreasing after ALL patients
undergoing chemotherapy. In contrast MDA, 8dG, leukocytes count and Lymphoblast were significant increased (P < 0.05)
compared to control group. Also, Urea and creatinine levels were found no significant difference between different groups,
there was mild increase after chemotherapy but not significant. On other hand, ALT and AST were found no significant
difference between healthy control and ALL patients. But their levels were found statistically significant to be increased in
ALL patients after chemotherapy compared to before chemotherapy. In conclusion, there are possible link between de-
creased antioxidants and increased levels of cells alterations due to oxidative damage in ALL, and this appear to be asso-
ciated with complications of treatment.
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cumented the level of DNA oxidized base 8- oxodeoxgua-
1. Introduction nosine in blood mononuclear cells decrease after start of

vmphoblasti Kemi < th chemotherapy and increase during aggressive chemotherapy
Acute lymphoblastic Leukemia (ALL) is the most com- in children with ALL.

mon cancer found in the pediatric population and it ac-
counts for more than 50% of the hematopoietic malignan-
cies in this age group (Gaynon, 2005). ALL is a disorder
caused by an abnormal expression of genes, which is
usually a result of chromosomal translocation .The disease
can be originated from lymphoid cells of different lineages
giving rise to B or T cell Leukemia or sometimes mixed
—lineage leukemia (Gaynon, 2005).

Production of reactive oxygen species (ROS) is an in-
evitable result in cells that use aerobic metabolism for
energy production (Goto et al., 2007). ROS are known to
play a dual role in biological system, since they may be
either harmful or beneficial to living systems. Accumulation .

. o 2. Patients and Methods

of such molecules causes noxious effects on individuals,
resulting in diseases such as hematopoietic malignancies A total of 60 Egyptian patients were included in this
(Masutani, 2000). Changes in oxidative stress in patients study. Consent was obtained by family members of all pa-
undergoing chemotherapy for ALL have not been well do  tients before they participated in the study, which was ap-
. proved by the ethical committee. They were selected from
Zrgg:;?;‘gﬁ;‘i?g:(Kholoud Ramadan) the National Cancer Institute (NCI). The study included 3

‘ groups of subjects: Group (I): 20 healthy persons. They
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The effect of reactive species is balanced by the antioxi-
dant action of non-enzymatic antioxidants, as well as by
antioxidants enzymes. Antioxidant defenses are extremely
important as they represent the direct removal of free radi-
cals, providing maximal protection for biological sites
(Valko et al., 2006). The objective of this study was to in-
vestigate the oxidative stress markers and some antioxidants
status among Acute Lymphoblastic Leukemia patients and
find if there is any correlation between the degree of oxida-
tive status and the progression of leukemia
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parasitosis, or any immune dysfunction. Also, the controls
used in this study had normal leukocytes and other blood
cell counts and made no use of pharmacological therapy;
Group (II): 40 patients just diagnosed with ALL patients
who had not received any therapy preceding the blood sam-
pling. The diagnosis for ALL based on the following find-
ings: leukocyte count, age, involvement of tissues other
than bone marrow, immune pheno typing and responsive-
ness to the treatment and Group (IIT): The same of 40 pa-
tients of Group (II) after 3 months post-chemotherapy
treatment.

All patients were matched for age 5-11 years and sex was
divided into 50% male & 50% female. Each studied case
was subjected to careful history taking through clinical ex-
amination, routine liver profile and routine kidney profile.

Venous blood samples have been collected into three va-
cationer tubes, one containing EDTA for measurement of
blood hemoglobin (Hb), WBC count and reduced gluta-
thione (Beulter et al., 1963). The plasma was separated by
centrifugation at 3000 rpm for 15 minutes. Plasma ascorbic
acid was estimated using kit supplied from Biodiagnostic,
according to Harris and Ray (1935). Plasma Glutathione
reductase (Goldberg & Spooner, 1983) and Catalase (Aebi,
1984) concentrations were determined using commercially
available Biodiagnostic assay kit. Erythrocytes (red blood
cells) were lysed in 4 times its volume of ice cold HPLC
grade water. The supernatant (erythrocyte lysate) was used
for the determination of SOD (Nishikimi et al., 1972) and
GST (Habig et al., 1974).

The clotted blood was centrifuged and the serum was se-
parated. The fresh serum was used for the determination of
malondialdehyde (Ohkawa et al., 1979) and 8dG (Trevigen
Elisa kit). The level of serum Creatinine and urea were
measured spectrophotometrically by the method described
by (Schirmeister et al, 1964 and Fawcett & Soctt, 1960).
Serum AST and ALT concentration were estimated using
commercially available Randox kit (Bergmeyer).

Bone marrow aspiration slides, freshly prepared were
used for lymphoblast examination.

Statistical Analysis: Data was expressed as the mean +
S.D. Statistical analysis was performed with Statistical
Package for the Social Science for Windows (SPSS, version
10.0, 1999, Chicago, IL, USA). Differences between groups
were analyzed by one-way analysis of variance (ANOVA).
Pearson’s correlation analysis was performed to determine
the relationships between nitric oxide, uric acid and other
cardiovascular risk variables. P-value <0.05 was accepted to
indicate statistical significance.

3. Results

The demographic and the hematological data of ALL pa-
tients and control are shown in Table 1. It was found that
the levels of WBCs and Lymphoblasts were significantly
elevated in diagnosed leukemic patients before chemothe-
rapy compared to control group (P< 0.05), while Hb was
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significantly decreased (P<0.05). The levels of Hb, WBCs
and Lymphoblasts were significantly decreased in the same
diagnosed leukemic patients after chemotherapy compared
to diagnosed leukemic patients before chemotherapy group
(P<0.05). The results indicate that hematologic data may
correlate to the severity of leukemia. Also, our results show
that the levels of MDA and 8dG were significantly elevated
in diagnosed leukemic patients before chemotherapy com-
pared to control group (P<0.05). The level of MDA was
significantly decreased in the same diagnosed leukemic
patients after chemotherapy as compared to diagnosed leu-
kemic patients before chemotherapy group (P<0.05). While
the level 8dG was significantly increased (Table 2).

Table 1. Demographic and hematological data of different studied groups
(Mean=£S.D)
oups Group 1 Group II Group 111
Paramet@ (n=20) (n=40) (n=40)
Age (years)
Mean+SD 7.6x1.4 8.242.0 8.45+2.0
range (5-11) (5-11) (5.25-11.25)
Hb (gm/dl)
Mean + SD 12.5+5.4 9.9+4.8° 6.1+4.7°
range (11.5-13.5) (7.6-11.9) (5.2-9)
WBCs( [10]
3cell/ml) 6.572£1.797 | 26.701+1.018" | 8.851+0.375"
Mean+SD (3.9-10.78) | (24.345-28.95) | (8.100-9.57)
range
Lymphoblasts
(%) 1+0.17 79.9+2.8 7.7+£0.46°
Mean+SD (0-1.2) (73-85) (6-8)
range

Table 2.

P* < 0.05 is significant difference as compared to G I, P’ < 0.05 is signif-

icant difference as compared to G 1L

Serum levels of MDA and 8dG in different studied groups (Re-
sults are expressed as mean + SD)

oups Group I Group II Group III
Parameters (n=20) (n=40) (n=40)
MDA (nmol/ml)

Mean + SD 7.42+0.36 13.14 £ 0.48" | 9.99+0.46°
range (6.9-8.13) (12-14.5) (9.1-11.05)

8dG(ng/ml)

Mean + SD 0.24+0.011 | 2.2840.14° 4.6+0.41°
range (0.22-0.26) (2-2.5) (4-5.47)

S.D =Standard Deviation. pa < 0.05 is significant difference as compared
to G I, pb < 0.05 is significant difference as compared to G 11

Table (3) shows the antioxidants status in different stu-
died groups. The levels of SOD, VIT.C, GST GR, GSH and
CAT were significantly decreased in diagnosed leukemic
patients before and after chemotherapy compared to control
and diagnosed leukemic patients before chemotherapy
group respectively (P<0.05).

There were no statistically significant difference (P >
0.05) between the diagnosed leukemic patients before che-
motherapy compared to control group (P>0.05) as regards
plasma creatinine, urea, GPT and GOT (Table 3). Also,
there were no significant difference in the same diagnosed
leukemic patients after chemotherapy compared to diag-
nosed leukemic patients before chemotherapy group
(P>0.05), but the levels of ALT and AST were significantly
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increased after chemotherapy compared to diagnosed leu-
kemic patients before chemotherapy group (P<0.05). The
results indicate that effect of chemotherapy may correlate to
the severity of liver damage.

Table 3. Blood antioxidants status in different studied groups

serum 8dG (r=0.59,p < 0.05) and negatively correlated with
GSH, SOD, GR, CAT, VIT.C and Hb (r=-0.70, -0.63, -0.60,
-0.65, -0.73 and -0.59 respectively, p < 0.05), also 8dG was
negatively correlated with GSH,SOD,GR,CAT and VIT.C
(r=-0.61,-0.52,-0.55,-0.50, and -0.59 respectively, p < 0.05),
while GSH was positively correlated with SOD, GR ,CAT

oups Group 1 Group 1I Group 111 — : <
Parame (n=20) (n=40) (n=40) and Hb(r=0.56, 0.76,. Q.72 and O.§3 respectively, p < 0.05),
GSH(mg/dI) . also there was a positive correlation between GST&VIT.C
Mean+SD 29.4+1.4 22.8+1.07° 15.25+0.65 — < — <
Range (074318) 01.24) (11-16) (r=0.55, p < 0.05) and GR&CAT(r=0.73, p < 0.05).
GST(U/dl) . . L .
Mean+SD 81.542.2 62.243° 45.6+1.8" Table 4. Kidney and Liver profiles in different studied groups (results are
Range (76.2-84.7) | (53.7-67.4) | (42.1-48.2) expressed as mean + SD)
GR(U/L) Group 1 Group 1T Group 1T
Mean£SD 58+2.7 35.741.7° 19.3£0.8" Paraioe o0 iy i
Range (55-62) (31-37.4) (18-20.6)
CAT(D) CREAT (mg/dl)
a b Mean+SD 0.47+0.06 0.47+0.09 0.49+0.12
Mﬁiﬁ? 1(‘1‘~33§f’1~‘5‘§ 8(-%_%4) (65-%_‘;-.31) range 0.4-0.6) | (0.41-0.74) | (0.43-0.77)
VIT.C(mg/l) . b UREA(mg/dl)
MeantSD 8.240.39 7.35%0.44 6.2+0.4 Mean+SD 15.6:4.35 | 17.12+4.8 19.55+4.9
Range (7.25-9) (6.5-8.4) (5.7-7) range (10-22) (11-27) (12-28)
SOD(U/10mg
Hb) 25.3840.65 | 22.85+1.12° | 16.28+0.68" GPT(U/L) .
Mean+SD (24.33-26.22) | (20.37-24.22) | (15.11-17.16) Mean+SD 19.25+4.15 | 22.02+1.02 98.5+6.02
Range range (14-24) (21-24) (90-111)
S.D =Standard Deviation. pa < 0.05 is significant difference as compared GOT(U/L) b
to G I, pb < 0.05 is significant difference as compared to G 11 M?SE;SD 23(3 75_i2‘;)0 3 23(28223%)9 5 10(3925?;49)5

Pearson's correlation analysis represented in Table (4)

o \ S.D =Standard Deviation. pa < 0.05 is significant difference as com-
revealed that, serum MDA was positively correlated with

pared to G I, pb < 0.05 is significant difference as compared to G 11

Table 5. The significant correlation analysis between measured parameters of diagnosed leukemic patients before chemotherapy

BLASTS WBCS VIT.C CAT GR GST SOD GSH 8DG MDA
8DG 0.77*
GSH -0.62* -0.82%*
SOD 0.69* -0.6* -0.70*
GST 0.4 0.35 -0.34 -0.3
GR 043 0.69* 0.58* -0.51 -0.75*
CAT 0.57* 043 0.61* 0.72* -0.58 -0.71%*
VIT.C 0.51* 0.52* 0.26 0.46 0.47* -0.53 -0.69*
WBCs -0.55* -0.62* -0.6* -0.41 -0.56* -0.64* 0.64* 0.80*
BLASTs 0.7* -0.57* -0.6* -0.62* -0.39 -0.55* -0.55* 0.73* 0.68*
GPT 0.2 0.15 -0.57* -0.56* -0.6* 04 -0.6* -0.68* 0.5 0.39
GOT 0.18 0.22 -0.54* -0.4 -0.38 -0.2 -0.4 -0.51* 0.36 0.41
UREA -0.1 -0.2 0.12 -0.01 0.08 0.03 -0.05 0.06 -0.09 -0.17
CREAT. 0.01 -0.04 0.02 -0.12 -0.12 -0.04 -0.03 -0.09 0.25 -0.02
HB -0.31 -0.42 0.32 0.51* 0.58* 043 0.79* 0.77* -0.64* -0.58*
*Significant correlation between parameters in pre-chemotherapy group at P< 0.05.
Table 6. Correlation coefficient between measured parameters of healthy control
WBCS VIT.C CAT GR GST SOD GSH 8DG MDA
8DG 0.59 *
GSH -0.61* -0.70 *
SOD 0.56* -0.52 * -0.63*
GST 0.31 0.49 -0.46 -0.48
GR 0.28 *0.42 *0.76 -0.55 * 0.60*
CAT *0.73 0.21 0.46 *0.72 -0.50 * -0.65*
VIT.C 0.34 0.45 *0.55 0.5 0.39 -0.59* -0.73 *
WBCs -0.25 0.04 0.08 -0.32 -0.16 0.08 -0.04 -0.07
GPT -0.02 0.20 0.25 -0.34 0.23 0.28 -0.34 0.49 0.40
GOT 0.04 -0.39 -0.36 -0.49 -0.33 0.34 -0.47 0.54 0.48
UREA -0.29 0.07 0.17 0.05 0.15 0.06 0.08 0.007 0.09
CREAT. | 0.31 0.11 0.07 0.01 0.15 -0.23 -0.02 0.17 -0.06
HB -0.22 -0.17 0.019 0.15 0.52 * 0.56 * 0.63 * 0.17 -0.59 *

*Significant correlation between parameters in control group at P< 0.05.
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In group II (pre-chemotherapy), MDA was positively
correlated with 8dG, WBCs and lymphoblasts (r=0.77, 0.80
and 0.68, p <0.05), but MDA was negatively correlated
with GSH, SOD, GR, CAT, VIT.C and HB (r=-0.82, -0.70,
-0.75, -0.71, -0.69 and -0.58 respectively, p < 0.05). Also
8dG was positively correlated with ,WBCS , lymphoblasts
and GPT (r=0.64, 0.73 and 0.50, p < 0.05) , while 8dG was
negatively correlated with GSH, SOD, GR, CAT,VIT.C and
HB (r=-0.62, -0.60, -0.51, -0.58, -0.53 and -0.64 respec-
tively, p < 0.05), while GSH was positively correlated with
SOD, GR ,CAT and HB (r=0.69,0.58 ,0.72and 0.77 respec-
tively, p <0.05) but GSH was negatively correlated with
WBCS and lymphoblasts (r=-0.64 and-0.55 respectively,
p <0.05). The results also showed a positive correlation
between SOD and GR, CAT and Hb (r=0.69, 0.61, and 0.79
respectively, p < 0.05).

4. Discussion

Leukemia’s are the most common childhood cancer,
representing approximately 31% of all cancer cases occur-
ring in children under the age of 15 years. Acute lymphob-
lastic leukemia (ALL) represents approximately 75% of all
leukemia’s within this age group, whereas acute myeloid
leukemia (AML) accounts for 20% (Jemal et al., 2006).

This study was carried out on 60 Egyptian children of the
same age groups, 50% male and 50% female: group I com-
prised 20 healthy children, grout II comprised 40 children
just diagnosed with ALL and group III comprised the same
40 children of group II after 3 months of chemotherapy
treatment.

Leukocytes count and lymphoblast level were found sta-
tistically significant to be increased in ALL patients com-
pared to controls. This finding must be indicating presence
the disease (Escherich et al., 2010).

Leukocytes count and lymphoblast level were statistically
significant to be decreased in ALL patients after chemothe-
rapy compared to before chemo- therapy (Eyrich et al.,
2009 ), these studies are harmony with the results of the
present study which showed that Leukocytes count and
lymphoblast level in acute lymphoblastic leukemic patients
were significantly increased (p <0.05) as compared to that
of ALL patients after chemotherapy, this indicate to com-
plete remission, then its levels are more decrease as com-
pared to control healthy children due to absence of disease.

Hb was found statistically significant to be decreased in
ALL patients compared to controls. This finding may indi-
cate a possible link between decreased Hb and decreased
levels of GSH, GST and SOD result to oxidative damage,
supporting the idea that there is a persistence of oxidative
stress leading to cellular dysfunction and cell death. Accu-
mulation of such molecules causes noxious effects on indi-
viduals, resulting in diseases such as hematopoietic malig-
nancies such as acute lymphoblastic leukemia (He et al.,
2009).

Hb level was found statistically significant to be de-
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creased in ALL patients after chemotherapy compared to
before chemo- therapy (Zou et al., 2010). These studies are
harmony with the results of the present study which showed
that HB in acute lymphoblastic leukemic patients was sig-
nificantly decreased (p <0.05) as compared to that of con-
trol healthy children then its level is more decrease after
chemotherapy, this indicate there is correlation between
anemic ALL patients and decrease of some antioxidants
level .

In this study plasma malondialdehyde (MDA) was stu-
died as a marker of oxidative stress and lipid peroxidation.
The level of MDA contents were shown to be increased in
the just diagnosed patients, when compared with the control
group. These results are in accordance with the increase of
MDA in the serum of patients with chronic leukemia and
ALL and of bone marrow transplant recipients (Battisti et
al., 2008). Also, significant decrease in plasma MDA was
observed in ALL patients after chemotherapy (p < 0.05) as
compared to that of ALL patients before chemotherapy that
agree with Sharma et al., 2008 might be due to the death of
tumor cells.

The results may indicate a possible link between de-
creased activities of antioxidant enzymes and increased
levels of oxidative damage, and support the notion that free
radical reactions may be increased in malignant cells.

Serum 8-hydroxy-2-desoxyguanosine (8dG) was studied
as a marker of oxidative stress. 8dG is a well-recognized
biomarker of DNA damage, there was statistically signifi-
cant increase in 8dG level in ALL patients compared to
controls, such as 8dG have previously observed in patients
with ALL the results of the 8dG levels were higher in the
active phase of disease We observed a direct correlation
with peripheral leukocyte counts and MDA levels (Yang et
al., 2009), these studies are harmony with the results of the
present study which showed that serum 8-dG of acute lym-
phoblastic leukemic patients was significantly elevated (p
<0.05) as compared to that of control healthy children.

8-dG serum levels were two-fold higher in patients after
treatment than before treatment and three-fold higher than
in controls , High serum levels of 8-dG in patients after
chemotherapy may be due to a direct effect of chemothera-
py on liver, muscle and skin epidermal cells. On chemothe-
rapy could be a sensitive follow-up biomarker of DNA oxi-
dation, these studies agree with the results of the present
study which showed that serum levels of 8-dG of acute
lymphoblastic leukemic patients was significantly elevated
(p <0.05) as compared to that of control healthy children
then its level more increase after chemotherapy (Georgala et
al., 2005).

In this study, it was demonstrated that SOD, GST, GR,
CAT activities were reduced in just diagnosed ALL patients
and patients after treatment. This phenomenon indicates a
disturbance of the protective role of these enzymes against
free radicals in ALL. These findings are in accordance with
earlier studies of He et al., 2009 who confirmed decreased
SOD and CAT activities in the lymphocytes of chronic
lymphocytic leukemia (CLL) patients. The results are also
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in agreement with the reports of Sentuerker et al., 1997,
demonstrated reduced CAT and SOD activities in the lym-
phocytes of ALL patients. However, taken together, these
findings suggest that there are alterations in the enzymatic
antioxidant defenses, which can interfere in the direct re-
moval of free radicals and in the protection for biological
sites.

Oxidative stress induces a cellular Redox imbalance
which has been found to be present in various cancer cells.
The effect of reactive oxygen and nitrogen species is ba-
lanced by antioxant enzymes such as CAT and SOD. The
impairment antioxidant role of CAT and SOD may support
the accumulation of free radicals. Alternatively, it is possi-
ble that the antioxidant system is impaired as a consequence
of an abnormality in the antioxidative metabolism due to
the cancer process. This effect could be enhanced by the
characteristic increase in the production of H202 by the
cancer cells (Battisi et al., 2008).

Our findings revealed that the levels of glutathione (GSH)
was statistically significant decreased in just diagnose ALL
patients and in treatment group compared to controls. This
finding may indicate a possible link between decreased
GSH and increased levels of cells alterations due to oxida-
tive damage, supporting the idea that there is a persistence
of oxidative stress in acute lymphoblastic leukemia. (Papiez
et al., 2009). The decrease in thiol levels may represent a
depletion of this antioxidant due to high concentrations of
H202 and other peroxides formed in tumor cells. Therefore,
thiols levels are not sufficient to prevent oxidative stress in
the affected cells.

With respect to Vitamin C levels (VIT.C) in plasma, it
was demonstrated that Vit. C was statistically significant to
be decreased in both just diagnosed ALL patients and pa-
tients after treatment compared to controls. These studies
are harmony with the results of Neyestani et al., (2007)

In the present study, serum urea and Creatinine levels
were none significantly different in the three studied groups,
there is mild increase after chemotherapy but not significant,
this indicate that chemotherapy is not directly tubulotoxic.
Its side effects on glomeruli are usually without clinical
relevance. These results agreed with Hempel et al., 2003
who found no significant differences in serum urea and
Creatinine between ALL patients and control.

With respect to the ALT and AST levels in serum, no sig-
nificant difference was observed between healthy control
group and ALL patients group, but ALT and AST levels
were found statistically significant to be increased in ALL
patients after chemotherapy compared to before chemothe-
rapy. The findings are in agreement with those found by
other studies (Zou et al., 2010).

All the disorders suggested that liver, renal and hemato-
logical systems might be the target effectors of toxic effect
induced by chemotherapy such as increase in plasma
ALT,AST and decrease in hepatic glutathione (GSH), (Zou
etal., 2010 ; Kour et al., 2010).

The correlation analysis showed that there was a positive

correlation between MDA and 8dG (r=0.59,p < 0.05) but
MDA was negatively correlated with GSH, SOD, GR, CAT,
VIT.C and Hb (r=-0.70, -0.63, -0.60, -0.65, -0.73 and -0.59
respectively, p < 0.05), while GSH was positively correlated
with SOD, GR ,CAT and Hb(r=0.56, 0.76, 0.72 and 0.63
respectively, p < 0.05), also there was a positive correlation
between GST&VIT.C (r=0.55, p <0.05) and GR&CAT
(1=0.73, p <0.05). In group Il(pre-chemotherapy), MDA
was positively correlated with 8dG ,WBCs and lymphob-
lasts (r=0.77, 0.80 and 0.68, p < 0.05) ,but MDA was nega-
tively correlated with GSH, SOD, GR, CAT, VIT.C and HB
(r=-0.82, -0.70, -0.75, -0.71, -0.69 and -0.58 respectively,
p <0.05). Also 8dG was positively correlated with ,WBCS ,
lymphoblasts and GPT(r=0.64,0.73 and 0.50 , p <0.05) ,
while 8dG was negatively correlated with GSH, SOD, GR,
CAT, VIT.C and HB ( r=-0.62, -0.60, -0.51 , -0.58 , -0.53
and -0.64 respectively, p < 0.05), while GSH was positively
correlated with SOD, GR ,CAT and HB (r=0.69, 0.58, 0.72
and 0.77 respectively, p <0.05). In conclusion, the present
work provides evidence for the increased levels of oxidative
damage and decreased levels of the antioxidant system in
ALL patients, suggesting a possible link between these two
important parameters in this type of cancer. More studies
are necessary to confirm whether these alterations are the
cause or the consequence of carcinogenesis.
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