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ABSTRACT

Context: sepsis is associated with severe oxidative stress. During sepsis, there
are several potential sources of reactive oxygen species, including the respiratory
burst associated with neutrophil activation.

Aim: We try to monitor the kinetics of the scavengers antioxidant enzymes,
erthrocyte superoxide dismutase (SOD), whole blood glutathione peroxidase
(GPX) and serum catalase in the pathogenesis of neonatal sepsis and the effect of
antibiotics therapy on their levels.

Sudy Design: Thisstudy was carried out on blood samplesfrom children suffering
from sepsis proved by positive blood culture in addition to 11 healthy children.
Blood samples were subjected for determination of antioxidant enzyme activities
including red blood cell superoxide dismutase (SOD), whole blood glutathione
peroxidase (GPx) and serum catalase

Results; Therewashighly significant decreasein erythrocyte superoxide dismutase
(RBC SOD) (P<0.001) and whole blood glutathione peroxidase (GPx) (P=0.01)
at admission and after 48 hours of start of antibiotics therapy (P<0.001, for each)
in patients compared with controls. There was highly significant increasein serum
catalase level in patients at admission (P<0.001) and after 48 hours of antibiotics
therapy compared with controls. The commonest isolated organism from blood
culture was Staphylococci species (66.7%) with Saphylococcus aureus (40.0%)
and Saphylococci epidermidis (26.7%). There was significant decrease of SOD
(P1=.0001) and GPx (P1=.049) at start of sepsis associated with Staphylococcus
aureus infection. After 48 hours from clinical response to antibiotics therapy,
both SOD and GPx had significant decrease with all types of bacteria isolated.
Conclusion: Our study suggests that children with sepsis are susceptible to high
oxidative stress which may play a role in the pathogenesis of sepsis. The
administration of antibiotics therapy was not associated with the improvement of
level of superoxide dismutase and glutathione peroxidase, so the utility of
supplementation of antioxidant enzymesin neonates with septicemianeeds further
evaluation.
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INTRODUCTION

Sepsisisan old and intractable problem, the control of which has steadily worsened
in recent years, despite many advances in clinical care (Dellinger, et al., 1997).
The exact reasons for this difficult situation are uncertain but there seems to be
little doubt that agrowing resistance by bacteriato antibioticsisamajor contributor
(Michel and Gutmann 1997).

In sepsis, there is convincing evidence of severe oxidative stress. During sepsis,
thereare several potential sourcesof reactive oxygen species, including mitochondrial
respiratory electron transport chain, xanthine oxidase activation as a result of
ischemiaand reperfusion, the respiratory burst associated with neutrophil activation,
and arachidonic acid metabolism. Activated neutrophils produce superoxide as a
cytotoxic agent as part of the respiratory burst via the action of membrane-bound
NADPH oxidase on molecular oxygen. Neutrophils also produce the free radical
nitric oxide which can react with superoxide to produce peroxynitrite a powerful
oxidant, which may decompose to form the hydroxyl / radical (OH.) (McDonald,
et al., 2003). Free radicals have been implicated in the pathogenesis of neonatal
septicemia (Kapoor et al., 2006).

During oxidative stress, damage mediated by reactive oxygen species can occur.
Oxidation of DNA and proteins may take place, along with membrane damage,
because of lipid peroxidation, leading to alterationsin membrane permeability. This
can ultimately lead to mitochondrial damage, with release of cytochrome, activation
of caspases and apoptosis (McDonald et al., 2003).

Under normal physiological conditions, a homeostatic bal ance exists between the
formation of reactive oxidizing / oxygen species and their removal by endogenous
antioxidant scavenger’s compounds. Antioxidant is central to thered ox balancein
the human body. They do not act in isolation, but synergistically (Gutteridge and
Mitchell 1999).

Primary antioxidants prevent oxygen radical formation, whether by removing free
radical precursorsor by inhibiting catalysts, e. g. glutathione peroxidase and catal ase.
Secondary antioxidants react with reactive oxygen specieswhich have aready been
formed, either to remove or inhibit them, e. g. vitamins C and E.

Endogenous antioxidant defensesexist at anumber of locations, namely intracellular,
on the cell membrane and extracellularly (Gutteridge and Mitchell 1999). Few
reportsdiscussthe kinetics of scavengers' enzymes pathways during sepsisand no
reportsto our knowledge discussthe effect of antibioticstherapy on such pathways.

In thiswork wetry to monitor the kinetics of the scavengers' antioxidant enzymes,
erthrocyte superoxide dismutase (SOD), whol e blood gl utathione peroxidase (GPX)
and serum catalase in neonatal sepsis and the effect of antibiotics therapy on their
levels.
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PATIENTSAND METHODS

Patients

This study was carried out on 30 neonates suffering from sepsisin addition to 11
healthy neonates of matched age and sex. Clinical sepsiswasdefined asthe presence
of three or more of thefollowing categoriesof clinical signsderived from avalidated
sepsisscore; (a) temperatureinstability (hypothermia, hyperthermia); (b) respiratory
(grunting, intercostal retractions, apnea, tachypnea, cyanosis); (c) cardiovascular
(bradycardia, tachycardia, poor perfusion, hypotension);(d) neurol ogic (hypotonia,
lethargy, seizures); (e) gastro intestinal (feeding intolerance, abdominal
distension)(5). Parenteral antibiotics were started immediately after the infection
screen and the blood samples had been taken. The children were recruited into the
study at thetime of evaluation for suspected clinical sepsisbefore start of antibiotic
therapy and after 48 hours of antibiotics therapy. Informed written consent was
taken from the parents of each child. The study was approved by ethical committee
of MansouraUniversity.

METHODS

A full laboratory sepsis screen was performed which included cerebrospinal fluid
analysis, and culturesfrom blood, urine. Blood culture was performed by the Becton
Dickinson System (BACTEC 9050) using BD BACTE PEDS plus TM/F culture
vials (soybean-casein digest broth with resins). The positive blood culture bottles
were processed and the bacterial isolates were identified using Walkway system.
Saphylococci epidermidiswas considered the pathogenic bacteriaafter itsisolation
from two culture sets of the patient.

Two blood samples were collected from each patient; the first was withdrawn at
admission to the hospital and the second after 48 hours after administration
antibiotics. Blood samples were subjected to laboratory for determination of
antioxidant enzyme activities of red blood cell superoxide dismutase (SOD), whole
blood glutathione peroxidase (GPx) and serum catal ase.

Assay of erythrocyte super oxidedismutaseactivity (SOD). Theactivity of SOD
was measured according to the method of Nishikimi etal., (1972).Thisassay depends
on ability of the enzymeto inhibit phenazine methosul phate

(PMS) mediated reduction of nitroblue tetrazolium (NBT) dye. NBT reacts with
“O? produced by the NADH/PMS system giving blue formazan which can be
monitored at 560 nm.

Assay of catalase activity in serum.

Catalase activity was determined by the method of Chance and Mackely (1995).
Therate of decomposition of H202 by catalase is measured by spectrophotometer
at 240 nm.
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Assay of whole blood glutathione peroxidase activity.

Thiswas carried out by commercial glutathi one peroxidase kits (RANSEL Randox
Laborations Ltd., Diamond Road, Crumlin, Co. Antrim, United Kingdom, BT 29
4QY). It ismethod based on the oxidation of GSH by cumene hydroperoxide. Inthe
presence of glutathione reductase (GR) and NADPH, the oxidized glutathione
(GSSG) isimmediately converted to the reduced form with aconcomitant oxidation
of NADPH to NADP+. The decrease in absorbance at 340 nm is measured.

Converting to units’gm hemoglobin was done by dividing the obtained value in
units/dL by Hemoglobin concentration (g/dL).

Satistical analysis:

Values are given as means + SD, median (range), or as the number of subjects and
proportions. One-way ANOVA test and Independent samples Student-T test were
used for group comparisons of normally distributed variables. P valuewas considered
significant<.05.

RESULTS

The study included 30 neonates with agesfrom 0- 1 month. They were 17 (56.6%)
malesand 13 (43.4%) femal es. Heal thy controlswere of cross matched ages (ranged
from 0- 1 month) and sex (males 6 (54.4%) and females 5 (45.45%).

The commonest isolated organismsfrom patients’ blood cultureswere staphylococci
20 (66.7%) with Staphylococcus aureus from 12 patients (40.0%) and
Saphylococcus epidermidis from 8 patients (26.7%). Other isolated organisms
were Escherichia coli (E.coli) 4 (13.3%) and Streptococcus pneumoniae 3 (10%).
Polymicrobial infections due to both Saphylococci species and E.coli were found
in (10%), table 1.

Table 1: Distribution of sepsis patients according to the type of isolated organism from the
blood culture:

n (%)

(1) Staphylococci 20 (66.7%)

a) Staphylococcus aureus (Staph. aureus) 12(40.0)

b ) Staphylococcus epidermidis 8(26.7)
(I1) Other isolated organisms 10(33.3%)
Escherichia coli 4(13.3)
Sreptococcus pneumoniae 3(10.0)
Polymicrobial (mixed) infection (E.coli+ staphylococci) 3(10.0
Total 30 (100.0)

There was highly significant decrease in erythrocyte superoxide dismutase (RBC
SOD) (P<0.001) and whole blood glutathione peroxidase (GPx) (P=0.01) at
admission and after 48 hours (P<0.001, for each) in patients compared with controls.
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There was a significant decrease of red blood cells (RBCS) SOD (P=0.004) and
blood GPx (P<0.001) after 48 hours from antibioticsintake compared with itslevel
at admission (Table 2). The out come of sepsis was fatal for 17 patients (data not
shown).

Table 2: Comparative study of superoxide dismutase, serum catalase and glutathione
peroxidase (GPx) of patients compared with controls at admission and at 48 hours after
admission:

Parameter SOD (% inhibition)  Catalase (KU/mg protein) GPx (U/g Hb)

(1) Control

Mean + SD 50.00 + 4.21 1.12+0.23 55.82+12.14
n (11) (12) (12)

(I1) Patients

a) at admission

Mean + SD 18.47+8.34 2.59+1.18 39.21+18.22
n (30) (30) (24)
P1 <0.001 <0.001 0.01

b) 48 hours

Mean + SD 14.90+7.75 2.60+1.80 26.50+13.44
n (30) (30) (26)
P2 <.001 .001 <.001
P3 .004 .408 <.001

P1: Patients enzyme at admission V'S control.
P2: Patients enzyme 48 hours after admission VS control
P3: Patients enzyme at admission V'S patients enzyme 48 hours after admission.

Therewas highly significant increasein serum catalaselevel in patientsat admission
(P<0.001) and after 48 hours compared with controls, with insignificant changein
itslevel after 48 hours when compared with itslevel at admission (Table 3).

Interestingly, there was significant decrease of SOD (P1=.0001), GPx (P1=.049)
at start of sepsis associated with Staphylococcus aureus infection. However, for
Saphylococcus epidermidis and polymicrobial infections there

was only significant decrease in SOD (P2=.0001) and GPx had non significant
decrease (P2=0.597, P3=0.539 respectively).

After 48 hours, both SOD and GPx had significant decrease with all types of bacteria
isolated with significant decrease of GPx in Saphylococcus epidermidisand more
decreasein polymicrobial infections(P4=.0.001). Catal ase had significantly higher
levels than control regardless the type of bacteria isolated at start and after 48
hours.

DISCUSSION

Inthe present study there was significant decreasein sepsis patients when compared
with controls both at admission (P1=.01) and after 48 hours (P<.001).
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This result agrees with the result obtained by Goode and colleagues (1995) who
reported decreased plasma gl utathione peroxidase activity in sepsis patients.

Also, our result agrees with those of Angstwurm and colleagues (1999). On the
other hand this result disagree with the results obtained by Batra and colleagues
(2000) and Kapoor et al., (2006) who reported a significant elevation of serum
glutathione peroxidase activity in neonatal sepsisand attributed thiselevation asa
response to higher freeradical production.

Another member of scavenger’s pathway is catalase enzyme which is a protein
enzyme present in most aerobic cells being especially concentrated in liver and
erythrocytes. Although the activity of the enzyme does vary between different
locations, the catalase enzyme can detoxify hydrogen peroxide by catalyzing the
breakdown of hydrogen peroxide H202 according to the reaction (Batra et al.,
2000).

For serum catal ase results, we found that serum catalase level was significantly
increased in sepsis patients at admission and still significantly elevated at 48 hrs
after admission when compared to controls (P1<.001).

Thisresult agreeswith the result obtained by Mikhal chik and colleagues (Mikhal chik,
et al., 2003). They attributed this increase to the effect of cytokines on radical
production by phagocytes which when analyzed revealed a redistribution of the
extracellular and intracellular fractions of freeradicalsrather than ageneral increase
of the oxygen active metabolite production. Asexpected, theincrement in the number
of intracellular radicalsimproved significantly the process of phagocytosis. So, the
concentration of catalase increases extracellularly to prevent intracellular
consumption of free radicals. Also, our results agree with the result obtained by
Kharb and colleagues (2000) who reported that plasma and erythrocyte catalase
activitieswere higher in septic shock patients when compared to controls.

Thenon significant changein catalase level between start and after 48 hours could
be explained on the base that maximum redistribution of thisenzyme occursat start
of infection.

Superoxide dismutase (SOD) is an enzyme system that appears to be specifically
evolved to deal with hydrogen peroxide as a substrate and provides the second
layer of defense after GPx and catalase against free radical injury. This enzyme
catalysesthe dismutation of superoxide (“ 0?) to hydrogen peroxide (H202) (Batra
et al., 2000).

In our patients, erythrocyte superoxide dismutase (SOD) was highly significantly
decreased in sepsis patients compared with controls at admission(P1<.001) and
still significantly decreased after 48 hours(P2<.001). This result agree with the
results obtained by Bela and colleagues, (2001) who reported that critically ill
patients (including sepsis patients) have significantly low levels of SOD at thetime
of admission according to the severity of the prevalent clinical situation. Also, this
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result agree with the results obtained by L each and colleagues, (1998) that in sepsis
there is an enhanced formation of reactive oxygen species in conjugation with
inadequate defenses against such reactive oxygen species, due to endotoxaemia
which result in arapid, but transient, decline in the expression of both mMRNA and
protein of copper-zinc superoxide dismutas (Cu-Zn SOD).

Onthe other hand our result disagree with theresult obtained by Batraand colleagues
(2000) and Seema et al. (1999) who reported that there is significant increase in
serum superoxide dismutase activity in neonatal sepsis, and they explained this
increase as a response to higher free radical production. SOD, catalse, and GPx
can be considered as complementary enzyme systems that can combine to limit
oxidant stress on the cell from toxic oxygen intermediates. They also protect each
other from oxidant inactivation. H202 can inactivate SOD and “O? can inhibit
catalase and peroxidase function. Hence, SOD would be expected to prevent catalase
and peroxidaseinactivation, whereasthese |l atter enzymeswould protect SOD (Thang
et al., 2001).

In our study, it seems that there were much production of H202 which inactivate
SOD, thisresulted inincrease “ O? with inhibition of GPX and the only remaining
active enzyme was the catalase due to its redistribution between intracellular and
extracellular compartments. However, the role of catalase as scavenger enzymeis
less important than GPX. This means that there was increase in free radicals with
consumption of scavengers’ enzymeswhich could beimplicated inthe pathogenesis
of septicemia. These changes had occurred early during septicemia and could be
used as early markers of septicemia.

Important finding of the present study that antibiotics therapy did not improve the
decline in the levels of scavengers' enzymes and more over there was grave out
comes of sepsis. So, the use of antioxiants supplements may be used in such
conditions as adjuvant therapy to antibioticsto improve the out comes of sepsis.

In the study of blood culture results, the commonest isolated organism was
Saphylococcus species. Thisresult agrees with the result obtained by Wray et al .,
(2001) and Huang et al., (2003) who reported that the incidence of sepsis and
septic shock due to Gram-positive organisms has increased dramatically over the
last two decades.

Thekineticsof scavenger enzymes seem to differ according to thetype of theisolated
bacteria. There was significant decrease of SOD (P1=.0001) and GPx (P1=.049)
at start of septicemiain infection with Saph. aureus. After 48 hours, both SOD and
GPx were significantly decreased with all types of isolated bacteriawith significant
decrease of GPX in staph. epidermidis and more decrease in polymicrobial
infections.

The seriousness of staplylococcal infection is due to the increased production of
free radicals which doesn’t improve the efficacy of intracellular digestion of
staphylococci (Kharb et al., 2000). Moreover; it seems that the increase of free
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radicalsleadsto rapid inactivation of the main scavenger enzymeswhich might aid
to theincrease in the pathogenesis of staphylococcal septicemia.

In conclusion, our patients had sepsis mostly due to staphylococcus specieswhich
resulted in oxidant stresswith early depletion of the activity of scavengers enzymes
superoxide dismutase and glutathione peroxidase. Also, these changes could be
used as early predictors of septicemia. It seemsthat staph. aureusinfection had the
most pronounced effect of the depletion of these enzymes. So, these results suggest
that those children were susceptible to high oxidative stresswhich may play arole
in the pathogenesis of septicemia, so the utility of supplementation of antioxidant
enzymesin neonates with septicemianeeds further eval uation.
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