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Abstract

Background: Although bacterial meningitis can be seen at all ages, it is more common in
childhood. The primary treatment option in bacterial meningitis is antibiotics. Ancillary
therapies are required due to inflammation developing secondary to antibiotherapy. The
purpose of this study was to investigate whether Erythropoietin (EPO), which has recently
come to prominence with its anti-inflammatory effects, can be used as an alternative to
steroid therapy, with its known side-effects and debatable efficacy, in the treatment of
meningitis.

Methods: Forty female New Zealand rabbits weighing 1900-3100 g were divided into six
groups. The study groups consisted of seven animals each and the control group of five.
Streptococcus pneumoniae at 1 x 107 colony forming units (in 0.2 ml 0.9% NaCl) was
injected into the cisterna magna of the induced meningitis groups, while the control group
received saline solution. Seven rabbits with induced meningitis received 1000 IU/kg EPO, 7
received EPO+antibiotic, 7 received 0.25 mg/kg dexamethasone+antibiotic and 7 received
dexamethasone. Cerebrospinal fluid (CSF) and serum specimens were collected at the end
of 24 h and the rats were euthanized. IL-1p, TNF-a and CRP levels were investigated from
CSF and serum. SPSS software was used for statistical analysis.

Results: Serum and CSF IL-1B, TNF-o and CRP values in the groups with induced meningitis
were significantly higher than those in the control group. No significant difference in terms
of serum and CSF CRP, TNF-a and IL-1p values was determined between the group with
induced meningitis alone and the group receiving EPO therapy (p values p=0.949, p=0.159,
p=0.655, p=0.848, p=0.749 and p=0.655, respectively).

Conclusion: Our study results show that EPO has no effect on serum or CSF IL-1p, TNF-a
and CRP in pneumococcal meningitis in rabbits. To the best of our knowledge, this is the
first study to investigate the effect of EPO on CRP, IL-1p and TNF-a levels in serum and
CSF in meningitis.

Keywords: Bacterial meningitis, Erythropoietin, Tumor necrosis factor alpha, Interleukin 1 beta, C-reactive protein,

Streptococcus pneumoniae, Anti-inflammatory therapies.

Introduction

Cytokines are important in bacterial meningitis in terms
of showing severity of meningitis, because cytokines
are mediator molecules in the regulation of dimension,
structure and duration of inflammatory response [1].
The greatest injury in meningitis occurs with cytokine
release occurring in association with intense bacterial
death with the start of antibiotic therapy. Proinflammatory
cytokine response begins with TNF-o and IL-1 release
[2,3]. Administration of anti-TNF-a and anti-IL-1f in
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experimental models of meningitis in animals has been
shown to reduce inflammatory response in CSF [1,4].
Steroid administration before or concurrently with first
antibiotic has been shown to reduce cerebral edema in
Streptococcus pneumoniae and Haemophilus influenzae
meningitis and to prevent complications, and steroids have
for long been used for this purpose.

Erythropoietin (EPO) is a glycoprotein that stimulates
erythrocyte formation as a mitosis stimulating factor and
differentiating hormone in erythroid stem cells and that
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serves as a cytokine for erythrocytes. Studies have shown
that at the cellular level EPO reduces programmed cell
death in neuronal cells, stimulates release of cell-protecting
neurotransmitters such as dopamine, inhibits release of free
oxygen radicals, nitric oxide and inflammatory mediators,
regulates intracellular calcium and prevents kainic acid
intoxication [5]. Experimental studies of autoimmune
encephalomyelitis (EAE) have also shown a decrease in
clinical severity of encephalomyelitis following systemic
administration of EPO [6]. In addition to all these effects,
inhibition has been shown in IL-2, [FN-y, TNF-q, IL-4, IL-
5,1L-6 and IL-10 in children and adults with administration
of EPO following lipopolysaccharide stimulation [7]. This
suggests that EPO may also exhibit anti-inflammatory
effects [8]. EPO exhibits its anti-inflammatory effect by
inhibiting nuclear factor kappa B (NF-kB) dependent
immune-driven cytokine production [9].

The purpose of this study was to investigate the effect of
EPO on IL-1B, TNF-a and CRP levels in pneumococcal
meningitis, in the light of the fact that neuronal injury
in bacterial meningitis emerges in association with
inflammation, reactive oxygen radicals and excitatory
amino acid toxicity, and to compare that effect with that
of dexamethasone.

Materials and Methods

Thisstudy wasperformed withthe approval ofthe Karadeniz
Technical University (KTU) Animal Experiments Local
Ethical Committee and with the support of the KTU
Scientific Research Projects Coordination Unit.

Forty female New Zealand rabbits weighing 1900-3100
g were used. Rabbits were obtained from a certificated
private laboratory. After the animals had been transported
under appropriate conditions they were kept in quarantine
for 15 days in the KTU Animal Experiments Laboratory.
During the procedure, anesthesia was induced with
intramuscular 50 mg/kg ketamine and 4 mg/kg xylazine.
Rabbits were divided into six groups, five study groups
and a control group. The study groups consisted of seven
animals each and the control group of five:

- Group I: Meningitis

- Group II: Meningitis and EPO treatment

- Group III: Meningitis plus EPO and ceftriaxone treatment
- Group I'V: Meningitis and dexamethasone treatment

- Group V: Meningitis plus dexamethasone and ceftriaxone
treatment

- Group VI: Control

Following anesthetic procedures, the study groups received
1 x 107 Colony Forming Units (CFUs) of S. pneumoniae
(in 0.2 ml 0.9% NaCl) injected into the cisterna magna
using a 25 gauge spinal needle. The control group received
saline solution injected into the cisterna magna. The strain
used was previously isolated from the CSF of patients
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monitored in our hospital with a diagnosis of meningitis,
with a ceftriaxone minimal inhibitory concentration
(MIC) value of < 0.5 mcg/ml. At the 12" hour post-
injection, polymorphonuclear leukocyte (PMNL) levels
were investigated in rabbits’ CSF under direct microscopy
for confirmation of meningitis. Experimental animals in
Group II received 1000 IU/kg EPO intravenously (iv)
(from the lateral ear vein), animals in Group III received
simultaneous 1000 IU/kg EPO and 125 mg/kg ceftriaxone,
animals in Group IV received 0.25 mg/kg dexamethasone
iv and animals in Group IV received simultaneous 0.25
mg/kg dexamethasone and 125 mg/kg ceftriaxone iv. In
the control group, small CSF samples were again collected
at the 12" hour, but no other procedure was performed
[10-12].

At the end of 24 h monitoring and following assessment of
clinical status, CSF and serum specimens were collected
from all animals under ketamine and xylene anesthesia.
Hemogram tests were performed as soon as specimens
were collected using a fully automatic Beckhman Coulter
LH 750 blood count device with its own original solutions
in the biochemistry laboratory. Blood specimens were
centrifuged for 15 min at 3000 g/min. The sera were then
separated, while CSF specimens were stored in a deep
freeze at -80 degrees until the day of the study. Serum and
CSF IL-1B, TNF-a and CRP were measured with enzyme-
linked immunosorbent assay (ELISA) using a commercial
kit and a VERSA (Designed by Molecular Devices in
California, USA) microplate reader. Data were analyzed
on SPSS software. Results were expressed as mean and
standard deviation. The Mann-Whitney U test was used
in two-group comparisons, and Kruskal-Wallis analysis
of variance for comparison of more than two groups.
Significance was set at p<0.05 for all analyses.

Results

Observation at the 12% hour revealed slowed movements,
lack of interest in food and water and increased temperature
in rabbits in the groups infected with S. pneumoniae. One
infected rabbit died following trembling and contraction in
the entire body at the 13 hour. No change was determined
in the control group.

Growth in CSF was observed in meningitis groups I, II
and IV at the 24™ hour, while no growth was determined
in groups III and V. Clinical improvement (increased
movement, interest in feeding, body temperature returned
to normal) was observed at the 12" hour post-treatment
in groups Il and V, while clinical worsening (lethargy,
increased temperature, lack of interest in food and water,
fur loss and trembling) was observed in groups I, I and IV.
No clinical abnormality was observed in the control group
at 24 h observation.

A comparison of all groups’ BOS, CRP, TNF-a and IL-1B
values is shown in Tables 1 and 2.

No significant difference was determined in serum and

87



CSF CRP, TNF-a and IL-1p values between groups I and
II (Table 3).

Group I serum CRP and TNF-a values were significantly
higher than those in Group II (p values p=0.002 and
p=0.003, respectively). However, no significant difference
was determined between the two groups in terms of IL-13
levels. Group I CSF CRP level was significantly higher
than that in Group III (p=0.013), while the Group III CSF
IL-1p value was higher than that in Group I (p=0.002). No
difference was determined between TNF-a values.

No significant difference was determined between Group
I serum CRP, TNF-a and IL-1f values and those in Group
IV. Although no significant difference was observed in
CSF CRP and IL-1B values, Group I CSF TNF-a was
significantly higher than that in Group IV (p=0.018).

Serum CRP and TNF-a values in Group I were significantly
higher than those in group V (p values p=0.013 and
p=0.006, respectively). However, no significant difference
was determined between the two groups’ serum IL-1§
values. While significant differences were determined
in CSF CRP and IL-1B values between groups I and V
(p=0.006 and p=0.009, respectively), no significant
difference was determined in CSF TNF-a levels.

CRP, TNF-a and IL-1p values in serum and CSF in Group
I were significantly higher than those in Group VI (p
values p=0.004, p=0.004, p=0.004, p=0.004, p=0.004 and
p=0.004, respectively)
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Serum CRP, TNF-a and IL-1p and CSF TNF-a and IL-1f3
values in Group II were significantly higher than those in
Group VI (p values p=0.004, p=0.004, p=0.004, p=0.004,
p=0.004 and p=0.004, respectively)

Group III serum CRP and IL-1p values were significantly
higher than those in Group VI (p values p=0.009 and
p=0.012, respectively). However, no significant difference
was determined in serum TNF-a levels. Group III CRP,
TNF-a and IL-1p values in CSF were significantly higher
than those in Group VI (p values p=0.004, p=0.004 and
p=0.004, respectively).

Group IV CRP, TNF-a and IL-1B values in serum and
CSF were significantly higher than those in Group VI (p
values p=0.004, p=0.004, p=0.004, p=0.042, p=0.004 and
p=0.004, respectively).

Group V CRP, TNF-a and IL-1p values in serum and
CSF were significantly higher than those in Group VI (p
values p=0.012, p=0.019, p=0.004, p=0.007, p=0.004 and
p=0.004, respectively).

Group II serum CRP and TNF-a values were significantly
higher than those in Group III (p values p=0.003 and
p=0.002, respectively). However, there was significant
difference between the two groups’ serum IL-1p values.
While CRP in CSF was significantly higher in Group
II than in Group III (p=0.013), TNF-o and IL-1p were
significantly higher in Group III than in Group II (p=0.03
and p=0.004, respectively).

Table 1. Comparison of the group s serum CRP, TNF-a, IL-15 and leukocyte

Serum

Group I (n=7)
Group II (n=7)
Group III (n=7)
Group IV (n=7)
Group V (n=7)
Group VI (n=5)

P

CSF
Group I (n=7)
Group II (n=7)
Group III (n=7)

Group IV (n=7)
Group V (n=7)

CRP (ug/L)
188.47 + 35.605
178.49 + 17.324
123.72 + 15.403
165.17 £ 16.910
136.96 + 27.174
100.36 + 7.034
0.00

TNF-a (pg/mL)
201.22 + 44.594
209.24 +11.830
112.22 +17.289
203.44 + 16.945
128.02 +29.729
98.21 +13.395
0.00

IL-1p (pg/mL) Leukocyte
137.32 +£17.821 12.514 £ 5.0697
145.63 £17.370 12.457 £ 6.7982

131.10 £30.700
141.69 £ 17.772
132.33 £27.492
68.64 +17.931
0.017

Table 2. Comparison of groups CSF CRP, TNF-a and IL-1§ values

10.314 £ 5.7736
12.943 + 5.8057
11.043 +2.6203
6.120 + 1.8913
0.119

CRP (ng/L)
209.74 £32.014
215.27 £34.213
166.39 + 18.629
183.41 £ 54.494
157.72 £ 18.756
111.52 +21.096

TNF-a (pg/mL)
276.69 + 68.337
257.98 +58.089
363.54 +£38.513
205.01 =28.031

IL-1B (pg/mL)
174.24 +23.868
172.74 £25.945
237.71 £30.431
186.59 +25.894

Group VI (n=5)
p 0.00

286.49 +36.340 232.17 +£35.348
82.38 £9.629 108.82 + 10.440
0.00 0.00

Table 3. Comparison of CRP, TNF-o. and IL-1f Values in CSF in groups I and II

CSF CRP (ng/L)
Group I (n=7) 209.74 £32.014
Group II (n=7) 215.27 £ 34.213

p 0.848

88

TNF-o (pg/mL)

276.69 + 68.337 174.24 +23.868

257.98 + 58.089 172.74 +25.945
0.749 0.655

IL-1p (pg/mL)
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No statistically significant difference was observed in
serum CRP, TNF-a and IL-1p values between Group Il and
Group IV. Comparison of CSF values in these groups also
revealed no statistically significant differences between
CRP, TNF-a and IL-1p values in serum.

No statistically significant difference was observed
between serum CRP, TNF-a and IL-1f values in Group III
and those in Group V. Although no significant difference
was determined in CRP and IL-1p values in CSF between
groups III and V, TNF-a values in CSF in Group III were
significantly higher than those in Group V (p=0.006).

Serum TNF-a in Group IV was significantly higher than
in Group V (p=0.006). However, no significant difference
was determined between the two groups in terms of
serum CRP and IL-1p levels or of CRP in CSF. Group
V CSF TNF-a vs. IL-1P values were significantly higher
than those in Group IV (p values p=0.002 and p=0.035,
respectively)

Discussion

Anti-inflammatory therapy has been shown to reduce
development of meningeal inflammation, intracranial
pressure, cerebral edema, tissue injury and neurological
sequelae and mortality rates [13,14]. Dexamethasone
therapy is the most widely approved anti-inflammatory
and adjuvant treatment regimen in the literature. Since the
anti-inflammatory efficacy of high-dose steroid is already
known, low-dose dexamethasone therapy was used (0.25
mg/kg). EPO, whose primary function is maturation and
differentiation of erythroid series cells, has recently been
shown to act as a powerful anti-inflammatory in chronic
inflammatory disorders and infectious diseases [15-19].
We determined that EPO applied at a dose of 1000 U/
kg at the 12" hour of pneumococcal meningitis induced
in rabbits and dexamethasone at a dose of 0.25 mg/kg
had no significant effects on IL-1p, TNF-a and CRP in
serum and CSF. Since bacterial meningitis develops with
neuronal injury, inflammation, reactive oxygen species
and excitatory amino acid toxicity, EPO’s antiapoptotic,
antioxidative, anti-inflammatory and glutamate inhibitor
activities suggest that EPO may be beneficial in bacterial
meningitis [20-25].

Studies of bacterial and viral meningitis in children
have investigated TNF-a, IL-1pB, IL-6 and IL-8 levels in
CSF and have shown higher levels of these cytokines in
children with bacterial meningitis compared to meningitis
developing due to other agents and control groups [26-28].
Comparison of groups with induced meningitis and the
control group in this study revealed higher TNF-a and IL-
1B levels in CSF in the meningitis groups than in the control
group. This was compatible with studies emphasizing the
importance of TNF-a and IL-1pB in CSF in the diagnosis
of meningeal infection [26,29]. We also investigated
serum IL-1P and TNF-a values in this study. Serum IL-1
and TNF-a values were higher in the induced meningitis
groups compared to the control group. Similarly, Ohga et
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al. [30] measured both cytokines in serum and CSF in their
study of 11 patients with bacterial meningitis, 50 with
aseptic meningitis and a control group. They determined
higher IL-1f and TNF-a levels in the patients with
bacterial meningitis compared to the control and aseptic
meningitis groups. CSF IL-1f and TNF-a values were
also higher than serum IL-1p and TNF-a levels. Similarly
in our study, CSF IL-1p and TNF-a values were higher
than serum IL-1B and TNF-a values. Odabasi et al. [31]
obtained similar results, with IL-1p and TNF-a in CSF
being higher than in serum supporting the idea that these
cytokines are produced locally in the CNS [32].

Long-term studies of children with bacterial meningitis
have determined a significant decrease in morbidity and
mortality with steroid use in the early stage [33-35]. In
their in vitro study, Van Furth et al. [36] reported increased
TNF-oandIL-1Binleukocytes stimulated by S. pneumoniae
and that TNF-a and IL-1p production decreased with
dexamethasone administration. Saéz-Llorens et al. [37]
investigated a H. influenzae model of meningitis in rabbits
and reported significantly lower TNF-o in CSF and
leukocyte levels in blood with administration of 1 mg/kg
dexamethasone before antibiotic compared to the group
receiving antibiotic alone. In a study performed using a
rabbit model of pneumococcal meningitis, Lutsar et al.
[38] reported that TNF-a and lactate concentrations in CSF
induced with antibiotic decreased with administration of 1
mg/kg dexamethasone. In a similar study, Tuomanen et al.
[39] also reported a decrease in TNF-a and lactate levels
in CSF with dexamethasone.

Comparison of CSF and serum TNF-o and IL-1p levels
in the meningitis group receiving dexamethasone
and the meningitis only group revealed a significant
decrease in TNF-a levels in CSF in the meningitis and
dexamethasone group. This finding is compatible with
studies reporting that dexamethasone reduces CSF TNF-a
levels. However, we determined no change in IL-1§ levels
in CSF and TNF-a and IL-1p levels in serum. This may
be due to the experimental animals receiving 0.25 mg/kg
dexamethasone. Experimental studies have determined an
anti-inflammatory effect of dexamethasone in bacterial
meningitis models when administered at a dose of 1
mg/kg [38,40,41]. Since the effectiveness of high-dose
steroid is already known from previous studies, our aim
was to observe the effect of low-dose steroid. We thought
that steroid-related side-effects might thus be reduced.
When we compared the meningitis and dexamethasone
group and the meningitis, dexamethasone and antibiotic
treatment group, CSF TNF-a and IL-1f levels were higher
in the group receiving concurrent antibiotic therapy. These
findings may be attributed to antibiotics triggering anti-
inflammatory response. Rapid sterilization in CSF takes
place with antibiotic therapy in bacterial meningitis;
however, clinical condition intensifies after the start of
antibiotic therapy. This is due to secondary inflammation
associated with bacteria being released inside the
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subarachnoid space of the cell wall components. Bacterial
products increase inflammatory response and cytokines
[36]. The high increase in cytokines in CSF is correlated
with morbidity and mortality. Therefore, dexamethasone
can be used in higher doses when elevated bacterial
products are identified in CSF.

EPO is a powerful anti-inflammatory cytokine in chronic
inflammatory disorders and infectious diseases (16-19,42).
Strunk et al. [7] determined a decrease in IL-2, IFN-y,
TNF-a, IL-4, IL-5, IL-6 and IL-10 synthesis following
EPO administration after stimulation of child and adult
leukocytes with LPD. In a mouse model of autoimmune
encephalitis, Agnello et al. [23] observed a decrease in
IL-6 and TNF-a synthesis in CSF with administration of
EPO but reported no effect in mice with induced arthritis
and concluded that the inflammatory effect is specific to
the CNS. Sun et al. [42] determined a decrease in IL-1f
levels and leukocyte infiltration into CSF in the group
treated with EPO in a hypoxic-ischemic mouse model.

In the S. pneumoniae-induced rabbit meningitis model in
our study, comparison of IL-1 and TNF-a values in CSF
and serum at the 12" h after induction of meningitis and
on the 12% hour after administration of 1000 IU/kg EPO
with CSF and serum values in the group with induced
meningitis alone revealed no significant difference.
Comparison of serum IL-18 and TNF-a levels in the
meningitis group receiving EPO and the meningitis group
receiving EPO and antibiotic therapy revealed that these
values were higher in the meningitis, EPO and antibiotic
group. We attribute this to antibiotic therapy stimulating
secondary inflammatory response. Serum TNF-a levels
were higher in the meningitis, EPO and antibiotic therapy
group. Comparison of the efficacy of EPO with that of
dexamethasone revealed lower serum and CSF TNF-a and
IL-1B values in the meningitis and dexamethasone only
group compared to the meningitis and EPO only group.
However, the difference was not statistically significant.
We also determined no significant difference between
the meningitis group receiving EPO concurrently with
antibiotic therapy and the meningitis group receiving
dexamethasone concurrently with antibiotic therapy.
CSF TNF-a values in the meningitis group receiving
concurrent antibiotic therapy and EPO were significantly
higher than those in the meningitis group receiving
concurrent antibiotic therapy and dexamethasone. These
results show that even at low levels dexamethasone has
a greater effect on cytokine levels than EPO. Our study
findings show that EPO does not affect IL-13 and TNF-a
in serum or CSF in rabbit pneumococcal meningitis. To
the best of our knowledge, there are no previous studies
of the anti-inflammatory efficacy of EPO in meningitis.
Similar to our study, Spreer et al. [40] observed no
systemic anti-inflammatory and neuroprotective effect,
and none in CSF, with administration of 1000 IU/kg EPO
at the 12" hour of meningitis in an Escherichia coli rabbit
meningitis model. That study investigated pleocytosis
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lactate and protein concentrations in CSF. Investigation of
CRP levels in serum and CSF at the 24" hour of meningitis
in pneumococcal meningitis in rabbits in this study in
the meningitis and control groups revealed higher CRP
levels in both serum and CSF in the meningitis groups.
To the best of our knowledge, this is the first study to
investigate the effect of EPO on serum CRP levels in
meningitis. Comparison of CRP values in CSF and serum
in the meningitis group receiving EPO and the group
receiving concurrent antibiotic therapy and EPO revealed
significantly higher serum and CSF CRP levels in the
group receiving EPO to the group receiving concurrent
EPO and antibiotic therapy. We determined no significant
difference in CRP values in serum or CSF between the
meningitis and EPO therapy group and the meningitis
only group. Our study shows that EPO has no effect on
CRP in serum and CSF.

There was no difference in CRP values in serum and CSF
between the groups receiving dexamethasone and the
meningitis only group. This study determined no effect on
CRP of either dexamethasone or EPO. In conclusion, no
anti-inflammatory effect was determined with use of 1000
IU/kg EPO in a rabbit model of pneumococcal meningitis.
To summarize all these findings, since EPO has no effect
on cytokines or CRP, and since it is also a costly drug,
we do not recommend its use as an ancillary therapy in
meningitis. However, we think that wider-ranging studies
involving different doses are needed to confirm this.

References

1. Mustafa MM, Romilo O, Saez-Llorens X, et al.
Cerebrospinal fluid prostaglandins, interleukin-1 and
tumor necrosis factor in bacterial meningitis: Clinical
and laboratory correlations in placebo-treated and
dexamethasone-treated patients AJDC 1990; 144:
883-887.

2. Kara TCVSH. Depresyon, sitokinler ve bagisiklik sistemi,
Klinik Psikofarmakoloji Biilteni; 2003; 13: 142-150.

3. Dinarello CA, Moldawer LL. Pro-inflammatory and anti-
inflammatory cytokines in rheumatoid arthritis a primer
for clinicians. 2" Edn. 2000: 23-82.

4. Short WR, Tunkel AR. Changing epidemiology of
bacterial meningitis in the United States. Curr Infect Dis
Rep 2000; 2: 327-331.

5. BuemiM, Cavallaro E, FloccariF, etal. Erythropoietin and
the brain: From neurodevelopment to neuroprotection.
Clin Sci 2002; 103: 275-282.

6. Brines ML, Ghezzi P, Keenan S, et al. Erythropoietin
crosses the blood-brain barrier to protect against
experimental brain injury. Proc Natl Acad Sci USA 2000;
97: 10526-10531.

7. Strunk T, Hartel C, Temming P, et al. Erythropoietin
inhibits cytokine production of human leukocytes. Acta
Pediatr 2008; 97: 16-20.

8. Schultz C, Zimmer J, Hartel C, et al. Attenuation of

Curr Pediatr Res 2017 Volume 21 Issue 1



A comparison of the effectiveness of erythropoietin and dexamethasone therapy in Streptococcus pneumoniae induced meningitis in rabbits.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

monocyte pro-inflammatory cytokine responses to
Neisseria meningitidis in children by erythropoietin.
Clin Exp Immunol 2008; 154: 187-191.

Nairz M, Sonnweber T, Schroll A, et al. The pleiotropic
effects of erythropoietin in infection and inflammation.
Microbes Infect 2012; 14: 238-246.

Grasso G, Buemi M, Alafaci C, et al. Beneficial effects
of systemic administration of recombinant human
erythropoietin in rabbits subjected to subarachnoid
hemorrhage. Proc Natl Acad Sci USA 2002; 99: 5627-5631.

Flatz L, Cottagnoud M, Kiihn F, et al. Ceftriaxone
acts synergistically with levofloxacin in experimental
meningitis and reduces levofloxacin-induced resistance
in penicillin-resistant  pneumococci. Journal of
Antimicrobial Chemotherapy 2004; 53: 305-310.

Lacasa-Martinez J, Cabellos C, Martos A, et al.
Experimental study of the efficacy of vankomisin,
rifampicin  and dexamethasone in therapy of
pneumococcal meningitis. J Antimicrob Chemother
2002; 49: 507-513.

Saez Llorens X, Ramillo O, Mustafa MM, et al.
Molecular pathophysiology of bacterial meningitis:
Current concepts and therapeutic implications. J Pediatr
1990; 116: 671-684.

Tunkel AR, Wispelwey B, Scheld WM. Pathogenesis
and pathophysiology of meningitis. Infect Dis Clin NA
1990; 4: 555-558.

Sayan H, Ozacmak VH, Guven A, et al. Erythropoietin
stimulates wound healing and angiogenesis in mice. J
Invest Surg 2006; 19: 163-173.

Yuan R, Maeda Y, Li W, et al. Erythropoietin: a potent
inducer of peripheral immunoinflammatory modulation
in autoimmune EAE. PLoS One 2008; 3: 1924.

Nairz M, Schroll A, Moschen AR, et al. Erythropoietin
contrastingly affects bacterial infection and experimental
colitis by inhibiting nuclear factor-kappaB-inducible
immune pathways. Immunity 2011; 34: 61-74.

Choi D, Schroer SA, Lu SY, et al. Erythropoietin protects
against diabetes through direct effects on pancreatic beta
cells. J Exp Med 2010; 207: 2831-2842.

Cuzzocrea S, Mazzon E, Paola RD, et al. Erythropoietin
reduces the degree of arthritis caused by type II collagen
in the mouse. Arthritis Rheum 2005; 52: 940-950.

Siren AL, Fratelli M, Brines M, et al. Erythropoietin
prevents neuronal apoptosis after cerebral ischemia and
metabolic stress. Proc Natl Acad Sci USA 2001; 98:
4044-4049.

Genc S, Akhisaroglu M, Kuralay F, et al. Erythropoietin
restores glutathione peroxidase activity in 1-methyl-4-
phenyl-1,2,5,6-tetrahydropyridine-induced neurotoxicity
in C57BL mice and stimulates murine astroglial
glutathione peroxidase production in vitro. Neurosci Lett
2002; 321: 73-76.

Curr Pediatr Res 2017 Volume 21 Issue 1

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Chattopadhyay A, Choudhury TD, Bandyopadhyay D,
et al. Protective effect of erythropoietin on the oxidative
damage of erythrocyte membrane by hydroxyl radical.
Biochem Pharmacol 2000; 59: 419-425.

Agnello D, Bigini P, Villa P, et al. Erythropoietin exerts
an anti-inflammatory effect on the CNS in a model of
experimental autoimmune encephalomyelitis. Brain Res
2002; 952: 128-134.

Villa P, Bigini P, Menini T, et al. Erythropoietin selectively
attenuates cytokine production and inflammation in
cerebral ischemia by targeting neuronal apoptosis. J Exp
Med 2003; 198: 971-975.

Kawakami M, Sekiguchi M, Sato K, et al. Erythropoietin
receptor-mediated inhibition of exocytotic glutamate
release confers neuroprotection during chemical
ischemia. J Biol Chem 2001; 276: 39469-39475.

Krebs VLJ, Okay T, Okay Y, et al. Tumor necrosis
factor-a, interleukin-1f and interleukin-6 in the
cerebrospinal fluid of new-born with meningitis. Arq
Neuropsiquiatr 2005; 63: 7-13.

Ubenauf KM, Krueger M, Henneke P, et al
Lipopolysaccharide binding protein is a potential marker
for invasive bacterial infections in children. Pediatr
Infect Dis J 2007; 26: 159-162.

Mukai AO, Krebs VLI, Bertoli CJ, et al. TNF-a and IL-6
in the diagnosis of bacterial and aseptic meningitis in
children. Pediatr Neurol 2006; 34: 25-29.

Kleine TO, Zwerenz P, Zofel P, et al. New and old
diagnostic markers of meningitis in cerebrospinal fluid
(CSF). Brain Res Bull 2003; 61: 287-297.

Ohga S, Aoki T, Okada K, et al. Cerebrospinal fluid
concentrations of interleukin-1f, tumor necrosis factor-a
and interferon gamma in bacterial meningitis. Arch Dis
Child 1994; 70: 123-125.

Odabasi F, Camcioglu Y, Akcakaya N, et al. Bakteriyel
ve viral menenjitli cocuklarda beyin omirilik sivis1 ve
plazmada TNF-a, IL-1p ve SICAM-1 diizeyleri. Tiirk
Mikrobiyoloji Cem Derg 30: 142-152.

Moller B, Mogensen SC, Wendelboe P, et al. Bioactive
and inactive forms of tumor necrosis factor -alpha in
spinal fluid from patients with meningitis. J Infect Dis
1991; 163: 886.

Saez-Llorens X, McCracken GH. Bacterial meningitis in
children. Lancet 2003; 361: 2139-2148.

Odio CM, Faingezicht I, Paris M, et al. The beneficial
effects of early dexamethasone administration in infants
and children with bacterial meningitis. N Engl ] Med
1991; 324: 1525-1531.

Gans JD, Beek DVD. Dexamethasone in adults with
bacterial meningitis. N Engl J Med 2002; 347: 1549-1556.

Van Furth AM, Seijmonsbergen EM, Langermans JAM,
et al. Effect of xanthine derivate and dexamethasone
on Streptococcus pneumoniae stimulated production

91



37.

38.

39.

92

of tumor necrosis factor alpha, interleukin-1f and
interleukin-10 by human leukocytes. Clin Diagn Lab
Immunol 1995: 689-692.

Saoz-Llorens X, Jafari HS, Severien C, et al.
Enhanced attenuation of meningeal inflammation and
brain edema by concomitant administration of anti-
CD18 monoclonal antibodies and dexamethasone in
experimental haemophilus meningitis. J Clin Invest
1991; 88: 2003-2011.

Lutsar I, Friedland IR, Jafri HS, et al. Factors influencing
the anti-inflammatory effect of dexamethasone therapy
in experimental pneumococcal meningitis. J Antimicrob
Chemother 2003; 52: 651-655.

Tuomanen E, Hengstler B, Rich R, et al. Nonsteroidal

40.

41.

42.

Kamasak/Ertung/Buruk/Bayramoglu/Alver/et al.

anti-inflammatory agents in the therapy for
experimental pneumococcal meningitis. J Infect Dis
1987; 155: 985-990.

Spreer A, Gerber J, Hanssen M, et al. Dexamethasone
increases hippocampal neuronal apoptosis in a rabbit
model of Escherichia coli meningitis. Pediatr Res 2006;
60: 210-215.

Van der Flier M, Gelen SPM, Kimpen JL. Anti-
inflammatory adjuvant agents in bacterial meningitis.
Curr Med Chem 2002; 1: 55-62.

Sun Y, Calvert WJ, Zhang HJ. Neonatal hypoxia/
ischemia is associated with decreased inflammatory
mediators after erythropoietin administration. American
Heart Association 2005; 36: 1672-1678.

Correspondence to:

Tiilay Kamasak

Pediatric Neurology,

Karadeniz Teknik University Pediatric Neurology,
Trabzon,

Turkey.

Tel: +905364183838

E-mail: tkamasak@hotmail.com

Curr Pediatr Res 2017 Volume 21 Issue 1



