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ABSTRACT 

We investigated the effect of Granulocyte-Colony Sti- 
mulating Factor (G-CSF) on expression of pro- and 
anti-inflammatory proteins in the striatum of new- 
born piglet brain following cardiopulmonary bypass 
(CPB) and deep hypothermic circulatory arrest 
(DHCA). Piglets were placed on CPB, cooled to 18˚C, 
subjected to 30 min of DHCA and 1 h of low-flow (20 
ml/kg/min), rewarmed to 37˚C, separated from CPB 
circuit and monitored for 2 h. Striatum was then iso- 
lated for protein analysis. The levels of proteins are 
presented relative to the mean in the control group 
(mean ± SEM, n = 6). DHCA increased the levels of 
pro-inflammatory proteins: IL-1alpha (158%  23%, 
P = 0.05), IL-6 (152%  16%, P = 0.03), TNF-alpha 
(144%  2%, P = 0.003), MIP-3 alpha (148%  12.6%, 
P = 0.03), NAP-3 (216%  16%, P = 0.05), GRO 
(165%  19%, P = 0.03) and BLC (140.4  15%, P = 
0.05). Compared to DHCA, the G-CSF-treated group 
had significantly decreased levels of IL-6 (110.8%  
11% vs. 152%  16%, P = 0.05), TNF-alpha (120.6% 
 5.4% vs. 144%  2%, P = 0.001), MIP-3 alpha (148% 
 12.6% vs. 104.8%  13%, P = 0.02) and NAP-2 
(216%  16% vs. 122%  23%, P = 0.002). The levels 
of anti-inflammatory proteins did not change in DHCA 
group compared to control, except for VEGF which 
decreased to 37.5%  9%, P = 0.003. The levels of all 
protective proteins in the G-CSF group increased ver- 

sus the DHCA group, but the increases did not attain 
a P value of 0.05. Conclusions: In an immature brain 
subjected to circulatory arrest, the early inflamma- 
tory response in the striatum is diminished by pre- 
treatment with G-CSF. 
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1. INTRODUCTION 

Numerous studies have shown that cardiopulmonary by- 
pass (CPB) and deep hypothermic circulatory arrest 
(DHCA) are responsible for long-term sequelae such as 
neurological, developmental, motor and behavioral defi- 
cits [1-3]. The high occurrence of motor abnormalities is 
a major concern because these can affect between 20% 
and 60% of patients [2,3]. The severity of these abnor- 
malities can be influenced by many factors, including the 
type of congenital heart defect, duration of CPB and the 
degree of inflammatory responses resulting from the re- 
lease of endotoxin and increased levels of cytokines dur- 
ing the CPB [4-7]. Several studies have shown that the 
inflammatory cytokines such as IL-6, CRP, IL-10, and 
IL-8 can significantly increase in infants and children 
after CPB [8-11] and that these increases can contribute 
to postoperative morbidity and mortality. It had been 
suggested that elevation of these proteins may be predict- 
tive of subsequent cognitive dysfunction [12,13]. In par- 
ticular, increase in the level of IL-6 has been linked to 
disturbance of motor function [14]. 

*The research was supported by grant HL-58669 from the US National 
Institutes of Health (NIH). 
#Corresponding author. 

OPEN ACCESS 

mailto:pastuszk@mail.med.upenn.edu


P. Pastuszko et al. / World Journal of Cardiovascular Diseases 3 (2013) 197-205 198 

One of the most important subcortical structures in the 
motor circuit and the main input site in the basal ganglia 
is the striatum (caudate putamen and nucleus accumbens). 
This region of the brain has been implicated in move- 
ment and memory disorders [see review 15]. The striatum 
is also involved in the various aspects of behavioral plas- 
ticity. Synaptic plasticity forms the basis of learning and 
memory and involves protein phosphorylation and protein 
synthesis, which lead to strengthening of preexisting sy- 
napses and establishment of new synaptic connections [15]. 

The goal of this research was to measure the early 
changes in inflammatory proteins in the striatum of new- 
born piglets following CPB-DHCA and to determine if 
pre-treatment with granulocyte-colony stimulating factor 
(G-CSF) can diminish these changes. G-CSF, a member 
of the cytokine family of growth factors, is a glycopro- 
tein broadly present within the central nervous system. 
Exogenous administration of G-CSF has been shown to 
be neuroprotective in a variety of ischemic models 
[16-21]. G-CSF is reported to have potent anti-inflam- 
matory [19], anti-excitatory [16] and anti-apoptotic pro- 
perties. Our earlier study showed that, in a model of 
CPB-DHCA in newborn piglets, G-CSF treatment de- 
creased pro-apoptotic signaling, particularly in the stria- 
tum [22]. This is in agreement with other models of hy- 
poxia, showing that G-CSF can not only reduce hypoxia- 
induced apoptosis and inflammation but also enhance 
neurogenesis and angiogenesis [16,23-27]. 

Our hypothesis was that CPB-DHCA increases the 
levels of pro-inflammatory proteins in the striatum of 
newborn piglets and that pretreatment of piglets with 
G-CSF would suppress this increase and possibly also 
increase the levels of anti-inflammatory, protective pro- 
teins. To test this, we measured the effect of G-CSF pre- 
treatment on the expression of selected pro- and anti- 
inflammatory proteins in the striatum of newborn piglets 
following CBP-DHCA. CPB-DHCA is often use to sur- 
gical repair of congenital defects in the cardiopulmonary 
system. Variations in the procedure have been used in 
attempts to increase the “safe” time available for surgery 
and/or decrease the negative sequellae, including adding 
selective cerebral perfusion or periods of low perfusion 
rates. The negative sequelae are similar, however, con- 
sistent with the underlying mechanism(s) for the injury 
being due to the tissue hypoxia/ischemia and stress in- 
herent in the procedure. We have used a model of CPB- 
DHCA with a period of low flow bypass, in continuity 
with our earlier studies [28], but the underlying mecha- 
nisms and pattern of brain injury should be similar for 
other variants of the CPB-DHCA procedure. 

2. METHODS 

2.1. Animal Model 

Eighteen male newborn piglets, 3 - 5 days old (2.0 - 3.0 

kg) were anesthetized with 4% isoflurane (Novaplus, 
Hospira Inc., Lake Forest, IL). Pulse oximetry, ECG and 
temperature measurements begun immediately after in- 
duction of anesthesia. 1.5% lidocaine-HCl solution was 
used as a local anesthetic. After tracheotomy, pancur- 
onium (1.5 mg/kg) was used for neuromuscular blockade 
to allow mechanical ventilation. Fentanyl-citrate (30 
μg/kg) was injected intravenously, and the animals were 
mechanically ventilated with a mixture of oxygen (FiO2 
21%) and 0.5% isoflurane. The femoral artery and vein 
were then cannulated and anesthesia was maintained 
with 0.5% isoflurane and boluses of pancuronium (1 
mg/kg/hr). After a 2 h period, cardiopulmonary bypass 
was initiated. Following bypass, the animals recovered 
for 2 h under anesthesia and then were euthanized by 
intravenous administration of saturated KCl. 

All animal procedures were in strict accordance with 
the NIH Guide for the Care and Use of Laboratory Ani- 
mals and have been approved by the local Animal Care 
and Use Committee. 

2.2. CPB Technique 

The circuit was primed with Plasmalyte-A and 25% al- 
bumin. Donor whole blood was then added to maintain a 
hematocrit of 25% - 30%. Heparin (1000 units), Fentanyl 
(50 µg), Pancuronium (1 mg), CaCl2 (500 mg), Methyl- 
prednisolone (60 mg), Cefazolin (100 mg), Furosemide 
(2 mg), and NaHCO3 (25 meq) were then added to the 
pump prime. A membrane oxygenator (Lilliput; COBE 
Cardiovascular, Inc., Arvada, Co), a roller pump system 
(COBE) and arterial filter (Capiox;Terumo Cardiovascu- 
lar Systems, Corp, Ann Arbor, Mich) were used. Median 
sternotomy was performed and, after 500 units of heparin 
were administered IV, the ascending aorta and the right 
atrial appendage were cannulated. Full CPB flow rate 
was set at 150 ml/kg/min. The pH-stat blood gas man- 
agement was maintained in all experiments. 

After cooling to 18˚C, the piglets were introduced to 
30 min of DHCA followed by 1h of low-flow CBP at 20 
ml/kg/min. 

The choice of a DHCA-low flow experimental model 
in our study reflects changes in the attitude and practice 
regarding the acceptable duration of DHCA. It is recog- 
nized by many clinical centers that DHCA longer than 30 
min can be detrimental neurologically. Therefore, it is 
becoming increasingly common among CV surgeons 
who treat congenital heart defects such as hypoplastic 
left heart syndrome to perform the difficult arch repair 
under DHCA and then complete the remainder of the 
surgery with the low flow. 

Following CPB, all animals were rewarmed for 30 min 
at full flow (150 ml/kg/min), separated from CPB and 
recovered for 120 min under anesthesia, and finally 
euthanized by intravenous injection of saturated KCl. 
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The control animals did not undergo CBP but were 
anesthetized and mechanically ventilated the same way 
as other groups of animals. After euthanasia, the striatum 
was immediately dissected from the brain, frozen in liq- 
uid nitrogen and kept at −80˚C for later analysis. 

The animals were randomly assigned to one of three 
groups: 1) CPB with circulatory arrest (n = 6, DHCA 
group); 2) DHCA with G-CSF at a concentration of 34 
g/kg (n = 6, G-CSF group); and 3) sham-operated (n = 
6). G-CSF was given by intravenous injection two hours 
prior the beginning of bypass. 

2.3. Protein Expression 

Expression of inflammatory proteins was determined by 
RayBiotech, Inc. (Norcross, GA) using protein arrays 
(Sandwich-Based Glass Slide Cytokine Antibody Arrays, 
G series). To prepare striatal protein samples for the 
analysis, about 100 mg of the frozen striatum per animal 
was homogenized on ice in a low salt Cell Lysis Buffer 
(RayBiotech, Inc.), containing Protease Inhibitors Cock- 
tail, Complete, (Roche Applied Science, Indianapolis, IN) 
with a broad inhibitory specificity for serine, cysteine 
and metalloproteases. After homogenization the samples 
were centrifuged at 10,000 xg for 10 min. Equal amounts 
of tissue lysates (supernatant), normalized by the total 
protein content were applied to the arrays. Protein con- 
centration was determined by using BCA (bicinchoninic 
acid) Protein Assay Kit (Pierce, Rockford, IL). 

2.4. Data Analysis 

The measurements of individual protein levels are pre- 
sented in percentage of their mean levels in the control 
group ± SEM for 6 experiments. The data were tested for 
significance by one way ANOVA and the p values for 
comparisons between groups were calculated by a two- 
tailed t-test. In order to aid in distinguishing comparisons 
among groups, letters are used: a—for comparison be- 
tween the control and DHCA groups; b—for the com- 
parison between the control group and G-CSF groups; 
c—for the comparison between DHCA and G-CSF groups. 
The selected proteins are either pro-inflammatory or anti- 
inflammatory, and members of the same class that change 
in the same direction as the other members might be ex- 
pected to augment the response. These are mentioned if 
the P value for the differences is less than 0.1 (90% tile 
confidence level). 

3. RESULTS 

The immunoreactivities of 40 proteins involved in in- 
flammatory responses were determined in striatum of the 
newborn piglet brain. Only the proteins which are sig- 
nificantly different between experimental groups or pro- 

teins which are known to play a role in inflammatory sig- 
naling are presented on the graphs. 

3.1. Effect of DHCA and G-CSF on 
Immunoreactivity of Pro-Inflammatory 
Proteins in Striatum of Newborn Piglets 

The effects of DHCA and G-CSF on 11 pro-inflamma- 
tory proteins are shown on Figures 1-3. Figure 1 dem- 
onstrates that DHCA significantly increased the levels of 
IL-1alpha, IL-6 and TNF-alpha (158%  23%, a:P = 0.05; 
152%  16%, a:P = 0.03; 144%  2%, a:P = 0.003, re- 
spectively). The level of IL-1 beta was not significantly 
different in the DHCA group as compared to control. 

The G-CSF group versus control had significant de- 
crease in IL-1beta (44.7%  10.7%, b:P = 0.01). The in- 
crease in IL-1alpha (128.7%  8.6%, b:P = 0.09) and 
TNF-alpha (120.6%  5.4%, b:P = 0.09) were only sig- 
nificant at the 90% tile confidence level. 

In the G-CSF-treated group, as compared to DHCA 
group, a significant decreases in the levels of IL-6 (110.8% 
 11% vs. 152%  16%, c:P = 0.05) and TNF-alpha 
(120.6%  5.4% vs. 144%  2%, c:P = 0.001) were ob- 
served. The levels of IL-1 alpha and IL-1beta also de- 
creased but these differences did not attain a 90 percen-
tile level of confidence. 

Changes in other pro-inflammatory proteins are shown 
in Figure 2. MIP-3 alpha, NAP-2 and GRO are signifi- 
cantly increased in the DHCA group compared to control 
(148%  12.6%, a:P = 0.03; 216%  16%, a:P = 0.005; 
165%  19%, a:P = 0.03, respectively). The G-CSF 
 

 

Figure 1. Effect of DHCA and G-CSF on the immunoreactivity 
of pro-inflammatory proteins (IL-1α, IL-1β, IL-6 and TNF-α) 
in the striatum of newborn piglets. The results are means from 
6 experiments ± SEM. The data are expressed in percentage 
relative to mean values obtained from a control group of 6 pig- 
lets. P-values were determined by the two tailed Student t-test. 
a—for the comparison between the control group and DHCA; 
b—for the comparison between the control group and G-CSF; 
c—for the comparison between DHCA and G-CSF. 
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Figure 2. Effect of DHCA and G-CSF on the immunoreactivity 
of pro-inflammatory proteins (MIP-3α, NAP-2 and GRO) in 
the striatum of newborn piglets. The presentation is described 
in the legend of Figure 1. 
 
group versus control had significant increase in GRO 
(156.7%  14.5%, b:P = 0.01). The levels of MIP-3a and 
NAP-2 in the G-CSF group were not significantly dif- 
ferent from the control group. 

Compared to DHCA, pretreatment with G-CSF re- 
sulted in significantly lower values for MIP-3 alpha 
(148%  12.6% vs. 104.8%  13%, c:P = 0.02) and 
NAP-2 (216%  16% vs. 122%  23%, c:P = 0.002). No 
significant differences between these groups of animals 
were observed in GRO. 

Figure 3 shows the changes in BLC, IL-8, IL-12 and 
ENA-78. The DHCA group had a significant increase in 
BLC (140.4%  15%, a:P = 0.05) compared to control. 
The increases in IL-8 (122.7%  6.3%, a:P = 0.08) and 
ENA-78 (170%  34%, a:P = 0.07) were significant only 
at the 90%tile confidence level. Level of IL-12 was also 
increased but the differences did not attain a 90 percen- 
tile level of significance. In G-CSF pre-treatment sam- 
ples, changes in above proteins were not significantly 
different from control. 

Compared to DHCA, pretreatment with G-CSF re- 
sulted in significant decrease in the level of IL-12 from 
138%  17% to 101.9%  12%, c:P = 0.06. There was a 
trend, but not statistically significant, for G-CSF treat- 
ment to diminish the DHCA induced increases in BLC, 
IL-8 and ENA-78. 

3.2. Effect of DHCA and G-CSF on 
Immunoreactivitity of Neuroprotective 
Proteins in Striatum 

Figures 4 and 5 show the responses of proteins selected 
for their reported protective role in brain injury, to 
DHCA and G-CSF pre-treatment. In the DHCA group, 
there was a significant decrease as compared to control 
in VEGF (37.5%  9%, a:P = 0.003) whereas the level of 
TNF-beta increased significantly only at a 90% tile con- 

fidence level (TNF-beta (118.5%  6%, a:P = 0.08). The 
increase in IL-5 was not statistical different from control 
(Figure 4). 

Compared to controls, the G-CSF group had higher 
levels of IL-5 (166%  26%, b:P = 0.05) and TNF-beta 
(132.1%  4%, b:P = 0.01). The VEGF level was higher 
than in DHCA group but was still below control level 
(52%  16.7%, b:P = 0.04). 

There was a trend for higher levels of protective pro- 
teins, presented on Figure 4, in the G-CSF group than in 
the DHCA group, with TNF-beta reaching statistical sig- 
nificant increase only at the 90% tile (132.6%  3.9% vs. 
118.5%  6%, c:P = 0.09 (Figure 4). 

The levels of BDNF, IL-10 and IL-15 did not change 
significantly in DHCA group as compared to control 
(Figure 5). In G-CSF group as compared to control the 
levels of all three proteins were higher but statistical sig- 
nificant increase was shown only for BDNF (121.7%  
 

 

Figure 3. Effect of DHCA and G-CSF on the immunoreactivity 
of pro-inflammatory proteins (BLC, IL-8, IL-12 and ENA-78) 
in striatum of newborn piglets. The presentation is described in 
the legend of Figure 1. 
 

 

Figure 4. Effect of DHCA and G-CSF on the immunoreactivity 
of anti-inflammatory proteins (IL-5, TNF-β and VEGF) in 
striatum of newborn piglets. The presentation is described in 
the legend of Figure 1. 
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Figure 5. Effect of DHCA and G-CSF on the immunoreactivity 
of anti-inflammatory proteins (BDNF, IL-10 and IL-15) in 
striatum of newborn piglets. The presentation is described in 
the legend of Figure 1. 
 
3.4% of control, b:P = 0.007). The increases in IL-10 
(126.2%  11.8%, b:P = 0.09) and IL-15 (122.4%  9.5%, 
b:P = 0.09) were significant only at the 90% confidence 
level. 

The G-CSF group, compared to DHCA, show signifi- 
cant increases, but only if calculated by one tailed t-test, 
in BDNF (107.3%  7.3% vs. 121.7%  3.4%, c:P = 0.09) 
and IL-15 (105%  4% vs.122.4%  9.5%, c:P = 0.07). 
The increase in IL-10 was not statistically significant (P 
value > 0.1). 

4. DISCUSSION 

The purpose of this study was to test the hypothesis that 
cardiopulmonary bypass (CBP) and deep hypothermic 
circulatory arrest (DHCA), in a newborn piglet, induces 
an pro-inflammatory response in the striatum and that 
response can be suppressed by pre-treatment with G-CSF. 
To achieve this goal, we measured the levels of pro- and 
anti-inflammatory proteins in the striatum. There are 
several reasons for focusing our study on G-CSF modu- 
lation of inflammatory response in the striatum: 1) Car- 
diac surgery is associated with variable degrees of neu- 
rologic injury, ranging from relatively minor neuro-cog- 
nitive deficits to severe cerebral infarction [29,30]; 2) 
DHCA had been shown to increase pro-inflammatory 
activity; 3) Motor abnormalities following CPB-DHCA 
affect a significant percent of patients; (4) The striatum 
plays a major role in controlling motor function; 5) Our 
earlier study [22] showed that the striatum can be more 
sensitive than other brain regions to apoptotic injury fol- 
lowing CPB-DHCA; 6) Pro-apoptotic signaling in stria- 
tum has been reported to be diminished by pre-treatment 
with G-CSF [22]. 

The results show that DHCA significantly increased 
levels of 9 pro-inflammatory proteins, IL-1α, IL-6, TNF- 

α, MIP-3α, NAP-2, GRO, BLC, IL-8 and ENA-78. These 
results are in agreement with reports showing that CPB 
increases inflammatory responses in the brain [4,7,31- 
35]. 

The increases in pro-inflammatory signaling are con- 
sistent with tissue inflammation contributing to the ad-
verse effects on learning, memory, and other cognitive 
domains by altering brain function [36] and may be pre- 
dictive of cognitive decline. The elevation of some pro- 
inflammatory proteins such as IL-6 [13] and TNF-α are 
especially indicative of systemic inflammation and are 
predictive of subsequent cognitive dysfunction [12]. Ges- 
sler et al. [14] reported that an increased plasma concen- 
tration of IL-6 level in children after CPB was associated 
with poorer neuromotor performance, and therefore pos- 
sible damage in striatum. Allan et al. [37] reported that in 
infants undergoing cardiopulmonary bypass, higher pos- 
toperative IL-6 and IL-8 plasma concentrations were 
associated with longer ICU stay and higher 24-hour lac- 
tate and correlated with greater postoperative severity of 
illness. Other clinical studies on different ischemic con- 
ditions such stroke also reported early (<24 h) and sus- 
tained (up to 7 days) increases in plasma levels of IL-6 
and these correlated with neurocognitive outcome [38- 
42]. Consistent with this, decreased level of TNF-α, has 
been reported to correlate with improved efficacy of pro- 
tective strategies after ischemia [43]. 

Our study shows that both IL-6 and TNF-α in the 
striatum were significantly elevated following CPB- 
DHCA. Other proteins, such as IL-1α and other chemo- 
kines, were also significantly increased. The role of some 
of these proteins in brain injury is poorly understood but, 
for example, IL-1 receptor antagonists has been reported 
to decrease hypoxic-ischemic injury [44,45], and neona- 
tal mice deficient in IL-1 converting enzyme are resistant 
to hypoxic-ischemic insults [46]. Inhibition of endoge- 
nous IL-1 activity with IL-1 receptor antagonist (IL-1RA) 
protects against ischemic injury [47]. Similarly, inhibit- 
tion of IL-1β converting enzyme [48,49] or deletion of 
IL-1β and IL-1α [50] results in markedly reduced ische- 
mic damage and neuronal cell death. 

In general, increased levels of many chemokines seem 
to play a critical role in ischemic brain injury and con- 
versely, a broad spectrum of antagonists of chemokine 
receptors offer protection against brain injury [51]. 

CPB-DHCA also caused significantly decreased levels 
of VEGF. The VEGF has been reported to have two op- 
posing roles in the brain. It can have pro-inflammatory 
properties and increase brain edema and tissue damage 
following ischemia [52]. VEGF increases the permeabil- 
ity of the blood brain barrier, and its over-expression in 
the mouse brain leads to intra-cerebral hemorrhage via 
expression of MMP-9 [53]. On the other hand, VEGF 
can also induce angiogenesis and increase vascular per- 

Copyright © 2013 SciRes.                                                                       OPEN ACCESS 



P. Pastuszko et al. / World Journal of Cardiovascular Diseases 3 (2013) 197-205 202 

meability [54,55]. These changes would be expected to 
be neuro-protective by inducing proliferation of astro- 
cytes and preventing death of dopaminergic neurons [56]. 
VEGF has been reported to have anti-apoptotic proper- 
ties, through up-regulation of Survivin, Akt and Bcl-2, 
which are key anti-apoptotic proteins [57-60]. A decrease 
of VEGF below the level seen in sham-operated animals 
can, therefore, have a negative effect and increase striatal 
injury caused by CPB-DHCA. 

The changes in inflammatory proteins that we found 
were determined at one time point, 2 h following DHCA. 
Earlier transient changes and those that might occur after 
longer recovery times would have been missed. Different 
pro-inflammatory proteins are up- or down-regulated at 
different time points following a variety of hypoxic- 
ischemic insults. For example, IL-6 has a short half-life 
in plasma [61] and has been reported to peak at 2 h after 
CPB [31]. Hedtjärn et al. [62] measured expression of 
148 genes related to the immune-inflammatory response 
in immature brain following hypoxia-ischemia (HI). The 
authors reported that, at 2 h after HI, only three genes 
were upregulated, but at 8 h the number of significantly 
upregulated genes had increased to 49. At 24 hours after 
HI, 77 genes were upregulated, and at 72 hours after HI 
as many as 119 genes were upregulated. 

Homi et al. [31] reported that, in a model of middle 
cerebral artery occlusion (MCAO) with CPB in rats, se- 
rum levels of TNF-α and IL-1β increased at the end of 
CPB, achieved peak values 2 h after CPB and then rap- 
idly decreased to normal levels at 6 h following hypoxia. 
The IL-10 showed a similar pattern but reached its maxi- 
mum concentration at the end of CPB and then decayed 
slowly to below a detectable threshold 24 h after CPB. 
The IL-6 level, however, was increased 2 h after CPB in 
the MCAO plus CPB group. Similarly, a clinical study 
on children reported that the plasma concentrations of 
IL-6 and IL-8 were strongly increased at 3 h after CPB 
[14]. 

A major question of this study was whether injection 
of G-CSF prior to bypass ameliorates inflammatory sig- 
naling in the striatum of newborn piglets. Our results 
show that G-CSF treatment abolished the DHCA-de- 
pendent increases in IL-6 and TNF-α, two proteins for 
which an increase is correlated with increased brain in- 
jury. This result is consistent with the work of Pollari et 
al. [63] who reported that, in vitro, exposure of cell 
cultures to G-CSF reduced their TNF-α production. In 
our study treatment with G-CSF also decreased the levels 
of MIP-3 and NAP-2, two cytokines believed to play a 
role in neuronal cell injury. 

When compared to the control group, G-CSF treat- 
ment resulted in decreased level of IL-1β, a protein re- 
ported to be a marker of brain injury, and increased lev- 
els of IL-5, TNF-β, VEGF and BDNF, proteins with well 

described protective roles in model of hypoxic brain 
injury. 

Our results strongly suggest that injection of G-CSF 
prior to bypass protects the striatum of newborn piglets 
from inflammation-dependent injury. At this early time 
of recovery it seems that major protective effect of 
G-CSF is by decreasing signaling proteins that exacer- 
bate tissue inflammation rather than increasing those 
which suppress inflammation. When the sums of the in- 
creases in all of pro-inflammatory proteins in DHCA and 
G-CSF groups were compared it can been seen that 
DHCA increased the immunoreactivities to 146.8%  
18% of control values whereas G-CSF diminishes this 
increase to 105%  13% of control. Changes in proteins 
which suppress inflammation were much smaller and the 
summation increased from 101%  10.3% in DHCA 
group to 116.2%  10.6% in G-CSF group compared to 
control. 

A protective role of G-CSF following CPB that we 
found in this study is consistent with similar properties of 
this compound in other hypoxic-ischemic models. A pro- 
tective effect of G-CSF has been reported in animal 
models of stroke, spinal cord injury and such neurode- 
generative diseases as Alzheimer’s and Parkinson’s 
[64-67]. 

In conclusion, the results presented in this paper show 
that CPB results in potent stimulation of an inflammatory 
response measured in the striatum. Administration of 
G-CSF prior to CPB diminishes this stimulation and is 
consistent with decrease the neuromotor and cognitive 
deficits associated with this procedure and improved 
outcome. 
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