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Ubjective: To abseave effect of gramulocyte colony—stimulating facter {G-CSF) and restrocture
human thrembopoietin on hypaxic—ischemic brain damage (HIBD) in new born mts. Methoda: A
total of 60 neonatal SD rats were selected and divided inte 4 groups, with 15 in each groop. Group
A served as control group. Rats of Groups B—D were preparad for HIBD model by ligation of laft
common carotid adexy combined with hypoxin method. Ratz of Croup A were only completed
with free ledk common carotid areay without ligation and hypoxia operation, Afier HIBD model
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preparation, Group B was administrated with subzutansoun injection of normal saline for placebo
treatment; Group G was rdministrated with cervical subcutancous injection of 0.5 [ gf10 g

granulocyts colony stimulating factor (G—CSF) for 5 d {Once & day); Group D was administrated
with intraperitonesl injection of 15 U/1¥ g recombinant human thromobapeietin (thTPO) for
treatment, After modeling for 7, 14 and 21 d, § rats were sacrificed in each group, respectively.
Brain quality damage (%) conditicns of expsrimental animals in each group wers compared
in diffexent Hme points, ans cerebral histopathological changes of each group were cbacrved,
Expression of nestin in rats of cach group was detected by immunohistochemical method,
Hesnlin: After medeling for 7, 14 and 21 d, brain quality damages {3} of Groups B, £ and I wera
significant higher than that of in Group A (F<0.05), while brain quality damage (%) degree of
Group B was the highest in different time points, followed by Groups D and G, respectively. It was
significant different compared among gronpa (P<0.05), The histopathological obeervation showed
that degrees of brain damages in Groups C and D weze significant lower then that of in Group
B, After modeling for 7, 14 and 21 d, nestin positive cell populations in Groups B, C, and I were
mignificant higher than Group A {P<0.05). Nestin cell populations of Greap C in different time
pointy were significant higher than Groupa B and D (P<0,05), There was no significant difference
in nestin positive cell populations in the above time pointe between GCroups B and D (P>0.05).
Conclusions: Both G—CSF and TPO can protect the nervous system of HIBI} neonatal rats.
G~CSF can promote the probiferstion and differentintion of neural precursor cells to decrense the
degeneration and necrosis of nezve cell, TPO can obviously ameliomte maphology index of HIBD
mts. Through regulating ratie of TIMP-1 and MMP—%, TP can maintsin the integrity of blood
brain barrier to relieve the occurvence of brain damage.

1. Introdoction

Cerebral neurcnal spoptosis was the main pathological
change during the course of the disease, which can lead to
permanent neurological damage or death in newborns. With

Neonatal hypoxic—ischemic brain damage HIBD) is caused
by various factors of the neonatal hypoxia and asphyxia
in the perinatal period, which is common in cliniel1-3]. It
is reported that about 4 million newborns die sach year
worldwide, among which 23% death is caused by asphyxial4).
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the advance of medical tachnology, gratifying achievements
were made in neonatal asphyxia recovery technology in
clinic, but there is no significant improvement in HIBD
prognosis, The main resson of tardive cerebral nsuronal
apoptosis caused by hypoxia—ischemia is nerve cell
apoptosis. In the early period, nerve injury can be reduced
if patients receive interventionsl treatment timely and
effectively and cascade reaction of nerve cell apoptosis is
blockedis.
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Granulocyte colony stimulating factor (G—CSF), produced
by macrophage and fibrohlast, can stimulate proliferation
and differentintion in marmow neutrophil precursar cellsisl,
It is confirmed by an animal experiment that in HIBD
tat’s model, after treatment with G~C5F, it can promote
the regeneration of neurons in brain damage area of
HIBD rats and increase the nerve cell numbers. Hence,
it is speculated that G—CSF is protective for HIBD rat's
perve, Thrombopojetin (TPO), which is the hematopoietic
growth factor zecreted by liver, can promate hematopoietic
stem cell to the differentiation of eolony—forming unit—
megakaryocyte and stimulaie maturity of megakaryocyte
and release of plateletal?], It has been confirmed that TPO
can improve sensorimotor function of post—HIBD and
reduce brain damagel¥L The present study aime to discuss
the protective effect and mechaniam of G—-CSF and TPQ for
nerve of neonatal HIBD rats. Neonatal SD rats were selected
to prepare for HIBD model. G—CS and recombinant human
thromohopaietin (thTPO) were injected ta ohserve the nerve
protective effect of HIBD rats.

2. Materials and methods

2.1, Experimental animal

A total of 60 SD rais of clean grade of both sexes,
aged 7 days old, weighing (14,.24-2.5) g were selected
and purchased from Medical Experimental Animal
Center of Guangdong Province. Experimental rats
were fed with food and water ad libitum by Class
I breeding. Experimental proceas on animala was
strictly followed aecording to regulations of Guide for
the Care of Laboratory Animals implemented in 2006,

2.2, Instruments and reogenss

Systematic microscope BX40-12J02 (Olympus, Japan),
CY-12C Oxygen Concentration Tester (Jiande Meicheng
Electruchemical Analysis Instrument Plant), and BI-2000
Medical Image Analysis System (Westernization Instrument
Technology Co., Ltd} were uzed. Sevoflurane (inhaled)
(Jiangsu Hengrul Medicine Co. Lid.), TPO injection {Drug
approved by $20010062, Kirin Kunpeng Bio—pharmaceutical
Co, Ltd), G-CSF injection (Drug approved by S20050048,
Shenyang Sunshine Pharmaceutical Co.,Lid.) were used in
the present atudy. Hematoxylin and Eosin staining kit, DAB
chromnogenie reagent kit, HistostainTM—Plus Kits and white
blood cells diluente were provided by Nanjing Jiancheng
Bioengineering Institute.
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2.3, Modeling approach

HIBD model was prepared by ligation of left commeon
carotid artery combined with hypoxia methodD),
Experimental animals were anesthetized by sevoflurane
inhalation and fized in supine position. After regular
disinfection, a longitudinal incigion was cit in 2 mm ta the
left of centre of neck. The tissue wan isolated and common
carotid artery was exposed. The left carotid artery was
ligated by aseptic ligature. After 2 h of recovery of cloged
incision, animale were put in homemade seal box, and
mixed gas including 8% 0, and 92% N, was furnished for
2 h (1,5-2.5 Limin), After modeling of 30 min, brain damage
symptoms including disequilibrium, polypuea, dystenia,
accidie and drowsiness were found in experimental animals.
After recxygenation, behavior of rats was rotated to ligation
side. That modeling was considered as successful.

2.4, Animal groups

A total of 60 SD rats were divided indo 4 groups, with 15
in each group. Group A served as control group in which
rats ubderwent only free left common earotid artery without
ligation and hypoxia operation. Rats of Groups B—D were
prepared for HIBD model by ligation of left common earotid
artery combined with hypoxia method. After HIBD model
preparation, Group B was administrated with aubcutaneous
injection of normal saline for placeha treatment; Group C
waz administrated with cervical subcutaneous injection
of 0.5 gl g G—LSF for 5 d (Once a day); Group D was
administrated with intraperitoneal injection of 15 U/10 g
thTPO for treatment.

2.5, Observation of experiment

After modeling for 7, 14 and 21 d, 5 rots were sacrificed
in each group, respeectively. Brain quality damage (%)
conditions of rats in each group were compared after
modeling for 7, 14 and 21 d, and cerebral hiatopathological
changes of rats in each group were chaerved on Day 21
madeling. Expression of nestin in rats of each group was
detected by immunohistochemical method.

2.5.1. Histological observation

Experimental animals were anesthetized by aevoflurane
inhalation, and then thoracotemy was done to expose
heart. After cutting bilateral jugular vein, normal saline
wos infused to ventriculus sinister. When lung became
white and effluent from broken ends of jugular vein, brain
tissue was taken to wash with distilled water, dried and
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placed in 4% paraformaldehyde for fixation at 4 T for 48 h,
After conventional gradient ethanel dehydration, xylene
transparent, and paraffin embedding (4 ¢ m), brain tisane
was aliced to coronary shape and stained with HE staining.
The histelogical changes wete observed under microscope.

2.5.2. Nestin detection

Tissue slice wos dehydrated by conventional gradient
ethanol dehydration, washed with distilled water for three
times, and placed in 3% H,0, for 10 min at room temperature.
Aftetr thet, the slice was washed with distilled water for three
timea and placed in 0.01 M sodium ciirate buffer (pH 6.0)
with oven heating for 1020 min. After kept for 20 min, it
was wanhed with PBS for three times, and then normal goat
serum was added to sealing for 20 min at room temperature,
after which raffinate was removed. A total of 50 ¢ L of nestin
antibodies were added for dilution, incubated for 2 h at room
temperature, and washed with PBS for three times. Then 50 1L
of hiotinylated accondary antibodies were added and
ineubated in an incubator of 37 °C, and then washed with
PBS for three times. The color development waa performed
DAB solution. After ataining, 5 views were selected randomly
to ahoot under the 40X objective lens, which was counted by
Tmage Analysis Sofiware. The average number of unit area of
nestin peaitive cells in each group was caleulated.

2.6. Siatistics analysis

Daty were analyzed by SESS 13.0 statistical software and
expressed as (mean+sd). 5S—N-K tests (Student—Newman—
Keuls, q test) were used to compare with the data ameng
groups. P<0O5 was considered ns statistically significantly
different.

3. Results

3.1. Comparison of brain quolity damage (%) in different

After modeling for 7, 14 and 21 4, brain quality damages
(%) of Groups B, C and D were significant higher than that of
in Group A (P<0.05), while brain quality damage (%) degree
of Group B was the highest in different time points, followsd
by Groups D and C, respectively. It was significant different
compared among groups (P<0.05) (Table 1).

3.2. Hisiopathological changes of brain tissues in each group
after modeling for 21 d

The microacopic displayed that in Group A, neurogliocyte
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and nerve cell of cercbral cortex were in alignment with
normal morphology. Cell nuelsus of nerve cell was in centre,
with abundant cyioplasm and large counts, and there was
no lack of nerve cell In Group B, cerebral cortical neuron of
damage side was in disordered amrangement, and nerve cell
was shrinking obviously with digsclution of cell body. Axia
and dendrite could not be recopnized under microscope, and
aome were of nuclear eracking phenomencn. In tats of Group
C, nerve cell was basically regularly smmanged and survival
numbers were increased. The typical structures such as axis
and dendrite could be recognized. The damage of Group C
was ohvicusly lower than Group B. The ohaerved result of
Group D under the microscope was similar with Group €, but
the damage degree was lowet than Group B Figure 1),

Table 1

Comparizson of the treatment of brain quality damage (%) in dilferent
time points,

Groups Td 14 21d

Group A 0344 0.06 0.1840.05 0.1540.05
Group B 17.49+6.20° 42.1943.12° 548342547
Group C 1095+1.57°  2528+3.12° 30.28+3.71°

Group D 14.174+1.90"" 33554+ 4.62°% 48814507

Note: compared with Group A, "P<0.05; compared with Group B,
*P<0.05; compared with Group €, © P<0.05.

Group A Group B

Goronp G

Group I

Figore 1. Histopathological changes of eerebral cwtex in rats of each
group on Day 21 modeling.

3.3. Comparison of nestin cell population in different time
poinis
After modeling for 7, 14 and 21 d, nestin positive cell

populations in Groups B, C, snd D were significant higher
than Group A (P<0.95). Nestin cell populations of Group C in
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different time peints were significant higher than Groups B
and D (P<0.035), There was no significant difference in nestin
positive cell populations in the above time points between

Groups B and D (P>0.05) (Tahle 2),

Table 2

l.'ulnp;u'i.-mll of neatin |JIJ?‘-j[i\I' cell pupllle][iull.- after I]lmli-“Jlg for 7,
14 and 21 d.

Group 7d 14 d 21d
Group A 57.49L7.05 69.16+ 16.89 41.16+11.49
Group B 7832+ 11.85 113.82+29.51 713241915
Group C  110.6+13.00" 154.16+19.75" 10649+ 11.81"
Group D 87.99412.24° 07.324+23.74 82.82+21.69
Note: Compared with Group A, "P<0.05: Compared with Groups B
and C, “P<0.05.

3.4. Nesiin expression in different time poinis

The microacopic observation showed that nestin positive
protein was mainly lacated in axon, cytoplasm and dendrite
of nerve cell, and was largely expressed in hippocampus
and cerebral tissue where the expression was elaybank.
In Giroup A, only a few nestin protein positive expreasions
were in eerebral cortex and hippocampus with little change
of counts in different time points. After modeling of Groups
B-D for 7 d, little nestin positive protein expression conld be
seen in cytoplasm, axon and dendrite of nerve cell. On Day
14, nestin positive protein expreasion was slightly increased
than that of on Day 7, while on Day 21 it was decreaced
compared with that on Day 7 (Figure 2).
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Fipure 2. Nestin expreseion in different time points.

4, Digcuagion

Neonaial HIBD is ofien caused by asphyxia in the perinatal
period, which can create permanent damage of nervoua
aystem in newbarns, and aevere case can lead to death in
children. The pathegenesis ia a multistage pathological
process with main manifestation of neuronal apoprosis which
in caused by anoaia and ischemia of brain cello), Ligntion of
arteria caris communis combined with hypoxia method is
8 common used way for model preparation in HIBD research.
Since blood supply aystem in rat’s hrain is aimilar with that
of in human'sa that eirele of Willis was formed by vertehral
artery and internal carotid, Henee, & certain degree of anoxig
should be combined in the process of model preparation so
that brain ligation side can form HIBD. In the present study,
HIBD rat model was prepared succeasfully to eonfirm that
this method can prepare for HIBD rat model rapidly and
effestively.

TP0, which ig secreted by liver, is a hematopoietic growth
factor, The animal experiment found that TPO receptors were
existed in cerebral hemisphere, cerebellum and neural stem
cell of mice which indicated that there were a large number
of TPO receptors in eentral nervous systemilll. Ancther study
confirmed that TPO could promote the growth of €17.2 cell
and activate PI3—K/AKT signal path to reduce the nerve
cell apoplosis, Nestin is an antigen sign of undifferentinted
pluripotent neural stem cells, which can up—regulate nestin
expression by proliferation activity of the nervous system
under the stress of brain damage. Nestin positive counts can
reflect the change of precursor eell of rat brain nervell2l.
In this sudy, after modeling of 7, 14 and 21 d, nestin cell
populations in Groups B—D were all higher than that of in
Group A (P<0.05), which showed that Hypoxia—ischemin
stimulation could cause the up-regulation of nestin
expression. Nestin cell populations in Group € in different
time points were higher than Groups B and D (P<0.05),
which suggested that the role of TPQ in protecting nerve was
probably different from G—CSF. The results indicated that
brain quality damage (%) of mats in Group D is significant
lower than Group B, and histopathological obaervation
showed that damage of brain tissue was significant lower
than Group B, which was similar to Group C. This confirma
that TPQ can relieve HIBD, which is in agreement with
Litersturel13]. Through regulating ratio of TIMP-1 ard] MMP-9,
TPQ can maintain the integrity of blood brain barrier to
avoid the oecurrence of secondary brain edema and brain
damagel11]. It was confirmed that after G—C5F injection,
CD34" bone marrow stem cell can migrate to the diseased
region of nervous system through BBB and differentiate into
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gitter cell and nerve celll4l Besides, G—CSF can regulate
and control the apoptosis gene in the cell micleus to make
an effect on the apoptosis procese of nerve cell and play a
role of anti—apoptosis. Another study reported that G—CSF
can significantly ameliorate the nervous system function of
HIBD children(15l. In this atudy, the hrain damage degree
of Group C was lower than Group B in different time points,
and the brain quality damage (%) was also less then Group
B {P<0.05), which indicated that G—CSF had a significant
protective effect on the nervous system of HIBD neonatal
tats. Histological ohservation showed that HIBD neonatal
tats treated by G—CSF, nerve cells were hagically regularly
arranged and survival numbers were increased, the typical
structures such ns azis and dendtite could be recopnized,
and the damage wae significantly reduced, which indicated
that G—CSF had the effects of repairing morphology of brain
tissue and inhibiting neuronal apoptosis. After modeling
in different time point, nestin ecll population of rats in
Group C was significantly higher than Group D (P<0.05),
The reason for this may be that after anonia and ischemia
of brain tissue, the stimulation of local inflammation and
blood—-brain barrier damage promoted bone marrow stem
cell to migrate to brain damage lesions and differentiate into
astmeyte and nerve eell a0 a8 to promote the restoration of
the injury of cerebral ischemia, which showed that G—CSF is
a CVNEF that hos a good application progpect,

The resulte of this study showed that both G—CSF and
TPO have a proteciive role on the nervous system of
HIBD neonatal rats. G—CSF can promote proliferation and
differentiation of neural precursor cells ao as to reduce the
degeneration and necrogis of nerve cell. TPQ can abviously
ameliornte the morpholegy index of IOBD rats. Through
regulating mmtio of TIMP-1 and MMP-%, TPO can maintain
the integrity of blood brain barrier io relieve the occurrence
of brain damage.
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