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An in vivo study of hypoxia-inducible factor-10; signaling in
ginsenoside Rg1-mediated brain repair after hypoxia/ischemia

brain injury

Binzhi Tang'?, Dejian Wang?, Maojun Li'%Qing Wu'? Qian Yang'? Wei Shi'? and Changhui Chen'?

BACKGROUND: Hypoxia/ischemia (HI) brain injury is a com-
mon central nervous system insult in newborns. Studies have
demonstrated bioactivity of ginsenoside Rgl in increasing
neural viability and promoting angiogenesis. However, there
are few reports on roles of Rg1 in brain repair of neonatal Hi,
and the mechanisms involved are unclear.

METHODS: a neonatal HI model was established by a modi-
fied Rice-Vannucci model (RVM) and pups received ginsenoside
Rgl or monosialotetrahexosyl ganglioside (GM1) treatment.
Neurological function and pathologic damage of rats were
evaluated. Cellular apoptosis was detected with Terminal deoxy-
nucleotidy! transferase dUTP nick end labeling (TUNEL) assay.
Immunohistochemistry for von willebrand factor (vwf) was used
to label micro vessels. Expression levels of hypoxia-inducible
factor-Tar (HIF-1ov, vascular endothelial growth factor (VEGF),
and cleaved caspase 3 (CC3) were detected by western blot.
RESULTS: Both Rg1 and GM1 reduced neurological impair-
ment and pathologic damage after HI by enhancing neural
survival. Rg1, but not GM1, could also facilitate angiogenesis
after HI. These pharmacological effects of Rg1 may be attrib-
uted to regulation of expression level of VEGF and CC3 and HIF-
Tau signaling pathway was involved.

CONCLUSION: Rg1 plays a neuroprotective role in brain
repair following neonatal HI, and HIF-1a'is a potential target for
therapeutic intervention in neonates with HI brain injury.

ypoxia-ischemia (HI) brain injury is one of the major

perinatal causes of neurological dysfunctions in new-
borns. A series of investigations indicated that brain repair
following HI was associated with enhanced cell survival and
angiogenesis in and around the injured regions (1,2). In recent
years, many beneficial effects of Rgl, one of the major active
ingredients of Ginseng (a traditional Chinese herb), on the
nervous and cardiovascular systems have been reported (3,4).
Both in vivo (5) and in vitro (6) experiments revealed that neu-
ronal cell apoptosis induced by HI stress could be reversed by
Rgl, further studies suggested that mechanisms underlying

antiapoptotic effect of Rgl involved inhibiting the mitochon-
drial apoptotic pathway, activation of neurotrophic factors,
and inactivation of proapoptotic proteins such as caspase-3
(refs. (7,8)). Besides, researches have demonstrated Rg1 exerts
angiogenic effects in a vascular endothelial growth factor
(VEGF)-dependent manner (9,10). However, the signal trans-
duction pathways through which Rgl modifies expression or
activity of such factors are not clearly understood.

We have previously demonstrated hypoxia-inducible factor-
lo. (HIF-1av), the regulatory subunit of HIF-1, is a nuclear
factor that modulates many HI-related processes including
energy metabolism, vasculogenesis, apoptosis, and migra-
tion, by controlling transcription of its downstream factors
such as VEGF (7,10-14). On the basis of these findings, we
hypothesized that in neonatal HI brain injury, ginsenoside Rg1
mediates activation and strengthen of HIF-10i, which may be
beneficial for neuroprotection after HI. To test this hypothesis,
we set up a neonatal HI model using postnatal day 10 rats by
a modified Rice-Vannucci model (RVM). We examined effects
of Rgl on neuronal apoptosis and angiogenesis after HI and
compared with those of monosialotetrahexosyl ganglioside
(GM1), a medicine used clinically in many neurological dis-
eases including neonatal HI brain injury, and investigated
expression variations of HIF-1ow and its downstream factors
related to apoptosis and angiogenesis such as CC3 and VEGF
after HI with or without Rgl treatment.

RESULTS

Rg1 Reduced Neurological Impairment and Pathologic Damage
After Hl and Had No Neurotoxicity in Developing Rat Brain
Longa scoring was used to evaluate neuroethology of neonatal
Sprague-Dawley (SD) rats as shown in Figure 1. Abnormality
of neural functions, including activity suppression, movement
disorder on the right side became manifest after HI (P < 0.05 at
4,24,72hand 7 d) (Figure 1a,b) (data of 4 and 24 h not shown),
and a relief of neurological impairment was observed in both
Rgl- (P < 0.05 at 72h and 7 d; Figure 1a,b) and GM1-treated
group (P < 0.05 at 7 d; Figure 1b). There was no significant
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Figure 1. Comparison of neuroethology evaluated by Longa scoring (n = 9 for each time point at each group). Significant increase of neurological
impairment was observed in animals subjected to HI at both 72 h (a) and 7 d (b) after HI (*P < 0.05 compared with sham control). Intraperitoneal injection
of Rg1 (40 mg/kg) significantly reduced neural dysfunctions at both 72h (a) and 7 d (b) while GM1 (40 mg/kg) showed its neuroprotective effect at 7 d

(b) after neonatal HI (+P < 0.05 compared with HI group). A notable recovery of neuroethology was found at 7 d after brain Hl insult in either Rg1 or GM1

treated pups (P > 0.05 compared with sham control).

difference between Rgl- and GM1-treated group (P > 0.05 at
4,24,72h and 7 d) (4 and 24 h, data not shown).

Seventy-two hours after HI, gross specimens of the right
hemisphere in sham group showed no obvious pathologic
changes (Figure 2a). In contrast, a cortical infarction with
geographic borders could be clearly seen in pups in HI group
(black arrow, Figure 2b) while minor changes such as edema
or hyperemia appeared in pups received Rgl (Figure 2c) or
GM1 treatment (Figure 2d).

HE staining revealed evidence of neuronal damage such
as disordered arrangement of neurons and neural edema in
the cortex and hippocampus at 72h after HI (black arrow,
Figure 2f), while there was no obvious damage in sham con-
trols (Figure 2e). Less severe pathologic changes caused by HI
exposure were observed in both Rgl group (Figure 2g) and
GM1 group (Figure 2h). Similarly, 72h after HI, there were
only a few apoptotic cells in the sham controls (Figure 2i),
meanwhile significantly more apoptotic ones in the HI brains
(black arrow, Figure 2j), apoptotic cells were drastically
decreased by Rgl (black arrow, Figure 2k) and moderately
decreased by GM1 (black arrow, Figure 21) as demonstrated
by TUNEL labeling. Neuronal apoptotic index (AI) at different
time point after HI was demonstrated in Figure 2m. Sham-
operated rats received continuous intraperitoneal injection
of Rgl or GM1 for 7 d were also included to explore adverse
effects of drugs on neuronal viability in the immature brain.
Al of sham (3.03+0.74%), sham+Rgl (2.96+0.80%), and
sham+GM1 (2.94+0.73%) measured by TUNEL labeling were
all at a low level after 7 d of drug administration, and there
were no significant differences between these three groups
(P > 0.05, figure not shown).

Rg1 Facilitated Angiogenesis After HI

To investigate the effects of Rgl and GM1 on angiogenesis
in neonatal rats’ brain following HI, we used immunobhisto-
chemistry (IHC) for von willebrand factor (vwf) to label micro
vessels (black arrows, Figure 3a-d). IHC staining showed

Copyright © 2017 International Pediatric Research Foundation, Inc.

the number of vwf-positive cells at 72h (24.000+3.847) and
7 d (25.000+4.050) in HI group was significantly increased
compared to that in sham group (19.000+2.608 at 72h and
19.833+3.060 at 7 d respectively, P < 0.05), and the number
of vwf-positive cells at 7 d in Rgl group (30.167 £5.115) was
significantly increased compared to that in HI group at the
same time point (25.000+4.050, P < 0.05). However, results
from our study suggested angiogenetic effect of GM1 was infe-
rior to that of Rgl. There was no significant difference between
HI+GM1 group and HI group (Figure 3e).

Rg1 Strengthened Hl Induced HIF-1a Signaling
To investigate the mechanism of Rgl-mediated neuroprotec-
tion following HI, we collected the right brain tissues from
pups received Rgl or normal saline (NS) treatment at differ-
ent time points after HI for [HC (Figure 4) and western blot
analysis (Figure 5). Distribution and localization of HIF-1ot in
P10 rat brains were determined by IHC. We found that expres-
sion of HIF-1o was mainly distributed in the ischemic cortex
and hippocampus, and HIF-1o. protein was mainly located
in the nucleus and cytoplasm of neurocytes by IHC staining
(Figure 4-c), a similar distribution of expression was also
found in VEGF (Figure 4d-f) and CC3(Figure 4-i). Therefore
in this study, ischemic cortex and hippocampus of right hemi-
sphere were selected for observation of HE staining, IHC stain-
ing, TUNEL labeling, and subsequent western blot analysis.
To quantify HIF-1a, VEGE and CC3 expression, we mea-
sured HIF-la, VEGE and CC3 protein expression using
western blot analysis. As demonstrated in Figure 5, we found
that one band of 110kDa, corresponding to HIF-1a. protein
(Figure 5a) was obviously induced at 4h (0.207+0.022), 24h
(0.196+0.025), and 72h (0.180+0.020) after HI, compared to
sham controls (0.115+0.019, P < 0.05), and then declined at 7 d
(0.140+0.018, P > 0.05). Compared with that of HI group, the
expression of HIF-1otin HI+Rg1 group was further upregulated
and maintained a high level for a longer time (0.396 +0.049 at
4h,0.357+0.043 at 24 h, 0.339+0.040 at 72h, and 0.276 £0.036
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Figure 2. Pathologic changes and neuronal apoptosis at 72 h after HI
detected by HE (e-h) or TUNEL (i-l). At 72 h following HlI, (a) gross speci-
mens of the right hemisphere in sham controls showed a normal appear-
ance, (b) meanwhile a cortical infarction appeared in HI group (black
arrow) and no obvious infarction could be observed in pups received Rg1
(c) or GM1 (d) treatment. (e) Neural cells with normal morphology and
regular arrangement were seen in in sham controls, (f) while disordered
arrangement of neurons and neural edema at 72 h after HI was revealed
by HE (black arrow), meanwhile a mild disordered arrangement of neurons
or neural edema was observed in pups received Rg1 (g) or GM1 (h). (i-1)
Three fields in the cortex and hippocampus of each slice were randomly
selected at x400 magnifications for cell count. As revealed by TUNEL,
apoptotic ones were characterized by yellow or brown particles confined
within the nucleus (black arrows). (i) There were only a few apoptotic cells
in sham group and (j) rose significantly at 72 h after neonatal HI, and were
reduced by of Rg1 (k) or GM1 (I). (m) Neuronal apoptotic index (Al) was
significantly increased at 4 h (2.8-folds), 24 h (4.7-folds), 72 h (3.3-folds),
and 7 d (2.3-folds) after H when compared with sham controls. Al in
HI+Rg1 group was significantly lower at 24 h, 72 h, and 7 d after HI (HI +
Rg1) when compared with that in HI group, with decreasing rate of 42.1%
at 24 h,63.1% at 72 h, and 54.8% at 7 d respectively. A similar decreased Al
level was also observed in GM1-treated (HI + GM1) group, that was 37.6%
lower than that in HI group at 24 h, 49.3% lower at 72 h, and 41.2% lower
at 7 d after HI. At 72 h and 7 d after HI, there was no significant difference
between neuronal Alin HI + Rg1 group (4.8% at 72 h and 4.4% at 7 d) and
that in sham controls (3.1% at 72 h and 3.0% at 7 d). However neuronal Al
in HI + GM1 group (6.6% at 72 h and 5.8% at 7 d) was still distinctive from
that in sham controls. Histogram: blue fill = sham, red fill = HI, green fill =
HI + Rg1, violet fill = HI + GM1. *P < 0.05 compared with sham control;

1P < 0.05 compared with HI group. n = 6 for each time point at each group.
Scale bar 20 um.
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Figure 3. Angiogenetic effects of different treatment detected by immu-
nohistochemistry for von willebrand factor (vwf). (a-d) Three fields in and
around the cortex and hippocampus of each slice were chosen randomly
at X100 magnifications to count vwf-positive cells. The micro vessels were
characterized by yellow or brown vwf-positive cells circled around (black
arrows). Seven days after Hl, (a) there were a few micro vessels in sham
controls and (b) more micro vessels formed in HI group. (c) Hl-induced
angiogenesis was further improved by Rg1, (d) meanwhile GM1 showed
no significant angiogenetic effect. (e) The number of vwf-positive cells
rose significantly at 72 h (1.27-folds) and 7 d (1.26-folds) after HI compared
with sham controls. At 7 d, a significant increasing (1.22-folds) of micro
vessels was observed in right hemisphere of rats received intraperitoneal
injection of Rg1 (HI + Rg1) compared with those received NS injection (HI).
However, there was no significant difference between number of
vwf-positive cells in HI + GM1 group and that in HI group at any time
point. Histogram: blue fill = sham, red fill = HI, green fill = HI + Rg1, violet
fill = HI + GM1. *P < 0.05 compared with sham control; P < 0.05 compared
with HI group. n = 6 for each time point at each group. Scale bar 100 um.

at 7 d respectively, P < 0.05) (Figure 5b). Meanwhile, one band
of 42kDa, corresponding to VEGF protein (Figure 5a), demon-
strated a similar expression trend, which was obviously induced
by HI stress at 4h (0.658 +0.079), 24h (0.684+0.070), and 72h
(0.503+0.079) compared to sham controls (0.393+0.054,
P <0.05) and then declined at 7 d (0.463+0.076). Similar

Copyright © 2017 International Pediatric Research Foundation, Inc.
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Figure 4. Observation of in situ expression of HIF-10, VEGF, and CC3 by
immunohistochemistry (IHC) staining. Specimens from three different
groups (sham, HIl and HI+Rg1 group) at 72 h after HI were taken for IHC
examples. Three fields in the cortex and hippocampus of each slice were
chosen randomly at x400 magnifications. (a-c) HIF-1o. protein was charac-
terized by yellow or brown particles located in the nucleus and cytoplasm
of neurocytes (black arrows). (d-f) VEGF protein was characterized by
yellow or brown particles located in the cytoplasm of neurocytes (black
arrows). (g-i) CC3 protein was characterized by yellow or brown particles
located in the nucleus of neurocytes (black arrows). It could be roughly
seen from IHC staining that (a) expression of HIF-1¢, (d) VEGF and (g) CC3
were all at a low level in sham group. (b) HIF-1¢, (e) VEGF and (h) CC3 were
all induced by Hl stress, and (c) expression of HIF-1c. and (f) VEGF were
further raised by Rg1. (i) In contrast, expression of CC3 was decreased by
Rg1 treatment. Scale bar 20 pm.

to HIF-1o, VEGF protein expression was also significantly
enhanced by Rgl (0.707+0.089 at 4h, 0.824+0.104 at 24h,
0.788+0.102at72h,and0.728 +0.080at7 drespectively, P<0.05),
compare to that in HI group (Figure 5c). However, two bands
of 17 and19kDa, corresponding to CC3 protein (Figure 5a),
which were also upregulated after HI (0.480+0.066 at 4h,
0.521+0.095 at 24h, 0.466+0.050 at 72h, and 0.328+0.037
at 7 d, respectively) compared to sham controls (0.105+0.019,
P < 0.05), showed a distinct variation of expression from that
of HIF-10/VEGE HI-stimulated CC3 expression was signifi-
cantly downregulated by Rgl (0.332+£0.044 at 4h, 0.207 £0.032
at 24h, 0.163+0.029 at 72h, and 0.136+0.021 at 7 d respec-
tively, P < 0.05) (Figure 5d).

DISCUSSION

Ginseng, the root and rhizome of Panax ginseng C A Meyer
(a Chinese herb), has been used as a tonic remedy in Chinese
traditional medicine for over 2,000 y. In recent years, many
beneficial effects of Rgl, one of the major active ingredients
of ginseng, on the nervous and cardiovascular systems have
been reported, including increasing neuronal cell viability
(15) and promotion of angiogenesis (16). However, there
were few researches to determine pharmacological effects
of Rgl on the central nervous system (CNS) in neonatal HI
brain injury and the signaling involved.

Copyright © 2017 International Pediatric Research Foundation, Inc.

In this study, we used a modified RVM to establish an animal
HI model in the P10 SD rats. Characteristics of HI insult, such
as abnormality of neural function evaluated by Longa scoring
(17), cortical infarction, pathologic changes like neural edema,
increased neuronal apoptosis, were observed after surgery,
suggesting a successful animal model mimicking term human
neonates with HI brain injury.

In both in vitro (6) and in vivo (3,7,18) studies, Rgl has been
shown to protect neurons from HI injury. In this research,
we studied the neuroprotection of Rgl in neonatal HI brain
injury by comparing with GM1, because both Rgl and GM1
were regarded as neurotrophic factors and mechanisms under-
lying neuroprotective effects of GM1 may be associated with
its antioxidant activities, its ability to modulate neuroplasti-
city, its potential in promoting neurogenesis, or inhibition of
neuronal death (19,20), which were similar to those of Rgl
(12). We found that neurological impairment and pathologic
damage became manifest after neonatal HI and these manifes-
tations were largely attenuated by both Rgl and GM1. Using
TUNEL labeling, we found neuronal apoptosis rose signifi-
cantly after neonatal HI, and this apoptotic effect induced
by HI could be reduced by both Rgl and GM1. These results
suggested a neuroprotective role of both Rgl and GM1 fol-
lowing HI, by protecting against HI-induced neuronal apop-
tosis. Besides, no obvious increasing of cell death was found
in sham-operated pups subjected to 7 d of Rgl administration,
suggesting its safety in clinical use.

Regeneration and functional recovery of new blood vessels
are vital for brain repair after neonatal HI. Von willebrand fac-
tor (vwf) has been well recognized and acknowledged as a spe-
cific and sensitive marker for endothelial cells of blood vessels
(21), thus in this study we used THC for vwf to label micro ves-
sels in rats’ brain. Results showed Rg1, but not GMI, facilitated
angiogenesis after neonatal HI, suggesting multi-potential and
advantages of Rgl in protecting neonatal CNS against HI.

HIF-10: has been realized to be involved in modulating many
pathologic processes related to HI insults, including HI brain
injury, by regulating transcription of crucial genes involved
in cell viability and vasculogenesis (13), which are also regu-
lated by Rg1 (7,10,12). Thus, HIF-1at and its related signaling
are likely to be involved in Rgl mediated anti-apoptosis and
angiogenesis effects after neonatal HI brain injury.

Increase of mitochondrial membrane permeability during
HI activates caspase-3 to form cleaved caspase-3 (CC3), which
triggers DNA damage and neuronal cell apoptosis. Previous
investigations have suggested a negative correlation between
HIF-1a. and CC3 expression in a HI brain injury model of
neonatal rats (7,22). Additionally, increasing evidence shows
that besides angiogenesis, VEGF contributes to brain protec-
tion by inhibiting activation of CC3 (23) and thus enhancing
survival and reducing cell apoptosis of vascular endothelial
cells, as well as neurons (23-26). We therefore explored the
effects of Rgl on HIF-10, VEGF and CC3 expression to find
out how Rgl regulates neuronal apoptosis following neonatal
HI. In agreement with previous reports (7,10,22), expression of
HIF-10, VEGF and CC3 were all upregulated after HI. Western
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Figure 5. Western blot quantitative analysis of HIF-1a, VEGF, and CC3 protein expression (a) and integrated density values were shown in b-d. (a) Western
blot was conducted using cortex and hippocampus tissues of right brain to examine HIF-1c, VEGF, and CC3 protein expression in sham controls and at 4 h,
24h,72h,and 7 d after Hl in rats received NS or Rg1treatment. (b) After normalization with B-actin, we found that HIF-10. expression was induced after Hl
(approximately a 1.80-fold at 4 h, a 1.70-fold at 24 h and a 1.56-fold at 72 h, compared with sham controls, P < 0.05) and restored to a low level similar to sham
at 7 d (approximately a 1.21-fold, P > 0.05). Rats received Rg1 showed a higher and longer-lasting expression of HIF-1c than that received only Hl treatment
at each time point (approximately a 1.92-fold at 4 h, a 1.82-fold at 24 h, a 1.89-fold at 72h and a 1.98-fold at 7 d after HI, P < 0.05). (c) Analogue to HIF-1c,
compared to sham controls, VEGF was also obviously induced after HI (approximately a 1.67-fold at 4 h, a 1.74-fold at 24 h and a 1.28-fold at 72 h, P < 0.05),
and then declined at 7 d (approximately a 1.18-fold, P > 0.05), and Rg1 facilitated maintenance of a higher expression level of VEGF (approximately a 1.21-fold
at24h, a 1.56-fold at 72h and a 1.57-fold at 7 d, compared with rats received only Hl treatment, P < 0.05). (d) Meanwhile, we found obvious activation of cas-
pase-3 protein (in form of CC3) after HI stress (approximately a 4.60-fold at 4 h, a 4.98-fold at 24 h, a 4.45-fold at 72 h and a 3.13-fold at 7 d after HI, compared

with sham controls, P < 0.05), the expression level of CC3 that received Rg1 was significantly lower than that received NS at 4 h (31.8% lower), 24 h (60.2%
lower), 72 h (65.0% lower), and 7 d (58.5% lower) after HI. Histograms: white fill = sham, spots fill = HI, black fill = HI + Rg1. *P < 0.05 compared with sham
control; TP < 0.05 compared with HI group at the same time. n = 6 for each time point at each group.

blot showed CC3 expression was consistent with neuronal Al
detected by TUNEL: it was low in sham controls, upregulated
after HI, and decreased after intervention with Rgl. In contrast,
HI-stimulated HIF-1o. and VEGF expressions were stronger
and maintained a high expression level for a longer time in
Rgl-treated pups than those in NS-treated ones. These find-
ings suggested that antiapoptotic effect of Rgl may be related to
HIF-1o-mediated inactivation of caspase-3 and transcriptional
activation of VEGE an important neuroprotective factor.

It is well known that HIF-1o is induced following tissue
hypoxia/ischemia and then promotes transcription of VEGE
which is crucial for neo-vascularization (12,13).Early studies
have suggested that Rgl is a potent stimulator of VEGF and
exerts angiogenic effects in vitro (9,27) and in vivo (10,28). In
present study, we also found Rg1 promoted in vivo vasculogen-
esis following HI and HIF-10//VEGF expression was increased
in this process, furthermore it should be noticed that HIF-
la expression peaked at 4h, earlier than that seen in VEGF
expression (which peaked at 24h following HI), suggesting
the involvement of HIF-10/ VEGF signaling cascade. All these
findings provide evidence that the Rgl-associated angiogen-
esis in brain repair after HI may be HIF-10/VEGF-dependent.
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In summary, we found in present study that compare to
GM1, Rgl showed multiple beneficial potential in antiapop-
tosis and angiogenesis in brain repair following neonatal HI.
HIF-10/VEGEF is plausibly neural-protective and may repre-
sent an endogenous adaptive response of the developing rat
brain to HI. HIF-1a, VEGF and CC3 signaling cascade may
represent a critical component in neuronal survival and angio-
genesis, and further investigations using inhibitors of HIF-1c
and VEGF are needed to directly clarify this signaling cascade.
Rgl could facilitate the inhibition of caspase-3 activation and
subsequent neuronal apoptosis, as well as neo-vascularization
by strengthening HIF-10//VEGF signaling pathway. In view of
the above findings, it was proposed the therapeutic properties
of Rgl in neonates with HI brain injury.

METHODS

Neonatal HI Brain Injury Rat Model and Drug Administration

All animal researches were approved by the Sichuan Academy of
Medical Sciences Committee on Animal Research. SD rats 10 d after
birth (P10) weighing 17-21 g, without gender selection, were used in
this study. Rat pups were assigned to four different groups that sub-
jected to four different treatments: HI group (n = 27): an HI model
was established with a modified RVM as previously described (22):
each pup was anesthetized with ethyl ether, the right common carotid

Copyright © 2017 International Pediatric Research Foundation, Inc.
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artery was separated and permanently ligated with surgical silk
through a midline cervical incision. After recovering with the dam for
0.5h, pups were exposed to hypoxic inhalation (8% oxygen and 92%
nitrogen) for 2.5h. A constant temperature of 37 °C was maintained
throughout the entire procedure. Sham group (n = 27): pups under-
went anesthesia and the right common carotid artery was only sepa-
rated, without ligation or subsequent hypoxic inhalation. HI+Rgl
group (n = 27): 40 mg/kg Rgl dissolved in 0.1 ml NS was intraperito-
neally injected immediately after HI and such injection was repeated
every 24 h for 7 d. HI+GM1 group (n = 27): 40 mg/kg GM1 was intra-
peritoneally injected as the same as that in Rgl group. Intraperitoneal
injection of 0.1 ml NS was performed in HI group or sham group, in
the same way as that of in Rgl and GM1 group. Behavior activity lev-
els were monitored at 4, 24, 72h and 7 d after HI, pups in sham group
served as controls. 3 groups of sham-operated rats separately treated
with NS, 40 mg/kg Rgl or 40 mg/kg GM1 every 24h for 7 d (sham,
sham+ Rgl, sham+ GM1, respectively) were also included to evaluate
toxicity of Rgl or GM1 on neuronal viability in the immature brain.

Histology and Immunohistochemistry

Paraffin-embedded sections of the right hemisphere were used for
hematoxylin and eosin (HE) histological staining and immunohisto-
chemisty, as described previously (10,22). Briefly, right cerebral hemi-
sphere was fixed with 4% paraformaldehyde and coronally cut into
5-um-thick sections, and then sections were stained with HE staining
or used for THC. For immunohistochemistry, paraffin sections were
processed for heat-based antigen retrieval and endogenous peroxidase
was inhibited with 0.3% hydrogen peroxide in methanol. Goat serum
(1:10) served as the blocking agent before incubation with rabbit anti-
HIF-1o antibody (1:50, Santa Cruz, Dallas, TX), rabbit anti-CC3 anti-
body (1:200, CST, Danvers, MA), rabbit anti-VEGF antibody (1:200,
Santa Cruz), and rabbit anti-von willebrand factor (vwf) antibody
(1:200, Millipore, Darmstadt, Germany). After incubation overnight
at 4°C, biotin-labeled secondary antibody work solution (ZSGB-BIO,
Beijing, China) was loaded, followed by freshly prepared ABC (avidin
biotin complex, ZSGB-BIO), and then 3-3’ diaminobenzidine (DAB,
KPL, Gaithersburg, MD) was used as a chromogen. Finally, sections
were counter-stained with hematoxylin.

TUNEL Labeling

Two coronally slices cut from right hemisphere of each rat were used for
examination of apoptotic cell death using an In Situ Cell Death Detection
Kit (Roche, Basel, Switzerland) according to the manufacturer’s proto-
col (7,22). Paraffin-embedded sections were used for terminal deoxy-
nucleotidyl transferase-mediated deoxyuridine triphosphate-biotin nick
end labeling (TUNEL). Sections were deparaffinized, rehydrated, and
treated with 0.3% hydrogen peroxide as described above. Sections were
incubated at 37 °C for 20 min with proteinase K (20 pg/ml) and then
incubated at 37 °C for 1h with biotinylated nucleotide and the terminal
deoxynucleotidyl transferase, recombinant (rTdT) enzyme. After the
washes, sections were incubated with converter-POD at 37 °C for 30 min
and then detected with DAB. Three fields in cortex and hippocampus of
each slice were chosen randomly at 400x magnifications to count apop-
totic cells and total cells. The apoptotic index (AI) was calculated as fol-
lows: AI = (number of apoptotic cells/total number counted) x 100%.

Western Blot Analysis

Tissue lysates were generated from the cortex and hippocampus of
right cerebral hemisphere and quantified as described previously (29).
An equal amount of protein was separated on 8% SDS polyacrylamide
gels (for HIF-1o. and VEGF) or 12% SDS polyacrylamide gels (for
CC3), transferred to PVDF membranes (Roche), and blocked in 5%
bovine serum albumin in TBS containing 0.1% Tween 20. The mem-
branes were incubated for 1h at room temperature, and then overnight
at 4 °C, with one of primary antibodies as described in IHC part: rab-
bit HIF-1ow polyclonal antibody (1:200), rabbit anti-CC3 polyclonal
antibody (1:1,000), rabbit anti-VEGF polyclonal antibody (1:1,000),
and mouse anti-B-actin monoclonal antibody (1:3,000, Sigma).
Following washes, membranes were incubated with HRP-conjugated
goat anti-rabbit IgG or goat anti-mouse secondary antibody (1:3,000,
ZSGB-BIO). The signals of bound antibodies were identified with an
enhanced chemiluminescence kit (ECL, Amersham, Pittsburgh,PA).

Copyright © 2017 International Pediatric Research Foundation, Inc.

The integrated density value of each band was assessed using a Gel-
pro image analyzer (Bio-Rad, Hercules, CA), and protein levels were
normalized to 3-actin as a loading control.

Statistical Analysis

All data are representative of at least three experiments per condi-
tion. Data are presented as mean + SD. Significances were calculated
with a one-way ANOVA and a LSD post hoc test. For comparison of
the Longa grades in the different groups the Kruskal-Wallis one-way
ANOVA on ranks and post hoc pairwise multiple comparison pro-
cedures were used. P values were calculated with the software SPSS
(IBM, Armonk, NY) and considered significant when P < 0.05.
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