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Enhanced neurogenesis in neonatal rats after
hypoxic-ischemic brain damage
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Abstract:  Objective Many studies have demonstrated that neurogenesis is enhanced after cerebral ischemia in the
adult rats. However, little is known about neurogenesis in the brain of neonatal rats after hypoxia-ischemia (HI). This
study investigated neurogenesis in neonatal rats 1 and 4 weeks after HI. Methods Twenty-four seven-day-old Wistar rats
were randomly assigned into Control group (n =8) and Experimental group (n =16). HI was induced by ligating the right
common carotid artery combined with hypoxia exposure (8% oxygen in nitrogen) in the Experimental group. In the Control
group, the right common carotid artery was isolated but not ligated and there was no exposure to hypoxia. MR imaging was
performed 24 hrs after HI to confirm the formation of infarct. Bromodeoxyuridine (BrdU) was injected intraperitonally daily
between 2-6 days after operation or HI to label newly generated cells in both groups. Neurogenesis was examined by
immunofluorescence assay 1 and 4 weeks after HI. Results Subventricular zone (SVZ) was obviously enlarged in the
ischemic hemisphere but not in the contralateral hemisphere in the Experimental group 1 or 4 weeks after HI. The number
of BrdU positive cells in the SVZ of the ischemic hemisphere in the Experimental group increased significantly compared
with that in the Control group or that in the contralateral hemisphere 1 week after HI (both P <0.05). After 4 weeks of HI
the number of BrdU positive cells in the ischemic hemisphere decreased compared with that 1 week after HI, but still
remained significantly higher than that in the Control group (P < 0. 05). The number of BrdU positive cells in the
subgranular zone (SGZ) of the ischemic hemisphere increased 1 week after HI, being significantly higher than that in the
Control group (P <0.05). After 4 weeks of HI the number of BrdU positive cells in the SGZ of the ischemic hemisphere
decreased compared with that 1 week after HI, but still was significantly higher than that in the Control group (P <0.05).
Some scattered BrdU positive cells were observed in the striatum or cortex of the ischemic hemisphere, particularly in peri-
infarct 1 or 4 weeks after HI. Conclusions Similar to the brain of adult rats, neurogenesis is enhanced in the brain of
neonatal rats following HI. This result suggests that immature brain may have the capacity for self-repair.
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An increasing number of studies shows that neuro- Apparent diffuse coeffcient (ADC) and T2 maps were
genesis occurs in some regions of adult mammalian then acquired from DWI and T2WI1.
brains, including the subventricular zone (SVZ) and Bromodeoxyuridine (BrdU) injection

12]

the subgranular zone (SGZ) of the dentate gyrus ' Both group of rats were intraperitoneally injected

Some physiological and pathological events, such as a with BrdU ( Oxford Biotechnology, UK) (50 mg/kg)

rich environment of exposure, running, learning, daily between 2-6 days after surgery or HI.
epilepsy and ischemia, can stimulate neurogenesis in Brain tissue processing
the regions. Recent studies have demonstrated that The animals were sacrificed 1 week or 4 weeks
neurogenesis in the SVZ and SGZ is enhanced following after surgery or HI. The brains were removed and cut
focal or global ischemia in the adult brains and some of into 2 blocks at -1. 8 mm from bregma, then cryopro-
these studies have shown that newborn cells are ob- tected with sucrose and stored at —80 “C. Thirty five-
served in the peri-infarct of the cortex or striatum **'. mm thick coronal sections at the level of the SVZ
How- ever, there are few reports on the study of neuro- ( =0.4 mm from bregma) and the SGZ ( -=3.1 mm
genesis in the neonatal rats after hypoxia-ischemia from bregma) were cut with a cryostat and four consec-
(HID) "' 1n this paper neurogenesis in the brain of tive sections in the each region were selected for BrdU
neonatal rats was investigated 1 and 4 weeks after HI. labeling.
BrdU labeling
Materials and methods Sections were pretreated with 2 M HCI for 2 hours
at room temperature to denature the DNA. They were

Experimental animals and grouping then incubated in blocking solution (3% goat serum/

Twenty-four seven-day-old Wistar rats, with body 0.3% Triton X-100/1% BSA in PBS) for 1.5 hours
weights of 11-12 grams, were randomly assigned into at room temperature. Finally sections were incubated
Control group (n =8) and Experimental group (n = with a monoclonal rat anti-BrdU antibody (1 : 200,
16). The Experimental group was subdivided into 1- Serotec, UK ) overnight at 4 °C and then with goat
week group and 4-week group according to the post-HI anti-rat Cy3 conjugated affinity purified secondary anti-
period (both n =8). body (1:200, Chemicon Int. ) for 1 hour at room tem-
Preparation of animal model perature.

The cerebral HI model was produced by ligating BrdU positive cells counting
the right common carotid artery under ether anesthesia. BrdU labeling was observed under a fluorescence
Two hours after recovering from surgery, the rats were microscope and the images were saved to a computer by

exposed to hypoxia (‘humidified 8% oxygen in nitro- Sigma Imaging Analysis System. The number of BrdU

gen) for 1.5 hours. In the Control group, the right labeled positive cells were assessed semi-quantitatively
common carotid artery was isolated without ligation and by counting the total number of BrdU positive cells
there was no exposure to hypoxia. Body temperature within the SVZ and SGZ under 200 magnifications.
was maintained at 37-38 °C during HI using a heating Four labeled sections in each region were counted.
lamp. Statistical analysis
Magnetic resonance ( MR) imaging Data were expressed as x +s. Differences between
Brains of neonatal rats were imaged at 24 hours two hemispheres or two groups were compared using a
after HI to confirm the cerebral ischemic damage with t-test. Differences were considered significant at P <

an MR imaging system equipped with a 9.47T/21-cm 0.0s.
horizontal bore magnet ( Magnex) and an Advance

console ( Bruker, Germany). The rat was placed in Results

the small chamber and the head was restrained with

foam under anesthesia and then the small chamber was MR imaging
put into the magnet. Diffuse weighted image ( DWI) ADC values

and T2 weighted imaging ( T2WI) were acquired with In the Control group there was no abnormal signal
a field of view of 2.5 c¢m’ and a data matrix of 256 x in both hemispheres. In the Experimental group the
128 for five 1. 5-mm-thick slices through the cerebrum. ADC values decreased significantly in the cortex, stria-
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tum or /and hippocampus, and thalamus of the ische-
mic cerebral hemisphere compared with those in the
non-ischemic hemisphere 24 hours after HI ( Figurel ).
12 values

In the Control group there was no abnormal signal
in both hemispheres. In the Experimental group T2
value markedly increased in the cortex, striatum or/
and hippocampus, and thalamus of the ischemic cere-
bral hemisphere compared with those in the non-ische-

mic hemisphere 24 hours after HI ( Figure 1).

Control group Experimental group

ADC

T2

Figure 1

Changes of MRI 24 hrs after HI in neonatal
rats. Twenty-four hours after HI, ADC values decreased significantly
(B) and T2 values markedly increased (D) in the cortex and striatum of

the ixchemic cerebral hemisphere, as compared with those in control rats

(Aand C).

BrdU labeling

In the Control group, no BrdU positive cell was
observed in the cortex and striatum in both hemi-
spheres, whereas in the lateral rostal SVZ and the SGZ
there were some scattered BrdU positive cells. There
was no difference of BrdU positive cells in the SVZ and
SGZ between 1-week and 4-week groups.

In the Experimental group, the SVZ was obviously
enlarged in the ischemic cerebral hemisphere but not in
the non-ischemic hemisphere 1 and 4 weeks after HI.
The number of BrdU positive cells in the SVZ
increased in both hemispheres, especially in the lateral
rostal SVZ. Compared with that in the Control group
the increase in the number of BrdU positive cells was
significant in the ischemic hemisphere (P =0.0004) ,
but not significant in the non-ischemic hemisphere
(P>0.05). The number of BrdU positive cells in the
ischemic hemisphere was higher than that in the Con-
trol group. In addition, the number of BrdU positive
cells within the SVZ in the ischemic hemisphere was
higher than in the non-ischemic hemisphere (P =
0.031). Four weeks after HI the number of BrdU posi-

tive cells within the SVZ was reduced in both hemi-
spheres compared with that in 1 week after HI, but was

still higher in the ischemic hemisphere than that in the
Control group (P =0.004) (Figure 2).

- Non-ischemic Ischemic
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Figure 2 Micrographs of BrdU staining in SVZ of
neonatal rats after HI( x20). One week after HI, the number of
BrdU positive cells in the SVZ increased in both hemispheres (B, C),
especially in the ischemic hemispheres (C), as compared with the Con-
trol group (A). Four weeks after HI, the number of BrdU positive cells
in the SVZ was reduced in both hemispheres (E, F) compared with that
in 1 week after HI, but was still higher than that in the Control group

(D).

The number of BrdU positive cells in the SGZ also
increased in both sides 1 week after HI. Compared
with that in the Control group the number of BrdU posi-
tive cells within the SGZ in the ischemic hemisphere
increased significantly (P =0.037) but did not in the
non-ischemic hemisphere (P >0.05). There was no
significant difference of BrdU positive cells in the SGZ
between the ischemic and non-ischemic sides. The
number of BrdU positive cells within the SGZ in the
ischemic hemisphere decreased 4 weeks after HI
compared with that 1 week after HI, but remained
significantly higher in the ischemic hemisphere than
that in the Control group (P =0.048) (Figure 3).

Some scattered BrdU positive cells were observed
in the cortex and striatum of the ischemic hemisphere,
especially in the peri-infarct, 1 and 4 weeks after HI.
There was no obvious difference of the BrdU positive
cells in the peri-infarct between 1 week and 4 weeks
after HI. There were no BrdU positive cells in the

cortex and striatum of the non-ischemic hemisphere.
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Figure 3 Micrographs of BrdU staining in SGZ of neonatal rats 1 week after HI ( x20). The number of BrdU positive cells

significantly increased in the SGZ of the ischemic hemisphere (B) but not in the non-ischemic hemisphere (C), as compared with the Control group

(A).

Discussion

BrdU is thymidine analog that can incorporate into
the DNA of dividing cells during DNA synthesis in
S-phase. Thus, BrdU was used as a marker of newborn
cells in this study. In some studies, BrdU was intrape-
rioneally injected daily after surgery or HIl and immu-
nofluorenecence labeling was used to identify BrdU
3197 It has been reported that BrdU has

teratological effects on the body, brain and on the
[12]

positive cells
behavior of fetus and infant rats However these
side effects were not observed in this study.

There are many reports on the studies of neuro-
genesis after ischemia in adult rats. Jin et al ! repor-
ted that the number of new generated cells in the SVZ
and SGZ of both hemispheres obviously increased 7-14
days after focal cerebral ischemia in the adult rat, and
that in the SGZ of ischemic hemisphere were more sig-
nificantly increased. These newborn cells were de-
creased markedly 2-3 weeks after ischemia. Parent et
al "* have also reported that the number of new born
cells in the SVZ of both hemispheres increased signifi-
cantly in the adult rats 10 days after focal cerebral is-
chemia, and a more significant increase was noted in
the ischemic side. The present study showed that the
number of BrdU positive cells in the SVZ and SGZ of
both hemispheres increased 1 week after HI, and that
the increase of BrdU positive cells in the ischemic
hemisphere was significant. The BrdU positive cells in
the SVZ and SGZ of both hemispheres were reduced 4
weeks after HI compared with those 1 week after HI.
The results were similar to the features of neurogenesis
seen in the SVZ and SGZ of the adult rat after cerebral
ischemia. The study of focal cerebral ischemia in the
adult rat also showed that BrdU positive cells were ob-
served in peri-infarct of the cortex and striatum 2 weeks
after ischemia, some of which expressed specific mark-
ers of neuron such as microtubule associated protein-2

(Map2) and Neuon-Specific nuclear protein ( NeulN )

89
89 " Some researchers have

4-5 weeks after ischemia
used doublecortin as a marker of migrating immature
neurons and observed chains of neuroblast from SVZ
migrating toward peri-infarct of the striatum or/and cor-
tex. This result suggests that these newborn cells may

Z 10514 However, Jiang et al [

originate from SV
thought that these newborn cells in the cortex might
originate from the proliferation of the neural stem cells
inside the cortex after ischemia. In the present study
some scattered BrdU positive cells were also observed
in peri-infarct of the cortex and striatum 1 and 4 week
after HI and the phenotype of these newborn cells is
being further investigated.

There has been few studies on neurogenesis after
cerebral HI in immature rats. In the model of brain HI
injury in 10-day-old rats, Plane et al '"*' observed that
the number of BrdU positive cells in the SVZ of both
hemispheres increased 1 week after HI, and that the
increase in the number of BrdU positive cells in the
SVZ of the ischemic hemisphere was significant. The
number of BrdU positive cells in the SVZ of both sides
were reduced 3 weeks after HI compared with that 1
week after HI. The number of BrdU positive cells in
peri-infarc of the striatum in the ischemic hemisphere
increased 2 weeks after HI. The results were similar to
those observed in the present study. The study on tran-
sient cerebral hypoxia in neonatal rats also showed that
BrdU positive cells in the SVZ significantly increased
21 days after hypoxia, and BrdU positive cells along
posterior periventricle tended to migrate towards the
hippocampus and expressed markers of neuron, but
BrdU positive cells in the hippocampus or granular
layer did not change "

Presently there is no report about whether the
capability of neurogenesis is stronger in neonatal rats
than in adult rats. Yagita et al *' investigated neuro-
genesis in both young and old rats after cerebral ische-
mia. The result showed that although neurogenesis in
the SGZ increased in both groups, aging accelerated

the reduction in new generated cells after ischemia. It
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is speculated that neonatal rats have stronger capability [7] Zhou J-P,Gu Z,Ma R,Han Q-Y, Zhao J,Shi T. The observation
. . { neurogenesis in the subventricular zone in rats after transient fo-
of neurogenesis than adult rats, but it needs to be ?
. 8 . ’ cal cerebral ischemia (in Chinese) [J]. Acta Univ Med Nanjing

further investigated. (Natural Science) , 200323 (4) ; 335-339.

In summary, neurogenesis in neonatal rats increa- [8] Parent ]M, Vexler ZS, Gong C, Derugin N, Ferriero DM. Rat
ses after HI. as it also does in adult rats. This suggests forebrain neurogenesis and striatal neuron replacement after focal
h ) i h h 1 | stroke [J]. Ann Neurol, 2002, 52(6) : 802-813.
that an immature brain has the capabl 1ty for self [9] Jiang W, Gu W, Brannstrom T, Rosqvist R, Wester P. Cortical
-repair. The result pI"OVideS a promise for repair of neurogenesis in adult rats after transient middle cerebral artery oc-
hypoxic—ischemic brain damage‘ clusion [ J]. Stroke, 2001, 32(5): 1201-1207.

[10] Plane JM, Liu R, Wang TW, Silverstein FS, Parent JM. Neonatal

hypoxic-ischemic injury increases forebarin subventricular zone
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