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activation in the hippocampal CA1 neurons or activated 
astrocytes using double immunofluorescence staining. 
As shown in Figure  4, the co‑localization between 
GFAP‑labeled astrocytes and NF‑κB around the CA1 was 
observed in 2VO group, but NF‑κB expression did not 
observed in NeuN‑labeled neurons in the CA1. However, 
the administration of  mBHT in 2VO rats inhibited the 
NF‑κB co‑localization with GFAP‑labeled astrocytes. 
The results indicate that the treatment of  mBHT in 
2VO rats might prevent the reactive astrocytes‑mediated 
neuroinflammation and neuronal apoptosis.

Effect of modified Bo‑yang‑Hwan‑O‑Tang on the 
expression of apoptotic proteins in hippocampal CA1 
region
To investigate the effect of  mBHT on the increase of  
apoptotic proteins following the hippocampal damage, the 
expression of  bax, bcl‑2, and caspase‑3 was detected in the 
hippocampal CA1 region of  2VO rats by Western blot. 
In 2VO group, the ischemic activation was significantly 

induced the increase of  apoptotic proteins, bax and 
caspase‑3, but significantly decrease of  anti‑apoptotic 
protein, bcl‑2 [Figure 5a]. The treatment of  mBHT at doses 
of  250 and 500 mg/kg prevented the downregulation of  
bcl‑2 expression and the upregulation of  bax expression, 
which resulted in decreasing bax/bcl‑2 ratio in the 
hippocampus of  2VO rats [Figure 5b]. In addition, the 
treatment of  mBHT significantly ameliorated the caspase‑3 
activation induced by permanent occlusion of  bilateral 
common arteries. These results indicate that mBHT 
has a protective effect against 2VO‑induced neuronal 
degeneration in the hippocampus [Figure 5].

DISCUSSION

The disease mechanism of  VD is the central role that 
cerebral blood vessels play in brain health, not only for 
the delivery of  oxygen and nutrients, but also for the 
trophic signaling that closely connects the well‑being 
of  neurons and glia to that of  cerebrovascular cells.[20] 

Figure 2: Effect of modified Bo‑yang‑Hwan‑O‑Tang on the hippocampal CA1 neuronal degeneration in two‑vessel occlusion rats. (a) Nissl; (b) Fluoro‑Jade 
stain and (c) the number of surviving cells in a square box. All values are expressed as mean ± standard error of the mean (n = 6 per a group)
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VD is often coexisting with neurodegenerative diseases 
such as Alzhiemer’s disease, and mixed vascular and 
neurodegenerative dementia has risen as the leading cause 
of  age‑related cognitive impairment. On the other hand, 
chronic cerebral hypoperfusion is considered as a factor 
that contributes memory dysfunction in VD through 
chronic disruption of  cerebral blood flow resulting the 
neurological deficit and behavioral impairment.[5] Hence, 
the degree of  chronic cerebral hypoperfusion has been 
suggested as a predictive biomarker of  the gradual transition 
from a mild cognitive impairment to VD.[6] Actually, the 
patients of  VD may not be able to stop the disease 

progressing, but they may slow it down using medication to 
lower high blood pressure, acetylcholinesterase inhibitors, 
memantine, and cerebrolysin as a new dug and various 
therapies such as cognitive stimulation, reality orientation, 
validation and behavioral therapy.[21] Therefore, there are 
recently studying new possibility of  traditional medicines 
as a treatment for behavioral and psychiatric symptoms 
in VD.[22]

Modified Bo‑yang‑Hwan‑O‑Tang is an improved herbal 
formula of  BHT, which has been traditionally used to treat 
paralytic patients as well as for the treatment of  stroke, 
senility, VD and heart damage by the addition of  five herbs 
having neuroprotective and vasoprotective properties.[23,24] 
mBHT is newly developing as a natural drug consisting 
twelve herbs for the treatment of  ischemic stroke. In this 
study, we prepared the standardized mBHT from the 
pharmaceutical company and established the condition for 
specifications and test procedures of  drug according to the 
guideline of  the Korea Food and Drug Administration.[24] 
mBHT is believed to promise a good therapeutic candidate 
for ischemic stroke with various efficacies such as 
thrombosis, immune‑modulation, anti‑inflammation, 
anti‑oxidation, neurovascular protection, and reducing 
the infarct volume, and edema and ameliorating 
pathophysiological symptoms with neurological deficits, 
and neuroinflammation in transient middle artery carotid 

Figure 4: Effect of modified Bo‑yang‑Hwan‑O‑Tang on the nuclear 
factor‑kappa B  (NF‑κB) expression in hippocampal neurons and 
astrocytes of two‑vessel occlusion rats. Brain tissues were stained with 
anti‑neuronal nuclei, glial fibrillary acidic protein, and NF‑κB antibodies, 
and observed by fluorescence microscope (×200)

Figure 3: Effect of modified Bo‑yang‑Hwan‑O‑Tang on the astroglial activation in the hippocampal CA1 of two‑vessel occlusion rats. (a) anti‑glial 
fibrillary acidic protein  (GFAP) antibody staining; and  (b) the number of GFAP‑positive cells in a square box. All values are expressed as 
mean ± standard error of the mean (n = 6 per a group)
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occlusion‑induced ischemic rats.[10‑14] In this study, 
we evaluated another therapeutic potential of  mBHT 
on hippocampal neuronal death in chronic cerebral 
hypoperfusion‑induced VD.

Permanent bilateral ligation of  the common carotid 
arteries (2VO) in rats is a chronic cerebral hypoperfusion 
in  vivo model that can induce the reduction of  cerebral 
blood flow.[25] This model causes chronic impairments 
in working memory and primarily hippocampal damage 
with loss of  CA1 neurons, axons, and activation of  
astrocytes, similar the effects observed in a human VD.[26] 
Therefore, 2VO rats are widely used for understanding the 
pathophysiology of  chronic cerebrovascular diseases and 
to screen drugs with potential therapeutic value in VD. 
Our study was found that the administration of  mBHT in 
2VO rats markedly attenuated hippocampal neuronal loss/
death induced by chronic cerebral hypoperfusion. This 
anti‑apoptotic action of  mBHT might be involved in the 
therapeutic effect in VD.

Delayed neuronal death follows chronic cerebral 
hypoperfusion in vulnerable region of  the brain, 
especially in the hippocampus, which is highly sensitive 
to ischemic insults and plays an important role in 
learning and memory.[20] It is considered that the 
permanent 2VO rats show neurological impairment 
due to chronic cerebral hypoperfusion. In our study, 
the hippocampal damage observed in 2VO rats was 
evidenced by a massive neuronal loss in the hippocampal 
CA1 region that was accompanied by an intense increase 
in GFAP staining, indicating an astrogliosis. However, 
the administration of  mBHT in 2VO rats effectively 

prevented this neurodegeneration in hippocampal CA1 
region, suggesting that mBHT has a neuroprotective 
effect against massive neuronal death following chronic 
cerebral hypoperfusion. In the other hand, it was known 
that permanent occlusion of  bilateral common carotid 
arteries caused an early‑emerging impairment of  Morris 
water maze acquisition and late‑emerging CA1 cell loss.[22] 
In a future study, it is necessary to explore the effect of  
mBHT on cognitive impairment by pyramidal neuronal 
loss in the hippocampus using Morris water maze test 
in 2VO rats.

Astrocytes are close morphological and functional 
association with neurons and importance of  these glial 
cells in brain disorders has been strongly suggested.[27] 
After brain injury, astrocytes undergo morphological 
changes, extend their processes and increase synthesis of  
GFAP. GFAP is a marker for changes in reactive astrocytes 
during brain development/injury and form a dense web 
of  their plasma membrane extensions that fills the empty 
space generated by the dead or dying neuronal cells as a 
process called astrogliosis.[28] In our study, chronic cerebral 
hypoperfusion in 2VO rats caused a significant GFAP 
increase in the hippocampus, but this decreased after the 
administration of  mBHT. This result suggests that mBHT 
might be inhibited the chronic hypoperfusion‑induced 
astroglial activation in VD.

Transcription factor, NF‑κB has diverse functions in 
the central nervous system  (CNS), depending on the 
cellular environment. In glutamatergic neurons of  the 
CNS, constitutive NF‑κB activity was found in the 
hippocampus granule cells and pyramidal CA1 neurons 

Figure 5: Effects of modified Bo‑yang‑Hwan‑O‑Tang on the expression of Bax, Bcl‑2 and caspase‑3 in the hippocampus of two‑vessel occlusion 
rats. (a) Western blot; and (b) the densitometric analysis of three independent experiments. All values are expressed as mean ± standard error 
of the mean
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and the cerebral cortex.[29] Hippocampal region‑specific 
regulation of  NF‑κB may contribute to learning and 
memory formation through the consolidation‑associated 
synaptic plasticity. However, we here did not found the 
co‑localization between NeuN‑labeled neurons and NF‑κB 
in 2VO rats. On the other hand, in glia, it is inducible and 
regulates the inflammatory process, and mainly co‑localize 
with GFAP in processing the later stage of  neuropathic 
pain.[30,31] Hence, blockade of  the NF‑κB activation in 
the hippocampal astrocytes might attenuate nociceptive 
responses following neuronal damage.[32] Our study, the 
number of  GFAP‑labeled astrocytes in the hippocampus in 
2VO rats highly induced. Furthermore, the administration 
of  mBHT in 2VO rats decreased in GFAP‑labeled activated 
astrocytes. This result suggests that mBHT produces 
anti‑apoptosis effect through the inhibition of  NF‑κB 
activation by reactive astrocytes.

It has been widely accepted that chronic cerebral 
hypoperfusion induces oxidative stress damage and 
brain energy failure in neuronal cells that is related to 
cognitive impairment. Oxidative injury leads to release 
apoptosis‑inducing factors and consequent activation of  the 
cascade of  enzymes and ultimately result in neuronal death 
by necrosis or apoptosis.[33] The bcl‑2 and bcl‑xL proteins 
suppress programmed cell death induced by various stimuli, 
whereas bax promotes cell apoptosis.[34] Bax, bcl‑2 and 
bcl‑x proteins are all expressed in the nerve systems of  
developing and neonatal rats, suggesting that these proteins 
regulate neuronal cell death during development. However, 
bax overexpression in sympathetic neurons induces cell 
death, which can be blocked by co‑expression of  bcl‑2 
or a caspase inhibitor. Increased ration of  bax/bcl‑2 
up‑regulates caspase‑3 which is an apoptosis co‑ordination 
enzyme and increases neuronal apoptosis and functional 
impairment following cerebral ischemia/reperfusion injury 
in rats.[35] In our study, the treatment of  mBHT prevented 
the downregulation of  bcl‑2 expression and upregulation 
of  bax expression, which resulted in decreasing bax/bcl‑2 
ratio in the hippocampus of  2VO rats. In addition, mBHT 
effectively alleviated the activation of  caspase‑3 induced 
by chronic cerebral hypoperfusion. These results suggest 
that mBHT exhibits therapeutic potential for VD, which 
is most likely related, at least in part, to its antioxidation 
and anti‑apoptotic actions.

CONCLUSION

Our study first demonstrated that mBHT, a polyherbal 
medicine for ischemic stroke, prevents chronic cerebral 
hypoperfusion‑induced hippocampal neurodegeneration 
through inhibiting the neuronal death and astrogliosis in 
2VO rats. These results suggest that mBHT has a good 

therapeutic potential for the treatment of  VD by chronic 
cerebral hypoperfusion.
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