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Abstract. The effects of acetylpuerarin treatment following 
oxygen‑glucose deprivation/reperfusion (OGD/R) were exam-
ined in rat hippocampal neurons in vitro and compared with 
the effects of acetylpuerarin in normoxic cells to confirm 
acetylpuerarin's potential neuroprotective effects, including 
apoptosis inhibition. Wistar rat embryo hippocampal cells 
(day 18, E18) cultured for 8 days were subjected to 3 h OGD 
treatment, followed by reperfusion for 12, 24 or 36 h. For each 
time interval, a group of cells was left untreated (OGD/R‑only 
groups) and treated with 0.1, 0.4 and 1.6 µM acetylpuerarin 
(OGD/R+acetylpuerarin). Neuron viability, apoptosis and 
caspase‑8 and ‑3 activities were assessed by the reduction 
of 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT), 4',6‑diamidino‑2‑phenylindole  (DAPI) 
and terminal deoxynucleotidyl‑transferase‑mediated dUTP 
nick end labeling (TUNEL) and spectrophotometric assays, 
respectively. Fas‑ligand  (Fas‑L), Fas‑associated death 
domain (FADD) and tumor necrosis factor‑α (TNF‑α) were 
determined by western blot analysis. Compared with control 
cells, OCD/R+acetylpuerarin cells treated with 0.1, 0.4 and 
1.6 µM doses showed a concentration‑dependent increase 
in hippocampal cell survival and viability by 69.93±2.28%, 
81.49±2.13% and 85.28±2.38% at 12  h, 68.59±3.02%, 
77.85±2.84% and 85.64±4.39% at 24  h and 69.70±1.70%, 
77.21±3.21% and 83.90±2.12% at 36 h (P<0.05). Furthermore, 
OCD/R+acetylpuerarin cells exhibited a dose‑dependent 
decrease in caspase‑8 and ‑3 activation, TUNEL and 
DAPI‑positive neurons and Fas‑L, FADD and TNF‑α 
expression. In conclusion, acetylpuerarin protects against 
OGD/R‑induced neuronal apoptosis predominantly in the first 

24 h following ischemia, which may be useful in mediating 
neuronal apoptosis in ischemic stroke patients.

Introduction

Cerebrovascular disease‑related stroke affects ≤300 of every 
100,000 members of the Chinese population (1) and the most 
common form of stroke, ischemic stroke, remains a leading 
cause of mortality and long‑term disability in aging patients (2). 
Over the course of as little as 30 min, ischemia begins to 
produce oxygen‑glucose deprivation (OGD)‑induced neuronal 
apoptosis that may progress rapidly with increasing ischemia 
duration (3). Thus, the primary goal of the majority of contem-
porary medicines for stoke is the mediation of OGD‑induced 
neuronal apoptosis during cerebral ischemia/reperfusion (4). 
Acetylpuerarin is a novel compound that has been reported 
to effectively attenuate the morphological changes leading 
to apoptosis in hippocampal cells following cerebral isch-
emia/reperfusion, with potential benefits even when applied 
a number of hours following the initial ischemic event (5). 
Unlike the extremely small treatment window (~3 h) of current 
United States Food and Drug Administration‑approved thera-
pies for stroke, including tissue plasminogen activator (6‑8), 
acetylpuerarin may provide an alternative for stroke treatment 
at advanced stages  (9). Prior to clinical implementation, a 
greater understanding of the dose‑effects and mechanistic 
action of acetylpuerarin on hippocampal cell apoptosis during 
ischemia/reperfusion is required.

Acetylpuerarin is a modern synthetic derivative of puerarin 
(daidzein‑8‑C‑glucoside) with higher lipid solubility than the 
naturally occurring compound, allowing it to better penetrate 
the blood‑brain barrier (Fig. 1). Puerarin is an isoflavonoid 
compound used for treating cardiovascular disorders derived 
from the Chinese medical herb Radix puerariae, known as ‘Ge 
Gen’, from the root of the kudzu plant. Treatment of puerarin has 
been reported to effectively reduce symptoms following acute 
ischemic stroke with few side effects in a number of preliminary 
in vivo and in vitro studies (10‑12). A number of studies have 
reported that acetylpuerarin exerts protective effects against 
ischemia‑reperfusion injury in the hippocampus by mediating 
the cascade of events leading to OGD‑induced damage (5,13,14). 
Thus, acetylpuerarin may be capable of mediating the degree 
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of irreversible injury caused by neuronal cell death following 
OGD/reperfusion (OGD/R), a complex, synergistic process in 
which proliferation of reactive oxygen species and free radicals, 
induction of tumor necrosis factor‑α (TNF‑α) and other inflam-
matory factors, release of cytokines, excitotoxicity, unbalanced 
activites of caspase‑8 and ‑3, and abnormalities in calcium 
levels contribute to apoptosis (9). The neuroprotective effects 
of puerarin and acetylpuerarin on cerebral ischemic damage are 
associated with the inhibition of inflammatory factor TNF‑α 
and apoptosis (active caspase‑3), free radical scavenging or 
antioxidative activity (15). However, the full mechanism of 
acetylpuerarin action by dosage has not been characterized.

The current study examines the detailed mechanisms 
underlying the neuroprotective effects of acetylpuerarin in 
hippocampal neurons by dose, including the effects on caspase‑8 
and ‑3 activities associated with apoptosis, Fas‑ligand (Fas‑L), 
Fas‑associated death domain (FADD) and TNF‑α inflamma-
tory factors and neuronal cell viability in OGD/R‑induced 
hippocampal neurons. The observations of the resultant 
injury and neuroprotective mechanisms lead to an improved 
mechanistic understanding of acetylpuerarin that provides an 
essential basis for potential clinical applications of this drug in 
ischemic stroke patients.

Materials and methods

Animal subjects and study design. Hippocampal cells were 
isolated from Wistar rat embryos (day 18, E18) purchased from 
the Laboratory Animal Center of the Shandong University 
(Shandong, China; Grade II, Certificate No. 20021015) and 
cultured for 8 days.

Cells were subjected to 3 h OGD treatment followed by 
reperfusion for 12, 24 or 36 h. For each time interval, a group 
of cells was left untreated (OGD/R groups) and treated with 
0.1, 0.4 and 1.6 µM acetylpuerarin (OGD/R+acetylpuerarin) 
[13 groups: control (I); OGD/R 12, 24 or 36 h ‑only (II, VI, X) 
and OGD/R 12, 24 or 36 h +0.1, 0.4 and 1.6 µM acetylpuerarin 
(III‑V, VII‑IX and XI‑XIII), respectively]. The effects and 
mechanisms of acetylpuerarin on hippocampal neuron apop-
tosis in OGD/R and normoxic cells were observed. The study 
was approved by Shandong University Ethical Committee and 
animals were used in accordance with all relevant guidelines 
for animal use and care.

Primary embryonic hippocampal neuron cultures. 
Hippocampi were dissected from E18 rat brains and sampled 
primary embryonic hippocampal neuron cells were seeded 
onto 96‑well tissue culture plates coated with poly‑D‑Lysine 
(Sigma‑Aldrich, St. Louis, MO, USA) at 5x105 cells/ml or on 
6‑well tissue culture plates at 1x106 cells/ml, as previously 
described (16). Neurons were cultured in a medium containing 
neurobasal medium (Gibco‑BRL, Carlsbad, CA, USA), 
2% B27 (Gibco‑BRL), 2 mM glutamine (Sigma ‑Aldrich), 
50 U/ml penicillin G and 50 µg/ml streptomycin (Gibco‑BRL) 
in a humidified incubator with 5% CO2 at 37˚C. Half of the 
cultured medium was changed at 3 day intervals and cells 
were sampled for use in the following experiments at 8 days.

OGD/R treatment. Cells in the OGD/R‑only and 
OGD/R+acetylpuerarin groups underwent OGD, as previously 

described  (17). Briefly, experimental cell culture medium 
was replaced with glucose‑free Hanks' balanced salt solu-
tion (Invitrogen Life Technologies, Carlsbad, CA, USA) and 
cells were placed in an anaerobic chamber (95% N2/5% CO2) 
for 180  min, following which OGD was terminated by 
removing the cultures from the anaerobic chamber, replacing 
deoxygenated and glucose‑free Hanks' BSS with pre‑OGD 
culture medium without B27 supplement and returning cells 
to normoxic conditions. Reperfusion was conducted for 12, 24 
or 36 h. Control group cells were similarly incubated in Hanks' 
BSS with 10 mM glucose in a normoxic incubator.

Acetylpuerarin administration. Acetylpuerarin was dissolved 
in DMSO ≤0.1% and administered at the onset of the isch-
emic period in concentrations of 0.1, 0.4 and 1.6 µM in the 
OGD/R+acetylpuerarin 9 groups III‑V, VII‑IX and XI‑XIII, 
respectively, according to the dosage concentrations suggested 
by Liu et al (5). Each experiment was performed in cultures 
from three E18 rats and was repeated in triplicate.

3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide (MTT) assay. Upon completion of reperfusion, 
20 µl/well of MTT was added at a final concentration of 
0.5 mg/ml. Cultures were allowed to incubate at 37˚C and 
5%  CO2 for 4  h. The culture medium was aspirated and 
replaced with 150 µl/well of DMSO. The optical density (OD) 
was measured at a test wavelength of 492 nm in a microplate 
reader (Thermo MK3; Thermo Fisher Scientific, Shanghai, 
China). The following formula (18) was used to calculate cell 
viability as percentage: (absorbance of treated cells / absor-
bance of normal cells) x 100%.

4',6‑diamidino‑2‑phenylindole (DAPI) staining. Upon 
completion of reperfusion, cultured neurons were incu-
bated with 5  µg/ml fluorescent DNA‑binding dye DAPI 
(Sigma‑Aldrich) at 37˚C for 1 min. Staining solution was 
removed and apoptotic cells were visualized by fluorescence 
microscopy (Olympus DP‑72; Olympus Corporation, Tokyo, 
Japan). Apoptotic cells were morphologically identified by 
cytoplasmic or nuclear shrinkage, chromatin condensation 
and DNA fragmentation. The percentage of apoptotic cells 
was determined in 5 randomly selected fields of ~500 neurons 
per field (magnification, x100). Experimental data was pooled 
from three coverslips and each experiment was conducted 
three times.

Terminal deoxynucleotidyl‑transferase‑mediated dUTP nick 
end labeling (TUNEL) staining. Neuronal apoptosis was 
detected using a TUNEL assay 24 h following OGD initia-
tion. TUNEL‑positive (apoptotic) cells appeared dark brown. 
These cells were counted in 5 randomly selected microscopic 
fields (Olympus DP‑71; Olympus Corporation) (magnification, 
x100). Apoptotic index  (AI) was calculated as: (apoptotic 
neurons / total neurons) x 100%.

Western blot analysis for Fas‑L, FADD and TNF‑α expres‑
sion. Total protein (50  µg) was extracted from samples 
from each group, separated by 12% sodium dodecyl sulfate 
polyacrylamide gel electrophoresis and blotted onto polyvi-
nylidene fluoride membranes (Beijing Solarbio Science and 
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Technology Co. Ltd., Beijing, China). Membranes were probed 
with primary antibodies against Fas‑L (1:400), FADD (1:500) 
and TNF‑α (1:300; Santa Cruz Biotechnology, Inc., Santa 
Cruz, CA, USA) and peroxidase‑conjugated secondary anti-
body (1:5,000; ZSGB‑Bio, Beijing, China). β‑actin (1:2,000; 
ZSGB‑Bio) was used as a control. Band intensities were quan-
titated using AlphaEaseFC software (Genetic Technologies, 
Miami, FL, USA).

Caspase‑8 and ‑3 activity assay. Caspase‑8 and ‑3 activities 
were assessed using FLICE/caspase‑8 and caspase‑3/CPP32 
colorimetric assay kits, respectively, (BioVision, Inc., Milpitas, 
CA, USA), according to the instructions suggested by the 
manufacturer. Briefly, 100 or 50 µg of total protein were incu-
bated with 10 mM dithiothreitol and IETD‑pNA for caspase‑8 
and ‑3 activity quantification (caspase‑8 substrate; 200 µM 
final concentration) or MDEVD‑pNA (caspase‑3 substrate; 
200 µM final concentration) at 37˚C for 2 h. Samples were 
determined at 405 nm in a microplate reader (Therm MK3; 
Finland). The final reading did not include the background 
reading of cell lysates and buffers. Enzymatic activity was 
expressed in arbitrary units of OD per mg protein.

Statistical analysis. All data were analyzed using SPSS 
version 16 (SPSS, Inc., Chicago, IL, USA) and expressed as 
means ± SEM. Between group and multiple group differences 
were analyzed using Student's t‑tests. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Acetylpuerarin increases neuron viability following OGD/R. 
The MTT assay revealed no significant changes in viability 
in the control and normoxic control groups treated with 
acetylpuerarin treatment at all times (P>0.05, data not 
shown). Compared with the OGD/R‑only group, cell survival 
was 61.94±2.73% (OGD/R, 12 h), 60.61±3.29% (OGD/R, 
24 h) and 57.77±0.66% (OGD/R, 36 h). Compared with the 
control group, OGD/R+acetylpuerarin groups treated with 
acetylpuerarin doses of 0.1, 0.4 and 1.6 µM increased cell 
survival and viability by 69.93±2.28%, 81.49±2.13% and 
85.28±2.38% at 12 h, respectively; 68.59±3.02%, 77.85±2.84% 
and 85.64±4.39% at 24 h, respectively and 69.70±1.70%, 
77.21±3.21% and 83.90±2.12% at 36 h, respectively (P<0.05; 
Fig.  2). Higher acetylpuerarin concentrations enhanced 
neuron survival more efficiently in a concentration‑depen-
dent manner. Similar results were obtained by morphological 
analysis. The control group exhibited round cell bodies 
with clear edges and fine dendritic network. OGD/R groups 
exhibited a decreasing number of neurons, shrinkage of cell 
bodies and disruption of dendritic networks. Acetylpuerarin 
mitigated the morphological manifestations of cell damage 
(data not shown).

Acetylpuerarin reduces apoptosis following ODG/R. DAPI 
staining revealed that <8% of control‑only cells showed 
signs of apoptosis at any time point; however, OGD/R 
treatment resulted in significant time‑dependent increases 
in apoptotic cell numbers, peaking at 24  h (P<0.01; 
Fig. 3). In the OGD/R‑only group at 24 h, 75.85±7.59% of 

remaining cells showed signs of apoptosis. Comparatively, 
OGD/R+acetylpuerarin groups treated with 0.4 µM acetylpu-
erarin doses exhibited reductions in DAPI positive neurons to 
63.01±7.35%, 59.06±5.98% and 51.05±5.98%, respectively (all 
P<0.05). Thus, increasing the concentration of acetylpuerarin 
exhibited no significant effects on apoptosis rates in cells 
treated with OGD/R following 24 h reperfusion (all P>0.05).

These results were confirmed with TUNEL staining, 
indicating that 5% of the control‑only group cells exhibited 
apoptosis under basal conditions. TUNEL‑positive cells were 
markedly increased in the OGD/R‑only group at 24 h and the 
AI was 68.79±10.01%. Acetylpuerarin treatment decreased 
the number of TUNEL‑positive cells to 52.30±9.73%, 
46.08±13.42% and 39.04±7.29% in all OGD/R+acetylpuerarin 
groups treated with 24 h reperfusion (all P<0.05; Table I).

Acetylpuerarin inhibited OGD/R‑induced caspase‑8 and ‑3 
activation. Caspase‑8 was significantly increased in hippo-
campal neurons following OGD/R treatments at 24 h and 
acetylpuerarin treatment led to a concentration‑dependent 
decrease in the expression of enzymatic activity of caspase‑8 

Figure 1. Structure of (A) puerarin and (B) acetylpuerarin. Puerarin is found 
in traditional Chinese medicine and acetylpuerarin is a synthetic derivative 
with enhanced lipid solubility.

  A

  B
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(Table II). As caspase‑3 is considered to be a prototypical 
caspase and a key effector of programmed cell death (19), 
enzymatic activity of caspase‑3 was also determined. As 
shown in Table II, exposure to OGD significantly enhanced 
caspase‑3 proteolytic activity by 24 h, while acetylpuerarin 
significantly diminished the activation of caspase‑3 activity in 
a concentration‑dependent manner.

Acetylpuerarin inhibited OGD/R‑induced Fas‑L, FADD and 
TNF‑α protein expression. Western blot analysis indicated that 
Fas‑L levels were induced by OGD treatment in hippocampal 
neurons by 24 h post‑reperfusion (Fig. 4A). This Fas‑L induction 
was significantly attenuated by acetylpuerarin treatment in a 
concentration‑dependent manner. High levels of FADD protein 
were detected in neurons following OGD/R 24 h. However, 
FADD expression was significantly downregulated by acetylpu-
erarin (Fig. 4B). OGD/R‑induced apoptosis was accompanied by 
a significant increase in TNF‑α (Fig. 4C). Western blot analysis 
also revealed that acetylpuerarin inhibited TNF‑α expression 
induced by OGD/R 24 h in a dose‑dependent manner.

Discussion

A model of ischemic OGD/R in hippocampal neurons was 
used to assess the potential protective role of acetylpuerarin 
in ischemic injury. Acetylpuerarin not only increased neuron 
viability, but also decreased DAPI and TUNEL‑positive cells, 
caspase‑8 and ‑3 activity and Fas‑L protein expression, FADD 
and TNF‑α induced by OGD/R. Thus, acetylpuerarin may be 
capable of mediating the protection to hippocampal cells by 
decreasing neuronal apoptosis during acute ischemia and may 
be useful in clinical treatment development, pending further 
assessment of the clinical effects of the drug.

The cell‑extrinsic apoptosis pathway Fas→FADD→ 
caspase‑8→caspase‑3 is activated by binding of pro‑apoptotic 
ligands, including Fas/CD95L (TNFSF6) or Apo2L/TRAIL 
(TNFSF10) to their cognate death domain‑containing recep-
tors on the surface of target cells (20‑25). In a previous study, 

  A

Figure 3. Effect of acetylpuerarin on DAPI staining of hippocampal cul-
tures following OGD/R treatment. (A) Nuclear morphological changes in 
neurons under fluorescence microscopy (blue indicates nuclear stained by 
DAPI). (a‑c) Apoptotic cells and (d‑e) normal cells are indicated (mag-
nification, x400). (B) DAPI staining of hippocampal cultures. Values are 
expressed as the means ± SD of three independent experiments. ΔP<0.01, vs. 
control‑only; ΩP<0.05, vs. OGD/R 12 h; @P<0.05, vs. OGD/R 36 h; #P<0.01, 
vs. OGD/R 24 h; *P<0.05, vs. OGD/R 36 h. OGD/R, oxygen‑glucose depri-
vation/reperfusion.

  B

Figure 2. Effects of acetylpuerarin on the viability of OGD/R injured hip-
pocampal neurons. Cell viability was assessed by MTT. Data are expressed 
as the mean ± SD of three replicates. ΔP<0.01, vs. control‑only; +P<0.05, 
vs. OGD/R 12 h; #P<0.05, vs. OGD/R 24 h; and *P<0.01, vs. OGD/R 36 h. 
OGD/R, oxygen‑glucose deprivation/reperfusion; MTT, 3‑(4,5‑dimethylthi-
azol‑2‑yl)‑2,5‑diphenyltetrazolium bromide.

Table I. Effects of acetylpuerarin on AI (24‑h reperfusion).

	 Acetylpuerarin
Group	 concentration, µM	 AI, %

Control	 0	 4.57±2.48
OGD/R	 0	 68.79±10.06a

OGD/R+acetylpuerarinb

  VII	 0.1	 52.30±9.73c

  VIII	 0.4	 46.08±13.42c

  IX	 1.6	 39.04±7.29c

aP<0.05 vs. control‑only group. bTreated with 3  h oxygen‑glucose 
deprivation and 24  h reperfusion. cP<0.01, vs. control‑only group. 
Values are expressed as the mean  ±  SD of three independent 
experiments. AI, apoptotic index; OGD/R, oxygen‑glucose depriva-
tion/reperfusion.
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acetylpuerarin was shown to alleviate morphological damage 
and increase neuron viability, consistent with the current 
findings (5). The current study is also consistent with reports 

indicating that TNF‑α activation, followed by the inhibition 
of subsequent inflammatory responses, apoptosis formation 
(active caspase‑3) and neutrophil activation are central to the 

Figure 4. Effects of acetylpuerarin on OGD/R‑induced Fas‑L, TNF‑α and FADD protein expression. Relative levels of (A) Fas‑L, (B) FADD and (C) TNF‑α 
in hippocampal neurons were determined by western blot analysis. β‑actin was used as a protein loading control. Values are expressed as the mean ± SD of 
three independent experiments. *P<0.05 vs. OGD/R 24 h. OGD/R, oxygen‑glucose deprivation/reperfusion; Fas‑L, Fas‑ligand; TNF‑α, tumor necrosis factor‑α; 
FADD, Fas‑associated death domain.

Table II. Effects of acetylpuerarin on caspase-3 and caspase-8 activities (24‑h reperfusion).

		  OD, mg
		‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Group	 Acetylpuerarin concentration, µM	 Caspase‑3	 Caspase‑8

OGD/R	 0	 4.36±0.26	 4.27±0.29
OGD/R + acetylpuerarina

  VII	 0.1	 3.78±0.13b	 3.40±0.28c

  VIII	 0.4	 3.14±0.26b	 2.80±0.32c

  IX	 1.6	 2.28±0.27b	 2.55±0.23c

aTreated with 3 h oxygen‑glucose deprivation and 24 h reperfusion. bP<0.05, vs. caspase‑3 activity in the OGD/R 24 h group. cP<0.05, vs. 
caspase‑8 activity in the OGD/R 6 h group. Values are expressed as the mean ± SD of three independent experiments. OGD/R, oxygen‑glucose 
deprivation/reperfusion.

  A   B

  C
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neuroprotective action of puerarin, which may be hypothesized 
to be similar to those of its derivative, acetylpuerarin (15). 
Furthermore, the patterns of cell loss following OGD/R are 
likely to depend on the severity of injury (19), a hypothesis 
supported by the current observations that changes in DAPI 
and TUNEL‑positive cells (apoptosis) at 24 h occurred inde-
pendent of acetylpuerarin treatment concentrations. Thus, 
acetylpuerarin acts on several of the key mechanisms that 
affect apoptosis rate during cerebral ischemia.

In the case of clinical ischemic stroke, the total isch-
emic lesion consists of a penumbral field, which is the most 
common site of cell death and a core that is the central site 
to necrosis  (20). While rapid damage to the core may not 
be easily avoided (21), subsequent cell death in the penum-
bral field over following days and weeks may be mediated 
by medications, which prevent apoptosis  (22). Increasing 
inflammatory cytokine levels following OGD/R are mecha-
nistically associated with cell death following the ischemic 
episode. Specifically, upregulation of OGD‑induced TNF‑α 
may increase binding to the TNF receptor I (TNFRI) and 
TNFRII, inducing receptor oligomerization and upregulating 
recruitment of other cytoplasmic signaling proteins  (23). 
Since acetylpuerarin effectively and consistently reduces 
hippocampal neuron apoptosis in the current study and in 
a previous study (5), it may therefore, present an effective 
neuroprotection strategy, meriting further clinical investiga-
tion. In addition, the current study demonstrated that Fas 
and its only endogenous ligand, Fas‑L, factors which are 
linked to the reduction of apoptosis signaling in ischemic 
stroke patients, were downregulated, (24,25). Thus, acetylpu-
erarin may have additional downstream effects on the 
TNFRI‑associated death domain protein (TRADD). Notably, 
reductions in the signaling molecules Fas and FADD, and 
reduced subsequent activation of caspase‑8, further suggested 
that TRADD was downregulated by acetylpuerarin treatment 
following OGD (23,26). Thus, acetylpuerarin may confer 
neuroprotection by mediating OGD‑induced TNF‑α and 
thus, downregulating a number of downstream inflammatory 
signaling molecules, ultimately reducing apoptosis.

Since acetylpuerarin treatment inhibited capsase‑8 
activation, it may also reduce mitochondrial‑dependent 
and ‑independent apoptosis, characterized, respectively, by 
conversion of the inactive cytosolic form of Bid, a ‘BH3‑only’ 
pro‑apoptosis Bcl‑2 family protein, into a truncated frag-
ment  (tBid), followed by mitochondrial translocation  (27) 
and activation of caspase‑3, the ‘executioner caspase’ by 
caspase‑8 (28). Truncated tBid also appears to have increased 
affinity for anti‑apoptotic Bcl‑2, as well as for Bax/Bak‑like 
proteins, causing Bax/Bak oligomerization and cyto-
chrome c release. Released cytochrome c binds to apoptotic 
protease‑activating factor‑1 and in turn triggers caspase‑9 acti-
vation. This apical caspase activates one or more downstream 
caspases, including caspases‑3, ‑6 and ‑7, causing apoptotic 
cell death (29). It has also been suggested that activation of the 
apoptosis‑triggering enzyme caspase‑8 reaches a maximum 
at 6 h following the OGD/R insult (19), consistent with the 
current increased caspase‑8 spectrophotometric detection 
assay findings. Thus, by inhibiting caspase‑8 and ‑3 activi-
ties, acetylpuerarin prevents neuronal apoptosis through two 
distinct and well‑described mechanisms.

In considering these results, it is important to consider that 
in vivo results may vary and that systemic side effects may be 
associated with treatment. Thus, the effects of acetylpuerarin 
in vivo merit further clinical investigation. Since the effects 
of acetylpuerarin were examined over a relatively short 24 h 
period following reperfusion, it is also important to determine, 
in future studies, whether acetylpuerarin is capable of medi-
ating neuronal death and promoting functional neurological 
recovery over longer periods, a current topic of research in our 
laboratory.

The current findings demonstrated that acetylpuerarin 
treatment induced dose‑dependent neuroprotection against 
OGD/R‑induced neuronal cell death by inhibiting Fas‑L, 
FADD and TNF‑α pathway‑mediated apoptosis. Furthermore, 
caspase‑3 and ‑8 activities were inhibited, providing further 
evidence that acetylpuerarin impacts a number of pathways 
known to induce apoptosis following OGD/R. Thus, acetylpu-
erarin may be a promising future candidate for the clinical 
treatment of acute ischemic stroke, pending further mecha-
nistic verification and clinical investigations.
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