
 

 

Introduction 
 
Neuronal loss in the cerebral cortex and the 
hippocampus is a hallmark feature of Alz-
heimer’s disease (AD). Stereological cell count-
ing shows that densities of neurons in the AD 
cerebral cortex, the entorhinal cortex, the asso-
ciation cortex, the basal nucleus of Meynert, the 
locus coeruleus and the dorsal raphe decrease 
significantly compared to the age-matched non-
AD controls [1-6]. Neuronal cell loss is one of 
the first events during AD development. In mild 
AD patient brains, remarkable neuronal cell loss 
of more than 40% is seen in the entorhinal cor-
tex [5, 6]. Even in mild cognitive impairment 
patient brains, significant neuronal loss is also 
observed in the entorhinal cortex [6]. Further-
more, the degree of neuronal loss correlates 
better with the clinical dementia level in AD 
than other pathology. The loss of cholinergic 
neurons in AD is widely studied. The hippocam-
pus and cortex receive major cholinergic input 
from the basal forebrain nuclei [7]. Decrease of 
choline acetyltransferase activity and acetylcho-
line synthesis correlate well with the degree of 
cognitive impairment in AD patients [7-9]. Cho-

linergic neuronal lesion can be detected in the 

patients that have showed clinical memory loss 
symptoms for less than one year [10-13]. How-
ever, markers for dopamine, -aminobutyric acid 
(GABA), or somatostatin are not altered [10, 11, 
13]. These results suggest that synaptic and 
neuronal loss is probably one of the early events 
in AD. One of the most remarkable pathological 
features of AD is extracellular deposition of se-
nile plaques (SPs) containing amyloid b (Ab) 
peptide aggregates derived from amyloid pre-
cursor protein (APP). Aβ aggregations are toxic 
to neurons and are thought to contribute to neu-
ronal loss in AD development [14]. 
 
CE is an extract from plant Coeloglossum viride 
var. bracteatum, a orchidaceae family plant 
widely used for medicine in the Northwest of 
China, especially in Tibet, Inner Mongolia, 
Gansu, Qinghai and Shanxi Provinces [15]. De-
scribed by Chinese traditional medicine, 
Coeloglossum viride var. bracteatum can in-
crease vital energy, body fluid production, bene-
fit to memory and tranquilize [15]. CE is a mix-
ture of 4 chemicals identified in 2004 [16] 
(Figure 1). Although it is reported that CE re-
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duces toxicity induced by scopolamine, cyclo-
heximide and alcohol in rodents with impaired 
memory [15], there are not many controlled 
studies on CE implications as a potential thera-
peutic drug. 
 
In the present study, we address if CE is protec-
tive against Aβ25-35 toxicity. Our data show that 
CE significantly prevents cell death induced by 
Aβ25-35 in cultured rat prefrontal cortex neurons. 
CE protection may be mediated through regula-
tion of anti-apoptotic or apoptotic  proteins Bcl2 

and caspase-3 (Csp3). 
 
Methods and materials  
 
Primary cell culture and treatments 
 
The prefrontal cortex tissues were dissected 
from the whole brain tissues of newborn SD rats 
(Experimental Animal Center of Peking Univer-

sity Health Science Center, Beijing, China) in 
Dulbecco’s modified Eagle’s medium (DMEM) 
(Invitrogen, Carlsbad, CA). The tissues were dis-
sociated mechanically and then with 0.25% 
trypsin (Invitrogen, Carlsbad, CA) for 30 minutes 
at 37°C. The mixture was then filtered through 
a nylon mesh to obtain homogenous suspen-
sion. After filtering the mixture through 70 mm 
sterilized filters, the flow-through was centri-
fuged to pellet cells. Cells were sedimented and 
resuspended in DMEM with 10% fetal bovine 
serum (FBS), 2 g/l HEPES, penicillin G (100U/
ml), and 100ug/ml streptomycin (all from Invi-
trogen, Carlsbad, CA). Cells were plated in poly-L
-lysine-coated coverslips or petri-dishes and 
maintained in a humidified incubator with 5% 
CO2 and 95% O2 at 37°C. Cytosine arabinoside 
(10 µM; Sigma, St. Louis, Missouri) was supple-
mented after plating for 2-4 days to inhibit glia 
cell growth. Cells were treated at 7-8 days in 
culture. To make Aβ peptides into aggregates, 
Aβ25-35 (Sigma, MO) stock solution (2 mM in wa-
ter) and Aβ1-42 (Sigma, MO) stock solution (2 
mM in water) were aged for 5 days in a humid 
chamber at 37°C before use. Both Aβ25-35 and 
Aβ1-42 were aged in their stock solutions without 
adding any other incubation buffer. CE (a gift 
from Dr. Li Tang, Department of Pharmacology, 
Minzu University of China) and Bcl2 inhibitor 
HA14-1 (Tocris, UK) were added freshly into 
culture medium during treatments. 
 
Immunocytochemistry 
 
Treated cultured primary rat prefrontal cortex 
neurons  were washed with 0.01 M phosphate 
buffered saline (PBS) before fixed with 4% para-
formaldehyde. Cells were then washed with PBS 
and blocked using PBS with 10% donkey serum 
and 0.3% triton X-100. The primary antibody, 
anti-tubulin III (a kind gift from Daniel Lee, GSK) 
was diluted in 3% serum-PBS and incubated at 
4°C overnight. After washing with PBS, cells 
were incubated with Cy3-conjugated secondary 
antibody (Jackson Immuno-Research Laborato-
ries, Inc., PA) for 1 hour.  

 
Cell viability assays 
 
The viability of cells after various treatments 
was estimated by their ability to reduce the dye 
methyl thiazolyl tetrazolium (MTT, Sigma, MO) to 
blue formazan crystal. Cells cultured in 96-well 
plate for 7 days were gently washed with 0.01 
M PBS. After wash, 90 ml of medium with 10 ml 

Figure 1. Chemical structure of CE components. 
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of 5 mg/ml MTT solution was added to each 
well and the plate was maintained at 37°C for 2
–4 hours. Then the reactions were dissolved in 
DMSO for quantification by measuring the ab-
sorption at 570 nm using a micro-plate spectro-
photometer (Bio-Rad, CA), representing relative 
cell viability. 
 
Cell death was examined after treatments by 
fixing cells in fresh 4% paraformaldehyde, 4% 
sucrose in PBS for 20 minutes at room tem-
perature and permeablized in 0.1% triton X-
100, 0.1% sodium citrate in PBS for 2 minutes 
on ice. Terminal deoxynucleotidyl transferase-
mediated dUTP nick-end labeling (TUNEL) stain-
ing was performed using the in situ cell death 
detection kit I as described by the manufacturer 
(Roche, Quebec, Canada). The coverslips were 
then washed once in distilled water for 5 min-
utes and mounted on glass slides to be ob-
served under a fluorescence microscope. The 
percentage of cell death was determined by the 
ratio of the number of TUNEL-positive cells over 
the total of 100 cells in one count. The average 
of 5 counts was calculated as the percentage of 
neuronal cell death in a certain treatment.   
 
Western blots 
 
The neurons cultured in 6-well plates were 
washed three times with 0.01M PBS, 100 µl of 
cell lysis buffer with 1% phenylmethanesulfonyl 
fluoride (PMSF) was added into each well and 
cells were harvested with cell scrapers. The ex-
tracts were iced for 30 minutes and centrifuged 
at 14,800 g for 15 minutes, and the super-
natant was harvested. Denatured protein sam-
ples diluted with loading buffer were loaded 
equally to each lane and separated by 10% SDS
-PAGE and then blotted onto a polyvinylidene 
fluioride (PVDF, Millipore, MA) membrane. The 
membrane was then incubated for 1 hour in 
blocking buffer (tris-buffered saline containing 
5% no-fat milk powder) at room temperature. 
The membrane was incubated at 4°C with the 
primary antibodies, washed with tris-buffered 
saline Tween-20 (TBST) and incubated again 
with horseradish peroxidase (HRP)-conjugated 
secondary antibodies (Jackson ImmunoRe-
search Laboratories, Inc., PA) followed by wash-
ing. The primary antibodies used include: puri-
fied polyclonal anti-b-actin antibody (Santa Cruz, 
CA), polyclonal anti-activated caspase-3 anti-
body (Santa Cruz, CA) and polyclonal anti-Bcl2 
antibody (Santa Cruz, CA). Immunoblots were 

developed in the presence of enhanced 
chemiluminescence reagents, and the images 
detected in X-ray films were quantified by densi-
tometric scanning using Gel Imaging Analysis 
System Gel-Pro 4400 (Media Cybernetics, MD). 
 
Statistical analysis 
 
All data are presented as means ± S.E.M. Statis-
tical significance (*p<0.05 or **p<0.01) 
among groups was determined by two-way 
analysis of variance (ANOVA) and two-tailed Stu-
dent’s t-test. The Sheffé’s test was applied as a 
post hoc for the significant difference shown by 
ANOVAs.  
 
Results 
 
CE protects against Aβ25-35-induced cytoxicity 
 
Cultured rat prefrontal cortex contains about 
90% neurons labeled with tubulin III (Figure 2A). 
CE (10 mg/ml) effectively protects these neu-
rons from Aβ25-35 (20 µM) toxicity showing by 
tubulin III labeled morphology (Figure 2B). MTT 
assays demonstrate CE at 10 mg/ml increases 
cell viability by about 15-20% compared with 
Ab25-35 treatment, although lower concentra-
tions of CE do not protect (Figure 2C). CE itself 
does not induce significant cytotoxicity (Figure 
2C). Data from TUNEL assays show that CE (10 
mg/ml) reduces cell death induced by Aβ25-35 by 
nearly 40-50% (Figure 2D). To compare with the 
naturally occurring Aβ species, Aβ1-42 (20 µM) 
was applied with or without CE treatment. The 
data show that CE also reduces cell death in-
duced by Aβ1-42 (Figure 2D). Taken together, our 
data suggest that CE at 10 mg/ml concentra-
tion significantly decreases Aβ25-35-induced cy-
toxicity in rat primary prefrontal cortex neurons. 
 
Bcl2 and Csp3 activation may be involved in CE 
protection 
 
Anti-apoptotic factor Bcl2 decreases during Aβ25-

35 treatment, while CE (10 mg/ml) reverses the 
change induced by Aβ25-35 treatment (Figure 
3A). Cell death assays show that Bcl2 inhibitor 
HA14-1 (20 mM) effectively blocks the protec-
tion of CE suggesting that Bcl2 is involved in CE 
protection against Aβ25-35 toxicity (Figure 3B). 
Activation of an apoptotic protein Csp3 was also 
examined. CE (10 mg/ml) downregulates the 
increase of activated Csp3 by Aβ25-35 treatment 
remarkably (Figure 3C), suggesting that both 
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Figure 2. CE protects against Aβ toxicity in rat primary neurons. A. There are 90% neurons in rat primary prefrontal 
tissue cultures. Green: specific neuronal marker tubulin III; blue: Hoechst. B. Tubulin III staining shows the morphol-
ogy of neurons under treatments. Aβ25-35 induces significant deform of neuronal morphology after 24 hours of treat-
ment. CE (10 mg/ml) reverses the morphological changes induced by Aβ25-35. C. MTT assays show that CE (10 mg/
ml) increases cell viability compared with Aβ treatment. D. TUNEL assays show that CE (10 mg/ml) decreases cell 
death induced by Aβ. Data represent mean+SE (n=3). **P<0.01 compared to Aβ25-35 or Aβ1-42 group. Scale bar: 
100 mm. 
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Bcl2 and caspase-3 activation may be involved 
in CE protection.  
 
Discussions 
 
The results of the present study indicate that CE 
can protect against Aβ25-35-induced cytoxicity in 
rat primary prefrontal cortex neurons. Bcl2 and 
Csp3 activation may be involved in CE protec-
tion. The beneficial effects of CE are consistent 
with other observations that CE reduces toxicity 
induced by scopolamine, cycloheximide and 
alcohol in rodents with impaired memory [15]. 

Aβ25-35 is shown toxic to SH-SY5Y cells and iso-
lated mitochondria from rat brains [17]. Dacty-
lorhin B, one of components of CE, protects 
against Aβ25-35 induced toxicity in the above 
systems [17]. There are 4 components in CE: 
dactylorhin A, dactylorhin B, loroglossin and 
militarine [16]. The studies on the implications 
of each component and the interaction of com-
ponents will make CE a potential drug candi-
date for Aβ hypothesis-based therapy.  
 
Evidence has shown apoptosis involvement in 
AD. Overexpression of familial AD (FAD)-related 

Figure 3. CE upregulates anti-apoptotic protein Bcl2 and downregulates apoptotic protein activated Csp3. A. CE (10 
mg/ml) increases levels of Bcl2. B. Bcl2 inhibitor HA14-1 blocks CE protection against Aβ25-35 toxicity. Data represent 
mean+SE (n=3). **P<0.01 compared to Aβ25-35+CE group. C. CE (10 mg/ml) decreases levels of activated Csp3. 
Data represent mean+SE (n=3). **P<0.01 compared to Aβ25-35 group. 
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mutations causes apoptosis in the transfected 
cell lines, cultured neurons and transgenic 
mice. For example, overexpression of FAD muta-
tions of APPV642I, APPV642F and APPV642G in COS 
or F11 cells increases number of apoptotic cells 
as determined by TUNEL staining assay, which 
can be inhibited by anti-apoptotic protein Bcl2 
overexpression [18]. These results support the 
role of FAD mutations in inducing apoptosis. 
Similarly, the data from transgenic mice confirm 
the above observations. Transgenic mice over-
expressing FAD mutant APPV717F develop neu-
ritic dystrophy similar to some pathological fea-
tures in AD patients [19, 20]. The degenerating 
neurons in these mice also show typical apop-
totic features, such as chromatin segmentation 
and condensation, and positive TUNEL staining 
[21]. However, in these studies, the FAD mutant 
proteins are normally overexpressed far beyond 
the physiological levels. However, FAD neurons 
do not necessarily undergo apoptosis. In the 
mutant PS1 expressing neurons, increased 
apoptosis is not reported [22]. Also, there is no 
neuronal loss found in mutant PS1 transgenic 
mice [23].  
 
Our results show that CE upregulates Bcl2 level 
and downregulates activated Csp3 level. These 
might be the mechanisms of CE protection 
against Aβ toxicity. In our previous study, we 
also find that curcumin protection is mediated 
by regulation of Csp3 and Bcl2 levels in rat neu-
rons [24]. In APPswe/PSDE9 transgenic mice, 
activated Csp3 and Bcl2 are reported to be re-
lated to pathogenesis of AD [25]. In mild cogni-
tive impairment patients, alterations of Csp3 
and Bcl2 levels are associated with disease pro-
gression [26]. Therefore, Csp3 and Bcl2 might 
be involved in amyloid toxicity and could be 
regulated by protective agents, such as CE.  
 
Taken together, the data from this study confirm 
that CE is protective against Aβ toxicity in cell 
cultures, which makes it a promising candidate 
for amyloid-based AD prevention or therapy.  
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