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In Alzheimer's disease, there are numerous amyloid plaques, neurofibrillary tangles, and neuronal loss in
several brain areas. Oxidative stress is involved in the mechanisms of Ab-peptide induced neurotoxicity
by the generation of free radical oxidative stress that may lead to neurodegeneration. Tabernaemontana
divaricata has various medical properties in Thai folklore medicine including prevent forgetfulness or
improve memory. The present study aimed to investigate the effects of T. divaricata root extract (TDE) on
Ab25e35 peptides induced neuronal loss and oxidative stress in mice. Male ICR mice were administered
with vehicle or TDE (250, 500, and 1000 mg/kg b.w., p.o.) for 28 consecutive days. Then, these mice were
given a single intracerebroventricular (i.c.v.) injection of Ab25e35 or phosphate buffer saline (PBS) (10 mg/
mouse). The novel object recognition (NOR) test was used to determine memory disturbance. In addition,
the neuronal cells in the cerebral cortex and hippocampus were measured by using crystal violet staining
and lipid peroxidation was determined by measuring the formation of thiobarbituric acid reactive
substances. An i.c.v. injection of Ab25e35 peptides could significantly induce memory impairment, in-
crease level of lipid peroxidation including the neuronal loss in CA3 of hippocampus. However, the mice
pretreated with TDE could prevent the memory loss, neuronal loss and decrease lipid peroxidation.
These results suggest the potential therapeutic value in dementia of TDE through its antioxidant
property.
© 2018 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Alzheimer's disease (AD) is the most common form of dementia
in the elderly and characterized by a progressive and gradual
neurodegeneration resulting in cognitive impairment, neuropsy-
chiatric and behavioral disturbances, and restrictions in activities of
daily living (ADLs).1,2 Hallmark neuropathological features of AD
are neuronal cell loss, extracellular deposits of amyloid beta (Ab)-
peptide and neurofibrillary tangles (NFT).2,3 Numerous evidences
suggested that the presence of extensive oxidative stress correlate
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with the accumulation of beta-amyloid.4e6 Oxidative stress medi-
ates Ab-induced neurotoxicity and enhances Ab-peptide produc-
tion, forming a vicious cycle Alzheimer affected brains.7e9 So, it is
considered as one of the important factors contributing to the
initiation and progression of AD pathogenesis.9,10 Moreover, in vitro
study suggested that oxidative stress is involved in the mechanism
of Ab peptides-induced synaptic impairment and neuronal loss by
activation of N-methyl-D-aspartate (NMDA) receptors and increase
in calcium concentrations in the neuronal cell.11 These processes
initiate the generation of reactive oxygen species (ROS)11 which can
cause oxidative damage to lipid, protein or DNA, eventually leading
to cellular dysfunction and neuronal death.12,13 Recently, treatment
or prevention of AD by an oral administration of dietary supple-
ments of natural antioxidants obtained from medicinal herbs or
marine animals has become a popular intervention.14,15 Therefore,
the present study aims to determine the effect of TDE on cognition,
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neuronal density and oxidative stress in the mice model of amnesia
induced by Ab25e35 peptides.

Tabernaemontana divaricata (L, TD), a common garden plant in
tropical countries, has been used in traditional rejuvenation
remedies such as preventing forgetfulness and improving mem-
ory.16 Several potential effects of TD extract from various parts
(flowers, leaves, stem, root) were reported such as anti-convul-
sant,17 anti-inflammation,18 anti-diabetic19 including Anti-
acethylcholinesterase (AChE) activity.20,21 In our previous study,
we demonstrated that subchronic administration of TD root
extract (TDE) decreased AChE activity in cerebral cortex and
hippocampus resulting in the improvement of memory
impairment-induced by Ab25e35 peptides.22 No toxicity was
observed in acute and subchronic treatment of TD in animal
models.22,23 Interestingly, there is also a report about the in vitro
anti-oxidant potential of TD extract from the leaves.24 However,
there is no reported research that examines the anti-oxidative
effects of TDE in the mice model of amnesia. Therefore, the
present work aims to study the inhibitory effects of TDE on
oxidative stress to improve memory dysfunction and neuronal
loss induced by Ab25e35 peptides.

2. Materials and methods

2.1. Plant material and extract preparation

TD was collected from Phitsanulok, Thailand. The voucher
specimen (collection no. Changwijit 001) was deposited at a PBM
herbarium, Faculty of Pharmaceutical Sciences, Mahidol University.
TDE preparation was mentioned previously.22 Briefly, the dried TD
root was macerated with 95% ethanol and then dried out by
evaporating. The HPLC fingerprint of TDE was recorded. The HPLC
system used in the analysis consisted of Shimadzu LC-2OAT pump,
rheodyne injector with 20 ml loop and a SPD-20A UV/VIS Detector
set at 280 nm. A reversed phase C18 column (Phenomenex Luna
150 � 4.60 mm 5 mm) was used together with a C18 guard column
(Phenomenex). The isocratic mobile phase was acetoni-
trile:phosphate buffer solution (pH 7.40) 60:40 v/v at a flow rate of
1 mL/min.

Solution of TDE was prepared by dissolving known quantities of
TDE in propyleneglycol (PG), and the solutions were administered
at concentrations of 250, 500 and 1000 mg/kg BW per day.

2.2. Animals and experimental groups

Male ICR mice (weighing 25e30 g) were obtained from National
Animal Center, Thailand. The animals were housed in a group of five
and kept in the animal room with a standard light-dark cycle,
constant humidity, and controlled temperature (25 ± 2 �C). After a
seven-day acclimatizing period, the mice were randomly divided
into five groups: PG-PBS, PG-Ab, TDE250-Ab, TDE500-Ab and
TDE1000-Ab (n¼ 10/group). The PG-PBS and PG-Ab groupwere fed
with PG and the TDE250-Ab, TDE500-Ab and TDE1000-Ab group
were orally administered with TDE at the dose of 250, 500 and
1,000 mg/kg respectively for 28 consecutive days. After a 28 days
treatment with TDE, the mice were given an i.c.v. injection of
phosphate buffer saline (PBS) or Ab25e35 peptides, respectively. All
of the TDE treated groups were given an i.c.v. injection of Ab25e 35

peptides. Seven days after the i.c.v. injection, the memory behav-
ioral test for these animals was determined by using Novel object
recognition test. Then they were sacrificed, and the lipid peroxi-
dation measured, as well as the assessment of morphological
changes. The experimental protocols were approved by the Ethical
Committee for the Use of Animals, the Naresuan University (license
no. 50040007).
2.3. Intracerebroventricular (i.c.v.) injection of Ab25e35 peptides

The experimental Ab25e35 peptide-induced AD mice model was
described previously.22 Briefly, Ab25e35 peptides was dissolved in
PBS (1 mg/mL) and incubated at 37 �C for 4 days for aggregation. An
i.c.v. administration of aggregated Ab25e35 peptides or PBS (10 mL)
was performed into the right lateral ventricle in anesthetized mice.

2.4. The novel object recognition (NOR) test

The NOR test was performed by using a chamber
(37 � 51 � 20 cm3). The objects used were plastic toys of different
shapes and colors but similar size andwere placed centrally at 15 cm
apart. Before training, the mice were first allowed to acclimatize to
the testing environment in an empty chamber for 10 min. After
acclimatization sessions, they were ready for the training stage. At
this stage, object A and B were placed in a symmetric position. Each
mousewas allowed to explore in the box for a total of 10min andwas
considered to be exploring the object when its nose pointed toward
the object at a distance� 1 cm.25 The amount of time spent exploring
object A and B (TA and TB) were recorded and calculated as a pref-
erence index [(TA � 100)/(TA þ TB)]. Following the training period, it
was removed from the environment for a delay period (24 h). Then it
was returned to the box where one of the original objects (B) was
replaced by a new object (C). A recognition index of each animal was
calculated as the ratio [(TC� 100)/(TAþ TC)], where TA and TC are the
time spent exploring the objects A and C respectively.

2.5. Measurement of lipid peroxide

Lipid peroxidation in the brainwas determined bymeasuring the
formation of thiobarbituric acid reactive substances (TBARS) ac-
cording to the method of Jainkang et al.26 Briefly, the level of
products of lipid peroxidation,malondialdehyde (MDA),was usually
assayed by reaction with 2-thiobarbituric acid (TBA) which forms a
chromogen adduct at acid pH under elevated reaction tempera-
tures.27,28 The reaction mixture in tubes contained 100 mL of brain
homogenate or standard (1,10, 3,30 tetramethoxy propane: TMP),
200 mL of 8% sodiumdodecyl sulphate (SDS),1.5mL of 20% acetic acid
solution (pH 3.5) and 1.5mL of 0.81% TBA. Themixtureswere heated
at 90 �C for 60 min, cooled by immersion in tap water for 10 min to
stop the reaction and then centrifuged at 2,500 g for 20 min. Next,
the absorbance of supernatant was measured at 532 nm by using
spectrophotometer (Model CE1010, Cecil Instruments Ltd, England).
The protein contentwas also determined by using the bicinchoninic
acid (BCA) protein assay reagent kit (Pierce, Thermo Fisher Scientific
Inc., U.S.A.) and expressed as mg/mL.MDA standardwas dilutedwith
ultrapure water to produce the final concentration of 0.0001, 0.001,
0.01, 0.1, 1, and 10 mmol/mL to get the standard curve for the esti-
mation of total MDA. The standard curve was linear response for
TMP concentration (with a regression line corresponding to
y ¼ 240.91x þ 0.0324, r2 ¼ 0.9964). Level of MDA was calculated
from standard curve prepared from TMP and expressed as mmol
MDA/mg of protein for the brain tissue.

2.6. Histological study

The brains were fixed in 10% neutral buffered formalin until
tissue processing. After embedding, each paraffin block of brain
tissues was coronal sectioned by using a rotary microtome. Five
coronal 5-mm-thick sections, with 250 mm between sections, were
taken from each brain at the level of the medial prefrontal cortex
(mPFC) (approximately 1.70e1.98 from bregma) and CA1 and CA3
area of hippocampus (approximately�1.22 to�2.30 from bregma).
Detection of amyloid plaques and neuronal density were
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performed by using Crystal violet staining. Tomeasure the neuronal
density, undamaged neurons were identified as the cell with
round-shaped, violet nuclei and clear perinuclear cytoplasm.
Damaged neurons were characterized as the cells with changed
nuclei (pyknosis, karyorrhexis, and karyolysis).29,30 The number of
undamaged pyramidal neurons per square area 5,000 mm2 was
counted under 40� magnifications. All images were captured with
a digital photo camera attached to the Olympus BX50 microscope
and counting was performed by using the Image pro plus program.

2.7. Statistics

All data were expressed as mean values with standard error of
the mean (mean ± S.E.M.) and were analyzed using a statistical
package (SPSS 11.5, IBM, Chicago, IL, USA). Comparisons between
the groups were performed by one-way analysis of variance
(ANOVA) with post-hoc Duncan's multiple test. A P < 0.05 was the
criterion for statistical significance.

3. Results

3.1. Effect of TDE on object recognition memory

During the training session of novel object recognition (NOR)
test, the preference index were not significantly different between
Fig. 1. The NOR test. The preference index (A) and the recognition index (B). Each column is
significantly with each other (p < 0.05). (a) P <0.5 compared to PG-PBS group, (b) P <0.05
the five groups (Fig. 1, the NOR test). This indicated that there was
no biased exploratory preference of each group without affecting
the total exploring time in the object exploration. However, the
data shown that there was significantly difference in the recogni-
tion index. The PG-Ab group (53.7 ± 2.13) was significantly lower
recognition index than the PG-PBS group (75.1 ± 2.28). Addition-
ally, the TDE-pretreated mice that received an i.c.v. injection of
Ab25e35 peptides showed significantly higher percentage of
recognition index when compared to the control amnesic (PG-Ab)
group. As shown in Fig. 1(B), these percentages of TDE250-Ab,
TDE500-Ab and TDE1000-Ab group were 65.7 ± 2.60, 71.1 ± 2.06
and 69.1 ± 2.11, respectively.

3.2. Effect of TDE on oxidative stress

Both cortical and hippocampal MDA concentrations of PG-Ab
groups were significantly higher than that of PG-PBS groups. In
addition, MDA concentrations in the cortex and hippocampus of
PG-Ab and PG-PBS group showed 4.7 ± 0.82 and 2.1 ± 0.42 mmol/
mg protein and 5.6 ± 1.58 and 1.6 ± 0.56 mmol/mg protein,
respectively. Interestingly, the Ab peptides-induced increase in the
concentrations of MDA was remarkably low in the TDE-treated
groups. The cortical MDA levels of Ab peptides-induced amnesic
mice pretreated with TDE at the doses of 250, 500, and 1,000mg/kg
measured 2.5 ± 0.31, 2.3 ± 0.22, and 1.8 ± 0.28 mmol/mg protein
mean ± SEM for 10 mice in each group. Columns that have a different letter (a, b) differ
compared to PG-Ab group
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while the hippocampal MDA concentrations measured 1.9 ± 0.58,
1.2 ± 0.29, and 1.6 ± 0.30 mmol/mg protein, respectively. So, there
were significant differences in both MDA levels of the control (PG-
Ab) groups versus the TDE-treated groups (P < 0.05; ANOVA) (Fig. 2,
the MDA concentration).

3.3. Effect of TDE on neuronal density

In the PFC, CA1 and CA3 regions, marked reductions of the
neuronal density of PG-Ab groupswere observed as shown in Fig. 3.
Especially in the CA3 region, the number of neurons of the PG-Ab
group was significantly decreased compared to PG-PBS group
whereas mice pretreated with TDE had significantly higher density
when compared to PG-Ab group. The number of undamaged py-
ramidal neurons of PG-PBS, PG-Ab, TDE250-Ab, TDE500-Ab, and
TDE1000-Ab group were 3837.5 ± 110.63, 3162.5 ± 185.26,
3800 ± 86.6, 3887.5 ± 255.25, and 3750 ± 113.65 number of cells/
mm2 in this area, respectively. Similar effects of TDE in PFC and
CA1regions were also revealed as the TDE-treated groups showed
higher densities than that of the PG-Ab groups.

4. Discussion

An i.c.v. injection of Ab25e35 peptides induced amnesia has been
extensively employed as the animal model for screening the po-
tential effects of drugs or natural products on learning andmemory
impairment.31,32 In this study, NOR was used to evaluate the
Fig. 2. The MDA concentration. Effect of TDE on TBARS production in cerebral cortex (A) and
mice in each group. Columns that have a different letter (a, b) differ significantly with each
group.
recognition memory that consisted of familiarity and recollection
component. Our study demonstrated that Ab25e35 peptides expo-
sure causes impairment to discriminate between new and familiar
objects. The PG-Ab group showed significantly lower percentage of
recognition index when compared to PG-PBS group in the NOR
task. Additionally, Ab25e35 peptides-injection didn't affect in
motivation and movement as evidenced by the preference index
during the training session was not significantly different between
all groups. Therefore, the low percentage of recognition index of
PG-Ab group is due to learning and memory deficit. These findings
agree with the previous reports.33,34 Moreover, the result from this
task (visual recognition memory) is correlated with the result of
other behavioral test in our previous study22 by using Morris water
maze (spatial memory) and step-down avoidance (associative fear
memory) test.

The Ab-peptides accumulation has been reported to be critical
events during the neuropathogenesis of AD.35 It stimulates glial cell
activation leading to the generation of ROS and inflammatory cy-
tokines; which seems to be responsible for neuronal dysfunction in
AD.9 Ab peptides-induced lipid peroxidation is an early event in the
oxidative stress that results in the loss of membrane integrity
leading to cellular and mitochondrial dysfunction, such as loss of
Ca2þ homeostasis, disruption of signal pathways, and activation of
nuclear transcription factors and apoptotic pathways, which
further causes cell death.14,36,37 Thus antioxidant properties may
enable delayed occurrence of neuronal death.38 Our results showed
that i.c.v. Ab25e35 peptides could induce the production of lipid
hippocampus (B) of Ab25e35 peptides induced mice. Each column is mean ± SEM for 6
other (p < 0.05). (a) P <0.5 compared to PG-PBS group, (b) P <0.05 compared to PG-Ab



Fig. 3. Histology. Effect of TDE on neuronal densities in prefrontal cortex (A) and hippocampal CA1 (B) and CA3 (C) areas of Ab25e35 peptides induced mice. Each column is
mean ± SEM for 4 mice in each group. Columns that have a different letter (a, b) differ significantly with each other (p < 0.05). (a) P <0.5 compared to PG-PBS group, (b) P <0.05
compared to PG-Ab group.
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peroxide both in the cerebral cortex and hippocampus as indicated
by an increase of MDA level in Ab25e35 peptides-injected mice.
These findings were in agreement with the previous studies
demonstrating similar results in mice and rats.35,39e41 For the his-
tological studies, we found that the neuronal density of CA3 area
was significantly decreased following i.c.v. injection of Ab25e35
peptides. This suggests the occurrence of neuronal cell damage
when the mice were induced by Ab25e35 peptides.

The present study has demonstrated that TDE significantly im-
proves memory deficit together with the decreased oxidative stress
and increased neuronal density in hippocampus. Pretreatment
with TDE for 28 days could restore the cognitive impairment in the
NOR test induced by Ab25e35 peptides in accordance with our
previous study,22 that TDE showed the protective effects on Ab25e35
peptides-induced spatial reference memory impairment as tested
in Morris water maze. Additionally TDE could attenuate the in-
crease of lipid peroxidation induced by Ab25e35 peptides in the
cerebral cortex and hippocampus. This was in accordance with the
study of Rumzhum et al. and Gupta, et al.24,42 An in vitro study
revealed the antioxidant property of TD leave extract in assay of
nitric oxide scavenging activity and reducing power test.24 In
addition, previous in vivo study has reported that TD extract pos-
sesses hepatoprotective effect by decreasing lipid peroxidation and
increasing the level of anti-oxidant agents such as glutathione,
superoxide dismutase, and catalase.42 These agents play the
important role in defense mechanisms to protect against free
radical-induced cell damage. The imbalance between oxidant
production and antioxidant defense system as the generation of
oxidant exceeds the scavenging capacity lead to the occurrence of
oxidative stress in pathogenesis of AD.14 Furthermore, sub-chronic
treatment of TDE exhibited neuroprotective effects on hippocampal
neurons against damages induced by Ab25e35 peptides. This neu-
roprotection is correlated with behavioral alterations that TDE
could prevent thememory impairment caused by Ab25e35 peptides.
From our previous study, we found that TDE could decrease
acetylcholinesterase (AChE) activity resulting in the increased
acetylcholine (ACh) level in neuronal synaptic cleft and bring to the
improvement of memory deficits induced by Ab25e35 peptides in
behavioral testing.22 Previous study showed that Ab25e35 peptides
enhanced the level of AChE activity in the cerebral cortex and
hippocampus probably resulting in memory impairment.22 This
enhancement of AChE activity induced by Ab25e35 peptides is
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mediated by oxidative stress43 which results in the occurrence of
lipid peroxidation leading to the cellular dysfunction and neuronal
death.13,37 Based on these findings, we did suggest that the
decrease of lipid peroxidation level might be due to enhanced ACh
concentration and restore neuronal density and function.

5. Conclusion

It can be concluded that subchronic administration of TDE im-
proves cognitive deficits induced by Ab25e35 peptides. This effect
might be mediated by its antioxidant property and amelioration of
neuronal damage.
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