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1. Phosphate buffer saline (PBS; 1 M)
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Gl?bﬂﬁ’llEN 20 mg
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1AW phosphate buffer solution 0.1 M (pH 7.4) 1 ml
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130 Ao Tissue extract /serum/ red blood cell ChE 130 pl
1300 Ao PBS 1300 pl
63 Ao ATChI ¥3© BuTChCl 63 pl
1.36x 10" Ao mnasi

@ a aan X I
1Ay R Ao @mmwmwﬂgmmﬁﬁwmmﬂu mole substrate hydrolyzed/min/mg tissue 30 pl

serum



79

N 30 LEAAINMINALURNTEININMITNATDUNINTTUVDI ChE



NMANUIN U
o d &’ d‘ [y}
msmalasiiowany 1 nazanes
= d &, d' [y
masana laciiioEony la uazanes

o ' A A o Ay Y
MDY NIUBIIDAD ul@’] HAZEUDY NA1NAIY NaCl 0.85%

|

1195114 Bouin’s fixative 11U 24 %3

|

195114 alcohol 70, 85, 95% 11ag absolute alcohol ANMITUTUAE 2 AT

] 4 n 9
(Lmazmm%"bmu 2 ¥U)

v

Y
uas 11 absolute alcohol : xylene ANMMITUTU 2:1, 1:1 4AT 1: 2 ANUINIUDE 2 AT

[ g’; n v
(Lmammw‘hmu 2 ¥U)

|

U xylene WU 2 ¥ (2 AFT)

'

uas1 xylene : paraffin ANMMTNYY 2:1, 1:1 uag 1: 2 uaazANNENTUuE 13111 2 %

1 a QJ g}/
uelu paraffin USGNT 3 A3 AL 2 YU

l a @

g g, £
datioitod0619'131u paraffin U g5 aseliudiaia

|

° &’ A o 1 v 9 A .
U1 paraffin block (UBLEHDAIDYIN WUHUAULAZAANIYAT O rotary microtome HH1 6 um

|

. . J Y Y I 1 1 9 =
YN tissue section aﬂﬂuﬂi%%ﬂﬁ'ulﬁﬂ Gﬂﬂﬁlﬂllfﬁﬂ !ﬂUiﬁﬂaﬂﬂi@ﬂWiUﬂMﬁ



81

G 2 Y
NMIABNaTYON

1. MIETONT Harris’s Hematoxyline

Hematoxylin crystals 5 N3N
Absolute alcohol 50 ua
Ammonium / Potassium alum 100 N3N
thind 1,000 ua
Mercuric oxide red 2.5 nTu

a2a10 hematoxyline 11 absolute alcohol 91A111AAY alum AderinAU TABTFAIN
Youse mmnnhasazaensaeanwayiu 1 lUdu il Iasaunasanal sneonainay
Zoundnfou 1Ay mercuric oxide a4'l1) udonndull¥audoulu Hornwdeanto 4
vosmsazaeiludiaady ngaldarmdeund v ldiu Taougaclugrni na131%ey
dulduianindn noulFiay acetic acid 1 2-4 wa aed 100 ua (Aouri lidoudoansos

now)

2. MINIYUT Eosin

2.1 19384 1% Stock Alcoholic Eosin
Eosin Y 1 NIY
hind 20 1
22870 Eosin Y furhinaundaiu
Alcohol 95% 80 ua

2.2 1@383 Eosin Working Solution
0018 1% Stock Alcoholic Eosin 1 U
Alcohol 80% 3 U

ﬁaui%’@n conc. acetic acid 1-1.5 4@ ADF 100 WA
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ANOVA
AST
Sum of Squares df Mean Square F Sig.
Between Groups 1274.056 4 318.514 272 .893
Within Groups 22273.902 19 1172.311
Total 23547.957 23

A1 Sig. 1NN 0.05 aaeN luTaNuARA1N T
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MININTUA S. aphylla 112 Stemona sp. YU1a 300 t1ag 500 mg/kg BW Huran 45
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ANOVA
ALP
Sum of Squares df Mean Square F Sig.
Between Groups 115.292 4 28.823 2.427 .084
Within Groups 225.667 19 11.877
Total 340.958 23

1 Sig. 1N 0.05 taae luTaNuLARA1NNEDaA
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ANOVA
ALP
Sum of Squares df Mean Square F Sig.
Between Groups 1020.017 4 255.004 1.782 172
Within Groups 2861.983 20 143.099
Total 3882.000 24
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MININTUA S. aphylla 112 Stemona sp. YU19 300 t1ag 500 mg/kg BW Huran 45
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ANOVA
BUN
Sum of Squares df Mean Square F Sig.
Between Groups 49.102 4 12.276 1.110 379
Within Groups 221.220 20 11.061
Total 270.322 24

1 Sig. 1N 0.05 taae luTaNuLARA1NNEDaA

a 4 1 .. @ YA Yo v
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ANOVA
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M58 11 HAM3AT1ZH ANOVA 4931 AChE 11 cerebral cortex UDIHYYTINARN 195 U135

ANATINHUDUMNHENTUA S. aphylla UaE Stemona sp. VUIA 300 1A% 500 mg/kg BW
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ANOVA
Activity
Sum of Squares df Mean Square F Sig.
Between Groups 534 4 133 5.386 .005
Within Groups 471 19 .025
Total 1.004 23

A1 Sig. TOEAI 0.05 LAAITNIANVLANANN A DA

M1514 12 HAN53A51$H ANOVA v84A1 AChE 11 hippocampus ¥oan Yy uwafn 1asuans
ANATINHUDUMIHINFUA S, aphylla 140g Stemona sp. YU 300 L1ag 500 mg/kg BW
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ANOVA
Activity
Sum of Squares df Mean Square F Sig.
Between Groups 442 4 A11 3.799 .025
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Total .879 19
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ANOVA
Activity
Sum of Squares df Mean Square F Sig.
Between Groups .040 4 .010 10.444 .000
Within Groups .015 16 .001
Total .055 20

1 Sig. YU 0.05 HAAINTANVLANANNFDA

a J 1 < Yy Yo o
A998 14 HaN15UATIEH ANOVA 1994A1 AChE Glu"d]ﬁllGU'ENTTkﬁl’]')&Wﬁﬁdﬁllﬂiﬂﬁ'ﬁﬁﬂﬂﬁ'lﬂ

MNUBUMBNNTHA S. aphylla 1AL Stemona sp. VMR 300 LAT 500 mg/kg BW
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ANOVA
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Sum of Squares df Mean Square F Sig.
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Sum of Squares df Mean Square F Sig.
Between Groups .002 4 .001 6.035 .005
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Acetylcholinesterase Inhibitory Effect of

Pseuderanthemum palatiferum in Albino Rats

War arut Buncharoen, Supap Saenphet, Kanokporn Saenphet*
Department of Biology, Faculty of Science, Chiang Mai University,
Muang, Chiang Mai, 50200 Thailand

Abstract

Alzheimer’s disease is commonly treated by Acetylcholinesterase inhibitors (AChEls) drug therapy.
Because of the varying side effects of Alzheimer’s drugs, interest in the exploitation of medicinal plants as an
aternative to AChEIs has greatly increased in recent years. This study aimed to determine whether the aqueous
extract form the medicinal plant, Pseuderanthemum palatiferum, could inhibit AChE in normal rats. Male albino
rats were given an oral extract at the doses of 0.3, 0.7 and 1.0 g/kg BW for 30 days. These were compared to
controls which received only distilled water. AChE activity was then evaluated from the brains, serum, and red
blood cells of the rats. The results showed that only AChE activity in the hippocampus was significantly inhib-
ited by the extract at the doses of 0.7 and 1.0 g/kg BW (p < 0.05). However, AChE activity in the serum and red
blood cells of treated rats showed no significant differences from that of controls. These results suggest that the
extract could reduce the synthesis of AChE in the rat’s brain. The marked inhibitory effect of aqueous extract
from P. palatiferum against AChE indicates the potential of this plant in the treatment of Alzheimer’s disease.

Key words : Acetylcholinesterase, Inhibition, Pseuderanthemum palatiferum, Rat, Brain, Blood

Introduction

Acetylcholine (ACh) is an important neurotrans-
mitter of the brain cholinergic system involved in
memory formation. ACh is hydrolyzed by acetylcho-
linesterase (AChE) enzyme at the central and periph-
eral cholinergic synapsesinto its two component parts,
acetic acid and choline [3,19]. Loss of ACh activity
in the brain correlates with the severity of Alzheimer’s
disease (AD), the common cause of dementiain eld-
erly people worldwide [13]. AChE inhibitor drugs
have been designed to inhibit the breakdown of ACh
in the brain and thus to increase cholinergic
neurotransmitter activity in AD patients. Due to the
high costs and the varying side effects of the syn-
thetic drugs, interest in the exploitation of medicinal
plants as an alternative AChE inhibitor has greatly
increased in the recent years. A number of researches
have been conducted to evaluate the AChE inhibitory
activity of various plant species, for instance,
Tabernaemontana divaricata, Green tea, Fumaria sp.,
Vaccinium angustifolium, Corydalis spp., Lavandula
pedunculata, Mentha suaveolens and Hypericum

* E-mail: k_saephet@yahoo.com

undulatum[1,8,11,16,20-21]. Nevertheless, until now
no plant species has scored full marks for its poten-
tial to replace the AD drugs. In the study reported
here we were interested in determining the AChE
inhibitory effect of Pseuderanthemum palatiferum, a
native Vietham plant which is popularly used in
Thailand for curing various ailments. The reputed
medicinal properties of P. palatiferum includes wound
healing, and the treatment of trauma, stomachache,
colitis, high blood pressure, nephritisand diarrhea[9].
In view of its broad spectrum of reported therapeutic
properties, but with only limited scientific reports on
the effective activity of this plant, we aimed to deter-
mine whether or not the extract from P. palatiferum
could inhibit AChE activity in abino rats. The results
obtained from our study might facilitate the develop-
ment of a new herbal medicine for AD treatment.

Materials and Methods

Plant materials and extraction

Fresh leaves of P. palatiferumwere collected from
Chiang Mai Province, Chiang Mai, Thailand, during
the summer of 2009. They were cut into small pieces

1/10/10, 5:50 PM
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and extracted with distilled water to yield concentra-
tions of 50, 100 and 150 mg/ml, respectively. The
agueous extracts were filtered before being used.

Animals

Male albino rats (Rattus Norvegigus), 4-5 weeks
of age, with weights between 130 - 150 g, were pur-
chased from the National Laboratory Animal Center,
Mahidol University, Salaya campus, Thailand. The
animals were kept in cages with five animals per
group. They had access to water and a standard diet
(C.P. 082). The room temperature was controlled at
24 - 26 0 Cin a 12 hour light/dark cycle. All proce-
duresinvolving the animals were conducted with strict
adherence to guidelines and procedures reviewed and
approved by the Institutional Animal Care and Use
Committee of Biology Department, Faculty of Sci-
ences, Chiang Mai University, permission number Re
004/09.

Animal treatments

The rats were divided into 4 groups (n = 5). The
animals in each group were orally given the extracts
of P. palatiferum at concentrations of 50, 100 and
150 mg/ml/day which were comparable to doses of
0.3, 0.7 and 1.0 g/kg.BW, respectively. Control rats
received only distilled water. After the 30 days of the
treatment period, the animals were sacrificed and
blood samples were collected by cardiac puncture
technique. The brain was immediately removed and

changed in absorbance/min

1.36 x@ 104

where R is the rate of AChE activity in moles of
substrate hydrolyzed/minute/g of tissue or ml serum,
1.36 x 104 is constant of activity, 20 is the weight of
samples and 130, 1300 and 63 are the values of tissue
extracts, DTNB and ATChl, respectively. AChE
inhibitory effect was expressed as a percentage of
AChE activity in comparison to control values.

Statistical analysis

For statistical analysis, data were analyzed by one
— way ANOVA by SPSS statistical software version
16 for windows. In all thetests, alevel of p value less
than 0.05 was considered of statistical significance.

T ‘ AE“1-92 14

the hippocampus was dissected and stored in a
normal saline solution. All processes were conducted
at -4 °C.

Serum and tissue preparation

Blood samples were centrifuged at 3,000 rpm for
10 min at room temperature. Sera and red blood cells
(RBC) were separately stored at - 40°C until further
use for AChE assay.

Homogenated samples of hippocampus or RBC
and serum were mixed in a 0.1 M phosphate buffer
solution (~20 w/v or v/v), pH 8.0 at - 40C and centri-
fuged at 3,500 rpm for 10 min. The clear supernatant
was stored at - 40°C for the examination of AChE
activity within 24 hours.

Acetylcholinester ase assay

The AChE activity was measured by following the
increase of yellow color produced by the reaction
between the substrate (acetylthiocholine) and 5,5 -
Dithiobis (2-nitrobenzoic) acid (DTNB). The method
for determining AChE activity was modified from [9].
Briefly, 20 yl of samples were mixed with 1,300 pl
of 0.2 mM DTNB and 63 pl of 0.75 mM
acetylthiocholine iodide. 250 pl of the mixed
solutions were added to 96 well plates and a kinetic
reaction of the mixture was measured by EL | SA reader
(GDV, DV 990BV4, Italy) at 405 nm for 10 min with
readouts taken every 2 min. The rate of AChE
activity was calculated using the following formula:

1
20(130/1300+130+63)

Results

The results of AChE activity in hippocampus,
serum and RBC of male abino rats treated with P.
palatiferum extract at the doses of 0.3, 0.7 and 1.0 g/
kg BW for 30 days are presented in Fig. 1, 2 and 3.
The values of AChE activity significantly decreased
at the doses of 0.7 and 1.0 g/lkg BW (p < 0.05) only
in the hippocampus. Nevertheless, in serum and RBC,
there were no significant differences between the
extracts treated groups and the control group.

1/10/10, 5:50 PM
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Figure 1. Hippocampus acetylcholinesterase activity of rats treated with P. palatiferum extract at doses
of 0.3, 0.7 and 1.0 g/kg BW for 30 days as compared to the control group.
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Figure 2. Serum acetylcholinesterase activity of rats treated with P. palatiferum extract at doses
of 0.3, 0.7 and 1.0 g/kg BW for 30 days as compared to the control group.
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Figure 3. Acetylcholinesterase activity of red blood cells in rats treated with P. palatiferum extract at
doses of 0.3, 0.7 and 1.0 g/kg BW for 30 days as compared to the control group.

Discussion

The ability of P. palatiferum extracts to inhibit
AChE activity in rats hippocampus, serum and RBC
was assessed. It was found that oral administration of
the extract at doses of 0.7 and 1.0 g/kg BW for 30
days could inhibit AChE activity in the hippocampus
(Fig. 1). The AChE enzyme, which resembles a
globular subunit is responsible for hydrolyzing ACh
at the cholinergic synaptic clefts[2]. AChE was found
in brain tissue, muscle, plasma and RBC [4,6].
Previously reported research reported on AD patients
has shown that the reduction of neurons in the
hippocampus and cerebral cortex resulted in a low
level of ACh [14], while AChE levels remained con-
stant. The inhibition of AChE activity, thus, helped to
slow down the destruction rate of ACh, and this
concept was used to develop of the drugs for AD
patients [18]. The AChE inhibitory effect of P.
palatiferum extracts found in the hippocampus, the
important site for memory and recognition, of rats
may indicate the usefulness of this plant as an
aternative AD drug.

The AChE activity in the serum and RBC of treated
rat with P. palatiferum extract were not different from
the control group (Fig 2,3). This indifference might
be explained by the following 3 reasons; 1). The level
of AChE in RBC might be less than that in the brain
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tissue where AChE actively breakdown ACh, an
essential neurotransmitter in cholinergic system
[13,21]. The method employed in this study was highly
specific for AChE activity. Nevertheless, the main type
of cholinesterase (ChE) in serum is in the form of
butyrylcholinesterase (BUChEg) [2,5,22]. It was
reported that average adult human plasma contains
3300 ng of BUChE/mI and 8 ng of AChE/ml [5]. The
low activity of AChE detected in serum, thus, was
not surprising., 3). P. palatiferum extract may inhibit
only the certain type of AChE. The study of [7] and
[15] revealed that AChE type found in the brain was
G1 AChE-S, while that found in RBC was G1
AChE-E. The results of our study demonstrated that
the extract inhibited only G1 AChE-S in the
hippocampus, but not G1 AChE-E in RBC. The low
activity of AChE in the hippocampus indicated that
the P.palatiferum extract specifically inhibit the
synthesis of AChE in the brain.

In recent years, the study of medicinal plants as
an alternative AChE inhibitor has greatly increased.
The ability of P. palatiferum extracts to inhibit AChE
activity in the brain may come from the chemical
elements contained in the leaves of this plant. It is
currently reported that several plants species contained
flavonoids, such as tiliroside, 3-methoxy quercetin,
quercitrin and quercetin and those flavonoids
exhibited AChE inhibitory activity [16]. The results

1/10/10, 5:50 PM
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of our study may shed new light on alternative herbal
products for AD treatment. Further investigation on
the chemical composition of P. palatiferum involved
in AChE inhibition is needed.

Conclusion

P. palatiferum extracts can inhibit AChE activity
in the hippocampus, but not in serum and RBCs.
Considering its potent AChE inhibitory effect, this
plant species may be of great interest for future stud-
ies in the treatment of Alzheimer’s Disease.
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Abstract

Synthetic insecticides are widely used around the
world. Since they caused serious problems to environment and
human health, the plant-based insecticides have been proposed as
the alternatives to chemical insecticides. In this study, we have
examined the effects of ethanolic extract from the root of
Stemona aphylla Craib. on cholinesterase activity and brain
histology of albino rats. Male albino rats were orally
administrated with S. aphylla extract at the doses of 300 and 500
mg/kg BW for 45 days. These were compared to controls which
received only distilled water. Cholinesterase activity and brain
histology were then investigated. Our results demonstrated that
rats treated the extract at the dose of 500 mg/kgBW had higher
AChE and BuChE activities in cerebral cortex and hippocampus
than that of control rats. ChE activities in nearly all parts of the
brain exhibited the significant difference from that of controls
(p < 0.05), except AChE in the hippocampus that increase with
the non-significantly different value. On the contrary, AChE and
BuChE activities in RBC of treated rats in all groups
significantly lower than those of controls (p < 0.05). However,
no significant differences in serum ChE were observed between
treated and control groups. Histologically, hippocampus and
cerebral cortex of treated rats showed normal features as

observed in control group.

Keywords: cholinesterase activity, Stemona aphylla Craib.,

hippocampus, cerebral cortex

The 2nd MJU-Phrae National Research Conference


mailto:p_paleel@hotmail.com

1. Introduction

Synthetic insecticides are extensively used in
agriculture, industry and household, mainly in developing
countries . Although insecticides are effective against target
species, they also have serious consequences on both
environment and human health . Most insecticides act by
poisoning the nervous system of insects, the link of nervous-
system disorders in humans and insecticide exposure is, thus,
possible. Histological damages of the brain and abnormal neuro-
enzyme activity have been reported in laboratory animals treated
with various types of insecticides such as endosulfanw,
parathion, lindanc™ and methomylw. In order to minimize
chemical insecticide use and toxicity, significant research effort
has been directed to exploring the potential of plant-derived
products as bioinsecticide. Many plant species such as

. S 7] .
Eupatorium odoratum L., Nicotiana tabacum L. ', Azadirachta

indica A. Juss.m, Derris elliptica Benth.” and Acorus

Calamus"" have been reported to have insecticidal properties. In
Thailand, the root of Stemona aphylla Craib. (Stemonaceae),
known in Thai as Non tai yak has long been used as a natural
insecticide and its efficiency in killing pest insects has been
scientifically provenm. The insecticidal effect of S. aphylla is
probably due to its the alkaloids constituents such as
stemofuran, (2°S)-hydroxystemofoline and stilbostemin F [12713].
As natural products become increasingly being used by people
worldwide, the development of product from S. aphylia as a
natural insecticide alternative is of interest. Nevertheless, the
safety evaluation of plant material is one of the key steps for the
production of herbal products. This study, therefore, aimed to
investigate the toxicity of the extract from the roots of S. aphylia
on the central nervous system of rats by focusing on the

alterations of cholinesterase activity and brain histology.

2. Objectives
To investigate the effect of ethanolic extract from the
root of Stemona aphylla Craib. on cholinesterase activity and

brain histology in albino rats.
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3. Materials and Methods

3.1 Plant materials

Roots of S. aphylla were collected from Lampang
Province, Thailand. The plant material was identified and
authenticated by Mr. James F. Maxwell. A voucher specimen
(number 09-111) was kept at CMU herbarium, Department of
Biology, Faculty of Science, Chiang Mai University, Chiang
Mai, Thailand.
3.2 Plant extraction

Roots of S. aphylla were washed with tap water, cut
and dried in an oven (50 OC) to a constant weight. The dried
roots were immersed in 95% ethanol for 3 days. The extract was
then filtered to remove the residue and evaporated by vacuum
rotary evaporator to obtain the crude ethanolic extract. The crude
extract was then weighed to calculate the actual percentage yield.
Finally, the ethanolic extract was suspended in distilled water as
the required concentrations and used to for further experiments.
3.3 Animals

Male albino rats (Rattus norvegicus), 4-5 weeks of
age, weighing between 100 - 120 g, were purchased from the
National Laboratory Animal Center, Mahidol University, Salaya
campus, Thailand. The animals were housed in cages and had
access to tap water and a standard diet (C. P. 082). The room
temperature was controlled at 24 -26 °Cina 12 hour light/dark
cycle. All procedures involving the animals were conducted with
strict adherence to guidelines and procedures reviewed and
approved by the Institutional Animal Care and Use Committee of
Biology Department, Faculty of Sciences, Chiang Mai

University, permission number Re. 001/10.

3.4 Animal treatments

The rats were randomly divided into 3 groups (n = 8).
The animals in each group were orally given the root extracts of
S. aphylla at the doses of 300 and 500 mg/kg BW daily (1 ml/
day), respectively. Control rats received only distilled water. The
selected doses in this study were based on the used doses in
chronic toxicity test of this plant which have been reported in
previous study " After the 45 days of the treatment period, the
animals were anaesthetized with ether and blood samples were
collected by cardiac puncture technique. The brain was
immediately removed and placed in cold normal saline solution.

The cerebral cortex and hippocampus were divided into 2 parts,

The 2nd MJU-Phrae National Research Conference
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the anterior part was stored at —4 C for the investigation of ChE
activity while the posterior part was fixed in bouin’s solution for

histopathological examination.

3.5 Serum and tissue preparation

Blood samples were centrifuged at 3,000 rpm for 10
min at room temperature. Sera and red blood cells (RBC) were
separately stored at - 40 °C until further use for ChE
investigation. Homogenated samples of hippocampus, cerebral
cortex, RBC and serum were mixed in a 0.1 M phosphate buffer
solution (~20 w/v or v/v), pH 8.0 at - 4 °C and centrifuged at
3,500 rpm for 10 min. The clear supernatant was stored at -40 ‘c
for the examination of ChE activity within 24 hours.
3.6 Examination of cholinesterase activity

AChE and BuChE activities were measured by
following the increase of yellow color produced by the reaction
between the substrate  (acetylthiocholine iodide  or
butyrylthiocholine chloride) and 5, 5’-Dithiobis (2-nitrobenzoic)
acid (DTNB). The method for determining ChE activity was
modified from Ellman et al. (1961)"”. Briefly, 20 ul of samples
were mixed with 1,300 ul of 0.2 mM DTNB and 63 pl of 0.75
mM acetylthiocholine iodide or butyrylthiocholine chloride. 250
ul of the mixed solutions were added to 96 well plates and a
kinetic reaction of the mixture was measured by ELISA reader
(GDV, DV 990BV4, Italy) at 405 nm for 10 min with readouts
taken every 2 min. The rate of ChE activity was calculated using
the following formula:

changed in absorbancs 'mimste 1

E = "

130
136 x 10* —— & 130+63
2 300 )

where R is the rate of ChE activity in micromoles of substrate
hydrolyzed per minute and per milligram of tissue or milliliter of
serum, 1.36 x 10" is constant of activity, 20 is the weight of
samples and 130, 1300 and 63 are the values of tissue extracts,
DTNB and thiocholine, respectively. ChE activity was expressed
as mean and standard error in comparison to control values.
3.7 Histopathological examination

The fixed brains of rats were dehydrated with
progressively increasing concentrations of ethanol. They were
cleared in xylene and infiltrated in molten paraffin wax at 55 °c.

After that, they were embedded as a wax block. Paraffin sections
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of 6 um thickness were cut with the rotary microtome and placed
on glass slides. Finally, the sections were stained with
hematoxylin and eosin. The stained slides were examined using
the light microscope where the photomicrographs of the tissue
samples were recorded.

3.8 Statistical analysis

For statistical analysis, data were analyzed by one —

way analysis of variance (ANOVA) using SPSS statistical
software version 16 for windows. The results were expressed as
mean + standard error. A level of p value less than 0.05 was

considered to be significant.

4. Results
4.1 Cholinesterase activity

The percentage yield of ethanolic extract obtained
from S. aphylla was 7.92 % (w/w). The results of cholinesterase
activity in cerebral cortex, hippocampus, serum and RBC of rats
treated with S. aphylla roots extract at the doses of 300 and 500
mg/kg BW for 45 days were shown in table 1 and 2. The values
of AChE activity significantly increased in cerebral cortex of rats
treated with the extract at the dose of 500 mg/kg BW while those
in RBC significantly decreased in all tested groups (p < 0.05).
Nevertheless, in hippocampus and serum, there were no
significant differences between the treated and the control
groups. BuChE activity significantly increased in cerebral cortex
and hippocampus of rats treated with the extract at the dose of
500 mg/kg BW. In contrast, BuChE activities in RBC were
significantly decreased in all treated groups. However, no
significant differences in serum BuChE were observed between

treated and control groups.

Table 1. AChE activity in rats treated with 300 and 500 mg/kg
BW S. aphylla roots extract for 45 days as compared to control

group.

ACHhE activity (umole/substrate hydrolyzed/

min/mg or ml of tissue)

Organs
300 mg/kg 500 mg/kg
Control
BW BW

Cerebral Cortex | 0.62+0.10° | 0.71+0.00" | 1.02+0.30"

Hippocampus | 0.68+0.24" | 0.82+021" | 1.15+0.20"

Serum 023+0.02° | 022+0.04" | 0.22+0.03"

RBC 0.18+0.04" | 0.06+0.00" | 0.08+0.02°

A
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Values are expressed as mean + SD.
Superscript letters (a, b and c¢) indicate statistically significant

difference (p < 0.05) from one another in the same rows.

Table 2. BuChE activity in rats treated with 300 and 500 mg/kg

BW S. aphylla roots extract for 45 days as compared to control

group.

BuChE activity (umole/substrate hydrolyzed/
min/mg or ml of tissue)
Organs
300 mg/kg 500 mg/kg
Control
BW BW

Cerebral Cortex | 0.05=0.01° | 0.06=0.01" | 0.07+0.01"
Hippocampus | 0.04+0.01° | 0.06+0.01° | 0.07+0.01"
Serum 0.09+0.01" | 0.09+001" | 0.08+0.01"
RBC 0.11+0.02° | 0.05£0.02" | 0.07+0.02"

Values are expressed as mean + SD.
Superscript letters (a, b and c) indicate statistically significant

difference (p < 0.05) from one another in the same rows.

4.2 Histopathological examination

The results of brain histological examination of rat
treated with 300 and 500 mg/kg BW S. aphylla roots extract for
45 days were shown in Fig. 1 and 2. Hippocampus and cerebral
cortex of treated groups showed no significant changes of
histological features when compared to control group. The
hematoxylin and eosin stained sections of brain in all groups
revealed the normal pattern of cell body layers within Ammon’s
horn and dentate gyrus of hippocampus. The cell body layer
consists of healthy pyramidal cells without degenerative cells
(Fig. 1). Sections of cerebral cortex in all groups composed of
regular arrangement of neurons. The neurons were found to be
normal and were characterized by dark stained nucleus and
cleared cytoplasm. Normal neurons and neuroglia were seen
throughout the area of cortex, which were best observed at a high

power (Fig. 2).

5. Discussion

Acetylcholine (ACh) is the neurotransmitter in both
the peripheral and central nervous system. ACh was rapidly
hydrolyzed by ChE into the inactive metabolites choline and

acetate"”. The enzyme ChE is abundant in the synaptic cleft and

-
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terminated nerve impulse transmission at the cholinergic
synapses. Thus, the duration of the action of ACh in synaptic
cleft is dependent on ChE activity " In vertebrates, two
important ChE enzymes are known as AChE and BuChE. AChE

[18-19] .
, while

was found in brain tissue, muscle, plasma and RBC
BuChE is found in serum "". Certain chemical compounds work
by inhibiting ChE and leading to accumulation of acetylcholine
inside neurosynapses, consequently causing the paralysis of
cholinergic neurotransmission in the central nervous system,
sympathetic ganglia and neuromuscular junction — Activity
of ChE is considered as an important marker of toxic chemicals
in central nervous system. In the present study, oral
administration of ethanolic extract from the root of S. aphylla at
the doses of 300 and 500 mg/kg BW showed a significant
decrease of ChE activity in rat’s RBC (Table 1 and 2). A
decrease of ChE activity in RBC may be due to, the inhibition or
alteration of enzyme synthesis by bioactive compounds in this
plant. Previously, the root of S. aphylla has been reported to

[23]
. Many

contain alkaloid, a biological active compound
alkaloids such as stemofoline, (2' S)-hydroxystemofoline, and
(11Z)—1’, 2’-didehydrostem0foline have been reported to have
the potential to inhibit AChE activity . Choudhary et al. (2003)

! reported that the triterpenoid alkaloids isolated from Buxus

hyrcana could inhibit both AChE and BuChE.

Fig. 1 Photomicrographs of the hippocampus sections of the rats



treated with 300 (B and E), 500 (C and F) mg/kg BW S. aphylla
roots extract for 45 days and control group (A and D) showed
normal features. The hematoxylin and eosin stained sections (D,

E and F) revealed normal pyramidal neurons (arrowhead).

Fig. 2 Photomicrographs (magnification: 2x and 20x) of the
cerebral cortex sections of the rats treated with 300 (B and E),
500 (C and F) mg/kg BW S. aphylla roots extract for 45 days and
control group (A and D) showed normal features. The
hematoxylin and eosin stained sections (D, E and F) revealed

normal neurons (arrowhead) and neuroglia (arrow).

Moreover, Cardoso-Lopes et al. (2010) Lol reported that alkaloids
isolated from plant, Esenbeckia leiocarpa Engl. such as
leiokinine A, leptomerine, kokusaginine, skimmianine, maculine
and flindersiamine displayed in vitro cholinesterase inhibitory
activity. Interestingly, a significant increase in both AChE and
BuChE activities was observed in the brain of rats treated with
the extract at the dose of 500 mg/kg BW (p < 0.05). Although
AChE activity in rat’s hippocampus was not significantly
different from that of controls, the tentative of dose-dependent
increase was obviously observed (Table 1 and 2). These results
corresponded to the toxic effect of synthetic insecticides on ChE
activity in the central nervous system as reported in cypermethrin

B nd deltamethrin . Furthermore, the increase in AChE
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activity in the striatum and hippocampus of rats administrated
with the extract from Kava (Piper methysticum) was also
reported B

Pathological examination of the nervous system is an
important component of neurotoxicology. Previously, Pineda et
al. (2005)[3” reported the damaged neurons in rats
intracerebroventricularly injected with crude extracts of lupin
quinolizidine alkaloids from seeds of the plants, L. exaltatus and
L. montanus. The most frequent abnormalities observed in this
brain tissue were red neurons with shrunken eosinophilic
cytoplasm, strongly stained pyknotic nuclei, neuronal swelling,
spongiform neuropil, ghost cells (hypochromasia), and abundant
neuronophagic figures in numerous brain areas. In the present
data, histological examination of brain tissue did not reveal
significant changes in cerebral cortex and hippocampus. The
cerebral cortex of rats in treated and control groups showed
normal features which composed of normal arrangement of
neurons. A regular six layers of the cortex consisted of molecular
layer, external granular layer, external pyramidal layer, internal
granular layer, internal pyramidal layer and multiform layer.
Normal neurocytes such as neuron and neuroglia were
characterized by dark stained nucleus and clear cytoplasm.
Hippocampus of all rats also showed the normal pattern of cell
body layers within Cornu Ammonis (Ammon’s horn) and dentate
gyrus. The cell body layer consists of normal pyramidal cells
without degenerative cells. Since the distribution of drugs or any
substance to brain tissue is restricted because the brain's
permeability characteristics differ from those of other tissues [32],
the unaltered neural tissues found in this study might be due to
the low capacity or incapacity of the crude extract to pass the
blood brain barrier. Nevertheless, abnormal ChE activity in rats
treated with S. aphylla extract at high dose reflects a disturbance
in the cholinergic system. Further research is, therefore, needed
on this matter in order to correctly assess risks of human

exposure to toxic bioinsecticide derived from this plant species.

6. Conclusion

The present study provided new insights on the
neurotoxicity of S. aphylla root extract. Although histological
damage of rat’s brain could not be detected, the marked
alteration of ChE activity could lead to neurological disorders

and neuromuscular problems.
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