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Abstract

Purpose This study was aimed to evaluate the effect of Hedera nepalensis crude extract (HNC) and its isolated compound lupeol
on antioxidant defence system, biochemical parameters and behavioural indices of Alzheimer disease generated in diabetic rats.
Methods To evaluate the effect of the plant extract and lupeol, symptoms of Alzheimer and diabetes were induced in rats by
STZ + AICI; treatment. Glucose level was measured with glucometer followed by antioxidant and biochemical assessment of the
treated and untreated animals. Behavioural response of the rats was determined by Elevated Plus Maze (EPM) test and Morris
Water Maze (MWM) test followed by determination of brain neurotransmitters by HPLC.

Results HNC significantly reduced blood glucose level in a time dependent manner and elevated liver function markers were
significantly (P < 0.05) reinstated to normal levels. HNC showed increase in level of catalase (CAT), superoxide dismutase
(SOD) and reduced glutathione (GSH). HPLC quantification revealed that HNC treatment led to significant (p < 0.001) elevation
in the level of neurotransmitters (dopamine and serotonin) in the midbrain region as compared to Alzheimer control (AC) group.
EPM and MWM test showed decrease in cognitive and memory impairment in a rat group treated with HNC as compared to AC
group.

Conclusion Overall, results showed that H. nepalensis has therapeutic potential for the treatment of diseases like Alzheimer and
diabetes.

Keywords Alzheimer disease - Antioxidant - Diabetes mellitus - HPLC - Lupeol - Neurotransmitters

Introduction

Alzheimer disease (AD) is also known as type 3 Diabetes
Miletus (DM) and there is a strong relation between AD and
diabetes. Factors such as obesity, heart disease and high blood
pressure which are involved in the prognosis of diabetes are
also directly linked with increased risk of developing AD.
High cholesterol level is also directly involved in increase in
blood pressure, which poses a greater threat for elderly
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individuals to develop AD [1]. Symptoms of AD syndrome
in the elderly stage include the social and occupational activ-
ities hindrance. It is known to cause dementia in about 80% of
individuals, according to recent findings [2-5] . Diagnosis of
AD comprises of two well-known abnormalities, that is mem-
ory loss and defects in normal function of speaking, attention,
thought, sense of judgement or problem solving [6]. AD
symptoms shorten the life expectancy and affect overall life-
style. Dementia and cognitive impairment occur due to dam-
age in neurons and synapses structure which occurs in the
basal forebrain, hippocampus, amygdala and neocortex of
AD subjects [7-10]. In early prognosis of AD, cholinergic
neurons around amygdala, hippocampus, cerebral cortex,
and basal ganglia would be affected [11]. Destruction of cho-
linergic neurons and axonal defects lead to reduced release of
acetylcholine resulting in cognitive impairment in aged pa-
tients [12]. Experimental approach involving animal models
has shown that A3 neurotoxicity could be reversed or de-
creased by stimulating nicotinic receptors [13]. So,
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researchers have been screening novel drugs which can dimin-
ish acetylcholine esterase activity or in some cases activate
acetylcholine receptors.

From very start of human civilization, plants extracts were
used in different situations for medicinal purpose. Secondary
metabolites of plants are favoured as drugs because they dis-
play more biological friendliness and hence are more effective
within living system than synthetic compounds. In Asia and
Africa, herbs proven to be medicinally important for diabetes
have been used for many centuries. Medicinal plants have
been widely used as traditional medicine with low cost and
fewer side effects. [14, 15]. The family Araliaceae contains
genus Hedera found in North Europe, Asia, and North Africa.
Nasir, has reported that many species of Hedera are existing in
Northern areas of Pakistan [16]. Hedera nepalensis K. Koch is
among one of the most beneficial plants for the treatment of
different diseases. Its spasmolytic, sedative, antihelmintic,
molluscicidal, antileishmanial and antifungal properties
reviewed in literature showed that this plant has strong poten-
tial in herbal medicines [17, 18]. Jafti et al., reported the ex-
istence of catechin and caffeic acid in ethyl acetate fraction of
H. nepalensis and found significant proportion of phenolic
compounds having promising antioxidant activity [19]. It
has also been found to be effective against tumour cells [20].
Saleem et al. [21] reported that the extracts of H. nepalensis
possess potent dipeptidyl peptidase-4 (DPP-4) inhibitory ac-
tivity. The phytochemical analysis of H. nepalensis showed
the existence of alkaloids, terpenoids, steroids, tannins and
flavonoids [22]. These active compounds containing high an-
tioxidant activities are considered promising for prevention
and treatment of diseases like depression, diabetes and cancer
[23, 24].

To date, no pharmacological activity based on dual
antidiabetogenic and anti-Alzheimeric property has been eval-
uated for H. nepalensis using rat model. So, the current exper-
iment was commenced to evaluate the consequences of
Hedera nepalensis crude extract (HNC) and its isolated com-
pound lupeol on antioxidant defence system, biochemical pa-
rameters and behavioural indices in a streptozotocin and AICI
induced rat model of AD confounded by DM.

Material and method
Plant material

H. nepalensis under the local name of Bumbar was collected
from Nathia Gali, District Rawalpindi, Punjab, Pakistan. Plant
was recognized by Dr. Rizwana Aleem Qureshi, Faculty of
Biological Sciences, Quaid-i-Azam University, Islamabad.
Plant specimen record was deposited under the voucher num-
ber (HMP-461) to the “Herbarium of medicinal plants of
Pakistan”, Quaid-i-Azam University, Islamabad, Pakistan.
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Plant extractions and isolation of lupeol

Plant material was dried under shade, ground into fine powder
and then macerated in methanol and chloroform mixture (1:1).
The eluted solution was concentrated in rotary evaporator
(Buchi, Switzerland) to get H. nepalensis crude extract
(HNC). The suspension of crude extract obtained after mixing
in hot distilled water, was subjected to partitioning three times
with n-hexane. Lupeol (Molecular formula; C50Hs00) was
isolated previously by our research group [21] as a white
powder from the HNN fraction (m/z 426.72) as recommended
by mass spectral data.

Animal maintenance

Rats (Male Sprague-Dawley) weighing 200-220 g were cho-
sen for experimentation. They remained kept in aluminium
enclosures maintained in ventilated room with permissible
access to food and tap water. The study protocols were ap-
proved by Ethical Committee of Quaid-i-Azam University,
Islamabad. All experimental were directed in accord with the
National Biosafety Guideline [25].

Induction of Alzheimer and diabetes

Rats were made diabetic by a single intraperitoneal injection
(0.2 ml) of 30 mg/kg of streptozotocin (STZ) liquefied 0.1 M
citrate buffer solution for three consecutive days [26, 27].
Then blood was withdrawn from tail and glucose level was
determined to confirm the induction of diabetes using test
strips in Lifescan one touch Vita™ test meter. On third day
after injection of STZ, aluminium chloride (AICl3) was given
orally daily for 21 days [27, 28]. Diabetic rats which showed
>300 mg/dl glucose concentrations were used for further
experiments.

Treatment groups

Total thirty-five Sprague-Dawley rats were arbitrarily distrib-
uted into five groups having seven rats in each and dosage was
performed according to rat body weight (BW). NC (normal
control) group (non-diabetic, non-Alzheimer) was given 10%
DMSO (10 ml/kg BW/day). STZ + AICI; co-treated group
received Rivastigmine (EXCELON®) at 0.8 mg/kg BW/day
as positive control (PC). AC group (Alzheimer control) re-
ceived 10% DMSO (10 ml/’kg BW/day) after STZ + AICI3
co-treatment. HNC group (AC + HNC) received crude extract
400 mg/kg (BW) after STZ + AICI3 co-treatment. AC +
Lupeol group received lupeol orally at 10 mg/kg (BW) after
STZ + AICI3 co-treatment. The solutions were prepared in
10% DMSO and treatments were carried out orally for 21
consecutive days. After oral dose, glucose level was
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determined on day 0, day 7, 14, 21 of blood taken from tail
vein using test strips in Lifescan one touch Vita™ test meter.

Serum and tissue preparation

On day 21, rats were anesthetized with chloroform and
sacrificed to get blood by cardiac puncture [29]. The blood
was collected in BD Vacutainer® tubes and then centrifuged
at 3500 rpm for 10 min to separate the serum. Brain regions
(cortex and cerebellum) and liver tissue were separated for
estimation of antioxidant enzymes and histopathological anal-
ysis. Midbrain region (cerebrum) was subjected to high per-
formance liquid chromatography-ultraviolet (HPLC-UV) for
neurotransmitter analysis.

Determination of biochemical markers of liver
and pancreas

Biochemical markers such as ALP, AST, total bilirubin and
triglyceride of respective organs have been estimated in the
serum acquired from the treated animals according to the
guidelines mentioned on supplier’s standard kits levels using
the Cobas® kits (Roche Diagnostics, Indianapolis, IN, USA).
Pancreatic biomarkers such as lipase was estimated in the
serum of treated animals according to the guidelines men-
tioned on supplier’s standard kits levels using the Cobas® kits
(Roche Diagnostics, Indianapolis, IN, USA).

Determination of antioxidant markers

Tissue parts (100 mg) of cortex, cerebellum and liver of every
animal were homogenized in ice cold 50 mM tris buffer
(pH 7.4) and obtained content was subjected to centrifugation
at 12,000 rpm for 20 min at 4 °C to get homogenate, which
then was analysed for CAT, SOD, Protein estimation, TBARS
and GSH [30].

CAT activity

CAT estimation was measured by the Aebie’s method with
slight modification [31]. The reaction mixture comprised of
2 mL of 50 mM phosphate buffer (pH 4.5), 0.3 mL of 5.9 mM
H,0,, and 0.2 mL tissue homogenate. After 2 min, absor-
bance was calculated at 240 nm using microtiter ELISA reader
and results were represented as U/min. The protein estimation
of'tissue homogenates was measured with Bradford method at
650 nm spectrophotometrically [32].

SOD activity
SOD level was analysed by the method of Bannister et al. [33].

Reaction mixture contained 0.2 mL of phenazine methosulphate
(184 uM), 1.4 mL of phosphate buffer (pH 7.2) and 0.2 mL of

tissue sample followed by the addition of 0.1 mL of NADH
(780 uM). After 1 min, 1 mL of glacial acetic acid was mixed
to stop reaction and took reading at 560 nm. SOD level is stated
as U/mg protein.

Protein estimation

Protein estimation of tissues homogenates was evaluated
using the Bradford method under slight modification [32].
Tissues of organ (100 mg) were weighed and homogenized
in the phosphate buffer (PH 7.0). Then, homogenates were
centrifuged for 5 min at 15,000 rpm at 4 °C. The incubation
of 5 min was given to 0.2 ml sample mixed in 2 ml alkaline
solution, Mixed Folin Ciocalteu phenol reagent in 1:1 in each
tube and vortexed. After thirty minutes of incubation, the ab-
sorbance was taken at 595 nm by using microplate reader.

TBARS activity

Thiobarbituric acid reactive substances (TBARS) for the mea-
surement of lipid peroxidation activity was performed in tissue
homogenate according to Ohkawa et al. with modifications
[34]. The samples were mixed with phosphate buffer (0.2 M;
pH 7.2) in 1:4 ratio followed by incubation (37 °C) in a shaking
hot water bath for 1 h. Then, mixture was prepared by adding of
10% trichloroacetic acid and working reagent TBA (5% acetic
acid and 20% sodium hydroxide) with sample solution. All the
reaction mixtures were positioned in a hot water bath for 15

min followed by ice bath treatment for 12 min. Centrifugation
was performed at 10,000xg for 15 min. The supernatant was
read at the absorbance of 540 nm in a pure 96-well plate using
microtiter plate reader compared to a reagent blank. TBARS
levels expressed as nM/min/mg tissue protein.

GSH activity

Tissue homogenate (1 ml) and sulfosalicylic acid (1 ml) were
mixed and kept at 4 °C for 1 h. After incubation, centrifugation
was done at 1000xg for 30 min at 4 °C. Final volume of 3 mL
reaction combination contains 2.7 mL phosphate buffer (0.1 M;
pH 7.2), 0.1 mL filtered solution and 0.1 mL DTNB (100 mM).
After that absorbance was taken at 412 nm [35] by using spec-
trophotometer. The results were expressed as mM/g protein.

High-performance liquid chromatography (HPLC)

After dissection of rats, their midbrain region of CNS was
dissected and washed thrice with cold saline and samples were
quickly subjected to storage at —70 °C until estimation of
dopamine and serotonin was done by HPLC as reported ear-
lier [36, 37]. Briefly, tissues were homogenized in phosphate
buffer and then subjected to centrifugation at 14000 rpm for
10 min at 4 °C. Acquired supernatant was filtered through a
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0.2 um Teflon syringe filter and injected into an injector at
20 pl volume for HPLC (Agilent technologies 1200 series).
The measurement of dopamine levels was carried out by
HPLC system having a quaternary pump. It consisted of a
reservoir of mobile phase (50 mM potassium phosphate
buffer/methanol 97/3 (v/v)), pump, an injector, C18 column,
and a UV/Vis detector. Flow rate of mobile phase was adjusted
to 1 ml/min and serial dilutions were prepared for both dopa-
mine and serotonin standards for the determination of linear
standard curve.

Behavioral studies

Towards establishing the correct determination of the behav-
ioral effects of Alzheimer and diabetes, rats were participated
to a maximum of 2 behavioral tests in order to lessen the
stress. Specifically, to evaluate the anxiety-like behavior and
spatial memory, we used Elevated Plus Maze (EPM) test and
Morris Water Maze (MWM) test, respectively. We used video
tracking system from Stoelting Co., Wood Dale, IL, USA in
order to find their stress levels.

Elevated plus maze (EPM)

Standard EPM model was used to determine anxiety-related
behavior [38]. Briefly, the rats were carried to the testing room
one hour before testing and were allowed to stay in their home
cages until experiment started. At start, each rat was positioned
at the central platform opposite the same open arm. Navigation
was observed for a five-min interval using computer-based
software ANY-maze, a video-tracking system from Stoelting
Co., Wood Dale, IL, USA. Movement of individual animals
was considered as total distance travelled during the 5-min test.
Software automatically recorded the number of entries into the
open arms and the time expended on the open arms. An arm
pass was calculated when 85% of body was detected on the
particular arm. At the end of the test, the maze was cleaned with
70% ethanol and dried out with white cloth.

Morris water maze

Morris Water Maze comprised of water-filled cylindrical tank
of 150 cm diameter. Extra-maze different visual cues for ori-
entation were always placed on the four walls around the tank.
The temperature of the water in the tank was kept constant at
25+1 °C. A 15 cm diameter platform was positioned in a
platform quadrant of the tank. The protocol comprised of
1 day of visible platform tests and 2 days of hidden platform
tests along with a probe trial 1 after the last hidden platform
test. Firstly, the platform was placed 1.2 cm above surface of
water in the southeast, northeast, northwest, southwest quad-
rant and the center of the pool respectively, in each trial in the
perceptible platform test. There were 3 trials per day with an
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interval of 1 h. Rats were placed successively in all four quad-
rants of the tank facing the wall of the tank. In each trial, the rat
could swim until it found the platform. If rat could not find its
platform within 60s, it was guided to the platform and
remained placed there for 30s before putting into the cage.
In the unseen platform tests, the platform was located 1 cm
below the water surface in the southeast quadrant and rats
were allowed to move freely from all four positions for 3 trials
per day with an interval of 1 h. The probe trial was directed by
eliminating the platform and by placing the rats facing wall of
North side. The time consumed in the platform quadrant
(Northeast quadrant) was calculated in a single 60 s trial.
Tracking of animal movement was attained with ANY-maze
video-tracking system.

Statistical analysis

The results were evaluated in one-way ANOVA with
Dunnett’s multiple-comparison test by GraphPad Prism 5.0
software. The results were stated as mean+ SEM (standard
error mean). Differences were reflected to be statistically sig-
nificant at p <0.05.

Results

Effects of treatment of HNC and lupeol on plasma
glucose levels of STZ induced rats

The effect of HNC and lupeol on plasma glucose level in STZ-
induced diabetic rats was measured with the help of Lifescan
one touch Vita™ test meter and results are represented in
Fig. 1. Blood glucose level was measured immediately after
i.p. injection of STZ and then after every week till 21 days
designated as 0 day, 7 days, 14 days and 21 days. The fasted
glucose concentration in experimental groups was significant-
ly increased (P < 0.01) on 7th days after first injection of STZ
(Fig. 1). The Alzheimer control (AC) group showed glucose
range of 484-517 mg/dl during the 21 days experiment. The
positive control group (PC) did not show significant decrease
in blood glucose level due to only anti-Alzheimer activity of
Rivastigmine drug and stayed in the range of above 500 mg/dl
till 21st day. HNC group after treatment for 3 weeks (0 day to
21 day) showed significant decrease (106%) from 412 +
13 mg/dl on 7th day to 200 +45 mg/dl on 21st day in plasma
blood glucose level while lupeol treatment brought about even
more decrease in glucose level (7th day: 429 + 15; 21st day:
171£19) up to 150.5% in same duration as stated above.

Effects of HNC and lupeol on blood serum biomarkers

Results of Alzheimer induced rat model based on STZ showing
blood serum biomarkers are presented in Table 1. ALP levels
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Fig. 1 Effect of H. nepalensis 600
crude extract and lupeol on
blood glucose level. Where
“NC” is normal control, “AC” is
Alzheimer control, “PC” is
positive control (Rivastigmine)
and “HNC” is H. nepalensis
crude extract. Values are *
p<0.05, %% p<0.01 and *** p <
0.01 statistically significant as
compared to normal control group
expressed as means £+ SEM
whereas N® represents non- 100
significant
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were increased significantly in the AC (116 +9.9) as compared
to NC (52 £1.3), but ameliorative effect of HNC and Lupeol
reduced the level of ALP towards normal (HNC; 73 £4.3:
lupeol; 68 £4.6). AST and lipase level also showed significant
increase in AC group (44 +2.8 and 59 £5.9, respectively;
P<0.01) as compared to NC, but these increases in level
seemed to lessen when treated with HNC (AST; 30 +£2.1: li-
pase; 29+2.1) and lupeol (AST; 27+ 1.8: lipase; 27 +£2.4).
Similarly, measurements of triglycerides showed significant in-
crease in levels (73.33%; P <0.01) in the AC group (104 +8.1)
as compared to the NC rats (60.01 +1.7) (Table 2; Fig. 3). But
AC + HNC and AC + lupeol rats after respective treatments had
their triglycerides levels (HNC; 72 +2.5: lupeol; 67 £4.9) de-
creased by 34.7% and 35.5%, respectively as compared to the
AC group. Furthermore, measurement of bilirubin level in-
creased (59.01%) in AC group as compared to NC group
(0.41£0.01), whereas subsequent treatment of respective
AC + HNC and AC + lupeol rats presented significant decrease
(P<0.01) in levels (HNC; 0.39 £0.05: lupeol; 0.32 £0.07).

Effects of HNC and lupeol on the antioxidant
enzymatic activity in cortex, cerebellum and liver
organs

Lipid peroxidation (TBARS) showed increased level in cortex
(22+£2.9;250.5%), cerebellum (27.7 +£2.4; 232.2%) and liver
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(37.1£3.9;379.9%) in STZ treated rats as compared to vehi-
cle treated rats while HNC and lupeol treatment showed prom-
ising effects in decreasing the content of TBARS in cortex
(HNC; 7.94 £ 1.4: lupeol; 6.44 +1.2), cerebellum (HNC;
12.8 +1.5: lupeol; 7.71 £1.3) and liver (HNC; 8.76 +2.0:
lupeol; 6.58 + 1.6) (Table 2). There was also a substantial re-
duction in level of protein estimation in cortex (0.56 £0.14;
41.2%), cerebellum (0.38 £0.07; 39.2%) and liver (3.27 +

0.12; 40.2n %) level in STZ treated rats as compared to vehi-
cle treated rats. However, there was increase in the level of
protein estimated on treatment with HNC and lupeol in cortex
(HNC; 1.06 £0.11: lupeol; 1.04+0.19) and cerebellum
(HNC; 0.93 £0.09: Iupeol; 0.88 +0.13) regions as compared
to STZ treated animals (0.38 +0.07). It was also observed that
STZ treatment (AC) brought about decrease in level of CAT
(cortex; 2.5+0.09: cerebellum; 3.2 +0.03: liver; 9.8 +£0.08)
as well as SOD (cortex; 0.5+0.06: cerebellum; 0.3 +£0.02:
liver; 1.3 £0.09) as compared to NC group. HNC and lupeol
treatment showed increase in level of CAT in cortex (72.01%),
cerebellum (50.01%) and liver (200%). Lupeol treatment
showed significant (P < 0.01) increased in level of SOD only
in cortex (1.9 £0.01). Decreased level of GSH in cortex (1.6

+0.18) and cerebellum (0.3 +0.02) regions was observed in
AC while treatment of HNC and lupeol increased the level of
GSH in cortex (HNC; 6.3 +£0.61: lupeol; 7.6 +0.48) and cer-
ebellum (HNC; 4.01 +0.45: lupeol; 3.07 +0.28).

Table 1 Effect of H. nepalensis

crude extract and lupeol on blood Biomarker (Unit) NC PC AC AC +HNC AC + Lupeol
serum biomarker
ALP (U/L) 52+13 77+3.5" 116+£9.9™ 73+43" 68 +4.6N
AST (UL) 22+0.8 25+09 NS 44428 30+2.17 27+1.8N
Lipase (U/L) 185+1.13  29+24NS 59+£59™" 2021 NS 27+24N8
Triglyceride (mg/dl) 60.01+1.7 97+62" 104+8.1"" 72+2.5N8 67+49 NS
Bilirubin (mg/dl) 0.41+0.01 0.8+0.06 NS 1.0+0.17" 0.39+0.05"" 0.32+0.07"

Where “NC” is normal control, “PC” is positive control (Rivastigmine), “AC” is Alzheimer control and “HNC”
is H. nepalensis crude extract. Values are *p <0.05, *#*p <0.01 and *** p<0.001 statistically significant as
compared to AC group expressed as means = SEM whereas ™ represents non-significant
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Table 2  Effects of H. nepalensis crude extract and lupeol on cortex, cerebellum and liver antioxidant activity

Organ Treatment Protein (ug/mg tissue) TBARS (nM/min/ mg tissue) CAT (U/min)  SOD (U/mg protein)  GSH (mM/g tissue)
Cortex NC 0.97+0.09 9.09+0.9 44+0.11 12+0.01 6.2+0.36
PC 0.65+0.08N 145+2.1N8 3740067 1.02+0.017 4.9+0.25N8
AC 0.56+0.14" 224297 25+0.097"  05+0.06"" 1.6+0.18""
AC+HNC  1.06+0.11N8 7.94+1.4N8 43+0.08N  1.6+0.01™ 6.3+0.61N8
AC +lupeol  1.04+0.19™8 6.44+121N 3.1+0.087  1.9+0.017 7.6+0.48%°
Cerebellum NC 0.77+0.07 127+1.5 5.0+0.05 1.1£0.01 440.53
PC 0.83 +0.09™ 11.0+1.5N8 42+0.03""  0.7+0.16" 3.7+0.34N8
AC 0.38+0.07" 27.7+24™ 324003 03+0.02"" 2.8+0.22N8
AC+HNC  0.93+0.09N 12.8+1.51N 48+0.09" 1.2+0.003N 4.01+0.45N
AC +lupeol  0.88+0.13N° 7.71+£13N8 39+0.037  1.3+0.02™ 3.07+£0.28N
Liver NC 5.41+0.40 10.0+1.2 123+0.33 42+001 14.7+0.41
PC 5.43+0.28"S 8.44+2.14NS 13.0+0.15™  3.03+0.017 12.0+0.60™
AC 3.27+0.12" 128+1.9™ 9.8+0.08""  13+0.09"" 8.8+0.76™"
AC+HNC  634+0.6N8 8.76 £2.0NS 141+0177  3.9+0.09 15.5+0.64™8
AC +lupeol  5.85+0.62NS 6.58+1.6NS 11.5+04N  45+0.11" 16.8+1.12N

Where “NC” is normal control, “PC” is positive control (Rivastigmine), “AC” is Alzheimer control and “HNC” is H. nepalensis crude extract. Values
are *p <0.05, **p <0.01 and *** p <0.01 statistically significant as compared to AC group expressed as means = SEM whereas ™ represents non-

significant

Quantification of dopamine and serotonin levels
in STZ + AICI3 treated rats

Quantification of dopamine and serotonin was carried out by
HPLC-UV/Vis (Agilent-1200) machine. The control groups
showed significant difference in the levels of above men-
tioned neurotransmitter being lowest in the AC group and
significantly high in PC group as compared with vehicle
group (Fig. 2). HNC treatment led to significant (P <0.001)
rise in the level of dopamine neurotransmitter in the midbrain
region but lupeol treatment had no significant effect on in-
crease in dopamine level (P>0.05). Similarly, HNC has
shown significantly (P <0.001) increase in the level of neu-
rotransmitter in the midbrain region but lupeol treatment had

Fig. 2 HPLC analysis of 16
dopamine and serotonin in the
midbrain region. Where “NC” is
normal control, “PC” is positive
control (Rivastigmine), “AC” is
Alzheimer control and “HNC” is
H. nepalensis crude extract.
Values are * or ** p <0.05 and
*##% < 0.01 statistically
significant as compared to

Concentration (ug/mg)

diabetic control group expressed
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no substantial effect on serotonin level as compared with
controls (Fig. 2).

Effect of HNC and lupeol treatment on behavioural
indices

Evaluation of anxiety-like behaviour using elevated plus
maze test

Elevated plus-maze (EPM) tests was employed to evaluate anx-
iety like behaviour of the animals after the induction of the
Alzheimer using STZ with AICI; treatment and the results are
presented in Fig. 3. AC rats showed significant reduction in
number of entries to open arms (50.3%; P <0.01) of the plus
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Fig. 3 Elevated Plus Maze
(EPM) test (a) Number of closed
and open entries (b) Total dis-
tance travelled in the open and
closed arms. Where “NC” is
normal control, “PC” is positive
control (Rivastigmine), “AC” is
Alzheimer control and “HNC” is
H. nepalensis crude extract.
Values are * or ** p <0.05 and
##% < 0.01 statistically
significant as compared to
diabetic control group expressed
as means = SEM whereas ™
represents non-significant

Fig. 4 Track plots for Elevated
Plus Maze (EPM) test showing
the position of the animal.
Where “NC” is normal control,
“PC” is positive control
(Rivastigmine), “AC” is
Alzheimer control and “HNC” is
H. nepalensis crude extract
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maze apparatus compared to the NC (4.0 £0.03) while AC +

HNC group exhibited a substantial increase (43.3%; P <0.01) in
their number of entries to open arms (3.7 +0.05) compared to
AC group (2.0 £0.03). Regarding the EPM, the AC rats showed
increase in their ratio of number of entries to closed arms
(40.95%) and total distance travelled in closed arm (50.2%) of
the plus maze apparatus compared to the NC (2.4 £0.04; 1.02 +

0.05), while AC + HNC group exhibited a significant decrease
(50.3%; P < 0.01) in their number of entries to closed arms (1.69

+0.03) compared to the AC group (3.4+0.05). Lupeol treated
rats showed non-significant decrease (10.2%) in their entries to
closed arms but showed significant increase in their entries to
open arms up to 25.2% as compared to AC group. For visual
demonstration tracks plots of EPM are presented in Fig. 4.

Fig. 5 Morris Water Maze 60
(MWM) test (a) Time to reach ( a)
the platform zone (b) Time in

Evaluation of cognitive behaviour using Morris water maze
test

Morris Water Maze (MWM) test was employed as a tool to
evaluate learning/memory behaviour and consolidation of the
reinforced clues in STZ + AICI3 induced Alzheimer rat model
and results are summarized in Fig. 5. Significant increase in
time to reach the platform zone was noted in AC (50.2 +0.03;
p<0.01) group compared with normal group (15.23 £0.03).
Treatment of HNC and lupeol sowed decrease in time to reach
the platform zone with significant reduction in HNC (16.23 £
0.03; p < 0.01) treated group (Fig. 5a). Furthermore, there was
a remarked reduction in time spends in the platform quadrant
in AC group (3.53+0.01; p<0.01) but treatment of HNC
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significantly increased (11.56 +0.05; p < 0.05) the time in the
platform quadrant. Lupeol treated group also showed higher
(7.63 +0.03) time span in the platform quadrant (Fig. 5b). The
value of AC represents that the rats were least oriented in their
directions while in NC and PC the rats were well oriented. In
the end, we evaluated the latency to first entry in the platform
quadrant, which showed significantly elevated time (28.6 =
0.05; p<0.01) or latency to first entry in platform zone for AC
group compared to NC group (7.2+0.01). However, treat-
ment of HNC (10.23 £0.02; p<0.01) and lupeol (19.23 +
0.02; p<0.01) showed significant reduction in latency to first
entry in platform zone (Fig. 5c). For visual demonstration
tracks plots of EPM are presented in Fig. 6.

Discussion

Long term increased glucose level seems to play a part in the
onset of cognitive and behavioral complications related to dia-
betes [39]. Hedera nepalensis is known to have hypoglycemic
effect as reported earlier [22]. More recently, DPP-4 inhibitory
activity was reported by Saleem et al., which represent that
crude extract of Hedera nepalensis possess antidiabetic and
glucose lowering potential [21]. These finding are similar with
our results in which HNC group after treatment showed signif-
icant decrease in elevated glucose level caused by STZ treat-
ment. The herbal treatment of diabetes is the need of time as the
persistent increased glucose level is involved in tissue damage
due to activation of different mechanisms [40], including (1)
elevated glucose and other sugar influx by the polyol pathway,

Fig. 6 Track plots for Morris
Water Maze (MWM) test
showing the position of the
animal. Where “NC” is normal
control, “PC” is positive control
(Rivastigmine), “AC” is
Alzheimer control and “HNC” is
H. nepalensis crude extract

NC

AC

(2) higher advanced glycation end-products (AGEs) synthesis
with receptor expression, (3) activated isoform of PKC and (4)
overexpression of hexosamine pathway. Overall, these mecha-
nisms are involved in increased oxidative stress [41, 42].

Oxidative stress is a major cause in development of DM related
complications such as Alzheimer disease [43]. Hepatoxicity is an
accentuated cause of STZ + AICI3 induced Alzheimer and diabe-
tes [28] and elevated ALT, AST, total bilirubin and lipase in STZ
treated diabetic groups usually tend to have high transaminases
activity [44]. It has also been reported that STZ results in decline in
SOD and CAT activity in brain region [45]. In our results, HNC
treatment showed an increase in the level of CAT in cortex, cere-
bellum and liver. Similarly, lupeol treatment has shown a signifi-
cant (P<0.01) increase in level of SOD. At the same time a
significant decrease in activity was observed in liver function
tests/ enzyme after treatment with HNC and lupeol which are
known to be associated with defence of intracellular enzyme leak-
age and cellular constancy as stated earlier for other
ethnopharmacological importance antioxidant plants [46].

The dopamine and serotonin neurotransmitters are biogen-
ic catecholamines that play a major role in nerve pathways in
the brain [47]. These neurotransmitters are responsible for
cognitive mechanisms such learning and short- and long-
term memory [48]. It has been reported that in AD patients,
a significant loss of serotonin occurs which is consistent with
cognitive processing [49]. In our study reduced dopamine and
serotonin levels were observed in lupeol treated animals and
are correlated with decrease in the activity of SOD, CAT and
GSH. However, the treatment of HNC has significantly in-
creased the level of dopamine neurotransmitter in the
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midbrain region. Deprivation of serotonin level was also ob-
served in midbrain region which support the agreement of
previous studies about dysregulation of the serotonergic sys-
tem [50]. These results suggest that there are some active
constituents of HNC other than lupeol that could increase
level of neurotransmitters and or antioxidant defense system
enzymes.

Alzheimer disease also known as type 3 diabetes is associ-
ated with pathological conditions of dementia and memory
impairment. MWM has the direct relationship with neuro-
transmitter systems and drug effects [S1]. In addition, it has
been shown that there is involvement of the entorhinal, hip-
pocampus and perirhinal cortices [52]. It is believed that the
learning impairment in STZ induced diabetic rats might be
caused by marked variations in synaptic flexibility in hippo-
campal area [53, 54]. That’s why, most experimental model of
STZ related to Alzheimer and diabetes employee Morris
Water Maze (MWM) test [45, 55, 56] to evaluate learning/
memory behavior as well as consolidation of the reinforced
clues in STZ induced Alzheimer rat model. In our experiment,
HNC reduced the memory impairment and enhanced the time
spent in the platform quadrant. As mentioned above the level
of neurotransmitters was also increased due to the treatment of
HNC, so it can be proposed that these mechanisms are
interlinking at some point resulting in overall improvement
of animals’ state.

The purpose of EPM test was to evaluate behavioral indi-
ces of anxiety. However, there are different behavioral indices
of anxiety in EPM test such as height and open/close arms
factor [57]. The total entries score and total distance are con-
sidered a useful index of general activity. To evaluate the
multifaceted behavior of anxiety, co-treated (STZ + AICI3)
rats were evaluated in EPM test and HNC group showed sig-
nificant decrease in their number of entries to open arms and
increase in rate of total distance. EPM has a strong predictive
validity for screening anxiolytic plants [58]. The total entries
score and total distance are considered a useful index of gen-
eral activity [59]. It is thought that the aversion of mice to
explore the open arms of the maze is caused by fear of open
and elevated spaces [60]. So, it can be predicted that due to
treatment of HNC the natural aversion of rats for open and
elevated areas decreased and their natural spontaneous explor-
atory behavior improved.

Conclusion

Our results depict that HNC and lupeol ameliorate the increase
in plasma glucose level and enhance the antioxidant enzymes
profile in STZ + AICI; rat model. HNC and lupeol treatment
showed significant results in decreasing DM related compli-
cations of AD such as cognitive impairment and anxiety/fear
related behavioral indices. Brain neurotransmitters levels were

@ Springer

also improved after HNC treatment. Overall this plant
(H. nepalensis) has antidiabetogenic and memory enhance-
ment property and could be used as novel therapy against
AD pathology with DM co-morbidity. In the end, we summa-
rize that natural and ethanoprmacological related compounds
in H. nepalensis plant may be further analysed for suitability
in other animal models.
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