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ABSTRACT 

Objective: The current study was planned to investigate anti-inflammatory and anti-apoptotic effects of Ruta graveolens and Pegenum harmala total 
extract against neurodegeneration characterizing Alzheimer's disease (AD) in rat model.  

Methods: Adult male Sprague Dawley rats were classified into five groups. Group (1) control group; group (2) AD group, was administered AlCl3 
daily for one month; group (3) AD group treated orally with rivastigmine daily for three months; group (4) AD group divided into two subgroups, 
the first was treated orally with R. graveolens (750 mg/kg b.wt.) and the second was treated with R. graveolens (375 mg/kg b.wt.) daily for three 
months and group (5), AD group divided into two subgroups the first was treated orally with P. harmala (375 mg/kg b.wt.) and the second was 
treated with P. harmala (187.5 mg/kg b.wt.) daily for three months. Brain and serum acetycholinesterase (AchE) activity, monocyte chemotactic 
protein-1 (MCP-1), leukotriene B4 (LTB4) and B-cell lymphoma 2 (Bcl-2) levels were detected. Brain histological investigation of all studied groups 
was carried out.  

Results: It showed that AlCl3 administration resulted in significant elevation in brain and serum AchE, MCP-1 and LTB4 levels accompanied with 
significant depletion in brain and serum Bcl-2 level. Brain histological investigation of rats administered AlCl3 showed appearance of Aβ plaques 
characterizing AD. Treatment of rats with the selected extracts caused marked improvement in the measured biochemical parameters as well as in 
the histological feature of the brain.  

Conclusion: R. graveolens and P. harmala possess anti-inflammatory and anti-apoptotic effect against neuroinflammation characterizing AD. 
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INTRODUCTION 

The most well-known type of neurodegenerative dementia in elderly 
is Alzheimer’s disease (AD) which approximately 60% of patients 
with dementia [1]. AD is a disease that affects memory, thought, 
reasoning and language as well as serious cognitive disability and 
death of nerve cells. Memory is an organism's mental ability to store, 
retain and recall information. The hippocampus plays an important 
role in learning and memory [2]. Incidence of AD increases with age, 
doubling every 5-10 years [3]. Pathologically, AD is charaterized by 
senile pleques due to abnormal accumulation of extracellular 
amyloid β (Aβ) and the intracellular neurofibrillary tangles (NFTs) 
which are responsible for the neuronal loss, degeneration of 
cholinergic system [4], oxidative damage, synaptic dysfunction and 
inflammation [5]. 

The major risk factors for AD are advancing age, cardiovascular 
diseases, diabetes; obesity, cancer, low educational levels, head 
trauma and exposure to heavy metals such as aluminium (Al), 
cupper, iron and zinc [6]. Al has neurotoxic effect by many 
mechanisms; promoting formation and accumulation of senile 
plaques and neurofibirally tangles leading to progressive neuronal 
degeneration and death [7]. It has been demonstrated that Aβ (1-40) 
binds up to 4 Al atoms and that binding increased the β- sheet 
content of the peptide [8].  

Cerebral inflammation as well as systemic immunological alterations 
has been reported in the pathogenesis of AD [9]. There is compelling 
evidence that in AD, the Aβ deposition is associated with a local 
inflammatory response, which is initiated by the activation of 
microglia and the recruitment of astrocytes. These cells secrete a 
number of cytokines and neurotoxic products that may contribute to 
neuronal degeneration and cell death [10]. Defective immune 
system may eventually be ineffective in defending cells from Aβ, 
leading to neurodegeneration characterizing AD. This might give an 
explanation why cellular changes precede by decades the clinical 
onset of AD [11].  

Apoptosis has been also associated with the pathophysiology of AD. 
Aβ has been known to induce apoptosis both [12]. Stimuli for 

apoptosis in AD include increased oxidative stress, dysregulation of 
ion homeostasis, growth factor deprivation, accumulation of Aβ, 
metabolic impairment, reduced clearance of toxin, mitochondrial 
dysfunction, DNA damage and protein aggregation [13]. 

Medicinal plants are considered very important in primary health 
care system. Medicinal plants are widely used as alternative 
therapeutic tool for the prevention or treatment of many diseases in 
different parts of the world [14]. Ruta graveolens L. (rue) is a native 
of the Mediterranean region but cultivated throughout Europe and 
many Asian countries and it belongs to the family Rutaceae [15]. It 
contains more than 120 compounds of different classes of natural 
products such as acridone alkaloids, coumarins, flavonoids and 
furoquinolines [16]. This plant has different established effects like 
anti-inflammatory [15], antioxidant [17]. Traditionally, R. graveolens 
L. is used for the treatment of rheumatism, arthritis and other 
inflammatory conditions [17]. Moreover, R. graveolens contains 
essential oil rich with active compounds reported to have 
acetylcholinesterase (AChE) inhibitory activity [18]. 

Pegenum harmala (Peganum) is a small genus belonging to the 
family Zygophylaceae and mainly distributed in the Mediterranean 
region [19]. A variety of pharmacological and biological activities of 
P. harmala such as antibacterial, antifungal and monoamine oxidase 
(MAO) inhibition has been reported [20]. This plant is rich in 
alkaloids; β- carbolines including harmalol, harmaline, norharmane, 
harmol, harmine and harmane [19]. A series of β -carbolines and β -
carbolinium salts characterized by their in vitro acetylcholinesterase 
(AChE) and butyrlcholinesterase (BChE) inhibitory activity [21].  

The current study was aimed at investigating the efficiency of R. 
graveolens and P. harmala total extract in management of 
neuroinflammatory insults and neuronal apoptosis characterising 
Alzheimer's disease in experimental animal model. 

MATERIALS AND METHODS 

Chemical and drug 

 Aluminium Chloride (AlCl3) was purchased from Sigma Co. 
USA. Its M.Wt was 133.34. 
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 Rivastigmine, Exelon, 1.5 mg was purchased from Novartis Co. 
Germany 

Medicinal Plants 

 R. graveolens and P.harmala were purchased from local 
specialized market (Seeds, and the spices and medicinal plants Co., 
Cairo, Egypt). 

 R. graveolens and P. harmala taxonomical features of the plants 
were kindly confirmed by Prof. M.N. El-Hadidi, Prof. of Plant 
Taxonomy, Botany Department, Faculty of Science, Cairo University. 
Voucher specimens were kept in the museum of the Department of 
Pharmacognosy, Faculty of Pharmacy, Cairo University.  

Plants extraction 

Extraction of R. graveolens and P. harmala plant was carried out 
according to Kuzovkina et al. [19] and Berrougui et al. [22], 
respectively. The dried aerial parts of R. graveolens and seeds of P. 
harmala were macerated in 500 ml of 70% methanol, left at room 
temperature for three days, and then filtered. The residue was 
repeatedly extracted with fresh methanol (70 %). The combined 
filtrates were evaporated under reduced pressure at 45 ˚C in a 
rotatory evaporator (Heidolph, Germany) till dryness. 

Animals 

The present study was conducted on seventy adult male Sprague 
Dawley rats weighing from 150 to 200 g, 4 months old obtained 
from the Animal House Colony of the National Research Centre, 
Cairo, Egypt. The animals were maintained on standard laboratory 
diet and water ad libitum, housed in polypropylene cages in a 
temperature controlled (23 ± 1ºC) and artificially illuminated (12 h 
dark/light cycle) room free from any source of chemical 
contamination. All animals received human care and use according 
to the guide lines for Animal Experiments which were approved by 
the Ethical Committee of Medical Research, National Research 
Centre, Egypt. 

Experimental set-up 

After an acclimation period of one week, the animals were 
classified into 5 main groups: (1): Normal healthy animals served 
as negative control group. (2): AD-induced group, in which, the 
animals were received AlCl3 orally in a dose of 17 mg/kg b. wt 
daily for one month [23], and rats were scarified after 3 months, at 
the end of the experiment. (3): AD-induced group treated orally 
with the conventional therapy for AD (rivastigmine) in a dose of 
0.3 mg/kg b.wt (after stopping AlCl3 administration (1 month, 
induction of AD)) [24] daily for three months as a reference drug 
for comparison. (4): AD-induced group divided into two subgroups 
the first subgroup was treated orally with R. graveolens extract in 
a dose of 750 mg/kg b. wt and the second subgroup was treated 
orally with R. graveolens extract in a dose of 375 mg/kg b. wt 
(after stopping AlCl3 administration (1 month, induction of AD)) 
daily for three months. (5): AD-induced group divided into two 
subgroups the first subgroup was treated orally with P. harmala 
extract in a dose of 375 mg/kg b. wt and the second subgroup was 
treated orally with P. harmala extract in a dose of 187.5 mg/kg b. 
wt (after stopping AlCl3 administration (1 month, induction of 
AD)) daily for three months.  

At the end of the experiment, blood samples were collected after 12 
hours fasting using the orbital sinus technique, under light 
anaesthesia by diethyl ether, according to the method Van Herck et 
al. [25]. Each blood sample was left to clot in clean dry test tubes, 
and then centrifuged at 1800 xg for 10 min. at 4 ˚C to obtain serum. 
The clear serum samples were frozen at -20 ºC for biochemical 
analysis. 

After blood collection, the rats were killed by decapitation and the 
whole brain of each animal was rapidly dissected, thoroughly 
washed with isotonic saline, dried, weighed and then divided mid-
sagitally into two halves. One half of each brain was homogenized 
immediately to give 10% (w/v) homogenate in ice-cold medium 

containing 50 mM Tris-Hcl (pH 7.4) and 300 mM sucrose [26]. The 
homogenate was centrifuged at 1800 xg for 10 min at 4 ºC and the 
supernatant (10%) was separated for the different biochemical 
analysis. The second half of each brain was fixed in formalin buffer 
(10%) for histological investigation.  

Biochemical assays 

Quantitative estimation of total protein content in the brain was 
carried out according to the method of Lowry et al. [27] to express 
the concentration of different brain parameter per mg protein 
[28]. Brain and serum acetycholinesterase activity was 
determined colorimetrically according to the method of Den 
Blawen et al. [29] using kit purchased from Quimica Clinica 
Aplicada S.A Co., Amposta, Spain. Brain and serum monocyte 
chemoattractant protein-1 (MCP-1) level was detected according 
to Ikawa et al. [30] method using ELISA kit purchased from 
Invitrogen Co., Camarillo, USA. Leukotriene B4 (LTB4) level in brain 
and serum was estimated by ELISA technique according to Maclof 
et al. [31] method using kit purchased from Cayman Chemical Co., 
USA. Brain and serum B-cell lymphoma 2 (Bcl2) level was detected 
using ELISA technique according to the method described by 
Barbareschi et al. [32] using kit purchased from Bender 
MedSystems GmbH,Vienna, Austria. 

Histopathological examination 

After twenty four hours of brain tissue fixation, washing was done 
in tap water, then serial dilutions of alcohol (methyl, ethyl and 
absolute ethyl) were used for dehydration. Specimens were 
cleared in xylene and embedded in paraffin at 56 ˚C in hot air oven 
for twenty four hours. Paraffin bees wax tissue blocks were 
prepared for sectioning at 4 μ thick by slidge microtome. The 
obtained tissue sections were collected on glass slides, 
deparffinized and stained by hematoxylin and eosin (H&E) stain 
[33] for histopathological examination through the light 
microscope Nikon, Japan, with objectives 5x. 

Statistical analysis 

In the present study, all results were expressed as Mean + S.E of 
the mean. Data were analyzed by one way analysis of variance 
(ANOVA) using the Statistical Package for the Social Sciences 
(SPSS) program, version 11 followed by least significant difference 
(LSD) to compare significance between groups [34]. Difference 

was considered significant when P value was > 0.05. Percentage 

difference representing the percent of variation with respect to 
corresponding control group was also calculated using the 
following formula. 

% difference = treated value – Control value X 100 
Control value 

RESULTS 

The results in Table (1) showed the effect of treatment with 
rivastigmine and the selected medicinal plants extract on 
cholinergic markers represented by brain and serum AchE activity 
in AD-induced rats. In comparison with the negative control group, 
AlCl3 administration produced significant elevation (P< 0.05) in 
brain and serum AchE activity (34.3 % and 22.7 % respectively). 
However, treatment of AD-induced group with rivastigmine or 
with either one of the selected medicinal plants extract resulted in 
significant inhibition (P< 0.05) in brain and serum AchE activity (- 
21.44 %, - 16.36 % for rivastigmine; - 12.27 %, - 7.85 % for R. 
graveolens (750 mg/kg b.wt) ; - 19.0 %, - 13.72 % for R. graveolens 
(375 mg/kg b.wt); - 16.76 %, - 11.33 % for P. harmala (375 mg/kg 
b.wt); - 16.66 %, - 10.16 % for P. harmala (187.5 mg/kg b.wt)) as 
compared with the untreated AD-induced group. Also, the results 
in Table (1) showed that the treatment with R. graveolens (750 
mg/kg b.wt) extract caused significant increase (P< 0.05) in brain 
and serum AchE activity as well as the treatment with P. harmala 
(375 mg/kg b.wt) extract caused significant increase (P< 0.05) in 
serum AchE activity in comparison with AD-induced group treated 
with rivastigmine.  
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Table 1: Effect of treatment with rivastigmine and the selected medicinal plant total methanolic extracts on brain and serum 
acetylcholnesterase (AchE) activity in AD-induced rats 

  AchE 
Brain U/mg protein Serum U/L 

Negative control group 571.1 ± 21.2 737.6 ± 28.9 
AD-induced group 767 ± 11.7a 

(34.3 %) 
906.6 ± 8.36a 

(22.7 %) 
AD + Rivastigmine group 602.5 ± 21.0b 

(- 21.44 %) 
758.2 ± 26.4b 

(- 16.36 %) 
AD + R. graveolens (750 mg/kg b.wt)  672.9 ± 14.3bc 

(- 12.27 %) 
835.4 ± 22.0bc 

(- 7.85 %) 
AD + R. graveolens (375 mg/kg b.wt)  621.4 ± 10.5b 

(- 19.0 %) 
782.2 ± 13.3b 

(- 13.72 %) 
AD + P. harmala (375 mg/kg b.wt)  638.4 ± 14.6b 

(- 16.76 %) 
803.9 ± 18.4bc 
(- 11.33 %) 

AD + P. harmala (187.5 mg/kg b.wt)  639.2 ± 15.0b 

(- 16.66 %) 

814.5 ± 16.1b 

(- 10.16 %) 

Data are expressed as means ± standard error (SE) for 10 animals / group. 

a: P> 0.05 vs negative control. 

b: P> 0.05 vs AD group.  

c: P> 0.05 vs AD+rivastigmine group. 

(%): percent of difference with respect to the corresponding control value. 

The data in Table (2) illustrated the influenece of treatment with 
rivastigmine and the selected medicinal plants extract on brain and 
serum MCP-1 and LTB4 levels in AD-induced rats. Our findings in the 
current study revealed that AlCl3 administration produced 
significant elevation (P< 0.05) in brain and serum MCP-1 (141.06 % 
and 45.35 % respectively) and LTB4 (187.84 % and 44.76 % 
respectively) levels when compared with the negative control group. 
While, the treatment of AD-induced group with rivastigmine or the 
selected medicinal plant extracts showed significant depletion (P< 
0.05) in brain and serum MCP-1 levels (-53.37 %, -27.5 % for 
rivastigmine; -31.72 %, -16.05 % for R. graveolens (750 mg/kg b. 
wt); -44.45 %, -25.83 % for R. graveolens (375 mg/kg b. wt); -42.65 
%, -22.16 % for P. harmala (375 mg/kg b. wt) and -41.65 %, -16.81 
% for P. harmala (187.5 mg/kg b. wt)) as compared to the untreated 
AD-induced group. Meanwhile, in comparison with AD-induced 
group treated with rivastigmine, the treatment with R. graveolens 
(750 mg/kg b.wt) or P. harmala (187.5 mg/kg b.wt) extract caused 

significant increase (P< 0.05) in brain and serum MCP-1 level.  

Treatment of AD-induced group with rivastigmine or most of the 
selected medicinal plants total extract produced significant decrease 
(P< 0.05) in brain and serum LTB4 levels (-46.95 %, -19.04 % for 
rivastigmine; -36.02 %, -16.93 % for R. graveolens (375 mg/kg b. 
wt); -34.29 %, -11.83 % for P. harmala (375 mg/kg b. wt) and -33.80 
%, -8.47 % for P. harmala (187.5 mg/kg b. wt)) as compared to the 
untreated AD-induced group. Treatment of AD-induced group 
treated with R. graveolens extract (750 mg/kg b. wt) produced 
significant decrease (P< 0.05) only in brain LTB4 level (-23.63 %) as 
compared to the untreated AD-induced group. Meanwhile, in 
comparison with AD-induced group treated with rivastigmine, the 
treatment with R. graveolens (750 mg/kg b.wt) extract caused 
significant increase (P< 0.05) in brain and serum LTB4 level as well 
as the treatment with P. harmala (187.5 mg/kg b.wt) extract caused 
significant increase (P< 0.05) only in serum LTB4 level. 

 

Table 2: Effect of treatment with rivastigmine and the selected medicinal plant total methanolic extracts on brain and serum MCP-1 and 
LTB4 levels in AD-induced rats. 

 MCP-1 LTB4 
Brain 
pg/mg protein 

Serum 
pg/ml 

Brain 
pg/mg protein 

Serum 
pg/ml 

negative control group 1.8 ± 0.10 67.53±1.47 0.22 ± 0.011 24.01± 0.58 
AD-induced group 4.3 ± 0.36a 

(141.06%) 
98.15± 6.70a 

(45.35 %) 
0.64 ± 0.046a 

(187.84%) 
34.76±0.64a 

(44.76 %) 
AD + Rivastigmine group 2.01±0.14b  

(-53.37 %) 
71.17±2.22b 

(-27.5 %) 
0.34 ± 0.038b 

(-46.95 %) 
28.14 ±0.96b 

(-19.04 %) 
AD + R. graveolens (750 mg/kg b.wt)  2.94 ± 0.11bc 

(-31.72 %) 
82.40 ± 2.03bc 

(-16.05 %) 
0.49±0.033bc 

(-23.63 %) 
32.57 ±0.73c 

(-6.30 %) 
AD + R. graveolens (375 mg/kg b.wt)  2.39 ± 0.15b 

(-44.45 %) 
72.80 ± 2.43b 

(-25.83 %) 
0.41 ± 0.048b 

(-36.02 %) 
28.87± 0.77b 

(-16.93 %) 
AD + P. harmala (375 mg/kg b.wt) 2.47 ± 0.063b 

(-42.65 %) 
76.4 ± 2.43b 

(-22.16 %) 
0.42 ± 0.058b 

(-34.29 %) 
30.65± 0.89b 

(-11.83 %) 
AD + P. harmala (187.5 mg/kg b.wt)  2.51 ±0.19bc 

(-41.65 %) 
81.65 ± 1.19bc 

(-16.81%) 
0.423±0.061b 

(-33.80 %) 
31.82±1.92bc 

(-8.47 %) 

Data are expressed as means ± standard error (SE) for 10 animals / group. 

a: P> 0.05 vs negative control. 

b: P> 0.05 vs AD group.  

c: P> 0.05 vs AD+rivastigmine group. 

(%): percent of difference with respect to the corresponding control value. 
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The results in Table (3) demonstrated the effect of treatment of 
AD-induced rats with rivastigmine and the selected medicinal 
plants extract on brain and serum Bcl-2 levels. The current results 
revealed that AlCl3 administration produced significant reduction 
(P< 0.05) in brain and serum Bcl-2 levels (-43.25 % and -42.98 % 
respectively) when compared with the negative control group. 
However, the treatment of AD-induced group with rivastigmine or 
most of the selected medicinal plants extract exhibited significant 
elevation (P< 0.05) in brain and serum Bcl-2 levels (63.59 %, 
58.10 % for rivastigmine; 62.91 %, 51.52 % for R. graveolens (375 
mg/kg b. wt); 48.68 %, 26.17 % for P. harmala (375 mg/kg b.wt)) 

as compared to the untreated AD-induced group. Treatment of AD-
induced rats with R. graveolens (750 mg/kg b. wt.) or P. harmala 
(187.5 mg/kg b.wt) produced significant elevation (P< 0.05) only 
in brain Bcl-2 level (33.85 %, 47.64 % respectively) as compared 
to the untreated AD-induced group. In comparison with AD-
induced group treated with rivastigmine, the treatment of AD-
induced rats with R. graveolens (750 mg/kg b.wt) extract caused 
significant decrease (P< 0.05) in brain and serum Bcl-2 levels as 
well as the treatment with P. harmala (375 or 187.5 mg/kg b.wt) 
extract caused significant decrease (P< 0.05)but only in serum Bcl-
2 level.  

 

Table 3: Effect of treatment with rivastigmine and the selected medicinal plants total methanolic extract on brain and serum Bcl-2 levels 
in AD-induced rats. 

 Bcl-2 
Brain ng/mg protein Serum ng/ml 

negative control group 5.50 ± 0.38 3.46 ± 0.10 
AD-induced group 3.12 ± 0.22a 

(-43.25 %) 
1.97±0.027a 

(-42.98 %) 
AD + Rivastigmine treated group 5.10 ± 0.39b 

(63.59 %) 
3.12 ± 0.11b 

(58.10 %) 
AD + R. graveolens (750 mg/kg b.wt)  4.18 ± 0.11bc 

(33.85 %) 
2.12 ± 0.09c 

(7.54 %) 
AD + R. graveolens (375 mg/kg b.wt)  5.08 ± 0.21b 

(62.91 %) 
2.99 ± 0.15b 

(51.52 %) 
AD + P. harmala (375 mg/kg b.wt) treated rats 4.64 ± 0.27b 

(48.68 %) 
2.49 ± 0.114bc 

(26.17 %) 
AD + P. harmala (187.5 mg/kg b.wt)  4.61 ± 0.30b 

(47.64 %) 
2.14 ± 0.053c 

(8.45 %) 

Data are expressed as means ± standard error (SE) for 10 animals / group. 

a: P> 0.05 vs negative control. 

b: P> 0.05 vs AD group.  

c: P> 0.05 vs AD+rivastigmine group. 

(%): percent of difference with respect to the corresponding control value. 
 

Histological investigation  

Microscopic examination of brain sections of negative control group 
(Figs. 1, 2, 3 and 4) showed no histopsthological alteration and 
normal histological structure of the meninges, hippocampus, 
medulla oblongata, cerebral cortex and cerebellum. 

Micrographs of brain section of AD-induced group showed sever 
congestion in the blood vessels with oedema in the meninges (Fig. 
5). The cerebrum showed neuronal degeneration with oedema and 
gliosis (Figs. 6 and 7), associated with focal gliosis in the cerebrum 
(Fig.8). Also, the histological examination of brain section of AD-
induced rat showed encephalomalacia and plaques formation in the 
hippocampus (Figs. 9 and 10),  

Micrograph of brain section of AD-induced rats treated with 
rivastigmine showing no histopathological alteration in the 

hippocampus (Fig. 11).  

Micrograph of brain section of AD-induced rats treated with R. 
graveolens (750 mg/kg b. wt.) showed congestion with perivascular 
oedema in the hippocampus (Fig. 12), and focal gliosis in the 
cerebrum (Fig. 13). While, micrograph of brain section of AD-
induced rats treated with R. graveolens (375 mg/kg b. wt.) showed 
no histopathological alteration in the hippocampus (Fig. 14).  

Micrograph of brain section of AD-induced rats treated with P. 
harmala (375 mg/kg b.wt.), showed perivascular oedema and 
vacuolization in the striatum of the cerebrum (Fig. 15) but normal 
histological structure of the hippocampus (Fig 16). Micrograph of 
brain section of AD-induced rats treated with P. harmala (187.5 
mg/kg b.wt.) showed focal gliosis in the cerebrum (Fig. 17), while 
the hippocampus was intact (Fig. 18).  

 

  

(a): Micrograph of brain section of negative control rat showing 
normal histological structure of the hippocampus "H&E 40" 

(b): Micrograph of brain section of AD-induced rat showing 
encephalomelacia (c) with plaques formation (p) in the 

hippocampus "H&E 64" 
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(c): Micrograph of brain section of AD-induced rat showing the 
magnification of Fig. 2 to identify the encephalomelacia (c) with 

plaques formation (p) in hippocampus "H&E 80" 

(d): Micrograph of brain section of AD-induced rat treated with 
rivastigmine showing intact normal histological structure of 

hippocampus "H&E 64" 

  

(e): Micrograph of brain section of AD-induced rats treated with R. 
graveolens (750 mg/kg b. wt.) showing congestion (v) with 

perivascular oedema in hippocampus "H&E 64" 

(f): Micrograph of brain section of AD-induced rats treated with R. 
graveolens (375 mg/kg b. wt) showing intact histological 

structure of hippocampus (hp) "H&E 40 " 

  

(g): Micrograph of brain section of AD-induced rats treated with P. 
harmala (375 mg/kg b. wt.) showing normal histological structure in 

hippocampus "H&E 40" 

(h): Micrograph of brain section of AD-induced rats treated with 
P. harmala (187.5 mg/kg b. wt.) showing intact histological 

structure of hippocampus (hp) "H&E 40" 

 

DISCUSSION 

The present findings revealed that AlCl3 administration induced 
significant elevation in brain and serum AchE activity. These results 
are in agreement with those of Kumar et al. [35]. The activity of AchE 
has been shown to be elevated after Al administration and this could 
be attributed to allosteric interaction between Al and the peripheral 
anionic site of enzyme molecule to modify the secondary structure 
and eventually its activity [36].  

Treatment of AD-induced rats with rivastigmine produced 
significant decline in brain and serum AchE activity. These results 
are in agreement with those of Liang and Tang [37]. Rivastigmine is 
a novel AchE inhibitor that displays specific activity for central AchE 
over peripheral AchE [38] by interacting with the esteratic site in 
ChE molecules [39].  

Treatment of AD-induced rats with R. graveolens resulted in 
significant inhibtion in brain and serum AchE activity. 
Antiacetylcholinesterase activity of R. graveolens has been reported 
[40] which may be contributed to its constituent (terpenes, 
alkaloids, flavonoids, coumarins, furanocoumarins, triacylglycerines, 
and glycosides) that exhibite inhibitory influence on AchE activity 
[41].  

Treatment of AD-induced rats with P. harmala caused significant 
depletion in brain and serum AchE activity. Acetylcholinesterase 
inhibitor activity of P. harmala [21] is probably contributed to its 
alkaloids [42], coumarins [43] and β-carbolines which have anti- 
acetylcholinesterase and anti-butyrylcholinesterase activity [21]. 
Recent report has been shown that the extract of P. harmala inhibits 
the breakdown of brain acetylcholine via decreasing the activity of 
AchE [44].  

The current study revealed that Al administration induced 
significant elevation in brain and serum MCP-1 levels. Al promots 
the accumualtion of insoluble Aβ (1-42) protein [45]. Aβ is able to 
induce MCP-1 expression in the astrocytes with consequent increase 
in its production [11].  

Rivastigmine treatment in AD-induced rats produced significant 
depletion in brain and serum MCP-1 levels. Rivastigmine has been 
found to ameliorate neurological dysfunction and memory deficits in 
animals via its ability to down-regulate the inflammatory activation 
of immune cells [46].  

Treatment of AD-induced rats with R. graveolens produced 
significant decrease in brain and serum MCP-1 levels. Anti-
inflammatory activity of R. graveonalens [15] could be attributed to 
the coumarins and coumarinic derivatives which significantly 
inhibits IL-6 and TNF production induced by lipopolysaccharide that 
stimulates alveolar macrophages and reduces MCP-1 release [47]. It 
has been demonstrated that neutrophil elastase stimulated the 
release of MCP-1 from peritoneal macrophages [48] and neutrophil 
elastase inhibitor such as sivelestat could reduce the release of MCP-
1 [49]. Bissonnette et al. [47] demonstrated the potency of 
coumarinic derivatives as anti-elastases in vitro. Thereby, these 
active constituents in R. graveonalens could deplete MCP-1 level 
both in brain and in serum of the treated rats as shown in the 
present study. 

Treatment of AD-induced rats with P. harmala caused significant 
reduction in brain and serum MCP-1 levels. The antiinflammatory 
activity of P. harmala [50] could be attributed the alkaloid content 
[51] of P. harmala extract. 

The results of the current study showed that Al administration 
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induced significant elevation in brain and serum LTB4 levels. Aβ has 
been found to induce proinflammatory response in microglia which 
evidenced by increased LTB4 release [52]. The changes in 
cytochrome P450 4Fs (CYP4F) levels, due to Al intoxication triggers 
inflammation, inversely correlate with the levels of LTB4 in the brain 
following injury [53] as these have been shown to catalyze the 
omega-hydroxylation of endogenous eicosanoids such as LTB4 [54].  

Treatment of AD-induced rats with rivastigmine produced 
significant decrease in brain and serum LTB4 level as compared to 
AD-induced group. This could be attributed to its anti-inflammatory 
properties [45].  

Treatment of AD-induced rats with R. graveolens resulted in 
significant decrease in brain and serum LTB4 levels. Ratheesh et al. 
[55] demonstrated that the treatment with methanolic extract of R. 
graveonales (MER) leads to significant decrease in lipooxygenase 
enzyme activity (the key enzyme involved in the synthesis of 
leukotrienes from arachidonic acid) in rats. Matern et al. [56] 
attributed this effect of R. graveonales to its content (coumarins) 
which possess anti-inflammatory properties.  

Treatment of AD-induced rats with P. harmala revealed significant 
depletion in brain and serum LTB4 levels. Alkaloid compounds found 
in the extract of P. harmala have been shown to have anti-
inflammatory activity which seems to be mediated by inhibition of 
lipooxygenase and/or cyclo-oxygenase activity or by inhibiting the 
release of cytokines such as TNF-α, IL-1β and IL-8 resident 
peritoneal macrophages and mast cells [57]. 

The results of the current study showed that Al administration 
induced significant reduction in brain and serum anti-apoptotic 
marker (Bcl-2) levels. In accordance with our results, Jin et al. [58] 
demonstrated that Al could influence the activities of learning and 
memory and also reduce the expression of Bcl-2 level.  

Al induces neuronal apoptosis through exerting stress on both the 
endoplasmic reticulum and mitochondria, with a response that leads 
to cross talk between the endoplasmic reticulum and mitochondria, 
leading to activation of apoptosis, down regulation of the anti-
apoptotic protein Bcl-2 [59].  

Treatment of AD-induced rats with rivastigmine produced 
significant elevation in brain and serum Bcl-2 levels. The expression 
level of Bcl-2 increased with ACHEIs treatment [60]. The blockade of 
voltage-activated K currents by rivastigmine may lead to the 
suppression of apoptosis and substantial increase in cell survival 
[61]. 

Treatment of AD-induced rats with R. graveolens and P. harmala 
produced significant elevation in brain and serum Bcl-2 levels. 
Coumarin and umbelliferone compounds in R. graveonales were 
found to have a mechanism of action similar to non steroidal anti-
iflammatory drug (NSAID) in a carrageenan induced inflammation 
[62]. NSAIDs have anti-apoptotic effects as well as protective effects 
in many neurodegenerative diseases such as AD through the 
inhibition of apoptosis in chondrocytes [63].  

P. harmala contains active constitutes that have the capacity of 
scavenging free radicals and to modulate the expression of genes 
encoding antioxidant enzymes such as estrogens, growth factors and 
vitamin E [64]. Nilsen and Brinton [65] demonstrated that estrogen 
increases antiapoptotic proteins, Bcl-2 and Bcl-xl, which prevent the 
activation of the permeability transition pore and thereby protect 
against the mitochondrial Ca2+accumulation. Also, estrogen 
markedly upregulates Bcl-2 expression in primary cultured 
hippocampal neurons [66].  

Photomicrograph of brain section of AD-induced rats showed the 
presence sever congestion in the blood vessels with oedema in the 
memninges. The cerebrum showed neuronal degeneration 
associated with focal gliosis. The hippocampus showed 
encephalomalacia and plaques formation. In accordance of our 
results Abd El-Rahman [67] demonstrated that Al administration 
causes the formation of neuratic plaques that appeared with dark 
center, neuronal damage and degeneration in the cerebral cortex 
and hippocampus.  

Photomicrograph of brain section of AD-induced rats treated with 
rivastigmine showed no histopathological alteration in the 
hippocampus. These results are in agreement with the results of 
Bihaqia et al. [68] who showed normal histological appearance of 
the brain cells treated with rivastigmine tartrate and revealed that 
rivastigmine reversed histopathological alterations caused by Al.  

Photomicrograph of brain section of AD-induced rats treated with R. 
graveolens (750 mg/kg b. wt.) showed some congestion with 
perivascular oedema, and focal gliosis in the cerebrum. Also, there 
was encephalomalacia with plaques formation in the hippocampus. 
While, photomicrograph of brain section of AD-induced rats treated 
with R. graveolens (375 mg/kg b. wt.) showed no histopathological 
alteration in the hippocampus. The neuroprotective effect of R. 
graveonales extract could be attributed to the flavonoids and 
coumarin contents of this plant. Flavonoids of R. graveolens could 
protect neuronal cells from oxidative stress [69] and coumarin 
derivatives could inhibit Aβ-induced cytotoxicity and reactive 
oxygen species production in brain cells [70]. 

Photomicrograph of brain section of AD-induced rats treated with P. 
harmala (375 mg/kg b. wt.) showed congestion in the blood vessels 
with pericellular, intercellular and perivascular oedema in the 
hippocampus, associated with perivascular oedema and 
vacuolization in the striatum but normal histological structure in 
hippocampus. While, photomicrograph of brain section of AD-
induced rats treated with P. harmala (187.5 mg/kg b. wt.) showed 
focal gliosis in the cerebrum, while the hippocampus showed normal 
structure. Saponins the most active constitute in P. harmal, have a 
neuroprotective capacity to antagonize Aβ-induced cytotoxicity in 
the nerve cells [71]. 

CONCLUSION 

In conclusion, the current study revealed that treatment of AD-
induced rats with R. graveolens or P. harmala methanolic extracts, 
significantly ameliorates the cholinergic dysfunction and 
inflammation-induced neurodegeneration characterising 
Alzheimer's disease. These effects were achieved through the 
powerful anti-inflammatory activity and anti-apoptotic effects of 
these extract. Noteworthy, R. graveolens extracts revealed more 
pronounced modulatory effect on most of the measured biochemical 
parameters as well as histological feature of the brain than P. 
harmala extract. The selected medicinal plant extracts may 
represent good therapeutic approaches for intervension of the 
progressive neurological damage associated with Alzheimer's 
disease with special reference to the inflammatory and apoptotic 
insults. 

ACKNOWLEDGMENT 

I would like to express my deepest gratitude to the project team 
entitled “Development of natural drugs for treatment of 
neurodegenerative diseases” for their funding and support of the 
present work and their guidance, encouragement and continuous 
support throughout the course of this study. Also, i am especially 
indebted to Prof. Adel Bakeer Kholoussy, Professor of pathology 
Faculty of Veterinary Medicine, Cairo University for his kind 
cooperation in conducting histopathological investigations in this 
study.  

REFERENCES 

1. Arvanitakis Z. Update on frontotemporal dementia. 
Neurologist. 2010; 16(1): 16-22. 

2. Chakravarthi KK , Avadhani R, Narayan RS. Effect of glycyrrhiza 
glabra root extract on learning and memory in wistar albino 
rats. Int. J. Pharm. and Pharmaceut. Sci. 2012; 4(4): 199-202. 

3. Castellani RJ, Rolston RK, Smith MA. Alzheimer Disease. Dis. 
Mon. 2010; 56: 484-546. 

4. Aluise CD, Robinson RA, Beckett TL, Murphy MP, Cai J, Pierce 
WM, Markesbery WR, Butterfield DA. Preclinical Alzheimer's 
disease: brain oxidative stress, amyloid- beta peptide and 
proteomics. Neurobiol. Dis. 2010; 39: 221-228. 

5. von Bernhardi R. Glial cell dysregulation: a new perspective on 
Alzheimer disease. Neurotox. Res. 2007; 12(4): 215-232. 

mailto:kalyankosuric@gmail.com
http://www.scopus.com/authid/detail.url?authorId=55469532700&amp;eid=2-s2.0-84870955493
http://www.scopus.com/source/sourceInfo.url?sourceId=19700174810&amp;origin=recordpage


Ahmed et al. 
Int J Pharm Pharm Sci, Vol 5, Suppl 2, 87-94 

93 

 

6. Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J. 
Free radicals and antioxidants in normal physiological 
functions and human disease. Int. J. Biochem. Cell Biol. 2007; 1: 
44-84. 

7. Pakaski M, Hugyecz M, Santha P, Jancso G, Bjelik A, Domokos A, 
Janka Z, Kalman J. Capsaicin promotes the amyloidogenic route 
of brain amyloid precursor protein processing. Neurochem. 
Int., 2009, 54, 426–430 

8. Vyas SB, Duffy LK. Stabilization of secondary structure of 
Alzheimer β-protein by aluminium(III) ions and D-Asp 
substitutions. Biochem. and Biophy. Res. Commun. 1995; 206: 
718-723. 

9. Salminen A, Ojala J, Kauppinen A, Kaarniranta K, Suuronen T. 
Inflammation in Alzheimer’s disease: amyloid-β oligomers 
trigger innate immunity defence via pattern recognition 
receptors. Prog. Neurobiol. 2009; 87: 181-194. 

10. Sastre M, Klockgether T, Heneka MT. Contribution of 
inflammatory processes to Alzheimer’s disease: molecular 
mechanisms. Int. J. Dev. Neurosci. 2006; 24(2–3): 167–176. 

11. Reale M, Iarlori C, Feliciani C, Gambi D. Peripheral chemokine 
receptors, their ligands, cytokines and Alzheimer's disease. J. 
Alzh. Dis. 2008; 14(2): 147-159. 

12. Li YP, Bushnell AF, Lee CM, Perlmutter LS, Wong SK. Beta-
amyloid induces apoptosis in human-derived neurotypic SH-
SY5Y cells. Brain Res. 1996; 738: 196–204. 

13. Mattson MP, Magnus T. Aging and neuronal vulnerability. Nat. 
Rev. Neurosci. 2006; 7: 278-294. 

14. Nagavani V and Raghava Rao T. Evaluation of antioxidant 
potential and qualitative analysis of major polyphenols by RP-
HPLC in Nymphaea nouchali Brum flowers. Int. J. Pharm. and 
Pharmaceu. Sci. 2010; 2 (4): 98-104 

15. Raghav SK, Gupta B, Agrawal C, Goswami K, Das HR. Anti-
inflammatory effect of Ruta graveolens L. in murine 
macrophage cells. J. of Ethnopharmacolo. 2006; 104: 234–239. 

16. Kuzovkina I, Alterman I, Schneider B. Specific accumulation 
and revised structures of acridone alkaloid glucosides in the 
tips of transformed roots of Ruta graveolens. Phytochem. 2004; 
65: 1095–1100. 

17. Ratheesh M, Shyni GL, Helen A. Methanolic extract of Ruta 
graveolens L. inhibits inflammation and oxidative stress in 
adjuvant induced model of arthritis in rats. 
Inflammopharmacol. 2009; 17(2): 100-105. 

18. Lee JH, Lee KT, Yang JH, Baek NI, Kim DK. Acetylcholinesterase 
inhibitors from twigs of Vaccinium oldhami Miquel. Archiv. of 
Pharmacal Res. 2004; 27: 53–56. 

19. Abdel-Fattah AFM, Matsumoto K, Murakami Y. Central 
Serotonin level dependent changes in body temperature 
following administration of tryptophan to pargylineand 
harmaline-pretreated rats. Gen. Pharmacol. 1997; 28: 405-409. 

20. Nenaah G. Antibacterial and antifungal activities of (beta)-
carboline alkaloids of Peganum harmala (L) seeds and their 
combination effects. Fitoterapia. 2010; 81(7): 779-782. 

21. Schott Y, Decker M, Rommelspacherb H, Lehmanna J. 6-
Hydroxy- and 6-methoxy-b-carbolines as acetyl- and 
butyrylcholinesterase inhibitors. Bioorg.c & Medicin. Chem. 
Lett. 2006; 16: 5840–5843. 

22. Berrougui H, Isabelle M, Cloutier M, Hmamouchi M, Khalil A. 
Protective effects of Peganum harmala L. extract, harmine and 
harmaline against human low-density lipoprotein oxidation. J. 
Pharm. Pharmacol. 2006; 58(7): 967-974. 

23. Krasovskii GN, Vasukovich LY, Chariev OG. Experimental study 
of biological effects of leads and aluminum following oral 
administration. Environ. Health Perspect. 1979; 30: 47-51. 

24. Carageorgious H, Sideris AC. Messaril E. The effect of 
revastigmine and selegilin on brain acetylcholinesterase, (Na+, 
K+), Mg2+, Atpase activities, antioxidant status and learning 
performance of aged rats. Neuropsych. Dis. and treat. 2008; 
4(4): 687-699. 

25. Van Herck H, Baumans V, Brandt CJWM, Boere HAG, Hesp APM, 
Van Lith HA, Schurink M, Beynen AC. Blood sampling from the 
retro-orbital plexus, the saphenous vein and the tail vein in 
rats: comparative effects on selected behavioural and blood 
variables Laboratory Animals Ltd. Lab. Anim. 2001; 35: 
131­139. 

26. Tsakiris S, Schulpis KH, Marinou K, Behrakis P. Protective effect 
of l-cysteine and glutathione on the modulated suckling rat 
brain Na+, K+–ATPase and Mg2+-ATPase activities induced by 
the in vitro galactosaemia. Pharmacol Res. 2004; 49(5): 475-
479. 

27. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein 
measurement with the folin phenol reagent. J. Biol. 1951; 193: 
265-275. 

28. Karthikeyan K, Bai BR, Devaraj SN. Cardioprotective effect of 
grape seed proanthocyanidins on isoproterenol-induced 
myocardial injury in rats. Int. J. Cardiol. 2007; 115: 326-333. 

29. Den Blawen DH, Poppe WA, Trischier W. Cholinesterase (EC 
3.1.1.8) with butyryl thiocholine-iodide as substrate: reference 
depending on age and sex with special reference to hormonal 
effect and pregnancy. J. Clin. Chem. Biochem. 1983; 21(6): 381-
386. 

30. Ikawa T, Ikeda M, Yamaguchi A, Tsai WC, Tamura N, Seta N, 
Trucksess M, Raybourne RB, Yu DT. Expression of arthritis-
causing HLAB27 on Hela cells promotes induction of c-fos in 
response to in vitro invasion by Salmonella typhimurium. J. 
Clin. Invest. 1998; 101: 263—272. 

31. Maclof J, Grassi J, Pradella P. Development of enzyme 
immunoassay technique for the measurement of ecosanois, 
chapter 5 in prostaglandin and lipid metabolism introduction 
injury, Walden T.L., Jr and Hughens HN editors. Plenum press 
Rockville. 1987; 355-364. 

32. Barbareschi M, Caffo O, Veronese S, Leek RD, Fina P, Fox S, 
Bonzanini M, Girlando S, Morelli L, Eccher C, Pezzella F, 
Doglioni C, Palma PD, Harris A. Bcl-2 and P53 expression in 
node-negative breast carcinoma – a study with long-term 
follow-up. Hum. Pathol. 1996; 27(11): 1149-1155. 

33. Banchroft JD, Stevens A, Turner DR. Theaory and practice of 
histological techniques, Fourth Ed. Churchil Livingstone, New 
york, London, San Francisco, Tokyo, 1996. 

34. Armitage P, Berry G. Comparison of several groups. In: 
statistical method in medical research 2th Ed. Blockwell 
Significant Publication. Oxford, 1987; 186–213. 

35. Kumar A, Dogra S, Prakash A. Protective effect of curcumin 
(Curcuma longa), against aluminum toxicity: possible 
behavioral and biochemical alterations in rats. Behav. Brain 
Res. 2009; 205: 384-390. 

36. Kaizer RR, Correa MC, Gris LRS, Da Rosa CS, Bohrer D, Morsch 
VM, Rosa M, Schetinger C. Effect of long term exposure to 
aluminum on the acetylcholinesterase activity in the central 
nervous system and erythrocytes. Neurochem. Res. 2008; 33: 
2294-2301. 

37. Liang YQ, Tang XC. Comparative effects of huperzine A, 
donepezil and rivastigmine on cortical acetylcholine level and 
acetylcholinesterase activity in rats. Neurosci. Lett. 2004; 361: 
56–59. 

38. Hansen RA, Gartlehner G, Webb AP, Morgan LC, Moore CG, 
Jonas DE. Efficacy and safety of donepezil, galantamine, and 
rivistigmine for the treatment of Alzheimer’s disease: a 
systematic review and meta-analysis. Clin. Interv. Aging. 2008; 
3(2): 211-225. 

39. Bar-On P, Millard CB, Harel M, Dvir H, Enz A, Sussman JL, 
Silman I. Kinetic and structural studies on the interaction of 
cholinesterases with the anti-Alzheimer drug rivastigmine. 
Biochem. 2002; 41: 3555– 3564. 

40. Howes M.R., Perry N.S.L., Houghton P.J., Plants with traditional 
uses and activities, relevant to the management of Alzheimer’s 
disease and other cognitive disorders. Phytother. Res., 2003, 
17, 1–18 

41. Richetti SK, Blank M, Capiotti KM, Piato AL, Bogo MR, Vianna 
MR, Bonan CD. Quercetin and rutin prevent scopolamine-
induced memory impairment in zebrafish. Behav. Brain Res. 
2011; 217: 10–15. 

42. Giacobini E. In Cognitive Enhancing Drugs; Bucca fusco, J. J., Ed.; 
Birkha¨user Verlag: Basel-Boston-Berlin. 2004; p 11. 

43. Zhou Q, Lam PY, Han D, Cadenas E. C-Jun-N-terminal kinase 
regulates mitochondrial bioenergetics by modulating pyruvate 
dehydrogenase activity in primary cortical neurons. J. 
Neurochem. 2008; 104: 325–335. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Feliciani%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gambi%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.scopus.com/authid/detail.url?authorId=6504423631&amp;eid=2-s2.0-78649756022
http://www.scopus.com/source/sourceInfo.url?sourceId=19700174810&amp;origin=recordpage
http://www.scopus.com/source/sourceInfo.url?sourceId=19700174810&amp;origin=recordpage
javascript:AL_get(this,%20'jour',%20'Fitoterapia.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bai%20BR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Devaraj%20SN%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Int%20J%20Cardiol.');


Ahmed et al. 
Int J Pharm Pharm Sci, Vol 5, Suppl 2, 87-94 

94 

 

44. Wszelaki N, Kuciun A, Kiss AK. Screening of traditional 
European herbal medicines for acetylcholinesterase and 
butyrylcholinesterase inhibitory activity. Acta Pharm. 2010; 
60(1): 119-128. 

45. Nayak P. Aluminum: impacts and disease. Environ. Res. 2002; 
89: 111–115. 

46. Nizri E, Irony-Tur-Sinai M, Faranesh N, Lavon I, Lavi E, 
Weinstock M, Brenner T. Suppression of neuroinflammation 
and immunomodulation by the acetylcholinesterase inhibitor 
rivastigmine. J. of Neuroimmunol. 2008; 203: 12–22. 

47. Bissonnette EY, Tremblay GM, Turmel V, Pirotte B, Reboud-
Ravaux M. Coumarinic derivatives show anti-inflammatory 
effects on alveolar macrophages, but their anti-elastase activity 
is essential to reduce lung inflammation in vivo. Int. 
Immunopharmacol. 2009; 9: 49–54. 

48. Ishihara K, Yamaguchi Y, Okabe K, Ogawa M. Neutrophil 
elastase enhances macrophage production of chemokines in 
receptor-mediated reaction. Res. Commun. Mol. Pathol. 
Pharmacol. 1999: 103: 139–47. 

49. Misumi T, Tanaka T, Mikawa K, Nishina K, Morikawa O, Obara 
H. Effects of sivelestat, a new elastase inhibitor, on IL-8 and 
MCP-1 production from stimulated human alveolar epithelial 
type II cells. J. Anesth. 2006; 20: 159–65. 

50. Monsef HR, GhobadiA, Iranshahi M, Abdollahi M. 
"Antinociceptive effects of Peganum harmala L. alkaloid extract 
on mouse" formalin test. J. Pharm. Pharmaceut. Sci. 2004; 19: 
221-222. 

51. Reibero RA, Vale ML, Thomazzi SM, Pascholato ABP, Poole S, 
Ferreira SH, Cunha FQ. Involvement of resident macrophages 
and mast cells in the writhing nociceptive response induced by 
zymosan and acetic acid in mice. Europ. J. of pharmacol. 2000; 
387: 111-118. 

52. Paris D, Town T, Parker TA, Tan J, Humphrey J, Crawford F, Mullan 
M. Inhibition of Alzheimer's beta-amyloid induced vasoactivity and 
proinflammatory response in microglia by a cGMP-dependent 
mechanism. Exp. Neurol. 1999; 157(1): 211-221. 

53. Wang GJ, Chen YM, Wang TM, Lee CK, Chen KJ, Lee TH. 
Flavonoids with iNOS inhibitory activity from Pogonatherum 
crinitum. J Ethnopharmacol. 2008; 118(1): 71–8. 

54. Jiang J, Borisenko GG, Osipov A, Martin I, Chen R, Shvedova AA, 
Sorokin A, Tyurina YY, Potapovich A, Tyurin VA, Graham SH, 
Kagan VE. Arachidonic acid-induced carbon-centered radicals 
and phospholipid peroxidation in cyclo-oxygenase-2- 
transfected PC12 cells. J. Neurochem. 2004; 90: 1036–1049. 

55. Ratheesh M, Shyni GL, Sindhu G, Helen A. Inhibitory effect of 
Ruta graveolens L. on oxidative damage, inflammation and 
aortic pathology in hypercholesteromic rats. Exp. Toxicol. 
Pathol. 2011; 63(3): 285-290. 

56. Matern U, Luer P, Kreusch D. Biosynthesis of coumarins. 1999; 
Pp. 623-637. In: Barton, D., Nakanishi, K., Meth-Cohn, O. and 
Sankawa, U. (eds.): Comprehensive Natural Products 
Chemistry, Vol. 1, Polyketides and Other Secondary Metabolites 
Including Fatty Acids and Their Derivatives. Elsevier Science 
Ltd., Oxford, UK. 

57. Grimm EL, Brideau C, Chauret N, Chan CC, Delorme D, 
Ducharme Y. et al. Substituted coumarins as potent 5-
lipoxygenase inhibitors. Bioorg. Med. Chem. Lett. 2006; 16: 
2528–2531. 

58. Jin C, Liu Q, Wang J, Cai Y. Effect of aluminum on neural 
behavior and the expression of Bcl-2 and Fas in hippocampus 
of weaning rats. Wei Sheng Yan Jiu. 2009; 38: 1-3. 

59. Savory J, Herman MM, Ghribi O, Intracellular mechanisms 
underlying aluminum-induced apoptosis in rabbit brain. J. 
Inorg. Biochem. 2003; 97: 151-154. 

60. Takada-Takatori Y, Kume T, Sugimoto M, Katsuki H, Sugimoto 
H, Akaike A. Acetylcholinesterase inhibitors used in treatment 
of Alzheimer's disease prevent glutamate neurotoxicity via 
nicotinic acetylcholine receptors and phosphatidylinositol 3-
kinase cascade. Neuropharmacol. 2006; 51(3): 474-486. 

61. Pan Y, Xu X, Wang X. Rivastigmine blocks voltage-activated K 
currents in dissociated rat hippocampal neurons. Br. J. 
Pharmacol. 2003; 140: 907–912. 

62. Lino CS, Taveira ML, Viana GSB, Matos FJA. Analgesic and 
antiinflammatory activities of Justicia pectoralis Jacq and its 
main constituents:coumarin and umbelliferone. Phytother. Res. 
1997; 11: 211-215. 

63. Mukherjee P, Rachita C, Aisen PS, Pasinetti GM. Non-steroidal 
anti-inflammatory drugs protect against chondrocyte apoptotic 
death. Clin. and Exp. Rheumatol. 2001; 19: S7-S11. 

64. Hamden K, Silandre D, Delalande C, Elfeki A, Carreau S. 
Protective effects of estrogens and caloric restriction during 
aging on various rat testis parameters. Asian J. Androl. 2008; 
10(6): 837-845. 

65. Nilsen J, Brinton RD. Mitochondria as therapeutic targets of 
estrogen action in the central nervous system. Curr. Drug 
Targets CNS Neurol. Disord. 2004; 3: 297-313. 

66. Nilsen J, Brinton RD. Impact of progestins on estrogen-induced 
neuroprotection: synergy by progesterone and 19-
norprogesterone and antagonism by medroxyprogesterone 
acetate. Endocrinol. 2002; 143: 205-212. 

67. Abd El-Rahman SS. Neuropathology of aluminum toxicity in 
rats (glutamate and GABA impairment). Pharmacol. Res. 2003; 
47: 189-194. 

68. Bihaqia SW, Sharmab M, Singhc AP, Tiwari M. Neuroprotective 
role of Convolvulus pluricaulis on aluminium induced 
neurotoxicity in rat brain. J. of Ethnopharmacol. 2009; 124: 
409–415. 

69. Ishige K, Schubert D, Sagara Y. Flavonoids protect neuronal 
cells from oxidative stress by three distinct mechanisms. Free 
Radic. Biol. Med. 2001; 30(4): 433-446. 

70. Lin HC, Tsai SH, Chen CS, Chang YC, Lee CM, Lai ZY, Lin CM. 
Structure-activity relationship of coumarin derivatives on 
xanthine oxidase-inhibiting and free radical-scavenging 
activities. Biochem. Pharmacol. 2008; 75(6): 1416-1425. 

71. Zhou YQ, Yang ZL, Xu L, Li P, Hu YZ. Akebia saponin D, a 
saponin component from Dipsacus asper Wall, protects PC 12 
cells against amyloid-β induced cytotoxicity. Cell Biol. Int. 
2009; 33: 1102-1110. 

 

javascript:AL_get(this,%20'jour',%20'Acta%20Pharm.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Town%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Parker%20TA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tan%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Humphrey%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Crawford%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mullan%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mullan%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mullan%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Exp%20Neurol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jin%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20Q%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cai%20Y%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Wei%20Sheng%20Yan%20Jiu.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kume%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sugimoto%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Katsuki%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sugimoto%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sugimoto%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sugimoto%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Akaike%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hamden%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Silandre%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Delalande%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Carreau%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Asian%20J%20Androl.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nilsen%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brinton%20RD%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Endocrinology.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ishige%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schubert%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sagara%20Y%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Free%20Radic%20Biol%20Med.');
javascript:AL_get(this,%20'jour',%20'Free%20Radic%20Biol%20Med.');
javascript:AL_get(this,%20'jour',%20'Free%20Radic%20Biol%20Med.');

