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Abstract 

Alzheimer's disease (AD) is the most common age-related dementia characterized by cognitive decline and 

devastating neurodegeneration. Present work aimed to evaluate the role of bioactive component boswellic acid in 

improving cholinergic deficiency in an experimental rat model. In this study, rats were divided into five groups 

as group 1 (control group), group 2 (boswellic acid group), group 3 (AD group), group 4 (boswellic acid –pre-

treated group), and group 5 (boswellic acid-treated group). At the end of the experiment different neurochemicals, 

a biochemical analysis was assessed. In the AD group (G3) acetylcholine was decreased with acetylcholinesterase 

elevation as compared to the control groups (G1 and G2). Improvement of acetylcholinesterase activity and 

acetylcholine level was observed after pre and treated (G4 and G5) by boswellic acid. There was a significant 

decrease in the dopamine in the hippocampus of the AD group (G3)as compared to the control groups (G1 and 

G2).In contrast, pretreated and treated groups by boswellic acid (G4 and G5, respectively) led to an elevation of 

dopamine concentration, with the best improvement in a pre-treated group(G4) than the treated group (G5). In 

conclusion; bowsellic acid improved the cholinergic deficiency in Alzheimer's disease. 
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Introduction 

Alzheimer’s disease (AD) is the most common 

cause of disability in individuals aged >65 years 

worldwide with declining in memory, attention, and 

language, associated with a cholinergic deficiency in 

the cerebral cortex, and the increase in concentration of 

acetylcholine with acetyl cholinesterase inhibition 

(Hampel, Mesulam et al. 2018). The hallmarks of the 

disease are extracellular accumulation of beta-amyloid 

amide (Aβ) and intracellular accumulation of tau 

(Drummond, Nayak et al. 2018)Acetylcholine (ACh) 

contains a crucial role  within the peripheral and central 

nervous systems. The enzyme acetyl choline 

transferase (ChAT) is responsible for synthesizing ACh 

from acetyl-CoA and choline within the cytoplasm and 

the vesicular acetylcholine transporter (VAChT) 
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uptakes the neurotransmitter into synaptic vesicles. 

Following depolarization, ACh undergoes exocytosis 

reaching the synaptic cleft, where it will bind its 

receptors, together with muscarinic and nicotinic 

receptors. ACh present at the synaptic cleft is promptly 

hydrolyzed by the enzyme acetylcholine esterase 

(AChE), forming acetate and choline, That is recycled 

into the presynaptic nerve terminal by the high-affinity 

choline transporter (CHT1) (H Ferreira-Vieira, M 

Guimaraes et al., 2016).Today, medicinal herbs have 

been widely used because of anti-inflammation 

properties, antioxidants and less harmful than chemical 

compounds. Boswellia serrata (frankincense) It mostly 

usage in Ayurvedic medicine, Traditional Chinese 

Medicine, the Middle East and other tropical regions 

(Samani et al., 2011). Boswellia serrata extract 

exhibited strong reducing power, antioxidant activity 

and anti-inflammatory. In recent years analysis has 

been progressed within the exploitation of medicinal 

plants, within the treatment of   varied stress related 

disorders caused by metabolism of oxygen leads to 

generation of free radicals concerned in the various 

diseases like diabetes mellitus, cancer, coronary artery 

disease, arthritis, and neurodegenerative diseases 

(Afsar, Reddy et al., 2012) Boswellic acids (BAs) are 

common chemical characteristic of all species of 

frankincense (Farah et al., 2017). Six major boswellic 

acids have biological activities that include 

immunomodulation, anti-inflammatory drug, anti-

cancer and antiviral properties. (Mehta, Satija et al., 

2014). 

The present study aims to evaluate the role of boswellic 

acid from the medicinal plant B. serratta in the 

improvement of cholinergic deficiency insults 

characteristic of Alzheimer’s disease.  To achieve this 

purpose the following biochemical parameters were 

carried out. 

Materials and Methods 

Chemicals 

Boswellic acid was purchased from the Shanghai 

Research Institute of the Chemical Industry Testing 

Center (90%). β-amyloid, D-galactose, and 

Carboxymethylcellulose (CMC) were purchased from 

Sigma (USA). 

Experimental design 

This experiment was carried out following the Egyptian 

ethical committee of Tanta University, Faculty of 

Science for studies on experimental animals. 50 adult 

male albino rats were obtained from the Faculty of 

Pharmacy, Alexandria University aged about 4months 

and weighing approximately 220–250 g. Animals have 

housed in wire mesh cages and allowed to adapt to the 

laboratory conditions for one week. Rats have 

wolfed an advertisement customary diet spontaneously 

with free access to water. The animals were exposed to 

12:12-h light-dark cycles at a temperature of 

approximately 25oC. All animals were weighed before 

and after the experiment. All rats were randomly 

divided into five groups with ten rats in every group 

and classified as group one (control group) rats 

received distilled H2O orally, group 2 (boswellic acid 

group): rats were intraperitoneally injected with 

boswellic acid at a concentration of 250 mg/kg body 

weight (bw) (suspended in CMC0.5g per100ml water 

(0.5%))daily for 3 weeks (Asheeshet al., 2014). Group 

3 (AD group): rats were intra cerebroventriculary 

injected with a single dose of 0.2 μg/ μL amyloid 1-24 in 

both lateral ventricles at day 1 of the experiment and 

intraperitoneally injected with D-galactose at a 

concentration of 250 mg/kg bw daily for 8weeks   

(Faucheret al. 2016; Kong, Li et al. 2018). Group 4 

(boswellic acid –pre-treated group): rats were 

intraperitoneally injected with 250 mg/kg bwboswellic 

acid daily for 3weeks and were intra-

cerebroventriculary injected with a single dose of 0.2 

μg/ μL B amyloid 1-42then  rats were intraperitoneally 

injected with 250 mg/kg bw D-galactose daily for 

8weeks. Group 5 (boswellic acid-treated group): rats 

were intra-cerebroventricular injected with a single 

dose of 0.2 μg/ μLB amyloid 1-42and intraperitoneal 

injected with 250 mg/kg bw D-galactose daily for 

8weeks then 250 mg/kg bwboswellic acid daily for 

3weeks. 
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Estimation of biochemical parameters 

Blood glucose level was estimated according to the 

enzymatic method by Trinder (1969). Serum aspartate 

aminotransferase activity was determined according to 

the kinetic methodology designed by Schumann et al., 

(2002). Serum alanine aminotransferase activity was 

determined according to the kinetic method described by  

Schumann et al., (2002), serum Creatinine 

determination was according to a kinetic method of 

Chary and Sharma(2004). Urea determination was 

according to the enzymatic method of Malhotra 

(2003). Rat Dopamine (DA) was measured using Rat 

Dopamine (DA) ELISA kit following the manufacturer 

protocol (My BioSource Cat.No. MBS7214676). 

Acetylcholine was measured using Rat acetylcholine 

(ACH) Elisa kit following the manufacturer protocol 

(My BioSource Cat. No MBS282680). 

Acetylcholinesterase was measured using Rat 

Acetylcholinesterase (Ache) Elisa kit following the 

manufacturer protocol (My BioSource Cat. No. 

IT6861). 

Statistical analysis 

All the data were expressed as means that ±S.E. The 

statistical significance was evaluated by one-way 

analysis of variance (ANOVA) using SPSS, 18.0 

software, 2011 and therefore the individual 

comparisons were obtained by Duncan's multiple range 

test (DMRT). Values were considered statistically 

significant when p<0.05.     

Results 

There was a significant increase in blood levels of 

glucose in the AD group (G3) as compared to control 

groups, (G1 and G2) (Table1 ). These increased levels 

were significantly reduced following either pre-

treatment (G4) and treatment group (G5) by boswellic 

acid. Our results exhibited a significant increase in 

activity of alanine aminotransferase and aspartate 

aminotransferase in the AD group (G3) as compared to 

control groups (G1, G2) (Table 1). These increased 

levels were significantly reduced following either pre-

treatment (G4) or treatment (G5) by boswellic acid 

groups  Moreover, a significant increase in levels of 

Creatinine and Urea in the AD group (G3) as compared 

to control groups (G1, G2) (Table 1). These increased 

levels were significantly reduced following either pre-

treatment (G4) or treatment (G5) by boswellic acid 

groups. 

The levels of dopamine, acetylcholine were 

significantly decreased in the AD group (G3) as 

compared to the control groups (G1 and G2) (Table 2). 

These decreased levels were elevated after pre- (G4) 

and (G5) treatment by boswellic acid groups. On the 

other hand, acetylcholinesterase activity was 

significantly increased in the AD group (G3) as 

compared to the control groups (G1 and G2). The 

activity was decreased on pretreated- (G4) and treated 

(G5) by boswellic acid groups (Table 2). 
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Table 1: Effect of boswellic acid treatment on blood glucose level, serum AST and ALT  activity, creatinine and 

urea in chemically induced AD model in rats. 

Animal 

groups 

glucose level 

(mg/100ml) 

 Mean± 

SEM 

AST(U/I) 

Mean± SEM 

ALT(U/I) 

Mean± SEM 

Urea 

level(mg/dl)                          

Mean ± SEM 

Creatinine level(mg/dl) 

Mean± SEM 

Normal control 

(G1) 
114.34±4.04c 47.53±2.32d 39.22±1.47d 25.40±1.01d 0.95±0.03d 

Boswellic acid 

(G2) 
117.60±5.14c 48.60±2.01d 43.62±2.55d 26.67±1.09d 1.01±0.06d 

B amyloid and 

D-galactose 

(G3) 
218.58±7.08a 102.36±5.45a 83.09±4.11a 44.13±1.11a 2.43±0.09a 

Boswellic acid 

pre-treated 

(G4) 
143.72±4.45b 63.03±2.86c 54.43±2.41b 30.12±0.90c 1.48±0.11c 

Boswellic acid 

treated (G5) 
148.90±5.02b 74.65 ±3.27b 67.25±2.27c 34.38±0.83b 1.80±0.07b 

Data are presented as mean ± SEM (standard error of the mean), n = 7per group. Mean values with 

different superscript letters in the same column are significantly different at (P≤0.05). 
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Table 2: Effect of boswellic acid treatment on hippocampus level of dopamine in chemically induced AD 

model in rats. 

Animal groups 

Dopamine 

(ng/g tissue) 

Acetylcholine 

(ng/g tissue) 

Acetylcholine 

esterase 

(mol/min/g tissue) 

Mean± SEM  Mean± SEM  Mean± SEM  

Normal control  group(G1) 
647.42±22.11a 110.43±4.11a 0.165±0.006c 

Boswellic acid group(G2) 669.12±21.75a 117.09±3.5a 0.161±0.005c 

AD group (G3) 407±21.8c 60.44±2.12d 0.223±0.007a 

Boswellic acid pre-treated 

group(G4) 
516.35±22.69b 101.22±2.00b 0.189±0.006b 

Boswellic acid treated 

group(G5) 
495.21±20.31b 90.27±2.1c 0.200±0.007b 

Data are presented as mean ± SEM (standard error of the mean), n = 3 per group. Mean values with different 

superscript letters in the same column are significantly different at (P≤0.05). 

Discussion 

The result of the present study showed significant 

elevation in blood glucose level In the AD group 

compared to the control group. These results conform 

with (Burns, Chen, et al. 2013) who reported that 

higher blood glucose levels in cognitively normal, may 

be associated with AD pathophysiology. Insulin 

resistance in the AD brain is a response to( 

ADDLs)amyloid beta-derived diffusible ligands, 

which disrupt endocrine communication and should 

cause a brain-specific type of diabetes (Zhao, De 

Felice, et al., 2008). The brain of patients with 

Alzheimer's disease (AD) showed evidence of reduced 

expression of endocrine and neuronic insulin receptors, 

as compared with those of age-matched controls. This 

event step by step and certainly leads to a breakdown 

of the whole insulin-signaling pathway, Which 

manifests insulin resistance (Leszek, Trypka, et al., 

2017). Our results exhibited a significant increase in 

activity of alanine aminotransferase and aspartate 

aminotransferase in the AD group (G3) as compared to 

the control group. overload of d-galactose (d-gal) will 

increase the production of ROS, leading to oxidative 

stress which will attack essential cell constituents, 

induce lipid peroxidation, harm the membranes of cells 

and organelles in the liver, cause the swelling and 

necrosis of hepatocytes therefore as compared to the 

control group, the serum ALT and AST levels of the 

mice within the AD group were significantly increased 

(Gao, Yu et al. 2018). The result of the present study 

showed a significant increase in levels of creatinine and 

urea in the AD group (G3) as compared to the control 

groups. These results confirm by (Erbayraktar, 

Evlice, et al., 2017)  who indicate that significantly 

evaluated serum creatinine levels in different age 

groups of patients with AD. Administration of D-gal 

for 8 weeks(100-500 mg/kg body weight)induced 

oxidative stress and nephropathy in mice and 

significantly increased creatinine and urea levels in AD 

groups (Feng, Yu et al, 2016). The result of the present 
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study showed that significant increase in 

acetylcholinesterase (AChE) activity and a significant 

decrease in acetylcholine neurotransmitter in the 

hippocampus of the AD rat group compared with a 

control group. Other results supported these results, 

Patients in whom Alzheimer's disease was 

histologically confirmed, acetylcholine significantly 

reduced (at least 40%) below mean control values 

(Sims, Bowen, et al.,  1983). deficits in acetylcholine 

release in biopsy tissue from living patients with 

Alzheimer's disease and increased in 

acetylcholinesterase (Davies 1999). The second 

important neurotransmitter dopamine. In our present 

study significant decrease in dopamine in the 

hippocampus of the AD group compared with the 

Control group .dopaminergic system may well be 

involved in the occurrence of cognitive decline, often 

being predictive of rapidly progressive forms of AD 

(Martorana and Koch. 2014).  Similar result (Nobili, 

Latagliata et al., 2017) showed that a significant loss 

of dopaminergic DA ergic neurons in the hippocampus 

of Tg2576 mice mouse model of AD compared to 

control, which might largely contribute to the deficits 

of hippocampus-dependent memory and synaptic 

plasticity. Extracellular concentrations of dopamine 

were significantly decreased compared with young rats 

and dopamine was partially improved by Yokukansan 

(YKS) treatment (Mizoguchi, Tanaka et al. 2010). 
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