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Abstract  
 

Introduction: Annona muricata is a lowland tropical fruit bearing tree of the Annonaceae family which can be found in 

the rainforest of Africa, South America, and Southeast Asia. It is commonly known as soursop, graviola, guanabana, or 

brazillian pawpaw. It has a large, glossy, dark green leaves with edible, green heart-shaped fruit. The leathery skin of the 

fruit is covered with soft, curved spines each of which may contain 55-170 black seeds distributed in a creamy white flesh 

with a characteristic aroma and flavour. Objectives: The study aims to investigate the effect of ethanol extract of Annona 

muricata on Lipopolysaccharide induced Neuroinflammation in Wistar rats. Method: Prostagladin E1 & E2 markers were 

used for biochemical assays. The Neurobehavioral assessment of memory and locomotion coordination was assessed using 

the Y maze and Open field and the data was presented as Mean ± Standard Error of Mean (SEM). Statistical analysis was 

performed by one-way analysis of variance (ANOVA) followed by a post hoc Newman-Keuls multiple comparison test. 

All statistical analysis were done by using Prism software, version 5 (GraphPad software Inc., San Diego, CA, USA). 

Results: The effects of ethanol extract of Annona muricata (AME) on PGE1 on lipopolysaccharide induced 

neuroinflammation in wistar rats shows the control, LPS, AME + LPS and Donepezil + LPS. From the result, LPS + Extract 

(AME) showed significant effects when compared to LPS which showed no significant effect when compared to control. 

The effects of ethanol extract of Annona muricata (AME) on % Alternation on lipopolysaccharide induced 

Neuroinflammation in wistar rats shows the control, LPS, AME + LPS and Donepezil + LPS. From the result LPS + Extract 

(AME) showed significant effects when compared to LPS. LPS showed no significant effect when compared to control. 

The effects of ethanol extract of Annona muricata (AME) on No of entry on lipopolysaccharide induced neuroinflammation 

in wistar rats shows the control, LPS, AME + LPS and Donepezil + LPS. From the result LPS + Extract (AME) showed 

no significant effects when compared to LPS which showed significant effect when compared to control. Conculsions: 

This study concludes that Annona muricata, at 200mg/kg possess excellent antiinflammatory qualities and it could be 

further explored as a potential choice for the treatment of neurodegenerative diseases. 
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INTRODUCTION 
Neuroinflammation is described as an 

inflammatory response within the brain or spinal cord. 

This inflammation is mediated by the production of 

cytokines, chemokines, reactive oxygen species, and 

secondary messengers produced by resident CNS glia 

(microglia and astrocytes), endothelial cells and 

peripherally derived immune cells (DiSabato et al., 

2016), which plays an important defensive role against 

various pathogens (Tohidpour et al., 2017). There are 

immune, physiological, biochemical and psychological 

consequences of these neuroinflammatory responses 

(DiSabato et al., 2016). Although acute 

neuroinflammation plays a protective role, chronic 

neuroinflammation is frequently considered detrimental 

and damaging to nervous tissue (Pintado et al., 2012).  

 

Neuroinflammation induces and accelerates 

pathogenesis of Parkinson’s disease (PD), Alzheimer’s 
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disease (AD) and Multiple sclerosis (MS), while on the 

other side, it favors the recovery of the injured neurons 

(Tohidpour et al., 2017). Recent evidence supports that 

neuroinflammatory processes involving immune cells, 

glial cells and neuronal cells are very crucial and 

fundamental to understanding the origin or pathogenesis 

of a disease, such as a progressive loss of dopaminergic 

neurons in PD (Chung et al., 2010; More et al., 

2013; Kong et al., 2017; Visan, 2017).  

 

Neuroinflammation develops chronic in 

chronic neurological disorders, resulting in neuronal cell 

death. Several studies have suggetsed that 

neuroinflammation is a principal pathology in 

neurodegenrative and other CNS disease. Herbal 

medicine is the synthesis of therapeutic experience of 

generations of practicing physicians of indigenous 

system of medicine (Alschuler et al., 1997). Their first 

documented use in Indian, Chinese, Egyptian, Greek, 

Roman, and Syrian writings dates back about 5000 years. 

Herbal remedies/traditional medicines have thus been 

derived from ancient civilizations' rich traditions and 

scientific history (Kamboj, 2000). Herbs and plants can 

be processed and consumed in a variety of ways, 

including whole herbs, teas, syrups, essential oils, 

ointments, salves, rubs, capsules, and tablets containing 

a ground or powdered form of a raw herb or a dried 

extract.  

 

Different plants has been reputed to have 

relevance and has been used to manage diseases e.g. 

Annona muricata, Arnica montana, Aloe vera, Capsicum 

frutescens, etc. Annona muricata is a lowland tropical 

fruit bearing tree of the Annonaceae family which can be 

found in the rainfroests of Africa, South America, and 

Southeast Asia. It is commonly known as soursop, 

graviola, guanabana, or brazillian pawpaw. It has a large, 

glossy, dark green leaves with edible, green heart-shaped 

fruit (Moghadamtousi et al., 2015). The leathery skin of 

the fruit is covered with soft, curved spines each of which 

may contain 55-170 black seeds distributed in a creamy 

white flesh with a characteristic aroma and flavour 

(Coria-Tellez et al., 2016). 

 

MATERIALS AND METHODS  
ANIMAL USE AND CARE  

24 female Wistar rats weighing between 70g-

140g were obtained from the animal holding unit, 

Babcock University, Ilishan-Remo and kept in a well- 

ventilated Wistar rats cage for two weeks to acclimatize. 

They were given feed and water and their beddings were 

changed every three days. 

 

PLANT MATERIAL  

The graviola leaves (Annona muricata) were 

gotten from the market at IlishanRemo, Ogun state. They 

were cut into smaller pieces and air dried at 40 degree 

Celsius and then homogenized into powder form. The 

ratio of ethanol used in soaking the powdered form of 

Annona muricata was 1:8 (1mg of annona powder was 

dissolved in 8ml of ethanol as the standard 

measurement). The powdered leaves of Annona 

muricata were then macerated with ethanol for a week, 

sieved, and decanted. Thereafter, the filtrate was 

concentrated using a rotary evaporator to obtain the 

ethanol extract. The extract was then lyophilized using a 

freeze dryer to further reduce the moisture content. 

 

PREPARATION OF STOCK SOLUTION FOR 

LIPOPOLYSACCHARIDE  

(LPS)  

Lipopoly saccharide (B5:111) was obtained 

from Sigma Aldrich, Belgium. 6 mg of 

lipopolysaccharide was dispensed into a glass bottle, 

17.46 ml of normal saline was dissolved in 0.54 mg/ml 

of LPS. The solution was shaken and fresh solution was 

prepared on a daily basis. Lipopolysaccharide (LPS) was 

administered intraperitoneally using an insulin syringe to 

induce neuroinflammation at a dose of 250mcg/kg. 

 

EXPERIMENTAL DESIGN  

The rats were divided into 4 groups of 6 rats each as follows: 

 

GROUPS  NUMBER OF 

ANIMALS  

ADMINISTRATION  DURATIONS  

1  6  Distilled water (10mL/Kg p.o) 14 days  

2  6  LPS (250mcg i.p)  14 days  

3  6  AME (200mg/kg p.o) + LPS(200mcg i.p)  14 days (7days each)  

4  6  Donepezil (1mg/kg p.o) + LPS (250mcg/kg i.p) 14 days (7days each)  

 

NEUROBEHAVIOURAL STUDIES  

Neurobehavioral assessment of memory was 

done using the Y maze.  

 

Y MAZE  

The device is a three-arm maze formed like a 

capital 'Y,' with each arm spaced at a 120-degree angle. 

Arm lengths range from 30 to 50 cm, and mazes are 

typically symmetrical, though asymmetrical mazes are 

frequently employed. The route widths are about 10 cm. 

The maze is typically utilized as an enclosed maze with 

roughly 30 cm high walls and elevated to a height of 50 

cm from the floor. The two-goal arms may include a well 

with a food reward, or they could have an exit tube that 

permits the animal to escape the maze (Deacon 2013).  



 
 

Ayodeji David Adeoye et al; Sch Int J Anat Physiol, Oct, 2023; 6(10): 153-161 

© 2023 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                            155 

 
 

Rats were carried to the test room in their home 

cages and were handled by the base of their tails at all 

times. Each rats were placed into the center of the 

apparatus and allowed to explore the apparatus for 5 

minutes. Each arm of the y-maze was labelled A, B, and 

C. After the 5 minute test, rats were returned in their 

home cages and the ymaze was cleaned with 70% ethyl 

alcohol and permitted to dry between tests. Observation 

was done using a timer.  

 

The behaviors scored with the y-maze apparatus are:  

• Number of entry: Frequency with which each 

rats entered each arm of maze  

• Alternation: Frequency with which each rats 

enters a new arm of the maze rather than 

returning to one previously visited.  

 

BIOCHEMICAL ASSAY  

The brain of the rats were excised, weighed 

using digital weighing balance and placed in ice in order 

to protect the biochemical components. The whole brain 

tissues were macerated to form the tissue homogenate 

and the homogenate was centrifuged to form the 

supernatant solution. The supernatant solution was used 

for biochemical assay of ELISA test.  

 

 

 

 

 

ELISA TEST  

ELISA tests for Prostaglandins E1 & E2 were 

carried out according to manufacturer’s instructions.  
 

STATISTICAL ANALYSIS  

All the data are presented as Mean ± Standard 

Error of Mean (SEM). Statistical analysis was performed 

by one-way analysis of variance (ANOVA) followed by 

a post hoc Newman-Keuls multiple comparison test. All 

statistical analysis were done by using Prism software, 

version 5 (GraphPad software Inc., San Diego, CA, 

USA). The statistical differences at level p<0.05 were 

considered significant. 

 

RESULTS  
LIPOPOLYSACCAHRIDE INDUCED 

NEUROINFLAMMATION IN WISTAR RATS  

• Effects of ethanol extract of Annona muricata in 

Prostagladin E1 and PGE2 on lipopolysaccharide 

induced neuroinflammation in wistar rats  

The effects of ethanol extract of Annona 

muricata (AME) on PGE1 on lipopolysaccharide 

induced neuroinflammation in wistar rats are shown in 

Figures 4.1 and 4.2. The results shows the control, LPS, 

AME + LPS and Donepezil + LPS. From the result, LPS 

+ Extract (AME) showed significant effects when 

compared to LPS.  

 

LPS showed no significant effect when 

compared to control.  

 
Figure 4.1: Effects of ethanol extract of Annona muricata in PGE1 on lipopolysaccharide induced 

neuroinflammation in wistar rats. Data are expressed as Mean ± SEM (n=6). Comparisons were made using one-

way ANOVA followed by post-hoc Newman-Keuls test. The symbol denotes significant levels: ***P<0.05 

compared with the LPS group 
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Figure 4.2: Effects of ethanol extract of Annona muricata in PGE2 on lipopolysaccharide induced 

neuroinflammation in wistar rats. Data are expressed as Mean ± SEM (n=6). Comparisons were made using one-

way ANOVA followed by post-hoc Newman-Keuls test. The symbol denotes significant levels: *p<0.05. compared 

with the LPS group 

 
EFFECTS OF ETHANOL EXTRACT OF ANNONA 

MURICATA IN Y MAZE ON LIPOPOLYSACCHARIDE 

INDUCED NEUROINFLAMMATION IN WISTAR 

RATS  

• Effect of ethanol extract of Annona muricata on 

spontaneous Alternation following LPS- induced 

Neuroinflammation in Wistar Rats  

The effects of ethanol extract of Annona 

muricata (AME) on % Alternation on lipopolysaccharide 

induced Neuroinflammation in wistar rats are shown in 

Figures 4.3. The results shows the control, LPS, AME + 

LPS and Donepezil + LPS. From the result LPS + Extract 

(AME) showed significant effects when compared to 

LPS. LPS showed no significant effect when compared 

to control. 

 

 
Figure 4.3: Effects of ethanol extract of Annona muricata on %Alternation on lipopolysaccharide induced 

neuroinflammation in wistar rats. Data are expressed as Mean ± SEM (n=6). Comparisons were made using one-

way ANOVA followed by post-hoc Newman-Keuls test. The symbol denotes significant levels: *p<0.05 compared 

with the LPS group 

 

• Effect of Ethanol extract of Annona muricata on 

No of Entry following LPS- induced 

Neuroinflammation in Rats Wistar  

 The effects of ethanol extract of Annona 

muricata (AME) on % Alternation on lipopolysaccharide 

induced neuroinflammation in wistar rats are shown in 

Figures 4.4. The results shows the control, LPS, AME + 

LPS and Donepezil + LPS. From the resul, t LPS + 

Extract (AME) showed no significant effects when 

compared to LPS.  

 

LPS showed significant effect when compared 

to control.  
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Figure 4.4: Effects of ethanol extract of Annona muricata in No of entry induced neuroinflammation in wistar 

rats. Data are expressed as Mean ± SEM (n=6). Comparisons were made using one-way ANOVA followed by post-

hoc NewmanKeuls test. The symbol denotes significant levels: *p<0.05 compared with the LPS group 

 

DISCUSSION  
The present day study elucidated the effect of 

ethanol extract of Annona muricata leaf extract on 

Neuroinflammation models in laboratory animals. 

Neuroinflammation was induced using the 

Lipopolysaccharide while the choice of laboratory 

animals used for the study is female Wistar rats. The 

choice of this plant source could be traced to its vast use 

in folklore medicine to treat many common diseases by 

folklore medicine practitioners.  

 

From the result, group two animals showed 

marked increase in prostaglandin E1 and E2 levels when 

compared to that of the control. However, the 

prostaglandin E1 and E2 levels in both group three and 

four were significantly reduced. The marked increase in 

group two animals could be due to inflammatory effect 

of lipopolysaccharide. Lipopolysaccharide (LPS) is the 

major component of Gram-negative bacteria cell walls 

and can cause an acute inflammatory response by 

triggering the release of a vast number of inflammatory 

cytokines in various cell types. LPS is widely recognized 

as a potent activator of monocytes/macrophages. 

However, according to Yuan et al., (2009), inflammation 

is characterized by increase prostaglandin E2 levels and 

this could be attributed to the cyclooxygenase conversion 

of arachidonic acid which occur in response to localized 

injury and infection. High levels of prostaglandins are 

produced in response to injury or infection and cause 

inflammation, which is associated with the symptoms of 

redness, swelling, pain and fever. This is an important 

part of the body's normal healing process. 

Administration of ethanol extract of Annona muricata 

however significantly reduced the prostaglandin level in 

group three relative to group four and these changes 

could be due to the inhibitory activities of ethanol extract 

of Annona muricata on both cyclooxygenases one and 

two thereby preventing the release of prostaglandin. The 

inhibition of cyclooxygenases within the neuronal cells 

by Annona muricata has been previously reported by 

Ishmael et al., (2014).  

 

Neurobehavioural studies in laboratory rodents 

has been reputed as a sure way to assess the effectiveness 

and side effects of many administered substances 

targeted at different structures of the brain and as a matter 

of fact, this behavioural assessment strategy helps in 

assessing changes in behavioural pattern of an animal 

following the administration of a known substance 

(McKinney, 2009). Spontaneous alternation is a 

behavioral test for measuring the willingness of rodents 

to explore new environments. Rodents typically prefer to 

investigate a new arm of the maze rather than returning 

to one that was previously visited. Many parts of the 

brain--including the hippocampus, septum, basal 

forebrain, and prefrontal cortex--are involved in this task 

(McKinney, 2009). The result of this study showed that 

group two animals showed significant decline in 

spontaneous alternation in the three arms of the Y maze 

apparatus when compared to that of control group. This 

result is in concordance with that of Zhao et al., (2016) 

who reported that Peripheral administration of LPS 

activates the immune system and neurotransmitter in the 

hippocampus as well as the other brain regions leading 

to decreased synaptic transmission, memory, and 

locomotion. However, ethanol extract or Annona 

muricata significantly improved spontaneous alternation 

in group three animals. This could be due to the presence 

of natural agents like flavonoid which possess excellent 

membrane stabilizing properties and which also has the 

potential to improve healing process of Neurilemma 

following Neuroinflammation. The result also tallies 

with the findings of Yang (2015) who attributed the anti-

inflammatory potentials of Annona muricata leaf extract 

to presence of flavonoids and alkaloids which are present 

in abundance in the extract and which possess excellent 

membrane stabilizing and wound healing qualities.  
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CONCLUSIONS  
This study concludes that Annona muricata, at 

200mg/kg possess excellent antiinflammatory qualities 

and it could be further explored as a potential choice for 

the treatment of neurodegenerative diseases. 

 

REFERENCES 
• Pieme, C. A., Kumar, S. G., Dongmo, M. S., Moukette, 

B. M., Boyoum, F. F., Ngogang, J. Y., & Saxena, A. K. 

(2014). Antiproliferative activity and induction of 

apoptosis by Annona muricata (Annonaceae) extract 

on human cancer cells. BMC complementary and 

alternative medicine, 14(1), 1-10. 

• Ritter, R. A., Monteiro, M. V. B., Monteiro, F. O. 

B., Rodrigues, S. T., Soares, M. L., Silva, J. C. R., 

... & Tourinho, M. M. (2012). Ethnoveterinary 

knowledge and practices at Colares island, Pará 

state, eastern Amazon, Brazil. Journal of 

Ethnopharmacology, 144(2), 346-352. 

• Abdul-Muneer, P. M., Schuetz, H., Wang, F., Skotak, 

M., Jones, J., Gorantla, S., Zimmerman, M. C., 

Chandra, N., & Haorah, J. (2013). Induction of 

oxidative and nitrosative damage leads to 

cerebrovascular inflammation in an animal model of 

mild traumatic brain injury induced by primary blast. 

Free Radical Biology & Medicine, (60), 282-291 

• Adewole, S., & Caxton-Martins, E. (2009). 

Morphological changes and hypoglycemic effects of 

Annona muricata linn. (annonaceae) leaf aqueous 

extract on pancreatic β-cells of streptozotocin-

treated diabetic rats. African Journal of Biomedical 

Research, 9(3). 

• Adewole, S., & Ojewole, J. (2010). Protective 

effects of Annona muricata linn. (Annonaceae) leaf 

aqueous extract on serum lipid profiles and 

oxidative stress in hepatocytes of streptozotocin-

treated diabetic rats. African Journal of Traditional, 

Complementary and Alternative Medicines, 6(1).  

• Akira, S., Uematsu, S., & Takeuchi, O. (2006). 

Pathogen recognition and innate immunity. Cell, 

124(4)783–801.  

• Alschuler, L., Benjamin, S. A., & Duke, J. A. 

(1997). Herbal medicine - what works, what is safe. 

Patient Care, (31), 48-103.  

• Health, E., & Board, F. (2017, September 15). 

Biomarkers of Neuroinflammation: Challenges and 

Potential Opportunities. Nih.gov; National 

Academies Press (US).  

• Asase, A., Hesse, D. N., & Simmonds, M. S. J. 

(2012). Uses of multiple plants prescriptions for 

treatment of malaria by some communities in 

southern Ghana. Journal of Ethnopharmacology, 

144(2)448–452.  

• Ashwell, K. W. S., Holländer, H., Streit, W., & 

Stone, J. (1989). The appearance and distribution of 

microglia in the developing retina of the rat. Visual 

Neuroscience, 2(5), 437–448. 

https://doi.org/10.1017/S0952523800012335  

• Bachstetter, A. D., Rowe, R. K., Kaneko, M., 

Goulding, D., Lifshitz, J., & Van Eldik, L. J. (2013). 

The p38α MAPK regulates microglial 

responsiveness to diffuse traumatic brain injury. The 

Journal of Neuroscience: The Official Journal of the 

Society for Neuroscience, 33(14)6143–6153.  

• Badrie, N. and Schauss, A. G. (2009) “Soursop 

(Annona muricata L.): composition, nutritional 

value, medicinal uses, and toxicology,” in Bioactive 

Foods in Promoting Health, R. R. Watson and V. R. 

Preedy, Eds., Oxford.  

• Banerjee A, Sengupta A, Mail B, Nandi A, Pal S, 

Mukherjee S. (2017). Possible cytotoxic activity of 

Annona muricata leaves in Huh-7 human liver 

cancer cells. Hepatol Pancreat Sci. 1:1.  

• Borges, S., & Berry, M. (1978). The effects of dark 

rearing on the development of the visual cortex of 

the rat. The Journal of Comparative Neurology, 

180(2)277–300.  

• Burton, M. D., & Johnson, R. W. (2012). 

Interleukin-6 trans-signaling in the senescent mouse 

brain is involved in infection-related deficits in 

contextual fear conditioning. Brain, Behavior, and 

Immunity, 26(5)732–738.  

• Caggiano, A. O., & Kraig, R. P. (1999). 

Prostaglandin E Receptor Subtypes in Interleukin-1 

β Production. Journal of Neurochemistry, 

72(2)565–575.  

• Caggiano, A. O., & Kraig, R. P. (2002). 

Prostaglandin E2 and 4-Aminopyridine Prevent the 

Lipopolysaccharide-Induced Outwardly Rectifying 

Potassium Current and Interleukin-1β Production in 

Cultured Rat Microglia. Journal of Neurochemistry, 

70(6)2357–2368.  

• Chandrasoma P, & Taylor C.R.(Eds.), (1998). 

Chapter 3. the acute inflammatory response. 

Concise Pathology, 3e. McGraw Hill.  

• Chen, L., Deng, H., Cui, H., Fang, J., Zuo, Z., Deng, 

J., Li, Y., Wang, X., & Zhao, L. (2017). 

Inflammatory responses and inflammation-

associated diseases in organs. Oncotarget, 

9(6)7204–7218.  

• Cherry, K. (2010). What You Should Know About 

the Peripheral Nervous System. Verywell Mind; 

Verywellmind.  

• Choi, S. H., Bylykbashi, E., Chatila, Z. K., Lee, S. 

W., Pulli, B., Clemenson, G. D., Kim, E., Rompala, 

A., Oram, M. K., Asselin, C., Aronson, J., Zhang, 

C., Miller, S. J., Lesinski, A., Chen, J. W., Kim, D. 

Y., van Praag, H., Spiegelman, B. M., Gage, F. H., 

& Tanzi, R. E. (2018). Combined adult neurogenesis 

and BDNF mimic exercise effects on cognition in an 

Alzheimer’s mouse model. Science (New York, 

N.Y.), 361(6406)8821.  

• Chung, Y.-C., Ko, H.-W., Bok, E.-G., Park, E.-S., 

Huh, S.-H., Nam, J.-H., & Jin, B.-K. (2010). The 

role of neuroinflammation on the pathogenesis of 

Parkinson’s disease. BMB Reports, 43(4)225–232.  



 
 

Ayodeji David Adeoye et al; Sch Int J Anat Physiol, Oct, 2023; 6(10): 153-161 

© 2023 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                            159 

 
 

• Coria-Téllez, V., Montalvo-Gónzalez, E., Yahia, E. 

M. and Obledo-Vázquez, E. N. (2016). “Annona 

muricata: a comprehensive review on its traditional 

medicinal uses, phytochemicals, pharmacological 

activities, mechanisms of action and toxicity,” 

Arabian Journal of Chemistry, 30,  

• Corps, K. N., Roth, T. L., & McGavern, D. B. 

(2015). Inflammation and Neuroprotection in 

Traumatic Brain Injury. JAMA Neurology, 

72(3)355.  

• Crusio WE, Sluyter F, Gerlai RT, Pietropaolo S 

(2013). "Ethogram of the mouse". Behavioral 

Genetics of the Mouse. Cambridge, United 

Kingdom: Cambridge University Press. pp. 17–22. 

ISBN 978-1-107-03481-5.  

• Crusio, W. E. (2001). Genetic dissection of mouse 

exploratory behaviour. Behavioural Brain 

Research, 125(1-2)127–132. 

• Cryan, J. F., & Holmes, A. (2005). The ascent of 

mouse: advances in modelling human depression 

and anxiety. Nature Reviews Drug Discovery, 

4(9)775–790.  

• David Zelman. (2002). What Is Inflammation? 

WebMD; WebMD.  

• Deacon, R. M. J. (2013). Shallow Water (Paddling) 

Variants of Water Maze Tests in Mice. Journal of 

Visualized Experiments, 76.  

• Denenberg, V. H. (1969). OPEN-FIELD 

BEHAVIOR IN THE RAT: WHAT DOES IT 

MEAN? Annals of the New York Academy of 

Sciences, 159(3)852–859.  

• Ding W, Stohl LL, Wagner JA, Granstein RD. 

(2008) Calcitonin gene-related peptide biases 

Langerhans cells toward Th2-type immunity. 

Journal of Immunology. 181:6020-6026  

• DiSabato, D. J., Quan, N., & Godbout, J. P. (2016). 

Neuroinflammation: the devil is in the details. 

Journal of Neurochemistry, 139,136–153.  

• Elmann, A., Mordechay, S., Erlank, H., Telerman, A., 

Rindner, M., & Ofir, R. (2011). Anti-

Neuroinflammatory effects of the extract of Achillea 

fragrantissima. BMC Complementary and Alternative 

Medicine, 11(1). Ennaceur, A. (2014). Tests of 

unconditioned anxiety — Pitfalls and disappointments. 

Physiology & Behavior, 135, 55–71.  

• Espinoza, S., Scarpato, M., Damiani, D., Managò, 

F., Mereu, M., Contestabile, A., Peruzzo, O., 

Carninci, P., Santoro, C., Papaleo, F., Mingozzi, F., 

Ronzitti, G., Zucchelli, S., & Gustincich, S. (2020). 

SINEUP Non-coding RNA Targeting GDNF 

Rescues Motor Deficits and Neurodegeneration in a 

Mouse Model of Parkinson’s Disease. Molecular 

Therapy: The Journal of the American Society of 

Gene Therapy, 28(2)642–652.  

• Farhana, A., & Khan, Y. S. (2020). Biochemistry, 

Lipopolysaccharide. PubMed; StatPearls 

Publishing.  

• Figueíredo, F., Uhing, R. J., Okonogi, K., Gettys, T. 

W., Johnson, S. P., Adams, D. O., & Prpic, V. 

(1990). Activation of the cAMP cascade inhibits an 

early event involved in murine macrophage Ia 

expression. Journal of Biological Chemistry, 

265(21)12317–12323.  

• Florence, N. T., Benoit, M. Z., Jonas, K., Alexandra, 

T., Désiré, D. D. P., Pierre, K., & Théophile, D. 

(2014). Antidiabetic and antioxidant effects of 

Annona muricata (Annonaceae), aqueous extract on 

streptozotocin-induced diabetic rats. Journal of 

ethnopharmacology, 151(2), 784-790. 

• Foster, K., Younger, N., Aiken, W., Brady-West, D., 

and Delgoda, R., (2017). “Reliance on medicinal 

plant therapy among cancer patients in Jamaica,” 

Cancer Causes & Control, 28(11)1349–1356.  

• Fu, H. Q., Yang, T., Xiao, W., Fan, L., Wu, Y., 

Terrando, N., & Wang, T. L. (2014). Prolonged 

Neuroinflammation after Lipopolysaccharide 

Exposure in Aged Rats. PLoS ONE, 9(8)106331.  

• Gavamukulya Y, Abou-Ellela F, Wamunyokoli F, 

El-Shemy HA.(2014) Phytochemical screening, 

anti-oxidant activity and in vitro anticancer potential 

of ethanolic and water leaves extracts of Annona 

muricata (Graviola). Asian Pac J Trop Med. 

7(1)355-63.  

• Gehrmann, J., Mies, G., Bonnekoh, P., Banati, R., 

Iijima, T., Kreutzberg, G. W., & Hossmann, K.-A. 

(1993). Microglial Reaction in the Rat Cerebral 

Cortex Induced by Cortical Spreading Depression. 

Brain Pathology, 3(1)11–17.  
• Gomes, J. M. G., Costa, J. de A., & Alfenas, R. de C. G. 

(2017). Metabolic endotoxemia and diabetes mellitus: A 

systematic review. Metabolism, 68, 133– 144.  

• Hajdu, Z., & Hohmann, J. (2012). An 

ethnopharmacological survey of the traditional 

medicine utilized in the community of Porvenir, 

Bajo Paraguá Indian Reservation, Bolivia. Journal 

of Ethnopharmacology, 139(3)838–857.  

• Helander, I. M., Lindner, B., Brade, H., Altmann, 

K., Lindberg, A. A., Rietschel, E. Th., & Zahringer, 

U. (1988). Chemical structure of the 

lipopolysaccharide of Haemophilus influenzae 

strain I-69 Rd-/b+. Description of a novel deep-

rough chemotype. European Journal of 

Biochemistry, 177(3)483–492.  

• Hetier, E., Ayala, J., Denèfle, P., Bousseau, A., 

Rouget, P., Mallat, M., & Prochiantz, A. (1988). 

Brain macrophages synthesize interleukin-1 and 

interleukin-1 mRNAs in vitro. Journal of 

Neuroscience Research, 21(2-4)391–397.  

• Hong, S., Pangloli, P., Perumal, R., Cox, S., 

Noronha, L. E., Dia, V. P., & Smolensky, D. (2020). 

A Comparative Study on Phenolic Content, 

Antioxidant Activity and Anti-Inflammatory 

Capacity of Aqueous and Ethanolic Extracts of 

Sorghum in Lipopolysaccharide-Induced RAW 

264.7 Macrophages. Antioxidants, 9(12)1297.  

• Hooten, K. G., Beers, D. R., Zhao, W., & Appel, S. 

H. (2015). Protective and Toxic Neuroinflammation 

https://en.wikipedia.org/wiki/Cambridge_University_Press
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-1-107-03481-5


 
 

Ayodeji David Adeoye et al; Sch Int J Anat Physiol, Oct, 2023; 6(10): 153-161 

© 2023 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                            160 

 
 

in Amyotrophic Lateral Sclerosis. 

Neurotherapeutics, 12(2)364–375.  

• Huang, M. H., Lin, Y. H., Lyu, P. C., Liu, Y. C., 

Chang, Y. S., Chung, J. G., Lin, W. Y., & Hsieh, W. 

T. (2021). Imperatorin Interferes with LPS Binding 

to the TLR4 Co-Receptor and Activates the Nrf2 

Antioxidative Pathway in RAW264.7 Murine 

Macrophage Cells. Antioxidants (Basel, 

Switzerland), 10(3)362.  

• Itzhaki, R. F., Wozniak, M. A., Appelt, D. M., & 

Balin, B. J. (2004). Infiltration of the brain by 

pathogens causes Alzheimer’s disease. 

Neurobiology of Aging, 25(5)619–627.  

• Janelsins, M. C., Mastrangelo, M. A., Oddo, S., 

LaFerla, F. M., Federoff, H. J., & Bowers, W. J. 

(2005). Early correlation of microglial activation 

with enhanced tumor necrosis factor-alpha and 

monocyte chemoattractant protein-1 expression 

specifically within the entorhinal cortex of triple 

transgenic Alzheimer’s disease mice. Journal of 

Neuroinflammation, 2, 23.  

• Jaramillo C., Arango G. J., González M. C., Robledo 

S. M., and Velez I. D., (2000.) “Cytotoxicity and 

antileishmanial activity of Annona muricata 

pericarp,” Fitoterapia, 71(2)183–186,  

• Jaramillo-Flores, M. E., & Hernandez-Sanchez, H. 

(2000). Thermal diffusivity of soursop (Annona 

muricata L.) pulp. Journal of Food Engineering, 

46(2)139–143.  

• John Hopkins Medicine. (2019). Herbal Medicine. 

John Hopkins Medicine.  

• Joyeux, M., Mortier, F., & Fleurentin, J. (1995). 

Screening of antiradical, antilipoperoxidant and 

hepatoprotective effects of nine plant extracts used 

in Caribbean folk medicine. Phytotherapy Research, 

9(3)228–230.  

• Kamboj VP (2000). Herbal Medicine. Current 

Science, 78, 35-9.  

• Kempuraj, D., Thangavel, R., Natteru, P. A., 

Selvakumar, G. P., Saeed, D., Zahoor, H., Zaheer, 

S., Iyer, S. S., & Zaheer, A. (2016). 

Neuroinflammation Induces Neurodegeneration. 

Journal of Neurology, Neurosurgery and Spine, 

1(1)1003.  

• Kielian, T. (2016). Multifaceted roles of 

neuroinflammation: the need to consider both sides 

of the coin. Journal of Neurochemistry, 136(5–9).  

• Kitazawa, M. (2005). Lipopolysaccharide-Induced 

Inflammation Exacerbates Tau Pathology by a 

Cyclin-Dependent Kinase 5-Mediated Pathway in a 

Transgenic Model of Alzheimer’s Disease. Journal 

of Neuroscience, 25(39) 8843–8853.  

• Kraeuter, A.-K., Guest, P. C., & Sarnyai, Z. (2018). 

The Y-Maze for Assessment of Spatial Working and 

Reference Memory in Mice. Methods in Molecular 

Biology, 105–111.  

• Krstic, D., & Knuesel, I. (2012). Deciphering the 

mechanism underlying late-onset Alzheimer 

disease. Nature Reviews Neurology, 9(1)25–34.  

• Kumar, A., Alvarez-Croda, D.-M., Stoica, B. A., 

Faden, A. I., & Loane, D. J. (2016). 

Microglial/Macrophage Polarization Dynamics 

following Traumatic Brain Injury Journal of 

Neurotrauma, 33(19)1732–1750.  

• Kuno, T., Tsukamoto, T., Hara, A., & Tanaka, T. 

(2012). Cancer chemoprevention through the 

induction of apoptosis by natural 

compounds. Journal of Biophysical 

Chemistry, 3(02), 156-173.  

• Leatemia, J. A., & Isman, M. B. (2004). Insecticidal 

activity of crude seed extracts of Annona spp., 

Lansium domesticum andSandoricum koetjape 

against lepidopteran larvae. Phytoparasitica, 

32(1)30–37.  

• Lehnardt, S., Massillon, L., Follett, P., Jensen, F. E., 

Ratan, R., Rosenberg, P. A., Volpe, J. J., & 

Vartanian, T. (2003). Activation of innate immunity 

in the CNS triggers neurodegeneration through a 

Toll-like receptor 4-dependent pathway. 

Proceedings of the National Academy of Sciences, 

100(14)8514–8519.  

• Liu, N., Yang, H. L., Wang, P., Lu, Y. C., Yang, Y. 

J., Wang, L., & Lee, S. C. (2016). Functional 

proteomic analysis revels that the ethanol extract of 

Annona muricata L. induces liver cancer cell 

apoptosis through endoplasmic reticulum stress 

pathway. Journal of ethnopharmacology, 189, 210-

217.  

• Longuefosse, J. L., & Nossin, E. (1996). Medical 

ethnobotany survey in Martinique. Journal of 

Ethnopharmacology, 53(3)117–142.  

• Lucas, S.-M., Rothwell, N. J., & Gibson, R. M. 

(2009). The role of inflammation in CNS injury and 

disease. British Journal of Pharmacology, 

147(1)232–S240.  

• Maas, A. I., Stocchetti, N., & Bullock, R. (2008). 

Moderate and severe traumatic brain injury in 

adults. The Lancet Neurology, 7(8)728–741.  

• Maldonado, R. F., Sá-Correia, I., & Valvano, M. A. 

(2016). Lipopolysaccharide modification in Gram-

negative bacteria during chronic infection. FEMS 

Microbiology Reviews, 40(4)480–493.  

• Martins, I. J. (2015). Overnutrition Determines LPS 

Regulation of Mycotoxin Induced Neurotoxicity in 

Neurodegenerative Diseases. International Journal 

of Molecular Sciences, 16(12)29554–29573.  

• Mat Daud NNNN, Yaakob H, Rosdi MNM. (2016). 

Acetogenins of Annona muricata leaves: 

Characterization and potential anticancer study. 

Integr Cancer Sci Therap, 3(4), 543-551.  

• McKenzie, J., J. Spielman, L., B. Pointer, C., R. 

Lowry, J., Bajwa, E., W. Lee, C., & Klegeris, A. 

(2017). Neuroinflammation as a Common 

Mechanism Associated with the Modifiable Risk 



 
 

Ayodeji David Adeoye et al; Sch Int J Anat Physiol, Oct, 2023; 6(10): 153-161 

© 2023 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                            161 

 
 

Factors for Alzheimer’s and Parkinson’s Diseases. 

Current Aging Science, 10(3)158–176.  

• McKinney, W. T. (2009). Animal Model of 

Depression. Archives of General Psychiatry, 21(2)240.  

• Milatovic, D., Zaja-Milatovic, S., Breyer, R. M., 

Aschner, M., & Montine, T. J. (2017). 

Neuroinflammation and Oxidative Injury in 

Developmental Neurotoxicity. Reproductive and 

Developmental Toxicology, 1051–1061.  

• Minghetti L., Nicolini A., Polazzi E., Creminon C., 

Maclouf J., & Levi G. (1997) Inducible nitric oxide 

synthase expression in activated rat microglial 

cultures is downregulated by exogenous 

prostaglandin E2 and by cyclooxygenase inhibitors. 

Glia 19, 152– 160.  

• Moghadamtousi, S., Fadaeinasab, M., Nikzad, S., 

Mohan, G., Ali, H., & Kadir, H. (2015). Annona 

muricata (Annonaceae): A Review of Its Traditional 

Uses, Isolated Acetogenins and Biological 

Activities. International Journal of Molecular 

Sciences, 16(7)15625–15658.  

• Moore, A. H., Wu, M., Shaftel, S. S., Graham, K. 

A., & O’Banion, M. K. (2009). Sustained expression 

of interleukin-1β in mouse hippocampus impairs 

spatial memory. Neuroscience, 164(4)1484–1495.  

• More, S. V., Kumar, H., Kim, I. S., Song, S. Y., & Choi, 

D. K. (2013). Cellular and molecular mediators of 

neuroinflammation in the pathogenesis of Parkinson’s 

disease. Mediators of Inflammation, 952375.  

• Morgan, J. T., Chana, G., Pardo, C. A., Achim, C., 

Semendeferi, K., Buckwalter, J., Courchesne, E., & 

Everall, I. P. (2010). Microglial Activation and 

Increased Microglial Density Observed in the 

Dorsolateral Prefrontal Cortex in Autism. Biological 

Psychiatry, 68(4), 368–376.  

• Nazem, A., Sankowski, R., Bacher, M., & Al-Abed, 

Y. (2015). Rodent models of neuroinflammation for 

Alzheimer’s disease. Journal of 

Neuroinflammation, 12(1). 

• Neuwelt, E. A., Garcia, J. H., & Mena, H. (1978). 

Diffuse microglial proliferation after global 

ischemia in a patient with aplastic bone marrow. 

Acta Neuropathol (Berl.), 43, 259-262. 

• Prabhakaran, K., Ramasamy, G., Doraisamy, U., 

Mannu, J., R. K., & Murugesan, J. (2016). “Polyketide 

natural products, acetogenins from graviola (Annona 

muricata L), its biochemical, cytotoxic activity and 

various analyses through computational and bio-

programming methods,” Current Pharmaceutical 

Design, 22(34), 5204–5210. 

 


