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ABSTRACT
Background: Alzheimer's Disease (AD), a neurodegenerative disorder characterized by 
dementia, is linked to ROS-induced stress, neuroinflammation, and gut microbiota imbalance. 
Objectives: The antioxidant and anti-inflammatory properties of citrollenol have already been 
reported. The current research was aimed at discovering the salutary properties of citrollenol 
against Aluminum Chloride (AlCl3)-induced AD in rats. Materials and Methods: The AlCl3 was 
used to induce the AD in rats and then treated with citrollenol (25 and 50 mg/kg/bw). The 
behavioral tests were conducted on both control and treated rats. The levels of antioxidants and 
acetylcholine esterase were assessed using kits. The histopathological and immunohistochemical 
analyses were performed on the brain tissues. Results: The findings revealed that the 
AlCl3-induced group had a loss of memory capability as well as an increase in the production 
of proinflammatory and neurodegenerative disorder-related AD proteins; otherwise, these 
characteristics were contrasted in the citrollenol-treated groups. Citrollenol-induced rats showed 
higher production of antioxidant enzyme levels and lower MDA status. Additionally, citrollenol 
abrogates proinflammatory mediator expression by suppressing NF-κB signaling and regulating 
microglial activation. Conclusion: Citrollenol can drawnback the AD brain tissue appearance of 
pathology study by leaking dysfunction in memory, learning capability, production of higher 
antioxidant enzymes levels, changing immunomodulatory cytokines levels in AlCl3 induced 
rats, exhibiting that AD pathogenesis may be represented by treatment with citrollenol via the 
neurodegenerative disorder causes from AD.
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INTRODUCTION

Alzheimer's Disease (AD), a neurodegenerative disease that 
causes memory loss, is the most common cause of dementia. 
Important characteristics of AD are progressive cognitive 
dysfunction and memory loss. Globally, 44 million people were 
affected by Alzheimer's disease in 2015; while this figure is higher 
than expected, more than 115 million patients are expected by 
2050.1 Every year, nearly 4.6 million new people are born and 
spread around the world wide.2 In the classification of AD in 
accordance with the exhibition of cerebral atrophy, the temporal 
lobes, and the hippocampus. The association of histacampus, 
which aids in the stimulation of neuronal dysfunction and free 

radical causes, can be used to aid in the development of AD. 
The causes of Alzheimer's disease are unknown, but several 
studies suggest that AlCl3 is a major factor.3 Globally, aluminum 
is a lower-grade metal; it is easily accessed by the human body 
through additives, tools, and antacids. Aluminum is a bound 
form of a heavier metal in the living system, and its poisonous 
action on various functional organs such as the neuronal, hepatic, 
and cardiac systems.4

Neuroinflammation is the main mechanism in cancer, and it is 
an important factor in infections through balanced diseases. The 
important function of various stages of brain injury caused by 
neuronal causes is the induction of microglia, which finally leads to 
thinking, learning, and memory in the hippocampus-dependent 
brain.5,6 On the other hand, the abbreviated inductions of bauxite 
mines usage contributed expression the aluminum higher 
amount elevation by insoluble minerals which releasing the 
risks of AlCl3 interactions.7,8 According to the previous findings, 
further aluminum is important to exhibit the actual mechanism 
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by which aluminum salts stimulate toxicity in neurons. Numerous 
reports of preceding preclinical model animal evaluations proved 
that the extended interaction with aluminum by AlCl3 caused 
malformation in a neuronal region that ultimately affects the loss 
of memory and learning capacity of AD.9,10

Naturally derived plant products from food have a broad range 
of numerous pharmacological effects, such as antioxidant, 
anti-mutagenic, anti-tumor, and anti-aging properties. The 
importance of pharmacotherapy in suppressing the causes 
of AD was highlighted in laboratory, epidemiological, and 
clinical findings explaining the interaction between nutrition 
and cognition.11,12 The lower toxicity capacity of dietary food 
compounds and the simultaneous application of human, eatable 
phytochemicals are good agents in pharmaceutical application 
in Alzheimer’s disease. The actual well-auctioned, secured, and 
very safe plant-derived preventive therapies for suppressing 
dementia and their interventions.13 Important medicinal plants 
containing oils are rich in secondary metabolites that function as 
plant defense mechanisms. Citronellol is a secondary metabolite 
that contains isoprene units and produces a part found in 
plants. Citronellol has a variety of biological effects, including 
anti-hyperalgesic activity, anti-inflammatory properties, and 
antioxidant properties. Terpenes are promising agents due to 
their ease of incorporation into drug actions, which leads to 
lower expanses and the potential for novel agents.14

Citronellol, a monoterpene alcohol found in plants that produce 
oils from the genus Cymbopogon, has a wide range of biological 
properties with highly medicinally valuable actions such as 
anticonvulsant, antihyperalgesic, and orofacial antinociceptive.15 
Thetherapeutic importance of the citrollenol against several 
neurological disorders were already been reported.16,17 However, 
its importance in treating AD was not studied yet. Therefore, in 
the present study, we aimed at discovering the salutary properties 
of citrollenol against Aluminum Chloride (AlCl3)-induced AD in 
rats.

MATERIALS AND METHODS

Animals and Treatment

Twenty four male Wistar rats (6–7 weeks) were treated ad libitum 
carried out to food and water, and maintained under similar 
light/dark cycle of 12 hr, humidity of 15% laboratory conditions 
with 22°C at end of the terminal period. Wistar rats were serially 
parted into 4 groups (n = 6 per group). AlCl3 were treated as per 
to previously reported literature article dose that gives the toxic 
effect of neuron for 90 days. Citronellol dose was administered 
as per earlier reports mentioned dose that auctioned the secure 
neuron for sixty days. The vehicle untreated control rats parted 
as Group 1 - vehicle control. Group 2 - AlCl3 100 mg/kg/bw 
administered with 12 hr interval. Group 3 - treated orally by AlCl3 
at 100 mg/kg/bw + Citronellol (25mg/kg/bw). Group 4 - orally 
administered AlCl3 at 100 mg/kg/bw + Citronellol (50mg/kg/bw).

Tissue sample preparation

The experimental rats dissected after that brain tissues sample 
and/or hippocampus were released out. Select the animal used in 
test of behavioral test were carried out using Congo red stain in 
subsequent study.

Morris water maze

Behavioral test were carried out using Morris Water Maze 
(MWM) test. The MWM was a 160 cm diameter circular pool 
with 30 cm deep water. The MWM test carried in two ways one 
an trial, other one a probe trial. A circular pool have a transparent 
round platform with filed water northeast quadrant in the 
acquisition trial. Totally 6 rats for each group were first kept over 
the place minimum 30 sec, kept at an initial point. May reached 
the rats at 60 sec they were entered when to remain for 30 sec 
in the place. Likewise the testing animals were practiced more 
than 5 days at every interval time period 10 min. Even, probe trial 
practice in the place out was translocated, further the animals 
keep over at the initial point of southwest quadrant and entered 
the swim individually for 90 sec. We entered the repeated times 
of duration and their location at particular time utilized were 
analyzed swimming in target quadrant.

Estimation of Acetylcholinesterase (AChE)

Using hippocampus tissues the AChE activity and ON levels in 
(n = 6/group) were identified kits as per the to the manufacturer’s 
instructions. Absorbance range were calculated suddenly by 
using the spectrophotometer at 412 nm.

Estimation of malonaldehyde and antioxidant 
markers

The levels of Malonaldehyde (MDA), Catalase (CAT), Glutathione 
(GSH) and Superoxide Dismutase (SOD) in brain tissues (n = 6/
group) calculated. The analysis of GSH was according to DTNB 
and GSH to created a spectrophotometrically measured end 
product and further absorbance were read at 405 nm. The activity 
of SOD levels were measured on its potent to suppresses lowered 
valued of Nitrazobluetetrazolium (NBT) and then read out using 
absorbance at 450 nm.

Histopathological investigation

Using Hematoxylin and Eosin (H&E) the formalized brain tissues 
were repeatedly stained and detected histological modifications 
was quantified as per the tissues affected part to their incidence. 
As per the method Le et al., 2018,18 tissue of brain were sliced 
and stained using Bielschowsky silver stain, the neurofibrillary 
tangles and plaques were observed. Number of amyloid plaques 
appearance, tangles of cells was noted over hippocampus. Slides 
containing tissue was identified using light microscope with 
Olympus using digital camera.
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Immunohistochemistry Analysis

The immunohistochemical identification of Brain tissue sections, 
and then make paraffin blocks, further rehydrated then processed 
the heat induced antigen retrieval. After that the subjected to 
protein interaction with the endogenous peroxidases blocking 
steps. Then Association of Primary mouse monoclonal anti- 
NF-kB with sliced tissues (at a dilution of 1:100) at 4°C for 24hr. 
HRP-labelled secondary antibody were kept and allowed to the 
(HRP-Goat anti-mouse at a dilution of 1:200), for 1hr at 37°C 
after PBS wash. Then, visualize the DAB-substrate chromogen 
reaction. Untreated vehicle tissues were procured through 
primary antibody removal steps. Area % of Positive expressions 
were quantified as using fluorescence microscope (Olympus 
Software).

Statistical analysis

The present data are expressed as mean±SD. The data were 
analyzed by SPSS 22.0 software; SPSS Inc., Chicago, IL, USA. 
We considered p < 0.05 as significant and p < 0.01 as markedly 
significant.

RESULTS

Citrollenol potentially reversed the dysfunction of spatial and 
working memory in AD rats. Figure 1 depicts the behavioral 
changes detected by the MWM test in the control and treated rats. 
The changes in working memory retention and special memory in 
the AlCl3 induced AD rats were determined. The period utilized 
in spatial memory by animals to reach the place was examined. 
When compared to untreated rats, rats in the AlCl3-induced 

group used the identified leakage period to reach their 
destination. Citrollenol (25 and 50 mg/kg/bw) administration 
to the AlCl3-induced rats significantly improved their behavior, 
indicating that Citrollenol administration could improve spatial 
memory in the AD-induced rats (Figure 1). Data were notified 
in working memory, including the location of the platforms 
and the total number of entries into the quadrant, and then the 
untreated control was hypothesized. Here, AlCl3-stimulated 
rats showed a particularly reduced number of entries into the 
intended quadrant when compared to the untreated control. In 
contrast, the citrollenol (25 and 50 mg/kg/bw) administered to 
AlCl3-simulated rats appreciably abrogates the effect noted in the 
quadrant. In the elevated plus maze test, AlCl3 performs well in 
AD, and leakage was observed in the retention transfer latency. 
Further, citrollenol (25 and 50 mg/kg/bw)-treated rats exhibited 
a lower retention transfer latency when compared to AlCl3 alone 
administered to AD rats. On the other hand, untreated control rats 
did not show any changes in retention latency when compared to 
the untreated normal rats. So this data confirmed that there were 
changes in the escape latency of AlCl3-stimulated rats compared 
to the untreated control; these changes were initiated on the 
second day of the training period of the Morris water maze test.

Effect of Citrollenol on AlCl3-induced MDA and 
antioxidant status in rats

We analyzed the status of MDA content, and antioxidant status 
of GSH, SOD, CAT, and GSH were diminished significantly in 
the hippocampus of AlCl3 administered AD animals than the 
untreated normal rats (Figure 2). The citrollenol (25mg/kg/bw) 

Figure 1: Effect of citrollenol on behavioral status in experimental rats. 
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administrated rats with AD caused has significantly reduced 
the levels of MDA then leaked the GSH, further antioxidant  
enzymatic reactions of SOD, CAT, and GSH over neurodegenerative 
disease caused of AD rats compared to the AlCl3 induced AD 
rats. There were no more changes were observed in between  
untreated control rats. The citrollenol treated with AlCl3 induced 
AD rats has surprisingly lowered the amount of malonaldehyde 
and the freely leaked the GSH and also the higher production of 
SOD and CAT in hippocampus of AD rats than AlCl3 induced 
AD caused rats. No more changes were identified in untreated 
control rats.

Effect of citrollenol on LDH and NO levels in the AD 
rats
Figure 3 reveals that AlCl3 administered AD rats appeared the 
higher amount of LDH and NO levels in the hippocampus when 
compared with the untreated normal rats. The 25 and 50 mg/kg 
of citrollenol administration showed the significant lower in the 
LDH and NO levels on the hippocampus of AlCl3-induced AD 
rats. But no more modifications were observed in the untreated 
normal rats.

Effect of citrollenol on the AChE and Na+K+ATPase in 
the AD rats
Figure 4 demonstrates the therapeutic action of citrollenol on 
the neurotransmitter AChE and Na+K+ATPase levels in the 
hippocampus of untreated control rats and experimental rats. 
The levels of AChE and Na+K+ATPase leakage were higher in 
the hippocampus of AlCl3-induced AD rats. Remarkably, the 
administration of citrollenol to the AlCl3 induced AD rats has 
significantly lowered the levels of AChE and Na+K+ATPase in the 

hippocampus. The present data identified the beneficial effects of 
citrollenol in regulating the neurotreansmitters in the AD rats.

Effect of citrollenol on the expression of the 
inflammatory markers

Figure 5 demonstrates the citrollenol actions on the status of 
inflammatory mediators like TNF-α, IL-1 and IL-6 in the brain 
tissues of untreated rats and AlCl3-stimulated AD rats. The 
induction of microglia and astrocytes exhibits the additional 
accumulation of pro-inflammatory changers and toxic materials. 
Significantly inflammatory protein expressions of TNF-α, IL-1, 
and IL-6 were identified by using ELISA method. Finally we 
found that the citrollenol repressed the levels of pro-inflammatory 
cytokines in the AlCl3 induced rats, when treated with citrollenol 
administered creates the changes the levels due to their 
anti-inflammatory potential.

Effect of Citrollenol on histopathology of 
hippocampus in the AD rats

Histopathological modifications of the hippocampus of the 
untreated rats and experimental rats were identified, and results 
were showed in Figure 6. The untreated rats showed the regular 
pattern arrangement of neuronal cells with vesicular nuclei 
exhibition. But in the AlCl3 induced AD rats in hippocampus 
appeared the neuron cells congestion along with enlargement 
of nuclei and Space between the vacuoles with the others 
surrounding place of neurons. The treatment with citrollenol 
(25 and 50 mg/kg bw) with administered AlCl3 protects the 
congestion of neuron cells leads vacuoles production loss around 
the neuronal region and appeared in the large vesicular nuclei 

Figure 2: The hippocampus Malondialdehyde and antioxidant levels were assessed in control and experimental animals. 
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formation with identified nucleoli creation and amphophilic 
cytoplasm arrangement.

Citrollenol modify the NF-kB expressions in 
Immunohistochemical pattern in AD rats

In brain tissues, we analyzed the expression pattern of 
inflammatory mediator of NF-kB in untreated control rats and 
experimental rats using immunohistochemistry. In Figure 7, 
neuronal NF-kB expression were significantly lowered in all 
treated groups compared to AlCl3 group. There was no significant 
difference were observed in untreated control. But AlCl3 treated 
group showed over expression of NF-kB, and in moderate 
expression were identified in citrollenol (25 and 50mg/kg/bw) 
with AlCl3 administered AD group.

DISCUSSION

In the present investigation, it was hypothesized that the 
neuroprotective potential of citrollenol on AlCl3 induced 
AD in the experimental rats via the suppressive action of an 
inflammatory signaling pathway. The cognitive dysfunctions 
were important clinical signs of neurogenerative health-relevant 
causes in AlCl3-induced AD.3,19,20 AlCl3-induced behavioral, 
biochemical, and brain impairments were associated with 
the cognitive dysfunctions that affect major outcomes 
simultaneously identified in AD incidences.21-23 The current 
findings show that oral administration of citrollenol (25 and 
50 mg/kg/bw) significantly altered behavioral, neuronal, and 
biochemical abnormalities in AlCl3-induced AD rats, indicating 
potential preventive and therapeutic effects of citrollenol on the 
AlCl3-induced neurogenerative disease.

ROS production in the hippocampus tissues could change 
communication link between the synaptic and non-synaptic 
neuronal cells that gives the neuroinflammation and apoptosis 
that significantly represent in AD rats neuronal cell damage and 
loss of memory.24 On the other hand, Zhao and Zhao, 2013.,25 
has been reported that inflammation are simultaneously helps to 
neurological changes including neural apoptosis, neurofibrillary 
tangles, amyloid deposits and mitochondrial damage which were 
induced pathological progression of AD. In the current study 
showed that, citrollenol (25 and 50 mg/kg/bw) administered rats 
showed that caused the AlCl3 induced pathological modifications 
were decreased the inflammatory responses via leakage of higher 

Figure 3: The hippocampus Lactatodehydrogenase activity and Nitric Oxide level were measured in control and experimental animals.

Figure 4: The hippocampus Acetylcholinesterase activity and Na + K+ ATPase activity were assessed in control and experimental 
animals.

Figure 5:  The hippocampus TNF-α, IL-6and IL-1β gene expression were 
assessed in control and experimental animals. 
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amount of levels of SOD, CAT and GSH status, which developing 
the levels that the Citrollenol (25 and 50 mg/kg/bw) abreacted the 
AlCl3 stimulated oxidative stress in the hippocampus.

AD progression has been prolonged effect in Hippocampus 
were observed.26 Hippocampus is normally higher content of 
glutamatergic and cholinergic contents were created mechanism 
of these neurotransmitters signaling are simultaneously derived, 
which is mostly associated with the AD.27-30 In this present finding 

were examined, citrollenol (25 and 50mg/kg/bw) administered 
AlCl3 AD rats were showed that stimulated a higher amount 
AChE leakage status. The leakage of AChE induces catalysis of 
acetylcholine that contribute suppression of neurotransmission 
by inhibition cholinergic, AChE most association form with AD 
disease.31 In the current study was revealed that citrollenol (25 and 
50mg/kg/bw) administered elevated the cognitive potential in the 
AlCl3 induced rats model, that was one of the recovered mechanism 
of preventive and therapeutic efficacy against neurodegenerative 
disorder. The previous reports were described that the association 
between the oxidative stress and inflammation. The proves noted 
that the reactive oxygen production functioned as in the chronic 
inflammatory uses via inflammation.

Neuroinflammation and oxidative stress, are earliest incidence 
of neurodegenerative disorder of AD, it exhibits the many 
functional capabilities for the initial function of their 
pathological machineries of AD. In this present finding showed 
that citrollenol administered significantly decreased the NF-kB 
induced pro-inflammatory cytokines like TNF-α, IL-6 and IL-1β 
levels development in the hippocampus of AlCl3 induced rats. In 
central nervous system showed that the proinflammatory cells 
are the Microglial cells. Normally dormant but it accepts the 
induced accretes the NF-kB induced pro-inflammatory cytokines 
of TNF-α, IL-6 and IL-1β were supported as broad range of 
investigation of inflammatory markers in the neuron and impact 
in the pathological development of AD.32 The present reports 
showed that this hypothesis were confirmed that the citrollenol 
(25 and 50 mg/kg/bw) administered was revealed that the 
decreased the protein levels of NF-kB regulated proinflammatory 
mediatory cytokines like TNF-α, IL-6 and IL-1β levels in the 
hippocampus in the AlCl3 stimulated AD rats, which was finally 
reported that prevent the neuronal disease.

CONCLUSION

In the summary we found that citrollenol evidenced 
that the therapeutic actions of against the AlCl3 induced 
neuroinflammatory responses in rat model of AD. Citrollenol 
(50 mg/kg/bw) showed the remarkable neuroprotection by 
restore antioxidant SOD, CAT and GSH production, elevation of 
MDA, NO, AChE and LDH and further in their study showed 
the anti-inflammatory action via suppression of TNF-α, IL-6 and 
IL-1β levels synthesis of neuronal tissues via behavioral changes. 
But in confirmed the assessed AlCl3 induced neuro-inflammation 
through its suppressive potential of inflammatory responsive 
mechanism. So that it could be a good therapeutic and preventive 
drug to cure the AD. Even though, the future studies still required 
to evaluate exact mechanism of action through furthermore 
signaling action.

Figure 6: Photomicrograph of sections of cerebral cortex of rats.

Figure 7: Representative photomicrograph showing IHC staining patterns of 
NF-kB protein in vehicle control and experimental rats.
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CAT: Catalase; GSH: Glutathione; SOD: Superoxide dismutase.

SUMMARY

Citrollenol showed remarkable neuroprotection by restoring 
antioxidant SOD, CAT, and GSH production and decreasing 
MDA, NO, AChE, and LDH.

Citrollenol significantly reduced the levels of NF-kB-induced 
pro-inflammatory cytokines such as TNF-α, IL-6, and IL-1 in the 
hippocampus of AlCl3-induced rats. 

(A) The reference memory and working memory was evaluated in 
control and experimental animals. (B) The arm radial maze task 
completion was evaluated in control and experimental animals. 
(C) The elevated plus maze (initial and retention) transfer 
latencies were evaluated in control and experimental animals. # 
p≤0.05 and * p≤0.01 are statistically significant.

The normal level of antioxidants were noted in the control animals 
(Group-I) and the significantly reduced antioxidants level was 
noted in the Alzheimer’s disease induced animals (Group-II). 
The low and high dose of citrollenol treated animals (Group I and 
II, respectively) showed the significantly increased antioxidants 
level. Each bar represents as a mean ± SD of triplicate values. 
#p≤0.05 and * p≤0.01 are statistically significant.

The normal level of LDH and NO was observed in the control 
(Group-I), however, the significantly increased levels of LDH 
and NO was noted in the Alzheimer’s disease induced animals 
(Group-II). The low and high dose of citrollenol treated animals 
(Group I and II, respectively) showed the noticeably reduction 
in the LDH and NO level. Each bar represents the mean ± SD of 
triplicate measurements. # p≤0.05 and * p≤0.01 are statistically 
significant.

The acetylcholine esterase and ATPase level found normal in the 
control animals (Group-I) and the significant elevation was noted 
in the disease induced animals (Group-II). The low and high 
dose of citrollenol treated animals (Group I and II, respectively) 
showed the significant reduction. Each bar represents as a mean 

± SD of triplicate values. # p≤0.05 and * p≤0.01 are statistically 
significant.

The control animals revealed regular and healthy neuronal cells 
with normal vesicular nuclei (Group I). The disease induced rats 
displayed the brain cells shrinkages and spacing of vacuole around 
the neurons (Group II). The pre supplementation of citrollenol 
(25 and 50 mg/kg) recovered the neuron cells shrinkage and 
diminished the vacuoles around the neurons (Group III and IV, 
respectively).

H&E reveals well organized structure with neurons having 
rounded pale nuclei and basophilic cytoplasm in Control. 
Disturbed structure (yellow arrows), shrunk neurons with 
condensed pyknotic nuclei (black arrows), and areas of hyaline 
degeneration (blue arrows) noted in group II. Sections of 
AD treated with Citrollenol + AD reveals restoration of the 
well-organized structure of the cortex and the neurons.

Magnification (20x and 40x). Depicted immunoexpression of 
NF-kB showed in Control group.

REFERENCES
1.  World Health Organization, Alzheimer’s Disease International (ADI). Dementia: a 

public health priority. Geneva: World Health Organization; 2012.
2.  Abyad A. Alzheimer’s in the Middle East. Population. 2015;6:12.
3.  Bhattacharjee S, Zhao Y, Hill JM, Percy ME, Lukiw WJ. Aluminum and its potential 

contribution to Alzheimer’s Disease (AD). Front Aging Neurosci. 2014;6:62. doi: 10.33 
89/fnagi.2014.00062, PMID 24782759.

4.  Willhite CC, Karyakina NA, Yokel RA, Yenugadhati N, Wisniewski TM, Arnold IM, et al. 
Systematic review of potential health risks posed by pharmaceutical, occupational 
and consumer exposures to metallic and nanoscale aluminum, aluminum oxides, 
aluminum hydroxide and its soluble salts. Crit Rev Toxicol. 2014;44(4);Suppl 4:1-80. 
doi: 10.3109/10408444.2014.934439, PMID 25233067.

5.  Cheng XJ, Gu JX, Pang YP, Liu J, Xu T, Li XR, et al. Tacrine-hydrogen sulfide donor 
hybrid ameliorates cognitive impairment in the aluminum chloride mouse model of 
Alzheimer’s disease. ACS Chem Neurosci. 2019 Aug 21;10(8):3500-9. doi: 10.1021/acs 
chemneuro.9b00120, PMID 31244052.

6.  Sadek KM, Lebda MA, Abouzed TK. The possible neuroprotective effects of melatonin 
in aluminum chloride-induced neurotoxicity via antioxidant pathway and Nrf2 
signaling apart from metal chelation. Environ Sci Pollut Res Int. 2019 ;26(9):9174-83. 
doi: 10.1007/s11356-019-04430-9, PMID 30719664.

7.  Bazzari FH, Abdallah DM, El-Abhar HS. Chenodeoxycholic acid ameliorates 
AlCl3-induced Alzheimer’s disease neurotoxicity and cognitive deterioration via 
enhanced insulin signaling in rats. Molecules. 2019;24(10):1992. doi: 10.3390/mole 
cules24101992, PMID 31137621.

8.  Sun C, Chen J, Tian K, Peng D, Liao X, Wu X. Geochemical characteristics and toxic 
elements in alumina refining wastes and leachates from management facilities. Int 
J Environ Res Public Health. 2019;16(7):1297. doi: 10.3390/ijerph16071297, PMID 
30978989.

9.  Cheraghi E, Golkar A, Roshanaei K, Alani B. Aluminium-induced oxidative stress, 
apoptosis and alterations in testicular tissue and sperm quality in Wistar rats: 
ameliorative effects of curcumin. Int J Fertil Steril. 2017;11(3):166-75. doi: 10.22074 
/ijfs.2017.4859, PMID 28868838.

10.  Cao Z, Wang F, Xiu C, Zhang J, Li Y. Hypericum perforatum extract attenuates behavioral, 
biochemical, and neurochemical abnormalities in aluminum chloride-induced 
Alzheimer’s disease rats. Biomed Pharmacother. 2017;91:931-7. doi: 10.1016/j.b 
iopha.2017.05.022, PMID 28514831.

11.  Pasinetti GM, Wang J, Porter S, Ho L. Caloric intake, dietary lifestyles, 
macronutrient composition, and alzheimer’ disease dementia. Int J Alzheimers Dis. 
2011;2011:806293. doi: 10.4061/2011/806293, PMID 21808725.

12.  Hu N, Yu JT, Tan L, Wang YL, Sun L, Tan L. Nutrition and the risk of Alzheimer’s disease. 
BioMed Res Int. 2013;2013:524820. doi: 10.1155/2013/524820, PMID 23865055.

13.  May BH, Lit M, Xue CC, Yang AW, Zhang AL, Owens MD, et al. Herbal medicine for 
dementia: a systematic review. Phytother Res. 2009;23(4):447-59. doi: 10.1002/ptr.2 
656, PMID 19086008.

14.  Deshaies RJ. Multispecific drugs herald a new era of biopharmaceutical innovation. 
Nature. 2020;580(7803):329-38. doi: 10.1038/s41586-020-2168-1, PMID 32296187.



Indian Journal of Pharmaceutical Education and Research, Vol 57, Issue 4, Oct-Dec, 20231060

Zhou, et al.: Anti-Neuroinflammatory activity of Citrollenol

15.  de Sousa DP, Júnior EV, Oliveira FS, de Almeida RN, Nunes XP, Barbosa-Filho JM. 
Antinociceptive activity of structural analogues of rotundifolone: structure-activity 
relationship. Z Naturforsch C J Biosci. 2007;62(1-2):39-42. doi: 10.1515/ 
znc-2007-1-207, PMID 17425103.

16.  Jayaraj RL, Azimullah S, Parekh KA, Ojha SK, Beiram R. Effect of citronellol on 
oxidative stress, neuroinflammation and autophagy pathways in an in vivo model 
of Parkinson’s disease. Heliyon. 2022;8(11):e11434. doi: 10.1016/j.heliyon.2022.e 
11434, PMID 36387498.

17.  Shao J, Liu X, Lian M, Mao Y. Citronellol prevents 6-OHDA-induced oxidative stress, 
mitochondrial dysfunction, and apoptosis in Parkinson disease model of SH-SY5Y 
cells via modulating ROS-NO, MAPK/ERK, and PI3K/Akt signaling pathways. Neurotox 
Res. 2022;40(6):2221-37. doi: 10.1007/s12640-022-00558-8, PMID 36097250.

18.  Le TT, Kuplicki RT, McKinney BA, Yeh HW, Thompson WK, Paulus MP, et al. A nonlinear 
simulation framework supports adjusting for age when analyzing Brain AGE. Front 
Aging Neurosci. 2018;10:317. doi: 10.3389/fnagi.2018.00317, PMID 30405393.

19.  Giorgianni CM, D’Arrigo G, Brecciaroli R, Abbate A, Spatari G, Tringali MA, et al. 
Neurocognitive effects in welders exposed to aluminium. Toxicol Ind Health. 
2014;30(4):347-56. doi: 10.1177/0748233712456062, PMID 22914260.

20.  Mathiyazahan DB, Justin Thenmozhi AJ, Manivasagam T. Protective effect of black 
tea extract against aluminium chloride-induced Alzheimer’s disease in rats: A 
behavioural, biochemical and molecular approach. J Funct Foods. 2015;16:423-35. 
doi: 10.1016/j.jff.2015.05.001.

21.  Bondy SC. Prolonged exposure to low levels of aluminum leads to changes associated 
with brain aging and neurodegeneration. Toxicology. 2014;315:1-7. doi: 10.1016/j.to 
x.2013.10.008, PMID 24189189.

22.  Garcia T, Esparza JL, Nogues MR, Romeu M, Domingo JL, Gomez M. 2010.
23.  Walton JR. Evidence for participation of aluminum in neurofibrillary tangle formation 

and growth in Alzheimer’s disease. J Alzheimers Dis. 2010;22(1):65-72. doi: 10.3233/ 
JAD-2010-100486, PMID 20847423.

24.  Popa-Wagner A, Mitran S, Sivanesan S, Chang E, Buga AM. ROS and brain diseases: 
the good, the bad, and the ugly. Oxid Med Cell Longev. 2013;2013:963520. doi: 10.11 
55/2013/963520, PMID 24381719.

25.  Zhao Y, Zhao B. Oxidative stress and the pathogenesis of Alzheimer’s disease. Oxid 
Med Cell Longev. 2013;2013:316523. doi: 10.1155/2013/316523, PMID 23983897.

26.  Bingman VP, Jones TJ. Hippocampal lesions disrupt sun compass directional learning 
in homing pigeons. J Neurosci. 2014;14:6687-94.

27.  Francis PT, Palmer AM, Snape M, Wilcock GK. The cholinergic hypothesis of Alzheimer’s 
disease: a review of progress. J Neurol Neurosurg Psychiatry. 1999;66(2):137-47. doi: 
10.1136/jnnp.66.2.137, PMID 10071091.

28.  Greenamyre JT, Young AB. Excitatory amino acids and Alzheimer’s disease. Neurobiol 
Aging. 1989;10(5):593-602. doi: 10.1016/0197-4580(89)90143-7, PMID 2554168.

29.  Liu Y, Liu Z, Wei M, Hu M, Yue K, Bi R, et al. Pharmacodynamic and urinary 
metabolomics studies on the mechanism of Schisandra polysaccharide in the 
treatment of Alzheimer’s disease. Food Funct. 2019;10(1):432-47. doi: 10.1039/c8fo 
02067a, PMID 30623955.

30.  Frisardi V, Panza F, Seripa D, Farooqui T, Farooqui AA. Glycerophospholipids and 
glycerophospholipid-derived lipid mediators: a complex meshwork in Alzheimer’s 
disease pathology. Prog Lipid Res. 2011;50(4):313-30. doi: 10.1016/j.plipres.20 
11.06.001, PMID 21703303.

31.  Čolović MB, Krstić DZ, Lazarević-Pašti TD, Bondžić AM, Vasić VM. Acetylcholinesterase 
inhibitors: pharmacology and toxicology. Curr Neuropharmacol. 2013;11(3):315-35. 
doi: 10.2174/1570159X11311030006, PMID 24179466.

32.  Akiyama H, Barger S, Barnum S, Bradt B, Bauer J, Cole GM, et al. Inflammation and 
Alzheimer’s disease. Neurobiol Aging. 2000;21(3):383-421. doi: 10.1016/s0197-4580( 
00)00124-x, PMID 10858586.

Cite this article: Zhou X, Almoallim HS, Ravindran B, Qin R. Citrollenol Abrogates Neuroinflammatory Pathway Regulated via Induction of NF-kB in AlCl3 
Induced Alzheimer’s Disease – Molecular Approach. Indian J of Pharmaceutical Education and Research. 2023;57(4):1053-60.


