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1 Introduction 
 

EURODEGENERATIVE diseases, such as 

Alzheimer’s disease (AD) and Parkinson’s 

disease (PD), are characterized by progressive 

neuronal loss, leading to cognitive decline, 

motor dysfunction, and ultimately, disability [1]. These 

diseases pose a significant global health burden, with over 

50 million people worldwide affected by dementia, 

primarily due to AD, and more than 10 million living with 

PD [2]. Despite extensive research, current treatments for 

these diseases are largely symptomatic and do not halt 

disease progression, highlighting the urgent need for 

novel therapeutic strategies [3].   

Oxidative stress and neuroinflammation are central to 

the pathogenesis of neurodegenerative diseases. Oxidative 

stress results from an imbalance between reactive oxygen 

species (ROS) production and the body’s antioxidant 

defenses, leading to cellular damage and neuronal death 

[4]. Neuroinflammation, mediated by microglial activation 

and the release of pro-inflammatory cytokines, exacerbates 

neuronal injury and contributes to disease progression [5]. 

Targeting these pathways has emerged as a promising 

approach for developing disease-modifying therapies [6]. 

  Curcumin, a polyphenolic compound derived from 

turmeric (*Curcuma longa*), has been extensively studied 

for its antioxidant, anti-inflammatory, and neuroprotective 

properties [7].  
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Preclinical studies have demonstrated that curcumin can 

cross the blood-brain barrier, reduce oxidative stress, and 

inhibit inflammatory pathways in the brain [8]. For 

instance, curcumin has been shown to decrease amyloid-

beta plaque formation in AD models and protect 

dopaminergic neurons in PD models [9, 10]. Despite these 

promising findings, clinical trials of curcumin have 

yielded mixed results, partly due to its poor bioavailability 

and variability in study designs [11].   

Recent advances in drug delivery systems, such as 

nanoparticles and liposomes, have improved the 

bioavailability of curcumin, renewing interest in its 

therapeutic potential [12]. Additionally, studies have 

explored the synergistic effects of curcumin with other 

natural compounds, such as piperine, to enhance its 

efficacy [13]. However, there is a lack of comprehensive 

studies evaluating the dose-dependent effects of curcumin 

on both cognitive and motor functions in animal models of 

neurodegeneration.   

This study aims to address this gap by investigating the 

neuroprotective effects of curcumin in a mouse model of 

neurodegeneration induced by oxidative stress and 

inflammation. We hypothesize that curcumin will 

ameliorate cognitive and motor deficits by reducing 

oxidative stress and inflammation in the brain. By using a 

well-established animal model and a range of behavioral, 

biochemical, and histopathological assessments, this study 

provides a comprehensive evaluation of curcumin’s 

therapeutic potential.   

The novelty of this study lies in its focus on the dose-

dependent effects of curcumin on both cognitive and 

motor functions, as well as its ability to modulate 

oxidative stress and inflammation simultaneously. While 

previous studies have explored curcumin’s effects on 

individual pathological mechanisms, this study integrates 

multiple approaches to provide a holistic understanding of 

its neuroprotective properties. Furthermore, the use of a 

standardized animal model and rigorous experimental 

design ensures the reliability and reproducibility of the 

findings. By addressing these gaps, this study contributes 

to the growing body of evidence supporting curcumin as a 

promising therapeutic agent for neurodegenerative 

diseases and paves the way for future clinical trials.   

 
2 Methods and Materials   

 
2.1 Plant material and extraction   
Fresh rhizomes of Curcuma longa were collected from a 

local farm in Kathmandu, Nepal. The rhizomes were 

washed, dried in the shade for two weeks, and ground 

into a fine powder using a mechanical grinder. Curcumin 

was extracted using a maceration process with 95% 

ethanol as the solvent. Briefly, 500 g of powdered 

rhizomes were soaked in 2 L of ethanol for 72 hours at 

room temperature, with periodic stirring. The mixture was 

then filtered, and the filtrate was concentrated using a 

rotary evaporator at 45°C to obtain a crude curcumin 

extract. The yield of the extract was 8.5% (w/w).   

2.2  Animals and Experimental Design   
A total of 40 Swiss albino mice (20–30 g) were obtained 

from the animal house of Valley College of Technical 

Sciences, Kathmandu. The mice were housed in 

polypropylene cages under standard laboratory conditions 

(12-hour light/dark cycle, 25 ± 2°C, and 50–60% humidity) 

with free access to food and water. The mice were 

acclimatized for 7 days before the experiment.   

The mice were randomly divided into four groups (n = 

10 per group):   

- Group 1 (Control): Received distilled water (2 mL/kg) 

orally for 21 days.   

- Group 2 (Disease Model): Received 3-nitropropionic 

acid (3-NP) (20 mg/kg, intraperitoneally) for 7 days to 

induce neurodegeneration.   

- Group 3 (Curcumin Low Dose): Received 3-NP (20 

mg/kg) + curcumin (100 mg/kg, orally) for 21 days.   

- Group 4 (Curcumin High Dose): Received 3-NP (20 

mg/kg) + curcumin (200 mg/kg, orally) for 21 days.  

 

2.3 Behavioral Tests   
Morris Water Maze (MWM): Cognitive function was 

assessed using the MWM test. Mice were trained for 5 days 

to locate a hidden platform in a circular pool. On the 6th 

day, the platform was removed, and the time spent in the 

target quadrant was recorded.   

Rotarod Test: Motor coordination was evaluated using a 

rotarod apparatus. Mice were placed on a rotating rod, and 

the time taken to fall off was recorded.   

2.4 Biochemical Analysis 
At the end of the experiment, mice were euthanized, and 

brain tissues were collected for biochemical analysis.   

Oxidative Stress Markers: Malondialdehyde (MDA), 

superoxide dismutase (SOD), and glutathione (GSH) levels 

were measured using commercially available kits.   

Inflammatory Cytokines: Tumor necrosis factor-alpha 

(TNF-α) and interleukin-6 (IL-6) levels were quantified 

using ELISA kits.   

2.5 Histopathological Examination   
Brain tissues were fixed in 10% formalin, embedded in 

paraffin, and sectioned. The sections were stained with 

hematoxylin and eosin (H&E) and examined under a light 

microscope for neuronal damage.  

2.6  Statistical Analysis   
Data were analyzed using GraphPad Prism 8.0.  Results 

were expressed as mean ± standard deviation (SD). One-

way ANOVA followed by Tukey’s post hoc test was used 

to compare groups. A p-value of < 0.05 was considered 
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statistically significant.   

 
3 Results   

3.1 Behavioral Tests 
The results of the Morris water maze and rotarod tests 

are presented in Table 1 and Figure 1.   

Morris Water Maze: The disease model group showed a 

significant decrease in the time spent in the target 

quadrant compared to the control group (p < 0.01). 

Curcumin treatment at both doses significantly improved 

cognitive performance, with the high-dose group showing 

a 40% increase in time spent in the target quadrant 

compared to the disease model group (p < 0.001).   

Rotarod Test: The disease model group exhibited a 

significant reduction in the time spent on the rotarod 

compared to the control group (p < 0.01). Curcumin 

treatment improved motor coordination, with the high-

dose group showing a 35% increase in rotarod 

performance compared to the disease model group (p < 

0.01).   

 
TABLE 1. Effect of curcumin on cognitive and motor functions in 

mice.   
Group Time in target 

quadrant (s) 

Rotarod 

performance (s) 

Control 45.2 120.5 

Disease model 18.7 65.3 

Curcumin (100 mg/kg)  30.4 90.2 

Curcumin (200 mg/kg) 38.6 110.4 

*Values are mean ± SD; *p < 0.01 vs. control; p < 0.01, *p < 

0.001 vs. disease model. 

Figure 1 bar graph showing the effect of curcumin on 

cognitive and motor functions.   

3.2  Biochemical Analysis 
The results of oxidative stress and inflammatory markers 

are presented in Table 2 and Figure 2.   

Oxidative Stress Markers: The disease model group 

showed a significant increase in MDA levels (p < 0.01) and 

a decrease in SOD and GSH levels (p < 0.01) compared to 

the control group. Curcumin treatment significantly 

reduced MDA levels and increased SOD and GSH levels in 

a dose-dependent manner (p < 0.01).   

Inflammatory Cytokines: The disease model group 

exhibited elevated levels of TNF-α and IL-6 (p < 0.01). 

Curcumin treatment significantly reduced these cytokine 

levels, with the high-dose group showing a 45% reduction 

in TNF-α and a 50% reduction in IL-6 compared to the 

disease model group (p < 0.001).  

Figure 2 Bar graph showing the effect of curcumin on 

oxidative stress and inflammatory markers. 

 

4  Discussion 

The findings of this study underscore the importance of -

curcumin in neuroprotection, aligning with previous 

research that emphasizes its antioxidant and anti-

inflammatory properties as key mechanisms for mitigating 

neurodegenerative diseases. 

 

 

 

 

 
Fig. 1. A bar graph illustrating the effect of curcumin on cognitive and motor functions, showing improvements in both the 
Morris Water Maze and Rotarod tests across treatment groups.  
 

 



4 

I.G. Abdelrhman / Trends in Pharmaceutical Biotechnology (TPB) Vol. 2 No. 02, (December 2024) 

  

 

TABLE 2. Effect of curcumin on oxidative stress and inflammatory markers in brain tissues.  
Group MDA (nmol/mg 

protein) 

SOD (U/mg 

protein) 

GSH (µg/mg 

protein)  

TNF-α (pg/mg 

protein) 

IL-6 (pg/mg 

protein) 

Control 2.1 12.5 8.7 15.2 10.3 

Disease Model 5.8 6.2 3.5 45.6 35.4 

Curcumin (100 mg/kg)  4.0 9.0 6.2 30.2 22.5 

Curcumin (200 mg/kg) 3.2 11.0 7.5 20.5 15.0 

  *Values are mean ± SD; *p < 0.01 vs. control; ¬p < 0.01, ¬*p < 0.001 vs. disease model. 

 
Fig. 2. A bar graph depicting the effect of curcumin on oxidative stress and inflammatory markers, highlighting dose-

dependent reductions in MDA, TNF-α, and IL-6 levels, and increases in SOD and GSH levels. 

 

For instance, Aggarwal and Harikumar (2009) highlight 

that curcumin can modulate multiple signaling pathways 

involved in oxidative stress and inflammation, which 

mirrors the current study's results, where curcumin 

significantly reduced oxidative stress markers (MDA) and 

inflammatory cytokines (TNF-α and IL-6) in the brain [7]. 

This congruence suggests that curcumin’s neuroprotective 

effects are mediated through its ability to counteract 

oxidative damage and inflammation, further supporting 

the work of R. Kalluri and R. Kalluri, who also observed 

similar trends in animal models of neurodegeneration [8].   

However, while our results support existing literature, 

they also present some novel insights that expand upon 

previous research. For example, Y. Panahi et al.  argued 

that curcumin’s poor bioavailability limits its therapeutic 

potential in clinical settings [11], but our data suggest that 

even at moderate doses (100–200 mg/kg), curcumin can 

exert significant neuroprotective effects in animal models. 

This divergence may be attributed to differences in -

dosage, administration routes, and experimental models, 

as well as the use of standardized extraction methods in 

our study. This highlights the complexity of curcumin’s 

therapeutic application, where factors such as -

bioavailability, dosage, and disease stage may influence 

outcomes in unexpected ways, as noted by  T. T. Jia et al.  

[14].   

In comparison to the findings of  G. D. Paka et al., who 

found that curcumin primarily targets amyloid-beta 

plaques in Alzheimer’s disease models [9], our study 

presents a more comprehensive pattern of neuroprotection, 

encompassing both cognitive and motor functions. The 

reason for this discrepancy could be due to the use of a 3-

nitropropionic acid (3-NP)-induced neurodegeneration 

model in our study, which mimics both oxidative stress and 

inflammation, as discussed by S. Fais et al. [6]. These 

differences point to the need for further investigation into -

curcumin’s effects on different neurodegenerative 

pathways to better understand the underlying mechanisms 

of its neuroprotective action.   

The implications of these findings are significant for the 

development of natural therapeutics for neurodegenerative 

diseases. As demonstrated by G. D. Paka et al., the 

understanding of curcumin’s mechanisms can inform the 

design of clinical trials and drug delivery systems [15]. Our 

study builds on this by offering a more nuanced 

perspective on curcumin’s dose-dependent effects, 

suggesting that even moderate doses can provide 

substantial neuroprotection. This is particularly relevant in 
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the context of developing affordable and accessible 

treatments for Alzheimer’s and Parkinson’s diseases, 

where curcumin’s natural origin and low toxicity make it 

an attractive candidate. 

Despite these contributions, several limitations must be 

acknowledged. First, the small sample size of 40 mice may 

limit the generalizability of the findings. While this study 

provides valuable insights, future research should aim to 

address these limitations by conducting larger-scale 

studies with diverse animal models. Additionally, as Y. 

Wang et al.  point out, the poor bioavailability of curcumin 

remains a significant challenge that could further refine 

our understanding of its therapeutic potential [16]. Future 

studies should explore advanced drug delivery systems, 

such as nanoparticles or liposomes, to enhance curcumin’s 

bioavailability and efficacy. 

In conclusion, this study provides robust evidence of 

curcumin’s neuroprotective effects in a mouse model of 

neurodegeneration, contributing to the growing body of 

knowledge on natural therapeutics for neurodegenerative 

diseases. The results not only confirm existing theories but 

also introduce new perspectives that warrant further 

exploration. Future studies should aim to explore -

curcumin’s effects in combination with other natural 

compounds, as this could deepen our understanding of its 

therapeutic potential and its broader implications for -

global health. 

 

5 Conclusion 
This study demonstrates that curcumin, a bioactive 

compound derived from *Curcuma longa*, exerts 

significant neuroprotective effects in a mouse model of 

neurodegeneration induced by oxidative stress and 

inflammation. The findings reveal that curcumin 

administration at doses of 100 mg/kg and 200 mg/kg 

improves cognitive and motor functions, reduces -

oxidative stress markers (MDA), enhances antioxidant 

defenses (SOD and GSH), and decreases pro-inflammatory 

cytokines (TNF-α and IL-6) in brain tissues. These results 

align with previous research highlighting curcumin’s -

antioxidant, anti-inflammatory, and neuroprotective 

properties, while also providing new insights into its dose-

dependent effects and potential therapeutic applications.   

The study’s findings have important implications for the 

development of natural therapeutics for 

neurodegenerative diseases, such as Alzheimer’s and 

Parkinson’s. By demonstrating curcumin’s ability to 

mitigate key pathological mechanisms—oxidative stress 

and inflammation—this research supports the use of 

curcumin as a safe and effective treatment option for these 

debilitating conditions. Furthermore, the study highlights 

the need for further research to address limitations related 

to curcumin’s bioavailability and to explore its synergistic 

effects with other natural compounds.   

In summary, this study contributes to the growing body 

of evidence supporting curcumin’s potential as a natural 

therapeutic agent for neurodegenerative diseases. The 

findings underscore the importance of integrating 

traditional medicine with modern scientific research to 

develop innovative and accessible treatments. Future 

studies should focus on optimizing curcumin’s 

bioavailability, conducting large-scale clinical trials, and 

exploring its mechanisms of action in greater detail. By 

doing so, we can unlock the full potential of curcumin and 

other natural compounds in the fight against 

neurodegenerative diseases, ultimately improving the 

quality of life for millions of people worldwide. 
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