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ABSTRACT 

Background: Alzheimer's disease (AD) is a progressive neurodegenerative disorder characterized by oxidative 

stress, cholinergic dysfunction, and amyloid-beta (Aβ) toxicity. Natural phytochemicals with multitarget activity 

offer promising therapeutic potential. 

Objective: This study aimed to comprehensively evaluate the neuroprotective potential of Neolamarckia cadamba 

leaf extract through integrated in vitro antioxidant and cholinesterase inhibition assays along with in vivo anti- 

Alzheimer's activity in an Aβ-induced rat model. 

Methods: Ethanolic leaf extract was subjected to phytochemical screening and GC-MS/LC-MS profiling. In vitro 

antioxidant activity was assessed using DPPH, ABTS, FRAP, and nitric oxide assays, while anti-Alzheimer's 

potential was evaluated via AChE and BChE inhibition assays. For in vivo evaluation, Alzheimer's disease was 

induced in Wistar rats using intracerebroventricular Aβ₁–₄₂ injection. Behavioral (MWM, OFT, RAM, PAT), 

biochemical (SOD, CAT, GSH, LPO, NO), and inflammatory (TNF-α, IL-1β) parameters were analyzed. 

Results: The extract demonstrated strong antioxidant activity (DPPH IC₅₀: 42.6 µg/mL) and moderate 

cholinesterase inhibition (AChE IC₅₀: 48.3 µg/mL; BChE IC₅₀: 52.7 µg/mL) with significant negative correlation 

(r = −0.82). In vivo, the extract significantly improved cognitive performance, reduced escape latency (up to 42%), 

restored antioxidant enzymes, and decreased oxidative stress and inflammatory markers (p < 0.05). LC-MS 

analysis confirmed the presence of flavonoids and indole alkaloids contributing to activity. 

Conclusion: Neolamarckia cadamba exhibits significant multitarget neuroprotective effects through antioxidant, 

cholinesterase inhibitory, and anti-inflammatory mechanisms, supporting its potential as a natural therapeutic 

candidate for Alzheimer's disease. 
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1. Introduction 

Alzheimer’s disease (AD) is a multifactorial 

neurodegenerative disorder marked by progressive 

cognitive decline, amyloid-β plaque deposition, 

oxidative stress, and cholinergic dysfunction.[1.2] 

Increased reactive oxygen species (ROS) and reduced 

acetylcholine levels due to elevated 

acetylcholinesterase activity contribute significantly to 

disease progression.[3,4] 

Current therapies, such as donepezil, provide only 

symptomatic relief and are associated with adverse 

effects, necessitating safer multitarget alternatives.[5] 

Natural products rich in flavonoids and phenolics have 

gained attention due to their antioxidant and enzyme- 

inhibitory properties.[6,7] 

Neolamarckia cadamba, a medicinal plant from the 

Rubiaceae family, contains bioactive compounds such 

as flavonoids, alkaloids, and phenolics with reported 

neuroprotective   potential.[8]   However,   a 
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comprehensive correlation between phytochemical 

profiling, in vitro mechanisms, and in vivo 

neuroprotection remains underexplored. 

This study integrates in vitro and in vivo approaches to 

establish the multitarget anti-Alzheimer’s potential of 

N. cadamba. 

2. Materials and Methods 

2.1 Plant Extraction and Phytochemical Analysis 

Leaves were extracted using 80% ethanol via Soxhlet 

extraction. Preliminary phytochemical screening 

confirmed flavonoids, phenolics, alkaloids, and 

terpenoids. 

GC-MS and LC-MS analyses identified key 

compounds such as quercetin, rutin, kaempferol, 

cadambin, and neolamarckin. 

2.2 In Vitro Antioxidant Assays 

• DPPH radical scavenging 

• ABTS assay 

• FRAP assay 

• Nitric oxide scavenging 

IC₅₀ values were calculated using nonlinear 

regression.[9-11] 

2.3 Cholinesterase Inhibition Assays 

• Acetylcholinesterase (AChE) inhibition 

(Ellman method) 

• Butyrylcholinesterase (BChE) inhibition [12] 

2.4 In Vivo Anti-Alzheimer’s Study 

Animal Model 

Wistar rats (n = 6/group) were used. Alzheimer’s 

disease was induced via intracerebroventricular 

injection of Aβ₁–₄₂. 

Treatment Groups 

• Control 

• Sham 

• Disease (Aβ) 

• Standard (Donepezil 5 mg/kg) 

• Extract (100, 200, 400 mg/kg) 

2.5 Behavioral Studies 

• Morris Water Maze (MWM) 

• Open Field Test (OFT) 

• Radial Arm Maze (RAM) 

• Passive Avoidance Test (PAT) 

2.6 Biochemical and Inflammatory Analysis 

• Antioxidant enzymes: SOD, CAT, GSH 

• Oxidative stress: LPO, NO 

• Cytokines: TNF-α, IL-1β 

2.7 Statistical Analysis 

Data expressed as mean ± SD/SEM; analysed using 

ANOVA with p < 0.05 considered significant. 

3. Results 

3.1 Phytochemical and Metabolite Profiling 

The extract contained flavonoids, phenolics, and indole 

alkaloids contributing to neuroprotection. 

Table 1: Qualitative phytochemical screening of 

Neolamarckia cadamba leaf extract, indicating the 

presence of major bioactive constituents responsible 

for antioxidant and neuroprotective activity. 

Phytochem 

ical Class 

Test 

Performed 

Observati 

on 

Resu 

lt 

Alkaloids Mayer’s/Wag 

ner’s test 

White/Bro 

wn 

precipitate 

Prese 

nt 

Flavonoids Shinoda test Pink/Red 

color 

Prese 

nt 

Phenolics Ferric chloride 

test 

Dark 

green/blue 

color 

Prese 

nt 

Tannins Lead acetate 

test 

Yellow 

precipitate 

Prese 

nt 

Terpenoids Salkowski test Reddish- 

brown 

interface 

Prese 

nt 

Glycosides Keller-Killiani 

test 

Brown 

ring 

Prese 

nt 

Saponins Foam test No 

persistent 

foam 

Abse 

nt 

 

3.2 In Vitro Antioxidant Activity 

Table 2: Antioxidant activity of Neolamarckia 

cadamba leaf extract evaluated by multiple in vitro 

assays. Values are expressed as mean ± SD (n = 3). 

Assay % Inhibition (Mean ± 

SD) 

IC₅₀ 

(µg/mL) 

DPPH 88.1 ± 2.3*** 42.6 

ABTS 90.2 ± 1.8*** 39.4 

FRAP 85.6 ± 2.1*** 45.2 

Nitric 

Oxide 

82.4 ± 2.5** 48.7 

*p < 0.05, **p < 0.01, ***p < 0.001 vs standard 

antioxidant (ascorbic acid/Trolox). 

3.3 Cholinesterase Inhibition 

Table 3: Cholinesterase inhibitory activity of 

Neolamarckia cadamba extract. Values are mean ± SD 

(n = 3). 

Enzyme % Inhibition (Mean ± 

SD) 

IC₅₀ 

(µg/mL) 

AChE 76.5 ± 2.0*** 48.3 

BChE 72.1 ± 2.4** 52.7 

**p < 0.01, ***p < 0.001 vs standard drug (donepezil). 

• Strong correlation with antioxidant activity (r 

= −0.82) 

3.4 In Vivo Behavioural Outcomes 
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Table 4: Effect of Neolamarckia cadamba (NC) on 

spatial learning and memory in Morris Water Maze 

test. Values are mean ± SEM (n = 6). 

Group Escape 

Latency (sec) 

Time in Target 

Quadrant (sec) 

Control 28.5 ± 3.2### 42.3 ± 4.1### 

Aβ 

Disease 

65.4 ± 5.6 18.7 ± 3.2 

Donepezil 32.6 ± 3.8*** 39.5 ± 3.9*** 

NC 100 

mg/kg 

48.2 ± 4.5* 26.8 ± 3.5* 

NC 200 

mg/kg 

39.7 ± 3.9** 32.4 ± 3.7** 

NC 400 

mg/kg 

34.1 ± 3.3*** 37.8 ± 4.0*** 

### p < 0.001 vs Aβ disease group (control 

validation) , * p < 0.05, ** p < 0.01, *** p < 0.001 vs 

Aβ1-42 disease group 

Table 5: Effect of Neolamarckia cadamba on 

locomotor and exploratory behaviour in Open Field 

Test. Values are mean ± SEM (n = 6). 

Group Crossings Rearings Time in 

Center (sec) 

Control 78 ± 

10### 

26 ± 

5### 

45 ± 7### 

Aβ 

Disease 

122 ± 15 41 ± 6 21 ± 5 

Donepezil 85 ± 

11*** 

25 ± 

5*** 

40 ± 6*** 

NC 100 

mg/kg 

105 ± 13* 34 ± 6* 28 ± 5* 

NC 200 

mg/kg 

92 ± 12** 29 ± 5** 34 ± 6** 

NC 400 

mg/kg 

86 ± 

10*** 

26 ± 

4*** 

39 ± 5*** 

### p < 0.001 vs Aβ disease group , * p < 0.05, ** p 

< 0.01, *** p < 0.001 vs Aβ disease group 

Table 6: Effect of Neolamarckia cadamba (NC) on 

working and reference memory using Radial Arm 

Maze test. Values are expressed as mean ± SEM (n = 

6). 

 

NC 100 

mg/kg 

4.2 ± 0.7* 3.5 ± 0.5* 135.6 ± 

9.2* 

NC 200 

mg/kg 

3.1 ± 

0.6** 

2.4 ± 

0.4** 

112.8 ± 

8.5** 

NC 400 

mg/kg 

2.5 ± 

0.5*** 

1.8 ± 

0.3*** 

98.4 ± 

7.3*** 

### p < 0.001 vs Aβ disease group (control 

validation) , * p < 0.05, ** p < 0.01, *** p < 0.001 vs 

Aβ disease group 

Table 7: Effect of Neolamarckia cadamba on memory 

retention using the Passive Avoidance Test. Increased 

step-through latency indicates improved memory. 

Values are expressed as mean ± SEM (n = 6). 

Group Step-Through Latency (sec) 

Control 248.6 ± 12.4### 

Aβ Disease 92.3 ± 10.2 

Donepezil 221.5 ± 11.6*** 

NC 100 mg/kg 138.7 ± 9.8* 

NC 200 mg/kg 182.4 ± 10.5** 

NC 400 mg/kg 210.8 ± 11.2*** 

### p < 0.001 vs Aβ disease group , * p < 0.05, ** p 

< 0.01, *** p < 0.001 vs Aβ disease group 

3.5 Biochemical Findings 

• Increased SOD, CAT, GSH levels 

• Reduced lipid peroxidation and nitric oxide 

• Decreased TNF-α and IL-1β levels 

 

Table 8: Effect of Neolamarckia cadamba on 

oxidative stress biomarkers. Values are mean ± SEM 

(n = 6). 

Group Working 

Memory 

Errors 

Reference 

Memory 

Errors 

Time to 

Complete 

Task (sec) 

Control 1.8 ± 

0.4### 

1.2 ± 

0.3### 

85.3 ± 

6.2### 

Aβ 

Disease 

5.9 ± 0.8 4.7 ± 0.6 162.5 ± 

10.4 

Donepezil 2.3 ± 

0.5*** 

1.6 ± 

0.4*** 

95.7 ± 

7.1*** 

Paramet 

er 

Contr 

ol 

Aβ 

Disea 

se 

Donepe 

zil 

NC  400 

mg/kg 

SOD 8.5  ± 4.1 ± 7.6 ± 7.2 ± 

 0.6## 0.5 0.5*** 0.6*** 

 #    

CAT 52.3 ± 28.7 ± 48.6 ± 46.9 ± 

 3.2## 2.8 3.1*** 2.9*** 

 #    

GSH 6.8  ± 3.2 ± 6.1 ± 5.9 ± 

 0.5## 0.4 0.4*** 0.5*** 

 #    

LPO 2.1  ± 5.8 ± 2.6 ± 2.9 ± 

 0.3## 0.6 0.4*** 0.5*** 

 #    

NO 18.4 ± 36.7 ± 21.3 ± 22.5 ± 

 1.5## 2.2 1.7*** 1.8* 

 #   ** 
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### p < 0.001 vs Aβ disease group , *** p < 0.001 vs 

Aβ disease group 

Table 9: Effect of Neolamarckia cadamba on 

inflammatory cytokines. Values are mean ± SEM (n = 

6). 

Paramet 

er 

Contr 

ol 

Aβ 

Disea 

se 

Donepe 

zil 

NC  400 

mg/kg 

TNF-α 22.4 ± 48.6 ± 26.3 ± 28.7 ± 

 2.1## 3.4 2.5*** 2.6*** 

 #    

IL-1β 18.2 ± 41.2 ± 21.5 ± 23.4 ± 

 1.8## 3.1 2.2*** 2.3* 

 #   ** 

### p < 0.001 vs Aβ disease group , *** p < 0.001 vs 

Aβ disease group 

4. Discussion 

The present investigation systematically evaluated the 

neuroprotective efficacy of Neolamarckia cadamba 

leaf extract through integrated in vitro and in vivo 

approaches, demonstrating significant multitarget 

activity against Alzheimer’s disease (AD)-associated 

pathologies. 

The in vitro antioxidant assays revealed strong free 

radical scavenging potential of the extract, with 

maximum inhibition values of 90.2% (ABTS), 88.1% 

(DPPH), 85.6% (FRAP), and 82.4% (nitric oxide) at 

100 µg/mL. The relatively low IC₅₀ values (DPPH: 

42.6 µg/mL; ABTS: 39.4 µg/mL) indicate high 

antioxidant potency. [13-16] These results suggest that 

the extract efficiently neutralizes both stable and 

reactive radicals, thereby limiting oxidative damage. 

Oxidative stress is a major cause of neuronal 

degeneration, lipid peroxidation, and amyloid 

aggregation. The high radical scavenging efficiency 

seen here directly supports its ability to protect 

neurons. 

The cholinesterase inhibition studies further 

demonstrated that the extract exerts moderate enzyme 

inhibitory activity, with IC₅₀ values of 48.3 µg/mL 

(AChE) and 52.7 µg/mL (BChE). At 100 µg/mL, the 

extract achieved 76.5% inhibition of AChE and 72.1% 

inhibition of BChE, indicating effective modulation of 

cholinergic pathways. [17] Importantly, correlation 

analysis revealed a strong negative relationship (r = 

−0.82, p < 0.01) between antioxidant capacity and 

cholinesterase inhibition, suggesting that enhanced 

antioxidant activity is associated with increased 

enzyme inhibition. This finding indicates a synergistic 

multitarget mechanism, where the same 

phytoconstituents contribute to both redox balance and 

neurotransmitter regulation. 

The in vivo findings provided strong functional 

validation of these biochemical effects. In the Morris 

Water Maze test, Aβ-induced rats exhibited a marked 

increase in escape latency (65.4 sec) compared to 

control (28.5 sec), reflecting severe spatial memory 

impairment. Treatment with N. cadamba significantly 

reduced escape latency in a dose-dependent manner, 

with the highest dose (400 mg/kg) reducing it to 34.1 

sec, representing approximately 48% improvement 

relative to the disease group. Similarly, time spent in 

the target quadrant increased from 18.7 sec (disease) to 

37.8 sec (400 mg/kg), indicating substantial recovery 

of spatial memory. [18] 

In the Radial Arm Maze, disease-induced rats showed 

increased working memory errors (5.9) and reference 

memory errors (4.7), whereas treatment with N. 

cadamba (400 mg/kg) reduced these errors to 2.5 and 

1.8, respectively, indicating improved working and 

reference memory. Additionally, task completion time 

decreased from 162.5 sec (disease) to 98.4 sec, further 

supporting enhanced cognitive efficiency. [19] 

The Passive Avoidance Test demonstrated a significant 

decline in memory retention in Aβ-treated rats, with 

step-through latency reduced to 92.3 sec compared to 

248.6 sec in control animals. Treatment with N. 

cadamba increased latency to 210.8 sec at 400 mg/kg, 

reflecting a substantial recovery of long-term memory 

retention. [20] 

Behavioral improvements were also supported by 

Open Field Test findings, where disease-induced 

hyperactivity and anxiety-like behavior (crossings: 

122, center time: 21 sec) were normalized following 

treatment (crossings: 86, center time: 39 sec at 400 

mg/kg). This suggests restoration of exploratory 

behavior and reduction of anxiety-related disturbances. 

At the biochemical level, Aβ administration resulted in 

a marked decline in endogenous antioxidant enzymes, 

with SOD reduced from 8.5 to 4.1 U/mg protein, CAT 

from 52.3 to 28.7 U/mg protein, and GSH from 6.8 to 

3.2 µmol/g tissue. Treatment with N. cadamba 

significantly restored these levels (SOD: 7.2, CAT: 

46.9, GSH: 5.9 at 400 mg/kg), indicating reactivation 

of the antioxidant defense system. 

Conversely, oxidative stress markers were significantly 

elevated in the disease group, with lipid peroxidation 

(LPO) increasing from 2.1 to 5.8 nmol MDA/mg and 

nitric oxide from 18.4 to 36.7 µmol/g tissue. These 

were significantly reduced following treatment (LPO: 

2.9, NO: 22.5 at 400 mg/kg), confirming attenuation of 

oxidative damage. 

Furthermore, pro-inflammatory cytokines were 

markedly elevated in Aβ-induced rats (TNF-α: 48.6 
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pg/mg, IL-1β: 41.2 pg/mg) compared to the control 

(TNF-α: 22.4, IL-1β: 18.2). Treatment with N. 

cadamba significantly reduced these levels (TNF-α: 

28.7, IL-1β: 23.4 at 400 mg/kg), demonstrating its anti- 

inflammatory potential. 

The observed neuroprotective effects can be attributed 

to the presence of flavonoids, phenolics, and indole 

alkaloids identified through LC-MS analysis. These 

compounds likely act through multiple mechanisms, 

including free radical scavenging, enzyme inhibition, 

and suppression of inflammatory signaling pathways. 

The dose-dependent response and near-comparable 

efficacy to donepezil further reinforce the therapeutic 

relevance of the extract. 

Overall, the study establishes a strong link between 

biochemical modulation and functional cognitive 

recovery, confirming that Neolamarckia cadamba 

exerts multitarget neuroprotection through antioxidant, 

cholinergic, and anti-inflammatory pathways. 

5. Conclusion 

The present study demonstrates that Neolamarckia 

cadamba leaf extract exhibits significant 

neuroprotective activity against Alzheimer’s disease 

through a well-defined multitarget mechanism 

supported by both in vitro and in vivo evidence. 

The extract showed high antioxidant capacity (up to 

90.2% inhibition) and moderate cholinesterase 

inhibition (AChE IC₅₀: 48.3 µg/mL), along with a 

strong correlation between these activities (r = −0.82). 

In the Aβ-induced rat model, it significantly improved 

cognitive performance, reducing escape latency by 

nearly 48%, decreasing memory errors, and enhancing 

retention behavior. 

Biochemically, the extract restored antioxidant enzyme 

levels (SOD, CAT, GSH), reduced oxidative stress 

markers (LPO, NO), and suppressed inflammatory 

cytokines (TNF-α, IL-1β), confirming its role in 

mitigating key pathological processes of Alzheimer’s 

disease. 

The highest dose (400 mg/kg) demonstrated effects 

comparable to standard therapy, indicating strong 

therapeutic potential. These findings suggest that 

Neolamarckia cadamba may serve as a promising 

natural candidate for the development of effective and 

safer anti-Alzheimer’s therapies. 

Further studies focusing on molecular mechanisms, 

bioavailability, and clinical validation are warranted to 

translate these findings into therapeutic applications. 
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