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ABSTRACT
Background: There is a constant hunt for the development of new 
therapeutic alternative to address Alzheimer’s disease  (AD) due to its  
failing attempts in the evolution of new therapies and suboptimal results 
from the existing pharmacological interventions for the treatment of 
this severe neurodegenerative disease. Vernonia anthelmintica is an 
extensively used medicinal plant in Indian traditional medicine with wide 
range of therapeutic values. However, there is insufficient scientific 
documentation available for its protective effect against cognitive 
disorders. Objectives: The objective of the current investigation is 
to explore the neuroprotective activity of methanolic extract of V. 
anthelmintica (MEVA) in amyloid‑beta (Aβ) (1–42) infused sporadic model 
of AD. Materials and Methods: Adult healthy male Wistar rats were 
treated orally with 250 mg/kg and 500 mg/kg of MEVA for 28 days, after 
a week from intracerebroventricular (i.c.v) infusion of Aβ (1–42) peptides 
followed by assessment of neurobehavioral deficits. Subsequently, 
animals were euthanized and brains were collected for estimation 
and quantification of neurochemical biomarkers including antioxidant 
enzymes, neurotransmitters, plaque load, and inflammatory mediators. 
Results: Dose‑dependent reversal of cognitive impairment was observed 
upon MEVA treatment in amyloid intoxicated rats as corroborated 
by improved learning and memory and diminished oxidative stress, 
cholinergic hypofunction, and neuroinflammation induced by Aβ  (1–42). 
Conclusion: Collectively, evidence‑based data suggested the promising 
neurotherapeutic potential of V. anthelmintica and thereby can stand as a 
novel entity for curbing AD pathology.
Key words: Alzheimer’s disease, amyloid‑beta (1–42) peptides, 
neuroinflammation, oxidative stress, Vernonia anthelmintica

SUMMARY
•  Alzheimer’s disease  (AD) is a common progressive neurodegenerative 

disorder characterized by the demolition of intellect
•  “One‑compound‑multi‑targets” approach can delay the underlying 

pathophysiology and can produce needed improvement in clinical signs and 
symptoms of AD

•  Herbal or alternative system of medicine has long been used for treating 
various ailments due to its wider range of safety

•  Vernonia anthelmintica has been used as a folk remedy to treat wide 
spectrum of diseases and thus evaluated for neuroprotective property

•  Methanolic extract of V. anthelmintica efficiently ameliorated AD‑related 
complication in the amyloid beta  (1–42) infused AD model and thus could 
be the promising lead for the discovery of drug for the management of AD.

Abbreviations used: MEVA: Methanol extract of V. anthelmintica; 
i.c.v: intracerebroventricular; aCSF: Artificial cerebrospinal fluid; 
Aβ: Amyloid beta; IAEC: Institutional Animal Ethics Committee; 
AD: Alzheimer’s disease; SO: Sham operated; RAM: Radial arm 
maze; MTT: 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl‑tetrazolium 
bromide; ROS: Reactive oxygen species; AChE: Acetylcholinesterase; 
BuChE: Butyrylcholinesterase; CAT: Catalase; SOD: Superoxide dismutase; 
GSH: Glutathione; TNF‑α: Tumour necrosis factor; IL‑6: Interleukin 6; 
ELISA: Enzyme‑linked immune sorbent assay; SE: Standard error of mean; 
H  and  E: Hematoxylin and eosin; CV: Cresyl 
violet; ANOVA: Analysis of variance.
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INTRODUCTION
Alzheimer’s disease  (AD) has become the most familiar progressive 
neurodegenerative disorder with persistent increase in the number of 
case incidences, presenting major healthcare challenges and thus possess 
heavy tolls on public health care systems.[1] This disease is clinically 
characterized by the demolition of intellect with the appearance of 
abnormal formation of extracellular deposition of amyloid‑beta  (Aβ) 
peptides and intracellular neurofibrillary tangles in the cerebral cortex 
including the hippocampus which are thought to cause failure in synaptic 
transmission and neuronal loss.[2,3] Due to the complexity of the AD, 
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detailed mechanism behind the disease has not been elucidated yet, but, 
multiple hypothesis have been put forward regarding AD pathogenesis, 
including the role of tau protein, amyloid cascade, cholinergic, oxidative 
stress, neuroinflammation, and so on. It has been found that each one of 
them has a significant input to the disease progression.[4]

Restoration of acetylcholine  (ACh) level by inhibition of 
acetylcholinesterase  (AChE) and few other alternative treatment 
strategies including N‑methyl‑D‑aspartate glutamate‑receptors 
antagonist, vitamins, antioxidants, and nonsteroid anti‑inflammatory 
drugs are available as current pharmacotherapy for the prevention of AD 
but these drugs were found to be effective as a short‑term therapy in 
providing partial improvement of memory but not as a putative lifelong 
treatment.[5] Apart from these, few other candidates, for instance, 
β‑site amyloid precursor protein  (APP) cleaving enzyme 1 inhibitors, 
anti‑Aβ immunotherapies, γ‑secretase modulators, GSK‑3 β inhibitors, 
5‑HT6‑receptor antagonists, H3‑receptor antagonists successfully 
blocked the production and transportation of molecules contributing to 
Aβ build up in preclinical studies supporting the strategy of reducing 
Aβ overproduction but failed in human clinical studies as it was found 
to be inefficacious.[6,7] Unfortunately, despite extensive studies, recent 
attempts to invent novel strategies that can effectively prevent or halt 
the progression of AD have failed, which may be due to the lack of 
proper understanding of exact initial causative factors and pathogenic 
mechanisms underlying this disorder. Thereby, no pharmacological 
interventions for the management of the disease progression have 
developed to date.[8]

Absence of the effective disease‑modifying therapeutics not only 
imposes poor impact on quality of life but also entails intense suffering 
to patients, family members, and caregivers. As the etiology of this 
progressive neuropathological disorder is unclear, hence this uncertainty 
has persuaded keen interest in developing a novel therapeutic technique 
that can act as “one‑compound‑multi‑targets” approach which can delay 
the underlying pathophysiology and can produce needed improvement 
in clinical signs and symptoms.[9‑11]

The herbal or alternative system of medicine has evidently participated 
in the drug discovery for combating several diseases due to its wider 
range of safety and thus gained its popularity over synthetic drugs.[12] 
Notably, extracts and compounds derived from natural sources with 
promising neuroprotective property show great potential in developing 
treatments that can reverse the AD related complications.[13,14] Vernonia 
anthelmintica (L.) Willd, commonly known as kalijiri, belonging to the 
family Asteraceae is one such popular medicinal plant among various 
ethnic groups since ancient times. Entire plants especially seeds have 
been used as a folk remedy to treat a wide spectrum of ailments such as 
influenza, asthma, diarrhea, sinusitis, cardiovascular diseases, convulsion, 
psoriasis, leukoderma, paralysis, fever, inflammatory swellings, ulcer, 
and scabies.[15,16] In addition, the seeds have also been credited with 
versatile health beneficial properties like diuretic, anti‑spasmodic, 
diaphoretic, carminative, stomachic, tonic, depurative, anti‑tussive, 
and purgative.[17] Apart from the aforementioned properties, reports 
from the earlier studies have also confirmed neuroprotective attribute 
of V. anthelmintica. AChE inhibition is by far the most acceptable 
therapy available which has proven to alleviate the cognitive impairment 
in AD individual. Experiments conducted earlier have documented 
satisfactory inhibitory activity of methanolic and hydroalcoholic extract 
of V. anthelmintica against cholinesterase enzymes.[18,19] Several other 
experiments were also performed indicating its nootropic and analgesic 
properties with enhanced cognitive performance.[20]

Evidences of cholinesterase inhibition activities has laid the grounds 
for the rationale to explore the protective role of V. anthelmintica 
on neuroinflammation, oxidative stress, plaque accumulation and 

cholinesterase hypofunction against Aβ  (1–42) infused rat model of 
AD. Our findings showed satisfactory results and invigorate new areas of 
research in AD, thus could be a promising disease‑modifying moiety for 
the treatment or prevention of neurodegenerative diseases such as AD.

MATERIALS AND METHODS
Drugs and chemicals
Aβ  (1–42) peptides  (≥95%) were acquired from Sigma‑Aldrich, USA. 
Tumor necrosis factor‑α  (TNF‑α) and interleukin‑1 β  (IL‑1 β) Mouse 
enzyme‑linked immunosorbent assay (ELISA) kits were purchased from 
GenxBio, India. All other chemicals and reagents used for the research 
work were of analytical grade only.

Animal procurement
Adult healthy male Wistar rats, aged 3–6  months, weighing between 
250 and 300  g were provided by the central animal house facility 
of JSS College of Pharmacy, Ooty, Tamil Nadu, India. The animals 
were allowed sufficient pellet diet and water ad libitium. For the 
purpose of adaptation to the environmental conditions before 
commencement of the experiments, all the animals were housed 
in propylene cages for a week in a climate‑controlled laboratory 
condition (22°C–24°C; 45%–65% humidity) with 12 h light/dark cycles. 
All the experimental protocols were approved by the Institutional 
Animal Ethics Committee  (IAEC)  (JSSCP/IAEC/Ph.D./Pharmacy 
Practice/01/2018‑19) and the studies were carried out as recommended 
by the National Institutes of Health Guide for the Care and Use of 
Laboratory Animals.[21]

Plant extraction and drug preparation
Seeds of V. anthelmintica were collected from The Nilgiris district 
of Tamil Nadu, India during November and was identified and 
authenticated by authorized field botanist, Dr.  S. Rajan, Central 
Council for Research in Homeopathy, Department of Ayurveda, Yoga, 
Unani, Siddha and Homeopathy, under the ministry of health and 
family welfare (Government of India), The Nilgiris, India. The voucher 
specimen (JSSU‑391) was deposited at the Department of Pharmacognosy 
and Phytopharmacy, JSS College of Pharmacy, Udhagamandalam 
643001, India. The seeds were dried under shade, powdered, and 
passed through 40 mesh sieve. Material  (500  g) was extracted with 
90% methanol by soaking for 2 days and was then filtered. By applying 
reduced pressure, the extract was concentrated and the residue was 
lyophilized, yielding methanolic extract of V. anthelmintica  (MEVA) 
to be tested. The extract was kept at 2°C–4°C and dissolved in distilled 
water prior to administration.
Five μg/μl of Aβ  (1–42) was firstly dissolved in artificial 
cerebrospinal fluid  (aCSF) and incubated for 4  days at 37°C before 
intracerebroventricular (i.c.v) injection.

Surgical procedure
The surgical procedure was performed according to Rahman et  al. 
using stereotaxic apparatus, where all the experimental animals 
were anesthetized with ketamine hydrochloride  (91  mg/kg, i.p.) and 
xylazine  (9.1  mg/kg, i.p.).[22] Animals were fixed into the apparatus 
and by using Hamilton microsyringe, 10 μg of Aβ  (1–42) in 2 μl 
of aCSF was injected in the hippocampus bilaterally as a single 
dose  (anterior‑posterior = −3.5  mm, medial‑lateral = ±2.0  mm from 
the bregma and dorsal‑ventral  =  2.7  mm from the skull surface). To 
maintain the normal body temperature, animals were then kept in the 
thermo‑regulated chamber as post‑operative care and antiseptic were 
applied over the wound to prevent possible infections.
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Experimental protocol
After 10  days of acclimatization period, all animals were allocated to 
four groups (n = 6). The group I was kept as sham operated (SO) and 
received cerebral injection of aCSF (2 μl) bilaterally, whereas, rest of the 
animals from other groups (II, III, and IV) were bilaterally infused with 
10 μg of Aβ peptides (2 μl). Group II was designed as negative control 
and Group III and IV as treatment groups. Oral treatment with MEVA 
was provided to the Groups III (MEVA 250 mg/kg/day) and IV (MEVA 
500 mg/kg/day) animals for 4 weeks after 1 week of Aβ (1–42) peptides 
infusion [Figure 1].

Behavioural cognitive assessments
Animals were monitored for their locomotor behavior to access the 
basal activity score of animals using actophotometer.[23] In addition, the 
learning and memory trails of rats was evaluated by using the passive 
avoidance test and radial arm maze (RAM) test.[24,25]

Brain homogenate preparation
Rats were euthanized and decapitated immediately after 4  weeks of 
treatment with MEVA followed by behavioral studies as illustrated in 
Figure  1. Brains were then extracted and cleaned with ice saline. To 
perform the histopathological examination, the left cerebral hemisphere 
was separated and fixed in neutral buffered formalin (10% v/v). For the 
purpose of biochemical studies, homogenate  (10%  w/v) was prepared 
from the right hippocampus with sodium phosphate buffer  (0.03 M, 
pH‑7.4) and the supernatant was separated and used after centrifugation 
at 1000 rpm for 3 min at 4°C. Hippocampal protein was measured using 
Lowry et al. method where bovine serum albumin (1 mg/ml) was used 
as a reference standard.[26]

Biochemical assessment
Determination of hippocampal acetylcholinesterase and 
butyrylcholinesterase activities
By using Ellman’s modified colorimetric method, both AChE and 
butyrylcholinesterase  (BuChE) inhibitory ability of the MEVA 
in rat hippocampus was analyzed.[27] Assay mixture containing 
5,5‑dithio‑bis‑(2‑nitrobenzoic acid)  (DTNB, Ellman’s reagent), 
sodium phosphate buffer (pH 8), and supernatant was incubated for 
20  min at 25°C. Acetylthiocholine iodide/butyrylthiocholine iodide 
was added to the mixture and was read at 412  nm in ultraviolet 
spectroscopy.

Estimation of hippocampal amyloid beta (1–42), tumour necrosis 
factor‑α and interleukin‑1 β levels
The levels of Aβ  (1–42), IL‑1  β, and TNF‑α in the hippocampal 
homogenate were determined using commercial ELISA kits as per the 
manufacturer’s instructions.

Determination of hippocampal antioxidants
By using the method suggested by Kakkar et  al. superoxide 
dismutase (SOD) activity in brain homogenates were tested. The change 

in the absorbance of the sample was read at 560  nm.[28] Similarly, 
catalase  (CAT) activity was estimated by using Aebi and the rate of 
decomposition of hydrogen peroxide was measured at 240  nm.[29] 
Glutathione  (GSH) level in the rat brain was quantified by using the 
Ellman method, where the absorbance of the mixture was measured 
spectrophotometrically at 412 nm.[30]

Histopathological analysis of brain
The fixed paraffin‑embedded specimens of the hippocampus were 
sectioned at 5 μL thickness. Sections were processed as per the standard 
operating procedure and finally stained with cresyl violet (CV) acetate 
and hematoxylin and eosin (H and E). Neuron morphology of CA zone 
of rat hippocampus was analyzed and captured under light microscopy 
at ×40.

Statistical analysis
With the help of Graph Pad Prism 8.0.2 (263) software (San Diego, CA), 
statistical analysis was performed. To test the group difference in the 
behavioral cognitive assessment, two‑way analysis of variance (ANOVA) 
was used followed by Bonferroni’s post hoc test. The statistical comparison 
between the groups for all other parameters was analyzed using one‑way 
ANOVA followed by Bonferroni’s post hoc test. All data were expressed 
as mean  ±  standard error of the mean  (SEM). All the values were 
considered to be significant when P < 0.05.

RESULTS
Effect of methanolic extract of Vernonia 
anthelmintica on locomotor activity
For the purpose of examining the impact of Aβ peptides and MEVA 
on motor functions, locomotor activity was analyzed on the 1st, 7th, 
14th, 21st, and 28th  days of the experiment  (after MEVA treatment). 
Interestingly, the absence of ruinous effect of MEVA on motor 
functions of rats was observed, as none of the doses showed any 
significant alteration in locomotor activity even after 28  days of 
treatment [Figure 2].

Effect of methanolic extract of Vernonia 
anthelmintica on radial arm maze task
Learning ability and memory in the rats was evaluated using the 
RAM task by measuring the number of spatial memory errors made 
during specified period in Aβ  (1–42) infused rats. Like locomotor 
activity, RAM task was conducted on 1st, 7th, 14th, 21st, and 28th days of 
experiment protocol and was observed that by the end of the task, on 
the 28th day, rats of Aβ (1–42) infused group revealed a significant deficit 
in spatial cognition by making a higher number of reference (P < 0.001) 

Figure 1: Diagrammatic scheme of experimental procedure

Figure 2: Effect of MEVA on locomotor activity in Aβ (1–42) infused rats. 
The values were expressed as mean ± SEM (n = 6). SO: Sham operated; Aβ: 
Amyloid beta; MEVA: Methanol extract of V. anthelmintica; SEM: Standard 
error of mean
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and working (P < 0.001) memory errors and fewer number of correct 
choices when compared to that of SO group. Both the doses of MEVA 
upon oral administration for 28  days showed significant increment 
in correct choices on comparison with the negative group, however, 
MEVA 500  mg/kg showed better efficacious outcomes than MEVA 
250 mg/kg [Figure 3].

Effect of methanolic extract of Vernonia 
anthelmintica on passive avoidance task
Aβ intoxicated group has significantly decreased the transfer latency 
time  (P  <  0.001) in both acquisition  (F  [5, 5] =1.002) and retention 
trial  (F [5, 5] =1.336) when compared with SO, suggesting inability of 
rats to remember the task  [Figure  4]. However, after treatment with 
MEVA 250 mg/kg, latency to enter into the dark chamber was improved 
in both acquisition (F [5, 5] =1.702) and retention trial (F [5, 5] =1.565) 
but fail to show significant results on comparison with the group  II. 
Nevertheless, MEVA 500  mg/kg showed pronounced increase 
in latency time  (acquisition trail  [P  =  0.006, F  (5, 5) =1.885] and 
retention trail [P < 0.001, F (5, 5) =1.413]) when compared to negative 
control [Figure 4].

Effect of methanolic extract of Vernonia 
anthelmintica on hippocampal acetylcholinesterase 
and butyrylcholinesterase activities
Cholinergic degeneration is highly accepted hypothesis responsible for 
the cognitive decline in AD patient, which can be mitigated by reducing 
cholinesterase activity in the brain. In our study, from biochemical 
estimation of brain tissue, we found enhanced AChE  (P  <  0.001, 
F  [5, 5] =28.38) and BuChE  (P  <  0.001, F  [5, 5] =37.2) activities 
in the hippocampal tissues of negative control when compared to 
Group  I. Both the doses of MEVA showed significant restoration of 
ACh (250 mg/kg (P = 0.035, F [5, 5] =2.74) and 500 mg/kg (P = 0.001, 
F [5, 5] =1.838)) and BuCh (250 mg/kg [P = 0.0324, F (5, 5) =20.70]) and 
500 mg/kg (P = 0.001, F [5, 5] =10.21) activities on comparison with the 
amyloid challenged group (II) [Table 1].

Effect of methanolic extract of Vernonia anthelmintica 
on hippocampal amyloid beta (1–42) level
Plaque burden due to increased accumulation of Aβ is considered to be  
the main culprit in AD development. The presence of the significantly  
high amount of Aβ peptides in the amyloid intoxicated rats brain   
(Group II) confirms the attenuation of AD in the animals (P < 0.001, F [5, 
5] =1.198). Unfortunately, both the doses failed to produce a significant 
effect against Aβ oligomers in the rat hippocampus as tabulated in Table 2.

Effect of methanolic extract of Vernonia 
anthelmintica on hippocampal tumour necrosis 
factor-α and interleukin-1 β levels
TNF‑α and IL‑1 β are crucial pro‑inflammatory cytokines which plays 
a major role in AD‑associated neuroinflammation. It was observed 

Table 1: Effect of Methanol extract of Vernonia anthelmintica on hippocampal 
acetylcholinesterase and butyrylcholinesterase levels in amyloid beta (1-42) 
infused rats

Groups AChE (µM/min/g) BuChE (µM/min/g)
SO 1.86±0.26 14.62±0.55
Aβ (1‑42) 19.53±1.41### 85.51±0.21###

Aβ (1‑42) + MEVA 250 12.88±2.37* 104.09±0.23*
Aβ (1‑42) + MEVA 500 11.85±1.04*** 31.05±0.39***

###P<0.001 versus SO, *P<0.05, ***P<0.001 versus Aβ (1‑42) group. The values 
were expressed as mean±SEM (n=6). SO: Sham operated; Aβ: Amyloid beta; 
MEVA: Methanol extract of Vernonia anthelmintica; AChE: Acetylcholinesterase; 
BuChE: Butyrylcholinesterase; SEM: Standard error of the mean

b

a

Figure 4: Effect of MEVA on passive avoidance task in Aβ (1–42) infused 
rats. The values were expressed as mean ± SEM (n = 6). ###P < 0.001 versus 
SO, **P < 0.01 versus Aβ  (1–42) group.  (a) acquisition trial,  (b) retention 
trial. SO: Sham operated; Aβ: Amyloid beta; MEVA: Methanol extract of 
V. anthelmintica; SEM: Standard error of mean

b

a

Figure  3: Effect of MEVA on radial arm maze test in Aβ  (1–42) infused 
rats. The values were expressed as mean  ±  SEM  (n  =  6). #P  <  0.05, 
###P < 0.001 vs. SO, *P < 0.05, **P < 0.01 and ***P < 0.001 versus Aβ (1–42) 
group. (a) reference memory errors, (b) working memory errors. SO: Sham 
operated; Aβ: Amyloid beta; MEVA: Methanol extract of V. anthelmintica; 
SEM: Standard error of mean
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that levels of TNF‑α (P < 0.001, F [5, 5] =1.103) and IL‑1 β (P < 0.001, 
F  [5, 5] =12.21) were significantly high in the hippocampus after 
Aβ  (1–42) infusion when compared to SO animals. Both the doses 
significantly reduced hippocampal pro‑inflammatory markers in animals 
after completion of the treatment protocol, however, 500 mg/kg exhibited 
better results with significant reduction in the TNF‑α (P = 0.01, F [5, 5] 
=1.033) and IL‑1 β  (P = 0.003, F  [5, 5] =8.614) levels as compared to 
Group II [Table 2], thus presenting anti‑neuroinflammatory property of 
MEVA.

Effect of methanolic extract of Vernonia 
anthelmintica on hippocampal superoxide 
dismutase, catalase, and glutathione levels
Substantial declination in the antioxidant levels such as SOD (P < 0.001, 
F [5, 5] =8.613), GSH (P < 0.001, F [5, 5] =14.05) and CAT (P < 0.001, F [5, 
5] =4.173) was observed in Aβ (1–42) infused group, thus signifies the 
prominent oxidative damage when compared to the group I. Treatment 
with MEVA dose dependently improved oxidative stress levels to that of 
the normal when compared with the negative control. Notably, MEVA 
at 500 mg/kg counteracted the decline in enzymatic profile of oxidative 
stress with better significant result than low dose (SOD [P < 0.001, F (5, 
5) =1.927], GSH [P < 0.001, F (5, 5) =3.848] and CAT [P < 0.001, F (5, 5) 
=1.138]). The results are depicted in Table 3.

Histology of hippocampus
H  and  E and CV stains were utilized in our study to analyze the 
neuroprotective activity of the MEVA in rat hippocampus. In the negative 
control group, H and E staining identified significant swelling of neurons, 
increase in protruding eosinophilic cytoplasm, pyramidal cells shrinkage, 
pyknotic nuclei, dispersed vacuolization  (P  <  0.001, F  [5, 5] =11.50), 
whereas, CV staining presented disrupted cell viability  (P  <  0.001, 
F  [5, 5] =3.602) when compared with SO, clearly indicating extensive 
neurodegeneration in the rat hippocampus. Treatment with 250 mg/kg 
MEVA (P = 0.031, F [5, 5] =1.004) and 500 mg/kg MEVA (P = 0.004, 
F  [5, 5] =1.028) manifested efficient reversal of the condition with 
mild neuronal toxicity against Aβ  (1–42) infused group, when 
assessed by H  and  E staining. Likewise, MEVA treated groups at 
250 mg/kg (P = 0.039, F [5, 5] =2.850) and 500 mg/kg (P = 0.002, F [5, 5] 
=3.205) displayed significantly high number of CV positive neurons 
upon comparison with the Aβ  (1–42) infused group, thereby boosted 
neuronal integrity [Figures 5 and 6].

DISCUSSION
AD is one of the major central nervous system disorders and has become 
a global concern for years now. The elderly population are in persistent 
risk of acquiring this age‑related disorder with its rapid increase in the 
frequency of cases.[31] Major pitfall with the current treatment is that it 

only produces symptomatic relief which initially shown to alleviate the 
destructive effect of neurodegeneration but later on begins to develop 
tolerance. Not only these drugs are marginally effective but also fail to 
alter the underlying disease pathology.[32,33] AD is believed to be difficult 
to treat because of its complexed pathophysiology which has made 
the development of new curative a tough task. Despite innumerable 
studies and trials conducted in the past for the hunt of new alternative 
approaches, no effective treatment is yet discovered for this disorder. The 
prime reason behind this failure is either due to serious side effects or 
insignificant therapeutic efficacy.[22]

Since the majority of AD cases are sporadic, rather than 
inherited (familial), we aimed in our study to employ Aβ (1–42) infused 
rat model to investigate the neuroprotective effect of V. anthelmintica. 
Wang et al. reported that sporadic model of AD in rats can be achieved 
by i.c.v injection of aggregated Aβ (1–42) in the rat brain.[34] Incubation 
of Aβ  (1–42) in aCSF for 4‑6  days results in the conformational 
transformation which magnifies the neurotoxic potency of Aβ  (1–42). 
Infusion of this aggregated Aβ  (1–42) in rodents triggers acute and 
long‑lasting behavioral alterations resembling those occurring in human 
AD patients. Further, Aβ (1–42) infusion presented memory dysfunction 
along with long‑lasting disruption of both spatial and contextual fear 
memories, as well as short‑term working memory leading to neuronal 
death in rodents.[21] Further, Bouter et al. documented that Aβ  (1–42) 
infusion intensified neuroinflammation, oxidative stress and enhanced 
the cholinesterase activities, making it a reliable model for accessing the 
effect of V. anthelmintica on AD complications.[35] In our experiment 
i.c.v injection of aggregated Aβ (1–42) in the rat brain produced similar 
impairment in cognitive ability.
For the assessment of neurobehavioral deficits in rats, we have 
chosen three behavioral paradigms: Locomotor activity test, RAM 
test and passive avoidance task, which are highly depended upon the 
hippocampus and cortex functions. Deterioration in the learning 
ability and memory was observed in the amyloid intoxicated rat brain 
when analyzed using RAM task. Treatment with the MEVA indicated 
consolidation of memory in the RAM task by demonstrating the higher 
number of correct choices during the task. Similarly, passive avoidance 
task was performed to evaluate the short and long‑term memory and 
treatment with MEVA has dose‑dependently improved the Aβ  (1–42) 
mediated decline in latency. Notably, MEVA did not produce any 
impact on locomotor activity in rats, signifying the absence of the 
deleterious effect of V. anthelmintica on motor activity. However, this 
result of ours is in contradiction to the earlier report documented by 
Tupe et al. 2014, where 250 and 500 mg/kg MEVA significantly raised 
the locomotor activity.[20] The reason behind the disagreement could be 
due to the implementation of the different experimental models. Thus 
MEVA displayed intact learning and memory function in Aβ  (1–42) 
infused rats. To the best of our knowledge, this is the first study to 
demonstrate the neuroprotective effect of V. anthelmintica on the 
AD‑related cognitive behavioral deficits in rats.
Cholinergic hypofunction is the primary clinical observation found in 
AD. Convincing data from the earlier studies on the neurochemistry of 
AD indicated decline in ACh and BuCh activities in affected areas of 
the brain.[36,37] With the growing age, cholinergic neurons were found to 
become more susceptible to the neurotoxic effects of Aβ fibrils causing 
cognitive deficits due to neuronal death, thus responsible for learning 
and memory impairment. This in turn favors the excessive production 
and accumulation of plaque due to alteration in APP metabolism.[38‑40] 
Cholinergic inhibitors are the widely accepted therapeutic strategy which 
treat cognitive impairment in AD patients by decreasing the elevated 
AChE and BuChE activities. Aβ (1–42) infusion resulted in cholinergic 
hypofunction by elevating the intracellular cholinesterase activity in 

Table 2: Effect of methanol extract of Vernonia anthelmintica on hippocampal 
amyloid beta (1-42), tumour necrosis factor-α and interleukin-1β levels in 
amyloid beta (1-42) infused rats

Groups Soluble Aβ 
(1‑42) (pg/ml)

TNF‑α 
(pg/ml)

IL‑1β 
(pg/ml)

SO 66.0±4.54 15.5±3.33 10.66±2.03
Aβ (1‑42) 96.67±4.15### 41±3.50### 45±7.09###

Aβ (1‑42) + MEVA 250 86.5±6.24 27.33±4.45* 21.66±2.19*
Aβ (1‑42) + MEVA 500 81.33±6.71 19±3.56** 15.83±2.41**

###P<0.001 versus SO, *P<0.05, **P<0.01 versus Aβ (1‑42) group. The values 
were expressed as mean±SEM (n=6). SO: Sham operated; Aβ: Amyloid beta; 
MEVA: Methanol extract of Vernonia anthelmintica; TNF‑α: Tumor necrosis 
factor; IL‑6: Interleukin 6; SEM: Standard error of mean
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the rat brain, which was dose dependently attenuated by the MEVA 
administration. Previously Som et al. 2020 and Kadiyala et al. 2014 in 
their respective studies have documented the in vitro anticholinesterase 
activity of V. anthelmintica.[18,19] The present results are in the support 
of these earlier reports and confirm the anticholinesterase activity of 
the plant and thereby could be a potential target for the discovery of 
cholinergic inhibitors.
Overproduction of Aβ and reduction in its clearance results in senile 
plaque formation which is considered to be the main culprit in AD 
pathogenesis.[41] The cerebral infusion of Aβ peptides in the rat brain 
triggers plaque accumulation and caused neuronal death leading to 
neurodegeneration.[42] In our study, treatment with MEVA produced 
non‑significant reduction in the plaque load suggesting some degree of 
the preventive effect of MEVA in Aβ  (1–42) infused rats. However, to 
completely understand the anti‑amyloidogenic effect of MEVA, its effect 
on other crucial contributing factors which act as a central player in 
plaque accumulation such as alteration in the activities of APP, β and γ 
secretase etc., is needed to be explored.
Plaque load in AD provokes the stress‑induced neurodegeneration by 
hindering the expression of brain‑level antioxidant enzymes.[22] This 
in turn creates the imbalance between the antioxidant defense system 
and reactive radicle production and thereby aggravates oxidative 
stress. A  similar observation was noticed in amyloid intoxicated 
group  (Group  II) which exhibited reduction in the antioxidant 

levels  (GSH, SOD and CAT) indicating neurobiological oxidative 
damage. Herbal antioxidants have been known for its ability to modulate 
stress by improving compromised state of the antioxidant defense 
system.[43] The finding of our investigation supports the antioxidant 
property of MEVA as it has improved the Aβ (1–42) mediated decline in 
antioxidant enzymes in rat hippocampus. These results are in agreement 
with the previous reports which proposed radical scavenging properties 
of V. anthelmintica. Butein, chlorogenic acid, naringinin, isorhamnetin, 
kaempferol, stigmasterol, and taraxerol were identified in the MEVA 
seeds previously and reported for antioxidant activities and thus could 
be accountable for the uplifting antioxidant levels in rat brain.[44,45]

Chronic neuroinflammation plays a prominent role in intensifying the 
AD complication by providing the neurotoxic environment for plaque 
formation. Increased plaque load in AD brain activates microglial 
cells and generates pro‑inflammatory cytokines  (including IL‑1 β and 
TNF‑α) and reactive oxygen species, which ultimately causes neuronal 
damage and is responsible for up‑regulation of APP expression.[46] To 
the best of our knowledge, no data are available till date on the effect 
of MEVA on neuroinflammatory markers. In our study, we observed an 
increase in the pro‑inflammatory cytokines  (IL‑1 β and TNF‑α) after 
Aβ (1–42) infusion in the hippocampus of the rat brain. Treatment with 
MEVA at both doses significantly reduced the neuroinflammation. This 
desired anti‑inflammatory effect of V. anthelmintica might be due to the 
reported antioxidant properties. Furthermore, the histopathological 
analysis demonstrated increased neurodegeneration with pyknotic 

Table 3: Effect of methanol extract of Vernonia anthelmintica on hippocampal superoxide dismutase, catalase and reduced glutathione levels in 
amyloid-beta (1-42) infused rats

Groups GSH (mM/g wet tissue) CAT (μmol/min/g protein) SOD (units/min/mg protein)
SO 66.9±4.08 361.83±39.1 10.76±0.12
Aβ (1‑42) 11.61±1.08### 109.54±19.1### 1.93±0.35###

Aβ (1‑42) + MEVA 250 26.23±1.14*** 236.64±34.6** 3.63±0.42**
Aβ (1‑42) + MEVA 500 41.44±2.13*** 264.96±20.4*** 6.03±0.25***

###P<0.001 versus SO, **P<0.01 ***P<0.001 versus Aβ (1‑42) group. The values were expressed as mean±SEM (n=6). SO: Sham operated; Aβ: Amyloid beta; 
MEVA: Methanol extract of Vernonia anthelmintica; CAT: Catalase; SOD: Superoxide dismutase; GSH: Reduced glutathione; SEM: Standard error of the mean
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Figure 5: Histology of CA1 region of hippocampus stained with H and E after 28 days of experimental protocol  (×40).  (a) SO group represents healthy 
neurons with prominent nuclei, (b) Aβ (1–42) infused group representing neuronal damage, eosinophilic stained cytoplasm, vacuolization and neuronal 
shrinkage, (c) MEVA (250 mg/kg) and (d) MEVA (500 mg/kg) treated groups representing mild neuronal injury with lesser number of eosiniphilic stained 
neurons, (e) Quantitative assessment of number of degenerated neurons in CA1 hippocampal section of rat brain. The values were expressed as mean ± SEM 
###P < 0.001 versus SO, *P < 0.05 and **P < 0.01 versus Aβ (1–42) group. SO: Sham operated; Aβ: Amyloid beta; MEVA: Methanol extract of V. anthelmintica; 
CA1: Cornu ammonis 1; H and E: Hematoxylin and eosin
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nuclei characterized by nuclei swelling, neuronal shrinking, and 
disorganization of neurons in H  and  E staining upon Aβ  (1–42) 
induction, which are in accordant with the previous report by Rahman 
et al. 2019.[22] On the other hand, Aβ (1–42) induced hippocampal cells 
displayed significant morphological changes in cornu ammonis 1 region 
of the hippocampus with neuron swelling, vacuolization and apoptotic 
cells in CV staining, which was found to be clinically similar with the 
AD patient. MEVA treatment exhibited positive results against this 
histological alteration by potentially intensifying the number of healthy 
neurons and protected the neuronal cells from the deteriorating effect of 
Aβ (1–42) in the rat hippocampus.

CONCLUSION
Collectively, findings from our present investigation demonstrated the 
neurotherapeutic potential of MEVA against Aβ (1–42) peptides induced 
cognitive deficits in the rat model. Compromised state of cholinergic 
activity, cognitive behavioral functions, and antioxidant defense system 
was achieved after cerebral infusion of Aβ  (1–42) peptides, which was 
successfully ameliorated by oral MEVA treatment. Moreover, based 
on evidence‑based data, biochemical and histopathological evaluation 
indicated attenuation of AD‑related complications by MEVA by 
inhibiting pro‑inflammatory cytokines levels and preventing the loss of 
neuronal integrity in the hippocampus. However, the present study lacks 
the insight of bioactive constituents present in the extract responsible 
for its protective effect against Aβ  (1–42) toxicity. Therefore, further 
investigation on the identification of phytoconstituents and elucidation 
of underlying mechanism to recognize the neurological characteristics 
of V. anthelmintica is recommended to explore.
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