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ABSTRACT
Several studies have established that diabetes can exacerbate the neurodegeneration process. 
Some studies have reported the potential use of medicinal plants to inhibit neurodegenerative 
activities in diabetes. Therefore, this systematic review aims to evaluate the potential of medicinal 
plants to ameliorate neurodegenerative activities in diabetes. This systematic review was 
reported according to PRISMA guidelines. A systematic search was performed in four databases 
which were PubMed, Scopus, Google Scholar and Science Direct. Seven articles that fulfilled the 
inclusion criteria were selected for reporting this review. The medicinal plants reported in these 
articles were studied for their blood glucose lowering effect, acetylcholinesterase inhibitory 
activity and cognitive improvement ability through a behavioural test known as the Morris water 
maze. The medicinal plants such as Liuwei Dihuang Decoction (LWDHD), Flos Puerariae Extract 
(FPE), methanolic leaf extract of Peristrophe bicalyculata (MEPb), Ethanol Extract of Clitorea 
ternatea (EECT), Lychee Seed Extract (LSE) Andrographis paniculata extract (AP), andrographolide 
and Petroleum Ether Extract of Carica papaya Seeds (PEECPS) have shown significant result in 
Morris water maze test and acetylcholinesterase inhibitory activity, suggesting their ability to 
improve cognitive behaviour. They were also reported to have blood glucose lowering effect 
except for MEPb. LWDHD, FPE, MEPb, EECT, LSE, AP, andrographolide and PEECPS reported in 
these articles have shown potential in improving cognitive behaviour of diabetic animals. They 
were also reported to have anti-diabetic effects except for MEPb. However, more studies and 
research should be conducted to ensure the potential and safe use of these medicinal plants.

Keywords: Medicinal plants, Neurodegenerative activities, Diabetes, Cognitive, 
Acetylcholinesterase, Systematic review. 

INTRODUCTION

Diabetes Mellitus (DM) is a rapidly spreading global disease that 
has been related to economic growth and urbanisation1,2 with a 
substantial effect on human morbidity and mortality.3 According 
to a recent report by the International Diabetes Federation 
(IDF), approximately 425 million people were diagnosed with 
DM in 2017, with the figure predicted to rise to 552 million by 
2020.4,5 Furthermore, the World Health Organization (WHO) 
estimates that China, India and the United States continue to 
have the highest numbers of people with DM.2 Within a certain 
population, several variations in the prevalence of DM occurred 
with respect to age, gender, geographical location and ethnicity.4

DM is a metabolic condition characterised by a rise in blood 
glucose levels caused by an alteration in insulin production, 
insulin use, or both.5 According to the WHO classification 
of DM (2019), DM can be classified into Type 1 DM (T1DM) 
and Type 2 DM (T2DM), hybrid forms of diabetes, idiopathic, 
unclassified and gestational DM.6,7 T1DM or Insulin Dependent 
Diabetes Mellitus (IDDM) resulted when autoimmune system 
mediates the destruction of beta pancreatic cells, causing insulin 
secretion deficiency. More common type of DM is T2DM or 
Non-Insulin Dependent Diabetes Mellitus (NIDDM) with the 
primary defects in inadequate compensatory insulin secretion or 
insulin resistance, with a declining of insulin level in long term.8 
Hybrid form of DM includes slowly evolving immune-mediated 
diabetes (also known as “Latent Autoimmune Diabetes in 
Adults” or LADA) and ketosisprone T2DM (affected present with 
ketosis and evidence of severe insulin deficiency but later go into 
remission and do not require insulin treatment.9 Idiopathic DM 
may be genetic (monogenic forms such as maturity onset diabetes 
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of the young) or secondary to drugs, pancreatic factors or other 
illnesses, due to no clear-cut diagnostic category at the time of 
diabetes diagnosis.6 For example, T2DM has been diagnosed in 
children and young adults as a result of the worldwide rise in 
obesity incidence and children and young adults with T1DM 
are more likely to be overweight or obese than in the past. 
Furthermore, ketosis or frank ketoacidosis is not limited to 
people with T1DM. Gestational DM can occur in any form of 
glucose intolerance at the first recognition or onset of pregnancy.3

Of concern, a person's risk of developing degenerative diseases 
including atherosclerosis, coronary artery disease, hypertension, 
kidney disease, nephropathy, neuropathy, stroke and the 
accelerated ageing of the brain will rise with DM.1,2 Aside from 
lifestyle modification and proper nutrition, DM patients are 
often prescribed with different formulations of antidiabetic 
medications.10 As of most drugs, they are often called double-edge 
sword in terms of its effects,11 despite of careful assessment prior to 
initiation by medical practitioners or endocrinologists. In recent 
years, increasing evidence on the benefits of several plants for 
the treatment of DM including Artemisia herba-alba,12 Morinda 
citrifollia L.,13 Caralluma awdeliana (Deflers) A. Berger14 and 
Momordica charantia15 have been reported across different parts 
of the world and populations. Not surprisingly, some of these 
plants have been used as an adjuvant or as favorable alternative 
therapy for DM including Diabecon®,16 Glyoherb®17 and Diabeta 
Plus®.18 This review aims to highlight the scientific evidence of 
medicinal plants used as for the prevention and treatment of DM 
based on in vitro efficacy and mechanisms of action.

MATERIALS AND METHODS

This systematic review was reported according to Preferred 
Reporting Items for Systemic Review and Meta-Analyses 
(PRISMA) guidelines.19

Data Source

Systematic search was performed in four databases: PubMed, 
Science Direct, Google Scholar and Scopus for relevant and 
reliable literatures. Manual search was also performed on the 
bibliography of the included articles.

Search Strategy

The process of search criteria and study selection was outlined 
in the flowchart shown in Figure 1. The searches were 
performed through catalogued descriptors in Medical Subject 
Headings-MeSH in English, contained in the title and summary 
of the studies. The search terms were used in combination or 
separately in the respective databases, as follows: medicinal plants 
AND (diabetes OR hyperglycaemia) AND neurodegeneration.

Study Selection

The title and abstract of each article were initially screened for the 
relevant keywords. Those that were not relevant were discarded. 
The articles that considered relevant were then proceed to full text 
screening and analysis. The retrieved abstract and full text articles 
were assessed independently to determine for their eligibility 
using the predefined inclusion and exclusion criteria.

Inclusion Criteria

The searches were performed among articles published within 
January 2011 to May 2020. Searches were limited to English 
language. The studies were only included if diabetic animal 
model was used and related to neurodegeneration study with 
both Acetylcholinesterase (AChE) inhibitory activity and Morris 
Water Maze (MWM) overlapped.

Exclusion Criteria

Review articles, clinical trials, case reports and articles not related 
to animal study were excluded before they were further screened 
in detail. During the first screening, articles without diabetic 
animal model used and not related to neurodegeneration study 
were excluded. While in second screening, full text articles were 
screened and those did not meet the inclusion criteria were then 
excluded from reporting this review.

Data Extraction

After screening for the full text papers based on inclusion and 
exclusion criteria, data extraction was performed. Family name 
or surname of the first author and the year of publication for 
each paper were extracted. In addition, the information extracted 
included of animal population, characteristic of animal, induction 
of diabetic animal, study design, intervention or treatment, 
control vintage, measurement, findings and results as well as the 
conclusion.

Quality Assessment

The quality assessment was conducted based on a validated 
Risk of Bias (RoB) tool that was specifically designed for animal 
intervention studies.20

RESULTS

A total of 196 articles were identified through database searches 
and 1540 articles were identified through manual searches. 
Following this, 186 articles from database searches and 1521 
articles from manual searches were discarded after screening 
the titles and abstracts as they were not related to diabetes and 
neurodegeneration. The remaining 10 articles from database 
searches and 19 articles from manual searches proceeded to 
eligibility analysis. Nine articles from database searches and 13 
articles from manual searches were then discarded as they did not 
fulfill the inclusion criteria. As a result, only 7 articles remained 
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and were included in this systematic review. The flowchart shown 
in Figure 1 outlines the process and results of the search criteria 
and study selection and the findings of the selected studies are 
summarized in Table 1. Some articles expressed all values as 
mean±Standard Deviation (SD),22,26 whereas others expressed all 
values as mean±Standard Error of the Mean (SEM).21,23-25,27

Effect of Medicinal Plants on Morris Water Maze

The Morris Water Maze (MWM) was used as a behavioral 
parameter to assess the cognitive function, learning and spatial 
memory ability of diabetic animals. The test was carried out in 

a pool partially filled with water. Various cues and spatial signs 
were used and consistently kept in the same position to guide the 
animals to the target platform during the training period. During 
the probe trial for the retention test, the platform was removed 
from the pool or tank. The escape or Transfer Latency (TL) of 
the animals searching for the target platform was determined. 
All seven articles reported that medicinal plants can improve 
the cognitive behavior of diabetic animals.21-27 This potential was 
determined by the p-value for their latency time, with p<0.001 
indicating high potential, p<0.05 indicating moderate potential 
and p<0.01 indicating low potential.

Figure 1:  Process and result of search criteria and study selection.
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References Name of 
medical plants

Extract/part Effective chemical 
composition

Animal/cell Outcome

Liu et al., 
201322

Liuwei 
Dihuang

Ethanol 
extract/root 
of Rehmannia 
glutinosa 
Libosch/fruit 
of Cornus 
officinalis 
Sieb/tubers 
of Dioscorea 
oppositifolia 
L/rhizomes 
of Alisma 
orientale (G. 
Samuelsson) 
Juz/dried 
sclerotia of 
Poria cocos 
(Schw.) Wolf/
root cortex of 
Paoenia ostii.

Gallic acid, 
morroniside, 
paeoniflorin, loganin, 
paeonol.

STZ-induced 
rat

Morris water maze test (mean latency 
and path length were shortened 
remarkedly, compared with model 
group (p<0.05); improving the cognitive 
deficits.
Treatment with LWDHD (1 g/kg and 
2 g/kg) significantly decreased the 
AChE activity in the hippocampus of 
STZ-treated rats (p<0.05, n=6).
LWDHD (1 g/kg and 2 g/kg), 
rosiglitazone (5 mg/kg) and donepezil 
(3 mg/kg) remarkably attenuated 
the neuron apoptosis of STZ-treated 
rats with the integrity of the nuclei 
morphology (p<0.01, n=9).
Following the treatment with LWDHD 
(1 g/kg and 2 g/kg), the expression 
of caspase-3 protein was remarkably 
reduced as compared to the model rats 
(p<0.01, n=9).
Reduced expressions of the BDNF 
and IGF-1 were prevented by the oral 
administration of LWDHD of 1 g/kg and 
2 g/kg and rosiglitazone (5 mg/kg).
Treatment with LWDHD (1 g/kg and 
2 g/kg), rosiglitazone (5 mg/kg) and 
donepezil (3 mg/kg) significantly 
attenuated the accumulation of Aβ 
(1-40) amyloids on neurons in the 
hippocampus and cerebral cortex of DE 
rats (p<0.01 or p<0.05, n=9).

Liu, et al., 
201523

Flos Puerariae Methanolic 
extract/leaf.

--- STZ-induced 
mice.

Morris water maze test: FPE-treated 
diabetic mice significantly reduced 
the prolonged escape latency in a dose 
dependent manner. FPE-treated diabetic 
mice markedly increased the time in 
searching the platform in the target 
quadrant.
Decrease the blood glucose level 
and normalize the body weight in 
experimental diabetic mice (p<0.05)
Reversed AChE activity in cerebral 
cortex of experimental diabetic mice.

Table 1:  Summary of the findings in selected studies.
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References Name of 
medical plants

Extract/part Effective chemical 
composition

Animal/cell Outcome

Njan,
et al., 202024

Peristrophe 
bicalyculata

Methanolic 
extract/leaf.

---- High-fat 
diet and 
STZ-induced 
rat.

Morris water maze test: There was 
significant increase (p<0.05) in escape 
latency in untreated diabetic rats 
compared to normal control. The extract 
significantly decreased (p<0.05) escape 
latency similar to pioglitazone treatment 
in treated diabetic rats compared to 
the diabetic control. Total time spent 
in non-targeted quadrants significantly 
increased (p<0.05) in untreated diabetic 
rats compared to normal control.
Effect of Methanolic leaf extract of 
Peristrophe bicalyculata (MEPb) on 
brain Acetylcholinesterase (AchE) 
activity in HFD/STZ-induced diabetic 
rats: Brain AchE levels significantly 
(p<0.05) increased in untreated diabetic 
rats compared to normal control. Both 
the extract and pioglitazone treatment 
produced significant (p<0.05) decreased 
of these levels in treated rats compared 
to diabetic control.

Talpat e, et 
al., 201425

Clitorea 
ternatea Linn.
(Fabaceae)

Ethanol 
extract/leaf.

Alkaloids, glycosides, 
steroids and 
flavonoids.

STZ-induced 
rat.

Nootropic study: Effects of EECT on 
spontaneous alterations (%) in Y maze 
arm: EECT (200 and 400 mg/kg), 
metformin (200 mg/kg) and piracetam 
(200 mg/kg) treated diabetic animals 
showed significant (p<0.05), increase in 
% spontaneous alterations in retention 
trial as compared to diabetic controls. 
Effects of EECT on spatial working and 
reference memory in Radial arm maze: 
Diabetic animals, treated with EECT 
(200 and 400 mg/kg) showed dose 
dependent (p<0.001) increase in spatial 
working-reference memory in retention 
trial as compared to diabetic controls. 
Effects of EECT on transfer latency in 
Morris water maze: Two weeks repeated 
treatment with EECT (200 and 400 
mg/kg) and piracetam (200 mg/kg) 
significantly (p<0.001) decreased TL in 
retention trial as compared to diabetic 
controls.
Neurochemical study: Effects of EECT 
on Acetylcholinesterase activity: While 
two weeks repeated treatment with 
EECT (200 and 400 mg/kg) significantly 
decreased acetylcholinesterase activity 
in diabetic animals (p<0.05 and p<0.001 
respectively).
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References Name of 
medical plants

Extract/part Effective chemical 
composition

Animal/cell Outcome

Tang,
et al., 201826

Litchi chinensis 
Sonn. (Lychee)

Ethanol 
extract/Seed

Adenosine, 2, 5- 
hydroxymethyluridine, 
3, 
4-p-coumaroylquinic 
acid, 4, procyanidin 
B, 5, procyanidin 
A, 6, 5′-β-D-
glucopyranosyloxy 
jasmonic acid, 7, 4-O- 
(trans-p-coumaroyl) 
quinic acid, 8, 
procyanidin tetramer.

High-fat 
diet and 
STZ-induced 
rat.

Morris water maze test: Hidden platform 
test: LSE at the doses of 0.7, 1.4 and 2.8 
g/kg/day and donepezil at 0.42 mg/kg/
day by intragastric administration for 28 
consecutive days significantly shortened 
the escape latency compared to NS 
treatment (p<0.01) in the T2DM rats. 
Spatial probe test: LSE (0.7, 1.4 and 2.8 
g/kg/day×28 days)significantly increased 
the residence time, the numbers of those 
crossing the platform and the percentage 
of time spent in the target quadrant 
compared to NS treatment (p<0.01) in 
the T2DM rats.
Effects of LSE on the blood glucose of 
LSE at the doses of 0.7, 1.4 and 2.8 g/kg/
day significantly decreased the blood 
glucose (14.74±1.50, 13.19±2.57 and 
12.33±2.46 mmol/l) in a dose-dependent 
manner compared to NS treatment in 
the T2DM rats (p<0.01), although the 
reductions did not reach the same level 
in normal rats.
Effects of LSE on AChE and Aβ in the 
blood and hippocampus of T2DM rats: 
LSE at the doses of 0.7, 1.4 and 2.8 g/kg/
day significantly decreased (p<0.01) the 
concentrations of AChE in the blood 
(9.19±0.90, 8.57±1.00 and 7.51±0.75 
μmol/ml, respectively), while increased 
(p<0.01) the concentrations of AChE in 
the hippocampus (1.10±0.24, 1.13±0.43 
and 1.22±0.40 U/mg, respectively) 
compared to NS treatment in the T2DM 
rats. LSE at the doses of 0.7, 1.4 and 
2.8 g/kg/day significantly decreased 
(p<0.01) the concentrations of Aβ in 
the blood (4.65±0.60, 3.73±0.45 and 
2.54±0.59 pg/ml, respectively) and in 
the hippocampus (0.25±0.03, 0.22±0.02 
and 0.19±0.03 mmol/mg, respectively) 
compared to NS treatment in T2DM 
rats.



Yong, et al.: Medicinal Plants to Inhibit Neurodegenerative in Diabetes

Journal of Young Pharmacists, Vol 16, Issue 4, Oct-Dec, 2024626

Among the seven reviewed articles, six used a rat model, 
while one used a mouse model. However, all the articles used 
Streptozotocin (STZ) to induce a diabetic condition in the 
animals. Generally, after treatment with LWDHD, FPE, MEPb, 
EECT, LSE, AP and PEECPS, the mean latency and path length 
were markedly shortened in the diabetic rats and mice across 
the respective studies.21-27 One article noted that this decrease 
was dose-dependent.23 Administration of FPE in diabetic mice 
significantly reduced the prolonged escape latency in a dose 
dependent manner. The results of swim path analyses showed that 
all medicinal plant-treated diabetic rats and mice performed well 
in search accuracy compared to the model rats. In the probe test, 
platform crossings and the time spent searching for the platform 
in the target quadrant were significantly enhanced with LWDHD, 

FPE, MEPb, LSE and AP treatments.22-24,26,27 Two articles did not 
perform the probe test.21,25

Effect of Medicinal Plants on Acetylcholinesterase 
Inhibitory Activities

AChE activity was determined by the Ellman colorimetric 
method to assess cholinergic dysfunction. Its concentration can be 
measured in the blood, different regions of the brain, or the whole 
brain. All seven articles reported that medicinal plants can reduce 
AChE activity in diabetic animals, suggesting an attenuation of 
memory deficits.21-27 In addition, one article reported that a 
medicinal plant can reduce AChE activity in a dose-dependent 
manner.27 However, one article demonstrated a decrease in 
AChE activity in the blood but an increase in AChE activity in 
the hippocampus.26 Another article showed that treatment with 

References Name of 
medical plants

Extract/part Effective chemical 
composition

Animal/cell Outcome

Thakur, et 
al., 201627

Andrographis 
paniculata

Methanolic 
extract/leaf.

----- STZ-induced 
rat

Morris water maze test: Post hoc analysis 
revealed that on days 7, 8 and 9 of the 
test, treatment with AP, andrographolide 
or piracetam significantly decreased 
escape latencies compared to diabetic 
control indicating increased memory 
functions.
Blood glucose level: However, in 
comparison to the vehicle-treated 
diabetic control group, AP or 
andrographolide treated ones had 
significantly (one-way ANOVA analysis) 
lower blood glucose levels, p<0.05.
Acetylcholinesterase enzyme activity: 
In comparison to the corresponding 
values of the diabetic control group, 
the mean acetylcholinesterase 
activities in pre-frontal cortex [F(8, 
45)=68.69, p<0.05] and in hippocampus 
[F(8, 45)=65.09, p<0.05], of AP- 
andrographolide- or piracetam-treated 
ones, were significantly lower 
(one-way ANOVA analysis). Observed 
dose-dependent efficacies of AP in 
lowering Acetylcholinesterase activities 
in both the brain regions of diabetic rats 
were almost identical to those expected 
from its andrographolide contents.

Venkatesh- 
warlu et al. 
201821

Carica papaya Petroleum 
Ether Extract/
Seed

----- STZ-induced 
rat

Morris Water Maze Test: Significant 
effect in nootropic effect as exemplified 
by increase in Acetyl cholinesterase 
(AchE), Malondialdehyde (MDA), 
Superoxide Dismutase (SOD), Nitric 
Oxide (NO), Catalase (CAT) and 
Glutathione (GSH) levels in the brains
Significant decrease in AchE (p<0.001).
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donepezil, a cholinesterase inhibitor, significantly decreased 
AChE activity but did not enhance Choline Acetyltransferase 
(ChAT) activity. Furthermore, treatment with LWDHD 
significantly reduced AChE activity and increased ChAT activity 
in the hippocampus of STZ-treated rats.22

Effect of Medicinal Plants on Blood Glucose Level

Blood glucose level was used as a standard measurement for most 
of the research involving diabetic animals. These animals were 
fed a High-Fat Diet (HFD) for a certain period and/or given a 
Streptozotocin (STZ) injection to induce diabetes. Prior to the 
experiment, their blood glucose levels were measured. Diabetes 
was successfully induced if the blood glucose level was higher 
than the glycaemic index of 250 mg/dL (13.3 mmol/L) or 200 mg/
dL (11.1 mmol/L), as set accordingly.

Treatment with LWDHD, FPE, LSE, AP and PEECPS significantly 
reduced blood glucose levels.21-23,26,27 Additionally, treatment 
with FPE, LSE and AP dose-dependently decreased blood 
glucose levels.23,26,27 Two articles demonstrated that treatment 
with LWDHD and FPE could elevate the STZ-decreased body 
weight and normalize body weight in experimental diabetic 
mice, respectively.22,23 Nevertheless, one article showed that blood 
glucose levels remained significantly high in diabetic groups 
(treated or untreated) compared to the normal control.24 One 
remaining article did not perform blood glucose level or body 
weight monitoring.25

DISCUSSION

Although the concise mechanism remains unclear, Type 
2 Diabetes Mellitus (T2DM) is known to deteriorate 
neurodegeneration process. For example, insulin resistance 
can dysregulate lipid and carbohydrate metabolism, impair cell 
survival or anti-apoptotic signalling, increase GSK- 3β activation, 
affect mitochondrial function as well as choline acetyltransferase 
and expression of neurotrophin gene. These conditions can 
induce oxidative stress. While insulin resistance occurs in brain 
can increase the level of Aβ42 and phospho-Tau as well as induce 
iron accumulation in body which then reduce the glycaemic 
control ability. Neurodegenerative disorder is widely classified 
with clinical presentations such as behavioural or cognitive 
disorder as well as pyramidal and extrapyramidal movement 
disorders. Therefore, MWM is used as a behavioural parameter 
to assess hippocampal-dependent learning, spatial and long-term 
memory ability of diabetic animal models.28-31

MWM consists of two parts which are training and probe trials to 
determine the mean latency, path length, swim pattern, number 
of platforms crossing and time spent of animal model in target 
quadrant. The results of this review revealed that diabetic models 
have increased mean latency and lengthened path length but 
decreased number of platforms crossing and time spent in target 
quadrant compared to normal control. When the treatments such 

as LWDHD, FPE, MEPb, EECT, LSE, AP, andrographolide and 
PEECPS were given to the diabetic animals, all measurements 
were improved in dose-dependent manner.21-27

LWDHD is the most common used herbal, includes of 6 medicinal 
plants which are root of Rehmannia glutinosa, fruit of Cornus 
officinalis, tubers of Dioscorea oppositifolia, rhizomes of Alisma 
orientale, dried sclerotia of Poria cocos and root cortex of Paoenia 
ostia in the ratio of 8:4:4:3:3:3. There are approximately 80.3% 
Chinese and 64.2% European practitioners using this herbal for 
treatment. LWDHD is a kidney tonifying and Yin nourishing 
prescription which can maintain and modulate or strengthen 
and invigorate fundamental system, supporting the process of 
development, performance and reproduction system. It can be 
given in the form of decoction (soup), capsules, pills or powder. 
LWDHD is widely used for the prevention or treatment of diseases 
affecting digestive, endocrine, immune, nervous, respiratory and 
urinary system. It was reported to accelerate the information 
processing speed and enhance cognitive abilities in healthy 
adult in a placebo-controlled and double-blinded trial. While 
in diabetic individual, it improved the treatment outcomes such 
as fasting or post-prandial blood glucose, control and response 
rates, which is beneficial to relieve the diabetic complications 
such as microvascular, nephropathy and neuropathy.32

These findings were supported and proved by several studies. 
For example, in SAMP8 mice with cognitive impairment in 
Alzheimer Disease (AD), treatment of LWDHD for five months 
was reported to improve spatial memory ability through MWM 
test. This treatment was also found can enhance retention and 
memory ability as well as partially improve learning ability when 
avoidance performance test was assessed. While in rats with 
non-AD type cognitive impairment induced by D-galactose, 
treatment of LWDHD for six weeks was found to alleviate 
deficiency in spatial learning and memory performance. However, 
the medicinal properties of LWDHD and its mechanism of action 
still require further research and evaluation.32,33

The treatment of Clitorea ternatea were widely used as brain tonic 
to promote intelligence and memory function. Similar to that 
finding a pharmacological study showed that Clitorea ternatea 
treatment can prevent cognitive impairment or treat cognitive 
deficits induced by STZ in a dose-dependent manner. This is 
beneficial for the treatment of neurodegenerative disorder by 
mediating several mechanisms such as reducing the oxidative 
stress parameters and affecting the levels of CAT, GSH, nitric 
oxide and SOD. Positive effects of Clitorea ternatea on spatial 
working and reference memory were also reported.34,35

While lychee seed is a traditional medicine and it was reported 
to have neuroprotection effect. LSE comprises of chemical 
components such as saponins, amino acid, organic acid, fatty 
acid, flavonoids and volatile oils, which were found able to 
improve learning and memory activity. Besides that, LSE can 
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reduce the formation of Aβ and tau proteins as well as AGEs 
in diabetic animal model and thus relieving the cognitive 
dysfunction. This statement was supported by several studies. 
For example, the treatment of LSE in Aβ25-35- induced AD 
animal models had reported to improve their cognitive ability in 
MWM test, with shortened escape latency and increased number 
of platforms crossing, time spent and run percentage in target 
quadrant. Therefore, lychee seeds can be used as nutritional 
supplement and drug for prevention or treatment of AD. A 
recent study also reported that saponin; one of the components 
extracted and isolated from lychee seeds can improve spatial 
memory and learning ability in rats with Chronic Cerebral 
Ischemia (CCI). While polyphenol extracted from lychee seeds 
was tested in APP/PS1 mice, it was reported to have an ability to 
inhibit NLRP3 inflammasome, improving cognitive function by 
showing improved measurement in escape route, escape latency, 
average speed and time spent in target quadrant and frequency of 
platforms crossings.36-39

The extract of Andrographis paniculata which is enriched with 
andrographolide was reported to improve cognitive function 
in STZ-induced diabetic rats. This statement was supported by 
several studies as properties of anti-inflammation and antioxidant 
have been recognized, which then suggested the neuroprotective 
benefits of A. paniculata. In other researches’ findings, the 
treatment of A. paniculata extract ameliorated spatial learning and 
memory impairments in STZ-treated rats. Besides that, research 
reported that pre-treatment of A. paniculata for 24 hr prior to 
Lipopolysaccharide (LPS)-induced cognitive impairment had 
improved behavioural performance of animal model in MWM 
test, with decreased escape latency and significantly increased the 
number platforms crossing and time spent in target quadrant. 
While andrographolide, an active ingredient or diterpenoids 
present in the aerial part of Andrographis paniculata, was reported 
to improve the cognitive impairment in 12-month-old AβPPswe/
PS- 1 mouse by showing lower escape latency in MWM test.35,40-43

Since oxidative stress plays an important role to deteriorate and 
exacerbate neurodegeneration process in diabetes, antioxidant 
properties of plant may suggest a protective effect against oxidative 
stress. Carica papaya seed was reported to have neuroprotective 
effect by improving the behavioural measurement in MWM 
task as shown in Table 1. This statement was supported by other 
findings. For example, the antioxidant activity of Carica papaya 
seed can protect against Hydrogen Peroxide (H2O2)-induced 
oxidative stress in Detroit 550 fibroblast of human skin. It was 
also reported that this protective effect is maximal when the 
extract was given simultaneously with the drug or chemical used 
to induce disease. Besides that, Carica papaya seed was reported 
to have higher potential to protect brain from oxidative damage 
compared to vitamin C.44

While the treatment with Flos Puerariae extract was reported to 
improve cognitive impairment in STZ-treated animal models by 

reducing the oxidative stress as well as Peristrophe bicalyculata 
can significantly reduce the escape latency and time spent of 
diabetic animals in non-target quadrant.24,35 However, no other 
study was found to support these statements which may require 
more research to provide scientific-based evidence. All the 
medicinal plants reported in the selected articles have shown 
neuroprotective effect and able to protect animal models from 
oxidative damage in dose-dependent manner.

AChE is an enzyme which plays a primary role in cholinergic 
nervous system. It catalyses the cleaving process of Acetylcholine 
(ACh) into acetate and choline that can then function as 
neurotransmitter. The cholinergic function is usually exerted in 
neuromuscular junction and chemical synapses of cerebral cortex 
to prevent ACh accumulation that may lead to uncontrolled and 
repeated muscle stimulation. Therefore, AChE is important to 
terminate synaptic transmission. Besides that, AChE also plays 
non-cholinergic functions such as cell adhesion, cell growth, 
cell recognition, cell signalling, dopamine neurons activation, 
neuritic growth regulation, neuronal network formation, stem 
cell differentiation and thrombopoiesis. Therefore, the normal 
function of central and peripheral nervous system must be 
maintained with continuous presence of ACh and constantly 
sustained with AChE production or reduced AChE activity.24,45

However, the change of AChE function will affect neurotransmitter 
level, causing the function of nervous system to be lost. For 
example, AD is a neuronal death related disease caused by 
amyloidogenic and cholinergic pathways. The abnormal process 
of Amyloid Precursor Protein (APP) can trigger accumulation 
of Amyloid-β (Aβ), causing disruption in calcium homeostasis 
and enhance oxidative stress. These conditions can then activate 
apoptosis mechanism. As Aβ acts as apoptotic process activator, 
it stimulates the activation of caspase cascade, leading to tau 
protein cleavage via intrinsic and extrinsic pathways. Besides 
that, an increased in AChE may impair brain and cognitive 
function. Therefore, AChE inhibition is important to prevent 
apoptotic-induced cell loss in neurodegenerative disorders. 
Although some AChE inhibitors were used for the treatment of 
neurodegenerative disorder, but they were mainly used to manage 
the cognitive manifestation and symptoms or to slow down the 
disease progression. As a result, AChE inhibitory activity of 
medicinal plants was evaluated to study their neuroprotective 
effects.23, 45

As shown in the results, the medicinal plants such as LWDHD, FPE, 
EECT, LSE, AP, andrographolide and PEECPS were reported to 
reduce or inhibit AChE activity in dose- dependent manner except 
for MEPb which was found most effective at lower dose, which 
was 50 mg/kg. AChE inhibition can prevent apoptosis-induced 
neuronal lost mediated by the cleavage of ACh and thus suggested 
a neuroprotective effect.21-27 LWDHD was reported to have AChE 
inhibitory activity. This has been supported by several studies. 
For example, in aging mouse induced by D-galactose, LWDHD 
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restored ACh level and enhanced antioxidant activities in brain. 
This significantly improved the impaired learning and memory 
ability. While in rat model with dementia induced by aluminium, 
LWDHD protected brain from oxidative damage by increasing 
SOD activity and reducing MDA level, suggesting an effect of 
memory impairment alleviation.46,47

Besides that, Clitorea ternatea was reported to have AChE 
inhibitory activity. This statement was supported by a 
pharmacological review in which Clitorea ternatea was found to 
increase ACh level in hippocampus, representing an improvement 
in the neurochemical basis of learning and memory abilities. 
The level of AChE, lipid peroxide and total nitric oxide were 
decreased upon Clitorea ternatea treatment but increased CAT, 
SOD and GSH levels were shown, suggesting an improvement 
in cognitive behaviour in diabetic-induced cognitive decline 
animal model.33,34,48 While from the findings tabulated in Table 
1, Andrographis paniculata and andrographolide were shown 
to improve cholinergic activities in diabetic rats. For example, 
the major bioactive components of Andrographis paniculata 
such as flavonoids, diterpenoids and polyphenols as well as 
andrographolide have reported to target AChE and antioxidant 
activities. It was also reported to decrease hippocampal AChE 
activity but increase the cholinergic activities in LPS-induced 
cognitive impairment models.40

Moreover, Carica papaya seeds, FPE and LSE were reported 
to have AChE inhibitory activities. For example, the AChE 
inhibitory activity of C. papaya seeds was proven by other 
studies, which proposed that the alkaloids present in the plants 
are responsible for AChE activity inhibition.49,50 While FPE can 
restore cholinergic activity and improve cognitive impairment 
by alleviating AChE activities in the cortex of STZ-treated 
mice as well as LSE increased AChE content but reduced ACh 
degradation in hippocampus.35 All the findings reported in 
Table 1 have showed that medicinal plants have the potential to 
inhibit AChE activity. Interestingly, Peristrophe bicalyculata was 
reported to have higher potential in inhibiting AChE activity at a 
lower dose which was 50 mg/kg. However, this statement should 
be proved by conducting more researches as no study was found 
to report the similar findings.

Apart from MWM task and AChE inhibitory activity, the 
potential of medicinal plants to lower blood glucose level 
was also reviewed. As discussed above, diabetes mellitus can 
exacerbate the process of neurodegeneration. This association 
attributes to the production and deposition of AGEs in brain, 
leading to oxidative stress. The oxidative state of brain induces 
neuroinflammation, which can then mediate the cholinergic 
neural pathways to damage neuronal connections. These 
epidemiological and biological evidences had showed the linkage 
of diabetes and cognitive impairment. As shown in the method 
tabulated in Table 1, STZ was almost used by all researchers 
to induce experimental diabetes. It is a well-known drug and 

widely used in research to damage and destruct the pancreatic 
β-cells that are responsible for insulin secretion. Therefore, STZ 
or high fat glucose diet induced diabetic animal models were 
used in researches to evaluate the potential of medicinal plants 
to lower the blood glucose level of diabetic animals. As shown 
in Table 1, the treatments such as LWDHD, FPE, EECT, LSE, 
AP, andrographolide and PEECPS can dose-dependently reduce 
blood glucose level except for MEPb as the blood glucose levels 
remained significantly high in both treated and untreated diabetic 
animals.21-27 These findings were supported by other studies. For 
example, the treatment of LWDHD was found to have a potential 
to increase insulin secretion, enhance glucose uptake by muscle 
or adipose tissue, inhibit glucose production, decrease insulin 
resistance and enhance insulin sensitivity. This will then lower 
the blood glucose level.33 While FPE was also found to lower the 
increased blood glucose level in C57BL/6J mice with diabetic 
cardiomyopathy. The isoflavonoid component of FPE or its whole 
extract was found can significantly reduce blood glucose level 
especially at a higher dose (200 mg/kg), exerting hypoglycaemic 
effect and thus retard the disease progression.51

Oral treatment of 400 mg/kg of Clitorea ternatea leaves extract to 
Wistar rats for 28 days was reported have significantly reduced the 
blood glucose level. However, in a clinical trial, the treatment of 
Clitorea ternatea extract alone to healthy individual did not affect 
the glucose concentration significantly. Therefore, sucrose was 
given to increase the blood glucose level and Clitorea ternatea (1 
and 2 g) was ingested simultaneously. Clitorea ternatea treatment 
was found have significantly suppressed the peak postprandial 
plasma glucose. Besides that, previous findings showed that 
the action of carbohydrate digestive enzyme such as pancreatic 
α-amylase and intestinal α-glucosidase can be inhibited by 
anthocyanins, a phenolic compound extracted from Clitorea 
ternatea.48,52

LSE was also reported to reduce blood glucose level of high fat, 
high sugar and high protein- induced diabetic rats. This was 
then supported by a study involving rat model with AD as lychee 
seed can reduce and modulate plasma glucose, improve insulin 
resistance and insulin sensitivity. Besides that, the treatment of 
LSE to diabetic patient was found to lower the blood glucose level 
by reducing insulin resistance. These findings have suggested the 
anti-diabetic effect of LSE.36,39

While the glucose lowering effects of Andrographis paniculata 
and andrographolide were supported by other findings. For 
example, Andrographis paniculata consists of bitter substances 
such as andrographolide, Kalmeghin and diterpene lactones were 
reported to have an ability to decrease blood glucose level by 
inhibiting absorption of glucose in intestine. When Andrographis 
paniculata was prepared in chloroform extract, blood glucose 
level was significant reduced in both acute and chronic studies. 
This statement was reported by an international conference 
which then supported the use of Andrographis paniculata to 
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control diabetes. Research conducted in high-fructose- fat diet 
induced hyperglycaemic rats also showed that the treatment 
of purified Andrographis paniculata extract and its most active 
compound andrographolide can significantly reduce blood 
glucose level. These findings have proved the anti-diabetic activity 
of Andrographis paniculata and andrographolide.53,54

Moreover, the glucose lowering effect of Carica papaya seed 
extract was supported by several studies. However, most of the 
effective findings were shown when the plant prepared in ethyl 
acetate extract but not petroleum ether. For example, Carica 
papaya prepared in ethyl acetate extract could dose-dependently 
lower the blood glucose level of STZ-induced diabetic rats. The 
phytochemical constituents present in ethyl acetate extract such as 
alkaloids, flavonoids and saponins established the hypoglycaemic 
potential of Carica papaya seed. Besides that, Carica papaya 
seed extract also had an inhibitory effect on α-glucosidase and 
α-amylase, suggesting that Carica papaya seed can delay the 
digestion of carbohydrate into absorbable form. In addition, the 
other part of Carica papaya, leaf was also reported to significantly 
reduce blood glucose level of STZ-induced diabetic rats by 
restoring the function of pancreatic islet cell. These findings were 
then suggested Carica papaya have the potential to reduce blood 
glucose level of diabetic model.55-57

While the treatment of Peristrophe bicalyculata in high fat 
diet-induced diabetic rats have shown a negative result as the 
blood glucose level of treated and untreated diabetic models 
remained significantly high. This suggested that Peristrophe 
bicalyculata has no anti-diabetic effect. However, no similar study 
was found to support this statement which may require more 
researches on Peristrophe bicalyculata to confirm its anti-diabetic 
effect.24

Despite the promising strength of these medicinal plants in 
anti-diabetic and neuroprotective effects, the dosage used should 
have low cytotoxicity and be safe for consumption in large 
doses. An acute toxicity study was carried out according to the 
Organization for Economic Co-operation and Development 
(OECD) Guidelines No. 423.25 No clinical signs of toxicity or 
mortality were observed in the animals treated with medicinal 
plants during the toxicity study. This suggests the potential for 
high protective effects from these medicinal plants that are safe 
for consumption in large doses.

In a nutshell, the medicinal plants such as LWDHD, FPE, MEPb, 
EECT, LSE, AP and andrographolide as well as PEECPS were 
reviewed for their potential to ameliorate neurodegeneration 
activities in diabetic animals. They were reported to have 
significant result in MWM test and AChE inhibitory activity, 
suggesting their ability to improve cognitive impairment and 
inhibit AChE activity. Besides that, they were also reported to 
have anti-diabetic effect to lower blood glucose level of diabetic 

animal models except for Peristrophe bicalyculata. From the 
findings and p-value given, 400 mg/kg of EECT showed the most 
potent effect in improving cognitive function and inhibiting 
AChE activity. The potential of these medicinal plants was not 
limited to seed or leaves but also other parts of the plant which 
had been proved by several studies.

Indisputably, treatment with medicinal plants reduced inducible 
nitric oxide synthase (iNOS) activity significantly, while 
increasing the Glutathione (GSH) level remarkably. This may 
result in diminishing the excess Reactive Oxygen Species (ROS) 
and reactive nitrogen, thereby ameliorating DNA fragmentation 
and preventing neuronal injury.22,58-60 Medicinal plant treatment 
has also been demonstrated to strengthen Na+ -K+-ATPase 
activity.22 Additionally, medicinal plants have been shown to 
reverse the adverse effects of oxidative stress by suppressing the 
over-expression of caspase-3 and reducing neuronal apoptosis.22 
The mechanisms exhibited by medicinal plants, either directly 
or indirectly, also lead to the up-regulation of Brain Derived 
Neurophic Factor (BDNF) and insulin-like growth factor-1 
(IGF-1) expressions. Inhibition of β-amyloid deposition may 
also explain the underlying mechanism of medicinal plants in 
attenuating hyperglycemic effects and enhancing neuroprotective 
effects.22

However, as mentioned above, different extraction solvent such 
as ethanol, hydro-methanolic, petroleum ether or purified extract 
may have different potential in treating and monitoring diseases 
and the studies used to support the findings of this systematic 
review may utilize different extraction solvent in preparing the 
plant extracts. Therefore, more studies should be conducted 
to determine the most suitable extraction solvent so that the 
medicinal plants can exert their effects at the highest potential. The 
toxicity of plants also should be further analysed especially those 
need higher dosage for effective treatment. This is to ensure the 
safety use of medicinal plants although positive neuroprotective 
and glucose lowering effects were reported in this review.

CONCLUSION

Although the dosage and extraction methods differed across 
these studies, the overarching trend remained consistent, 
either indicating an increase (up-regulation) or decrease 
(down-regulation) in the observed findings. Despite the 
variation in measurement scales or methodologies employed, 
the fundamental direction of change was reliably observed. 
This consistency lends robustness to the conclusion that there 
is indeed a meaningful alteration occurring, regardless of the 
specific dosage and extraction methods utilized in measurement.
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ABBREVIATIONS

PRISMA: Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses; LWDHD: Liuwei Dihuang Decoction; FPE: Flos 
Puerariae Extract; MEPb: Methanolic Leaf Extract of Peristrophe 
Bicalyculata; EECT: Ethanol Extract of Clitorea Ternatea; LSE: 
Lychee Seed Extract; AP: Andrographis Paniculata Extract; 
PEECPS: Petroleum Ether Extract of Carica Papaya Seeds; DM: 
Diabetic Mellitus; IDF: International Diabetes Federation; WHO: 
World Health Organization; T1DM: Type 1 Diabetic Mellitus; 
T2DM: Type 2 Diabetic Mellitus; IDDM: Insulin Dependent 
Diabetes Mellitus; NIDDM: Non-Insulin Dependent Diabetes 
Mellitus; LADA: Latent Autoimmune Diabetes in Adults; MeSH: 
Medical Subject Headings; AChE: Acetylcholinesterase; MWM: 
Morris Water Maze; RoB: Risk of Bias; TL: Transfer Latency; 
STZ: Streptozotocin; ChAT: Choline Acetyltransferase; HFD: 
High-Fat Diet; GSK-3β: Glycogen Synthase Kinase-3 Beta; Aβ42: 
Amyloid Beta 42; AD: Alzheimer Disease; CAT: Catalase; GSH: 
Glutathione; SOD: Superoxide Dismutase; AGEs: Advanced 
Glycation End Products; Aβ25-35: Amyloid Beta-Peptide (25-35); 
CCI: Chronic Cerebral Ischemia; NLRP3: NLR Family Pyrin 
Domain Containing 3; LPS: Lipopolysaccharide; H2O2: Hydrogen 
Peroxide; ACh: Acetylcholine; APP: Amyloid Precursor Protein; 
Aβ: Amyloid-β; MDA: Malondialdehyde; OECD: Organization 
for Economic Co-Operation and Development; iNOS: Inducible 
Nitric Oxide Synthase; ROS: Reactive Oxygen Species; DNA: 
Deoxyribonucleic Acid; BDNF: Brain Derived Neurophic Factor; 
IGF-1: Insulin-Like Growth Factor-1.
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