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A B S T R A C T

Lemongrass (Cymbopogon citratus) and kaffir lime (Citrus hystrix DC.) teas are popularly consumed 
in many countries around the world to promote health including enhancing memory. However, the 
effects of these two plants on acetylcholinesterase (AChE), a key enzyme involved in the development 
of Alzheimer’ disease, as well as the effects on brain structure, were still limited. Therefore, this 
research was done to investigate the possible effects of lemongrass and kaffir lime teas on AChE 
activity and brain histology of male rats. Eight-week-old male albino rats were randomly divided 
into five groups of six rats each. The first group was the normal control group, and they were orally 
administered dechlorinated water. The second and the third groups were received lemongrass tea (33 
mg/ml) for 12 and 24 hours per day while the fourth and the fifth groups were received kaffir lime tea 
(33 mg/ml) for 12 and 24 hours per day. The animals in the treatment groups were given unrestricted 
access to the teas. After 30 days of the treatment period, all rats were euthanized by diethyl ether 
and their brains were collected to determine AChE activity by enzymatic spectrophotometric method 
and histology. The results demonstrated the significant elevation (p<0.05) of hippocampal AChE 
activities in all teas-treated groups when compared to the normal control group. Nevertheless, the 
significant increases (p<0.05) in cerebral AChE activities were found only in kaffir lime teas-treated 
rats when compared to the normal control rats. Histological investigation showed no alterations in 
the structures of hippocampus and cerebral cortex of rats treated with lemongrass and kaffir lime 
teas. The arrangement of neurons and neuronal morphology were normal and similar to the nervous 
tissues seen in the normal control group. It can be concluded that both lemongrass and kaffir lime 
teas were found to affect brain function by elevating AChE activities in the brain. 

INTRODUCTION

Dementia is a neurodegenerative disease commonly found in the 
global elderly population [1]. Alzheimer’s disease or AD is the most 
common type of dementia and it affects the quality of life by causing 
patients to lose their ability to learn and remember. Although the actual 
causes of AD remain largely unidentified, a reduction in acetylcholine 
(ACh) activity in the brain is one key factor leading to the development 
of AD. ACh is an important neurotransmitter in the cholinergic system 
that is related to memory formation. This neurotransmitter is hydrolyzed 
by acetylcholinesterase or AChE into acetic acid and choline at central 
and peripheral cholinergic synapses [2]. A previous report has revealed 
that AD patients have a reduction of neurons in their hippocampus and 
cerebral cortex, resulting in a low level of ACh, while the level of AChE 
remained constant [3]. Therefore, inhibition of AChE activity elevates 
cholinergic neurotransmitter activity in AD patients. Although synthetic 
AChE inhibitors are effective in the treatment of AD, they produce 
serious side effects and are costly [4-5]. In recent years, there has been 
a growing interest in the use of medicinal plants to develop AChE 
inhibitors and nootropic agents. Several studies have been conducted 
to investigate the AChE inhibitory activity of various plant species, 
such as Gingko biloba, Ginseng, Salvia officinalis, Rosmarinus officinalis 

and Hypericum perforatum [6]. Scientific reports have shown that these 
plant species contain bioactive compounds, including flavonones, rutin, 
quercetin, quercitrin, kaempferol, and terpenes, which act as neuroprotective 
and nootropic agents [7-8]. However, no plant species has yet been 
identified as a complete replacement for synthetic AD drugs in terms 
of therapeutic efficacy. Furthermore, prolonged consumption of medicinal 
plants or taking high doses can have negative effects on the nervous 
system. For example, rats treated with Gelsemium elegans at a dose of 
70 mg/kg for 21 days exhibited an imbalance between neuronal gamma-
aminobutyric acid (GABA) and glutamate in their brains [9]. In addition, 
Voodoo, a mixture of herbs and spices, caused neurotoxicity in rats by 
decreasing various neurotransmitters (adrenaline, noradrenaline, 
serotonin, and dopamine) and inducing histopathological changes in 
the rat brain, such as shrunken neurons and vacuole accumulation in 
neuronal cytoplasm [10]. Therefore, many researchers continue to study 
the toxic effects of medicinal plants in animal models to ensure their 
safety. 

Lemongrass (Cymbopogon citratus) and kaffir lime (Citrus hystrix 
DC.) are known as Takrai and Makrut in Thai, respectively. They have 
long been used by traditional folk around Southeast Asia to prevent 
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various ailments. Lemongrass contains various bioactive constituents 
including phenolic acids, stilbenes, flavonoids, alkaloids and terpenoids, 
while kaffir lime leaves consist of saponins, tannins, reducing sugars, 
flavonoids and phenolics [11-12]. The reported medicinal properties 
of lemongrass include analgesic, spasmolytic, antipyretic, anti-
inflammation and diuretic effects [13]. Kaffir lime possesses antioxidant 
properties, immunomodulation, cardioprotection and hepatoprotection 
[14]. Temitayo et al. [2020] found that essential oil from lemongrass 
was an effective agent for neuroprotection in rats, attenuating brain 
damage induced by aluminum chloride by modulating the antioxidant 
system to inhibit oxidative stress [15]. Lemongrass tea also improved 
memory function in scopolamine-induced amnesia in experimental 
mice by inhibiting oxidative stress and AChE [16]. Additionally, kaffir 
lime peel extract reduced oxidative stress in dementia induced-mice 
by reducing malondialdehyde level in their brain [17]. Given their broad 
spectrum of reported therapeutic efficacies, there are limited scientific 
reports on the effects of these plants on AChE activity and brain histology. 
Active compounds derived from various plants, such as phenolics, 
flavonoids and alkaloids have been reported to have neuroprotective 
efficacy by inhibiting AChE activity [18-19]. However, continuous 
administration of alkaloids from Alstonia scholaris (L.) R. Br. at doses 
of 50, 100 and 300 mg/kg for 3 weeks altered hematological and 
biochemical indices in rats and mice [20]. Therefore, we aimed to 
investigate whether teas prepared from the stems of lemongrass and 
the leaves of kaffir lime could maintain brain function and structures 
in experimental rats. The results obtained from our study might provide 
baseline information regarding the consumption of these teas as the 
substitute for drinking water to improve cognitive deficits.

METHODOLOGY

Chemicals
Acetylthiocholine iodide (ACThI), 5,5’-dithiobis 2-nitrobenzoic 

acid (DTNB), eosin, hematoxylin, paraplast, permount and quercetin 
were purchased from Sigma-Aldrich (St. Louis, MO, USA). Folin & 
Ciocalteu’s Phenol Reagent was supplied by Loba Chemie, Pvt, Ltd. 
(Mumbi, India). 95 % ethyl alcohol, absolute alcohol and xylene and 
all other chemicals and reagents used in this study were of analytical 
grade and obtained from Union Science Co., Ltd., Chiang Mai, Thailand.

Tea preparation
The powder from the leaves of kaffir lime and the stems of 

lemongrass was purchased from an organic local commerce in Ratchaburi 
Province, Thailand. Both teas were prepared freshly on the day of 
animal experimentation following the manufacturer’s method. The tea 
solution was extracted from 15 g of the fine powder in 450 ml of hot 
water (33 g/ml) for 4 minutes. The concentration of tea used in this 
study was equivalent to the recommended amount for human tea 
consumption. They were then cooled to room temperature before 
administration to animals.

Phytochemical analysis
A phytochemical screening was conducted to detect the presence 

of bio-constituents in kaffir lime and lemongrass teas, such as phenols, 
flavonoids, saponins, tannins, terpenoids, alkaloids, phlobatannins, 
anthraquinones, cardiac glycosides, and reducing sugars, following the 
standard methods described by [21] and [22].

Experimental Animals
Eight-week-old male Wistar rats (Rattus norvegicus) weighing 

between 150-180 g were purchased from Nomura Siam International, 
Co. Ltd., Thailand. They were acclimatized for one week in the animal 

care facility. Room temperature was controlled at 24-26 °C, and there 
was a 12/12-hours light/dark cycle. During the adjustment period, the 
animals had access to a standard diet and water ad libitum. All animal 
procedures used in this research were reviewed and approved by the 
Institutional Animal Care and Use Committee of the Biology Department, 
Faculty of Science, Chiang Mai University (ID: Re. 003/19).

Animal treatments
The experimental rats were randomly assigned to five groups (six 

rats per group). The first group was normal control and was given 
distilled water all day. The second group received lemongrass tea as a 
substitute for drinking water for 12 hours during the day and was 
replaced with distilled water for 12 hours during the night (LGW), 
while the third group received lemongrass tea all day (LG). The fourth 
group was given kaffir lime tea as a substitute for drinking water during 
the day and replaced with distilled water at night (KLW). Rats in the 
last group received kaffir lime tea all day (KL). The animals had free 
access to teas or distilled water for 30 consecutive days. 

On the last day of the experimental period, all rats were deprived 
of food for 12 hours and sacrificed under anesthesia, and their brains 
were quickly collected. Cerebral cortex and hippocampus of each rat 
were dissected and divided into two parts (left and right). The left part 
was frozen for the analysis of AChE activity, while the right part was 
fixed in Bouin’s solution to observe histopathological alterations.

Determination of acetylcholinesterase activity
The AChE activities in cerebral cortex and hippocampus of all 

groups were determined by following the method described by [23]. 
Twenty milligrams of cerebral cortex or hippocampus from each rat 
was homogenized in 1 mL of 0.1 M phosphate buffer solution, pH 7.4. 
Then, the homogenate was centrifuged at 3,500 rpm for 15 minutes to 
collect the supernatant. 

The AChE activity was determined by following the elevation of 
yellow color produced from the reaction between ACThI, the substrate, 
and DTNB. Briefly, the brain supernatant from each rat was mixed with 
DTNB solution (0.2 mM) in 96-well plate. Then, ACThI (0.75 mM) 
was added and mixed well. The kinetic reaction of the mixture was 
measured at 405 nm using an ELISA reader (GDV, DV 990BV4, Italy) 
every 2 minutes for 10 minutes. The protein content in the brain of each 
rat was determined by using the method of Bradford (1967) [24]. The 
rate of AChE activity in cerebral cortex or hippocampus of each rat 
was calculated and expressed as µmole/min/mg protein. 

Histological investigation
The brain tissues were fixed in Bouin’s solution for 24 hours 

before being dehydrated in ascending grades of ethyl alcohol (70-100% 
v/v) and having the dehydrating agents removed from the tissues with 
xylene. They were then infiltrated and embedded in paraffin wax. Tissue 
ribbons were prepared by sectioning at 6 micrometers thickness and 
mounted on glass slides. The tissue slides were stained with hematoxylin 
and eosin (H&E) and permanently mounted [25]. Histopathological 
alterations in the cerebral cortex and the dentate gyrus (DG), as well 
as the Cornu Ammonis (CA) regions of hippocampus or CA1, CA2, 
and CA3, were observed. Micrographs of brain tissues were taken using 
a light microscope (Olympus BX41) coupled with a camera.

Statistical Analysis
The results of AChE activities were expressed as means ± standard 

deviation (SD) and were analyzed by one-way analysis of variance 
(one-way ANOVA) followed by Duncan’s post hoc test for multiple 
comparisons using SPSS version 26. The values of p < 0.05 were 
considered as statistically significant differences.
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RESULTS

Phytochemical analysis
Preliminary phytochemical screening of lemongrass and kaffir 

lime teas revealed the presence of phenols, flavonoids, saponins, tannins, 
terpenoids and reducing sugars. However, alkaloids, cardiac glycosides, 
phlobatannins, and anthraquinones were not detected in these teas 
(Table 1). 

	
Table 1. Phytochemical constituents from lemongrass and kaffir lime 
teas.

phytochemical 
constituents

The presence of phytochemicals

lemongrass tea kaffir lime tea

phenols + +
flavonoids + +
saponins + +
tannins + +
terpenoids + +
alkaloids w- -
cardiac glycosides - -
anthraquinones - -
phlobatannins - -
reducing sugars + +

		 + present, - absent

Determination of AChE activitiesw
The results of hippocampal and cerebral AChE activities of rats 

treated with drinking teas from lemongrass and kaffir lime for 30 
consecutive days are represented in Figure 1 and 2. The values of 

hippocampal AChE activities were significantly elevated (p <0.05) in 
rats in the LGW, LG, KL and KLW groups when compared to the 
control group. Additionally, rats in KLW and KL groups had significantly 
higher levels of AChE activities in their cerebral cortex (p <0.05) than 
rats in the control group. However, the intake of lemongrass teas for 
12 hours/day or all day did not significantly alter (p>0.05) the cerebral 
AChE activities in rats when compared to the control group (Figure 1). 

Histological investigation
Hippocampal histology

The histological features of the hippocampus of rats treated with 
lemongrass and kaffir lime teas for 30 days are displayed in Figure 2 
and 3. The hippocampal tissues of normal rats in the control group 
showed normal histological features. The hippocampal formation of 
control rats consisted of hippocampal proper including Cornu Ammonis 
CA1, CA2, CA3 and dentate gyrus, as shown in figure 2. The CA1 and 
CA2 contained small pyramidal cells, while CA3 contained large 
pyramidal neurons. The dentate gyrus was characterized by small 
granule cells. The arrangements of pyramidal cells in Cornu Ammonis 
as well as in the granular cells in Dentate area of all tea-treated rats 
were similar to the normal rats. Treatment with both lemongrass and 
kaffir lime teas did not alter the normal histoarchitectures of hippocampus. 
Moreover, there are no characteristic of neuronal cell death, such as 
necrotic cell death and apoptotic cell death, cell shrinkage, plasma 
membrane breakage and swelling of organelles observed in hippocampal 
tissues of all control and tea-treated rats, as shown in Figure 3. 

Light microscopic investigation of the cerebral cortex of rats-
treated with lemongrass and kaffir lime teas revealed healthy neurons 
similar to the rats in control group. A regular six layers of the cortex 
consisted of molecular layer, external granular layer, external pyramidal 
layer, internal granular layer, internal pyramidal layer and multiform 
layer. Normal neuron was characterized by dark-stained nucleus and 
clear cytoplasm. Neuroglia, blood vessels and myelinated axon were 
regularly observed in the cerebral cortex of all rats (Figure 4).

Figure 1. 	Hippocampal and cerebral AChE activities of rats treated with kaffir lime and lemongrass teas for 30 consecutive days as compared 
with normal control rats. Values are represented as mean ± SD of six rats. * p < 0.05 as compared with control group (One-way ANOVA 
followed by Duncan’s multiple comparison test).

2. The values of hippocampal AChE activities were significantly elevated (p <0.05) in rats in the 

LGW, LG, KL and KLW groups when compared to the control group.  Additionally, rats in 

KLW and KL groups had significantly higher levels of AChE activities in their cerebral cortex 

(p <0.05) than rats in the control group. However, the intake of lemongrass teas for 12 hours/day 

or all day did not significantly alter (p>0.05) the cerebral AChE activities in rats when compared 

to the control group (Figure 1).  

 

 

Figure 1 Hippocampal and cerebral AChE activities of rats treated with kaffir lime and 

lemongrass teas for 30 consecutive days as compared with normal control rats. 

Values are represented as mean ± SD of six rats.  

*  p < 0.05 as compared with control group (One-way ANOVA followed by Duncan's multiple 

comparison test). 
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DISCUSSION

Nowadays, although modern pharmaceutical agents are available 
and highly effective in treating neurodegenerative diseases and promoting 
health, many people throughout the globe still prefer to use plant 
materials due to their low cost and perceived fewer adverse effects. In 
many countries, including Thailand, people have used several plants 
to prevent memory deficits or promote memory, and have avoided 
synthetic drugs, which are expensive and have side effects. Lemongrass 
and kaffir lime leaves have been used as traditional medicine to treat 
various ailments. Lemongrass tea is consumed to remedy hypertension, 
diabetes mellitus, obesity, hyperlipidemia and hyperglycemia [26-29]. 
Kaffir lime leaves possesses various pharmacological properties, such 
as relieving headache, fever, diarrhea, rheumatoid arthritis, heart diseases, 
hypertension and diabetes mellitus, as well as boosting sexual performance 
[30-32]. However, there are also problems associated with overdose 

consumptions, and there has been no scientific evidence supporting 
their efficacy. Therefore, our attention in this study has focused on 
studying the effects of the consumption of lemongrass and kaffir lime 
teas as a substitute for drinking water on brain function and structures 
in rats. 

The study found that rats that received lemongrass tea for 12 or 
24 hours/day for 30 consecutive days had elevated AChE activities in 
their hippocampus. Additionally, rats that received tea from kaffir lime 
leaves for 12 or 24 hours/day showed significant increases in AChE 
activities in both hippocampus and cerebral cortex when compared to 
normal rats. Therefore, intake of kaffir lime and lemongrass teas as a 
substitute for drinking water did not inhibit AChE, but instead stimulated 
the activities of AChE in both the hippocampus and cerebral cortex of 
rats. The increase in AChE activities in rat’s brain may link to the 
accumulation of amyloid plaques and neurofibrillary tangles, as reported 
previously [33]. Thus, the consumption of kaffir lime tea for 12 or 24 

 

Figure 2 Histological features of the hippocampus of rats treated with lemongrass and kaffir 

lime teas for 12 and 24 hours/day. H&E stain, 2x magnifications. 

 

 

Figure 2. 	Histological features of the hippocampus of rats treated with lemongrass and kaffir lime teas for 12 and 24 hours/day. H&E stain, 2x 
magnifications.



W. Buncharoen. et al. / Microsc. Microanal. Res. 2023, 36(1) 5-12 9

hours/days or lemongrass tea instead of water may affect memory and 
cognition. However, the AChE result from our study is different from 
a previous report [34], which indicated that the extract from the leaves 
of kaffir lime at 50 and 100 mg/kg body weight effectively enhanced 
memory function and attenuated scopolamine-induced amnesia in mice. 
The results may have been influenced by different factors, such as 
variations in herb cultivations, condition of animals, treatment periods, 
and extraction methods. Additionally, it is possible that kaffir lime and 
lemongrass teas may inhibit only certain type of AChE. For example, 
studies by [35] and [36] demonstrated that the type of AChE found in 

the brain was globular monomer 1 (G1 AChE-S). Moreover, high AChE 
activities in the hippocampus and cerebral cortex of rats may be linked 
to the high production of ACh [37]. An increase in brain AChE activities 
may be a normal physiological response, rather than a pathological 
one, triggered by an increase in brain activity and a greater demand for 
ACh. Therefore, the brain may elevate AChE production to regulate 
ACh levels. However, determining only AChE activity is not enough 
to conclude the effects of lemongrass and kaffir lime teas on the 
cholinergic system in cognitive function. Further studies are needed to 
examine the activities of choline acetyltransferase, the enzyme responsible 

 

Figure 3 Histological features in different areas of hippocampus of rats treated with lemongrass 

tea for 12 (E-H) and 24 hours/days (I-L) and kaffir lime tea for 12 (M-P) and 24 hours/day (Q-T) 

compared to the control group (A-D). H&E stain, 20x magnifications. 

 

 

Figure 3. 	Histological features in different areas of hippocampus of rats treated with lemongrass tea for 12 (E-H) and 24 hours/days (I-L) and 
kaffir lime tea for 12 (M-P) and 24 hours/day (Q-T) compared to the control group (A-D). H&E stain, 20x magnifications.
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Figure 4. 	Histological features of the cerebral cortex of rats treated 
with lemongrass tea for 12 (C-D) and 24 hours/days (E-F) 
and kaffir lime tea for 12 (G-H) and 24 hours/day (I-J) 
compared to the control group (A-B). H&E stain, 4x and 20x 
magnifications. Neuron (dark arrow), neuroglia (yellow 
arrow), myelinated axon (green arrow), blood vessel (red 
arrow).

for synthesizing ACh, to support the level of ACh production. This 
would provide valuable insights into the regulation of acetylcholine in 
the rat’s brain after drinking lemongrass and kaffir lime teas. The 
alteration of AChE activities produced from lemongrass and kaffir lime 
teas may come from the bioactive elements contained in the plants. It 
is currently reported that several plants species contained flavonoids, 
such as tiliroside, 3-methoxy quercetin, quercitrin and quercetin and 
those flavonoids exhibited AChE inhibitory activity [38]. Furthermore, 
alkaloids, which are biologically active compounds found in different 
species, have been reported to strongly inhibit AChE [39-40]. From 

our preliminary phytochemical screening, both lemongrass and kaffir 
lime teas were found to contain the same phytochemicals, including 
phenols, flavonoids, tannins, saponins, terpenoids, and reducing sugars. 
These phytochemicals may support brain function in various ways. 
Polyphenols derived from plant materials have been reported to have 
neuroprotective benefits through several processes, such as anti-
amyloidosis, anti-inflammation and antioxidant effects [41]. The intake 
of flavonoids, such as (-)-epigallocatechin-3-gallate, has been found to 
stimulate cerebral blood flow in frontal cortex [42]. Tannins may enhance 
against learning and memory by reducing oxidative stress and elevating 
sodium/potassium-ATPase activation in streptozotocin-induced dementia 
models [43-44]. However, the mechanisms underlying the neuroprotective 
and cognition-enhancing effects of kaffir lime and lemongrass on 
memory have not been elucidated in our research. Moreover, there were 
limitations and variations across different rat models and experimental 
setups in our study. Therefore, further research using dementia-induced 
rat models or other appropriate models can help fill the gaps and provide 
a more comprehensive understanding of the specific effects of lemongrass 
and kaffir lime teas and the mechanisms related to dementia.

The results of the histological study showed that both lemongrass 
and kaffir lime teas did not produce any toxicity in the brain. Histological 
investigations of rat brains did not reveal any significant alterations in 
their cerebral cortex and hippocampus after receiving lemongrass and 
kaffir lime teas for 30 consecutive days. The hippocampus of all rats 
showed the normal pattern of cell body layers in both the Cornu Ammonis 
and dentate areas. The cell body layer consisted of normal pyramidal 
cells without degenerative cells. The cerebral cortex of rats in the tea-
treated and control groups showed normal histological features, composed 
of a normal arrangement of neurons. Normal neurocytes, such as neurons 
and neuroglia, were characterized by dark-stained nuclei and clear 
cytoplasm. However, some phytochemical compounds presented in 
both kaffir lime and lemongrass teas can cross blood-brain barrier and 
may have negative or positive effects on brain tissues [45-46]. Therefore, 
further research is needed to correctly determine the risk of tea 
consumption as a substitute for drinking water. 

CONCLUSION

The present study provided basic information on the effects of 
consuming kaffir lime and lemongrass teas as a substitute for drinking 
water. Continuous consumption of these teas for 30 consecutive days 
affected brain function by elevating AChE activity in rat’s brain. 
However, these teas showed no effect on brain histology of the 
experimental rats.

ACKNOWLEDGEMENTS

The authors extend their appreciation to the Department of Biology, 
Faculty of Science, Chiang Mai University for supporting and providing 
facilities. 

REFERENCES

1.	 T.M. Hyde, Cholinergic systems and schizophrenia: primary 
pathology or epiphenomena?, J. Chem. Neuroanat., 2001, 22, 53-
63.

2. 	 I. Orhan, B. Sener, M.I. Choudhary, A. Khalid, Acetylcholinesterase 
and butyrylcholinesterase inhibitory activity of some Turkish 
medicinal plants, J. Ethnopharmacol., 2004, 91, 57-60.

3.	  M. Jung, M. Park, Acetylcholinesterase inhibition by flavonoids 
from Agrimonia Pilosa, Molecules, 2007, 12, 2130-2139.



W. Buncharoen. et al. / Microsc. Microanal. Res. 2023, 36(1) 5-12 11

4. 	 G. Marucci, M. Buccioni, D.D. Ben, C. Lambertucci, R. Volpini, 
F. Amenta, Efficacy of acetylcholinesterase inhibitors in Alzheimer’s 
disease, Neuropharmacol., 2021, 198, 108352.

5. 	 V.W. De La Garza, Pharmacological treatment of Alzheimer’s 
disease: an update, Am. Fam. Physician., 2003, 68, 1365-1372.

6. 	 S. Habtemariam, The therapeutic potential of rosemary (Rosmarinus 
officinalis) diterpenes for Alzheimer’s disease, Evid. Based. 
Complement. Alternat. Med., 2016, 2016, 2680409.

7. 	 M.M. Khan, A. Ahmad, T. Ishrat, G. Khuwaja, P. Srivastawa, M.B. 
Khan, S.S. Raza, H. Javed, K. Vaihav, A. Khan, F. Islam, Rutin 
protects the neural damage induced by transient focal ischemia in 
rats, Brain Res., 2009, 1292, 123-135.

8. 	 S. Rattanajarasroj, S. Unchern, Comparable attenuation of Abeta(25-
35)-induced neurotoxicity by quercitrin and 17beta-estradiol in 
cultured rat hippocampal neurons, Neurochem. Res., 2010, 35, 
1196-1205.

9.	  M.T. Zuo, Y. Wu, Z.Y. Wang, N. Wang, S.J. Huang, H. Yu, X.J. 
Zhao, C.Y. Huang, Z.Y. Liu, A comprehensive toxicity evaluation 
in rats after long-term oral Gelsemium elegans exposure, Biomed. 
Pharmacother., 2021, 137, 111284.

10. 	G.N. Mansour, M.Z.M. Hassan, O.E. Nafea, M.Z. Mohamed, The 
sub chronic toxic effect of Voodoo extract on the central nervous 
system in adult male albino rats, Egypt J. Forensic Sci. Appli. 
Toxicol., 2020, 20, 1-13.

11. 	H.S. Kiani, A. Ali, S. Zahra, Z.U. Hassan, K.T. Kubra, M. Azam, 
H.F. Zahid, Phytochemical composition and pharmacological 
potential of lemongrass (Cymbopogon) and impact on gut microbiota, 
Applied Chem., 2022, 2, 229-246.

12. 	C. Unuigbe, J. Enahoro, O. Erharuyi, H. Okeri, Phytochemical 
analysis and antioxidant evaluation of lemongrass (Cymbopogon 
citratus DC.) Stapf leaves, J. Appl. Sci. Environ. Manage., 2019, 
23, 223-228.

13.	 G.S. Viana, T.G. Vale, R.S. Pinho, F.J. Matos, Antinociceptive 
effect of the essential oil from Cymbopogon citratus in mice, J. 
Ethnopharmacol., 2000, 70, 323-327.

14. 	H. Putri, S. Nagadi, Y.A. Larasati, N. Wulandari, A. Hermawan, 
Cardioprotective and hepatoprotective effects of Citrus hystrix peels 
extracts on rats model, Asian Pac. J. Trop. Biomed., 2013, 3, 371-
375.

15. 	G.I. Temitaya, B. Olawande, Y.O. Emmanuel, A.T. Timothy, O. 
Kehinde, L.F. Susan, L. Ezra, O.O. Joseph, Inhibitory potentials 
of Cymbopogon citratus oil against aluminium-induced behavioral 
deficits and neuropathology in rats, Anat. Cell. Biol., 2020, 53, 
342-354.

16.	 U. Solomon, A.H. Adeola, B.A. Benneth, A.M., Ajayi, Lemon 
grass tea enhanced memory function and attenuated scopolamine-
induced amnesia in mice via inhibition of oxidative stress and 
acetyl-cholinesterase activity, J. Herbs Spices Med. Plants, 2018, 
24, 1-14.

17. 	M. Ilham, E. Mahati, M. Muniroh, Y. Nindita, The effectiveness of 
kaffir lime peel extract (Citrus hystrix) on plasma malondialdehyde 
level in dementia mice. J. Kedokt. Diponegoro, 2022, 11, 257-262.

18. 	S.N. Dolanbay, F.G. Nocanci, B. Aslim, Neuroprotective effects of 
allocryptopine-rich alkaloid extracts against oxidative stress-induced 
neuronal damage, Biomed. Pharmacother., 2021, 140, 111690.

19. 	G. Caruso, J. Godos, A. Privitera, G. Lanza, S. Castellano, A. 
Chillemi, O. Bruni, R. Ferri, F. Caraci, G. Grosso, Phenolic acids 
and prevention of cognitive decline: polyphenols with a neuroprotective 
role in cognitive disorders and Alzheimer’s disease. Nutrients, 
2022, 14, 819.

20. 	Y.L. Zhao, M. Su, J.H. Shang, X. Wang, G.S.S. Njateng, G.L. Bao, 
J. Ma, Q.D. Sun, F. Yuan, J.K. Wang, X.D. Luo, Acute and chronic 
toxicity of indole alkaloids from leaves of Alstonia scholaris (L.) 
R. Br. in mice and rats. Nat. Prod. Bioprospecting, 2020, 10, 77-88. 

21. 	H.O. Edeoga, D.E. Okwu, B.O. Mbaebie, Phytochemical constituents 
of some Nigerian medicinal plants, Afr. J. Biotechnol., 2005, 4, 
685-688.

22. 	G.A. Ayoola, H.A.B. Coker, S.A. Adesegun, A.A. Adepoju-Bello, 
K. Obaweya, E.C. Ezennia, T.O. Atangbayila, Phytochemical 
screening and antioxidant activities of some selected medicinal 
plants used for malaria therapy in Southwestern Nigeria, Trop. J. 
Pharm. Res., 2008, 7, 1019-1024.

23. 	G.L. Ellman, K.D. Courtney, V. Andres, R.M. Featherstone, A new 
and rapid colorimetric determination of acetylcholinesterase activity, 
Biochem. Pharmacol., 1961, 7, 88-95.

24. 	M. Bradford, A rapid and sensitive method for the quantitation of 
microgram quantities of protein utilizing the principle of protein-
dye binding. Anal. Biochem., 1976, 72, 248-254.

25. 	S.K. Suvarna, C. Layton, J.D. Bancroft, Theory and practice of 
histological techniques, 6th Edition, Elsevier Health Sciences, 2008.

26. 	N.K.K. Boaduo, D. Katerere, J.N. Eloff, V. Naidoo, Evaluation of 
six plant species used traditionally in the treatment and control of 
diabetes mellitus in South Africa using in-vitro methods, Pharm. 
Biol., 2014, 56, 756-761.

27. 	A.A. Adeneye, E.O. Agbaje, Hypoglycemic and hypolipidemic 
effects of fresh leaf aqueous extract of Cymbopogon citratus Stapf. 
in rats, J. Ethnopharmacol., 2007, 112, 440-444.

28. 	E.F. Eskander, J.H. Won, Hypoglycemic and hyperinsulinemic 
effects of some Egyptian herbs used for the treatment of diabetes 
mellitus (type II) in rats, Egypt. J. Pharm. Sci., 1995, 36, 331-342.

29. 	A.J. Ademuyiwa, O.Y. Olamide, O.O. Oluwatosin, The effects of 
Cymbopogon citratus (lemon grass) on the blood sugar level, lipid 
profiles and hormonal profiles of Wistar albino rats, Merit. Res. J. 
Med. Med. Sci., 2015, 3, 210-216.

30. 	S.C. Das, J. Prakash, A.K. Deb, T. Biswas, Medicinal value of 
underutilized fruits in hilly Tripura. Acta Hortic., 2013, 972, 135-
141. 

31. 	M. Silalahi, N. Nisyawati, An ethnobotanical study of traditional 
steam-bathing by the Batak people of North Sumatra, Indonesia. 
Pac. Conserv. Biol., 2018, 25, 266-282.

32.	  A. Abirami, G. Nagarani, P. Siddhuraju, The medicinal and nutritional 
role of underutilized citrus fruit Citrus hystrix (Kaffir lime): a 
review, Drug Invent. Today, 2014, 6, 1-5.

33. 	A. Alvarez, C. Opazo, R. Alarcon, J. Garrido, N.C. Inestrosa, 
Acetylcholinesterase promotes the aggregation of amyloid-beta-
peptide fragments by forming a complex with the growing fibrils, 
J. Mol. Biol., 1997, 272, 248-261.

34. 	S. Umukoro, A.H. Adeola, B. Ben-Azu, A.M. Ajayi, Lemon grass 
tea enhanced memory function and attenuated scopolamine-induced 



W. Buncharoen. et al. / Microsc. Microanal. Res. 2023, 36(1) 5-1212

amnesia in mice via inhibition of oxidative stress and acetyl-
cholinesterase activity, J. Herbs, Spices. Med. Plants, 2018, 24, 
407-420.

35. 	T. Darreh-Shori, E. Hellstrom-Lindahl, C. Flores-Flores, Z.Z. Guan, 
H. Soreq, A. Nordberg, Long-lasting acetylcholinesterase splice 
variations in anticholinesterase-treated Alzheimer’s disease patients, 
J. Neurochem., 2004, 88, 1102-1113.

36. 	D. Kaufer, A. Friedman, S. Seidman, H. Soreq, Acute stress facilitates 
long-lasting changes in cholinergic gene expression, Nature, 1998, 
393, 373-377.

37.	R.A. Renz, V.A. Goulart, L.N. Rotta, L.O. Porciúncula, D.O. Souza, 
Acetylcholinesterase activity in hippocampus and cerebral cortex 
of rats exposed to sleep deprivation, Neurochem. Res., 2014, 39, 
811-819.

38.	T. Kaur, C.M. Pathak, P. Pandhi, K.L. Khanduja, Effects of green 
tea extract on learing, memory, behavior and acetylcholinesterase 
activity in young and old male rats, Brain Cogn., 2008, 67, 25-30.

39. 	T. Sastraruji, S. Chaiyong, A. Jatisatienr, S.G. Pyne, A.T. Ung, W. 
Lie, Phystochemical studies on Stemona aphylla: isolation of a new 
stemofoline alkaloid and six new stemofurans, J. Nat. Prod., 2011, 
74, 60-64. 

40. 	P. Mungkornasawakul, S. Chaiyong, T. Sastraruji, A. Jatistienr, C. 
Jatisatienr, S.G. Pyne, A.T. Ung, J. Korth, W. Lie, Alkaloids from 
the roots of Stemona aphylla, J. Nat Prod., 2009, 72, 848-851.

41. 	A.F.G. Cicero, F. Fogacci, M. Banach, Botanicals and phytochemicals 
active on cognitive decline: the clinical evidence. Pharmacol. Res., 
2018, 130, 204-212.

42. 	E.L. Wightman, C.F. Haskell, J.S. Forster, R.C. Veasey, D.O. Kenedy, 
Epigallocatechin gallate, cerebral blood flow parameters, cognitive 
performance and mood in healthy humans: a double-blind, placebo-
controlled, crossover investigation, Hum. Psychopharmacol., 2012, 
27, 177-186.

43. 	F. Turkan, P. Taslimi, F.Z. Saltan, Tannic acid as a natural antioxidant 
compound: discovery of a potent metabolic enzyme inhibitor for 
a new therapeutic approach in diabetes and Alzheimer’s disease, 
J. Biochem. Mol. Toxicol., 2019, 33, e22340.

44. 	M.F.B. Gerzson, S.M. Pacheco, M.S.P. Soares, N.P. Bona, P.S. 
Oliveira, J.H. Azambuja, P. da Costa, J.M. Gutierres, F.B. Carvalho, 
V.M. Morsch, R.M. Spanevello, F.M. Stefanello, Effects of tannic 
acid in streptozotocin-induced sporadic Alzheimer’s Disease: 
insights into memory, redox status, Na(+), K(+)-ATPase and 
acetylcholinesterase activity, Arch. Physiol. Biochem., 2022,128, 
223-230.

45. 	I. Figueira, G. Garcia, R.C. Pimpão, A.P. Terrasso, I. Costa, A.F. 
Almeida, L. Tavares, T.F. Pais, P. Pinto, M.R. Ventura, A. Filipe, 
G.J. McDougall, D. Stewart, K.S. Kim, I. Palmela, D. Brites, M.A. 
Brito, C. Brito, C.N. Santos, Polyphenols journey through blood-
brain barrier towards neuronal protection. Sci. Rep., 2017, 7, 11456.

46. 	R.B.A. Teles, T.C. Diniz, T.C.C. Pinto, R.G. de Oliveira, M.G. 
Silva, E.M. de Lavor, A.W.C. Fernandes, A.P. de Oliveira, F.P.R.A. 
Ribeiro, A.A.M. da Silva, T.C.F. Cavalcante, L.J.Q. Quintans, 
J.R.G.S. Almeida, Flavonoids as therapeutic agents in Alzheimer’s 
and Parkinson’s diseases: a systematic review of preclinical evidences. 
Oxid. Med. Cell. Longev., 2018, 10, 7043213.


