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ABSTRACT 

Garlic (Allium sativum L.) is an aromatic herbaceous plant that is consumed worldwide as food and traditional 

remedy for various diseases.Garlic contains different useful minerals, vitamins and many other substances used 

for health of human beings. It is rich in sugar, protein, fat, calcium, potassium, phosphorous, sulfur, iodine fiber 

and silicon in addition to vitamins. It possesses high nutritive value.  A. sativum is rich in several sulfur-

containing phytoconstituents such as alliin, allicin, ajoenes, vinyldithiins, and flavonoids such as 

quercetin.Conventionally, it has been used to treat infections, wounds, diarrhoea, rheumatism, heart disease, 

diabetes and many other disorders. Aged garlic extract and its components exert the neuroprotective effects in 

neurodegenerative diseases. Due to strong health supporting potential, an increasing interest is developing for 

understanding the molecular mechanisms of garlic components underlying their neuroprotective effects. How 

do garlic and its specific components modulate various pathways leading to neuroprotection is the focus of this 

review. 
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INTRODUCTION 

The name “Allium sativum” is derived from the Celtic word “all”, meaning burning or stinging, and the Latin 

“sativum” meaning planted or cultivated. The English word, garlic, is derived from the Anglo-Saxon “gar-leac” 

or spear plant, referring to its flowering stalk.Garlic (Allium sativum) has been used in medicines and foodstuff 

as evidenced by ancient writings from China, Egypt, Greece, and India.
[1,2]

 Epidemiological studies have shown 

that the enhanced dietary intake of garlic could reduce the incidence of various types of tumors. Other beneficial 

effects include anti-atherosclerosis, blood lipids and sugar modulationantifungal , antimicrobial , antithrombotic 

, cardiovascular disease treatment and stimulating immune system.A. sativum is remarkable for a number of 

potentially active chemical constituents.
[3,4]

 It contains seventeen amino acids as arginine, at least 33 

organosulphate compounds as aliin and allicin, eight minerals (germanium, calcium, copper, iron, potassium, 

magnesium, selenium and zinc), enzymes as allinase, and the vitamins A, B1 and C.  

The physiological activity of dietary A. sativum is attributed to allicin (diallyl thiosulphinate), which is one of 

the organosulphate compounds found in the bulb. It is responsible for the anti-microbial properties and the 

characteristic flavor of fresh garlic.
[5,6]

Recently, health benefits of garlic as a neuroprotective agent are 

beginning to emerge. This review discusses the possible mechanisms, phytochemistry & therapeutic actions of 

garlic. 

 

Fig 1. Plant of Allium sativum 
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Vernacular Names 

Synonyms :Allium sativum L. 

 Sanskrit : Lasuna, Rosona, Yovanesta 

 English : Garlic, poorman’s treacle  

Bangali : Rosun 

 Hindi : Lashan, lahsun 

 Arabic : Saun Taum  

German : Knoblauch,  

Lauch Greek : Allidion, Skorodon 

 Italian : Aglio 

 Chinese : Syun tauh  

Urdu : Lehsun  

Malayalam : Veluthulli.
[10] 

Classification of Allium sativum  

Kingdom : Plantae  

Subkingdom : Tracheobionta 

 Superdivision : Spermatophyta  

Division : Magnoliophyta  

Class : Equisetopsida 

 Subclass : Magnoliidae  

Superorder : Lilianae 
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 Order : Asparagales 

 Family : Amaryllidaceae  

Genus : Allium 

PHYTOCHEMISTRY 

The phytochemistry of garlic is complex, but research shows that garlic’s unique organosulfur compounds are 

responsible for its broad range of health benefits.The best known and studied of these bioactive compounds is 

allicin
[17,18]

. Through its decomposition, allicin breaks down to form a variety of organosulfur compounds, 

which include garlic sulfides diallyl sulfide (DAS), diallyl disulfide (DADS), and diallyl trisulfide (DATS)  and 

ajoene. , Allicin ,Allicin is not present in fresh, intact garlic cloves. The predominant sulfur compound in whole, 

undamaged garlic is alliin.
[20,21]

 The alliinase enzyme, present in high levels in garlic, is contained in a separate 

compartment of the garlic, and it only acts upon its alliin substrate when the plant is injured. When fresh garlic 

cloves are crushed or chopped, or when garlic powder (that has been carefully dried to preserve its 

alliin/alliinase content) is added to water, allicin is quickly produced by the action of alliinase on alliin. There 

are many problematic aspects of providing allicin in supplement form, yet many dietary supplement companies 

claim to provide a product that delivers allicin., Allicin is often listed on labels as “allicin yield,” or “allicin 

potential,” reflecting the compound’s instability and the inability to specify and guarantee allicin content and 

potency.
[22,23]

 Allicin potential is measured in laboratories using dried garlic powder that is added to water so 

that the alliin and allinase can quickly react to form allicin. The amount of allicin produced is the measure of 

allicin potential.
[24,25]

 However, this laboratory assay does not accurately reflect production of allicin when such 

garlic supplements are swallowed. The allinase enzyme is rapidly and completely destroyed by stomach acid, 

and allicin cannot be made from alliin in the absence of active allinase. Some garlic products claim to address 

this issue by using an enteric coated delivery method. Unfortunately, such methods have unimpressive efficacy. 

In a report of testing twenty-three enteric coated U.S. garlic supplements, twenty of the twenty-three failed to 

release even 15% of their claimed “allicin potential” when placed in simulated intestinal fluid.
[26,27]

 The study 

authors concluded that allicin potential is a poor measure of garlic supplement activity in the human body and 

should not be used for the standardisation of garlic supplements. 
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Fig.2 Phytochemistry of Allium sativum 

Garlic Sulfides Garlic sulfide compounds diallyl sulfide (DAS), diallyl disulfide (DADS), and diallyl trisulfide 

(DATS) are produced by the decomposition, or reduction of allicin. They have an extensive body of research 

supporting their efficacy across a wide range of actions.
[28.29]

 Ajoene (from “ajo,” the Spanish word for garlic) is 

a natural product of allicin degredation in oil, and it is one of the primary bioactive allicin metabolites. During 

research isolating ajoene and two other garlic compounds that inhibit human platelet aggregation, ajoene proved 

to be four times more potent than the other two. Ajoene is formed from a chemical reaction involving two 

allicin molecules when allicin is dissolved in various solvents including edible oils.
[31] 

NEUROPROTECTIVE EFFECT OF GARLIC 

Another widely studied garlic preparation is AGE. Sliced raw garlic stored in 15–20% ethanol for 20 months is 

referred to as AGE.
[37,38]

 And this aged garlic extract mainly use in neuroprotection. Aβ is known to exert 

cytotoxic effects on cultured neurons. There are multiple events culminating in neuronal death.
[39]

 The increased 

levels of ROS promote neuronal death. Lipid peroxidation products are also increased in the brains of patients 

with Alzheimer's Disease. On the other hand, S-allylcysteine (SAC), the major compound of age garlic 

extract(AGE), has been shown to protect against the Aβ‑ and tunicamycin‑induced death of differentiated 

PC12 cells.Aβ induces neurotoxicity to hippocampal cells and increases the levels of ROS[40,41]. Aβ also induces 

the expression of the 78‑kDa glucose‑regulated protein (GRP‑78), a molecular chaperone that regulates protein 
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folding and translocation into the endoplasmic reticulum (ER), as well as the activation of caspase‑12, which is 

localized predominantly at the ER.  

S-allylcysteine (SAC) has been shown to decrease the levels ofreactive oxygen species( ROS) and its 

neuroprotective effects are mediated predominantly through the caspase‑12‑dependent pathway in a 

concentration‑dependent manner, but does not prevent the 4‑hydroxynonenal‑induced death of hippocampal 

neurons.
[42,43]

 These endings suggest that (SAC)S-allylcysteine exerts a unique effect on the endoplasmic 

reticulum and that it can protect against neuronal cell death that is triggered by endoplasmic reticulum 

dysfunction in the rat hippocampus. Moreover, a previous study on organo‑typic hippocampal slice cultures 

indicated that Aβ potentiated the ER stress‑induced neuronal death elicited by tunicamycin and that S-

allylcysteine (SAC) exerted a significant neuroprotective effect against ER stress‑induced neuronal death.
[44,45] 

Effect of Aged  GarlicExtract (AGE) On Learning Memory: 

The attenuating effects of Aged galic extract on Aβ‑induced neurotoxicity and cognitive impairment have been 

previously demonstrated. The ethyl acetate fraction of aged garlic extract reduces cellular oxidative stress, 

increases the viability and decreases the death of PC12 cells subjected to Aβ‑induced cytotoxicity.
[46,47]

 

Pre‑treatment withaged garlic extract has been shown to attenuate Aβ‑induced learning and memory deficits in 

mice, as detected by the Y‑maze test and a passive avoidance test. Dimethyl disulfide  anhydrous has been 

identified to be a main thiosulfate of the ethyl acetate fraction of AGE that was obtained by subsequently 

partitioned of the  ethanol extract of garlic at room  temperature (20˚C). Experiments using transgenic mice 

have revealed the amelio‑ration of early cognitive deficits by aged garlic extract. A comparative study was 

conducted in two models of transgenic mice, i.e., Tg2576 (slow plaque development with a predominance of Aβ 

40) and TgCRND8 (accelerated plaque development with a predominance of Aβ 42).[48]
 The feeding of aged 

garlic extract (AGE) to the mice for 5 months was shown to prevent the deficits of spatial acquisition learning 

in both transgenic mouse models. Aged garlic extract (AGE) significantly reduced cerebral Aβ build up and 

prevented the progressive deterioration of hippocampal‑based cognitive tasks.
[48]

In the senescence‑accelerated 

mouse (SAM), which was established as a genetic murine model for studying spontaneous senescence , these 

mice have been characterized to be a prone strain in which the impairment of learning and memory with brain 

atrophy is accelerated. In addition, the chronic administration of AGE has been previously reported to prevent 
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brain atrophy and improve learning memory, suggesting the anti‑aging effects of AGE on 

senescence‑accelerated mouse (SAM).
[49,50]

 

Aged garlic extract (AGE) has also been reported to prevent the lipopolysac‑charide‑induced cognitive deficits 

in rats via a reduction of lipid peroxidation markers, an increase in the activities of superoxide dismutase (SOD) 

and catalase, and an increase in the level of reduced glutathione, as well as a decrease in acetylcholinesterase 

activity, a downregulation in the expression of hippocampal nuclear factor‑κB, Toll‑like receptor 4, glia l 

fibrillary protein and interleukin (IL)‑1β and an upregulation of nuclear factor (erythroid‑derived 2)‑like 2. 

Thesefindings suggest that AGE mitigates LPS‑induced cognitive deficits and neuroinflammation, oxidative 

stress, astrogliosis and acethylcholinesterase activity.
[51] 

Overview Of The Mechanisms Of Action Of Aged Garlic  

To better understand the beneficial effects of aged garlic extract (AGE), its mechanism of action should be 

clarified.
[52]

 However, as the pathogenesis of Alzheimer's Disease (AD) is complex (it is derived from both 

genetic and epigen‑etic factors), mechanisms of action of aged garlic extract (AGE) on the improvement of 

cognitive and memory loss are also very complex.
[53]

 Clearly, its mechanisms of action are multifactorial and 

involve several pathways. In general, the high antioxidant activity of aged garlic extract (AGE) is a critical 

element since there is evidence to support this.
[54]

 Our research group has previously reported that pre‑treatment 

with AGE prevents the learning and short‑term memory impairment caused by Aβ‑induced neurotoxicity 

rats.
[55,56]

 In parallel, AGE can reverse neuronal loss in the CA1 and CA2 regions of the hippocampus, increase 

the activity of antioxidant enzymes, including SOD and glutathione peroxidase (GP), as well as decrease the 

malondialdehyde (MDA) level in the Aβ‑exposed rat brain homogenate. Therefore, AGE, through its 

antioxidant activities, can scavenge free radicals through antioxidant enzyme activity to decrease the oxidative 

stress condition and help regain the spatial learning and memory performance in animal models with Aβ‑induce 

Alzheimer's Disease (AD).
[57,58]

 

The neurotoxicity of Aβ has been reported to involve a number of neuronal events, such as the deficiency of 

neurotransmitters, and a decrease in vesicular transporters and synaptic transmissions, leading to neuronal cell 

death. In addition, the effects of AGE on cholinergic, glutamatergic and GABAergic systems have been shown 

in rats with Aβ‑induced cognitive impairment.
[59]
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AGE can significantly improve the working memory, as well as the reference memory of rats with Aβ‑induced 

cognitive impairment in association with the amelioration of the loss of cholinergic neurons. It also increases 

the vesicular glutamate transporter 1 protein (VGLUT1) and glutamate decarboxylase (GAD) levels in the 

hippocampus.  

These findings suggest that AGE attenuates the impairment of working memory via the modification of 

cholinergic neurons, VGLUT1 and GAD in the hippocampus of rats with Aβ‑induced cognitive impairment.  

Since Aβ formation, as a major neuropathological feature of AD, has been shown to trigger a series of 

inflammatory processes; it can thus initiate the host defense response to damage neurons, contributing to 

neuronal degeneration.
[60]

 

Moreover, the activation of the microglia has been reported to promote the neurodegenerative process through 

the release of a number of pro‑inflammatory cytokines that may lead to neuronal cell damage and eventual cell 

death.  

Based on these findings, the possible mechanisms of  action of AGE on the process of neuroinflammation in 

Aβ‑induced AD have been proposed.  

It is noteworthy that pre‑treatment with AGE significantly improves short‑term recognition memory in rats 

with Aβ‑induced neurotoxicity along with the reduction of the activation of microglia in the cerebral cortex and 

hippocampus via the decrease in the immunohistological staining of integrin aM or CD11b protein.  

Furthermore, the levels of IL‑1β was also decreased in the hippocampus region.  

These studies suggest the possible roles of AGE as an antioxidant and anti‑inflammatory  agent.  

It is also suggested that it can act as a modulator of the activity and transportation of certain neurotransmitters to 

ameliorate the cognitive and learning memory deficits of Aβ‑induced rat neurotoxicity.
[61] 
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Fig 3.Possible mechanisms of action of AGE to ameliorate the cognitive impairment in rats with Aβ‑induced neurotoxicity. AGE, aged garlic extract; Aβ, 

β‑amyloid; SOD, superoxide dismutase; GP, glutathione peroxidase; MDA, malondialdehyde;  IL,  interleukin;  VGLUT1, vesicular  glutamate transporter 1 

protein; GAD, glutamate decarboxylase.
 

CONCLUSION 

This review focused on the Phytochemistry and neuroprotective effect  ofA. sativum. Sulfur-containing 

compounds such as alliin, allicin, ajoenes, vinyldithiins, and sulfides, are the main constituents isolated from A. 

sativum extracts. This extract used to curing the different diseases. Aged garlic extract is a potentially valuable 

product which can be used to prevent the deficits of cognitive and learning memory. In vitro and animal studies 

in vivo have demonstrated the mechanisms of action of Aged garlic extract (AGE), which involve its 
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antioxidant, anti‑inflammatory and modulatory effects on neurotransmitter function in the brain regions that are 

associated with the pathogenesis of Alzheimer's Disease. However, as multiple factors are involved in the 

development of Alzheimer's Disease, more pathways related to the disease pathogenesis need to be further 

investigated. 
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