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Introduction
In recent years, increasing interest has been shown in the research 

field of aging and age-related diseases. Aging is a multifactorial 
process that is accompanied by changes in molecular and cellular 
signaling pathway and morphology. Cells undergoing chronological 
aging are associated with an accumulation of intracellular reactive 
oxygen species (ROS), increased activity of the transcription 
factor nuclear factor (NF)-κB and subsequent hyper induction of 
inflammatory target genes, cytokines and chemokines such as 
TNF-α, IL-1β, IL-6, IL-8 and MCP-1 [1,2]. This intracellular oxidative 
stress and chronic inflammation are considered as major risk factors 
underlying mechanism of aging and age-related diseases. Aging is 
one of the critical risk factors associated with ultimate functional 
decline oforgans and tissues and compromise physiological  
homeostasis. As aging declines ability to restore homeostasis, it  

 
leads to dysfunction of organs and causes pathogenesis of age-
related disease such as atherosclerosis, arthritis, obesity, type 2 
diabetes, Alzheimer’s disease and cancer [3,4]. In order to prevent 
early onset of age-related diseases, demands for healthy aging and 
therapeutic intervention are increasing.

The dietary active compounds could be obtained from 
functional foods, herbs, and natural products such as ginseng, nuts, 
grains and polyphenols, which have been consumed for healthy 
aging and stimulation of rejuvenation as their healthy aging effect 
is highly supported by epidemiological studies [5,6]. Among dietary 
interventions, garlic (Allium sativum) has long been historically 
documented for ancient medicinal uses associated with aging [7]. 
Aged garlic extraction and isolation (GE) is one of important main 
bioactive preparation. The aging process of aged garlic extracts for 
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ARTICLE INFO abstract

As aging population is increasing, there is growing needs and interest in healthy 
aging and delaying onset and progression of age-related diseases such as Alzheimer’s 
disease, atherosclerosis, arthritis, diabetes mellitus, obesity and cancer. Aging is defined 
as the accumulation of detrimental changes observed at both molecular and cellular 
levels, which ultimately leads to a functional decline or physiological changes in tissues 
and organs. In particular, dietary nutritional intervention provides various health 
benefits without serious side effects in delaying onset of age-related diseases. Garlic 
has been consumed for hundreds of years as a natural health medication. The active 
ingredient of garlic contains organosulfur compounds, which are well known to exert 
antioxidant, anti-inflammatory, cardioprotective, antimicrobial and anticancer effects 
through modulatory mechanism on oxidation and inflammatory response. As oxidative 
stress and chronic systemic inflammation are some of the major risk factors underlying 
aging and age-related diseases, anti-oxidative and anti-inflammatory intervention could 
promote prevention of age-related disease onset and progression. Therefore, garlic 
is assuring research field in regard to the therapeutic potential as monotherapeutic 
or adjuvant agent to conventional therapeutics for aging and age-related diseases. In 
this mini review, we discuss the potential therapeutic role of garlic extract to promote 
healthy aging and prevent age-related diseases.
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20 months, the S-allylcysteine (SAC) is increased, which is known 
for its strong antioxidant effect [8,9]. As there varies different 
forms of active compounds in garlic products, effects depend on 
its main isolated ingredients. Here, the health benefits such as 
anti-oxidative, anti-inflammatory, anti-microbial, anti-cancer, and 
cardioprotective effects will be discussed based on previous in vivo 
and in vitro studies.

Molecular Mechanism of Garlic Extracts for Anti-Aging 
Effects

Garlic and Antioxidant Effects

Underlying risk factor of age-related diseases is accumulation 
of ROS and oxidative stress. As anti-oxidative dietary compounds, 
aged garlic extracts co-supplemented with vitamin B, folic acid, 
L-arginine demonstrated protective effects against free radical 
accumulation. For example, alliin scavenged free radicals and allicin 
suppressed the superoxide formation and both allyl cysteine and 
allyl disulfide successfully scavenged hydroxyl radicals [10]. In 
diabetic rat model with exacerbated oxidative stress, garlic (250 
mg/kg) administration upregulated transcription of antioxidant 
genes, catalase (CAT), superoxide dismutase (SOD), and glutathione 
peroxidase (GPx) in the blood and heart tissue [11] and ameliorated 
mitochondria dysfunction and increased SIRT-3, MnSOD, which 
correlates with reduction of ROS levels in heart [12]. In addition, 
levels of NO and TNF-α were decreased close to  the normal levels in 
kidney of diabetic rat model [13]. In addition, ROS production and 
malondialdehyde levels of skin and serum were notably suppressed 
by garlic administration and prevented skin photoaging accelerated 
by UV irradiation [14]. The administration of SAC induced 
activation of Nrf2, a transcription factor that activates transcription 
of antioxidant genes in the striatum and hippocampus of brain [9].

Garlic and Anti-inflammatory Effects

Systemic, low-grade chronic inflammation is one of the major 
persistent causes of aging and age-related diseases. Three active 
garlic compounds, caffeic acid, SAC, and uracil exhibited anti-
inflammatory effects by downregulating pro-inflammatory COX-
2 and iNOS genes in UVB-irradiated hairless mouse model [15]. 
In cell studies, HaCaT cells pre-treated with garlic before UVB 
irradiation significantly reversed UVB-induced upregulation 
of pro-inflammatory cytokine secretion such as IL-6 and IL-1β 
similar to that of  UVB-untreated normal conditions [16]. The anti-
inflammatory activities of aged garlic extract notably suppressed the 
NO generation and TNF-α and prostaglandin-E2 dose-dependently 
in lipopolysaccharide (LPS)-treated macrophage cells. At molecular 
levels, inhibitory effects of MAPK and NF-kB were demonstrated 
[17,18]. In X-ray irradiated mouse model, allylmethylsulfide from 
garlic inactivated NF-kB transcription factor and suppressed its 
pro-inflammatory target genes iNOS, COX-2, and VCAM-1 through 
inhibition of MAPK pathway [19].

Therapeutic Effects of Garlic Extracts in Age-Related 
Diseases

Rheumatoid Arthritis

Aging is an important risk factor for chronic inflammatory 
disease such as rheumatoid arthritis (RA). Diallyl trisulfide isolated 
from garlic bulb exerted modulatory effects in the rheumatoid 
arthritis pathogenesis. In collagen-induced arthritis (CIA) mouse 
model and human fibroblast-like synoviocytes from RA patients, 
diallyl trisulfide alleviated levels of pro-inflammatory cytokines via 
suppression of NF-κB and Wnt signaling pathway and regulated the 
immune function restoration [20].

Garlic in Diabetes Mellitus

Aging process is accompanied by impairment of energy 
homeostasis and carbohydrate metabolism. Hyperglycemia is 
considered to be due to deficiency of insulin secretion and growing 
insulin resistance with aging. As hyperglycemia is accompanied by 
increased intracellular levels of free radicals, numbers of studies 
found that garlic administration leads to significant reductions 
in fasting glucose level based on meta-analysis of randomized 
controlled trial studies [21]. In diabetic nephropathy rat model, 
garlic treated diabetic model had lower levels of malondialdehyde 
(MDA), nitric oxide (NO) levels when compared to diabetic rats in 
kidney [13].

Garlic in Atherosclerosis

Atherosclerosis is associated with aging and its pathogenesis 
involves endothelial cell proliferation, DNA damage and vascular 
oxidative stress, and chronic inflammation. Modulatory effects of 
garlic have been suggested by invitro and invivo studies although 
reduction of atherosclerosis-associated hyperlipidemia and hyper-
cholesterolemia is relatively modest in comparison to therapeutic 
effects of commercially prescribed medications. Based on literature 
review examining modulatory action of garlic supplements on vas-
cular disease parameters and biomarkers, garlic showed beneficial 
effects on reduction of cardiovascular risk factors such as hyperten-
sion and total cholesterol and atherosclerosis surrogate markers, 
C-reactive protein (CRP), pulse wave velocity (PWV), and coronary 
artery calcium (CAC) [22].

Garlic in Alzheimer’s Disease

Alzheimer’s disease (AD) is a progressive neurodegenerative 
disease and is primarily characterized by dementia. The currently 
approved treatment strategies and medications for Alzheimer’ 
disease are limited and treatment has not been effectively curable. 
Previous in vivo study reported that decreased tau phosphorylation, 
which is related to pathogenesis of AD is achieved by treatment 
of aged garlic extracts by suppression of GSK-3β activity [23]. 
Furthermore, allicin from garlic extract is reported to prevent 
and ameliorate cognitive impairment of learning and memory 
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capabilities based on AD mouse model. Allicin also reduced the 
expression level of Aβ in extracellular neuritic plaque composed 
of Aβ. In addition, allicin improved mitochondria function and 
decreased oxidative status through JNK/c-JUN signaling pathway in 
AD mouse model [24].

Conclusion
With increasing aging population, preventive intervention 

for aging and age-related disease has been gathering growing 
interest. The garlic has been favorably known for its antioxidant, 
anti-inflammatory, antimicrobial, and anticancer effects in age-
related disease conditions. As oxidation and systemic low-grade 
chronic inflammation is major underlying mechanism of aging and 
age-related disease, garlic may be an effective dietary intervention 
decreasing risk and delaying aging and onset of age-related diseases. 
In order to understand and confirm therapeutic relation between 
garlic extracts and age-related diseases, well-organized, long-term 
human clinical trials on dietary supplementary intake would be 
necessary and need to further examine molecular mechanism of 
active compounds of garlic extracts. 
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