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a b s t r a c t 

Background: In aging, a host of molecular and cellular changes occur which accelerate alteration and progres- 

sion of inflammatory diseases. These conditions in the elderly people cause appearance of a phenomenon 

which has been denoted as “inflammaging”. Understanding the pathogenesis and finding new methods for 

management of inflammaging are essential. 

Purpose: In this paper we tried not only to explain inflammaging and its treatments with concentrating 

on medical plants but to collect a sufficient collection of anti-inflammatory plants with focusing on their 

mechanism of action. 

Method: In this review paper, by searching in indexing cites, desired articles were obtained since 1995 by us- 

ing keywords of inflammation, inflammaging, inflammation pathophysiology, free radicals and inflammation, 

aging inflammation, inflammatory disease, and plants or herbal medicine in inflammation. 

Sections: In advanced age the generation of free radicals increases in cardiovascular system. Pathological in- 

flammation is also associated with production of excess free radicals More importantly, chronic inflammation 

makes aged people susceptible to age-related diseases. Some medicinal plants have been shown promising 

results in inhibition of inflammaging. Some other sections such as inflammation and inflammaging in cardio- 

vascular diseases, oxidative stress in cardiovascular complications, prevention and treatment strategies are 

presented. 

Conclusion: The results of published papers show that the symptoms of several inflammatory diseases can 

be inhibited or treated by active ingredients from medicinal plants. 

© 2015 Elsevier GmbH. All rights reserved. 

Introduction 

The world’s population age is increasing and the aging popula- 

tion is a risk factor for cardiovascular diseases (CVD). Aging generally 

causes some changes which, even in absence of usual risk factors, ren- 

der the cardiovascular system prone to some diseases ( Lakatta 20 0 0 ). 

The progressive degeneration of the heart in elderly makes it 

more vulnerable to stress and causes an increase in cardiovascu- 

lar morbidity and mortality ( Brodsky et al. 2004 ). Cardiovascular 

diseases are also fuelled by some other risk factors such as di- 

abetes ( Baradaran et al. 2013; Behradmanesh et al. 2013 ), hyper- 

tension ( Asgary et al. 2013; Ghorbani et al. 2013 ), and obesity 

Abbreviations: CVD, Cardiovascular diseases; NOS, Nitric oxide synthase; eNOS, En- 

dothelial nitric oxide synthase; LDLox, Oxidized low density lipoprotein; NSAIDs, Non- 

steroidal anti-inflammatory drugs; DMARDs, Disease-modifying agents of rheumatoid 

diseases; NF-k β , Nuclear factor- kb. 
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( Nasri and rafieian-kopaei 2013; Rabiei et al. 2013a; Favarato et al. 

2014 ). Aging is a phenomenon resulted from genetic, epigenetic 

stochastic, and environmental events in different cells and tissues. 

In fact in aging, a host of molecular and cellular changes occur which 

accelerate these alterations and implicate in the progression of arte- 

rial diseases ( Rabiei et al. 2013b; Favarato et al. 2014 ). Pathological 

inflammation is also associated with production of excess free radi- 

cals arising predominantly from mitochondria ( Beller 2010; Rafieian- 

kopaei et al. 2012 ). There are also evidences showing that in advanced 

age the generation of free radicals increase in cardiovascular system 

( Judge et al. 2005; Asadbeigi et al. 2014 ). More importantly, chronic 

inflammation makes aged people susceptible to age-related diseases 

( Franceschi et al. 20 0 0 ). 

A wide variety of diseases including diabetes ( Asadbeigi et al. 

2014 ) cancer ( Azadmehr et al. 2011; Nasri and rafieian-kopaei 2014 ), 

infection ( Bagheri 2013; Bagheri 2013 ), atherosclerosis ( Rafieian- 

Kopaei et al. 2011; Rafieian-Kopaei et al. 2014a ), cardiovascular dis- 

eases ( Khosravi-Boroujeni et al., 2013; Sarrafzadegan et al. 2013 ), 

Alzheimer ( Rabiei et al. 2013c, 2014 ) and other degenerative diseases 
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( Mardani et al. 2014; Rafieian-Kopaei et al. 2014b ) are associated with 

increased oxidative stress and inflammatory conditions and are de- 

graded in aging. Moreover, the process of inflammation is involved 

in initiation and development of a wide variety of chronic diseases 

( Paolisso et al. 1998 ). 

In aging the normal balance between the oxidative stress and an- 

tioxidant system culminates in cardiovascular complications. These 

conditions in the elderly people cause appearance of a phenomenon 

which has been denoted as “inflammaging”. In fact, the word inflam- 

maging is used to show inflammatory state in the aged individuals 

( Franceschi et al. 20 0 0 ). 

Chronic inflammation in aging tissues “Inflammaging” is a perva- 

sive feature of aging and most age-related diseases are associated 

with inflammation. In fact inflammaging is described as systemic, 

low-grade chronic inflammation in aged people, in absence of infec- 

tion. It is a great risk factor for mortality and morbidity in the elderly 

people ( Zhang et al. 2010 ). 

A mild inflammation is predictive of, and is associated with many 

aging phenotypes. The etiology of inflammation in aging people and 

its contribution in adverse health events is unknown. The pathways 

that make us able to control inflammation are not fully established. 

Hence, understanding the pathogenesis and finding new methods 

for management of inflammation are beneficial. This paper, there- 

fore, aimed to present the recently published papers regarding in- 

flammation in cardiovascular diseases, focusing on the role of oxida- 

tive stress. and to summarize the herbal medicines which have had 

promising results in prevention and treatment of this phenomenon. 

Inflammation and cardiovascular disease 

Inflammation participates to the pathophysiology of a wide va- 

riety of chronic diseases particularly injury and infectious diseases. 

Interaction of various cells in the adaptive and innate immune sys- 

tems with inflammatory mediators modulates the acute and chronic 

inflammation causing various diseases. This coordination in inflam- 

matory mechanisms triggers remodeling of the extracellular matrix, 

oxidative stress, tissue injury, angiogenesis and fibrosis in various tis- 

sues. These inflammatory mechanisms are involved in most of cardio- 

vascular complications, including coronary artery disease, ischemia, 

rheumatic disease, rheumatoid arthritis, plaque disruption, thrombo- 

sis and atherosclerosis. The mastery of the inflammatory responses 

necessitates the development of new approaches to the prevention 

and treatment of chronic diseases associated with aging, such as 

atherosclerosis ( Libby, 2007 ). 

Although inflammation was previously considered as being a re- 

sponse to development of atheromatous vascular damage, it is now 

considered as the main causing factor in atherosclerosis rather than 

being its result. In this regard, a dramatically increased risk of car- 

diovascular disease has been reported in patients with pre-existing 

inflammatory diseases. Also, patients with autoimmune disorders in- 

cluding lupus erythematous and rheumatoid arthritis have higher 

rates of cardiovascular diseases such as atherosclerosis ( Franceschi 

et al. 20 0 0 ). Untreated infections such as periodontal disease which 

cause inflammation are associated with increased risk of cardiovas- 

cular complications ( Candore et al. 2010 ). 

The inflammation mediators have been shown to participate in 

atheromatous changes and vascular insults. Secretion of a host of in- 

flammatory factors might contribute to the increased cardiovascu- 

lar risks. The cardio-protective effects of many of drugs are mediated 

through improvement of systemic inflammation. The targeted sup- 

pression of various pro-inflammatory cascades in adipocytes specifi- 

cally represents an exciting new therapeutic opportunity for the car- 

diovascular disease area ( Berg and Scherer 2005 ). 

The mechanisms underlying cardiovascular complications by sys- 

temic inflammation are not established. Type 2 diabetes melli- 

tus, hypercholesterolemia, atherosclerosis, hypercoagulability, and 

metabolic syndrome are associated with coronary vasculopathy, and 

with circulating serum factors which mediate the connections be- 

tween these disease conditions. These circulating mediators are 

mostly participated in systemic inflammation. Therefore, these fac- 

tors may show the evidence for their connections with cardiovascular 

pathology ( Berg and Scherer 2005; Rafieian-Kopaei 2014 ). 

Inflammaging and cardiovascular diseases 

The association between systemic inflammation and increase in 

the risk of cardiovascular diseases has stimulated basic and clini- 

cal investigators to research for precise nature and the differences 

in the nature of traditional inflammation and inflammaging in rela- 

tion to cardiovascular diseases. In this regard, although their different 

roles in accelerating atherogenesis remain unresolved, however, it is 

known that inflammatory response in elderly is not as fast as younger 

individuals. Inflammation can be beneficial facilitating the adapta- 

tion, turnover and repair of many tissues. However, this inflammatory 

response might be impaired during aging which increase the suscep- 

tibility to pathogens ( Griendling and FitzGerald 2003 ). 

More importantly, in aging period, a host of molecular and cellu- 

lar changes including genetic, epigenetic and environmental events 

occur which increase the progression of arterial diseases. 

In aged people, the tissues are mostly in a chronically inflamed 

state, with no sign of infection. The generation of free radicals also 

increases, and makes aged people susceptible to cardiovascular dis- 

eases ( Asadbeigi et al. 2014 ). 

Inflammaging is associated with increased levels of IL-1, IL-6, TNF 

and CRP which are independent risk factors for mortality and mor- 

bidity. In aging process interference occurs with anabolic signaling, 

IL-6 and tumor necrosis factor-a increase, down-regulating insulin 

and insulin-like growth factor-1, as well as erythropoietin signaling 

and protein synthesis. Inflammaging can be due to the accumulation 

of damaged macromolecules and cells which increases with age due 

to increased production and/or inadequate elimination. Inflammag- 

ing might also be due to increase in harmful agents produced by mi- 

croorganisms of the human body, including gut microbiota. In aging 

period, the gut microbiota may change and the capability of the gut 

to sequester these microbes and their products declines, leading to 

chronic inflammation ( Pawelec, 1999 ). 

Increase in inflammation in aging also might be due to high 

level of cellular response to stress and damage (cellular senescence). 

Senescent cells likely fuel age-related diseases such as cardiovascular 

disease, because they secrete numerous proinflammatory cytokines, 

modifying the tissue microenvironment and altering the function of 

nearby normal cells. Immunosenescence also contributes to inflam- 

maging. In aging the adaptive immunity decreases and the innate im- 

munity increases resulting in mild hyperactivity, which may lead to 

local inflammatory reactions in elderly people. Coagulation is con- 

sidered as a part of the inflammation system. Increase in activation of 

the coagulation system in age people also can increase the inflamma- 

tion. The higher incidence of thrombosis in the elderly has been at- 

tributed to hypercoagulable state in elderly people ( Belge et al. 2002 ). 

Oxidative stress in cardiovascular complications 

Reactive oxygen species induced oxidative stress play a cru- 

cial role in development of vasculopathies, such as hypertension, 

atherosclerosis and restenosis after angioplasty. Although atheroscle- 

rosis was initially suggested to be the result of an injury to endothelial 

cells and subsequent macrophage infiltration, however, LDL oxidation 

and its implication in formation of fatty streaks are very important in 

process of atherogenesis ( Griendling and FitzGerald 2003 ). 

Various free radicals are produced in cardiovascular system and 

play a crucial role in vascular physiology as well as pathophysiology; 
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