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Hypertension is an increasingly pressing public health concern across the globe.

It can be triggered by a variety of factors such as age and diet, as well as the stress

of modern life. The traditional treatment of hypertension includes calcium ion

blockers, angiotensin II receptor inhibitors and b-receptor blockers, but these
drugs have at least some side effects. Recent studies have revealed that intestinal

flora plays a vital role in maintaining and promoting human health. This is due to

the type and amount of probiotics present in the flora. Probiotics can reduce

hypertension symptoms through four mechanisms: regulating vascular oxidative

stress, producing short-chain fatty acids, restoring endothelial cell function, and

reducing inflammation. It has been reported that certain functional foods, using

probiotics as their raw material, can modify the composition of intestinal flora,

thus regulating hypertension symptoms. Consequently, utilizing the probiotic

function of probiotics in conjunction with the properties of functional foods to

treat hypertension is a novel, side-effect-free treatment method. This study

seeks to summarize the various factors that contribute to hypertension, the

mechanism of probiotics in mitigating hypertension, and the fermented

functional foods with probiotic strains, in order to provide a basis for the

development of functional foods which utilize probiotics as their raw material

and may have the potential to reduce hypertension.
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1 Introduction
With the rapid development of social economy, the daily dietary

structure has changed significantly, leading to an increasing

prevalence of excess food nutrition. That, as well as the

accelerated pace of life and work, has caused the age composition

of hypertension patients to tend towards younger (Rison et al.,

2022). Poor eating habits, fat accumulation, irregular work and rest,

environmental stimulation (Park et al., 2020), and family genetics

can all contribute to hypertension (Arnett and Claas, 2018).

Hypertension management usually requires long-term treatment

with drug combinations to control the disease. However, the long-

term use of anti-hypertensive drugs may have a significant side

effect on the human body, such as depression caused by the long-

term use of b-receptor blockers (Zhang et al., 2022). Furthermore,

there are various restrictions on the use of blood pressure

medications in patients with diabetes, chronic kidney disease, and

pregnancy. For example, angiotensin-converting enzyme inhibitors

(ACEs) and angiotensin-receptor inhibitors (ARBs) should be

discontinued immediately in pregnant women with hypertension

(Wei et al., 2021).

In recent years, the rapid development of sequencing

technology has enabled us to further explore and study the role of

human microbial communities in our physiological health

(Gebrayel et al., 2022). A significant association has been

established between the composition of the gut microbiome and

cardiovascular diseases, such as hypertension (Lakshmanan et al.,

2021). Over the past decade, a significant body of evidence has

emerged to support the notion that the gut microbiome can regulate

blood pressure. In the past five years, the field has progressed from

association to causation, as research has revealed various

mechanisms by which the gut microbiome can regulate blood

pressure (O’Donnell et al., 2023). These studies have uncovered a

variety of mechanisms by which gut microbes regulate

hypertension, ranging from “why gut microbes can affect

hypertension” to “how gut microbes affect hypertension”. This

has further opened up possibilities for new treatments which

could potentially prevent hypertension by regulating the

gut microbiome.

The Food and Agriculture Organization of the United Nations

(FAO) and the World Health Organization (WHO) define

probiotics as “live microorganisms that, when consumed in

sufficient quantities, have a beneficial effect on the host” (Jäger

et al., 2019). In recent years, probiotics have gained public attention

for their potential to promote human health. This has led to a rapid

expansion of the global probiotics market, resulting in the

application of probiotics being utilized not just in supplements,

but also as raw materials for functional foods. Probiotics are able to

affect the body in multiple ways, such as through the secretion of

metabolites which can directly impact other microorganisms and

regulate the host defense system (De Vos et al., 2022). Furthermore,

they can help to prevent invading pathogens, as well as target

digestive functions and chronic inflammation (Cristofori et al.,

2021). Additionally, probiotics have been studied for their

potential anti-cancer properties (Eslami et al., 2019). More
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recently, research has focused on the potential of probiotics as

functional raw materials for hypertension prevention.

Granato et al. (2020) defines functional foods as industrially

processed or natural foods that, when consumed regularly in

effective levels as part of a varied diet, may have a positive impact

on health in addition to essential nutrients. However, in order for

any functional food to be widely used, a large number of

randomized, double-blind, controlled clinical trials must first be

conducted to prove its safety and functionality. Therefore, no fresh,

unprocessed or processed food can be considered a functional food

without the proper evidence. Generally, functional foods can be

integrated into a daily diet and contain bioactive ingredients which

can reduce the risk of multiple diseases. For those with

hypertension, consuming functional foods based on probiotics –

which have not been found to have any side effects – can help to

maintain a normal blood pressure range (Granato et al., 2020). In

this study, we provided a theoretical basis for the daily treatment

and prevention of hypertension by introducing the functional foods

containing probiotics.
2 Hypertension and gut microbes

2.1 Hypertension

Hypertension, characterized by elevated arterial blood pressure

and persistent high blood pressure, can lead to stroke, heart disease,

kidney disease, and other derived diseases. It can be divided into

primary and secondary hypertension (Rivas et al., 2021). Essential

hypertension is an elevation in blood pressure that is not caused by

any other disease, whereas secondary hypertension is an increase in

blood pressure caused by other diseases.

As shown in Figure 1, the coverage of hypertension is extensive,

as different groups present with differing symptoms and types.

Approximately 20-30% of childhood hypertension is primary, while

65-80% is secondary. Hypertensive syndrome of pregnancy, also

known as pregnancy poisoning or pre-eclampsia, is unique to

pregnant women and typically appears around 20 weeks gestation

or within two weeks postpartum (Ives et al., 2020). Senile systolic

hypertension, which refers to systolic blood pressure higher than

normal levels and normal diastolic blood pressure in elderly

individuals over 60 years old, is an independent condition and a

risk factor for senile vascular diseases and stroke (Hu et al., 2013).
2.2 Intestinal microorganisms

The host microbiome is a complex ecosystem consisting of

bacteria, eukaryotes, viruses, and archaea which coexist on tissue

surfaces and within the body (Figure 2). These microbial

communities play important roles in physiological activities such

as digestion, metabolism, immune response, compound synthesis,

toxin elimination, and even the pathogenesis of certain diseases

(Gasaly et al., 2021). Intestinal microorganisms have been found to

have a role in the occurrence and maintenance of hypertension.

When researchers studied a model of spontaneous hypertension,
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they noted a series of changes in intestinal physiology, such as

changes in intestinal microbes and the amount of tight junction

proteins in the intestinal wall (Kim et al., 2018). The imbalance of

intestinal microorganisms, combined with the increased

inflammation, leads to abnormal sympathetic nerve and intestinal

function, which can ultimately lead to the development of

hypertension (Guyenet et al., 2020). Li et al. (2021) conducted

bacterial genome analysis and fecal microbiome transplantation to

find that an abnormal gut microbiota richness was significantly

associated with hypertension. The research results of Liu et al.

(2018) indicated that the number of Bifidobacterium and
Frontiers in Cellular and Infection Microbiology 03
Bacteroides decreased, while the number of Eubacillus rectalis

increased in the intestinal tract of patients with hypertension, and

that the content of intestinal flora was correlated with

blood pressure.

Hypertensive individuals and animals have been observed to

have reduced bacterial diversity in their gut microbiome, disordered

microbial structure and function, and the fermentation end

products often altered (Li et al., 2021). This imbalance of

intestinal flora and the change of metabolites are key factors in

controlling blood pressure. With the development and widespread

use of metagenomic sequencing and metabolomics, the relationship
FIGURE 1

The types and causes of hypertension in patients.
FIGURE 2

The composition of the microbiota and their physiological roles in the host.
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between metabolites of intestinal flora and human cardiovascular

diseases has been brought to the attention of public. In particular,

recent studies on metabolite have found that trimethylamino-N-

oxide (TMAO) contributes to the promotion of atherosclerosis

through the production of pro-inflammatory cytokines (TNF-a
and IL-1B), the reduction of anti-inflammatory cytokines (IL-10),

especially the excessive reaction of platelets led to the formation of

thrombus (Livshits and Kalinkovich, 2019). Calderón-Pérez et al.

(2020) studied gut microbes by targeting microbial metabolites

short chain fatty acids (SCFA) and TMAO in plasma and stool. The

results of their study showed that there were significant differences

in the types and richness of intestinal flora between normal people

and hypertensive patients.

Based on the microbiome and microbial metabolites, it is

possible to distinguish individuals with hypertension from those

without before treatment with drugs. Furthermore, this may be used

to initially identify individuals with hypertension symptoms.
2.3 Probiotics and functional foods

Probiotics are live, non-pathogenic microorganisms that, when

present in sufficient amounts, may confer health benefits on the host

(Salminen et al., 2021). The application of probiotics is commonly

achieved in the form of raw materials for functional foods

(Rashidinejad et al., 2022). Functional foods are defined as food

with specific nutritional and health-promoting functions, meant for

certain people with the purpose of regulating body functions (Gul

et al., 2016). These include foods for improving body constitution,

preventing certain diseases (such as hypertension, diabetes, and

coronary heart disease), and restoring health. However, functional

foods differ from drugs in that they are not used for treatment, and

cannot replace medication for patients. In addition, functional

foods must be non-toxic or, at least, exhibit toxicity levels below

the threshold set by modern toxicology, meaning that they pose no

significant risk of toxic side effects with regular consumption. When

compared to current antihypertensive drugs, functional foods can

be used to relieve mild symptoms and prevent elevated blood

pressure, thus alleviating or counteracting the disease without the

risk of developing depression associated with b-receptor blockers
(Yeo et al., 2009).

In recent years, probiotics have been proposed as an alternative

to antimicrobials and as an adjunct therapy for various chronic

diseases (Tsai et al., 2019). Microorganisms directly participate in

the metabolic mechanisms of certain diseases, or produce

metabolites that affect certain diseases (Hou et al., 2022), such as

histone deacetylase inhibitor metabolites that modify cancer

susceptibility and lesions. The metabolites produced by probiotics

upon entering the body, commonly known as prebiotics, can have

direct effects on atherosclerosis (Vourakis et al., 2021), hypertension

(Muralitharan et al., 2020), heart failure (Kaye et al., 2020), Type-2

diabetes (Iatcu et al., 2021), and other diseases. Probiotics can

directly or indirectly affect host physiology through the production

of prebiotics, such as TMAO, SCFA, secondary bile acids and

indoxyl sulfate. These metabolites can stimulate a variety of

signaling pathways that control physiological processes.
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Probiotics have become increasingly popular due to their

beneficial properties as functional foods and are now frequently

used in everyday life. Besides traditional frozen dairy products,

bread and snack products provide new opportunities for the

development of probiotics, such as probiotic nuts, probiotic wafer

cookies launched in the Chinese market, and energy bars with

probiotics added in the Australian market. In the past, probiotics

were often fragile and had to be refrigerated, making them difficult

to be incorporated into products other than dairy products.

However, with the increasing demand, more and more tolerant

probiotics have been screened out, such as adapting to extreme pH,

high temperature, low temperature, or high pressure. This expands

the possibilities for probiotics to be used in frozen foods, hot drinks,

and snacks. The growing market of probiotic consumption further

indicates people’s newfound understanding of probiotics. Japan,

which was the first country to commercially utilize probiotics, has

put a lot of emphasis on the probiotic market. Lactic acid drinks

containing probiotics have been used in Japan since the 1970s,

making it one of the largest consumers of probiotic products in the

world. Meanwhile, some enterprises have also emerged in the

probiotic market in other countries as listed in Table 1. These

enterprises have a long history and rich experience in the

production and processing of probiotics.
3 Causes of hypertension

3.1 Age

The incidence of hypertension was highest in individuals aged

over 40 and increased with age (Wang et al., 2020). According to an

analysis of Statistics Canada statistics, the incidence of high blood

pressure is positively correlated with increasing age (DeGuire et al.,

2019). A national survey on hypertension in France in 2015 found

that hypertension was prevalent among individuals aged 18 to 74,

with the incidence in men being slightly higher than that in women

(Vallée et al., 2020). For middle-aged hypertensive patients aged 30

to 50 years, the manifestation was increased diastolic blood

pressure, along with an increase in systolic blood pressure. Simple

diastolic hypertension was more common in middle-aged men.

Weight gain was associated with increased peripheral vascular

resistance and normal cardiac output. For elderly hypertension

patients aged over 65 years, simple systolic hypertension was the

most common type (Briasoulis et al., 2014). Epidemiology has

demonstrated that systolic blood pressure increases with age,

while diastolic blood pressure gradually decreases after 55 years of

age (Jennings et al., 2019).
3.2 Eating habit

People who consume excessive amounts of salt have been found

to have an increased incidence of hypertension (He et al., 2020).

High-sodium diets have been linked to changes in various proteins

involved in calcium stabilization and heart muscle contraction, and

excessive sodium intake has been associated with hypertension,
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stroke, and various cardiovascular diseases. Notably, the salt-

sensitive population demonstrates an unusually sensitive renal

response to salt intake. This is due to the abnormal overreaction

of the sympathetic nervous system, coupled with weakened

inhibition of the renin-angiotensin axis, which results in the

blocking of nitric oxide (NO) synthesis by endothelial cells,

leading to increased vascular resistance and hypertension in the

salt-sensitive population. Poor dietary habits are a major cause of

hypertension. A study on five dietary patterns for middle-aged and

elderly people in the rural areas of Beijing, Northern China, revealed

that an irrational dietary pattern characterized by high

consumption of refined wheat, meat, poultry and alcoholic

beverages was positively correlated with blood pressure (Li

et al., 2023).
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3.3 Obesity

Obesity is associated with an increased incidence of

hypertension. As shown in Figure 3, this can be attributed to

several changes in endocrine, inflammatory, and endothelial cell

levels (Seravalle and Grassi, 2017; Xiao and Harrison, 2020; Cober

et al., 2022; Fernandes-Rosa et al., 2023). Adolescent primary

hypertension is largely driven by the increase in visceral fat

deposition, which triggers the typical biological maturation and

metabolic abnormal syndrome, and ultimately leads to the release of

adrenaline (Manosroi and Williams, 2019). The mechanisms

underlying obesity-related hypertension include the release of

leptin, adipokines, and inflammatory factors, which promote

vascular inflammation, damage endothelial function, and
FIGURE 3

Changes of endocrine, vascular inflammation and endothelial cells in obese patients lead to hypertension.
TABLE 1 The origin and establishment time of the representative probiotic product manufacturers, and their well-known products and the types
of probiotics.

Brand Origin Establishment time Well-known products Related probiotics

Osteoform USA 1995 HIGHLY ACTIVE PROBIOTICS Lactobacillus reuteri

i-Health USA 1995 Culturelle lacticaseibacillus rhamnosus

Hanmi Korean 1996
Bacillus subtilis duplex viable granules Enterococcus Faecium

&
Bacillus subtilis

Life-Space Australia 2012 Probiotics Powder for Infant Lactobacillus fermentum

BioGaia Sweden 1990 Protectis Lactobacillus reuteri

Swisse Australia 1969 DAILY DIGESTIVE PROBIOTIC Lactobacillus acidophilus

GNC USA 1935 Probiotic complex Lactobacillus acidophilus

Hyperbiotics USA 2006 Hyperbiotics PRO-15 Lactobacillus reuteri
&
Lactobacillus paracasei

CHR. Hansen Denmark 1874 Puractive Lactobacillus rhamnosus
GR-1
The manufacturers in this table are ranked in no particular order.
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contribute to the proliferation, migration and foam cell formation

of vascular smooth muscle cells (VSMC), platelet adhesion and

aggregation, and atherosclerosis, resulting in elevated blood

pressure (Supriya et al., 2018; Recinella et al., 2020).

Hyperleptinemia and hypoadiponectinemia are common among

obese hypertensive patients (Perrotta et al., 2019; Gruber et al., 2021).

Elevated leptin levels have been found to increase oxidative stress,

reduce NO biosynthesis, and promote sodium reabsorption, resulting

in increased arterial blood pressure (Bełtowski, 2006). On the other

hand, adiponectin has been shown to have a protective effect on the

cardiovascular system, increasing insulin sensitivity and inhibiting

inflammation (Cohen et al., 2022). The plasma adiponectin levels

were also found to be negatively correlated with blood pressure.

Furthermore, most of the body is covered with fat outside of the

blood vessels. This adipose tissue can release lipid-derived vasodilator

factors to act on the potassium channels of the vascular smoothmuscle,

causing vasodilation. However, this lipid-derived vasodilation response

is impaired in hypertension. In one study, adipose tissue and VSMC

were co-cultured, and the expression of angiotension II (Ang II)

receptor and RhoA and Rho kinases were found to be increased in

the VSMC. These signaling molecules are known to play an important

role in vascular remodeling and blood pressure regulation (Savoia et al.,

2005). Moreover, when the area of the visceral fat was further

increased, various metabolic disorders and cardio-renal vascular

target organ damage began to emerge successively.
3.4 Heredity

Hypertension is a complex polygenic disorder, with many genes

influencing its development (Zhao et al., 2013). If both parents have

high blood pressure, their children are at higher risk of developing

hypertension (Weijmans et al., 2015). Hypertension may be inherited

through two different mechanisms: gene dominant inheritance and

polygene association inheritance (Stoll et al., 2018; Teixeira et al., 2018).

Advances in molecular biology have offered further insight into the

pathogenesis of hypertension in these conditions, elucidating how

several risk genes and environmental factors interact with each other

and ultimately lead to hypertension (Kawarazaki and Fujita, 2021). In

recent years, genome-wide association studies have identifiedmore than

100 single nucleotide polymorphisms associated with blood pressure

phenotypes and mutations in multiple single genes that lead to diseases

with elevated blood pressure, such as glucocorticoid-inhibiting

aldosteronism and Gordon syndrome (Padmanabhan et al., 2017;

Mabillard and Sayer, 2019; Zennaro et al., 2020). Mutations in some

genes are also associated with increased blood pressure (Matsuo et al.,

2004; Dungan et al., 2009; Zhang et al., 2015; Fan et al., 2017). Further

research into the genetic and DNA expression of hypertension may

provide new pathways for blood pressure regulation and new ideas for

hypothesized drug targets for hypertension.
3.5 External environment

Studies have found that people who live in noisy train stations or

downtown areas have a higher risk of hypertension compared to those
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who reside in quiet, rural areas (Lee et al., 2019). This is due to the

increase in norepinephrine secretion and increased heart rate caused by

noise, as well as the reduction in blood magnesium, a protective agent

for heart muscle, leading to a higher incidence of coronary heart disease

(Münzel et al., 2017). Experimental evidence has demonstrated that in

exposed noise environments, the walls of capillaries are more prone to

deformation, which slows down blood flow and can damage both the

myocardial and vascular systems. Hence, noise and other living

environment factors can also significantly increase the risk of

developing hypertension (Münzel et al., 2014; Hahad et al., 2019).

High altitude and cold living environments are additional risk factors

for hypertension (Shen et al., 2017; Chen and Sun, 2017).
4 Probiotic adjuvant therapy for
hypertension

4.1 Routine clinical treatment

Numerous clinical trial data currently support the use of

medication or low doses of clothiazone, angiotensin receptor

blockers, and patient-specific therapy to reduce blood pressure.

However, the efficacy of these new treatment strategies for patients

with diabetes, chronic kidney disease, pregnancy, and other

conditions remains to be further discussed. For example, in

hypertensive women, ACE inhibitors and ARBs may need to be

discontinued during pregnancy, and other options such as

methyldopa and labetalol may be worth considering (Lu et al.,

2018). In addition, many kinds of antihypertensive drugs have

been found to have many side effects. The side effects of some

common antihypertensive drugs are summarized in Table 2

(Laurent, 2017).
4.2 Probiotics adjuvant therapy and the
underlying mechanisms

Gut microbial richness and diversity have been linked to

hypertension in both animals and humans, and dysregulation of

the microbiome increases the risk of developing the condition

(Yang et al., 2015; Li et al., 2017b). Clinical studies suggest that

the use of probiotics can lead to moderate to significant reductions

in blood pressure (Yuan et al., 2023). For instance, consuming

beverages containing Lactobacillus plantarum for a period between

1-2 months has been found to reduce vascular systolic blood

pressure, fibrinogen, and interleukin levels in healthy participants.

Furthermore, several clinical trials for hypertension have reported

that the use of Lactobacillus-fermented milk significantly reduced

blood pressure (Aoyagi et al., 2017). In recent years, the mechanism

of probiotics in hypertension has been the subject of many studies,

and the impact of probiotics on blood pressure levels has been

increasingly recognized. The studies related to probiotics in the

treatment of hypertension are listed in Table 3. It is clear from these

studies that the treatment of hypertension relies not only on a single

probiotic, but also on a combination application of probiotics.
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Moreover, the rich types of functional foods also provide a variety of

carriers for the probiotics. As shown in Figure 4, four probiotics are

used as adjunctive therapy for hypertension and their mechanisms

of action.

4.2.1 Improvement of vascular oxidative stress
Oxidative stress is a pathological process in which the

production of reactive oxygen species (ROS) is excessive or the

antioxidant capacity of body is weakened, resulting in the

accumulation of ROS and the oxidative damage of cells (Senoner

and Dichtl, 2019). Hypertension has been closely linked to oxidative

stress (Guzik and Touyz, 2017). When blood vessels are damaged,

their systolic and diastolic dysfunction is a direct cause of abnormal

blood pressure. Endothelial NO synthase (eNOS) is a key enzyme in

the synthesis of NO by the vascular endothelium. The NO produced
Frontiers in Cellular and Infection Microbiology 07
by eNOS can inhibit the production of ROS and protect the vascular

endothelium (Kim et al., 2020). However, eNOS receptors are

regulated by various proteins such as fovetin, calmodulin, heat

shock protein and Ang II (Rochette et al., 2013). Friques et al.

(2015) found that probiotic kefir can maintain blood pressure

stability by restoring the balance between ROS and NO, but the

treatment time for kefir must last for about 60 days. At the same

time, Ang II can also activate the production of ROS (Montezano

et al., 2014). Furthermore, in cases of hypertension, the further

increase of ROS activity leads to endothelial dysfunction, smooth

muscle cell proliferation, lipid oxidation, inflammation, and other

occurrences, all of which contribute to vascular damage (Incalza

et al., 2018). Wu et al. (2021) revealed for the first time the

antioxidant and vascular remodeling-reducing effect of RND3 in

hypertensive rats and its molecular mechanism. They found that
TABLE 3 Recent studies on probiotics in the treatment of hypertension.

Probiotics Functional carrier Experimental
model

Principle of
action

Treatment
time Reference

Lactobacillus delbrueckii Lb100
&
Lactococcus lactis AM1

Yogurt SHRs ACE-Inhibitory 4 weeks (Glazunova et al., 2022)

Lactobacillus helveticus H9 Fermented milk SHRs ACE-Inhibitory 6-12h (Chen et al., 2014)

Bifidobacterium bifidum MF20/5 Fermented milk \ ACE-Inhibitory \
(Gonzalez-Gonzalez
et al., 2013)

Lactiplantibacillus plantarum NK181 &
Lactobacillus delbrueckii KU200171

Yogurt \
Antioxidant and ACE-
Inhibitory

\ (Kim et al., 2021)

Lactiplantibacillus plantarum SR37-3
&
Lactiplantibacillus plantarum SR61-2

Fermented milk SHRs L-NAME inhibiting 4 weeks (Yuan et al., 2022)

Lactobacillus acidophilus BCRC14065
&
Lactobacillus delbrueckii subsp.
lactis BCRC12256
&
Lactobacillus gasseri BCRC14619

Yogurt SHRs

Activating
compensatory IGF-IR/
PI3K/Akt survival
pathways

8 weeks (Lin et al., 2013a)

Lactobacillus casei Shirota Fermented milk
Clinical

Experiment
\ 3 times a week (Aoyagi et al., 2017).

Lactobacillus
helveticus CM4

The tablets containing
powdered fermented
milk

Clinical
Experiment

ACE-Inhibitory 4 weeks (Aihara et al., 2005)

Lactobacillus acidophilus NCDC-15 Fermented camel milk \ ACE-Inhibitory \ (Solanki et al., 2022)

(Continued)
TABLE 2 Several conventional hypertension drugs and their associated side effects.

Hypertension drugs Side effects

diuretic Electrolyte disorder, induce diabetes, increase cholesterol, glyceride and blood uric acid

b- receptor blocker Induce bronchial asthma, abnormal lipid metabolism, aggravation of heart failure, mask hypoglycemia symptoms, and induce depression

ACE inhibitors Cause cough, gastrointestinal dysfunction, liver dysfunction, angioneurotic edema

Calcium ion blocker Cause headache, rapid heartbeat, edema, rash and allergic reaction

Ang II receptor inhibitor Dizziness, hypotension, hyperkalemia, renal dysfunction, gastrointestinal dysfunction
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RND3 regulated superoxide production, vascular smooth muscle

cell migration and proliferation, and blood pressure vessel

remodeling by inhibiting RICK1-NOX1/2 and mitochondrial

superoxide signaling.
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For the antihypertensive effect of the probiotic Lactobacillus

fermentum CECT5716 (LC40) through the NO system, Robles-Vera

et al. (2018) constructed a common model of hypertension (NG-

nitro-L-arginine methyl ester added to drinking water). In this
TABLE 3 Continued

Probiotics Functional carrier Experimental
model

Principle of
action

Treatment
time Reference

Lactobacillus casei
ATCC7469

Fermented milk \ ACE-Inhibitory \ (Elkhtab et al., 2017)

Lactobacillus plantarum C4 Fermented milk \ ACE-Inhibitory \
(Moreno-Montoro et al.,
2017)

Lactobacillus bulgaricus LB6 Fermented milk \ ACE-Inhibitory \ (Shu et al., 2019)

Lactiplantibacillus plantarum Y7 Fermented pickle \ \ \ (Kim et al., 2022)

Kefir
Fermentation of milk by
kefir grains

SHRs

Improving the
structural and
functional integrity of
the intestinal wall and
preventing
neuroinflammation
within the heart’s
regulatory nucleus

9 weeks
(De Almeida Silva et al.,
2020)

Kefir Fermented milk Male Wistar rats ACE-Inhibitory 7 weeks (Amorim et al., 2019)

Lactobacillus helveticus R0389 &
Lactocaseibacillus rhamnosus R0011

Fermented milk Cell model
ACE-Inhibitory&
Inducing the
production of NO

\ (Adams et al., 2020)

Lactobacillus bulgaricus
&
Lactobacillus helveticus MB2-1
&
Lactobacillus plantarum B1-6
&
Lactobacillus plantarum 70810

Navy bean milk \ ACE-Inhibitory \ (Rui et al., 2015)

Lactobacillus acidophilus BCRC14065
&
Lactobacillus delbrueckii subsp.
lactis BCRC12256
&
Lactobacillus gasseri BCRC14619

Yogurt SHRs
Inhibiting
inflammatory
pathways

\ (Lin et al., 2013b)

Lactobacillus casei SY13 Yogurt \ ACE-Inhibitory \ (Obaroakpo et al., 2019)

Lactobacillus casei BGP93
&
Streptococcus thermophilus TA-40

Dairy beverages \ ACE-Inhibitory \ (Pereira et al., 2019)

Lactobacillus sp. FTDC2113
&
Lactobacillus acidophilus FTDC8033
&
Lactobacillus acidophilus ATCC4356
&
Lactobacillus casei ATCC393
&
Bifidobacterium FTDC8943
&
Bifidobacterium longum FTDC8643

Soymilk \ ACE-Inhibitory \ (Yeo and Liong, 2010)

Lactobacillus plantarum DSM15313 Blueberries fermented SHRs \ 4 weeks (Ahrén et al., 2015)

Clostridium butyricum pMTL007-GLP-1 Engineered probiotics SHRs \ \ (Wang et al., 2023)
The table summarizes the probiotic strains, functional carriers of probiotics, experimental models, mechanisms of action, and duration of treatment. The “/” indicates that the relevant content is
not mentioned in the reference.
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model, Bifidobacterium decreased significantly. After the addition

of LC40 and NG-nitro-L-arginine methyl ester, Bifidobacterium did

not decrease significantly, and Propionibacterium recovered to its

normal level.The probiotic kefir mentioned earlier has a regulatory

effect on the balance between NO and ROS, while Azizi et al. (2021)

also provided a detailed summary of the therapeutic examples of

this probiotic to date in his review, including kefir’s special

functions of antioxidant and antihypertensive properties.

4.2.2 Production of short chain fatty acids
SCFAs play an integral role in both health maintenance and

disease development. SCFAs have been shown to protect the heart

and blood vessels from vascular damage (Bartolomaeus et al., 2019).

Composed of organic fatty acids with a carbon atomic number

between 2 and 6, SCFAs are consisted primarily of acetic acid,

propionic acid, butyric acid, isobutyric acid, isovaleric acid and

valeric acid. SCFAs not only provide energy as a nutrient, but also

have important physiological regulatory roles, such as controlling

cell proliferation and differentiation, apoptosis, immune response,

nutrient absorption and lipid metabolism. Robles-Vera et al.

(2020b) fed LC40 and Bifidobacterium brevis CECT7263 (BMF)

directly to mice. Chronic treatment with LC40 or BFM increases the

bacteria that produce butyrate and prevents an increase in blood

pressure in SHRs. Oral therapy with either butyrate or acetate also

prevents an increase in blood pressure and F/B ratio, while restoring

the balance of type 17 helper T cells (Th17) and regulatory T cells

(Tregs) in the MLN.

The prevalence of hypertension is largely linked to the intake of

foods with different fiber content. What we eat every day has a great

impact on the structure and metabolism of gut microbes, such as
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metabolites such as TMAO and SCFAs, which are key factors in

gastrointestinal diseases, cancers, and cardiovascular diseases,

particularly hypertension (Verhaar et al., 2020). The SCFAs

produced by microbial fermentation of dietary fiber and resistant

starch in the cecum and colon, can reduce the risk of ecological

disorders in patients with hereditary hypertension and prevent the

development of hypertension (Robles-Vera et al., 2020a). SCFAs

pass the epithelial mucosal barrier in the form of ionization through

1:1 exchange with bicarbonate, hydrogen-coupled monocarboxylate

transporter 1 (MCT-1), MCT-2, MCT-4, and sodium-coupled

monocarboxylate transporter 1 (SMCT-1). It performs its

physiological role through two mechanisms: the first is to

acetylate lysine residues by inhibiting histone deacetylases

(HDACs) and promote the binding of transcription factors to

promoter regions to regulate gene expression (Luu et al., 2020);

the second is to perform its biological function by binding to G

protein coupled receptors (GPCRs) (Parada Venegas et al., 2019).

Four types of GPCRs have been identified that are activated by

SCFAs, including GPR41/FFAR3, GPR43/FFAR2, GPR109A, and

Olfr78 (Pluznick et al., 2013; Kimura et al., 2020; Li et al., 2020).

These receptors are widely expressed in intestinal epithelial cells,

adipocytes, immune system, vascular smooth muscle cells, and

vascular endothelial cells. It has been found that SCFAs are

mainly involved in the regulation of blood pressure through

Olfr78 and GPR41 (Pluznick et al., 2013; Pluznick, 2017). Olfr78

is mainly distributed in the smooth muscle cells of renal entry

arterioles and peripheral resistance vessels, and GPR41 is

distributed in the endothelial cells of blood vessels. Pluznick et al.

(2013) have discovered that Olfr78 is expressed in the kidneys and

mediates renin secretion in response to SCFAs, specifically in
FIGURE 4

The different pathways of hypertension regulation by probiotics in yogurt, one of the common functional foods. The red pathway is inhibitory and
the green pathway is accelerative. The pathways contain oxidative stress pathway, short-chain fatty acid pathway, dndothelial dysfunction pathway
and bacterial LPS pathway.
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response to propionate. Specifically, renin can play a promoting role

in the generation of Ang II in plasma (Patel et al., 2017). Mice

deprived of Olfr78 were particularly sensitive to a large and rapid

drop in blood pressure when given propionate, suggesting that the

normal function of Olfr78 is to raise blood pressure and counter the

hypotensive effects of SCFAs. In contrast, mice lacking the GPR41

coding gene did not respond to propionate hypotension, and this

dose resulted in a strong hypotensive response in wild-type mice,

suggesting that GPR41 was involved in lowering blood pressure in

response to propionate. Natarajan et al. (2016) confirmed that

GPR41 can reduce blood pressure by affecting vascular tension.

Reducing the gut microbiome of Olfr78 knockout mice by giving

them antibiotics led to an increase in their blood pressure,

suggesting that propionate produced by the gut microbiome

regulates blood pressure through the Olfr78 receptor (Pluznick,

2014). Bartolomaeus et al. (2019) also found that long-term

administration of propionate could alleviate endothelial

dysfunction and thus inhibit blood pressure fluctuation.

4.2.3 Repair of endothelial cell dysfunction
Vascular endothelial cell (VEC) dysfunction is closely related to

hypertension, as it plays an important role in the occurrence and

progression of hypertension. Furthermore, hypertension itself can

exacerbate VEC dysfunction, resulting in a vicious cycle. VECs are a

continuous layer of flat cells that line the interior and exterior walls

of the blood vessels, providing a smooth surface for blood flow and

maintaining normal blood flow. Recent studies have revealed that

VECs also have both endocrine and paracrine functions, secreting

various vasoactive substances, such as vasodilator factors and

contractile factors, that help maintain vascular wall tension (Oruc

et al., 2017).

VECs are metabolically active cells, and hypertension stimulates

their secretion of various physiological regulatory factors, the most

important of which are the regulation of shear stress and pulsatile

blood flow. Systolic blood pressure reflects the shear stress of blood

flow on the vascular wall, while pulse pressure reflects both shear

stress and the pulsatility of blood flow, both of which contribute to

regulating VEC secretion and leading to endothelial dysfunction

(Tesauro et al., 2017). Additionally, the ischemia and hypoxia

caused by vasospasm and contraction, which are common in

hypertension, further damage endothelial function and lead to

changes that are characterized by endothelial dependence and

weakened diastolic response (Lüscher et al., 1993). Hypertension

stimulates VECs to produce and release a series of endothelial

factors, causing smooth muscle cell (SMC) proliferation and

hypertrophy, intima collagen deposition, and thickening of the

vessel walls, thus increasing peripheral vascular resistance and

further aggravating hypertension (Schober and Zernecke, 2007).

Rashid et al. (2014) have evaluated the potential of probiotics to

resist hypertension in rats. This study ultimately showed that the

consumption of probiotic VSL3 solution can prevent the

endothelial dysfunction of Mesentery artery in rats, presumably

by reducing bacterial migration and local angiotensin system

activity, thereby improving oxidative stress and preventing

hypertension. Malik et al. (2018)conducted a six-week clinical
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study using probiotic Lactobacillus plantarum 299v as a

supplement and found that this probiotic can improve endothelial

dysfunction and also reduce systemic inflammation. Toral et al.

(2014) tested the probiotic Lactobacillus coryniformis CECT5711 to

reduce inflammation in mice, and found that long-term feeding of

probiotics can also improve endothelial dysfunction and vascular

oxidative stress.

4.2.4 Reduction of vascular inflammation
Chronic inflammatory response is closely related to the

occurrence and development of vascular diseases (Pugh and

Dhaun, 2021). And a long-term low-activity micro-inflammatory

state of the body is the most prominent sign of dysfunction of

vascular endothelial cells (Engin, 2017). Current studies have shown

that long-term hypertension in patients can lead to damage of

vascular endothelial function, subsequently leading to more serious

cardiovascular and cerebrovascular diseases (Sitia et al., 2010).

Animal studies demonstrated elevated levels of inflammatory

factors in the plasma and walls of blood vessels in hypertensive

animals (Murray et al., 2021). Epidemiological and clinical trials

have shown that plasma inflammatory factor levels in hypertensive

patients are significantly higher than those in people with normal

blood pressure (Yi et al., 2022). Atherosclerosis, a type of chronic

inflammation of blood vessels, is linked to hypertension, with some

studies suggesting that inflammation and hypertension can both

influence each other. Inflammation can promote the onset of

hypertension by altering the biological activity of NO and

reducing endotheloid-dependent vasodilator factors, leading to

increased expression of C-reactive protein, tumor necrosis factor,

cell adhesion molecules, chemokines, growth factors, endothelin

(ET), angiotensin, and other inflammatory factors (Soehnlein and

Libby, 2021; Mahdavi-Roshan et al., 2022). Vascular endothelial

cells are the direct and primary site of damage in vascular

inflammation, and the occurrence of endothelial dysfunction will

further lead to the worsening of vascular inflammation. In a review

article, Grylls et al. (2021) introduced that the action mechanism of

microbiome on host hypertension may be the effect of its

component lipopolysaccharide (LPS). Vasodilation, vascular

inflammation, and hypertension were improved after probiotics

supplementation, with these changes being attributed to LPS

activation of endothelial toll-like receptor 4 (TLR4) in probiotics

(Lin et al., 2006; Suadoni, 2021). At the same time, a series of

signaling pathways associated with endothelial cells, including

oxidase- ROS, eNOS-NO, and NADPH oxidase pathways, as well

as vascular inflammatory signaling pathways involving mitogen

activated protein kinase (MAPK) and nuclear factor kappaB (NF-

kB), were also activated simultaneously.

Long-term use of LC40 could treat and prevent intestinal flora

disorders, and restore the balance of altered helper Th17 and Tregs

in mesenteric lymph nodes (MLN) (Toral et al., 2018). Th17 cells

produce interleukin-17 (IL-17), which has powerful pro-

inflammatory effects, and the IL-17 content in the plasma of

hypertensive patients remains at a high level (Zhang et al., 2019).

Moreover, IL-17 is associated with Ang II, which is an important

mediator of Ang II-induced hypertension (Basile et al., 2021). In
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contrast to Th17, Tregs regulate hypertension (Barhoumi et al.,

2011). The anti-inflammatory factor IL-10, produced by Tregs, can

effectively improve hypertension. Kassan et al. (2011) provided

evidence that Tregs played a protective role through IL-10,

demonstrating its ability to slightly improve the endothelium-

dependent vasodilator response to hypertension. Tinsley et al.

(2010) found that daily intraperitoneal injection of recombinant

IL-10 restored normal blood pressure in pregnant rats with

pregnancy-induced hypertension. Notably, IL-10 is known to

have a vascular protection function, which can limit the vascular

injury caused by Ang II (Barhoumi et al., 2011).
5 Future outlook

Increasing evidence suggests that probiotics play a critical role

in regulating blood pressure, and may become a major force in the

prevention and treatment of hypertension. This is because

probiotics possess the function which is lack in clinical drugs for

hypertension. A growing of researches suggest that regular

consumption of probiotics, contained in yogurt, fermented milk

and cheese, and in probiotic supplements, can help reduce

hypertension and maintain healthy blood pressure levels as part

of a healthy lifestyle. The treatment of probiotics is based on the

principle of coordination and has certain specificity. Although it

does not have the immediate effect of common hypertension drugs,

probiotics can treat hypertension for a long time without side

effects. Probiotics act beneficially by improving the microbial

balance of the gut, promoting diversity, stability, and remodeling

of gut microbiota, regulating the body’s inflammatory state, and

enhancing the intestinal mucosal barrier function. However, there is

no quick fix - research suggests that it takes a minimum of eight

weeks of continuous probiotic consumption to reduce blood

pressure, indicating that hypertension can be managed through

diet, but it requires a long-term commitment. Nevertheless, this

does not mean that probiotics can not play a role in preventing

hypertension. In conclusion, using probiotics in the long-term

prevention and treatment of hypertension provides a new, feasible

idea for reducing the incidence of hypertension. Additionally,

paying attention to dietary habits and living a healthy lifestyle are

also measures to prevent and treat hypertension. The occurrence of

hypertension is multi-factorial and multi-angle, but probiotics can

regulate various mechanisms of hypertension through the gut

microbiota, providing a new measure for hypertension.
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of hypertension management in France in 2015: the ESTEBAN survey. J. Clin.
Hypertens. (Greenwich) 22, 663–672. doi: 10.1111/jch.13834

Verhaar, B. J. H., Prodan, A., Nieuwdorp, M., and Muller, M. (2020). Gut microbiota
in hypertension and atherosclerosis: a review. Nutrients 12(10), 2982. doi: 10.3390/
nu12102982

Vourakis, M., Mayer, G., and Rousseau, G. (2021). The role of gut microbiota on
cholesterol metabolism in atherosclerosis. Int. J. Mol. Sci. 22(15), 8074. doi: 10.3390/
ijms22158074

Wang, X. L., Chen, W. J., Jin, R., Xu, X., Wei, J., Huang, H., et al. (2023). Engineered
probiotics clostridium butyricum-pMTL007-GLP-1 improves blood pressure via
producing GLP-1 and modulating gut microbiota in spontaneous hypertension rat
models. Microb. Biotechnol. 16, 799–812. doi: 10.1111/1751-7915.14196

Wang, C., Yuan, Y., Zheng, M., Pan, A., Wang, M., Zhao, M., et al. (2020).
Association of age of onset of hypertension with cardiovascular diseases and
mortality. J. Am. Coll. Cardiol. 75, 2921–2930. doi: 10.1016/j.jacc.2020.04.038

Wei, Q., Zhang, L., Duan, M. F., Wang, Y. M., Huang, N., and Song, C. R. (2021). Use
of angiotensin II receptor blocker during pregnancy: a case report. Med. (Baltimore)
100, e24304. doi: 10.1097/md.0000000000024304

Weijmans, M., van der Graaf, Y., De Borst, G. J., Asselbergs, F. W., Cramer, M. J.,
Algra, A., et al. (2015). The relation between the presence of cardiovascular disease and
vascular risk factors in offspring and the occurrence of new vascular events in their
parents already at high vascular risk. Am. Heart J. 170, 744–752.e742. doi: 10.1016/
j.ahj.2015.06.023

Wu, N., Zheng, F., Li, N., Han, Y., Xiong, X. Q., Wang, J. J., et al. (2021). RND3
attenuates oxidative stress and vascular remodeling in spontaneously hypertensive rat
via inhibiting ROCK1 signaling. Redox Biol. 48, 102204. doi: 10.1016/
j.redox.2021.102204

Xiao, L., and Harrison, D. G. (2020). Inflammation in hypertension. Can. J. Cardiol.
36, 635–647. doi: 10.1016/j.cjca.2020.01.013

Yang, T., Santisteban, M. M., Rodriguez, V., Li, E., Ahmari, N., Carvajal, J. M., et al.
(2015). Gut dysbiosis is linked to hypertension. Hypertension 65, 1331–1340.
doi: 10.1161/hypertensionaha.115.05315

Yeo, S. K., and Liong, M. T. (2010). Angiotensin I-converting enzyme inhibitory
activity and bioconversion of isoflavones by probiotics in soymilk supplemented with
prebiotics. Int. J. Food Sci. Nutr. 61, 161–181. doi: 10.3109/09637480903348122

Yeo, S. K., Ooi, L. G., Lim, T. J., and Liong, M. T. (2009). Antihypertensive properties
of plant-based prebiotics. Int. J. Mol. Sci. 10 (8), 3517–3530. doi: 10.3390/ijms10083517

Yi, Y., Qu, T., Shi, A., Pang, Z., Zhao, Y., Li, P., et al. (2022). Relationship between
inflammatory cells level and longer duration of hypertension in Chinese community
residents. Clin. Exp. hypertension (New York N.Y. 1993) 44 (7), 619–626. doi: 10.1080/
10641963.2022.2100411

Yuan, L., Li, Y., Chen, M., Xue, L., Wang, J., Ding, Y., et al. (2023). Effects of
probiotics on hypertension. Appl. Microbiol. Biotechnol. 107, 1107–1117. doi: 10.1007/
s00253-023-12369-8

Yuan, L., Li, Y., Chen, M., Xue, L., Wang, J., Ding, Y., et al. (2022). Antihypertensive
activity of milk fermented by lactiplantibacillus plantarum SR37-3 and SR61-2 in l-
NAME-Induced hypertensive rats. Foods 11(15), 2332. doi: 10.3390/foods11152332

Zennaro, M. C., Boulkroun, S., and Fernandes-Rosa, F. L. (2020). Pathogenesis and
treatment of primary aldosteronism. Nat. Rev. Endocrinol. 16, 578–589. doi: 10.1038/
s41574-020-0382-4

Zhang, L., Bao, Y., Tao, S., Zhao, Y., and Liu, M. (2022). The association between
cardiovascular drugs and depression/anxiety in patients with cardiovascular disease: a
meta-analysis. Pharmacol. Res. 175, 106024. doi: 10.1016/j.phrs.2021.106024

Zhang, Y., Wang, L., Zhou, X., Geng, J., and Li, X. (2019). The immunomodulatory
mechanism of brain injury induced by hyperhomocysteinemia in spontaneously
hypertensive rats. J. Cell. Biochem. 120 (6), 9421–9429. doi: 10.1002/jcb.28217

Zhang, X., Zhao, H., Zhang, J., Han, D., Zheng, Y., Guo, X., et al. (2015). Gene
environment interaction of GALNT2 and APOE gene with hypertension in the Chinese
han population. BioMed. Mater Eng. 26 Suppl 1, S1977–S1983. doi: 10.3233/bme-151501

Zhao, Q., Kelly, T. N., Li, C., and He, J. (2013). Progress and future aspects in genetics of
human hypertension. Curr. Hypertens. Rep. 15, 676–686. doi: 10.1007/s11906-013-0388-6
frontiersin.org

https://doi.org/10.1136/bmj-2021-067924
https://doi.org/10.1016/j.amjms.2020.08.012
https://doi.org/10.1096/fj.202001532R
https://doi.org/10.1002/mnfr.201900616
https://doi.org/10.1002/mnfr.201800298
https://doi.org/10.1016/j.pharmthera.2013.07.004
https://doi.org/10.1039/c4fo00730a
https://doi.org/10.1038/s41575-021-00440-6
https://doi.org/10.1097/01.hjh.0000166845.49850.39
https://doi.org/10.3390/nu11092090
https://doi.org/10.1016/j.phrs.2017.05.013
https://doi.org/10.1186/s12199-017-0634-7
https://doi.org/10.1007/s12602-018-9410-2
https://doi.org/10.1016/j.autrev.2010.07.016
https://doi.org/10.1038/s41573-021-00198-1
https://doi.org/10.1038/s41573-021-00198-1
https://doi.org/10.1007/s13197-022-05357-9
https://doi.org/10.3390/ijms19041174
https://doi.org/10.1016/j.biopha.2021.111432
https://doi.org/10.3389/fphys.2018.00294
https://doi.org/10.1007/s11906-018-0852-4
https://doi.org/10.1111/joim.12605
https://doi.org/10.1152/ajpregu.00712.2009
https://doi.org/10.1042/CS20130339
https://doi.org/10.1002/mnfr.201800033
https://doi.org/10.1186/s12929-018-0493-6
https://doi.org/10.1186/s12929-018-0493-6
https://doi.org/10.1111/jch.13834
https://doi.org/10.3390/nu12102982
https://doi.org/10.3390/nu12102982
https://doi.org/10.3390/ijms22158074
https://doi.org/10.3390/ijms22158074
https://doi.org/10.1111/1751-7915.14196
https://doi.org/10.1016/j.jacc.2020.04.038
https://doi.org/10.1097/md.0000000000024304
https://doi.org/10.1016/j.ahj.2015.06.023
https://doi.org/10.1016/j.ahj.2015.06.023
https://doi.org/10.1016/j.redox.2021.102204
https://doi.org/10.1016/j.redox.2021.102204
https://doi.org/10.1016/j.cjca.2020.01.013
https://doi.org/10.1161/hypertensionaha.115.05315
https://doi.org/10.3109/09637480903348122
https://doi.org/10.3390/ijms10083517
https://doi.org/10.1080/10641963.2022.2100411
https://doi.org/10.1080/10641963.2022.2100411
https://doi.org/10.1007/s00253-023-12369-8
https://doi.org/10.1007/s00253-023-12369-8
https://doi.org/10.3390/foods11152332
https://doi.org/10.1038/s41574-020-0382-4
https://doi.org/10.1038/s41574-020-0382-4
https://doi.org/10.1016/j.phrs.2021.106024
https://doi.org/10.1002/jcb.28217
https://doi.org/10.3233/bme-151501
https://doi.org/10.1007/s11906-013-0388-6
https://doi.org/10.3389/fcimb.2023.1220877
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Probiotics: functional food ingredients with the potential to reduce hypertension
	1 Introduction
	2 Hypertension and gut microbes
	2.1 Hypertension
	2.2 Intestinal microorganisms
	2.3 Probiotics and functional foods

	3 Causes of hypertension
	3.1 Age
	3.2 Eating habit
	3.3 Obesity
	3.4 Heredity
	3.5 External environment

	4 Probiotic adjuvant therapy for hypertension
	4.1 Routine clinical treatment
	4.2 Probiotics adjuvant therapy and the underlying mechanisms
	4.2.1 Improvement of vascular oxidative stress
	4.2.2 Production of short chain fatty acids
	4.2.3 Repair of endothelial cell dysfunction
	4.2.4 Reduction of vascular inflammation


	5 Future outlook
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


