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Abstract

Honey is a naturally occurring sweet substance with gummy consistency pro-
duced by honey bees. It is also formed by nectar-producing plants and trees.
Honey is well known for its usefulness which is mainly attributed to its flavonoid
components. Cardiovascular diseases are the single largest cause of early mortal-
ity, especially in developed countries but are also emerging in developing
countries at an alarming rate. In most of the cases, atherosclerosis has remained
as its main underlying pathological cause. The basic pathology behind athero-
sclerosis is due to a chronic inflammatory process in the endothelium of arteries.
Oxidation of the neo-intimal lipids that releases oxidized molecular species
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eventually leads to vascular atherosclerotic changes. Formation of reactive oxy-
gen species (ROS) in excess amounts due to oxidation of DNA, proteins,
carbohydrates, lipids and other bio molecules adds on to these vascular changes.
Antioxidant defence mechanisms of our body fail to balance this surplus ROS
production, hence producing oxidative stress. Oxidative stress is associated with
various metabolic disorders like cardiovascular diseases, systemic hypertension,
diabetes mellitus, etc. Honey plays a protective role in a number of metabolic
disorders as well as in cardiovascular health mainly due to its rich flavonoid and
antioxidant content. Honey is believed to decrease the risk of developing elevated
blood pressure. Intake of honey has the capability to decrease systolic blood
pressure in healthy subjects. Honey also balances the lipid profile by increasing
high-density lipoprotein (HDL) levels and reducing the levels of triglycerides and
very low-density lipoproteins (VLDL). In this chapter, we have discussed how
honey intake can help in prevention of cardiovascular disorders that has signifi-
cant mortality and morbidity. A balance between the antioxidant intake and free
radical injuries can help our body’s defence mechanism to overcome different
forms of oxidative stress. Honey may prove as a useful substance that can help in
the improvement of biochemical imbalances in the human body.
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12.1 Introduction

Honey is a naturally occurring sweet substance with gummy consistency produced
by honey bees. It is secreted by all types of honey bees but is formed particularly by
the species Apis mellifera (Cortes et al. 2011). It is also produced from nectar or
otherwise from exudates of nectar-producing plants and trees (Alvarez-Suarez et al.
2010). Honey is well known for its usefulness attributed mainly to its flavonoid
components. Honey samples of various types contain a good quantity of flavonoids
such as catechin, kaempferol, rutin, chrysin, acacetin, luteolin, quercetin, etc. (Khalil
and Sulaiman 2010). Flavonoids are the compounds with strong biological
properties that are beneficial for avoidance of many chronic diseases like atheroscle-
rosis and other forms of cardiovascular diseases (Gross 2004). Most of these
flavonoids have therapeutic benefits due to their beneficial properties and may be
used as pharmacological agents (Khalil and Sulaiman 2010). According to the recent
research, it was established that catechin and quercetin are the two major flavonoids
present in honey (Afroz et al. 2016). Aortic atherosclerotic lesion formation is
inhibited by the consumption of these flavonoids. These also had an inhibitory
outcome on the development of various atherogenic variations of LDLs (Hayek
et al. 1997). In addition to the preventive properties against atherosclerosis, honey
flavonoids also tend to have anti inflammatory, antioxidant, antiproliferative and
even antiplatelet actions. These are believed to lower both cholesterol and blood
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pressure levels (Gross 2004). Nitric oxide is present in the vascular endothelium and
is produced by nitric oxide synthase. It has good vasodilator properties and prevents
atherosclerosis. According to the oxidation hypothesis the main mechanism for
atherosclerosis is the oxidative modification of LDLs producing immunogenic
stimulus which further results in migration of monocytes to various vessel walls.
This is followed by phagocytic uptake of oxidized LDL molecules by macrophages
(Nigro et al. 2006). Widespread oxidation of LDLs leads to their accumulation and
formation of aggregates (Hoff and O’Neil 1991; Maor et al. 1997; Hayek et al.
1997). In a vascular atherosclerotic injury, both of these modified forms of LDLs
have been seen.

Oxidative stress plays a vital role in the pathogenesis of cardiovascular diseases
including the initial process of atherosclerosis. Progression of endothelial dysfunc-
tion is hindered by nitric oxide. Its deficiency results in the development of athero-
sclerosis and CVDs. Certain flavonoids like rutin that are present in honey of
stingless bees promotes NO production. The mechanism for the production of nitric
oxide by rutin is via induction of eNOS gene expression, eNOS protein synthesis and
eNOS activity. Increased gene and protein expression of basic fibroblast growth
factor (bFGF) is also made possible by giving rutin as treatment (Hayek et al. 1997).

12.2 Brief Idea About Composition of Honey (Al-Waili 2005)

Honey is a nutritive compound as it is composed of numerous contents (Fig. 12.1).

• Carbohydrates: 85% of the solids in honey are mainly contributed by dextrose
and fructose. Many disaccharides and trisaccharides are present in honey.
– Examples of disaccharides: Maltose, maltulose, isomaltose, turanose,

kojibiose, B-trehalose, etc.
– Examples of trisaccharides: Maltotriose, melezitose, panose, isomaltotriose,

centose, isopanose, etc.
• Non-aromatic organic acids: Butyric, citric, succinic, fumaric, malic, maleic,

oxalic acids, etc. (Anklam 1998).
• Trace elements and minerals: Honey has a good mineral component.
• Examples: Sodium, potassium, calcium, copper, iron, aluminum, sulfur, fluoride,

iodide, lead, cobalt, arsenic, lithium, barium, etc. are present in honey (Bogdanov
et al. 2008).

• Vitamins: different vitamins like vitamin A, vitamin E, and vitamin C, niacin,
thiamine, riboflavin and pyridoxine are found in honey.

• Amino acids: Various essential and non-essential amino acids are present in
honey. Some of the examples are proline, glutamic acid, alanine, phenylalanine,
tyrosine, etc.

• Enzymes: Honey has good quality of enzymes also. Examples: Glucose oxidase,
amylase, acid phosphatase, invertase, catalase, etc. (Baroni et al. 2002).
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• Polyphenols: Various polyphenols and their derivatives are present in honey.
Examples: quercetin, luteolin, kaempferol, chrysin, etc. (Bertoncelj et al. 2007;
Aljadi and Kamaruddin 2004; Islam et al. 2012).

• Nitric oxide: Nitric oxide and its end products are also there in honey.

12.3 Role of Flavanoids in CVDs

The major sources of antioxidants in the diet consist of fruits, leafy vegetables, dark
chocolate and green tea. These dietary components have proven protective effects
against CVDs (Steinberg et al. 2003). The potential of lowering CVD risks has been
revealed by such foods rich in antioxidants and flavonoids. Cocoa products are
believed to have greater antioxidant power than most of the teas and red wines. It is
imperative to explore the possible beneficial properties of chocolate on CVDs (Lee
et al. 2003). Honey has a protective role on a wide range of diseases. The benefits of
honey consumption on cardiovascular health are remarkable due to its flavonoid
content. Biological and pharmacological activities of honey flavonoids in the pre-
vention and treatment of atherosclerosis and CVDs have been considered in many
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Fig. 12.1 An illustration showing some important phyto-constituents of honey
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studies. In this study, the action of honey on CVDs will be disclosed with a
mechanistic approach.

12.4 Cardiovascular Diseases

Cardiovascular diseases (CVDs) are described as a group of disorders of the blood
vessels and heart. CVDs are the leading cause of mortality and morbidity worldwide
(Gordon et al. 1989; Musselman et al. 1998). In developed countries CVD is the
single largest cause of early mortality. In most cases atherosclerosis has remained as
its main underlying pathological cause (Little et al. 2011). Untreated CVD can
further develop into myocardial infarction and ischemic heart disease. Myocardial
infarction being another fatal end point of cardiac diseases is manifested as angina
pectoris and other clinical signs and symptoms. CVDs if left untreated can lead to
financial and social burden for an individual and eventually to the whole society
(Roger et al. 2012). Chronic inflammatory progression in the vascular wall of artery
takes place due to oxidation of the neo-intimal lipids that releases oxidized molecular
species, eventually leading to vascular atherosclerotic changes. Low density
lipoproteins are transported into vascular endothelium and trigger the development
of atherosclerosis (Grassi et al. 2009). Lipids present in tunica intima are trapped by
proteoglycans that are modified and have hyper elongated glycosaminoglycan
chains (Dadlani et al. 2008). Most significant risk factors for cardiac diseases are
smoking followed by elevated blood cholesterol, obesity and diabetes mellitus.
These all are related to inappropriate eating habits (Kivimäki et al. 2006). Among
these, modifiable by dietary changes are elevated blood pressure and high fasting
blood glucose (Bostom and Lathrop 1997).

As per various reports it has been established that intake of flavonoids is helpful
in the prevention of cardiovascular diseases. This is mainly accomplished by declin-
ing oxidative stress and increasing the rising bioavailability of nitric oxide causing
vasodilation. Different types of foods that are rich in flavonoids have been identified.
Certain polyphenolic compounds like flavonoids work at molecular levels by
modulating gene expression linked with human body metabolism, enzymes for the
metabolism of drugs and xenobiotics, stress resistance and other detoxification
reactions (Grassi et al. 2008). The integrated effect of different flavonoids is protec-
tive and overcomes the deleterious effects of cardiovascular risk factors. Therefore,
the overall effect is delayed in the onset of atherosclerosis (Grassi et al. 2010).

12.4.1 Prevalence

Cardiovascular disease (CVD) is a group of disorders and a leading cause of death
worldwide and in the United States of America (American Heart Association 2004).
In India, the CVD death rate is 272 per 100,000 and is higher than the global average
of 235 per 100,000 (Prabhakaran et al. 2016). Cardiovascular diseases caused over
16.7 million deaths globally in the year 2002. CVD disease burden is proposed to
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rise to 143,000,000 disability-adjusted life-years by the year 2020 (Mackay and
Mensah 2004).

12.4.2 Types of CVDs

Cardiovascular diseases are also known as vascular diseases and are of the following
types:

1. Coronary artery disease/ischemic heart disease
2. Hypertensive heart diseases
3. Congestive cardiac failure
4. Arrhythmia
5. Peripheral artery disease
6. Cerebrovascular disease-stroke
7. Valvular heart diseases
8. Congenital heart disease
9. Rheumatic heart disease

10. Cardiomyopathy
11. Renal artery stenosis
12. Aortic aneurysm
13. Pulmonary heart disease
14. Inflammatory heart diseases: endocarditis, myocarditis, inflammatory cardiomy-

opathy and eosinophillic myocarditis (Mendis et al. 2011; Naghavi et al. 2015).

12.4.3 Signs and Symptoms

1. Angina pectoris or chest pain
2. Dyspnoea or breathlessness
3. Pedal oedema (swelling in feet)
4. Puffy face
5. Irregular pulse

12.4.4 Aetiology and Contributing Factors

1. Smoking
2. Systemic hypertension
3. Diabetes mellitus
4. Dyslipidemias progressing into atherosclerosis
5. Excessive alcohol consumption
6. Unhealthy lifestyle
7. Excessive weight gain and obesity
8. Sedentary lifestyle
9. Intake of junk food (Yusuf et al. 2004; Eckel 1997)
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12.4.5 Diagnostic Tests

• Biochemistry: KFT, LFT, lipid profile, blood sugar fasting and post parandial,
troponin-T, troponin-I, HbA1C in case of diabetic patients (Saenger 2012).

• Haematological and microbiological: CBC, CRP, hsCRP.
• Radiographic: ECG, echocardiography, Holter, etc. (Curry et al. 2018).

12.4.6 Treatment Options

• Diet and lifestyle modification: According to research, lifestyle modifications
such as regular exercise and healthy nutrition may prevent cardiovascular
diseases (Hu and Willett 2002). American Heart Association, American Diabetes
Association, and the U.S. Preventive Services Task Force (Eyre et al. 2004) have
established the significance of a healthy diet for the avoidance of CVDs.

• Medical treatment: Commonly, anticoagulants such as aspirin, streptokinase and
tissue plasminogen activators are given in medical treatment. Intake of
antihypertensives like atenolol comes under conservative management. Further
steps include management of myocardial infarction and stroke.

12.5 Molecular Mechanism of Cardiovascular Injury

Oxidative stress and free radicals: A group of molecules that include molecular
oxygen and its derived forms in all aerobic cells are called as reactive oxygen species
(Herbst et al. 1999). Oxidation of the genetic material i.e. DNA and also other
bio-molecules like proteins, carbohydrates and lipids directs excessive formation of
reactive oxygen species. This excess production is not balanced by the antioxidant
defence mechanisms of our body and is referred to as oxidative stress (Gimbrone
1995). According to research oxidative stress is related to various cardiac diseases,
hypertension, diabetes and heart failure (Schachinger et al. 2000). It is also supposed
to contribute to the in development of atherosclerosis, dyslipidemias, and hypercho-
lesterolemia. Oxidative stress is believed to alter the normal endothelium functioning
(Fig. 12.2) and affect the vascular tone also. This has been referred to a conventional
risk that predisposes to atherosclerosis. Nitric oxide, a potent vasodilator, is
inactivated by superoxide and other reactive oxygen species. This occurs commonly
in systemic hypertension, dyslipidemias, diabetes mellitus and cigarette smoking.
Many enzymatic systems are capable of producing reactive oxygen species however;
extensive studies have been done on mechanisms like xanthine oxidase, uncoupled
endothelial nitric oxide synthase and NADH/NADPH oxidase in vascular cells
(Fig. 12.3). Therefore, research on the function of various enzymatic sources of
ROS is becoming clearer. This possibly will lead to the improvement of therapies in
order to prevent the formation of ROS and ultimate correction of endothelial
dysfunction (Cai and Harrison 2000).
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12.6 Protective Action of Honey in CVD

Diet provides fuel to our body. A balanced diet provides nutrition to our body and is
beneficial; however unhealthy diet is unfavourable to health. Studies have revealed
that drinking beverages and sugar-sweetened drinks is related to the rise in blood
pressure levels (Nguyen et al. 2009). Interestingly, honey which is a composite form
of sugars is known to have a number of therapeutic and healthy advantages (Alvarez-
Suarez et al. 2010). Although consumption of honey on a regular basis can decrease
blood pressure, more research work is mandatory to assess the long-term effects of

Fig. 12.2 An illustration showing some common precursors for oxidative stress and resultant
endothelial dysfunction

Fig. 12.3 Diagrammatic representation of molecular mechanism of oxidative stress induced
endothelial dysfunction
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honey on healthy male subjects. Honey has many useful properties such as low pH,
flavonoid content, hydrogen peroxide, phenols and sugar concentration that make it
a good antimicrobial and antibacterial agent (Molan 1992). The risk of developing
hypertension is related to gender because males have a higher risk than their female
counterparts (Reckelhoff 2001). According to this study it is understood that honey
has the ability to decrease blood pressure (both systolic and diastolic) and also the
heart rate in healthy male subjects. Kaempferol is a flavanoid present in honey that
shows effects by gene modulation and protein expression of inflammatory molecules
(Zeng et al. 2015). Another honey flavonoid chrysin has numerous pharmacological
actions and has a protective role in atherosclerosis. Chrysin inhibits the formation of
foam cells some of which stimulate cholesterol flow (Kong et al. 2013).

Hypertension is linked to diet. Unhealthy diet being one of the modifiable risk
factors linked to high BP. High salty diets have been documented as a cause for high
blood pressure (Sacks et al. 2001). Increased cholesterol levels in the blood lead to
atherosclerosis. Therefore, foods rich in saturated fats and trans fats are injurious to
the heart (Assmann and Schulte 1992). Diets rich in carbohydrate content are
harmful for health and lead to diseases of the cardiovascular system (Meena et al.
2007). Honey, though a composite sugar mixture, is described as cardio protective
(Maureen 2004) as it improves the lipid profile (Fig. 12.4). According to a study,
honey consumption in hypertensive patients decreased both systolic and diastolic
blood pressure (Al-Waili 2003). According to a report, honey decreased the blood
pressures levels that were raised in rats fed on a carbohydrate diet to induce obesity
(Romero-Silva et al. 2011). This was supported by another study that concluded
decreased systolic blood pressure in hypertensive rats by honey intake (Erejuwa
et al. 2012). The effects that honey intake exert on hypertensive and diabetic patients
are summed up in Fig. 12.5.

Fig. 12.4 A graphical
representation of effect of
honey intake on lipid profile
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12.7 Other Applications of Honey

1. Prevents gastric ulcers (Ali et al. 1991)
2. Honey is useful as a therapy for diarrhoea (Jeddar et al. 1985)
3. Wound healing (Dumronglert 1983)
4. Used as skin disinfectant (French et al. 2005)
5. Immune inducer (Al-Waili and Haq 2004)
6. Anti-diabetic agent (Akhtar and Khan 1989)
7. Antibacterial agent (Jeddar et al. 1985)
8. Antioxidant (Raloff 1998) and
9. Antimutagenic and antitumour activity (Orsolic 2004).

12.8 Conclusion

Natural honey has many biological functions. The potential of lowering CVD risks is
commonly found in foods like honey, green tea, fruits, etc. due to their antioxidant
and flavonoid content. A number of flavonoids such as catechin, quercetin etc. that
are present in honey are beneficial for CVDs with proven protective effects against
metabolic disorders. Honey ingestion increases the levels of vitamin C, beta caro-
tene, glutathione reductase, copper, zinc, NO and its end products. It is also believed
to decrease the levels of different prostaglandins like PG E2 and PG F2, thrombox-
ane B2 levels, CRP and homocysteine. Honey consumption improves lipid profiles

Fig. 12.5 Protective effect of honey on blood sugar and blood pressure
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and transforms C-peptide levels and insulin secretion. Consumption of honey on a
regular basis increases HDL levels and decreases triglycerides and VLDL levels.
Honey has dominant antioxidant capacity and its intake prevents oxidative stress,
thereby helps in promotion of good health. The flavanoid and polyphenolic content
of honey helps to prevent complications in patients with diabetes mellitus, hyperten-
sion and cardiac diseases.

Therefore, honey plays a beneficial role in various cardiovascular diseases.
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