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This thesis investigates the benefits of Moringa oleifera on cardiovascular 

diseases, with a specific focus on its potential to lower the risk of heart disease. 

Through the application of experimental analysis, including both preclinical 

(animal studies) and analysis of existing human trials, the study explores key 

factors such as blood pressure regulation, lipid profile modulation, and anti-

inflammatory effects associated with Moringa oleifera supplementation. 

The findings demonstrate that Moringa oleifera exhibits promising 

cardioprotective properties: it can reduce blood pressure, lower levels of LDL 

cholesterol and triglycerides, increase HDL cholesterol, and improve vascular 

function, likely owing to its rich content of bioactive compounds such as 

flavonoids, phenolics, and isothiocyanates. These compounds have been 

shown to inhibit key enzymes implicated in hypertension and atherosclerosis, 

decrease oxidative stress, and exert anti-inflammatory effects, all of which 

contribute to the maintenance of cardiovascular health. While animal studies 

show robust results, recent human trials suggest modest benefits, with some 

trials noting reductions in systolic blood pressure and improvements in lipid 

profiles, though larger and longer-term studies are needed to confirm these 

effects in the general population . 

These outcomes provide valuable insights into natural, plant-based approaches 

for managing cardiovascular risk and highlight the potential application of 

Moringa oleifera as a complementary strategy in the prevention or management 

of heart disease. The research underscores the need for further clinical trials to 

establish effective dosing, bioavailability, and safety, as well as the 

development of dietary guidelines or therapeutic formulations. 

Overall, this work contributes to a deeper understanding of how 

phytotherapeutic agents like Moringa oleifera can influence cardiovascular 

health and offers recommendations for future studies. Practical implementation 

may include the promotion of Moringa oleifera as part of dietary and lifestyle 

interventions for populations at risk of cardiovascular disease, as well as 

continued exploration into its active constituents and mechanisms of action. 

 

 

 Summary 
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CHAPTER 1: Introduction to Moringa Oleifera  
 

Moringa oleifera , one of the 13 species in the Moringaceae family, it is the most 

widely used and grown species (Leone, et al., 2015). Because of its 

adaptability, this species, which originated in northeastern India, now flourishes 

in tropical and subtropical areas (Leone, et al., 2015).The plant produces long, 

drumstick-shaped pods in the first year and can grow quickly to a height of 2 

meters in the first year and 12 meters when fully grown (Folkard & Sutherland, 

1996). It goes by a number of common names. It is referred to as the 

"horseradish tree" because of the flavor of its roots and as the "drumstick tree" 

because of the form of its fruit pods . Because of its immensely beneficial 

effects on people's livelihoods, the plant is also referred to as the "miracle tree". 

Every part of the plant is a fantastic source of nutrients and yields important 

medicinal compounds that can treat a variety of diseases (Gopalakrishnan, 

Doriya, & Kumar, 2016). 

The seeds can be utilized in water purification procedures, as well as for the 

extraction of cosmetic oil and biodiesel (Kumar & Gopal, 1999). 

Due to its accessibility, affordability, and safe therapeutics, up to 80% of people 

worldwide use natural remedies like herbs as medications (Ekor, 2014). 

Additionally, M. oleifera is regarded as one of the top 10% of 500,000 species 

used in conventional medicine due to its excellent phytochemical profile. 

Numerous studies conducted in recent years have indicated that the plant is a 

trustworthy source of compounds that may improve health. It has been 

demonstrated that the plant has sophisticated biosynthetic pathways, which 

eventually produce a varied chemical profile (Makita, Chimuka, Steenkamp, 

Cukrowska, & Madala, 2016). 

Nearly every part of the Moringa tree (leaves, seeds, pods, flowers, and roots) 

has historically been utilized for a range of therapeutic purposes in various 

indigenous medical systems across various nations. Its established reputation 

in traditional medicine served as a starting point for modern scientific research 

and international recognition (K.H. Shah, 2022). 
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Moringa's high nutritional content, especially its leaves, which are rich in vital 

vitamins, minerals, amino acids, and antioxidants, contributes to its widespread 

appeal. Moringa is considered both a food and a medicine in areas where 

people are looking for natural supplements or are experiencing nutritional 

deficiencies (N. Chhikara, 2021). Since its ability to adapt to a variety of 

climates, particularly in tropical and subtropical areas, and its compatibility with 

various traditional medical systems (including Traditional Chinese Medicine, 

Ayurveda, and African herbal medicine), moringa is well-known throughout the 

world as a medicinal plant (Kumar S. M., 2024). 

Why is moringa becoming more popular in modern health science? 

The remarkable nutritional profile, scientifically validated pharmacological 

benefits (particularly anti-inflammatory, antioxidant, and metabolic effects), 

confirmation of traditional medicinal uses, potential for use in novel drugs and 

functional foods, and overall safety profile of moringa are leading to its 

increasing popularity in modern health science. All of these elements combine 

to make moringa an attractive subject for additional study and incorporation into 

modern dietary and medicinal approaches (Chiș, 2023). 

 

1.1. Botanical Description  

 

Tree structure and physical features  

In general, Moringa oleifera is a small to medium-sized, rapidly growing 

deciduous tree or shrub that can grow up to 8 meters in height, but it can reach 

a height of up to 12 meters under ideal conditions. Its softwood trunk is smooth, 

grey to brownish in color, and when cut, it releases a white sap. Its trunk is 46 

cm (18 in) wide. The bark is a whitish-gray color and has thick cork surrounding 

it. 

The tree is distinguished by its open, umbrella-shaped crown, which is low-

branching and made up of thin, drooping branches. 
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The compound, alternating, bipinnate or tripinnate leaves range in length from 

30 to 70 centimeters. Each leaf is made up of two to six pairs of pinnae, each of 

which has three to five pairs of elliptic or ovate leaflets that are roughly 0.5 to 

1.5 centimeters wide and 1-2 centimeters long. The terminal leaflet is typically 

the largest of the tender, bright green leaflets. 

The loose, terminal racemose inflorescences of moringa, which are 10 to 15 

centimeters long, bear many tiny, fragrant, cream-colored flowers that are 

hermaphrodite. 

Often described as a "drumstick," the fruit is an elongated, linear, three-sided 

pod that is normally 30 to 60 centimeters in length but can occasionally reach 

up to 1 meter in certain cultivars. 

The seeds are round to oblong, about 1 centimeter in diameter, and have three 

papery wings. As the pods mature, they change from green and rigid to brown 

and dry, and they split along their three longitudinal angles. The tree's ability to 

withstand drought and adapt to different soil types is supported by its deep 

taproot system (Boopathi, 2021). 

 

 

Fig.1. Bipinnate & Tripinnate   
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Fig.2. Moringa Oleifera's leaves   

 

 

Fig.3. Moringa Oleifera's Trunk   
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Fig.4. Moringa Oleifera's seeds   

Growth conditions and geographic spread  

Growth conditions  

Moringa oleifera is known as a "miracle tree" because of its extreme adaptability 

and suitability for a variety of environmental situations. It can thrive in semi-arid 

and dry areas and is inherently drought-resistant, requiring as little as 500 mm 

of rainfall annually. 

Although the tree thrives in warm, tropical, and subtropical climates, it can 

tolerate high temperatures and even mild frost. 

While moringa favors sandy, loamy, well-drained soils, it can tolerate poor, 

marginal, or infertile soils quite well, which makes it a useful choice for settings 

with limited resources or degradation. 

As it thrives at low elevations, it has been seen to grow as high as 2000 meters 

in some regions of Africa. In addition to providing stability, Moringa's deep 

taproot system makes it easier for the tree to absorb water during dry spells, 

increasing its resilience. 

It can live with little care and in tough situations, but it grows better when the 

soil is more fertile and it gets regular water, especially when it's grown for 

leaves or big yields (Boopathi, 2021). 
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Geographic spread 

Moringa oleifera used to only grow in the northwestern part of India and the 

sub-Himalayan portions of India and Pakistan. Now it grows in all tropical and 

subtropical areas of the world. It is grown a lot in Tamil Nadu, Andhra Pradesh, 

and Karnataka, and it is a big part of the diets and farming traditions in those 

states. The tree is also grown a lot in Africa, Southeast Asia, the Caribbean, 

Central and South America, and even some sections of the Middle East. There 

are other species of Moringa in Madagascar, East Africa (Ethiopia, Kenya, 

Somalia), the Arabian Peninsula, and southern Africa. This shows how 

adaptable and genetically diverse the genus is. It can grow well in inadequate 

soil and water, which helps it expand over the world. This makes it an important 

food, fodder, and medicinal resource in developing and resource-poor areas 

(Boopathi, 2021). 

 

 

Fig.5. Moringa Oleifera's Geographical  spread 
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Moringa oleifera Parts Used in  Food  

 

Leaves: Eaten as a very healthy vegetable. Because it is abundant in vitamins, 

minerals, protein, and antioxidants, it is used in soups, curries, salads, and as a 

dietary supplement. 

 

Immature Pods (Drumsticks): In South Asian food, they are often consumed as 

a vegetable. People like them because they are soft and good for health . They 

are used in stews, curries,  and soups. 

 

Flowers: In some places, they are used as food, either as a vegetable or as an 

ingredient in dishes. 

 

Seeds: You can eat them fresh like peas, roast them, pound them, or press 

them to make oil ("Ben oil"), which is used in cooking and food preparation 

(Anwar, 2023). 

 

Medicinal Uses of  Moringa oleifera 

Leaves: Used to treat infections, fevers, sore throats, bronchitis, scurvy, and 

catarrh. Have benefits that lower blood pressure, fight diabetes, preserve the 

liver, and fight inflammation 

Immature Pods (Drumsticks): Used to decrease cholesterol and blood pressure 

and as a source of antioxidants. 

Flowers: Traditionally used to boost energy, libido, fight inflammation, protect 

the liver, and treat muscular illnesses and cancers. 

Seeds: They are used for their antibacterial, antipyretic, and antioxidant effects. 

They are also used to clean water since they contain natural coagulant proteins. 
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Root: Used as a pain reliever (for rheumatism, kidney, and back pain), an anti-

inflammatory, an antispasmodic, a laxative, and a tonic for the heart and 

circulatory system. 

Bark: Used for its antifungal, rubefacient, vesicant, anti-inflammatory, and ulcer-

healing qualities. 

Gum: Used with sesame oil to treat headaches, fevers, digestive problems, 

dysentery, asthma, syphilis, and rheumatism (Anwar, 2023). 

1.2. Nutritional composition  

Vitamins and minerals 

Moringa oleifera is a great source of vitamins and minerals, which makes it a 

great way to stay healthy and get the nutrients you need.  

The leaves and leaf powder are very interesting because they have a lot of 

Vitamin A (beta-carotene) and Vitamin C, which are significantly more than 

what you would get in carrots and oranges. Moringa is also a good source of B-

complex Vitamins, such as B1 (thiamine), B2 (riboflavin), B3 (nicotinic 

acid/niacin), B6 (pyridoxine), folic acid, and Choline (M. Mbikay, 2012).  

These vitamins help with metabolism, energy production, and cell health. There 

are also Vitamin D and Vitamin E, which are both important for immune health 

and as antioxidants. The seeds have a lot of Vitamin E. 

 Moringa leaves and powders are great providers of minerals including Calcium 

and Potassium, which are important for keeping electrolytes in balance. They 

have a lot more calcium than milk. It also has a lot of Iron, which helps avoid 

anemia, and Zinc, which is available in amounts that meet daily needs for 

growth and immune function. Moringa also has Magnesium, Phosphorus, 

Copper, Sulfur, Salt, and Manganese (J.N. Kasolo, 2010). Which all help with 

different body functions like DNA synthesis, nerve conduction, and bone health. 

It's important to note that the amount of these nutrients can change based on 

the section of the plant, how it was processed, the quality of the soil, and the 

conditions in which it was grown. Even though this varies, Moringa oleifera is a 
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very dense source of vitamins and minerals that can help those who are 

malnourished or lacking in micronutrients. 

 

Fig.6. Moringa leaf powder   
 

Moringa’s leaf powder is extremely versatile incorporated into porridges, cereals, 

baked goods, meals, beverages, and used for direct supplementation. Both 

household and industrial-scale foods use it, and its application is valued for its 

positive impact in fighting malnutrition and enhancing nutrient intake, especially in 

low-resource settings. 

Proteins and amino acids  

Moringa oleifera, also known as the "Miracle Tree," is famous for its amazing 

nutritional profile, especially its high protein content and full amino acid profile. 

M. oleifera's leaves, seeds, pods, and flowers are all good sources of protein. 

This makes the plant a major source of dietary protein, especially in areas 

where malnutrition is common. 

Moringa oleifera stands out not just because it has a lot of protein, but also 

because it has a wide range of amino acids. The leaves have all the essential 

amino acids that humans need to stay healthy, such as Arginine, Histidine, 

Lysine, Tryptophan, Phenylalanine, Threonine, Leucine, Methionine, 

Isoleucine, and Valine (Gopalakrishnan L. D.–5., 2016).This is especially 

important because most plant-based proteins are missing one or more essential 

amino acids, whereas moringa is a complete protein source. These amino acids 
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are very important for many bodily functions, such repairing tissues, making 

enzymes, and supporting the immune system. In addition, moringa has a lot of 

amino acids that are also of excellent quality. This makes it a good choice for 

treating protein-energy malnutrition, especially in sensitive groups like children 

and pregnant women. 

Processing moringa can make its proteins and amino acids even more 

available. Fermentation and germination of moringa seeds have been 

demonstrated to enhance the amino acid content. This is probably because of 

the biochemical and microbial activities that happen during these processes 

(Ijarotimi, 2018). These processing processes can be used in a planned way to 

get the most nutritional value out of moringa in food products. Also, moringa has 

been successfully added to a number of foods, including noodles, chocolates, 

and baked goods, to boost their protein and amino acid content. This is a useful 

way to fight malnutrition (Abou-zaid, 2014). 

 

In simple terms, Moringa oleifera is a great source of plant-based protein since 

it has a full and balanced amino acid profile. Moringa is a great food to eat if you 

want to improve your nutrition and make up for a lack of protein because it has 

a lot of protein and all the important amino acids. Moringa's flexibility to be 

processed in many ways and used in a variety of food products makes it even 

more promising as a long-term solution to the world's hunger problems. As 

more studies show how nutritious moringa can be, its importance for human 

health and food security will probably grow. 

 

Antioxidants and fiber 

Phytochemicals like Tannins, Sterols, Terpenoids, Flavonoids, Saponins, 

Anthraquinones, Alkaloids, and reducing sugar, as well as anti-cancer 

substances like Glucosinolates, Isothiocyanates, Glycoside compounds, 

and Glycerol-1-9-octadecanoate (L. Berkovich, 2013). 

Moringa oleifera is highly regarded because it is high in antioxidants and dietary 

fiber, both of which are important for good health. M. oleifera leaves are full in 

several antioxidants, like flavonoids (especially quercetin and isoquercitin), 
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phenolic compounds: tannins, saponins, sterols, terpenoids, and vitamins C and 

E . These phytochemicals effectively scavenge reactive oxygen species (ROS), 

which protects the body's cells from oxidative stress and damage. This is one of 

the reasons why moringa has so many known health advantages, such as its 

antidiabetic, anti-inflammatory, and anticancer properties. It is important to note 

that these antioxidants are directly linked to the plant's ability to stop cell 

damage, control blood sugar, and slow the course of diseases that cause 

oxidative stress. Moringa oleifera is a great source of dietary fiber in addition to 

being an antioxidant. The immature pods have about 46.78% fiber, and the leaf 

powder has up to 19.2 grams of fiber per 100 grams. This food has a lot of fiber, 

which helps keep the digestive system healthy, keeps the bowels regular, helps 

control cholesterol, and makes you feel full, which is good for weight loss. The 

strong antioxidants and fiber in moringa work together to make it a very 

effective functional food for protecting cells and keeping the digestive system 

healthy. 
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Table.1 -Summary table  
 

 

Category Key Components & Examples Main Plant Parts 
Health Significance / 
Properties 

Vitamins 

Vitamin A (beta-Carotene),  
B1 (Thiamine),  
B2 (Riboflavin),  
B3 (Niacin),  
B6, C, D, E, Choline, Folic acid 

Leaves, leaf 
powder, pods, 
seeds 

Vision, immune and skin health, 
metabolism, antioxidant 
protection, fetal growth 

Minerals 

Calcium, Potassium, iron, 
Magnesium, Phosphors, zinc, 
Copper, Sulfur, Sodium, 
Manganese 

Leaves, leaf 
powder, pods, 
seeds, flowers, 
root bark 

Bone and dental health, oxygen 
transport, muscle/nerve 
function, enzyme activity 

Proteins 

6.7g/100g fresh leaves 
29.4g/100g dry leaves 
27.1g/100g leaf powder 
 up to 20–31% in pods/flowers 

Leaves, pods, 
seeds, flowers 

Growth and tissue repair, 
immune function, nutrient 
synthesis and malnutrition 
prevention 

Amino Acids 

Essential: Arginine, Histidine, 
Lysine, Tryptophan, 
Phenylalanine, Threonine, 
Leucine, Methionine, Isoleucine, 
Valine 

Leaves, flowers, 
seeds 

Supports all body protein 
functions; rare for plant foods to 
contain all essentials 

Antioxidants 

Vitamin C, Vitamin E, flavonoids 
(quercetin, isoquercitin), 
phenolics, tannins, saponins, 
sterols, terpenoids, 
isothiocyanates 

Leaves, leaf 
powder, seeds 

Neutralizes reactive oxygen 
species, protects cells, reduces 
inflammation, anti-cancer and 
antidiabetic properties 

Fiber 
Up to 46.78% in immature 
pods, 19.2g/100g in leaf 
powder 

Pods, leaves, leaf 
powder 

Promotes digestion, regulates 
bowel movements, supports 
healthy cholesterol, aids 
satiety/weight control 



 19 

 
Pharmaceuticals uses  

Moringa oleifera is utilized a lot in medicine since almost every component of 

the plant, like the leaves, seeds, roots, stem, and bark, has useful substances in 

it.Some of the things it can be used for are: 

Agents for stabilizing, suspending, binding, and breaking down: 

The gum from Moringa's stem is a common ingredient in medicines that makes 

films, thickens, emulsifies, suspends, and binds things together. It is useful in 

gels, pills, and solutions, and it can efficiently hold actives like zinc oxide in 

place. The gum is a natural alternative to synthetic pharmaceutical excipients 

and typically works better to dissolve tablets. This means that when you 

swallow them, they assist the pills break apart and release their medicine 

quickly (Aafi E, 2022). 

Moringa seeds are a good source of starch. Starch is utilized as a bulking 

agent, filler, and sustained-release polymer in medicines. This not only makes 

medicines more nutritious, but it also makes people less reliant on traditional 

carbohydrate sources like corn or potatoes (Ojogbo E, 2020). 

Nutraceuticals and medicinal uses 

Flavonoids, phenolic acids, vitamins, and minerals are some of the 

phytochemicals that are good for your health. They can help prevent and 

protect against asthma, diabetes, cancer, and high blood pressure. These 

claims about medicine are backed up by clinical trials. 

  Industrial uses  

- Water treatment industry :Proteins, especially cationic proteins (MOCP) from 

Moringa seeds, work well as natural coagulants and purifiers for water. They 

help charged particles settle in water, which makes it clearer and cleaner 

without the health hazards that come with manmade compounds like aluminum 

salts. Adsorption, charge neutralization, and particle bridging are the basic ways 

that coagulation happens. These processes typically kill germs as well. 



 20 

-Biodiesel and the Transport Industry: Biofuel Source: Moringa seed oil, also 

called "Ben oil," has 33-41% oil and can be used to make biodiesel that fulfills 

key global requirements. The oil has a high oxidative stability, a cloud point, and 

a cetane number (around 67), which makes it a clean, renewable energy source 

that reduces the need for fossil fuels. Moringa oil can also be mixed with regular 

diesel. It has a good fatty acid composition that makes it a stable fuel. 

-Beauty and Cosmetic Industry Skin and Hair Care Products: Moringa oil is 

popular since it has a lot of oleic acid (like olive oil) and absorbs quickly. It is 

used in sunscreens, lotions, creams, and massage oils to help with things like 

increasing skin suppleness, hydration, and fighting free radicals. Moringa's 

cytokinins help skin cells grow again, vitamin A helps collagen formation, and 

vitamin E helps fight inflammation. Ben oil's antioxidants and fatty acids help get 

rid of dandruff, hydrate the scalp, and bring drab hair back to life when you use 

it on your hair (Jalloh AA, 2023). 

-Aroma Stabilizer: Moringa oil is useful in making and stabilizing perfumes since 

it can absorb, collect, and stabilize volatile aroma chemicals and doesn't go bad 

easily 

-Natural thickening and Starch Source: The gum that comes out of the Moringa 

stem is utilized as a thickening in textile printing. This is because people want 

more eco-friendly options instead of synthetic thickeners. The starch in the seed 

kernel is also used to size textile threads during weaving, making it both cheap 

and effective. 

-Moringa's woody stem has a lot of cellulose and fiber, which makes it good for 

making pulp and paper. It may be used to make a wide range of paper grades 

and for making paper on a large scale. 

-Biostimulant and Green Manure: Moringa leaf extracts can be utilized as 

biostimulants, growth hormones, organic manure, and even pesticides. They 

help crops grow better and stay healthy while lowering the need for synthetic 

chemicals. 
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-Natural Antibacterial and Water Purifier: Moringa's ability to kill germs and 

cause blood to clot helps aquaculture by lowering the amount of chemicals and 

biological waste in the water, which makes fish farming more sustainable (Jikah, 

2024). 

 

1.3. Traditional and Ethnomedicinal Uses  

 

Use in Ayurvedic medicine 

 

Moringa oleifera, often known as the Drumstick tree or Sahajan in Hindi, is a 

key part of Ayurvedic medicine since it has a wide range of healing benefits and 

few adverse effects. In Ayurveda, different parts of the plant are used for their 

different medicinal effects. For example, the leaves, root bark, stem bark, 

seeds, flowers, pods, and gum can be antispasmodic, stimulant, expectorant, 

diuretic, emmenagogue, abortifacient, antifungal, antibacterial, cholagogue, 

cardiac tonic, antiseptic, anti-inflammatory, and analgesic. The Ayurvedic 

Pharmacopoeia of India explicitly suggests the dried root bark for illnesses 

including goitre, glycosuria, and lipid problems, and employs the leaf, seed, root 

bark, and stem bark for internal abscesses and piles. Ayurveda recommends 

taking 10–20 ml of leaf juice, 2–5 g of root or stem bark powder, 5–10 g of seed 

powder, and 1–3 g of powder or 50–100 ml of decoction from different parts of 

the plant. Moringa is included in Ayurvedic formulations because it has been 

used for a long time to treat a wide range of health problems, including anemia, 

asthma, bronchitis, cough, high blood pressure, joint pain, scurvy, and fever. 

This shows how important it is as a natural remedy in India's traditional medical 

systems, which value every part of the plant for its medicinal values (Mishra, 

2011) 
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African and Asian traditional uses 

 

Moringa oleifera, commonly referred to as the "miracle tree," is extensively 

incorporated into traditional medicinal practices in both Asia and Africa, 

highlighting its significant utility and adaptability. Moringa is widely used in 

South Asia, particularly in classical Ayurvedic texts. Almost every part of the 

plant: leaves, pods, seeds, roots, bark, gum, and flowers is used in remedies for 

headaches, ear and eye problems, swelling, inflammation, digestive issues, 

postpartum conditions, nutritional deficiencies, and general health in mothers 

and children. People often employ decoctions, poultices, topical oils, and 

powders to treat wounds, ulcers, sleeplessness, liver and kidney problems, 

arthritis, joint discomfort, and skin illnesses. In the same way, moringa is an 

important part of ethnomedicine all throughout Africa. It is used to treat 

malnutrition, anemia, gastrointestinal problems, and as a topical or oral 

medicine for infections, digestive problems, inflammatory diseases, and skin 

problems. African folk traditions also stress the use of moringa for things other 

than health care, like cleaning water, feeding animals, and improving crops. The 

fact that both continents depend on moringa shows how strong its medicinal 

and nutritional value is, and it solidifies its place as an important, versatile 

treatment in the ancient medical practices of Asia and Africa (Pareek, et al., 

2023). 

General health issues : Benefits of Moringa oleifera  

Moringa oleifera is used a lot in Africa to treat a wide range of health problems, 

both through traditional methods and new scientific ones. People often use the 

plant to fight malnutrition and nutritional deficiencies, notably anemia, because it 

is high in vitamins and minerals. It is also added to local diets and used to fortify 

foods to help mothers and children eat better. In traditional medicine, several 

portions of moringa are used to cure and control infectious disorders like 

malaria, skin and wound infections, and respiratory problems. They are also 

used to help people with viral and parasite illnesses. Moringa is also known for 

helping those with chronic and noncommunicable diseases like diabetes, high 

blood pressure, heart disease, and some digestive and liver problems. It can 

help with overall immunity, lower inflammation and pain, and even improve 
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reproductive health. Moringa is a useful food and medicine that has helped 

people all over the continent stay healthy and happy. 

 

1.4. Culinary uses of Moringa Oleifera  

14 recipes for preparing and consuming drumstick or moringa leaves 

1. Drumstick Leaves Thoran 

 
Fig.7. Drumstick leaf Thoran   

 
Wash the moringa leaves and cut them coarsely. Cook this with curry leaves, 

mustard seeds, shallots, and chillies (ideally in coconut oil). Cook with a lid on 

and steam. Add a fair amount of fresh coconut as a garnish and season with 

salt. Dal and steaming rice match nicely with this. 
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2. Drumstick Leaves Dal 

 

 
Fig.8. Drumstick Leaves Dal 

  

Adding green leafy vegetables to dal is the finest method to incorporate them 

into Indian cookery. 

3.Drumstick Leaves Clear Soup 

Add cleaned and washed drumstick leaves to vegetable stock and bring to a 

boil with some sliced carrots, tomatoes, and onions. Add salt and pepper to 

taste, then take a warm sip. 

4. Moringa Leaves Tea 

Moringa leaf powder can be used to make tea, but if you have fresh leaves 

readily present, use them instead to get a host of health advantages. 

5. Thepla / Paratha 

To prepare a green leafy paratha or thepla, knead finely chopped moringa 

leaves with whole wheat flour and spices. In Gujarati homes, methi (fenugreek 

leaves) is a common ingredient, so there's no reason why drumstick leaves 

wouldn't blend in perfectly. To ensure that the leaves cook well while the thepla 

cooks on the griddle, be sure to chop them very small. 
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6. Moringa Leaf Podi 

Boost the potency of your gun powder or molagapodi. Rinse the moringa leaves 

and pat dry. In a skillet, dry roast them until they are crisp. Combine with the 

remaining podi ingredients to create a molagapodi enhanced with superfoods. 

Serve this podi with ghee and steaming rice, or with dosas or idlis. 

7. Adai / Pesarattu 

Incorporating a few finely chopped drumstick leaves into your Adai batter or 

Pesarattu enhances the nutritional value of your meal in addition to adding a 

bright green color. 

8. Drumstick Leaves Sambar 

The leaves of drumsticks have a little bitter taste. When cooking using moringa 

leaves, the tamarind and spices in the sambar effectively cover up the 

bitterness. The same can be added to Kozhambu, a dish made with tamarind. 

9. Koftas 

To prepare koftas, mix gram flour, spices, and finely chopped drumstick or 

moringa leaves and shredded bottle gourd. 

10.  Scrambled Eggs 

Add the leaves to the eggs and cook until they are cooked through, either by 

steaming them or cooking them separately in a pan. 

11.  Egg Roll 

Add salt and pepper to taste and whisk together eggs and finely cut moringa 

leaves. Prepare large omelets, fold them up, then cut them into slices for a 

visually appealing and nutritious breakfast! 
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12.  Murungai Keerai Thogayal 

In Tamil cooking, using leftovers, such as vegetable peels, to make chutneys. 

Moringa leaves are also frequently used in cooking. In a little oil, stir-fry the 

leaves until they wilt, then grind them with the coconut, cooked red chilies, and 

udad dal. This dish, known as thogayal, is usually consumed with sesame oil 

and steaming rice. 

13.  Sajana Phula Bara 

Odia cuisine makes extensive use of drumstick leaves, also known as sajana 

saga. The leaves are deep-fried into fritters along with gram flour, onion, and 

potato. 

14.  Khakaru Sajana Saga 

Eastern Indian Oriya cuisine. It's a straightforward dish cooked with drumstick 

leaves and pumpkin, tempered with red chilies and pancha phutana. Another 

well-liked combo is roasted moong dal served with fresh coconut and drumstick 

leaves. 

When cooking with moringa leaves, there are a few things to keep in mind. 

Rinse the leaves thoroughly in lots of water to remove any dust, and throw away 

any stems that aren't edible. Although moringa leaves include qualities that 

promote gastrointestinal health and digestion, the leaves themselves can be 

difficult to digest. Therefore, while preparing for younger children, be sure to 

cook them adequately (pressure cook them if necessary). 

Effect of Thermal Processing on Raw and Cooked Moringa oleifera's 

Physicochemical and Antioxidant Characteristics 

The physicochemical and antioxidant characteristics of Moringa oleifera Lam. 

pods are considerably changed by thermal processing or frying. The pods' 

moisture content rises when they are cooked, but their crude protein, fat, carbs, 

ash, vitamin C, β-carotene, total phenolic and flavonoid content, and antioxidant 

activity as determined by DPPH scavenging activity all decrease. For example, 



 27 

heating reduces crude protein by 9.64%, fat by 16.67%, carbs by 25.58%, total 

phenols by 12.69%, vitamin C by 12.06%, and β-carotene by 24.67%. 

Thermally processed Moringa oleifera pods maintain a high level of nutritional 

and antioxidant value in spite of these noticeable losses, suggesting that they 

can still be a useful dietary component even after conventional cooking 

techniques are used (Razzak, 2022). 

1.5. Key Phytochemicals and Their Effects 

The diverse phytochemical composition and strong antioxidant activity of 

Moringa oleifera are remarkable, because they vary greatly across the plant's 

plenty elements. When it comes to bioactive compounds, the leaves and twigs 

have it all: Alkaloids, Flavonoids (like quercetin, isoquercitrin, and 

kaemfericitin), Saponins, Carbohydrates, Polyphenols, Proteins, Amino 

acids, and Phenolics. In contrast, the stem bark and wood have a more 

simplified profile, with flavonoids, carbohydrates, and phenolics being the main 

components.  

According to quantitative studies, leaf extracts have more total flavonoids and 

phenolics (684 ± 16.7 µg GAE/mL) and superior antioxidant activity (64.6 ± 

0.69% DPPH scavenging), on the same level with pure ascorbic acid, a popular 

antioxidant. Plant phytochemicals, especially flavonoids like quercetin and 

phenolics, are mostly responsible for the plant's powerful antioxidant 

capabilities; they contribute functional groups, such as O-H and C=O, which are 

proven by FTIR research. This composition highlights the potential of Moringa 

oleifera as a natural antioxidant source for culinary and medicinal applications, 

while also supporting its reputation in traditional medicine (Awalul Fatiqin, 

2021).  
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Table.2 - Phytochemical Distribution in Different Parts of the Moringa 
Plant 

 

Table.3 - Phytochemicals and Their Properties 

Phytochemical Properties / Noted Effects 

Beta-carotene Vitamin A precursor, antioxidant 

Kaempferol Flavonoid, antioxidant, anti-inflammatory 

Quercetin Flavonoid, antioxidant, anti-inflammatory 

Isoquercitrin Flavonoid, antioxidant 

Isothiocyanates Antioxidant, possible anticancer 

Tannins/Saponins Antimicrobial, heart health, immunity 

Terpenoids/Sterols Various biological effects 

Quercetin  

Quercetin, a major flavonoid in Moringa oleifera leaves, is very important for 

controlling blood pressure in a number of ways. Quercetin-3-O-glucoside 

extracted from Moringa exhibits significant inhibitory effects on angiotensin-

converting enzyme (ACE), with studies indicating an inhibition of ACE activity by 

up to 75.74% at specific concentrations. Quercetin lowers blood pressure by 

stopping ACE from making angiotensin II, which is a strong vasoconstrictor. 

This causes blood vessels to widen. Quercetin is a well-known antioxidant that 

helps neutralize reactive oxygen species (ROS) and fight oxidative stress. 

Oxidative stress is known to hurt endothelial function and lower the amount of 

nitric oxide (NO), which is another crucial role in relaxing blood vessels. 

Quercetin plays a significant role in the antihypertensive effects shown in 

Moringa oleifera extracts by directly inhibiting the renin–angiotensin system and 

Phytochemical Leaves Twigs Stem Bark Wood 

Alkaloids + + + - 

Flavonoids + + + + 

Saponins + + + - 

Carbohydrates + + + + 

Polyphenols + + - - 

Proteins + + - - 

Amino acids + + - - 

Phenolics + + + + 

Triterpenes - - - - 

Anthraquinones - - - - 
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indirectly promoting endothelial function by reducing oxidative damage (Acuram 

& Chichioco Hernandez, 2019). 

 
Isothiocyanates 
 
Isothiocyanates are naturally occurring molecules that contain Sulfur and have 

a unique N=C=S group. They come from glucosinolates in certain plants and 

are known for their health benefits, especially their ability to detoxify and lower 

inflammation. 

From a chemical point of view some isothiocyanates, like sulforaphane from 

broccoli, are very unstable and volatile, whereas others, like those in moringa 

(MICs), are stabilized by special structural properties such the inclusion of a 

sugar moiety. 

Moringa may be a better source of stable ITCs than broccoli for preventing 

chronic diseases, especially in tropical areas where moringa trees abound and 

incidence of T2D and obesity are rising. 

- Detoxification Properties Mechanism: Isothiocyanates, like those from Moringa 

oleifera (MICs), have the same active chemical group (pharmacophore: R–

N=C=S) as isothiocyanates from cruciferous vegetables like broccoli (e.g., 

sulforaphane, SF). These chemicals are strong inducers of phase II detoxifying 

enzymes, which makes it easier for the body to get rid of reactive molecules 

and poisons. 

Health Impact: By making detoxifying enzymes, this protects against oxidative 

stress and chronic inflammation, both of which are linked to the development of 

many diseases, including as cancer and metabolic disorders. MICs have a 

sugar moiety that makes them chemically stable and probably more efficient 

than isothiocyanates from other sources, such broccoli, which are less stable 

and more volatile (Traka, 2009). 

-Properties to combat inflammation Proof: MICs have been shown to have 

powerful biological effects against inflammation. The paper cites specific studies 

(as well as earlier in vitro work) that show that MICs can lower the expression of 

inflammatory markers in macrophages, especially important ones like IL-1β and 

TNFα, which are key to the inflammation process. In vivo and in vitro activity: In 

rodent models and cell studies, MICs from moringa lowered the activity of 
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nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB), a master 

regulator of inflammation. 

The report talks about mice research that showed that animals who ate moringa 

concentrate had much lower levels of inflammatory cytokines including IL-1β 

and TNFα in their liver and fat (adipose) tissue. This was in addition to lower 

levels of other inflammatory markers, which supports the strong anti-

inflammatory effect of MICs. Relation to Disease Prevention: Since chronic 

inflammation is a known cause of insulin resistance, type 2 diabetes, and 

cancer, the anti-inflammatory action of MICs supports their potential as 

treatments for these metabolic and degenerative diseases (Waterman, 2015). 

 

Chlorogenic acid 

Chlorogenic acid (CGA) is a well-known polyphenolic molecule that has a lot of 

different biological properties, such as being anti-inflammatory, antidiabetic, 

antitumoral, and antiprotozoal. CGA is one of the main phenolic acids detected 

in the leaf extract (EMOLE) of Moringa oleifera. The phytochemical tests in this 

study showed that Moringa oleifera leaves had a lot of bioactive chemicals, with 

phenolics being the most common. We used chromatographic and 

spectroscopic methods to isolate CGA and confirm that it is the main phenolic 

acid. This shows its importance as a key bioactive component of Moringa 

oleifera leaves and suggests that it may be largely responsible for many of the 

plant's health-promoting effects (RS, 2023). 

Strong Downregulation of Inflammation: CGA lowers the levels of pro-

inflammatory cytokines (IFN-γ, IL-6, IL-1β, and TNF-α) in mice who have been 

infected with Cryptosporidium parvum and have weak immune systems. This 

means that it probably works to reduce harmful inflammation, which helps with 

recovery from intestinal infections and inflammatory diseases. 

 Antiprotozoal (Anti-Parasitic) Action decreasing of the Parasitic Burden: CGA 

from Moringa oleifera caused a 91% drop in the shedding of C. parvum oocysts 

in infected mice, which was practically the same as what NTZ did. This shows 

how useful it can be as a different or additional treatment for protozoal illnesses 

like cryptosporidiosis, especially for people with weak immune systems. 



 31 

Improved gut health: The treated mice's gut structure got a lot better, with intact 

villi and a lot less damage to the mucosa than the infected, untreated controls. 

This means that CGA may help protect and repair epithelial tissue when there is 

a severe infection or inflammation in the intestines. 

 No Toxicity Observed: Mice who got doses of up to 40 mg/kg/day for 14 days 

did not show any signs of toxicity or negative consequences. This means that 

there is a lot of potential for safety for possible therapeutic usage. 

Chlorogenic acid has strong antidiabetic effects because it lowers glucose 

production, increases glucose absorption, and speeds up lipid metabolism. 

Most of these benefits are due to AMPK activation. These improvements not 

only make it easier to control diabetes, but they might also lower the risk of 

heart disease by lowering dyslipidemia, obesity, and insulin resistance. Even 

though the paper doesn't include direct clinical proof about cardiovascular 

outcomes, the metabolic changes that were seen strongly suggest that CGA 

could lower the risk of heart disease in people with metabolic syndrome or type 

2 diabetes (Ong KW, 2013). 

 

Thiocarbamate glycosides  

Thiocarbamate glycosides extracted from Moringa oleifera leaves demonstrate 

substantial, dose-dependent hypotensive effects, evidenced by considerable 

decreases in systolic, diastolic, and mean arterial blood pressures in 

normotensive rats following intravenous injection. This demonstrates their 

potential to lower the risk of cardiovascular disease (CVD) and validates their 

function as the primary active ingredients in the plant's conventional 

antihypertensive treatment. These molecules are structurally uncommon since 

they are rarely seen as completely acetylated (triacetylated) rhamnoside 

glycosides. They exhibit tautomerism and exist in both E and Z stereoisomeric 

forms indicating the possibility of new pharmacological processes. Although the 

study concentrates on cardiovascular effects, particularly the hypotensive action 

linked to CVD, applications such as water purification highlight the plant's wider 

health significance and support its benefits for both general and cardiovascular 
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health, though human clinical research is still required to validate these 

advantages (Faizi, 1995). 

 

Kaempferol 

One of the main flavonols found in Moringa oleifera, kaempferol, has a variety 

of pharmacological characteristics that provide a number of health advantages. 

This substance exhibits cardioprotective, neuroprotective, antibacterial, anti-

inflammatory, antidiabetic, anticancer, and antioxidant properties. Due to its 

capacity to suppress snake venom metalloproteinase activity and lessen 

venom-induced diseases, kaempferol has demonstrated exceptional antivenom 

potential against the toxic effects of Bitis arietans venom in recent 

investigations. Kaempferol's adherence to Lipinski's rule of five, which indicates 

good drug-likeness, high intestine absorption, and a positive safety profile, 

further supports its therapeutic effects. 

Although kaempferol's poor solubility limits its oral bioavailability, several 

administration methods can increase its effectiveness. Moringa oleifera's 

kaempferol content greatly enhances the plant's therapeutic potential and 

makes it a viable option for creating alternative treatments for oxidative stress-

related illnesses like snakebite envenomation ( Ajisebiola, 2023). 

β-Sitosterol 

Because of its hydrophobic properties and limited solubility in aqueous 

solutions, β-Sitosterol (BSS), a well-known phytosterol found in Moringa 

oleifera, has historically made it difficult to research its cellular processes and 

bioactivity. In this situation, ethanolic extraction, separation with organic 

solvents, and additional purification by chromatography techniques can be used 

to successfully extract BSS from the woody stems of Moringa oleifera. With a 

melting point of 139–141 °C and a distinctive steroid backbone with a hydroxyl 

group at position C3, the pure chemical resembles cholesterol in structure. It 

looks like white needles. Better solubility and cellular uptake are made possible 

when BSS is disseminated as nanoparticles, especially when nonionic 
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surfactants like Tween 80 are used. These particles can have a diameter of 

about 50 ± 5 nm. The investigation of its strong in vitro anti-inflammatory 

properties, including the suppression of important inflammatory cytokines (TNF-

α, IL-1β, IL-6, and IL-8), the decrease of NLRP3 inflammasome activation, and 

the partial inhibition of NF-κB signaling, has been made easier by its improved 

dispersibility. These characteristics highlight BSS's potential as a bioactive 

ingredient in Moringa oleifera to control inflammation and open the door for 

more research into it as a medicinal agent (Liao, 2018). 

1.6. Research Gap and Rationale 

While Moringa oleifera research is increasing, there are significant gaps in the 

field, particularly the absence of large-scale human studies. The majority of the 

current evidence is derived from animal experiments or limited clinical trials. 

Consequently, the aim of this research is to compile and critically evaluate 

existing studies in order to gain a more comprehensive understanding of the 

potential benefits of Moringa and to pinpoint areas that require additional 

investigation. 

 

1.7. Aim and Objectives  

Overall Objective 

To look at how Moringa oleifera might lower the risk of heart disease, focusing 

on how it works and what it means for prevention and treatment. 

Specific objectives: 

-To discover if Moringa oleifera can help lower high blood pressure, see how it 

changes blood pressure. 

-Check to see how it impacts diabetes management and blood sugar control. 

-Check out how it changes lipid profiles, specifically triglyceride and cholesterol 

levels. 

-Find out how it might lessen oxidative stress, which is a major risk factor for 

heart disease, by looking into its antioxidant properties. 
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Research Hypothesis  

 

"This review is based on the hypothesis that Moringa oleifera has bioactive 

compounds that can help heart health by targeting major risk factors like 

hypertension, type 2 diabetes, dyslipidemia, and oxidative stress." 

 
 

1.8. Scope and limitations  

The paper is a full literature review that looks at and combines all the English-

language, peer-reviewed studies that have been done on Moringa oleifera. Its 

purpose is to give an updated and complete picture of the present scientific 

landscape by collecting and arranging research results about the plant's 

pharmacological effects, ethnomedicinal uses, phytochemistry, toxicity, and 

possible uses. The review does have some limitations, though. For example, it 

doesn't include any new experimental or clinical data, only published peer-

reviewed articles in English (not gray literature or studies in other languages), 

and it only uses the coverage of certain scientific databases and keywords. So, 

even while it gives a wide and in-depth look at the literature that was accessible 

up to the time of the review, it doesn't create any new primary evidence. 
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CHAPTER 2: Cardiovascular Disease and Its Risk   
Factors 
 

 

2.1. Cardiovascular Disease 

Cardiovascular disease (CVD) is a collection of medical conditions that impair 

the normal passage of blood throughout the body by affecting the heart and 

blood vessels. These issues can result in a reduction in the supply of oxygen to 

essential organs, which can result in severe health complications or mortality 

(Nabel, 2023). 

 

Cardiovascular Disease Types 

-Heart Attack (Myocardial Infarction): A condition in which a blood clot or 

blockage in a heart artery prevents blood passage to a portion of the heart 

muscle, resulting in tissue damage or death. 

-Stroke: Occurs when a blood vessel in the brain bursts (hemorrhagic stroke) or 

when blood flow to a specific area of the brain is blocked (ischemic stroke), 

resulting in injury to brain cells. 

-Hypertension, or high blood pressure, is a chronic condition in which the force 

of blood against the walls of arteries is excessive, thereby enhancing the 

likelihood of developing other cardiac and blood vessel issues. 

-Heart Failure: A condition in which the heart is unable to adequately pump 

blood, resulting in a loss of oxygen and an accumulation of fluid in the body. 

-Arrhythmias: Abnormal cardiac rhythms that can result in the heart beating too 

fast, too slow, or irregularly, thereby decreasing its efficiency. 

-Congenital Heart Disease: Heart structure issues that are present at birth and 

disrupt the normal passage of blood through the heart (Nabel, 2023). 
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What is its global prevalence? 

Cardiovascular disease (CVD) is the most prevalent cause of mortality for both 

men and women on a global scale. The data cited in the document indicates 

that approximately 62 million individuals in the United States have a form of 

cardiovascular disease, with CVD accounting for approximately 39% of all 

fatalities in 2000. CVD is responsible for the highest number of mortality 

worldwide, accounting for approximately one-third of all annual fatalities. 

Although cardiovascular disease (CVD) was historically most prevalent in 

industrialized, developed nations, its prevalence is currently increasing at a 

rapid pace in developing nations as a result of changes in lifestyle, nutrition, and 

increased longevity. In conclusion, cardiovascular disease is a significant public 

health challenge that is highly prevalent and contributes to approximately 30–

35% of all fatalities annually on a global scale (Nabel, 2023). 

Cardiovascular disease (CVD) is a severe health issue, as it is the primary 

cause of mortality worldwide, accounting for approximately one-third of all 

annual fatalities. Heart failure, stroke-related immobility, and chronic pain are 

among the long-term illnesses and disabilities that CVD can cause, in addition 

to mortality. Survivors frequently require everlasting medical care and 

experience a reduced quality of life. The economic burden is significant, as the 

treatment of CVD and its complications imposes high costs on individuals, 

families, and healthcare systems. Millions of individuals are at risk due to the 

combination of genetic susceptibility and pervasive lifestyle risk factors, 

including smoking, poor diet, and lack of exercise, despite the fact that many 

CVD cases are preventable. Cardiovascular disease is regarded as one of the 

most pressing global health challenges due to its prevalence and potential for 

prevention, despite the fact that it frequently results in severe health 

consequences and high healthcare expenses. 

2.2. Relevance Of Moringa Oleifera to Cardiovascular disease 

Physiologically, cardiovascular disease (CVD) includes a number of conditions 

that change the normal structure and function of the heart and blood vessels. 
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Atherosclerosis is the most prevalent underlying process. It happens when 

fatty deposits (plaques) build up in the arteries, making them narrower and 

harder, which slows blood flow and raises the risk of heart attack or stroke when 

a blockage happens. Chronic High blood pressure (hypertension) puts even 

more stress on artery walls and the heart itself. This makes the heart muscle 

thicker and the vessels less flexible, which raises the risk of organ damage and 

cardiovascular events. Also, problems with the heart's electrical system can 

cause arrhythmias, which are irregular heartbeats that make it harder for the 

heart to pump blood. Heart failure can happen when changes in the heart's 

structure and function make it harder for it to pump blood, which can cause 

congestion and fluid buildup in tissues. Genetic changes that impact cholesterol 

metabolism, blood clotting, cardiac muscle proteins, or the heart's electrical 

characteristics may make people more likely to get early or severe forms of 

CVD. CVD is a breakdown of the normal physiological processes that control 

blood flow, artery integrity, and heart function. It often becomes worse over the 

years without any obvious symptoms until catastrophic ones appear (Nabel, 

2023). 

There are a few possible ways that Moringa oleifera could improve heart health, 

however the results of the clinical trial are still limited and occasionally 

inconsistent. This is how Moringa could help: 

Lowering Blood Pressure: Moringa has bioactive chemicals including Quercetin 

and Niaziminin that are thought to help lower blood pressure. A group of 

people that ate 40g of Moringa per day saw a big drop in systolic blood 

pressure during the trial. This brought their systolic BP below the recommended 

level for people with diabetes. Although improvements in other groups and in 

diastolic pressure were not significant, these results imply that Moringa may 

help lower blood pressure a critical element in decreasing cardiovascular risk.  

Better Lipid Profile: Better cholesterol levels are linked to better heart health. A 

study found that taking certain amounts of Moringa, especially 20g per day, 

caused a big drop in LDL cholesterol (the "bad" type) and small rises in HDL 

cholesterol (the "good" type) in most groups. Keeping LDL levels low and HDL 

levels high can lower the risk of atherosclerosis. It is crucial to note, though, 
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that the results were not always the same and there were some unexpected 

rises in triglycerides and VLDL cholesterol. This shows that more research is 

needed.  

Antioxidant and Anti-inflammatory Effects: Moringa is recognized for having a 

lot of antioxidants, which helps lower oxidative stress and inflammation. Both of 

these things are beneficial for keeping blood vessels healthy and stopping heart 

disease. Other studies that were cited say that these traits might help preserve 

the heart over time .  

Support for Metabolic Health: Moringa may help heart health by addressing 

parts of metabolic syndrome. In this study, the effect on blood glucose was 

small, but the small advantages on cholesterol and blood pressure could lessen 

the risk of heart disease over time, especially in people with diabetes, who are 

more likely to have heart problems. 

 This plant is a good choice for natural prevention and support in managing 

chronic diseases because it has a lot of nutrients and bioactive chemicals, is 

cheap, safe, culturally accepted, and has impacts on multiple cardiometabolic 

risk factors. The clinical experiment only demonstrated small short-term 

advantages, but its general profile and long history of use make it worth looking 

into its potential to prevent disease (Afiaenyi, 2023). 

 

2.3. Cardiovascular disease’s risk factors  

Several well-established risk factors that interact and amplify each other's 

effects are the driving force behind cardiovascular disease (CVD).  

High blood pressure, or hypertension, is a significant risk factor for stroke and 

heart attack due to its ability to accelerate atherosclerosis and damage artery 

walls. It is also important to note that diabetes and high blood sugar 

substantially increase the risk of cardiovascular disease by promoting 

inflammation and damage within the blood vessels. Plaque accumulation in 

arteries, which results in acute cardiac events, is significantly influenced by high 
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cholesterol, particularly aberrant lipid profiles known as dyslipidemia (e.g., 

elevated LDL cholesterol or a high ApoB/ApoA1 ratio).  

Obesity, particularly central or abdominal obesity, elevates the risk of 

cardiovascular disease by promoting adverse metabolic changes, such as 

chronic inflammation and insulin resistance, which subsequently exacerbate 

blood pressure, cholesterol, and glucose regulation. These risks are further 

exacerbated by lifestyle factors, such as a poor diet, which is defined by a lack 

of fruit and vegetable intake, an excessive consumption of processed or energy-

dense foods, and an insufficient intake of fiber. These factors have a negative 

impact on blood lipids, blood pressure, and weight. The hazards of obesity, 

diabetes, and cardiovascular disease are independently increased by sedentary 

behavior and a lack of regular physical activity.  

Another significant factor is the use of tobacco, which directly damages blood 

vessels and considerably increases the risk of both heart attack and stroke.  

Psychosocial factors, such as depression or elevated levels of stress, also 

contribute to the development of unhealthy behaviors by influencing physiology. 

The vast majority of cardiovascular disease (CVD) worldwide is caused by 

these largely modifiable risk factors, underscoring the necessity of 

comprehensive prevention strategies that encompass a variety of lifestyle and 

medical management factors. 

 

2.3.1. The Impact of These Risk Factors on the Heart 

hypertension 

Chronic, low-grade inflammation is linked to hypertension. The activation of the 

immune system results in the infiltration of immune cells (such as T-

lymphocytes and macrophages) into organs such as the kidneys and blood 

vessels, which in turn causes local inflammation, fibrosis, and organ injury. This 

continuous inflammation is a contributing factor to the persistent elevation of 

blood pressure. 
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The following are the primary inflammatory markers and cytokines in 

hypertension: 

-The acute-phase protein C-reactive protein (CRP) is elevated during systemic 

inflammation and is associated with an increased risk of hypertension and 

vascular complications.  

-Tumor necrosis factor-alpha (TNF-α): Causes kidney alterations that elevate 

blood pressure and impairs blood vessel function 

-Interferon-gamma (IFN-γ): Promotes hypertension by increasing local 

production of angiotensin II, which in turn enhances sodium retention. 

-Interleukins (IL-6, IL-12, etc.): These cytokines are elevated in hypertensive 

individuals and are responsible for immune activation and vascular alterations. 

Inflammation is also indicated by other markers, including the neutrophil-to-

lymphocyte ratio, mean platelet volume, and red blood cell distribution width, 

which have predictive value for hypertension-related risks (Yihui C., 2023). 

Diabetes 

Chronic subclinical inflammation is closely linked to type 2 diabetes mellitus 

(T2DM), as evidenced by elevated levels of inflammatory markers such as high-

sensitivity C-reactive protein (hs-CRP), serum ferritin, and, to a lesser extent, 

erythrocyte sedimentation rate (ESR). Compared to healthy controls, these 

markers are significantly elevated in T2DM patients, indicating persistent 

systemic inflammation. This inflammation is a contributing factor to the 

development of insulin resistance, the progression of metabolic syndrome, and 

the pernicious cycle, in which poor glycemic control (high HbA1c) further 

elevates inflammatory markers. Consequently, this exacerbates glucose 

dysregulation and encourages complications such as atherosclerosis and 

cardiovascular disease, underscoring the critical role of inflammation in the 

pathophysiology and management of T2DM (Elimam, 2019). 
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Dyslipidemia and high cholesterol 

Dyslipidemia and high cholesterol impair cardiac function and blood vessel 

health by facilitating the accumulation of fatty deposits (plaques) within artery 

walls, a process known as Atherosclerosis. The risk of clotting that can result 

in heart attacks or strokes is increased, blood pressure is elevated, and blood 

flow is reduced as a result of the narrowing and stiffening of arteries. Blood 

vessels are further destabilized and their functionality is impaired by elevated 

LDL cholesterol, dysfunctional HDL, and increased inflammation. Heart 

problems, including angina, heart attacks, and heart failure, are the result of 

these collective alterations. It is essential to regulate blood lipid levels and 

associated risk factors in order to prevent and treat cardiovascular disease 

(Homa Mahdavi, 2009). 

 Obesity and Poor metabolism  

Obesity disrupts metabolism by resulting in insulin resistance, chronic 

inflammation, fat accumulation in critical organs, and dysregulated fat and 

cholesterol levels. Collectively, these metabolic disturbances elevate the 

likelihood of cardiovascular disease, type 2 diabetes, and other health 

complications. 

What is the relationship between these metabolic changes and 

cardiovascular disease? 

 Acceleration of Atherosclerosis 

The metabolic disruptions mentioned above result in the accumulation of 

cholesterol in the walls of arteries, which can lead to atherosclerosis at a young 

age. The conversion of fatty streaks in arteries to mature, obstructing plaques is 

accelerated by insulin resistance and inflammation, which significantly 

increases the risk of heart attack and stroke. 

 Endothelial Dysfunction 

This is a critical phase in the development of high blood pressure and coronary 

artery disease, as chronic inflammation and oxidative stress resulting from poor 
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metabolism further diminish the availability of nitric oxide in blood vessels, 

thereby impairing their capacity to dilate and maintain health. 

The Direct Effect of Ectopic and Visceral Fat not only do visceral and ectopic fat 

depots, particularly in the liver (which causes nonalcoholic fatty liver disease), 

heart, and pericardium, reflect general obesity, but they are also metabolically 

active sites that exacerbate systemic inflammation and metabolic instability. 

Consequently, they are independently associated with increased rates of 

cardiovascular disease. 

Prothrombotic State and Elevated Blood Pressure 

Obesity induces the activation of hormones and pathways, including the renin-

angiotensin-aldosterone system and sympathetic nervous system, which are 

essential for the development of cardiovascular disease. These pathways and 

hormones increase blood pressure and promote blood coagulation (. Powell-

Wiley TM, Health, & Cardiovascular, 2021). 

Poor diet  

Inflammation, oxidative stress, and metabolic disturbances are the primary 

mechanisms by which poor nutrition has a substantial adverse effect on heart 

and blood vessel function. The following is a comprehensive examination of the 

ways in which cardiovascular impairment is exacerbated by inadequate or 

unhealthy nutrition: 

Enhancement of Atherosclerosis 

One of the primary mechanisms by which poor nutrition damages the blood 

vessels and impairs cardiac function is atherosclerosis, or the accumulation of 

plaques in arteries. 

Atherosclerosis is closely associated with unhealthy dietary patterns, which are 

defined by an excessive intake of sodium, processed foods, added sugars, and 

unhealthy fats (particularly saturated and trans fats), as well as a deficiency of 

fruits, vegetables, whole grains, fiber, legumes, fish, and nuts.  
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The internalization of lipids (primarily low-density lipoproteins, LDL) into the 

inner layers of the arteries is facilitated by an excessive intake of unhealthy fats 

and an insufficient intake of protective nutrients, which results in endothelial 

dysfunction (in which the artery membrane fails to function properly). This 

dysfunction elevates the likelihood of plaque rupture, stenosis, inflammation, 

and blood clotting. 

 The accumulation of modified (oxidized) LDL within the arterial wall results in 

the formation of atherosclerotic plaques and foam cells, which lay the 

groundwork for coronary heart disease, stroke, and other vascular diseases. 

Additional inflammation and oxidative stress: 

Diets that are heavy in red and processed meat, sodium, and low in fiber, fruits, 

and vegetables make pro-inflammatory cytokines (including C-reactive protein 

[CRP], interleukin-6 [IL-6], and tumor necrosis factor-alpha [TNF-α]) more and 

anti-inflammatory cytokines less. This long-term, low-grade inflammation is what 

causes damage to blood vessels and the growth of plaque. Oxidative stress is a 

situation in which reactive oxygen species (ROS) harm cells in blood vessels. 

Poor nutrition can make this worse. Oxidative stress makes endothelial cells 

work less well, speeds up the oxidation of LDL (making it more likely to cause 

atherosclerosis), and causes inflammatory reactions that hurt blood vessels 

even more. 

Problems with the endothelium 

The endothelium, which is the inner lining of blood vessels, is very sensitive to 

how well you  eat: Poor nutrition makes it harder for the body to make nitric 

oxide (NO), which is important for opening up blood vessels. Without enough 

NO, blood pressure goes up, platelets stick together more (clotting), and the 

blood vessels become more inflamed. A bad diet can cause oxidative stress, 

which lowers NO even more and can even make superoxide anions instead, 

which are bad for the vessel wall. 
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 Causing metabolic problems 

Diets that are low in fiber and heavy in refined carbs and sweets make it harder 

for the body to control blood sugar levels, make insulin resistance worse, and 

raise the risk of obesity and diabetes. These metabolic problems make 

inflammation and plaque buildup worse, which is a big reason why blood 

vessels and the  heart  don't  work  right. 

Unhealthy diets can also raise blood pressure and change the levels of lipids in 

the blood (high LDL and low HDL), all of which can damage the heart and blood 

vessel walls over time.  

The microbiome and the health of blood vessels: 

Bad nutrition changes the gut flora in ways that can make dangerous 

substances like trimethylamine N-oxide (TMAO) more likely to be made. TMAO 

is linked to atherosclerosis and a higher risk of heart disease. 

Physical inactivity can hurt your heart and blood vessels by making 

atherosclerosis (plaque buildup in arteries) worse, raising inflammation and 

oxidative stress, and making metabolic risk factors like obesity, high blood 

pressure, and diabetes worse. It damages the endothelium lining of blood 

arteries, making it harder for them to open up and raising the risk of blood clots 

and high blood pressure. These effects together greatly increase the chance of 

having a heart attack, stroke, or other heart disease. To keep your blood 

vessels healthy, increase your heart's function, and protect your overall 

cardiovascular health, you need to exercise regularly (Casas, 2018). 

 

Psychological factors 

Direct  effects on blood vessels and the heart Psychological distress can cause 

some physiological changes that have a direct effect on the cardiovascular 

system: 
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Activation of Neurohumorals 

When you are under a lot of stress or distress for a long time, your body's stress 

response mechanisms kick in. This makes more catecholamines (like 

adrenaline) and activates the hypothalamic-pituitary-adrenal (HPA) axis. This 

can lead to Higher blood pressure and heart rate Narrowing of blood vessels, 

More likely to have heart rhythm problems (arrhythmias) 

Thrombogenesis, or the tendency to form clots, and inflammation have both 

gone up. These changes put stress on the blood vessels, which could lead to 

atherosclerosis, a main cause of CHD that makes arteries harden and narrow. 

Changes in metabolism, such higher cortisol levels, can happen when someone 

is stressed out, especially during significant depressive episodes. These 

changes can make risk factors like high cholesterol, insulin resistance, and 

abdominal obesity worse, which can hurt the heart and blood vessels even 

more. 

Smoking 

Smoking harms blood vessels by making the endothelial cells work less well, 

which leads to atherosclerosis (plaque buildup), stiffening the arteries, and 

making it harder for the body to fix the lining of blood vessels. These alterations 

make blood arteries more likely to narrow, get blocked, or spasm, which raises 

the risk of heart attack, stroke, and peripheral vascular disorders. Smoking 

boosts blood pressure and heart rate, which makes coronary artery disease, 

heart failure, and arrhythmias like atrial fibrillation more likely. Even a little bit of 

smoking greatly increases the risk of heart disease, and breathing in 

secondhand smoke is also bad for you. 

 

How oxidative stress and inflammation can lead to heart disease (Steven, 
2019) 

- Generation of Atherosclerosis (Plaque Buildup) Chronic inflammation makes 

vascular cells work harder and brings immune cells (including monocytes and T 

cells) into the walls of blood vessels, where they help  build  
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atherosclerotic plaques. Oxidative stress causes the production of reactive 

oxygen species (ROS), which oxidize lipids (like LDL to oxLDL), proteins, and 

DNA. Oxidized LDL is especially harmful because it causes more inflammation 

and the development of foam cells (fat-laden immune cells), which are 

important steps in the building and instability of plaque. 

- Problems with the endothelium When oxidative and inflammatory stress lasts 

for a long time, the endothelium (the inner lining of blood vessels) stops working 

properly. This makes nitric oxide (NO) less available. When NO signaling 

doesn't work right, blood vessels constrict, blood pressure goes up, and the 

chance of clot formation goes up, which can lead to heart attacks and strokes. 

- Tendency to form blood clots Inflammation and oxidative stress make platelets 

more active and make it harder for arteries to dissolve clots naturally. This 

makes blood clots more likely to develop, which can block blood veins that 

supply the heart (causing a heart attack) or the brain (causing a stroke). 

- Heart Remodeling and Heart Failure Chronic oxidative and inflammatory 

damage not only hurts blood vessels, but it also directly poisons heart muscle. 

These processes cause cells to die, scarring (fibrosis), and changes in the 

structure of the heart, which slowly makes the heart work less well and often 

leads to heart failure. 

 

Evidence that inflammation and oxidative stress are linked to a higher risk 

of heart disease 

Biomarkers and Predicting Disease: High levels of inflammatory markers (CRP, 

IL-6, TNF-α) and oxidative stress markers (oxLDL, 8-hydroxy-2-

deoxyguanosine) are good signs that someone will have a heart attack ordie. 

Endothelial dysfunction, which can be seen as decreased vasodilation, is an 

early symptom of heart disease and is directly linked to oxidative stress and 

inflammation. 
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2.3.2. How risk factors are linked 

Heart disease and other cardiovascular diseases (CVD) develop in a 

complicated way that involves many different factors. Several classical, 

behavioral, and psychosocial risk factors work together in changing ways, often 

making each other's effects stronger, to start the biological and pathological 

processes that contribute to CVD. Here's a full summary of how these risk 

factors are connected and how they can lead to heart disease: 

 Classical risk factors  

- High blood pressure (hypertension): When blood pressure stays high for a 

long time, it puts stress on blood vessels, which can lead to endothelial 

dysfunction, vascular remodeling, and inflammation. It commonly goes together 

with other risk factors, such as diabetes and obesity, which make vascular injury 

worse and speed up atherosclerosis. High blood pressure is a long-term, low-

grade inflammatory condition, and aberrant immune responses make both the 

danger and the damage to target organs worse. 

- Diabetes/Impaired Glucose Regulation: High blood sugar over a long period of 

time damages blood vessels and raises oxidative stress, mostly by making 

advanced glycation end products (AGEs) that cause inflammation and oxidative 

damage. When diabetes and high blood pressure or high cholesterol happen at 

the same time, they greatly raise the risk of CVD. 

- Dyslipidemia is when cholesterol levels are not normal. High LDL cholesterol, 

low HDL cholesterol, and high triglycerides all make fatty plaque build up in 

arteries. Oxidized lipids cause inflammatory cells to move into tissues, which 

makes it more probable that atherosclerotic plaques may break open and cause 

a heart attack or stroke. Dyslipidemia is closely linked to diabetes and obesity, 

and they typically come together in the metabolic syndrome. 

- Obesity, especially visceral or abdominal obesity: Obesity is a big cause of 

insulin resistance, inflammation, and dyslipidemia. Visceral fat is active in the 

body and releases cytokines and adipokines that make inflammation and 
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cardiovascular risk worse. Obesity has direct effects, but it also causes high 

blood pressure, diabetes, and problems with lipids. 

 Lifestyle and Behavioral Risk Factors  

 -Smoking: Using tobacco puts toxins into the body that directly harm the walls 

of blood vessels, cause inflammation, raise oxidative stress, and make lipid 

profiles worse. Smokers are more likely to have other risk factors, like a bad diet 

or not getting enough exercise, which makes their risk much higher. Smoking is 

a risk factor for coronary artery disease, heart failure, stroke, and arrhythmias 

on its own. 

-Being inactive can lead to obesity, insulin resistance, high blood pressure, and 

bad lipid profiles. Not exercising makes it harder for the body to fight against 

bad metabolic and vascular processes and lowers the function of the 

endothelium. It also interacts with psychosocial factors like stress and 

depression, which makes the risk much higher. 

-Unhealthy Diet: Eating a lot of saturated fat, refined carbs, salt, and processed 

foods can lead to high blood pressure, high cholesterol, obesity, and diabetes. 

A bad diet is commonly linked to low income and living in a city, and its 

consequences are often made worse by additional risk factors. 

 Psycho social and Environmental Factors 

- Psychological Distress (stress, depression, anxiety): Long-term psychological 

distress turns on neurohormonal pathways (such the sympathetic-adrenal axis), 

which raises blood pressure, blood sugar, and cholesterol levels. Stress can 

make you do things that are bad for your health, like smoking, drinking, and 

eating poorly. 

- Low socioeconomic status and social isolation can make it harder to get good 

food, medical treatment, and chances to be active, and they are linked to higher 

levels of psychological stress. 
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 Pathophysiological Mechanisms: How Interactions Lead to Disease 

- Long-term inflammation and oxidative stress: 

A shift toward a pro-inflammatory, pro-oxidative state is a key element in the 

development of CVD. This generally happens when several risk factors come 

together. 

Obesity, diabetes, high blood pressure, and smoking all raise the levels of 

inflammatory cytokines and immune cells that get into blood vessel walls. This 

causes endothelial dysfunction, lowers the bioavailability of nitric oxide (a 

crucial vasodilator and anti-inflammatory molecule), and makes it easier for 

atherosclerotic plaque to develop and become unstable. People with several 

risk factors had greater levels of markers including CRP and IL-6, which are 

linked to higher incident rates. 

- Endothelial dysfunction: 

Endothelial cells line the blood arteries and control how tight or loose they are, 

how easily they clot, and how much inflammation there is. 

Risk factors such as high blood pressure, diabetes, high cholesterol, and 

smoking all work together to damage endothelial function, making them less 

protective and more likely to cause vasoconstriction, thrombosis, and plaque 

buildup. 

 

- Plaque Formation, Progression, and Rupture : 

Atherosclerotic plaque forms when lipids get into the blood, there is long-term 

inflammation, and there is oxidative stress. Plaques can break apart and cause 

clots to develop, which can lead to a heart attack or an ischemic stroke. When 

several risk factors are present at the same time, these processes speed up, 

making events more likely and worse. 

- Complications: Heart Failure, Arrhythmias, ThrombosisRisk factor clusters, 

such having high blood pressure, diabetes, and being overweight all at the 

same time, not only raise the risk of coronary artery disease, but they also 

cause structural and electrical changes in the heart that can lead to heart failure 

and arrhythmias like atrial fibrillation 
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- Collaborative and Collective Effect: 

Having more than one risk factor doesn't just add to the risk, it typically 

amplifies it. For instance, someone with diabetes, high blood pressure, and high 

cholesterol is far more likely to have a heart attack than someone with just one 

of these conditions. More than 90% of the risk for heart attack and stroke may 

be traced back to a group of these modifiable factors, according to large 

studies. 

Interventions aimed at a single risk factor (e.g. reducing blood pressure) may 

prove less efficacious if additional factors (e.g.smoking, inadequate diet) are not 

concurrently managed. 

 

2.3.3. Modern Treatments and Medications of CVD  

Pharmacological Management of Cardiovascular Disease 

Modern management of coronary heart disease (CHD) prioritizes strict 

compliance with a regimen of vital drugs. These generally encompass 

Antiplatelet agents (e.g.aspirin) to avert thrombosis, Statins to diminish low-

density lipoprotein cholesterol (LDL-C), Beta-blockers to alleviate cardiac 

workload, and Angiotensin-converting enzyme inhibitors (ACE inhibitors) or 

Angiotensin receptor blockers (ARBs) to regulate blood pressure and 

safeguard vascular integrity. Adhering to the prescribed drug regimen is 

essential, constant compliance has been demonstrated to markedly reduce the 

risk of mortality and subsequent cardiovascular incidents in patients with 

coronary heart disease (CHD). Research indicates that employing reminder 

methods, such as SMS notifications, can enhance medication adherence and 

assist patients in effectively sustaining their prescription regimens (Bae JW & 

10.2, 2021). 

 Lifestyle Modifications for Cardiovascular Disease 

Lifestyle adjustments that directly target the underlying causes of cardiovascular 

risk are as crucial in controlling heart disease. Ceasing tobacco use, adhering to 

a heart-healthy diet abundant in fruits, vegetables, and whole grains, 



 51 

participating in regular physical activity (a minimum of 30 minutes of moderate 

exercise on most days), and sustaining a healthy body weight (BMI below 25 

kg/m² in Asian populations) constitute essential best practices. These 

measures, bolstered by continuous patient education and occasionally digital 

health interventions such as customized text messages, significantly influence 

outcomes decreasing mortality, enhancing overall cardiovascular health, and 

assisting patients in meeting guideline-recommended targets for cholesterol, 

blood pressure, and weight. While not all patients achieve every objective, 

active engagement in these lifestyle improvements significantly enhances the 

probability of improved long-term outcomes (Bae JW & 10.2, 2021). 

 

2.3.4. Limitations of Cardiovascular disease (CVD) medications 

Cost- related limitations  

CVD drugs are typically too expensive, especially in low and middle income 

countries (LMICs): Studies have found that in the public sector, a month's 

supply of a generic CVD drug costs about 1.6 to 2 days salaries for the lowest-

paid government worker. Creator brands are even more expensive, costing 

about 8 days wages or more. Combination medication (such antihypertensives, 

statins, and antiplatelets) can be very harmful, in low-income countries, up to 

60% of households can't afford multi-drug regimens to prevent CVD. Prices for 

the identical generic medications in low- and middle-income countries can be 11 

to 30 times higher than international reference prices. This is made worse by 

taxes, markups, and complicated supply networks. 

Medications Side- effects  

-Muscle Symptoms Related to Statins (SAMS): Statins can make muscles 

hurt or weak (SAMS), and people with specific genetic variants are more likely 

to have these symptoms. However, genetic predictors don't always agree 

across all investigations. 
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-Antiplatelet drugs, such Clopidogrel and P2Y12 inhibitors: Bleeding may 

happen more often when you take certain drugs. Genotype-guided therapy 

doesn't usually make bleeding or heart damage a lot worse or better than 

standard therapies. 

- Methotrexate for inflammation: Methotrexate can have harmful effects, such 

as stomach problems or high liver enzymes, thus patients need to be closely 

watched while taking it for CVD. 

-ACE inhibitors, such Enalapril and Perindopril: Some side effects are a 

cough, high potassium, low blood pressure, or edema. Genetic differences can 

change how well a medicine works and how likely it is to cause adverse effects. 

-Anticoagulant: Bleeding is the biggest concern, especially if the dose is 

wrong. Pharmacogenetic dosage, which is based on genes, can help keep drug 

levels therapeutic and lower adverse effects. 

-Digoxin: Individualized, gene-informed dosing makes things safer because 

improper dosing can lead to toxicity (dangerously high medication levels). 

 

Accessibility Limitations  

-Barriers in terms of Geography and structure: Getting to places physically 

is still a big problem, especially in rural or low-resource areas. A lot of patients 

have to travel considerable distances or for several hours to get their medicines, 

especially in sub-Saharan Africa and other low and middle-income countries 

(LMICs). Access to CVD medicines is far lower in public facilities than in private 

ones, and it's also lower in rural areas than in urban places. 

- Challenges with the Health System Systemic problems make it hard to 

keep a steady supply of medicine: Stock-outs at the facility level are less 

common because of poor procurement, a lack of public funding, and multi-tier 

distribution. Regulatory authority is sometimes not strong enough to stop the 

spread of fake or low-quality drugs, especially heart treatments in Africa. 
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-Things that affect both the provider and the patient: Providers may not 

follow evidence-based guidelines, may be swayed by preferences for brands 

that aren't on critical medications lists, or may under prescribe because they 

don't trust generics or are worried about adherence. 

-Acceptability of patients and sociocultural issues: Even when medicines 

are available and free, patients may not take them because of their beliefs, lack 

of understanding, or unwillingness to take several medications for a long time 

for an asymptomatic disease. 

 

2.6. Why Researchers Are Investigating Into Natural Products 
Like Moringa 

Most people think that natural products like Moringa are Safer than synthetic 

medications and chemicals. Many synthetic products can have bad side effects, 

but Moringa is safe to use as long as you do it right. The long history of usage in 

traditional diets and medications supports its safety profile, making it a good 

candidate for more scientific research and possible inclusion in mainstream 

health programs (Zahidul Islam, 2021). 

Affordability , moringa is much cheaper than many synthetic or pharmaceutical 

goods that have been fortified. It is easy to grow the tree, it grows quickly even 

in tough regions, and you can harvest it several times a year. This means that 

Moringa can be made in huge amounts at a low cost, which makes it a good 

option for communities that don't have a lot of money or can't get their hands on 

pricey health supplements (Zahidul Islam, 2021). 

Availability in Many Areas, moringa is also a popular research topic because 

it grows in many different places. Moringa works well in a wide range of 

climates, from South Asia to Africa, the Caribbean, Latin America, and beyond. 

Researchers can look into using this health supplement as a locally derived, 

regionally modified product because it is available all around the world. It can 

have a bigger effect on global health and nutrition problems because it is 

present in both poor and developed areas (Zahidul Islam, 2021). 
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Nutritional density, moringa is very high in proteins, vitamins, minerals, and 

bioactive substances that are important for human growth and illness prevention 

(Zahidul Islam, 2021). 

Food security, Moringa could help areas where people are starving or not 

getting enough food because it is strong and grows quickly (Zahidul Islam, 

2021). 

Moringa oleifera is a prominent topic of research since it has the potential to 

improve many health risk factors. This plant can help control blood sugar, 

decrease cholesterol and blood pressure, and fight inflammation and free 

radicals. These advantages focus on important risk factors for long-term 

disorders such as diabetes, heart disease, and cancer. Moringa also helps the 

immune system, protects against many illnesses, and can aid with malnutrition 

and micronutrient shortages because it has so many nutrients. Moringa is a 

promising natural treatment for improving overall health and managing 

numerous risk factors at the same time because it has a wide range of 

positive effects, is safe, cheap, and available in many places (Zahidul Islam, 

2021). 
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2.7. Methodology  

Literature Search Strategy  

This thesis used a methodical and organized way to find and look at current 

research on Moringa oleifera. We searched for literature in several well-known 

electronic databases, such as Scopus, PubMed, Web of Science, Springer, 

Google Scholar, and Wiley. To make sure that the search included the most 

recent and complete peer-reviewed literature, it was limited to articles that were 

available up to June 2024. 

It employed a mix of keywords and Boolean operators to get the most relevant 

studies. The main search terms were "Moringa oleifera," "pharmacology 

Moringa oleifera," "phytochemistry Moringa oleifera," "ethnobotanical 

applications Moringa oleifera," "toxicology Moringa oleifera," and other words 

that are related, like "biochemical constituents," "nutritional value," "clinical 

studies," "traditional medicine," and "phytopharmaceutical formulations." We 

searched for each keyword in the titles, abstracts, and keywords fields of all the 

databases to find all the relevant articles. 

Inclusion and Exclusion Criteria  

We set clear rules for what literature could and couldn't be included to make 

sure it was of good quality and relevant: Requirements for inclusion: Articles in 

English that have been peer-reviewed. Studies that came out between 2000 

and 2024\1of the search. Articles that talk about the pharmacological properties, 

phytochemical composition, clinical and ethnomedicinal uses, or toxicological 

features of Moringa  oleifera. Both original scientific study (in vitro, in vivo, and 

observational) and systematic or narrative literature reviews. 

Exclusion criteria: gray literature, conference abstracts, editorials, letters, and 

reports that haven't been peer-reviewed. Theses and dissertations that aren't 

listed in the primary scientific databases. Research on species other than 

Moringa oleifera that has nothing to do with its health, nutrition, or medical 

characteristics. over first, we looked over the titles and abstracts to see if they 

were relevant. If it wasn't evident if they were appropriate, the complete text 
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was looked over to see if they were eligible. The procedure of choosing studies 

was meant to be clear, repeatable, and based only on the research scope. 

I\1first examined the titles and abstracts to see if they were relevant. If it wasn't 

evident if they were appropriate, the complete text was looked over to see if 

they were eligible. The procedure of choosing studies was meant to be clear, 

repeatable, and based only on the research scope. 

Number of Articles included  

 

 The number of articles included after the first search [105] articles were found 

that might be related. After checking the titles and abstracts, [41] publications 

were not included since they did not match the criteria. After going through the 

complete text, [64] articles were added to the qualitative synthesis. The articles 

that were included were ethnomedicinal studies, pharmacological 

investigations, toxicity papers, and phytochemistry research. This was in line 

with the document's  analytical approach. We built a flow chart based on the 

PRISMA method to show how we chose the articles. The diagram shows how to 

find records by searching a database, how to screen them, how to check if they 

are eligible, and how to add them to the review. This standardized protocol 

makes the review process clearer and more open. 

 Obtaining and merging data 

I used a standard form to carefully pull out relevant data from a set of articles. 

The material that was taken out included the type of article, the year it was 

published, the country or location where it came from, the study design, the 

sample characteristics, the parts of the plant that were studied (like leaves, 

seeds, or pods), and the main results or discoveries that were connected to the 

thesis goals. We organized the studies by important themes, like 

pharmacological efficacy, ethnomedical use, and phytochemical profile, to make 

it easier to combine them. The quality of the evidence and the type of study 

(e.g., laboratory, animal, clinical, case series, or review) were highlighted, which 

made it possible to provide a nuanced narrative summary instead of a 

quantitative meta-analysis. 
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Challenges with the Methodological Approach 

While every effort was made to do a thorough and complete study, there were 

several problems: The search was only for English-language, peer-reviewed 

articles in indexed databases, which could have led to a bias in language and 

publication. If you don't include gray literature, unpublished studies, and 

sources that aren't indexed, you can miss some important findings, especially 

those from regional or low-resource studies. Without any personal experimental 

or clinical research, the results are limited to secondary analysis, which 

depends on the quality and methods of the studies that are mentioned. Because 

the concentration is on scientific literature, some themes, such economic, 

sociocultural, or very region-specific ones, may not be covered as much. 
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CHAPTER 3 : Literature Review - Moringa’s Role in 
Managing Cardiovascular Risk Factors 

Many studies have looked at how moringa oleifera might affect risk factors for 

cardiovascular disease (CVD). There is some evidence from animal models, 

cell research, and a few human trials that moringa may have a favorable effect 

on specific CVD risk variables. However, the clinical picture is still developing 

and there are still some doubts. 

3.1. Moringa’s effect on High blood Pressure ( Hypertension) 

There is strong evidence from both animal and early human research that 

Moringa oleifera leaf extract (MOE) can lower blood pressure. These effects are 

thought to happen through a number of different ways. In animal models, 

especially hypertensive rats given L-NAME, a nitric oxide synthase inhibitor that 

mimics human essential hypertension, taking MOE by mouth caused big drops 

in systolic, diastolic, and mean arterial blood pressure, as well as heart rate, 

depending on the dose. This impact happened quickly and lasted for several 

weeks of administration. However, MOE did not lower blood pressure in 

healthy, normotensive rats, which suggests that its effect is only seen in sick 

animals. There isn't as much research on humans, but there is evidence that 

MOE lowers blood pressure in a dose-dependent way in healthy people, which 

is in line with its long history of use in traditional medicine to treat high blood 

pressure. There are several linked pathways that work together to lower blood 

pressure with MOE. First, MOE improves endothelium-dependent vasodilation, 

which is important for regulating peripheral vascular resistance, by restoring 

relaxation caused by acetylcholine and increasing the availability of Nitric 

oxide, a key vasodilator. The vasorelaxant effect of MOE depends a lot on 

having functional endothelium, taking it away makes the impact much weaker. 

At the same time, MOE has strong Antioxidant properties. It lowers the 

formation of vascular superoxide anions, lowers levels of malondialdehyde (a 

sign of oxidative damage), and increases the activity of endogenous antioxidant 

enzymes including superoxide Dismutase and Catalase. This helps lower 

oxidative stress, which otherwise makes nitric oxide signaling less effective and 

encourages vasoconstriction. Also, MOE stops too much adrenergic-mediated 
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vasoconstriction that happens when blood pressure is high, which helps keep 

blood pressure under control even more. These good effects on blood vessels 

are largely related to the high levels of phenolic compounds in MOE, like as 

quercetin, isoquercetin, catechin, and tannic acid, which are known to be 

antioxidants and vasodilators. Quercetin is especially known for its ability to 

increase endothelial function and directly relax blood vessels. Animal studies, 

new clinical findings, and its phytochemical composition all support MOE's 

ability to lower blood pressure. This makes it a natural product that could help 

treat high blood pressure by relaxing blood vessels directly and improving 

oxidative vascular dysfunction (Aekthammarat, 2019). 

3.2. Moringa’s effect on Blood sugar (Diabetes) 

 

 Moringa oleifera has gotten a lot of attention because it may lower blood sugar 

levels and make insulin work better. This is mostly because it has a lot of 

different phytochemicals, such as Chlorogenic acid. 

Moringa oleifera has shown a lot of promise in decreasing Blood sugar levels, 

especially in experiments with animals. Studies show that extracts from several 

sections of the tree, like the leaves, seeds, and fruit, reliably lower blood sugar 

levels in diabetic animals. These drops happen no matter what kind of extract is 

administered (powder, aqueous, methanolic, or ethanolic), and in some cases, 

Moringa's effect was as strong as or even stronger than traditional diabetes 

treatments like sulfonylureas. There are several different ways that these 

impacts lower blood sugar: Moringa's polyphenols work on glucose transporters 

in the intestines, especially SGLT1 and GLUT2, which makes it harder for the 

body to absorb glucose from food. Moringa extracts also stop enzymes that are 

important for breaking down carbohydrates, such as α-glucosidase and 

pancreatic α-amylase. This means that blood sugar levels rise more slowly and 

less after meals. Moringa also stops gluconeogenesis and glycogenolysis in 

the liver, which reduces the body's ability to make glucose on its own. This is 

especially helpful for those with diabetes, who already make too much glucose 

on their own. 
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There are some promising signs that Moringa oleifera may affect insulin 

sensitivity and insulin levels, however the effects are not always the same. 

Some research on animals have found that Moringa treatment raises serum 

insulin levels. This could be because the beta cells in the pancreas work better, 

the beta cells grow back, or antioxidants protect the beta cells from stress and 

injury. Researchers have also seen improved insulin signaling. Some Moringa 

chemicals stop protein tyrosine phosphatase 1B (PTP1B), an enzyme that stops 

insulin signaling. When this happens, insulin sensitivity may go up. But other 

research have shown that Moringa supplementation doesn't have a big effect 

on insulin levels. This shows that the results can vary, presumably because of 

differences in how the experiments were set up, the animal models utilized, and 

the exact Moringa pieces or extracts employed. There isn't as much data from 

studies on people. Only one study with healthy volunteers found a significant, 

dose-dependent increase in plasma insulin after eating Moringa, and this 

happened without causing serious hypoglycemia. Overall, Moringa may change 

how insulin is released or works, but more focused research is needed to 

confirm these effects and make clear what they mean in real life. 

Chlorogenic acid is one of the several phytochemicals in Moringa that stands 

out because it helps lower blood sugar levels and may make insulin more 

effective. Chlorogenic acid works mostly by stopping the liver from making too 

much glucose through the action of glucose-6-phosphatase (G6Pase) and its 

associated translocase. This is a very important benefit because many diabetics 

have trouble with their bodies making too much glucose. Chlorogenic acid also 

helps muscle cells take in glucose better, in part by indirectly blocking PTP1B. 

This could lead to enhanced insulin signal transduction and increased insulin 

sensitivity. Its strong antioxidant properties protect pancreatic beta-cells from 

reactive oxygen species (ROS) and advanced glycation end-products (AGEs), 

which are both linked to the progression of diabetes and the loss of beta-cell 

function. Chlorogenic acid and other polyphenols also stop important 

carbohydrate-digesting enzymes from working, which helps keep blood sugar 

levels from rising after meals. These many activities show how important 

chlorogenic acid is to Moringa's entire metabolic profile (Vargas-Sánchez, 

2019). 
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In brief, preclinical studies show that Moringa oleifera has strong 

antihyperglycemic effects. It works in a number of ways, such as by lowering 

glucose absorption, stopping the liver from making glucose, protecting and 

possibly regenerating pancreatic beta-cells, and reducing oxidative stress. All of 

these things help lower blood sugar and may improve insulin dynamics. 

Chlorogenic acid is especially important for these benefits since it lowers 

glucose levels and makes insulin more sensitive. But there isn't much 

information from human trials yet, and what there is isn't always consistent. This 

shows that we need more thorough, long-term studies that not just look at 

glucose levels but also directly test insulin sensitivity. Right now, the evidence 

we have suggests that Moringa might be helpful, especially in people with 

diabetes or other conditions that make it hard for their bodies to control glucose 

and insulin levels. However, more research is needed to make sure these 

results can be used in real-life medical practice (Vargas-Sánchez, 2019). 

3.3. Moringa’s effect on Cholesterol  

Animal studies have shown that Moringa oleifera, especially its fruit and leaves, 

can decrease cholesterol levels. When rabbits were given Moringa oleifera fruit 

powder (200 mg/kg/day orally) along with a standard or high-cholesterol diet for 

120 days, their serum cholesterol, phospholipids, triglycerides, LDL (the "bad" 

cholesterol), and VLDL (very-low-density lipoprotein) levels went down a lot. 

Notably, the treatment also lowered the atherogenic index and the cholesterol-

to-phospholipid (C/P) ratio, both of which are linked to a lower risk of 

atherosclerosis. 

Moringa's ability to decrease cholesterol was similar to that of lovastatin, a 

common drug used to treat high cholesterol. In rabbits with high cholesterol, 

both medicines decreased lipid levels in the serum and in important organs like 

the liver, heart, and aorta. The drop in LDL was very important, levels in tissues 

and blood dropped by as much as 97.72% compared to controls. 

The effects on HDL (high-density lipoprotein, or "good" cholesterol) were more 

complicated: Moringa actually lowered HDL levels in normal rabbits, just like 
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lovastatin. But for rabbits with high cholesterol, Moringa raised HDL levels a 

much, whereas lovastatin lowered them. 

the HDL ratio (HDL divided by total cholesterol) went up a lot after treatment 

with Moringa. This ratio is a good sign because a higher HDL ratio means a 

lower risk of atherosclerosis. The rise in HDL ratio, especially in people with 

high cholesterol, shows that Moringa is good for both the quality and quantity of 

lipids. 

The Effects of Plant Sterols and Fiber The fruit of the moringa oleifera tree has 

a plant sterol called β-sitosterol in it. Plant sterols are known to stop the 

intestines from absorbing cholesterol from food, which lowers blood cholesterol 

levels, but the effect is usually rather mild. This study doesn't measure the exact 

amount of β-sitosterol in Moringa, but it might help lower cholesterol levels 

overall. Moringa's dietary fiber is also thought to play a factor. Eating more fiber 

can help the body get rid of cholesterol in feces, which means less cholesterol 

is reabsorbed from the intestines. The study found that Moringa treatment led to 

a big increase in the amount of cholesterol and phospholipids that were 

excreted in feces. This suggests that the fiber in Moringa helps the body get rid 

of cholesterol (Mehta, 2003). 

In animal models, moringa oleifera has powerful benefits on lowering 

cholesterol. It lowers total cholesterol and LDL levels while raising HDL (HDL 

ratio) levels when cholesterol levels are high. These benefits are probably 

because it has plant sterols (such β-sitosterol) that stop cholesterol from being 

absorbed and dietary fiber that helps cholesterol leave the body through stool. 

This makes Moringa a viable natural supplement for controlling cholesterol 

levels and preventing atherosclerosis (Mehta, 2003). 

3.4. Moringa’s effect on Obesity  

Moringa oleifera is very important for breaking down fat because it changes the 

levels of hormones that control lipid metabolism in visceral adipose tissue. In 

obese rats, Moringa oleifera extract lowered the expression of leptin and resistin 

mRNA and raised the expression of adiponectin genes in visceral fat. This 
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change in hormones is very important since leptin and resistin levels are usually 

high in people who are overweight, and these hormones are linked to gaining 

weight and becoming insulin resistant. Moringa oleifera encourages the 

synthesis of adiponectin and lowers the levels of leptin and resistin. This 

activates pathways that help lipolysis (the breakdown of lipids) and fatty acid 

oxidation. Studies also show that Moringa's active ingredients boost 

thermogenic processes, which burn more energy and help get rid of more 

body fat. These effects together make Moringa a powerful tool for getting rid of 

extra fat because it speeds up the breakdown of fat and stops new fat from 

forming. 

Moringa oleifera helps people lose weight by affecting the hormone leptin, 

which controls appetite. Leptin usually tells the body to stop eating and start 

using energy. But when someone is obese, their body generally stops 

responding to leptin, which makes them hungry all the time and causes them to 

gain weight. Moringa oleifera helps with this by reducing leptin gene expression 

in visceral fat, which is thought to help restore leptin sensitivity. This 

restoration may bring back typical ways of controlling appetite, which could lead 

to eating less and helping to keep the weight off. Moringa's ability to change this 

pathway is very important for fighting obesity and its accompanying metabolic 

problems because enhanced leptin signaling is directly linked to better appetite 

control. 

The leaves of Moringa oleifera have a lot of different chemicals that work 

together to help people lose weight. Polyphenols and flavonoids are the most 

important of them. They are found in large amounts in Moringa leaf extracts. 

These antioxidants assist control hormone signaling and lipid metabolism, 

which are both important for storing fat. They also help reduce the oxidative 

damage that comes with being overweight. Moringa leaves also have 

isothiocyanates, which are a category of sulfur-containing phytochemicals that 

have been demonstrated to promote thermogenesis and lipolysis. This means 

that they directly help break down and use fat. Moringa leaves have a whole 

range of vitamins, minerals, carotenoids, quercetin, and kaempferol that all 

help improve metabolic health, lower cholesterol, and make it easier for the 
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body to keep a healthy energy balance. Moringa's powerful effect on lowering 

the risk of obesity without harming liver or kidney function is due to the way 

these bioactive components work together. 

Moringa oleifera helps people lose weight by breaking down fat, controlling 

hunger through hormone modulation, and using a group of powerful bioactive 

compounds present in its leaves. These combined benefits lead to less body 

weight, better metabolic indicators, and a potential profile for treating obesity 

and its accompanying health problems. 

3.5. Moringa’s effect on inflammation and oxidative stress  

Moringa’s Potent antioxidants content 

The leaves of the Moringa oleifera tree are quite high in antioxidants, which are 

important for getting rid of reactive oxygen species (ROS) and lowering 

oxidative stress. The study used analytical methodologies including ORAC 

(Oxygen Radical Absorbance Capacity), FRAP (Ferric Reducing Antioxidant 

Power), TEAC (Trolox Equivalent Antioxidant Capacity), and DPPH radical 

scavenging to show that Moringa leaf methanol extract had a high antioxidant 

capacity. For instance, the extract had a lot of polyphenols (2328.00 ± 165.70 

mg GAE/L) and flavonols (155.30 ± 6.49 mg QE/L). Also, High-Performance 

Liquid Chromatography (HPLC) tests showed that flavonoids like quercetin, 

rutin, and myricetin, as well as phenolic acids like chlorogenic, caffeic, and 

coumaric acids, were present. These are all renowned for their strong 

antioxidant properties. 

Moringa may effectively scavenge free radicals thanks to these antioxidant 

substances. This helps protect cellular structures from oxidative damage, which 

is a key cause of problems in diabetes. MO helps protect cells from oxidative 

stress damage by boosting their antioxidant defenses. This is notably true for 

organs like the liver and kidneys in diabetic rats (Oguntibeju, 2019). 
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Flavonoids and Isothiocyanates: Moringa's Anti-Inflammatory Compounds 

MO's antioxidant properties are complemented by its significant anti-

inflammatory effects, which are attributed to its active compounds, including 

flavonoids and isothiocyanates. Isothiocyanates, in particular, are 

acknowledged for their capacity to obstruct inflammatory pathways, while 

flavonoids (quercetin, rutin, myricetin) contribute to the anti-inflammatory 

arsenal by decreasing the production of pro-inflammatory mediators. 

The kidney and liver tissues were assessed for the presence of numerous 

inflammatory cytokines (IL-1α, IL-12, IL-18) in the study. These cytokines were 

substantially elevated in diabetic rats, suggesting that inflammation was 

exacerbated. The inflammatory markers were significantly reduced as a result 

of MO treatment, which illustrated the suppression of inflammation by both 

isothiocyanate and flavonoid. The extract's potent anti-inflammatory action 

was further substantiated by its significant suppression of the expression of 

NFKβ, a critical transcription factor in the inflammatory response (Oguntibeju, 

2019). 

 

3.6. Moringa’s effect on Metabolic syndrome  

Moringa oleifera has showed a lot of promise in treating metabolic syndrome 

(MetS) by focusing on its main parts: excessive blood sugar, high blood 

pressure, obesity, and abnormal lipid levels. Studies on animals show that 

different extracts and forms of M. oleifera can help people lose weight, lose 

belly fat, improve their lipid profiles, lower their blood sugar, make their insulin 

more sensitive, and drop their blood pressure, often with outcomes similar to 

those of common pharmaceuticals. These advantages are due to its high levels 

of phytochemicals, such as flavonoids, phenolic acids, and isothiocyanates, 

which have antioxidant, anti-inflammatory, and metabolic enzyme-modulating 

actions. M. oleifera is especially important because it helps the liver work 

normally, protects against oxidative stress, and lowers dangerous inflammatory 

indicators. Current data is strongest from in vivo research, however there are 

some limited human studies that indicate its promise as a safe and natural 
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supplement for controlling MetS. More clinical trials are needed to prove its 

effectiveness and safety in larger groups of people (Adarthaiya, 2024). 

3.7. Summary of Results 

Moringa oleifera helps cardiovascular health in many ways by positively 

affecting all of the key CVD risk factors, which are all linked to each other. 

These risk factors are blood pressure, lipid profile, blood sugar, and obesity. 

Most of the time, these good benefits are due to Moringa's wide range of 

bioactive chemicals, such  as: 

 Flavonoids like Quercetin, Kaempferol, and Isoquercetin 

 Acids that are phenolic: Sterols, such as β-sitosterol, 

 Thiocarbamates and isothiocyanates 

 Vitamins C, E, and β-carotene 

These phytochemicals are strong antioxidants and anti-inflammatories that 

lower oxidative stress and inflammation in blood vessels. This helps lower blood 

pressure, raise cholesterol and triglyceride levels, improve endothelial function, 

and protect against damage from diabetes. Moringa's effects on metabolic 

hormones and adipokines also help control weight, which is good for heart 

health. 

These interrelated cardiovascular advantages are generally moderate in people, 

even though they have been shown to be strong in animal studies and certain 

small human trials. More clinical research is needed to confirm their 

effectiveness and real-world impact. 
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CHAPTER 4 : Discussion  
 

The combined literature of research from preclinical and clinical trials shows a 

significant and increasing interest in Moringa oleifera's (MO) potential as an 

alternative or complementary intervention for reducing the risk factors for 

cardiovascular disease (CVD). The pathophysiology of atherosclerosis, 

coronary artery disease, stroke, and heart failure is largely influenced by these 

risk factors, which include mostly hypertension, dyslipidemia, obesity, insulin 

resistance, and oxidative stress. The examined literature supports the global 

demand for inexpensive, plant-based therapies that may be included into both 

preventative and therapeutic methods by offering mechanistic insights, clinical 

evidence, and public health significance. 

The Role of Moringa Oleifera in lowering Cardiovascular disease Risk 
Factors  

Preventing and treating cardiovascular disease (CVD) is still a top priority for 

public health around the world. This is because there are several risk factors 

that may be changed, such as dyslipidemia, hypertension, chronic inflammation, 

poor glucose metabolism, and obesity. People are paying more and more 

attention to plant-based treatments, and Moringa oleifera is a strong contender 

because it has a wide range of bioactive chemicals and well-documented 

pharmacological effects. 

Improved lipid profiles and Atheroprotection 

A lot of experimental and some clinical evidence suggests that Moringa oleifera 

can decrease lipids significantly. Studies on animals and people show that after 

using leaf or seed extracts, levels of total cholesterol, low-density lipoprotein 

(LDL), very-low-density lipoprotein (VLDL), and triglycerides go down, while 

levels of high-density lipoprotein (HDL) go up. Changing lipids like this 

immediately affects a significant risk factor for CVD: the buildup of atherogenic 

lipoproteins. High levels of LDL and triglycerides are key to the formation of 

plaques and atherogenesis. It is thought that the plant's wide range of 

phytochemicals, such as flavonoids (quercetin, kaempferol), phytosterols 

(especially β-sitosterol), and various phenolic acids, are the main reasons for 
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these benefits. These substances may lower cholesterol absorption, speed up 

catabolism, and improve lipid profiles. 

Managing blood pressure and endothelial function 

Hypertension is an additional field where Moringa oleifera shows a lot of 

potential. It is a major independent risk factor for CVD. Experimental studies 

show that giving Moringa extracts lowers both systolic and diastolic blood 

pressure by a large amount, possibly through a number of different processes. 

Some of the hypotensive effects have been linked to the presence of 

isothiocyanates and thiocarbamate glycosides, which may stop calcium from 

entering vascular smooth muscle, which would cause the blood vessels to relax. 

There is additional evidence that isoquercetin and other drugs can block 

Angiotensin-converting enzyme (ACE), but how important this is in real life 

for people is still up for debate because of issues with bioavailability and the 

methods used in activity assessments. 

Moringa oleifera's antioxidant activity also seems to help keep blood vessels 

healthy by keeping Nitric oxide (NO) bioavailability high, lowering reactive 

oxygen species (ROS), and fixing endothelial dysfunction, which is a critical 

factor in the development of hypertension and atherosclerosis. Flavonoids and 

phenolic compounds not only get rid of ROS, but they may also boost the 

activity of natural antioxidant enzymes. This gives the body two ways to protect 

itself from oxidative damage to blood vessels. 

Effects that reduce inflammation and alter metabolism 

Chronic, low-grade inflammation is becoming more and more clear as a key 

part of the pathogenesis of CVD, from activating endothelial cells and forming 

plaques to damaging cardiac tissue. Moringa's anti-inflammatory properties 

have been shown in both preclinical and limited human studies. These 

properties are thought to come from its high levels of quercetin, kaempferol, and 

isothiocyanates, which are known to lower the levels of pro-inflammatory 

Cytokines and enzymes like NF-κB. This anti-inflammatory impact is probably 

what makes it lower cholesterol and blood pressure, as well as make insulin 

more sensitive and lessen the symptoms of metabolic syndrome. 
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Insulin Sensitivity and Glycemic Control 

Atherosclerosis and diabetic cardiomyopathy are caused by vascular damage 

that is accelerated by insulin resistance and hyperglycemia. The hypoglycemic 

impact of moringa oleifera  is a key component of its cardioprotective function, 

according to several reviews (Mbikay, 2012).  

Moringa oleifera  leaf powder decreased systemic inflammation, increased 

insulin signaling through the AMPK and PI3K/Akt pathways, and improved 

fasting glucose in diabetic animals (Mthiyane, 2022). By reducing the production 

of glycation end products, endothelial dysfunction, and lipid abnormalities that 

are characteristics of diabetic vascular disease, these benefits indirectly 

improve cardiovascular health (Siam, 2024). 

In people with high cardiovascular risk, moringa oleifera  has also been 

associated with decreased LDL-C, a slight decrease in blood glucose, and an 

increase in HDL-C in combination formulations (e.g., with vitamin C and 

Bryophyllum pinnatum) (Sparman, 2017). 

Managing Weight and Risks Associated with Obesity 

Numerous risk factors for CVD are influenced by obesity. Over a 6-month 

period, Moringa oleifera  leaf powder supplementation in obese hypertensive 

adults dramatically decreased body weight, BMI, waist, and hip circumferences 

in addition to lowering blood pressure. (Fombang EN & 143). Similar effects 

were observed over shorter periods of time in clinical trials conducted on 

persons with hyperlipidemia who were overweight (Munir, 2025). Increased lipid 

metabolism, hunger suppression, and modest diuretic effects could all 

contribute to the weight-loss potential. Because obesity has a high correlation 

with type 2 diabetes, dyslipidemia, and hypertension, these changes are 

therapeutically relevant. 

Impact on glucose and obesity, with indirect benefits for the heart and 
blood vessels 

Moringa oleifera lowers the risk of CVD in more than one way. It affects glucose 

metabolism and body weight in addition to its direct effects on the heart. 



 70 

Research shows that Glycemic control, Insulin sensitivity, and body fat 

levels all improve. This is important because diabetes, metabolic syndrome, 

and cardiovascular risk are all closely related. Moringa may be able to break the 

cycle of obesity-related insulin resistance and vascular inflammation since it 

affects adipokines (such leptin and adiponectin) and has antioxidant and anti-

inflammatory properties. 

Integrated perceptions and critical assessment 

Putting all of this together, Moringa oleifera has a complex profile of lowering 

the risk of CVD by working together on lipid metabolism, blood pressure, 

inflammation, oxidative stress, and metabolic factors. But there are a few things 

that need to be spoken. A lot of the strong evidence comes from research on 

animals or short-term therapies with people that don't have very many 

participants. There are differences in dose schedules, types of extracts, and 

participant characteristics, which make it hard to come up with general clinical 

recommendations . Also, the bioavailability and pharmacokinetic characteristics 

of possible active substances in humans are still not well understood, especially 

when compared to pharmaceutical standards. Even if there are some gaps in 

the evidence, the fact that it lines up across numerous molecular pathways 

suggests that Moringa oleifera could be a useful addition to the prevention and 

therapy of CVD. It has a wide range of effects, few documented adverse effects, 

and is easy to get, which are all big pluses, especially in places where 

resources are limited and regular medicines may not be as easy to get. 

Strongest evidence  

Studies on blood pressure and lipids in animals before they are tested on 

people: Several strong studies have shown that extracts from the leaves, seeds, 

and pods of Moringa oleifera lower systolic and diastolic blood pressure in rats 

and rabbits with high blood pressure. These hypotensive responses vary on the 

dose and have been connected to some bioactive compounds, like 

thiocarbamates, isothiocyanates, flavonoids, and peptides. Blocking calcium 

channels, increasing the availability of nitric oxide, and stopping ACE activity 

are some of the ways they work.  
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Modifications to Lipid Profiles 

Numerous studies have shown that Moringa oleifera has lipid-lowering 

properties, and dyslipidemia is a significant modifiable risk factor for CVD. A 12-

week course of 1 g/day  moringa oleifera supplementation has been found in 

clinical trials to significantly lower triglyceride and LDL-C levels while improving 

HDL-C (Munir, 2025) in overweight, hyperlipidemic people. Together with 

decreases in waist circumference and BMI, these improvements point to both 

direct lipid-modulating and weight-loss-mediated effects. 

These findings are supported by animal and mechanistic research, which shows 

that diet-induced hypercholesterolemia is attenuated, hepatic lipid buildup is 

decreased, and HDL-C is preserved in obese and diabetic models (Muhammad, 

2019) 

Moringa oleifera's bioactive flavonoids, saponins, and phenolic acids are 

thought to improve bile acid excretion and prevent intestinal cholesterol 

absorption, while its antioxidant components shield LDL from oxidative 

alteration, a crucial stage in the development of plaque (MO's bioactive 

flavonoids, 2023). 

Antioxidant and anti-inflammatory activity 

There is substantial preclinical evidence that Moringa can lower markers of 

oxidative stress and inflammation in both vascular tissue and the body's 

circulation. This includes higher levels of antioxidant enzymes and lower levels 

of pro-inflammatory cytokines and lipid peroxidation byproducts. 

Some of the activities that have been shown include directly relaxing blood 

vessels, protecting the endothelium, stopping oxidative stress, and blocking 

pathways that are important to the development of cardiovascular disease (for 

example, ACE, calcium channels, and inflammatory mediators). 
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Table.4 -Summary Table of Evidence 
 

Risk Factor / 
Outcome 

Study Type & 
Population 

Intervention & 
Duration 

Key Findings Mechanism Highlights 

Hypertension 

Clinical – 
Obese & 
Normal 
Hypertensives 

30 g/day leaf 
powder, 6 mo 

↓ DBP up to 16%; 
modest ↓ SBP 

NO-mediated vasorelaxation; 
diuresis 

Dyslipidemia 
Clinical – HIV 
on ART 

Leaf powder 12 
weeks 

↓ LDL, ↑ HDL; ↓ 
CVD risk % from 
60.4 to 20 

Saponin-induced cholesterol 
excretion; LDLR upreg 

Hyperlipidemia 
(non-HIV) 

Clinical – 
Hyperlipidemic 
adults 

Leaf powder 12 
weeks 

↓ TG, ↓ LDL, ↑ 
HDL 

↓ hepatic lipogenesis; ↑ bile acid 
excretion 

Glycemic Control 
Animal & 
Human 
Diabetics 

Various doses, 
4–12 weeks 

↓ fasting glucose, 
↑ insulin 
sensitivity 

AMPK activation; antioxidant 
protection 

Obesity 
Clinical – 
Obese 
Hypertensives 

Leaf powder, 6 
months 

↓ BMI, waist, hip 
circumferences 

Appetite suppression; ↑ fatty 
acid oxidation 

Oxidative Stress / 
Inflammation 

Animal & 
Mechanistic 
Studies 

Leaf & seed 
extracts 

↓ TNF-α, IL-1β; ↑ 
SOD, CAT, GPx 

NF-κB inhibition; Nrf2 activation 

Cardiac Injury 
Animal – 
Isoproterenol-
induced MI 

Leaf extract 

↓ oxidative 
damage; 
preserved 
histology 

Antioxidant & anti-apoptotic 
phytochemicals 
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Weaker Evidence  

Human Clinical Trials: Mixed Results and Limited Scale 

Clinical Information Regarding Blood Pressure: Although some small-scale 

human trials, as well as studies on type 2 diabetics or individuals with excessive 

salt intake, have demonstrated modest reductions in blood pressure, these 

effects are not always statistically significant, and the results of the studies are 

inconsistent. There is a significant deficit of larger, placebo-controlled trials that 

focus on hypertensive patients as a primary population. Lipid Profile Effects in 

Humans: The majority of human data is derived from studies conducted on 

patients with metabolic syndrome or diabetes, with some studies suggesting 

slight improvements in lipid profiles. Nevertheless, the sample sizes are 

modest, and the changes frequently do not have a clinically significant impact. It 

is imperative to conduct high-powered, multicenter RCTs with lipid  endpoints 

as the primary outcome. Glycemic and Obesity Effects in Human Populations: 

Although animal studies are promising, human evidence for meaningful anti-

diabetic or anti-obesity effects with CVD risk reduction as an endpoint is 

significantly less robust, frequently restricted to pilot or observational reports. 

 Challenges in Standardization and Translation Dosage and Preparation: 

There is a lack of agreement regarding the optimal human dosing, safe intake 

limits, or standardized extract formulations. Moringa's efficacy as a food or 

supplement may be restricted by bioavailability, taste tolerability, and 

gastrointestinal adverse effects when used in sufficient quantities to match the 

doses that are effective in animals.  

Variability: The concentrations of active compounds in Moringa can fluctuate 

significantly based on the location and method of plant cultivation and 

processing, which complicates the process of generalizing findings or 

establishing a reproducible therapeutic intervention. 

Long-Term Safety and Potential Drug Interactions: There is a deficit of 

comprehensive research on the long-term effects on liver and renal function in 
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diverse human populations, as well as on potential interactions with 

antihypertensive, lipid-lowering, or anti-diabetic drugs. 

Potential of Moringa Oleifera in Public Health: Implications for Low-
Income and Rural Communities 

Moringa oleifera has the potential to be a highly effective intervention in public 

health, particularly in low-income and rural areas where malnutrition and 

micronutrient deficiencies are prevalent, as the results of this review strongly 

suggest. Moringa, whether as a supplement or as a regular part of the daily diet, 

possesses a number of characteristics that render it particularly advantageous 

for addressing the prevalent health issues that are encountered in these 

environments. 

Moringa leaves are extremely abundant in essential nutrients, such as 

digestible protein, calcium, iron, vitamins A, B, and C, carotenoids, and several 

vital amino acids. These components are essential in the prevention and 

amelioration of conditions such as anemia, stunted growth in infants, and 

impaired immune function, thereby combating undernutrition. The versatility of 

moringa is further emphasized by the fact that all portions of the tree including 

leaves, pods, flowers, and seeds are edible and have a high level of nutritional 

and medicinal value. For instance, the leaves can be utilized as cooked 

vegetables or processed into powders to enhance the nutritional value of local 

cuisines. This serves as a practical approach to enhancing dietary diversity and 

nutrient intake in resource-limited communities. 

Moringa has demonstrated the potential to provide supplementary public health 

benefits in addition to its fundamental nutritional value. The consumption of 

moringa-derived products has been shown to have anti-inflammatory and 

antioxidant effects, as well as the potential to reduce blood pressure, 

cholesterol, and blood glucose levels, according to empirical evidence. The 

combination of these properties renders moringa a promising agent for the non-

pharmacological management of chronic conditions that are becoming more 

prevalent, even in rural areas with limited access to healthcare services. 
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Additionally, moringa seeds have been recognized as a cost-effective and 

easily accessible method of water purification. The seeds can be employed as 

natural coagulants to clarify and disinfect potable water, thereby reducing the 

prevalence of waterborne diseases like cholera and typhoid. This not only 

directly contributes to enhanced health outcomes but also reduces dependence 

on imported or synthetic water treatment chemicals, thereby conserving scarce 

financial resources. 

However, it is crucial to acknowledge that the adoption of moringa-based 

interventions is continue to be impeded by the low levels of awareness and 

knowledge among rural populations. Extension and advisory services are 

therefore essential for the dissemination of information, the demonstration of 

preparation techniques, and the promotion of the integration of moringa into 

daily diets. The cultivation and marketing of moringa products can generate 

supplementary incomes for smallholder and subsistence farmers, and these 

endeavors have the dual benefit of enhancing nutrition and creating economic 

opportunities. 

In conclusion, the incorporation of Moringa oleifera into public health strategies 

offers a multifaceted approach to the alleviation of nutritional deficits, the 

reduction of disease burden, and the support of rural livelihoods. It is particularly 

well-suited for deployment in low-income and rural environments due to its 

extensive nutritional and medicinal benefits, sustained productivity, and inherent 

adaptability (Omotesho, 2013). 

Limitations of current research  

The predominance of preclinical studies conducted on animal models rather 

than humans is one of the primary limitations in the present body of research on 

Moringa oleifera. Despite the fact that these animal studies have suggested 

promising hypotensive and health benefits, their results are not always directly 

applicable to human populations. The effectiveness and safety profile of 

Moringa-derived treatments can be substantially impacted by differences in 

metabolism, cardiovascular physiology, and drug absorption between animals 

and humans. The difference in translational research emphasizes the necessity 
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of exercising caution when extrapolating animal data to predict human 

outcomes.  

There are substantial variations in the dosages used between studies, in 

addition to species-related differences. The doses that are administered to 

animals are frequently significantly higher than those that would be safe or 

practicable for human use. Additionally, the bioavailability of active compounds 

may vary depending on the method of administration. Numerous animal studies 

depend on intravenous dosing or laboratory-based conditions that are not 

readily replicable or feasible in real-world human dietary contexts. The absence 

of consensus on the optimal dosing regimen for humans further complicates 

matters. Current evidence indicates that a very high daily intake may be 

required to obtain comparable pharmacological effects, which is not always 

practical or acceptable for long-term consumption.  

The scarcity of well-designed, long-term randomized controlled trials (RCTs) 

that specifically concentrate on humans, particularly those with conditions such 

as hypertension, is another significant limitation. The results of the majority of 

clinical trials that have been conducted have been incompatible in terms of their 

impact on blood pressure, as they have either focused on healthy individuals or 

populations with diabetes or prediabetes. Additionally, the statistical power of 

numerous human studies is restricted by their brief duration and frequent use of 

small sample sizes, which hinders their ability to identify significant clinical 

outcomes and safety signals. Therefore, there is a significant requirement for 

more rigorous, large-scale RCTs with extended follow-up periods to establish 

the efficacy and safety of Moringa supplementation in a variety of human 

populations. 

Additional Research Required 

Because of the gaps in the current research, there is a clear and urgent need 

for well-designed clinical trials and human studies to learn more about the 

medicinal potential of Moringa oleifera. Preclinical studies give us useful 

information about how things work and proof-of-concept evidence, but we need 

strong clinical research to back up these discoveries in people. We should put a 
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lot of emphasis on large-scale, randomized controlled studies, especially those 

that focus on people with high blood pressure. We should also keep a close eye 

on both the safety and effectiveness of these trials over long periods of time. 

These kinds of studies would help us understand how Moringa supplements 

really affect cardiovascular health, blood pressure control, and other associated 

outcomes . 

Also, future study should focus on finding and using standardized extracts and 

formulations. Researchers commonly use Moringa preparations that have 

variable amounts of bioactive chemicals, come from different regions of the 

plant, and are extracted in different ways. This makes it hard to reproduce and 

compare results. It will be important to standardize the production of Moringa 

extracts in terms of both chemical composition and dosage. This will help make 

sure that research get the same results and that practical, regulated treatments 

may be used in clinics.  

More research should also look into the bioavailability of important secondary 

metabolites in individuals, as well as possible drug–herb interactions, especially 

in persons who are currently using antihypertensive drugs. Finding the best 

ways to dose Moringa, standardizing products, and looking into the long-term 

effects of frequent use will all help create evidence-based guidelines for clinical 

and public health recommendations. In the end, these kinds of thorough studies 

will make it possible to turn Moringa oleifera's promising preclinical profile into 

safe, effective, and proven treatments for patients. 
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CHAPTER 5: Conclusion and Recommendation  

 

Conclusion  

Moringa oleifera is a promising natural way to lower the risk of cardiovascular 

disease (CVD). It has a lot of bioactive compounds, like flavonoids, 

isothiocyanates, thiocarbamates, and different vitamins and minerals, that help 

regulate blood pressure, lipid metabolism, oxidative stress, and inflammation, 

which are all important for heart health. Studies on animals and new study on 

humans both show that taking Moringa can help lower blood pressure, enhance 

lipid profiles, and minimize oxidative damage. This means that it can help lower 

the risk of CVD in several important ways at the same time. 

Moringa oleifera is different because it comes from plants and is widely 

available in tropical and subtropical areas. This makes it an affordable and 

easy-to-find dietary supplement, especially for people in developing countries 

where access to regular medicines may be limited. Moringa doesn't work 

through just one mechanism, instead, it targets numerous physiological 

pathways. This means that it takes a comprehensive approach to lowering or 

reducing the risk of CVD. Also, the fact that it is cheap and has few documented 

side effects makes it even more promising for public health policies for 

preventing and managing chronic diseases. In conclusion, more rigorous clinical 

trials are needed to determine the best doses, explain how they work, and 

confirm their long-term safety and effectiveness. However, the evidence so far 

supports Moringa oleifera as a natural, versatile, and cost-effective way to lower 

the risk factors for cardiovascular disease and improve overall cardiometabolic 

health. 
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Recommendations  

For Researchers, Future study needs to focus on well-planned human clinical 

studies that look at how well Moringa oleifera works to lower the risk factors for 

cardiovascular disease (CVD). To better understand its effects in the real world, 

it is important to examine hypertensive and high-risk groups in addition to 

healthy or diabetic people. Researchers should also try to find safe and 

effective dosage levels by looking into both short- and long-term 

supplementation and keeping an eye out for any possible adverse effects or 

interactions with common drugs. It will also help us understand how Moringa 

works in people better if we look into how bioavailable and active certain 

bioactive components are when eaten. 

For healthcare Providers, Healthcare providers should look into Moringa 

oleifera as a possible addition to their treatment plans for CVD risk factors, 

especially for patients who want natural or low-cost options. Moringa looks 

promising because it has benefits for many systems, but recommendations 

should be careful and specific, taking into account the changing data base, the 

right dose, and the safety of the patient. Providers should keep an eye out for 

possible interactions with prescribed drugs and stay up to date on new research 

that shows how well they work and what side effects they may have. 

For the People, People are recommended to add Moringa oleifera to their diets 

in easy-to-find forms like leaves, tea, or powder. Moringa has important 

minerals and phytochemicals that may help keep your heart healthy and lower 

your risk of CVD. Adding Moringa leaves to salads, soups, or stir-fries, drinking 

Moringa tea, or taking leaf powder as a supplement are all useful ways to 

consume it. But it's best to use them in moderation until more is known about 

the best amounts of use. People who already have health problems should talk 

to their doctors before starting new supplements. 

Final Thoughts Using plants like Moringa oleifera in a smart way could help a 

lot with the global problem of chronic diseases including diabetes, heart 

disease, and other metabolic disorders. Moringa is a nutrient-rich, bioactive 

plant that has been shown to help multiple systems. It is a cost-effective, 
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sustainable, and easy-to-find solution for both preventive and complementary 

healthcare. Encouraging the use of Moringa in food and more scientific 

research into it not only improves public health, especially in places with less 

resources, but also shows how plant-based treatments can be used more in 

modern medicine. We can lower the global effect of chronic diseases and 

improve the health of the whole population by using natural products like 

Moringa safely and based on evidence. 
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