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CHAPTER ONE 

INTRODUCTION

What are phytochemicals? 

Phytochemicals are non-nutritive plant chemicals that have protective or disease 
preventive properties. They are non-essential nutrients, meaning that they are not 
required by the human body for sustaining life. It is well-known that plants 
produce these chemicals to protect themselves but recent research demonstrate that 
they can also protect humans against diseases. There are more than thousand 
known phytochemicals. Some of the well-known phytochemicals are lycopene in 
tomatoes, isoflavones in soy and flavonoids in fruits. 

Phytochemicals are key micronutrients needed for the body  immune system. 
These natural plant compounds are edible disease fighters. Phytochemicals give the 
plant color, aroma and flavor. Some of the most important phytochemicals are 
plant pigments, such as carotenes, chlorophyll, and flavonoids. In the simplest 
sense, phytochemicals are any plant chemical. Phytochemicals are naturally 
present in many foods but it is expected that through bioengineering new plants 
will be developed, which will contain higher levels. This would make it easier to 
incorporate enough phytochemicals with our food. 

Phytochemicals are chemical compounds that occur naturally in plants . Some are 
responsible for color and other organoleptic properties, such as the deep purple of 
blueberries and the smell of garlic. Phytochemicals may have biological 
significance, for example carotenoids or flavonoids, but are not established as 
essential nutrients. There may be as many as 4,000 different phytochemicals. 
Phytochemicals are organic substances found in vegetables, fruits and other plants. 
They provide protection against health related complications like arterial damage, 
heart disease and certain types of cancer. Many phytochemicals have antioxidant 
properties that provide bright colors to vegetable and fruits. Phytochemicals 
include flavonoids, capsaicin, insoflavones, and indoles. Without specific 
knowledge of their cellular actions or mechanisms, phytochemicals have been 
considered possible drugs for millennia. For example, Hippocrates may have 
prescribed willow tree leaves to abate fever. Salicin, having anti-inflammatory and 
pain-relieving properties, was originally extracted from the bark of the white 



willow tree and later synthetically produced to become the staple, over-the-counter 
drug aspirin. 

Phytochemicals in freshly harvested plant foods may be degraded by processing 
techniques, including cooking. The main cause of phytochemical loss from 
cooking is thermal decomposition.A converse exists in the case of carotenoids, 
such as lycopene present in tomatoes, which may remain stable or increase in 
content from cooking due to liberation from cellular membranes in the cooked 
food. Food processing techniques like mechanical processing can also free 
carotenoids and other phytochemicals from the food matrix, increasing dietary 
intake.Specific phytochemicals, such as fermentable dietary fibers, are allowed 
limited health claims by the US Food and Drug Administration (FDA). 

Phytochemicals seek out, dismantle and remove bacteria, viruses and carcinogens 
from the body. One example that will be of interest to men is a phytonutrient called 
lycopene because of its ability to shrink prostate tumors and slow their spread. 
Vegetables like brussels sprouts, kale and broccoli contain the phytonutrient 
indole-3-carbinol, which forms diindolymethane in the stomach. Diindolymethane 
is able to reduce the levels of alpha-hydroxestrone, a promoter of breast cancer. 
Simply said, eat your broccoli. Researchers have discovered that beta-carotene is 
beneficial in the healing of cancer. Carrots have been offering this nutrient for 
years, but it is only now that they are getting attention. 

Peeking into their cells and membranes, there is almost a magical quality to fruit 
and raw vegetables. And the real magic is there is so much still undiscovered. 
What secret treasures has God hidden within these living foods? Protective 
compounds and phytochemicals are able to heighten brain activity, sharpen senses, 
support our immune system and ward off aging. A greasy steak just cannot 
compare to a bowl of sweet, ripened fruit or green vegies  at least to your trillion 
cells. 

Some phytochemicals with physiological properties may be elements rather than 
complex organic molecules. For example, selenium, which is abundant in many 
fruits and vegetables, is a dietary mineral involved with major metabolic pathways, 
including thyroid hormone metabolism and immune function. Particularly, it is an 



essential nutrient and cofactor for the enzymatic synthesis of glutathione, an 
endogenous antioxidant. 



CHAPTER TWO 

HOW DO PHYTOCHEMICALS WORK? 

There are many phytochemicals and each works differently.  

These are some possible actions: 

 Antioxidant

Most phytochemicals have antioxidant activity and protect our cells against 
oxidative damage and reduce the risk of developing certain types of cancer. 
Phytochemicals with antioxidant activity: allyl sulfides (onions, leeks, garlic), 
carotenoids (fruits, carrots), flavonoids (fruits, vegetables), polyphenols (tea, 
grapes). Carotenoids are fat-soluble compounds found in living plants. Lutien, 
phytofluene, phytoene, zeaxanthin and lycopene contain antioxidant properties, 
which prevent the development of free radicals responsible for cell damage.

Hormonal action

 Isoflavones, found in soy, imitate human estrogens and help to reduce menopausal 
symptoms and osteoporosis. Isofalvones might help to reduce osteoporosis and 
menopausal symptoms in women. Moreover, soya proteins reduce the risk of high 
blood pressure responsible for heart failure. 

Stimulation of enzymes 

Indoles, which are found in cabbages, stimulate enzymes that make the estrogen 
less effective and could reduce the risk for breast cancer. Other phytochemicals, 
which interfere with enzymes, are protease inhibitors (soy and beans), terpenes 
(citrus fruits and cherries). 

 Interference with DNA replication

Saponins found in beans interfere with the replication of cell DNA, thereby 
preventing the multiplication of cancer cells. Capsaicin, found in hot peppers, 
protects DNA from carcinogens. 

Anti-bacterial effect 

The phytochemical allicin from garlic has anti-bacterial properties. 



Physical action

 Some phytochemicals bind physically to cell walls thereby preventing the 
adhesion of pathogens to human cell walls. Proanthocyanidins are responsible for 
the anti-adhesion properties of cranberry. Consumption of cranberries will reduce 
the risk of urinary tract infections and will improve dental health. 

Dietary fiber 

 Fibers play a major role in the prevention and treatment of colorectal cancer, 
diabetes, heart disease, high cholesterol, gastrointestinal disorders and obesity. 
Soluble fiber should form an essential part in your nutrition, and is particularly 
found in bananas, apples and oranges. 

Reduces high blood pressure 

 Flavonoids are primarily found in dark chocolates, apples, red wine, and green tea. 
They help to alleviate cholesterol levels in patients with cardiovascular 
complications. Also, studies show that flavonoids reduce the chance of heart 
diseases. 

Improves dental health 

 Proanthocyanidins might have the ability to reduce urinary tract diseases and may 
also improve dental health. Moreover, they also help fight common cardiovascular 
diseases such as arteriosclerosis. 

Boosts immune system 

 Eating a well-balanced nutrition provide wide array of phytochemicals that help 
improve your overall health. Fruits also contain essential phytochemicals, which 
enhance function of your immune system. 

Alleviates inflammation 

 Phytochemicals help to reduce chronic inflammation, which is beneficial to obese 
individuals with inflammatory markers. 



 Excessive consumption of foods rich in phytochemicals is associated with health 
complications such as diabetes. Also, they increase the risk of breast cancer in 
women. 

 Phytochemicals against prostate cancer 

Recent research on prostate cancer continues to highlight the importance of fruit 
and vegetable consumption in men's health. Flavonoids, a group of phytochemicals 
that abound in plant-based foods, could easily be considered one of nature's most 
powerful cures. These tiny molecules have a heap of documented health properties, 
with powerful anti-microbial, anti-inflamatory and anti-carcinogenic effects. 
Resveratrol, a grape phenol, could have yet untapped benefits against prostate 
cancer. 



CHAPTER THREE 

HEALTH PROMOTING BIOACTIVITIES OF PHYTOCHEMICALS 

Alkaloids 

Caffeine(1,3,7-Trimethylxanthin): Caffeine is a water-soluble alkaloid. Pure 
caffeine is a white odourless crystalline powder with a very bitter taste. Caffeine is 
closely related to other alkaloids such as theophylline (mainly found in tea) and 
theobromine (mainly found in cacao beans). The difference between these three 
molecules is the position of the methyl groups. Caffeine(1,3,7-Trimethylxanthin) is 
found in many everyday products, including tea, cola nuts, coffee, chocolate, mate 
and guarana. It is also found in some softdrinks (mainly colas and energy drinks) 
where it is artificially added. Caffeine acts on the nervous system by blocking 
adenosine receptor thereby slowing down nerve cell acitivity. Caffeine stimulates 
the central nervous system, respiration and blood circulation. Caffeine also acts as 
a diuretic. Caffeine increases the circulation and oxidation of fatty acids. This is 
why caffeine is used by sportsmen to increase fatty acid metabolism. Caffeine is 
often used in combination with aspirin to treat headaches. Caffeine can also have 
negative impact on health, especially if overdosed. There is evidence that too much 
caffeine can reduce bone density and caffeine is not recommended for pregnant 
women. Moderation is the key to caffeine consumption.. Caffeine containing plants 
have been used by different cultures over centuries. Tea from caffeine containing 
plants was used to treat headaches, coughs and even plague. Only recently caffeine 
is used to stay awake and relieve fatigue. Caffeine is now one of the most widely 
used phytochemical. Caffeine is not addictive but it can be habbit forming. 
Although caffeine is not toxic to humans in normal levels, it is very toxic to 
animals, such as dogs and horses. 

Theobromine(3,7-dimethylxanthine, 3,7-dihydro-3,7-dimethyl-1H-purine-2,6-
dione) : Theobromine is an alkaloid belonging to the methylxanthines. The 
structure of theobromine is similar to that of caffeine. Theobromine is mainly 
found in cocoa beans (about 25 g/kg), and consequently in chocolate. Theobromine 
levels are highest in dark chocolates (about 10 g/kg). Milk chocolates contains 
about 2 to 5 g theobromine per kg. (1-5 g/kg). Theobromine is also present in tea 



and cola nuts. Theobromine has a similar effect than caffeine, but about 10 times 
weaker. Theobromine has diuretic, stimulant and relaxing effects. Theobromine 
can lower the blood pressure because it can to dilate blood vessels. Theobromine 
has stimulant properties, similar to caffeine. Unlike caffeine theobromine does not 
affect the central nervous system.  Theobromine can also relax bronchi muscles in 
the lungs. Theobromine can be used as cough medicine. Studies indicate that 
theobromine acts on the vagus nerve, which runs from the lungs to the brain. 
Although theobromine does not cause harmful effects with humans, it is highly 
toxic to some domestic animals, including dogs and horses. With the animals, 
theobromine can lead to cardiac arrhythmias and seizures.Theobromine has a bitter 
flavour, which gives dark chocolate its typical bitter taste. 

Theophylline(3,7-Dihydro-1,3-dimethyl-1H-purine-2,6-dione) : Theophylline is a 
purine alkaloid. Theophylline is mainly found in black and green tea, but also in 
green coffee, cocoa and mate. Theophylline is partly responsible for the stimulant 
effects of tea. Theophylline has many medicinal uses. Theophylline acts as a 
phosphodiesterase inhibitor and relaxes smooth muscle of the airways of the lungs. 
Theophylline may also help the improve contraction of the diaphragm. Other 
actions of theophylline are: lowering of blood pressure, anti-inflammatory effect 
and chronotropic effect. Theophylline is found naturally in plants, but most 
theophylline used in medicines is synthesized on industrial scale. 

Anthocyanins 

Cyanidin(Flavan-3-ol) : Cyanidin belongs to the group of anthocyanins and has 
the typical C6-C3-C6 structure. Cyanidin is a water-soluble pigment. The colour of 
cyanidin will depend on the pH of the solution. Cyanidin is red when pH is below 
3, blue at pH higher than 11 and violet at neutral pH. In plants the cyanidin is 
bound to a sugar molecule to form cyanidin 3-O-beta-Glucoside. Cyanidin is 
present in most red coloured berries such as bilberry, blackberry, blueberry, cherry, 
cranberry, elderberry, hawthorn, loganberry and raspeberry, but also in other fruits 
including apples, pears, peaches and plums. The highest concentrations of cyanidin 
are found in the skin of the fruit. Cyanidin and its glycosides may have 
pharmacological properties. These phytochemicals are responsible for the deep 



colour (mainly red, orange and blue) of many plants and fruits. They have many 
health promoting properties including anticarcinogenic activity, vasoprotective, 
anti-inflammatory, anti-obesity and anti-diabetes effects. Similar to other 
anthocyanins, cyanidin has antioxidant and radical-scavenging actions. These 
actions will protect our cells against oxidative damage and reduce the risk of 
cancer and hearth disease. Cyanidin glycosides are easily absorbed into the plasma. 
Cyanidin and its glycosides are very strong antioxidants and are active at 
pharmacological concentrations. The antioxidant activity is stronger than that of 
vitamin E, vitamin C and resveratrol and similar to other commercial antioxidants. 
Cyanidin quickly neutralizes reactive oxygen species such as hydrogen peroxide, 
reactive oxygen and hydroxyl radical. A study in Japan by Takanori Tsua et al 
indicated that cyanidin may have benefits for the prevention of obesity and 
diabetes. Cyanidin rich extracts significantly reduced the boy weight gain of mice 
fed with a high fat diet. Cyanidin reduces blood glucose level and improves insulin 
sensitivity due to the reduction of retinol binding protein 4 expression in type 2 
diabetic mice. Many studies have demonstrated the anti-toxic effect of cyanidin, 
mainly against mycotoxins. Cyandin reduces DNA fragmentation and oxidative 
damage by aflatoxin B1 and ochratoxin A. The consumption of anti-inflammatory 
foods, mainly plants rich in anthocyanins, may help to control inflammation. 
Cyanidin from cherries alleviates arthritis in an animal model and reduces the 
serum level of malonaldehyde, which is a biomarker to measure the level of 
oxidative stress. Cyanidin suppress the inflammatory effect of zymosan in rats.) It 
can have important implications for the prevention of nitric oxide mediated 
inflammatory diseases. There are numerous studies demonstrating the anti-cancer 
activities of cyandin. The anti-cancer and anti-mutagenic properties of this 
anthocyanin is directly linked to its antioxidant properties. In-vivo and in-vitro 
studies are linking cyanidin to a reduced risk of leukemia, lung cancer, colon 
cancer, skin cancer and prostate cancer. Cyanidin induces cancer cell apoptosis, 
reduces oxidative damage to DNA, inhibits cell growth and decrease cancer cell 
proliferation. Endothelial dysfunction causes the development of atherosclerosis, 
which can result in heart health problems, including stroke and heart attacks. 
Cyanidin increases the levels of endothelial nitric oxide synthase and heme 
oxygenase in a dose-dependent manner and inhibits the formation of reactive 
oxygen species induced by platelet-derived growth factor, a protein which has been 
linked to the development of atherosclerosis. Studies suggest that cyanidin might 



successfully be employed for skin protection. Ultraviolet radiation of the skin 
tissue causes production of reactive oxygen species, resulting in oxidative stress, 
cell damage and eventual cell death or skin cancer. Cyanidin neutralizes free 
radicals and decreases the number of tumors induced by ultraviolet B radiation in 
rats. Treatment of cultured skin cells with cyanidin attenuated unfavorable 
biological changes caused by the radiation. The strong antioxidant capacity of 
cyanidin can be beneficial in conditions of increased oxidative stress, such as 
during a myocardial ischemia, cerebral ischemia or liver ischemia. Myocardial 
ischemia is a disease characterized by reduced blood supply to the heart muscle, 
usually due to atherosclerosis of the coronary arteries. Its risk increases with age, 
smoking, high cholesterol levels, diabetes and high blood pressure. When blood 
supply restores after a period of ischemia reperfusion injury to tissue can occur. 
Cyanidin reduces oxidative damage to organ cells during reperfusion. 

Malvidin(3,5,7-trihydroxy-2-(4-hydroxy- 3,5-dimethoxyphenyl)chromenium) : 
Malvidin is an anthocyanin. In acidic solutions malvidin has a red color, which 
turns to blue in alkaline conditions. Malvidin and its glycosides are responsible for 
the red to blue color of many food items such as red grapes, cranberries, 
blueberries and black rice. Malvidin is also responsible for the color of primroses. 
Health Benefits of Malvidin. Not many studies have focused on the health effects 
of malvidin. It is not know if malvidin has the same protective action in humans.  

Carotenoids 

Beta-Carotene(Pro-vitamin A) : Beta-carotene is the most common form of 
carotene and belongs to the group of terpenoids. Pure beta-carotene is red to purple 
colored oil. It is not soluble in water. Beta-carotene which is used in drinks is 
encapsulated with starch or gelatin to make it soluble. Beta-carotene occurs in 
colored fruits and vegetables such as mango, apricot, sweet potatoes, carrots, kale, 
broccoli, spinach, turnip greens, winter squash and collard greens. Beta-carotene 
has received a lot of attention as potential anti-cancer and anti-aging 
phytochemical. Beta-carotene is a powerful antioxidant, protecting the cells of the 
body from damage caused by free radicals. Studies indicate that diets low in beta-
carotene can increase the body's susceptibility to damage from free radicals, 



resulting in an increased risk of chronic diseases like heart disease and cancers. 
Beta-carotene supplements may help reduce sun induced skin damage. Smokers 
should avoid large doses of beta carotene supplements. Beta-carotene is one of the 
many carotenoids that our body can convert into vitamin A (retinol). Beta-carotene 
acts as an anti-cancer agent through its antioxidant property but it also seems to 
stimulate cell to cell communication. Poor communication between cells may 
eventually lead to cancer. However, beta-carotene may cause adverse effects on 
smokers. Two studies indicate that heavy smokers and drinkers may have an 
increased risk of lung cancer or heart disease, when taking daily more than 20 mg 
synthetic beta-carotene as supplements. A study by Harvard School of Public 
Health published in January 2004 issue of Cancer Epidemiology Biomarkers and 
Prevention indicates that beta-carotene consumed as part of natural foods has no 
such negative effects. Studies have demonstrated that beta-carotene may be used 
for skin protection: it reduces UV-induced redness of the skin and improves 
melasma. Beta-carotene is often use in supplements or topical creams to protect 
our skin. Too much intake of beta-carotene can result in carotenodermia, a 
condition that shows a yellowish discoloration of the skin. This is reversible and 
harmless. Epidemiological studies show that beta-carotene may improve our heart 
health by decreasing blood pressure. Beta-carotene may also help to prevent 
arteriosclerosis by inhibiting the oxidation of lipids. Beta-Carotene is a yellow 
pigment naturally occurring in fruits and vegetables. It also known as a provitamin 
because it can be converted in our body into vitamin A after oxidative cleavage by 
beta-carotene 15, 150-dioxygenase. In plants, beta-carotene, acts as an anti-oxidant 
and neutralizes singlet oxygen radicals formed during photosynthesis. Cooking 
improves the availability of carotenoids in foods. However, prolonged cooking 
should be avoided to prevent the formation of change of beta-carotene into the cis-
configuration. 

Lutein is an antioxidant, which belongs to the carotenoid family. Lutein is a 
yellow coloured pigment. Although lutein is not categorized as a vitamin, dietary 
lutein is believed to be an essential nutrient for normal vision. Because lutein is fat 
soluble, a deficiency may occur if fat digestion is impaired. Lutein is found in egg 
yolk and many plants and vegetables, including red peppers, mustard, broccoli, 
zucchini, corn, garden peas, spinach, leek, collard greens and kale. Lutein is 
responsible for the colouring of many fruits and vegetables. Lutein is an 



antioxidant which is believed to be an essential nutrient for normal vision. The 
protective role of lutein against eye damage is well document. Studies have also 
indicated that lutein improves heart health, protects our skin against UV damage, 
reduces diabetes induced oxidative stress, and possesses anti-inflammatory and 
anti-cancer properties. The central part of the retina, called the macula, contains 
macular pigments in which lutein is concentrated. The yellow coloured pigments 
protect the retina from damage of the photo-oxidative affect of high-energy light. 
Lutein offers eye protection  by lowering the risk of age related vision loss, which 
causes gradual loss of central vision. Age related vision loss or age related macular 
degeneration is caused by steady damage of the retina. Lutein can also reduce the 
risk for artery diseases. Studies have shown that persons with the highest lutein 
intake showed the lowest artery wall thickening. Lutein also reduces the oxidation 
of LDL cholesterol thereby reducing the risk of artery clogging. Lutein can also 
reduce the risk of skin cancer and sunburn. Under influence of sunlight, free 
radicals are formed inside the skin. These free radicals can damage the DNA of 
cells. Lutein can protect against the damaging effects of UV-B radation.  

Lycopene belongs to the family of carotenoids. It has a structure that consists of a 
long chain of conjugated double bonds, with two open end rings. The structure 
lycopene is the longest of all carotenoids. Lycopene is the red pigement of ripe 
tomatoes. Tomatoes contribute over 85% of the lycopene intake by women. 
Lycopene is also found in guava, pink grapefruit, red oranges and watermelon 
.Lycopene is a very efficient antioxidant, which can neutralize oxygen derived free 
radicals. The oxidative damage caused by these free radicals has been linked to 
many degenerative diseases such as cardiovascular diseases, premature aging, 
cancer and cataracts. In many countries it is legally allowed to advertise foods 
containing tomato lycopene as "containing antioxidants for the maintenance and 
support of healthy cells". Lycopene is generally known for its protective action 
against prostate cancer.  

In vitro-studies have shown the anti-cancer properties of lycopene against many 
cancer cells, including cancer cells of prostate, stomach, lung, colon and skin. 
There are numerous studies about the effect of lycopene on cancer and prostate 
cancer in particular. Using Pubmed as a retrieval base, more than 80 scientific 
studies have the names lycopene and prostate in their title. Most of the in-vitro 
experiments using cultured prostate cancer cells demonstrate a protective effect. 



However, most literature review studies or clinical studies are less conclusive and 
often contradictory. Lycopene also shows anti-mutagenic action against chemically 
induced DNA damage. Lycopene possesses antibacterial and antifungal properties. 
Lycopene can help to reduce inflammation of the gums and can help to fight 
infections of Candida albicans. Diabetes patients may suffer from complications as 
vascular disease, diabetic neuropathies or infections. Lycopene helps to protect 
diabetes patients against cardiovascular disease and may improve the immune 
response. However, the consumption of lycopene seems not to reduce the risk of 
diabetes mellitus type 2. Lycopene has a structure similar to that of the well-known 
antioxidant beta-carotene, but its antioxidant activity is much stronger. Treatment 
of cells will lycopene protects cells against DNA damage and lipid peroxidation. 
Lycopene inhibits platelet aggregation and reduces the production of foam cells 
which play an important role in the development of arteriosclerosis. Lycopene 
helps to prevent arteriosclerosis by reducing inflammatory agents in rats increased 
risk of venous thrombosis. In laboratory conditions, lycopene shows antitoxic 
properties against many toxins such as aflatoxin, cyclosporine and cadmium. 

Flavonoids 

Epicatechin ((2R,3R)-2-(3,4-Dihydroxyphenyl) -3,4-dihydro-1(2H) -benzopyran-
3,5,7-triol; cis-3,3',4',5,7-Pentahydroxyflavane; Epicatechol; epi-Catechin;epi-
Catechol;): Pure epicatechin is an odorless white powder. Epcatechin is a flavonol 
belonging to the group of flavonoids. Epicatechin is present in many plants. High 
quantities can be found in cocoa, tea and grapes. Epicatechin is a strong 
antioxidant, has insulin mimic action and improves heart health. Dr. Norman 
Hollenberg of Harvard Medical School found that Kuna indians, who live on the 
San Blas Island Chain in Panama and drink high quantities of cocoa drinks, have a 
lower risk of stroke, heart failure, cancer and diabetes compored to the Indians 
living on the mainland. Dr. Norman Hollenberg even suggests to consider 
epicatechin as a vitamin.Studies show that epicatechin and other flavonoids exert a 
protective role on osmotic fragility of cells, similar to that of insulin. The 
mechanism of action of epicatechin is different to that of insulin and remains 
speculative. In diabetic red blood cells epicatechin causes an increase in 
acetylcholinesterase activity. This activity is significantly lower in type 2 diabetic 



patients. Epicatechin reduces lipid peroxidation and inhibits platelet aggregation. 
Epicatechin cause blood vessel dilation by regulating nitric oxide, a molecule 
secreted by the blood vessel endothelium to signal surrounding muscle to relax.  

Hesperidin (Hesperetin 7-rhamnoglucoside, hesperetin-7-rutinoside): Hesperidin 
is a flavanone glycoside consisting of the flavone hesperitin bound to the 
disaccharide rutinose. The sugar cause hesperidin to be more soluble than 
hesperitin. The phytochemical hesperidin is mainly found in citrus fruits such as 
lemons and oranges. The highest concentration of hesperidin can be found in the 
white parts and pulps of the citrus peels. Hesperidin can also be found in green 
vegetables. Hesperidin is a flavanone glycoside consisting of the flavone hesperitin 
bound to the disaccharide rutinose. The sugar cause hesperidin to be more soluble 
than hesperitin. The phytochemical hesperidin is mainly found in citrus fruits such 
as lemons and oranges. The highest concentration of hesperidin can be found in the 
white parts and pulps of the citrus peels. Hesperidin can also be found in green 
vegetables.Hesperidin has antioxidant, anti-inflammatory, hypolipidemic, 
vasoprotective and anticarcinogenic and cholesterol lowering actions. Hesperdin
can inhibit following enzymes: phospholipase A2, lipoxygenase, HMG-CoA 
reductase and cyclo-oxygenase. Hesperidin improves the health of capillaries by 
reducing the capillary permeability.Hesperidin is used to reduce hay fever and 
other allergic conditions by inhibiting the release of histamine from mast cells. The 
possible anti-cancer activity of hesperidin could be explained by the inhibition of 
polyamine synthesis.  

sorhamnetin (3,5,7-Trihydroxy-2-(4-hydroxy-3-metoxyphenyl)benzopyran-4-on; 
3,5,7-Trihydroxy-2-(4-hydroxy-3-methoxyphenyl)-4H-1-benzopyran-4-one): 
Isorhamnetin is a flavonoid, which occurs naturally in plants, but is also a 
metabolite of quercetin (isorhamnetin is methylated quercetin). Isorhamnetin is not 
that much studied than quercetin. However, the few that exist indicate that 
isorhamnetin has similar health benefits: it may reduce the risk of cancer, improve 
heart health and ease diabetes complications. The anti-cancer effect of 
isorhamnetin has been demonstrated in in-vivo and in-vitro tests. In-vitro tests with 
lung cancer cells, liver cancer cells and esophageal cancer cells showed that 
isorhamnetin induces apoptosis of these cells. An in-vivo experiment with mice 
that were injected with isorhamnetin showed a reduced tumor weight. Both 
quercetin and isorhamnetin help to improve heart health. They improve the 



endothelial function through their antioxidant action and reduce the oxidation of 
HDL, resulting in a decreased risk of arteriosclerosis. Isorhamnetin is a potential 
candidate to explain the reduction of blood pressure and vascular protective effects 
observed in animal models of hypertension. Some studies have focused on the 
ability of isorhamnetin to attenuate diabetes complications, such as diabetic 
cataract, lipid peroxidation and high blood glucose levels. 

Kaempferol(Campherol, indigo yellow, nimbecetin, 3,4',5,7-Tetrahydroxyflavone) 
: Pure kaempferol is a yellow coloured powder. Amphoral is one of the most 
important and most widespread flavonoids (containing the typical C6-C3-C6 
structure). Kaempferol is a flavonoid present in various natural sources including 
apples, onions, leeks, citrus fruits, grapes, red wines, gingko biloba, St. John's 
wort. Keampferol is a strong antioxidant and helps to prevent oxidative damage of 
our cells, lipids and DNA. Kaempferol seems to prevent arteriosclerosis by 
inhibiting the oxidation of low density lipoprotein and the formation of platelets in 
the blood. Studies have also confirmed that kaempferol acts as a chemopreventive 
agent, which means that it inhibits the formation of cancer cells.  

Myricetin(3,3',4',5,5',7-hexahydroxyflavone, Cannabiscetin, Myricetol, Myricitin) 
Myricetin is flavonol, consisting of 3-hydroxyflavone backbone and 6 hydroxyl 
groups. Pure myricetin is a yellow-beige powder crystalline powder. Myricetin 
mainly occurs in nature in the form of glycosides. Myricetin is found in several 
foods such as walnuts, onions, berries, herbs and red grapes. Myricetin exerts a 
wide variety of biological effects, including antioxidant and free radical-
scavenging activities. Reports indicate that myricetin has anti-cancer and anti-
inflammatory properties and may improve bone-health. Myricetin has strong 
anticancer and antimutagenic properties, but it has been shown to promote 
mutagenesis with the use of the Ames Test. Although the anticancer property of 
myricetin has been attributed mainly to its antioxidant action, it has additional 
protective mechanisms. Myricetin has been shown to inhibit the expression of 
tumor necrosis factor-alpha, a cytokine that promotes the inflammatory response 
and is involved in inflammatory diseases. Myricetin glucuronide is an inhibitor of 
lipoxygenase 5-LOX and cyclooxygenases COX-1 and Cox-2. Myricetin and other 
flavonoids may improve heart health by prevening LDL oxidation and reducing the 
uptake of oxidized LDL by macrophages. Studies showed that myricetin inhibits 
the uptake of methylglucose by adipocytes, reduces oxidative injury in diabetes 



related bone diseases and reduces glucose plasma level in diabetic rats. Myricetin 
may offer benefits to person with brain diseases such as Parkinson and 
Alzheimer's. Myricetin inhibits ROS production caused by glutamate and reduces 
glutamate-induced activation of caspase-3. Myricetin restored dopamine level in 
laboratory animals with induced Parkinsonism. Myricetin may also inhibit beta-
amyloid fibril formation in Alzheimer patients. 

Naringin(4,5,7-Trihydroxyflavanone 7-rhamnoglucoside, Naringenin-7-
neohesperidoside): Naringin belongs to the group of flavonoids. Pure naringin is a 
yellowish powder. Naringin is a conjugate of a sugar molecule with naringenin. 
The structure of naringin is very similar to that of hesperidin. Naringin is mainly 
found in grapefruits. It is the compound that gives grapefruit its typical bitter 
flavour. Naringin has antioxidant, anti-carcinogenic and cholesterol lowering 
activity. 

 Studies have shown that naringin has a cholesterol-lowering effect, reduces LDL 
oxiation and can help to prevent hypercholesterolemia. Gorinstein S et al of the 
The Hebrew University-Hadassah Medical School, Jerusalem, studied the changes 
in plasma lipid and antioxidant activity in rats as a result of naringin and red 
grapefruit supplementation. They found that diets supplemented with red grapefruit 
juice and to a lesser degree with naringin improved the plasma lipid levels mainly 
in rats fed cholesterol and increased the plasma antioxidant activity. They 
concluded that naringin has plasma lipid lowering and plasma antioxidant activity 
increasing activity.Naringin is an aldose reductase inhibitor which means that it 
can help to fight retinal disease linked to diabetics. Naringin (and grapefruit) can 
interfere with certain drugs including calcium channel blockers, sedatives, 
cholesterol lowering drugs, caffeine and estrogen. Naringin stimulates the effect of 
caffeine and could therefore increase its fat burning action. 

Nobiletin(3',4',5,6,7,8-hexamethoxyflavone) : Nobiletin is a citrus flavonoids with 
a structure similar to that of tangeretin. It has the typical flavonoid structure and 
contains 6 methoxyl groups, one more than tangeretin. This high level of 
methoxylation increases the hydrophobic character of tangeretin. Pure nobiletin 
has the appearance of colorless needles and has a bitter taste.found in  Peels of 
citrus fruits. Nobiletin seems to be a very noble phytochemical with many potential 
health benefits. The most studied properties of nobiletin are its anti-inflammatory 



and anti-cancer activities. Nobiletin also helps to lower cholesterol levels and some 
studies indicate that it may improve impaired memory loss and treat acne. 
Numerous in-vivo and in-vitro studies have demonstrated the anti-inflammatory  
activity of nobiletin and its metabolites. Nobiletin acts directly as an antioxidant 
but also interferes with biological inflammatory processes. It inhibits the 
expression of genes involved in inflammation by blocking the binding of NF-
kappaB with DNA. One study showed that nobiletin reduced airway inflammation 
of asthmatic rats. Treatment of skin cells with nobiletin also reduced inflammation 
caused by ultraviolet-B radiation. The anti-cancer properties of nobiletin are 
supported by many scientific studies. Nobiletin act by its antiproliferation effect 
without being toxic to normal cells. Favourable results have been obtained on 
cancer cell lines of the liver, stomach, prostate and colon. A study with cultured 
macrophages demonstrated the cholesterol lowering and atherosclerosis inhibiting 
properties of nobiletin. Nobiletin also inhibits the formation of macrophage foam 
cells, macrophages loaded wit lipids, which build up on artery walls. 

Proanthocyanidins(Pycnogenol, OPC, Oligomeric Procyanidins) : 
Proanthocyanidins are oligomeric flavonoids, mainly found in grapes. They are 
dimers (see picture) or oligomers of catechin and epicatechin and their gallic acid 
esters. Many plants produce proanthocyanidins in their fruits, bark, leaves and 
seeds to protect them from predation. Proanthocyanidins give the typical 
astringency to foods such as wine and teas.Proanthocyanidins are mainly found in 
the skin and seeds of grapes. They are also present in red wine. During the 
production of red wine, the juice is left to ferment with the seeds and skins during a 
few days. During this fermentation process, the formed alcohol will extract the 
proanthocyanidins from the seeds and skins. Other rich sources are cocoa, apples, 
peanuts, almonds, cranberries, blueberries and bark of the maritime pine. 
Consumption of red wine, red grape juice, grape skin and grape seeds has been 
linked to many health benefits. There are mainly two grape phytochemicals 
responsible for these benefits: proanthocyanidins and resveratrol. 
Proanthocyanidins are in the first place very strong antioxidants. Studies have 
shown that proanthocyanidins act as anti-cancer and anti-allergic agents, and that 
they improve heart health. Proanthocyanidins protect against oxidative damage and 
could reduce the damage caused by tobacco smoking, pollution and free radical 
form in our body during normal metabolism.Many studies have shown that 



proanthocyanidins help to prevent the oxidation of LDL cholesterol, reduce blood 
pressure and improve fat metabolism. The inhibitory action against LDL 
cholesterol appears to increase with the degree of polymerization of the 
proanthocyanidin molecules. Proanthocyanidins may prevent cardiovascular 
disease by reducing the risk associated with high blood cholesterol. Tests with 
rabbits showed that an extract of grape seed proanthocyanidins significantly 
reduced the development of aortic atherosclerosis. Grape seed proanthocyanidins 
have a cardioprotective effect and protect the heart against myocardial injuries 
induced by isoproterenol, a drug used as an inhaled aerosol to treat asthma.Anti-
Cancer Studies have shown that proanthocyanidins have anti-cancer and anti-
tumour activity. Grape seed proanthocyanidins may possess chemotherapeutic 
activity against breast cancer. Anti-Allergic Proanthocyanidins inhibit enzymes 
that produce histamine and help to ease of allergies.  

Quercetin : Quercetin is the most abundant of the flavonoids. Quercetin belongs to 
the flavonoids family and consist of 3 rings and 5 hydroxyl groups. Querctin is also 
a building block for other flavonoids. Quercetin occurs in food as a aglycone 
(attached to a sugar molecule). Only a small percentage of the ingested quercetin 
will get absorbed in the blood. Quercetin is found in many common foods 
including apple, tea, onion, nuts, berries, cauliflower and cabbage. Quercetin, a 
member of the flavonoids family, exerts many beneficial health effects, including 
improvement of cardiovascular health, reducing risk for cancer, protection against 
osteoporosis. This phytochemical has anti-inflammatory, anti-allergic and antitoxic 
effects. Most of these properties are linked to its strong antioxidant action of 
quercetin but quercetin also modulates the expression of specific enzymes. 
Quercetin induces apoptosis and influences protein and lipid kinase signaling 
pathways. Quercetin is a candidate for preventing obesity-related diseases. 
Quercetin may help to reduce symptoms of diabetes patients. One study showed 
that quercetin reduced blood glucose level and improved improved plasma insulin 
levels in streptozotocin-induced diabetic rats. An in-vitro study concluded that 
quercetin may have a pharmacological application in treating cardiovascular 
disease in diabetes mellitus patients. Quercetin shows anti-inflammatory action by 
its direct antioxidant action and inhibition of inflammatory mediators and enzymes, 
such as lipoxygenase. Quercetin also inhibits the release of histamine, which 
causes congestion, by basophils and mast cells. Studies have shown an improved 



lung function and lower risk of certain respiratory diseases (asthma and bronchitis) 
for people with high apple (rich in quercetin) intake. Patients with increased levels 
of inflammation and oxidative stress might benefit most from a quercetin 
supplementation. Studies demonstrate that flavonoid-rich diets protect against 
myocardial infarction and stroke. As many other flavonoids, quercetin inhibits 
oxidation of LDL (bad) cholesterol, lowers blood pressure and reduces the risk of 
heart disease. Studies have shown that quercetin reduces cancer risk of prostate, 
ovary, breast, gastric and colon cells. Numerous in-vitro studies show that 
quercetin induces apoptosis of cancer cells through different mechanisms. 
Quercetin supplementation has been linked with improved performance, but 
supporting evidence is week and often conflicting. Scientists suggest that quercetin 
may aid performance through its anti-inflammatory properties or by stimulating the 
activity of mitochondria. 

Rutin (Rutoside, quercetin-3-rutinoside and sophorin ): Rutin is a bioflavonoid. 
Pure rutin is yellow or yellow-green colored needle-shaped crystal. Rutin is a 
flavonol glycoside comprised of the quercetin and the disaccharide rutinose 
(rhamnose and glucose). Rutin is found in many plants, fruits and vegetables. The 
richest source is buckwheat. Rutin is also found in citrus fruits, noni, black tea, 
apple peel. During digestion much of the rutin is metabolized to its aglycone, 
quercetin. Rutin has strong antioxidant properties. Rutin has also the property to 
chelate metal ions, such as iron, thereby reducing the Fenton reaction (production 
damaging oxygen radicals). Rutin also seems to stabilize vitamin C. If rutin is 
taken together with vitamin C, the activity of ascorbic will be intensified. Rutin is 
important because it strengthens capillaries and can help people who bruise or 
bleed easily. Studies have demonstrated that rutin can help to stop venous edema, 
that is an early sign of chronic venous disease of the leg. Rutin has anti-
inflammatory effects. Animal studies have shown that rutin has preventive and 
healing effects. There are indications that rutin can inhibit some cancerous and pre-
cancerous conditions. Rutin may help to prevent atherogenesis and reduce the 
cytotoxicity of oxidized LDL-cholesterol. 

Tangeretin(5,6,7,8-tetramethoxy-2-(4-methoxyphenyl)-4H-1-benzopyran-4-one 
5,6,7,8,4'-pentamethoxyflavone) : Tangeretin is a citrus flavonoids. It has the 
typical flavonoid structure and contains 5 methoxyl groups. This high level of 
methoxylation increases the hydrophobic character of tangeretin. It has a very 



bitter taste. Tangeretin can be found in the peel (albedo) of most citrus fruits. The 
whole orange fruit can contain up to 30 ppm tangeretin, but also orange juice 
contains some quantity. Commercial tangeretin is extracted from citrus peels. Only 
recently have scientists studied the biological activity of tangeretin. They found 
that tangeretin is readily absorbed in tissues and that it has many beneficial 
properties such lowering of cholesterol, anti-tumor activity and neuroprotective 
action.Animal studies have indicated that tangeretin has cholesterol lowering 
properties. One such found that rats fed with a diet containing tangeretin showed a 
significantly reduced (up to 40%) serum levels of LDL cholesterol. In-vitro test 
have shown that tangeretin acts as an antitumor agent. It induced apoptosis in 
leukemia cells without being toxic to normal cells. Tangeretin stops the growth of 
cancer cell in the G1 phase. On the other hand, tangeretin seems to counteract the 
anticancer drug tamoxifen and to suppress the activity of natural killer cells.A 
study with a rat model of Parkinson's disease showed that tangeretin increased the 
levels of dopamine and has potential neuroprotective activity. 

Hydroxycinnamic Acids 

Chicoric acid(Dicaffeoyl-tartaric acid) : Chicoric acid is a caffeic acid derivative, 
belonging to the group of polypfenols. Chicoric acid is the most active compound 
in Echinacea pupurea. Chicoric acid is very stable in dry conditions but can be 
broken down by enzymes, which are found in the Echinacea, in moist conditions. 
Chicoric is only found in Echinacea purpurea. Chicoric acid makes our immune 
cells more efficient in attacking intruders. In vivo en vitro studies have shown that 
chicoric acid promotes phagocytosis. This is the process whereby white blood cells 
and lymphocytes attack and destroy pathogens. Chicoric acid stimulates T-cell 
activation, stimulates healing of wounds and reduces the inflammation in arthritis. 
Chicoric acid increases the production of interferon, immunoglobulin and other 
chemicals important for the immune system.  Studies have indicated that chicoric 
acid can inhibit the penetration of viruses in cells.Chicoric acid also acts as an 
antioxidant by preventing the oxidation of collagen and cells. 

Coumarin (1,2-Benzopyrone, 2H-1-Benzopyran-2-one): Coumarin is a 
phytochemical with a vanilla like flavour. Coumarin is a oxygen heterocycle. 



Coumarin can occur either free or combined with the sugar glucose (coumarin 
glycoside). Coumarin is found in several plants, including tonka beans, lavender, 
licorice, strawberries, apricots, cherries, cinnamon, and sweet clover. Coumarin 
has blood-thinning, anti-fungicidal and anti-tumor activities. Coumarin should not 
be taken while using anticoagulants. Coumarin increases the blood flow in the 
veins and decreases capillary permeability. Coumarin can be toxic when used at 
high doses for a long period.Coumarin seems to work as a pesticide in the plants 
that produce it. Coumarin is responsible for the sweet smell of new mown hay. 

Ferulic acid(4-hydroxy-3-methoxycinnamic acid) : Pure ferulic acid is a yellowish 
powder. Ferulic acid belong to the family of hydroxycinnamic acid. The chemical 
structure of ferulic acid is very similar to that of curcumin.. The phytochemical 
ferulic acid is found in the leaves and seeds of many plants, but especially in 
cereals such as brown rice, whole wheat and oats. Ferulic acid is also present in 
coffee, apple, artichoke, peanut, orange and pineapple. Ferulic acid is an 
antioxidant which neutralizes free radicals (superoxide, nitric oxide and hydroxyl 
radical) which could cause oxidative damage of cell membranes and DNA. Ferulic 
acid helps to prevent damage to our cells caused by ultraviolet light. Exposure to 
ultraviolet light actually increases the antioxidant potency of ferulic acid. Ferulic 
acid is often added as ingredient of anti-aging supplements. Studies have shown 
that ferulic acid can decrease blood glucose levels and can be of help to diabetes 
patients.Ferulic acid seems to protect against cancer, bone degeneration, 
menopausal symptoms (hot flushes). Like many other antioxidants, ferulic acid 
reduces the level of cholesterol and triglyceride, thereby reducing the risk of hearth 
disease. Ferulic acid seems to reduce the risk of many cancers, including cancer of 
the stomach, colon, breast, prostate, liver, lung and tongue.  

Scopoletin:(7-Hydroxy-6-methoxycoumarin, gelseminic acid, chrysatropic acid, 
esculetin-6-methyl ether) : Pure scopoletin is a yellow to beige crystalline powder. 
Scopoletin belongs to the group of coumarins (this group also includes 
umbelliferone and esculetin). Scopoletin seems to regulate the blood pressure: 
when the blood pressure is high, scopoletin helps to lower it and when it is too low 
it can help raise it. Scopoletin has bacteriostatic activity against various species of 
bacteria, including Escherichia coli, Staphylococcus aureus, Streptococcus sp., 
Klebsiella pneumoniae and Pseudomonas aeruginosa.Scopoletin has anti-
inflammatory activity and can be used to treat bronchial illnesses and asthma. 



Scopoletin regulates the hormone serotonin, which helps to reduce anxiety and 
depression. 

Isoflavones 

Daidzein(7-hydroxy-3- (4-hydroxyphenyl)-4H -1-benzopyran-4-one, 4', 7-
dihydroxyisoflavone) : Daidzein belongs to the group of isoflavones and has the 
typical C6-C3-C6 structure. Isoflavones are also called phytoestrogens because 
they have some estrogen activity. Daidzein is the aglycone (molecule without 
sugar) of glycoside daidzin. Other well known isoflavones are genistein and 
glycitein.. Found in Soy beans, kudzu, red clover. Daidzein has both weak 
estrogenic and weak anti-estrogenic effects. Daizein has also antioxidant activity. 
Foti P. et al of the Department of Food Science and Microbiology (University of 
Milan) compared the antioxidant activity daidzein and genistein. antioxidant 
activity in primary and cancer lymphocytes. Their results showed that daidzein is 
just as effective as genistein in protecting cells against oxidative damage of DNA. 
The antioxidant activity of daidzein was measured at concentration which could be 
obtained by consumption of soy products. The anti-estrogenic effect of daidzein 
may explain its anti-carcinogenic, anti-atherogenic and anti-osteoporotic activity. 
Epidemiological studies have long shown that people who consume a lot of soy 
have reduces incidences of prostate cancers. This benefit of soy could be explained 
by the anti-cancer and antioxidant activity of daidzein.  

 Daidzein seems to reduce the risk for osteoporosis. Studies have shown that 
daidzein stimulates the formation of osteoblasts, which are cells that produce bone 
mass.  The herb Radix Puerariae contains daidzein and is used in China as a 
traditional Chinese medicine for alcohol addiction and intoxication. 

Genistein (5, 7-dihydroxy-3- (4-hydroxyphenyl)-4H-1-benzopyran-4-one, 4', 5, 7-
trihydroxyisoflavone. Genistein is one of the most abundant isoflavones in soy. 
Isoflavones belong to the group of flavonoids. Because of its similar structure to 
that of human estrogen it is also called a phytoestrogen, together with daidzein. 
Genistein is derived from the hydrolysis of the glycoside genistin.. The main 
source of genistein are soybeans. Other legumes, such as chickpeas, contain small 
amounts of genistein.. Genistein has may health benefits and works on several 
fronts: it acts as a phytoestrogens, antioxidant, anti-cancer agent and it could help 



people with  metabolic syndrome. The estrogenic activity of genistein has been 
confirmed in many studies. Of all the isoflavones, genistein has the strongest 
estrogenic activity. The estrogenic effect of genistein may explain its protective 
action against osteoporosis and its possible effect on body weight reductions. 
Genistein is also used to ease menopause symptoms, such as hot flushes. Genistein 
is a strong antioxidant. Genistein removes damaging free radicals and reduces lipid 
peroxidation. Genistein increases the activity of other antioxidant enzymes such as 
glutathione peroxidase, superoxide dismutase and glutathione reductase. Studies 
have shown that genistein can also influence the growth of cells which are not 
hormone-dependent. Genistein seems to reduce the risk for some hormone related 
cancers, principally breast cancer and prostate cancer. Epidemiological studies 
show that consumption of isoflavones may protect against breast and prostate 
cancer. High dietary intake of soy products China and Japan are linked with low 
incidence of these cancers. There are lots of theories to explain the anti-cancer 
action of genistein: inhibition of angiogenesis, inhibition of tyrosine kinases, 
antioxidant property, and anti-estrogen action (it is known that estrogen increases 
risk for certain cancers). Genistein binds with estrogen receptors, preventing the 
estrogen from binding and initiating cancer growth. Many in-vitro tests have 
demonstrated that genistein inhibits cellular cholesterol synthesis and cholesterol 
esterification. Genistein also reduces fatty acid oxidation and exerts lipid lowering 
effect. Only oxidized LDL cholesterol is absorbed by the arterial cells and 
prevention of this oxidation will reduce the risk for arteriosclerosis. Gensistein 
prevents the formation of hearth attacks and strokes by acting as anticlotting 
agent.The main source of genistein is the glucoside genistin. Before genistein can 
act it first needs to be released from genistin. This normally happens in the 
stomach (acid hydrolysis) and intestine (action of bacterial enzymes). Some 
genistein supplements contain genistein which has been hydrolysed in a chemical 
process. 

Lignans 

Silymarin is a polyphenolic flavonoid derived from milk thistle. Silymarin 
consists of three phytochemicals: silybin, silidianin and silicristin. Silybin is the 
most active phytochemicals and is largely responsible for the claimed benefits of 
silymarin.. found in Simylarin is found in milk thistle. Silymarin is a antioxidant or 
free radical scavenger. Skin care products often contain silymarin because it 



antioxidant activity may reduce the risk for skin cancer risk. Silymarin provides 
protection against different stages of UVB-induced carcinogenesis. Silymarin 
protects the liver by promoting the growth of new liver cells. By inhibiting lipid 
peroxidation silymarin helps to reduce or prevent liver damage caused by alcohol, 
poisonous mushrooms, drugs and other toxins. Silymarin also helps with the 
digestion of fats. Studies indicate that silymarin decreasing endogenous insulin 
overproduction and the need for exogenous insulin administration. Silymarin has 
also anti-atherosclerotic activity, by inhibiting the expression of adhesion 
molecules. Pharmacological studies show that silymarin is not toxic. Animal 
studies show that silymarin stimulates milk production by increasing serum 
prolactin levels, but the effect on humans is still not established. In 2010 the 
European Food Safety Authority (EFSA) rejected a health claim application 
linking a milk thistle extract, containing 40-80% silymarin, to an increased 
production of breast milk in woman after delivery. 

Monophenols 

Hydroxytyrosol is believed to be the antioxidant with the highest free radical 
scavenging capacity: double that of quercetin and more than 3 times that of 
epicatechin. The wastewaters generated during olive processing contain a high 
levels hydroxytyrosol, most of which can be recovered to produce hidroxytyrosol 
extracts. Studies by Visioli et al (2000) showed that a low dose of hydroxytyrosol 
reduces the consequences of sidestream smoke-induced oxidative stress in rats. 
Hydroxytyrosol is the main polyphenol found in olives. Hydroxytyrosol has the 
same health promoting properties than other polyphenols: prevention of 
atherosclerosis, promotion of intestinal and respiratory health and prevention of 
cancer. Hydroxytyrosol also reduces the oxidative stress caused by smoking.. 

Monoterpenes 

Geraniol (Lemonol, beta-Geraniol, trans-3,7-Dimethyl-2,6-octadien-1-ol): 
Geraniol is acyclic monoterpene-alcohol. Pure geraniol is a colourless oily liquid, 
with a sweet rose-like scent. When oxidized, geraniol becomes geranial or citral. 



Bergamot, carrot, coriander, lavender, lemon, lime, nutmeg, orange, rose, 
blueberry and blackberry. Geraniol is a natural antioxidant. Geraniol has been 
suggested to help prevent cancer.  

Limonene (Methyl-4-isopropenyl cyclohexene, Cajaputene, Carvene, Cinene, 
Dipentene, Efchole) : Pure limonene is a clear liquid. Limonene is a monoterpene, 
made up of two isoprene units. Limonene occurs in two optically active forms, l-
limonene and d-limonen. Both isomers have different odours: l-limonene smells 
piney and turpentine like and d-limonene has a pleasing orange scent. Limonene is 
found in the essential oils of citrus fruits and many other plant species. Industrial 
limonene is produced by by alkali extraction of citrus residues and steam 
distillation. This distillate contains more than 90% d-limonene. Studies have 
shown that limonene have anti- cancer effects. Limonen increase the levels of liver 
enzymes involved in detoxifying carcinogens. The Glutathione S-transferase 
(GST) is a system which eliminates carcinogens. Limonene seems to promote the 
GST system in the liver and small bowel, thereby decreasing the damaging effects 
of carcinogens. Animal studies demonstrated that dietary limonene reduced 
mammary tumor growth.. Limonene is also used as a solvent and cleaner. It can 
replace white spirit and other solvents. 

Organosulfides 

Allicin (Diallyl thiosulfinate): Allicin is garlic's defence mechanism against 
attacks by pests. When the garlic plant is attacked or injured it produces allicin by 
an enzymatic reaction. The enzyme alliinase, converts the chemical alliin to allicin, 
which is toxic to insects and microorganisms. The antimicrobial acivity of allicin 
was discovered in 1944 by Cavallito. Purified allicin is not sold commercially 
because it is not stable and has an offensive odour. Allicin extracted from garlic 
loses its beneficial properties within hours and turns into other sulphur containing 
compounds. Diallyl trisulfade, which is similar to allicin but is chemically 
produced, is stable and is used for treatment bacterial, fungal and parasitic 
infections. Allicin is the predominant thiosulfinate in garlic (Allium sativum). 
Allicin is the chemical responsible for the typical and offensive odor of garlic. 
Allicin, one of the sulfur compounds of garlic, possesses antioxidant activity and is 
shown to cause a variety of actions potentially useful for human health. Allicin 
exhibits hypolipidemic, antiplatelet, and procirculatory effects. It demonstrates 



antibacterial, anticancer and chemopreventive activities. In addition, aged garlic 
extract possesses hepatoprotective and neuroprotective. But a factor that will limit 
the biological activity of allicin is its instability. Fresh crushed garlic cloves 
generated antibacterial activity and chemically detectable allicin, but this activity 
declines on a daily basis in aqueous and ethanol solutions. Allicin is also not 
bioavailable and will not get absorbed in the blood, even after ingesting large 
amounts of allicin.. Antimicrobial 

The antimicrobial effect of allicin is due to its chemical reaction with thiol groups 
of various enzymes. The phytochemical inhibits bacteria and viruses, but also 
yeasts such as candida. By its antimicrobial activity, allicin may be an effective 
therapeutic candidate to promote ulcer healing. In vitro-studies have demonstrated 
the antimicrobial activity against various pathogens, such as Helicobacter pylori, 
Staphylococcus aureaus, Escherichia coli and Lancefield group B streptococci. In 
vitro studies show that allicin inhibits the invasion and metastasis of human colon 
carcinoma cells. The phytochemical also exhibits antigenotoxic action. But the 
anticancer effect of allicin in humans remains uncertain, because of its low stability 
and poor bioavailability. Garlic has been suggested to improve heart health by 
lowering blood pressure, but scientific studies have provided conflicting results. 
One study showed that the protective role of allicin against atherosclerosis, is not 
only the direct result of its antioxidant activity but also of other mechanisms, such 
as lipoprotein modification, inhibition of LDL uptake and degradation by 
macrophages.Intake of Garlic and its Bioactive Components The influence of 
heating on the anticancer properties of garlic.Pharmacologic activities of aged 
garlic extract in comparison with other garlic preparations. 

Glutathione(Gamma-Glutamylcysteinylglycine) : Glutathione is a sulfur-
containing amino acid that is composed of three amino acids: cysteine, glutamic 
acid and glycine. Glutathione is mainly in animal products but also in many plants 
including avocado, asparagus, broccoli, grapefruit, potato, strawberries, orange, 
tomato, peach and spinach. Glutathione is an important antioxidant. Glutathione 
neutralizes toxic peroxide which could otherwise damage our DNA and cell 
membranes. As we get older the glutathione level decreases in intracellular fluids. 
Dietary intake of glutathione can be important for older individuals which have 
reduced capabilities to detoxify free radicals. Glutathione also reacts with some 
toxins and helps to break them down, such as the pain reliever 



acetaminophen.Glutathione improves the stability of other antioxidants including 
vitamin C and vitamin E. Glutathione supports our immune system and stimulates 
the production of lymphocyte immune cells. Although glutathione is produced by 
our body is can be beneficial to consume extra glutathione through the diet. 

Indole-3-Carbinol(I3C, 3-hydroxymethyl indole, 3-indole methanol) : Pure 
indole-3-Carbinol is an off-white solid belonging to the group of indoles. Indole-3-
carbinol is only formed in these vegetable after crushing or during cooking. The 
phytochemical indole-3-carbinol is found in cruciferous vegetables such as 
cabbage, cauliflower, broccoli, kale and brussels sprouts. Indole-3-carbinol is made 
from indole-3-glucosinolate by the enzyme myrosinase. This enzyme is only 
activated after maceration of the vegetables. Indole-3-carbinol and its main 
metabolite diindoylmethane modulates several nuclear transcription factors 
resulting in a variety of biological and biochemical effects. Indole-3-carbinol 
works as a strong antioxidant, thereby protecting the DNA and other cell 
structures. Indole-3-carbinol has chemopreventive activity and stimulates the 
production of detoxifying enzymes. The phytochemical protects against 
carcinogenic effect of pesticides and other toxins. The anticancer effects of indole-
3-carbinol and its metabolite diindoylmethane are the result of specific activities: 
inducing enzymes that metabolize carcinogens, enhancing DNA repair, inducing 
G1 cell cycle arrest and apoptosis. Indole-3-carbinol blocks estrogen receptor sites 
on the membranes of breast and other cells, thereby reducing the risk of cervical 
and breast cancer. Indole-3-carbinol increases the ratio of 2-hydroxyestrone to 16 
alpha-hydroxyestrone and inhibits the 4-hydroxylation of estradiol. This is a 
favourable action of indole-3-carbinol because 16 alpha-hydroxyestrone and 4-
hydroxyestrone have carcinogenic action. The estrogen metabolite 2-
hydroxyestrone has protective against several types of cancer. Studies with animals 
have demonstrated that indole-3-carbinol reduced the carcinogenic affects of 
aflatoxins. The influence of indole-3-carbinol on the development of prostate 
cancer is less clear. Most studies report protective effects but a few studies indicate 
that indole-3-carbinol may promote prostate cancer formation. Treatment of skin 
cancer cells with ultraviolet-B results in the apoptosis of their apoptosis, a 
favorable effect that seems to be stimulated by indole-3-carbinol. Some studies 
also show a beneficial effect on the treatment of skin cancer. A few studies 
demonstrate the beneficial effects of indole-3-carbinol on lipid synthesis and 



platelet aggregation, suggesting that this phytochemical could help to improve 
heart health. 

Isothiocyanates : Isothiocyanates are sulphur-containing phytochemicals with the 
general formula R-NCS. Different molecules belong to this group. Isothiocyanates 
with the stongest anticancer effects are phenylethylisothiocyanate, 
benzylisothiocyanate and 3-phenylpropylisothiocyanate. Isothiocyanates occur 
naturally as glucosinolate conjugates in cruciferous vegetables. Isothiocyanates are 
also responsible for the typical flavour of these vegetables. Isothiocyanates can be 
found in cruciferous vegetables such as broccoli, cauliflower, kale, turnips, 
collards, Brussels sprouts, cabbage, radish, turnip and watercress. Glucosinolates 
are precursors of isothiocyanates. When the raw vegetables are chewed the plant 
cells are broken and an enzyme (myrosinase) hydrolyses the glucosinolates into 
isothiocyanates. Isothiocyanates combat carcinogens by neutralizing them, 
reducing their poisonous effect and stimulating the secretion of carcinogens of 
carcinogens. Isothiocyanates act by inhibition of cell proliferation and induction of 
apoptosis. The isothiocyanates with the stongest anticancer effects are 
phenylethylisothiocyanate, benzylisothiocyanate and 3-
phenylpropylisothiocyanate. Studies have shown that isothiocyanates help to 
prevent lung cancer and esophageal cancer. Isothiocyanates can also lower the risk 
of other cancers, including gastrointestinal cancer. Researchers at the Johns 
Hopkins University School of Medicine in Baltimore studied the metabolism of 
isothiocyanates and found that isothiocyanates were about six times more 
bioavailable than glucosinolates. Isothiocyanates combat carcinogens by 
neutralizing them, reducing their poisonous effect and stimulating the secretion of 
carcinogens of carcinogens. Isothiocyanates act by inhibition of cell proliferation 
and induction of apoptosis. The isothiocyanates with the stongest anticancer effects 
are phenylethylisothiocyanate, benzylisothiocyanate and 3-
phenylpropylisothiocyanate. Studies have shown that isothiocyanates help to 
prevent lung cancer and esophageal cancer. Isothiocyanates can also lower the risk 
of other cancers, including gastrointestinal cancer. Researchers at the Johns 
Hopkins University School of Medicine in Baltimore studied the metabolism of 
isothiocyanates and found that isothiocyanates were about six times more 
bioavailable than glucosinolates. 



Sulforaphane((R)-1-isothiocyanto-4-methyl-sulfonyl butane) : Sulforaphane is 
a phytochemical belonging to the family of isothiocyanates, which means it 
contains the typical NCS group. Sulforaphane occurs in plants bound to a sugar 
molecule: sulforaphane glucosinolate. Only after eating will the sulforaphane by 
released. Sulforaphane glucosinolate is found in cruciferous vegetables such as 
broccoli, cauliflower, cabbage and kale. The richest source of sulforaphane are 
broccoli sprouts. Sulforaphane is an antioxidant and stimulators of natural 
detoxifying enzymes. Sulforaphane may reduce the risk of breast, bladder and 
prostate cancer. Epidemiological studies show that people who eat a lot of 
cruciferous vegetables have reduces incidences of cancer. In-vitro and animals 
studies have confirmed the anti-cancer effects and have demonstrated that the 
phytochemical reduces the frequency, size, and number of tumors. The antioxidant 
action of sulforaphane helps to fight high blood pressure. A study by the Tokyo 
University of Agriculture has shown that persons who eat about 100 g of broccoli 
sprouts daily during one week had reduces levels of cholesterol. Potent induction 
of phase-2-enzymes in human prostate cells by sulforaphane.Sulforaphane inhibits 
extracellular, intracellular, and antibiotic-resistant strains of Helicobacter pylori 
and prevents benzo-a-pyrene-induced stomach tumors 

Other Phytochemicals 

Damnacanthal(3-Hydroxy-1-methoxyanthraquinone-2-aldehyde):
Damnacanthal is an anthraquineone. Pure damnacanthal is a orange-yellow solid.. 
Damnacanthal is found in noni fruit. Damnacanthal is an inhibitor of the activity of 
certain tyrosine kinases. Kinases mediate the transduction and processing of extra- 
and intracellular signals and control the devission of cells. Kinases are involved in 
oncogenesis. In vitro tests have shown that damnacanthal extracts from noni fruits 
have an inhibitory effect on the RAS genes. RAS genes encode a protein that 
controls the cell cycle and can lead to uncontrolled cell division. Other studies 
showed that damnacanthal had an anti-cancer on cancer cells implanted in the 
abdominal cavity.Damnacanthal showed sedative effects in animal 
studies.Damnacanthal have been shown to kill the malaria parasite Plasmodium 
falciparum and is also potent agent against leishmaniasis.



Digoxin : Digoxin is a glycoside composed of 3 sugars and a cardenolide. Pure 
digoxin is an odourless white crystal. Digoxin is not soluble in water. Digoxin is 
mainly found and extracted from the leaves of foxglove (digitalis) plant. Digoxin is 
a cardiac glycoside having an effect on the myocardium. It works by inhibiting 
sodium-potassium adenosine triphosphatase inside the cells of the heart. The 
margin between the effective doses and toxic doses is narrow. Digoxin is normally 
used in serum concentrations of 0.8 to 2.0 ng/ml. Administration of pure digoxin or 
extract from the foxglove plant should therefore be done under medical 
supervision. Pregnant or nursing women should take extra care when taking 
digoxin because it is not know if digoxin is not harmful to the unborn bay, and 
digoxin passes into the breast milk. When overdosed, digoxin will cause vomiting 
and nausea. Digoxin is one of the most frequently used phytochemical to treat 
congestive heart failure and atrial fibrillation. Digoxin helps to regulate the 
heartbeat and makes the heart beat stronger. The benefits of digoxin are greatest in 
patients with severe heart failure, an enlarged heart and a third heart sound gallop.  

Phytic acid (Inositol-phosphate): In plants phytic acid is the principal store of 
phosphate. Phytic acid is a natural plant antioxidant. Phytic acid can be found in 
most grains, seeds and beans. Rich sources of phytic acid are wheat bran and 
flaxseed (3 % phytic acid). Phytic acid has been considered as an anti-nutritional 
component in cereals, seeds and beans. Research has traditionally focused on its 
structure that gives it the ability to bind minerals, proteins and starch, and the 
resulting lower absorption of these elements. However, resent research have shown 
that phytic acid has many health benefits. Phytic acid has antioxidant, anticancer, 
hypocholesterolemic and hypolipidemic effects. In animal studies phytic acid 
showed a protective action in carcinogenesis. This action could be explained by its 
mineral chelating potential. Some studies suggest that phytic acid acts as anti-
cancer agent by reversing the proliferative effects of carcinogens.Phytic acid may 
have health benefits for diabetes patients. It lowers blood glucose response by 
reducing the rate of starch digestion and slowing the gastric emptying.Phytic acid 
releases inositol that during digestion. Although inositol is not an essential nutrient 
it might reduce depressions. Studies also show that phytic acid may reduce 
inflammation. 



Phenolic Acids 

Capsaicin (trans-8-methyl-N-vanillyl-6-nonenamide, N-(4-Hydroxy-3-
methoxyphenyl)-8-methyl-non-trans-6-enamide): Pure capsaicin is a white 
crystalline powder. Capsaicin is a capsaicinoid which belongs to the alkaloid 
family. It is very heat stable and keeps its activity despite cooking. Capsaicin is 
only slightly soluble in water, but very soluble in ethanol and vegetable oil. Other 
capsaicinoid are dihydrocapsaicin, nordihydrocapsaicin, homocapsaicin and 
homodihydrocapsaicin. Capsaicin is the phytochemical in chilli peppers that causes 
the typical heat. Capsaicin is used in many topical ointments used to relieve the 
pain of peripheral neuropathy (treatment of pain in the nerve endings near the 
surface of the skin). Capsaicin is then applied on the skin and removed when the 
patient starts feeling the burning sensation. The nerves seem to become insensitive 
to pain. The burning sensations of capsaicin is caused by its interaction with the 
nerve cells. Capsaicin binds with special receptor cells (vanilloid receptor subtype 
1) and produces the same effect as physical heat. Consumption of capsaicin can 
also create a euphoric sensation caused by the release endorphins. Capsaicin seems 
to inhibit the activity of DSP (Decapeptide Substance P), which the painful feeling 
of arthritis.  

 Capsaicin might protect against gastric ulcers. Studies have shown that capsaicin 
protects the stomach membrane by increasing the blood flow.Capsaicin seems to 
reduce the symptoms of psoriasis. Why do plants contain capsaicin? By producing 
the burning capsaicin the pepper plant prevents animals from eating its fruits. Birds 
don?t feel the burning sensation of capsaicin so they eat the fruits and are 
responsible for the spreading of seeds. The chilli seeds survive the digestion 
process. Capsaicin is also a component of pepper spray, used as chemical riot 
control agent. 

Ellagic Acid (Benzoaric acid, eleagic acid, elagostasine, gallogen.): Ellagic acid is 
a fused four-ring polyphenol. Pure ellagic acid is a cream to light yellow 
crystalline solid.. Ellagic acid is present in many red fruits and berries, including 
raspberries, strawberries, blackberries, cranberries, pomegranate and some nuts 
including pecans and walnuts. The highest levels of ellagic acid are found in 
raspberries. In plants ellagic acid is present in the form of ellagitannin, which is 
ellagic acid bound to a sugar molecule. Ellagic acid has antioxidant, anti-mutagen 



and anti-cancer properties. Studies have shown the anti-cancer activity on cancer 
cells of the breast, oesophagus, skin, colon, prostate and pancreas. More 
specifically, ellagic acid prevents the destruction of P53 gene by cancer cells. 
Ellagic acid can bind with cancer causing molecules, thereby making them 
inactive. In their studie The effects of dietary ellagic acid on rat hepatic and 
esophageal mucosal cytochromes P450 and phase II enzymes.  

Gallic acid(3,4,5-Trihydroxybenzoic acid) : Pure gallic acid is a colourless 
crystalline organic powder. Gallic acid occurs as a free molecule or as part of a 
tannin molecule. Gallic acid is found in almost all plants. Plants known for their 
high gallic acid content include gallnuts, grapes, tea, hops and oak bark.. Gallic 
acid seems to have anti-fungal and anti-viral properties. Gallic acid acts as a 
antioxidant and helps to protect our cells against oxidative damage. Gallic acid was 
found to show cytotoxicity against cancer cells, without harming healthy cells. 
Gallic acid is used a remote astringent in cases of internal haemorrhage. Gallic acid 
is also used to treat albuminuria and diabetes. Some ointment to treat psoriasis and 
external haemorrhoids contain gallic acid. Gallic acid is also used for making dyes 
and inks. Gallic acid does not combine with protein and has therefore no astringent 
taste. 

Rosmarinic acid (Ros A, [[3-(3,4-Dihydroxyphenyl)-1-oxo-2E-propenyl]oxy]-
3,4-dihydroxy- benzenepropanoic acid): Pure rosmarinic acid is a cream colored 
powder. Rosmarinic acid belongs to the group of polyphenols. Rosmarinic acid is 
found in big quantities in oregano, lemon balm, sage, marjoram, rosemary. 
Rosmarinic acid has antioxidant, anti-inflammatory and antimicrobial activities.  

 The antioxidant activity of rosmarinic acid is stronger than that of vitamin E. 
Rosmarinic acid helps to prevent cell damage caused by free radicals, thereby 
reducing the risk for cancer and atherosclerosis. Unlike antihistamines, rosmarinic 
acid prevents the activation of immune responder cells, which cause swelling and 
fluid formation.  Rosmarinic acid is also used for food preservation. In Japan the 
perilla extracts, rich in rosmarinic acid, is used the garnish and improve the shelf 
life of fresh seafood.  Rosmarinic acid is used to treat peptic ulcers, arthritis, 
cataract, cancer, rheumatoid arthritis and bronchial asthma. 



Tannic Acid (Gallotanic acid, digallic acid, allotannin, tannimum.) : Tannic acid is 
a polymer of gallic acid molecules and glucose. It the example there are 3 gallic 
acid molecules, but normally there are about 8. Because there are different 
molecular structures for tannic acid it would have been better to speak about tannic 
acids (in plural). Tannic acid will hydrolyze into glucose and gallic or ellagic acid 
units. Tannic acid is odourless but has a very astringent taste. Pure tannic acid is a 
light yellowish and amorphous powder. Tea, nettle, wood, berries, Chinese galls. 
Oak wood is very rich in tannic acid. When wine is kept in oak kegs some tannic 
acid will migrate into the wine. High levels of tannic acid are found in some plant 
galls. These are formed by plants when they are infected by certain insects. These 
insects pierce the plant leaves and when the egg hatches out into a larva the plant 
produces a gall which surrounds the larva. Tannic acid has anti-bacterial, anti-
enzymatic and astringent properties. Tannic acid has constringing action upon 
mucous tissues such as tongue and inside of mouth. The ingestion of tannic acid 
caused constipation and can be used to treat diarrhoea (in the absence of fever or 
inflammation). The anti-oxidant and anti-mutagenic properties of tannic acid are 
beneficial. However, tannic acid should not be used continuously or in high 
quantities ad it slows down the absorption of iron and possibly other trace 
minerals. Externally, tannic acid is used to treat ulcers, toothache and wounds. 
Tannic acid is also used in many industrial applications. The best known is the 
tanning of leather. Tannic is acid is sometimes used to clear wines. Tannic acids 
reacts with proteins in wine to form insoluble complexes which sediment or can be 
filtered. 

Phytosterols 

Beta-Sitosterol((3beta)-stigmast-5-en-3-ol, 22:23-dihydrostigmasterol, alpha-
dihydrofucosterol, cinchol, cupreol, rhamnol, quebrachol and sitosterin.) : Beta-
sitosterol is a phytosterols or plant sterol. The structure of beta-sitosterol is similar 
to that of cholesterol. Beta-sitosterol differs from cholesterol by the presence of an 
extra ethyl group. There are many plant sources of beta-sitosterol, but the most 
important are wheat germ, rice bran, flax seeds, peanuts, soybeans, pumpkin seeds 
and corn oil. Muli and co-workers showed that a plant-based diet, rich in fibre, soy 
and flax seed, can increase serum levels of beta-sitosterol. Beta-sitosterol is mainly 



known and used for its cholesterol lowering property. But studies have shown that 
the phytochemical may have other health benefits: easing symptoms of benign 
prostatic enlargement, reducing risk of cancer and prevention of oxidative damage 
through its antioxidant activity. Epidemiological and experimental studies have 
suggested a protective role of beta-sitosterol in the development of some types of 
cancer such as breast, colon and prostate cancer. In-vivo studies have shown that 
the phytochemical inhibited proliferation and induce apoptosis in human solid 
tumors such as colon and breast cancers. The studies about the protective effect of 
beta-sitosterol on breast cancer only involved in-vitro experiments using cultured 
breast cancer cells. These studies clearly show that the phytochemicals kills breast 
cancer cells and is not toxic to normal cell. Clinical studies linking beta-sitosterol 
and breast cancer are still missing but some scientists suggest that it may improve 
the efficiency of tamoxifen, a drug often used to treat breast cancer. Beta-sitosterol 
is an antioxidant able to reduce DNA damage, reduce the level of free radical in 
our cells and to increase the level of typical antioxidant enzymes. Regular intake of 
beta-sitosterol may reduce blood cholesterol levels by directly inhibiting the 
absorption of cholesterol. Beta-sitosterol also prevents the oxidation of LDL 
cholesterol thereby reducing the risk of atherosclerosis. Clinical studies have 
confirmed the beneficial effects of beta-sitosterol in patients with prostate 
enlargement. The phytochemical decreases post-void residual urinary volume and 
increases urinary flow rate in these patients. 

Saponins:

Saponins are glucosides with foaming characteristics. Saponins consist of a 
polycyclic aglycones attached to one or more sugar side chains. The aglycone part, 
which is also called sapogenin, is either steroid (C27) or a triterpene (C30). The 
foaming ability of saponins is caused by the combination of a hydrophobic (fat-
soluble) sapogenin and a hydrophilic (water-soluble) sugar part. Saponins have a 
bitter taste. Some saponins are toxic and are known as sapotoxin. Saponins are 
phytochemicals which can be found in most vegetables, beans and herbs. The best 
known sources of saponins are peas, soybeans, and some herbs with names 
indicating foaming properties such as soapwort, saoproot, soapbark and soapberry. 
Commercial saponins are extracted mainly from Yucca schidigera and Quillaja 
saponaria. Saponins have many health benefits. Studies have illustrated the 
beneficial effects on blood cholesterol levels, cancer, bone health and stimulation 



of the immune system. Most scientific studies investigate the effect of saponins 
from specific plant sources and the results cannot be applied to other saponins.  
Saponins bind with bile salt and cholesterol in the intestinal tract. Bile salts form 
small micelles with cholesterol facilitating its absorption. Saponins cause a 
reduction of blood cholesterol by preventing its re-absorption. Studies have shown 
that saponins have antitumor and anti-mutagenic activities and can lower the risk 
of human cancers, by preventing cancer cells from growing. Saponins seem to 
react with the cholesterol rich membranes of cancer cells, thereby limiting their 
growth and viability. Plants produce saponins to fight infections by parasites. 
When ingested by humans, saponins also seem to help our immune system and to 
protect against viruses and bacteria. Studies with ovariectomized induced rats have 
shown that some saponins, such as the steroidal saponins from Anemarrhena 
asphodeloides, a Chinese herb, have a protective role on bone loss.  The non-sugar 
part of saponins have also a direct antioxidant acitivity, which may results in other 
benefits such as reduced risk of cancer and heart diseases. Saponins from Yucca 
and Quillaja are used in some beverages, such as beer, to produce a stable foam. 
The detergent properties of saponins have led to their use in shampoos, facial 
cleansers and cosmetic creams. 

Stylbenes 

Pterostilbene (3,5-Dimethoxy-4-stilbenol, 3,5-Dimethoxy-4-hydroxy-E-stilbene): 
Pterostilbene is a stilbenoid phytochemical with structure similar to that of 
resveratrol (pterostilbene contains two extra methyl groups). Pterostilbene is more 
stable than resveratrol and has a higher bioavailability. It is found in foods such as 
peanuts, blueberries and grapes. Plants produce it to fight infections.Found in 
Blueberries, Grapes, Peanuts. Studies indicate that pterostilbene has antioxidant, 
anti-inflammatory and anti-cancer activity, lowers cholesterol and improves 
cognitive function. Pterostilbene may help to prevent cancer. In-vitro studies 
demonstrate that pterostilbene induces apoptosis of cancer cells and improves the 
efficiency of the ant-cancer drug tamoxifen. Studies in test tube and animals show 
that pterostilbene may improve heart health by lowering cholesterol levels and 
reducing plaque formation. Studies indicate the potential use of pterostilbene as an 
effective anti-inflammatory agent. The phytochemical inhibits the production of 
prostaglandin E2 from lipopolysaccharides-stimulated human blood cells. 



Resveratrol (Trans-3,5,4'-trihydroxystilbene): Resveratrol is a flavonol belonging 
to the group of flavonoids. It is produced by the plant as a defence against diseases. 
Resveratrol is present in many plants and fruits, including red grapes, eucalyptus, 
spruce, blueberries, mulberries, peanuts, giant knotweed. Also red wine contains a 
lot of it. The longer the grape juice is fermented with the grape skins the higher the 
resveratrol content will be. Resveratrol is an antioxidant but its antioxidant 
properties are weaker that those of quercetin and epicatechin. It has anticancer 
properties and inhibits lipid peroxidation of low-density lipoprotein and prevents 
the cytotoxicity of oxidized LDL. Resveratrol also increases the activity of some 
antiretroviral drugs in vitro.  In vitro studies have shown that resveratrol inhibits 
the oxidative damage caused by the heavy metal cadmium. The antioxidant activity 
of resveratrol reduces damage to endothelial cells exposed to nitrite radicals and 
protects skin cells against damage caused by UV radiation. The antioxidant action 
of resveratrol helps to prevent damage to DNA but it also influences the 
transcriptions of genes responsible for redox metabolism and inhibits proliferartion 
of cancer cells. Resveratrol appears to decrease tumor promotion activity by 
inhibiting the enzyme cyclooxygenase-1, which converts arachidonic acid to 
substances that promote tumor growth. In vitro experiments provide support for 
resveratrol to serve as a candidate preventive agent against prostate cancer, but in 
vivo effects of resveratrol and the mechanisms of action of resveratrol on prostate 
cancer prevention remain largely unknown. Resveratrol may be benificial for 
diabetes. Administration of resveratrol may protect against oxidative damage 
caused by high glucose levels. It also reduces diabetic neuropathic pain. 
Resveratrol protects our heart and blood vessels by directly scavenging oxidants, 
which could cause oxidation of lipids, and by preventing apoptosis of endothelial 
cells. It may also help to prevent heart damage after a cardiac arrest. Reduced 
platelet aggregation has been attributes to resveratrol, thereby reducing the risk of 
atherosclerosis. Tests with animals have shown that that high food intake reduces 
lifespan. One study showed that resveratrol was able to able to increase the life 
span of mice on a high calorie diet.  Many studies on animals have shown antitoxic 
effects of resveratrol. Resveratrol was able to reverse damages caused by the 
administration of the chemotherapeutic drug bleomycin. Resveratrol also helped to 
reduce brain damage and oxidative damage of the liver during ethanol intoxication. 
It also reduced kidney damage of rats treated with the antibiotic gentamicin. 



Triterpenoids 

Ursolic acid(Malol, micromerol, urson, prunol, (3b)-3-hydroxyurs-12-en-28-oic 
acid) : Ursolic acid is a is a pentacyclic triterpenoid.. Ursolic acid is present in 
many plants, including apples, bilberries, cranberries, elder flower, peppermint, 
lavender, oregano, thyme, hawthorn, prunes. Ursolic acid has medicinally action, 
both topically and internally. Ursolic acid is used in many cosmetic preparations 
for its anti-inflammatory, antitumor and antimicrobial properties.  Ursolic acid has 
antibacterial and antifungal activity. Tests have shown that Ursolic acid inhibits the 
growth of Candida albicans and Microsporium lenosum.  Ursolic acid has anti-
inflammatory properties and is used in ointments to treat burns. Topical application 
of ursolic acid inhibited TPA-induced initiation and promotion of tumor growth.. 

Xanthophylls

Astaxanthin (3,3'-Dihydroxy-b,b-carotene-4,4'-dione): Astaxanthin is a red 
carotenoid pigment. Astaxanthin is similar in structure than beta-carotene. The 
small differences in structure causes large differences in the chemical properties. 
Astaxanthin is produced by microscopic small plants: the micro-alga 
Haematococcus pluvialis. Haematococcus algae can contain up to 30 g of 
astaxanthin per kg dried algae. These micro-alga are eaten by marine animals 
including fish, crawfish, crabs and lobster. The Astaxanthin is responsible for the 
red colour of these animals. Another commercial source is from the ink coloured 
yeast Xanthophyllomyces dendrorhous. Astaxanthin is a powerful antioxidant that 
may improve our immune system and may protect against neurodegenerative 
conditions, against UV-light effects and against cancer. Astaxanthin is a powerful 
antioxidant and may protect against oxidative damage to body tissues. The free 
radical scavenging activity of astaxanthin protects lipids from peroxidation and 
reduces oxidative damage of LDL-cholesterol (thereby reducing arterial plaque 
formation), cells, cell membranes, mitochondrial membranes. Daily intake of 
astaxanthin might be a beneficial strategy in health management. Astaxanthin 
seems to improve the immune response by increasing the number of antibody 
producing cells. Astaxanthin enhances antibody production by exerting actions on 
T-cells and T-helper cells. It may also protect immune cells against oxidative stress 



and membrane damage. Many studies indicate that astaxanthin may be a potential 
candidate to treat neurodegenerative diseases such as Alzheimer and Parkinson 
disease. Exposure of our skin to UVA-light may result in sunburn, inflammation, 
ageing and skin cancer. In-vitro studies have shown that astaxanthin could reduce 
this damage. Many studies have demonstrated the anti-cancer effects of astaxanthin 
in rodents. The inhibitory effect of astaxanthin on cancer is stronger than that of 
beta-carotene. This phytochemical may be involved in the regulation of cell 
communication at gap junctions, induction of apoptosis, modulation of immune 
response and induction of xenobiotic metabolizing enzymes. Astaxanthin could be 
beneficial for heart health by reducing inflammation, preventing oxidation of 
cholesterol and by modifying blood levels of cholesterol. Oxidative stress and 
inflammation, mainly caused reactive oxygen species and reactive nitrogen 
species, are implicated in atherosclerotic cardiovascular disease. These oxidants 
regulate transcriptional messengers, such as nuclear factor-kappaB, which 
influence endothelial dysfunction.Most Astaxanthin is not extracted from the 
marine plants but is chemically produced. In commercial fish and crustacean 
farms, chemically produced astaxanthin is added to feeds in order to improve the 
colour. 

Beta-Cryptoxanthin(Cryptoxanthin, cryptoxanthol, hydroxy-beta-carotene) : 
Beta-cryptoxanthin belongs to the class of carotenoids, more specifically the 
xanthophylls. In the human body, beta-cryptoxanthin is converted to vitamin A 
(retinol) and is therefor considered as a pro-vitamin A. The phytochemical beta-
cryptoxanthin can be found in many vegetables and fruits, mainly in papaya, 
mango, peaches, oranges, tangerines, bell peppers, corn and watermelon. Beta-
cryptoxanthin is also found in some yellow coloured animal products such as egg 
yolk and butter. Beta-cryptoxanthin is a strong antioxidant and prevents that free 
radicals can damage your cells and DNA. Beta-cryptoxanthin seems to reduce the 
risk of lung cancer and colon cancer. Studies have demonstrated that beta-
cryptoxanthin can reduce the risk of lung cancer by more than 30 per cent. 
Researchers believe that the anti-cancer effect is linked to the antioxidant effect of 
beta-cryptoxanthin, but also to a specific expression of a gene that protects cells 
from becoming cancerousOther studies showed that beta-cryptoxanthin reduces 
risk for rheumatoid arthritis by 41 per cent.Beta-cryptoxanthin is a source of 
vitamin A, but about 2 times less strong than beta-carotene. Cooking of fruit and 



vegetables do not break down much the beta-cryptoxanthin. In order to absorb the 
beta-cryptoxanthin is essential that the diet contains fat, because beta-
cryptoxanthin is fat-soluble substances. 



CHAPTER FOUR 

QUALITATIVE METHOD OF ANALYSES OF PHYTOCHEMICALS 

Prepare by boiling 20 g of the fresh plant in distilled water. The solution is filtered 
through a vacuum pump. Use the filtrate  for the phytochemical screening for 
flavonoids, tannins, saponins, alkaloids, reducing sugars, anthraquinones and 
anthocyanosides.   

Test for alkaloids   

Warm about 0.2 g with 2% of H2SO4 for two minutes, filter  and add  few drops of 
Dragendoff's reagent . Orange red  precipitates indicate the presence of Alkaloids.  
Hager's Test for Alkaloids   Treat test solution with few drops of Hager's reagent 
(saturated picric acid solution).Formation of yellow precipitate would show a 
positive result for the presence of alkaloids.  

Test for tannins   

Mix One milliliter of the filtrate with 2 mL of FeCl3, A dark green colour indicate 
a positive test for the tannins.   

Test for saponins   

Dilute one milliliter of the plant filtrate with 2 mL of distilled water; shake the 
mixture  vigorously and allow  to stand for 10 minutes during which time, the 
development of  foam on the surface of the mixture lasting for more than 10 mm, 
indicates the presence of saponins.  Test for Saponins: Foam Test  Mix test 
solution with water ,  shake and observe for the formation of froth, which is stable 
for 15 minutes for a positive result. 

Test for anthraquinones   

Shake One milliliter of the plant filtrate with 10 mL of benzene; filter  the mixture 
and  add 5 mL of 10% (v/v) ammonia then shake  and observe. A pinkish solution 
indicates a positive test. 

Test for anthocyanosides   



Mix One milliliter of the plant filtrate with 5mL of dilute HCI; a pale pink colour 
indicates  positive reaction.   

Test for flavonoids   

Mix One milliliter of plant filtrate with 2 mL of 10% lead acetate; a brownish 
precipitate indicate a positive test for the phenolic flavonoids. While for 
flavonoids, mix  I mL of the plant filtrate with 2 mL of dilute NaOH; a golden 
yellow colour indicate the presence of flavonoids.   

Test for reducing sugars   

One milliliter of the plant filtrate was mixed with Fehling A and Fehling B 
separately; a brown colour with Fehling B and a green colour with Fehling A 
indicate the presence of reducing sugars.  Test for reducing substances: Benedict's 
test  mix 8-10 drops of test solution with 5ml of Benedict's reagent (alkaline 
solution containing cupric citrate complex) and boil in water bath, observe for the 
formation of reddish brown precipitate to show a positive result for the presence of 
carbohydrate(reducing substances). 

Test for cyanogenic glucosides   

Subject  0.5 g of the extract 10 mL sterile water, filter and add sodium picrate to 
the filtrate and heat to boil   

Test for cardiac glucosides   

Legal test (the killer-kiliani) : add, 0.5 g of the extract to 2 mL of acetic anhydrate 
plus H2S04

Test for Steroids and Triterpenoids: Liebermann Burchard test  mix Crude 
extract  with few drops of acetic anhydride, boil and cool. Add concentrated 
sulphuric acid from the sides of the test tube and observe for the formation of a 
brown ring at the junction of two layers. Green coloration of the upper layer and 
the formation of deep red color in the lower layer would indicate a positive test for 
steroids and triterpenoids respectively. 

Test for Glycosides: Keller Killiani Test  Treat Test solution with few drops of 
glacial acetic acid and Ferric chloride solution and mix. Add concentrated 



sulphuric acid, and observe for the formation of two layers. Lower reddish brown 
layer and upper acetic acid layer which turns bluish green would indicate a positive 
test for glycosides. 

Bromine water test  Dissolve test solution in bromine water and observe for the 
formation of yellow precipitate to show a positive result for the presence of 
glycosides.

Test for Flavonoids: Ferric chloride test  Treat test solution with few drops of 
Ferric chloride solution would result in the formation of blackish red color 
indicating the presence of flavonoids. 

Alkaline reagent Test  Treat test solution with sodium hydroxide solution, it will 
show increase in the intensity of yellow color which would become colorless on 
addition of few drops of dilute Hydrochloric acid,  which indicates the presence of 
flavonoids.

Lead acetate solution Test  Treat test solution with few drops of lead acetate 
(10%) solution would result in the formation of yellow precipitate. 

Test for Tannins: Gelatin Test  Treat test solution with gelatin solution it would 
give white precipitate indicating the presence of tannins. 

Test for Proteins: Biuret Test  Treat test solution with 10% sodium hydroxide 
solution and two drops of 0.1% copper sulphate solution and observe for the 
formation of violet/pink color for positive reaction. 

Test for Free Amino Acids: Ninhydrin Test  Boil test solution with 0.2% 
solution of Ninhydrin, it would result in the formation of purple color suggesting 
the presence of free amino acids. 

Test for Vitamin C: DNPH Test  treat test solution with Dinitrophenyl 
hydrazine dissolved in concentrated sulphuric acid. The formation of yellow 
precipitate would suggest the presence of vitamin 
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Abstract

Background to the Study: Corn silk contains phytochemicals of medical benefits 
such as  proteins, vitamins, carbohydrates, Ca, K, Mg and Na salts, fixed and 
volatile oils, steroids such as sitosterol and stigmasterol, alkaloids, saponins, 
tannins, and flavonoids.  

Aim and Objective: This study aimed at the evaluation of the scavenging property 
of corn silk extract in oxidative stress induced rabbits using corticosterone. 
Materials and Methods: Fifteen rabbits  divided into three experimental groups 
(A-Control, B-treated with aqueous extract and C-treated with methanolic extract) 
of 5 rabbits each were studied. The extract of the corn silk was obtained using 
methanol and water. Plasma Catalase, Superoxide dismutase and Glutathione 



peroxidase were estimated in the rabbits biochemically by spectrophotometry. The 
inducement of oxidative stress was done by administering corticosterone (40 
mg/kg/day) into the rabbits for 21 days before treatment.  

Results: The result obtained showed a significantly lower mean plasma value of  
Glutathione peroxidase, Catalase Test Croup B and C  after  inducement with 
corticosterone  compared  with the control with P<0.05. A significantly higher 
mean plasma value of Glutathione peroxidase, Catalase was also obtained in test 
Croup B and C after treatment with corn silk extract following oxidative stress 
inducement with corticosterone than before the treatment with P<0.05. 
Conclusion: The work has revealed significant scavenging anti-oxidative effect of 
methanolic and aqueous extract of corn silk following a significant oxidative stress 
induction using corticosterone in rabbits with reference to significant biochemical 
alteration in the plasma activities of Glutathione peroxidase and catalase.   

Keywords: Corn silk extract, Catalase, Superoxide dismutase, Glutathione 
peroxidase, scavenging 
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Abstract  

Background: Liquid extract of Morinda lucida leaf has been demonstrated to have 
antiplasmodial activities. Some phytochemicals act as preventive and or 
scavenging antioxidants.  

Aim and Objective 

This study aimed to investigate the preventative and scavenging properties of the 
raw liquid extract of M. lucida leaf using plasma myoglobin, transferrin, 
superoxide dismutase (SOD), and glutathione (GSH) peroxidase.  

Materials and Methods: Forty-eight Plasmodium-infected patients aged 29-47 
years that have not been treated with any antimalaria medication but have decided 
to be treated traditionally using M. lucida leaf extract were recruited from 15 
traditional homes in ATISBO, Saki-East, and Saki-West local government areas of 
Oke-Ogun  the Northern part of Oyo State-
Plasmodium in the blood of the test and normal control subjects were carried out 

glucose, blood pressure, plasma myoglobin, transferrin, SOD, and GSH peroxidase 
(GPx) were evaluated in the normal control subjects and in the Plasmodium-
infected patients before and after the treatment with raw liquid extract of M. lucida
leaf.

Results 

cant (P < 0.05) biochemical alterations were observed in the plasma 
values of transferrin, SOD, and GPx in the Plasmodium-infected patients when 
compared with the normal control subjects and after treatment with the raw liquid 
extract of M. lucida leaf. Conclusion: Our study supports the possible preventative 
and scavenging antioxidative effect of the raw liquid extract of M. lucida leaf in 
the traditional treatment of Plasmodium infection. 

Conclusion 

Oxidative stress in Plasmodium infecti cant decrease 
in the plasma myoglobin, transferrin, SOD, and GPx. The preventative and 
scavenging antioxidative properties of the liquid extract of M. lucida leaf was 



evident due to alterations in the plasma level of transferrin, SOD, and GSH 
peroxidase in Plasmodium- infected patients. 

Key words: Morinda lucida, Plasmodium infection, preventive antioxidants, 
scavenging antioxidants 
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Abstract  Morinda Lucida has been tested to have antimalarial and antidibetic 
effect among other health benefits. It is commonly used for the treatment of 
malaria infection in Oke-Ogun and its environs. Despite the health usefulness of 
this extract little has been reported about its biochemical alterations. 

Aim and Objective: This work was therefore designed to evaluate the parasite 
density, plasma total bile acids, Alanine transaminase, Lactate dehydrogenase and 
CD4 in Plasmodium infected patients treated with Morinda Lucida (Oowo). 

Materials and Method :Sixty four (64) HIV, HBsAg and anti-HCV seronagative 
Plasmodium infected patients visiting traditional hoimes in Oke-Ogun the Nothern 
part of Oyo state Nigeria for traditional malaria cure aged 5 to 73 years classified 
into Female (n=34) and Male (n=30) were investigated. Hepatitis B surface antigen 
(HBsAg) and anti-HCV tests were carried out by Enzyme Linked Immunozorbent 
Assay (ELIZA). HIV screening and confirmation were carried out by immuno-
chromatographic and Immunobloting (Western blot) assays respectively. Fasting 
Plasma Total Bile Acids (TBA), Lactate Dehydrogenase (LDH) and Alanine 



aminotransferase (ALT) were carried out biochemically by spectrophotometry 
while CD4 cell count was carried out by cytoflowmetry using Partec Cyflow 
machine and reagent. The tests were carried out in the control and test subjects 
before and after the treatment with the raw liquid extract of the leaf of Morinda 
Lucida. Results: The result obtained showed a significantly higher mean values of 
falciparum parasite density and plasma ALT in the plasmodium infected test 
subjects than the values of the parameters obtained in plasmodium non-infected 
control subjects before and after treatment of the plasmodium infected subjects 
with the raw liquid extract of Morinda lucida with p<0.05. There was also a higher 
significant difference in the value of plasma LDH in the plasmodium infected test 
subjects before the administration of the extract than the result obtained in the 
plasmodium non-infected control subjects with p<0.05. A significantly higher 
value of plasma LDH was obtained in the test subjects before the treatment 
compared to the value of this parameter obtained in the test subjects after treatment 
(p<0.05). There was also a significantly higher mean value of TBA in the test 
subjects compared with the control after treatment (p<0.05). There was no 
significant alteration in the mean values of the CD4 cell count in the subjects 
before and after treatment and also in test compared with the control subjects. This 
recent work showed significant alterations in the mean values of the plasmodium 
parasite density, ALT, LDH, TBA in the test subjects studied due to plasmodium 
infection and the effectiveness of the raw liquid extract of the leaf of Morinda 
Lucida in the treatment of malaria. Estimation of plasmodium parasite density, 
plasma ALT, LDH, and TBA should be considered in the treatment of malaria 
using the raw liquid extract of the leaf of Morinda Lucida.  

Conclusion  

This work has been used to evaluate parasite density, plasma total bile acids, 
Alanine transaminase, Lactate dehydrogenase and CD4 in Plasmodium infected 
patients treated with Morinda Lucida (Oowo). The findings of the study showed a 
significant alteration in the plasmodium parasite density, ALT, LDH and TBA in 
the test subjects due to plasmodium infection and the effectiveness of the raw 
liquid extract of the leaf of Morinda Lucida in the treatment of plasmodium 
infection.  4.2. Recommendations Estimation of Plasmodium parasite density, 
Plasma TBA, ALT and LDH should be considered in routine monitoring of the 
treatment of malaria using the leaf of Morinda Lucida.   



Keywords  Morinda Lucida, ALT, LDH, TBA, CD4, Parasite density, Raw liquid 
extract, Traditional, Malaria 
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Abstract

Thirty anaemic pregnant women aged 29.5± 6.5 years with baseline mean packed 
cell volume (PCV) of 20.8 ± 2.0% were  studied. Freshly prepared Ugu (pumpkin- 
Telfaira  occidentalis) mixture containing ugu (pumpkin) fluid, raw content of egg 
and peak evaporated unsweetened milk was administered orally to each of the 
pregnant women three times  in a day for seven days. Packed cell volume was 
carried out  by capillary tube method. There was an observed significantly  mean  
value of PCV (29.5 ± 2.2% ) a day following the administration of the mixture ( P 
< 0.05). The use of the mixture in the treatment of anaemia would reduce exposure 
to the risk of HIV/AIDS and Hepatities B infections that could occur with blood 
transfusion.   

Key words: Pumpkin leaves,  Anaemia, Pregnancy, Milk,  Raw egg,   PCV
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Abstract  

Background to the Study: Blind therapeutic management is a common feature of 
the traditional management of clinical cases that may obscure immunochemical 
and biochemical abnormalities such as viral infections and abnormally raised total 
bile acid (TBA) which may make treatments unsuccessful.  

Aim and Objective: This work was designed to determine some viral markers of 
patients with abnormally raised Total Bile Acid receiving treatments in 
herbal/traditional homes of some rural communities in Nigeria.  

Materials and Method: Fifty one (51(25.1%)) of 203 patients aged 21-52 years in 
Saki-East, Saki-West and ATISBO with abnormally raised total bile acid under 
going treatment in 15 herbal homes of Saki-East, Saki-West and ATISBO Local 
Government areas at the Northern part of Oyo state  Nigeria between January and 
June, 2014 were studied. Thirty two (32(21.3%)) out one hundred and fifty (150) 
age-matched patients with abnormally raised TBA visiting five (5) orthodox 
hospitals were also studied within the same period. 139(92.7%) with normal TBA 



out of 150 apparently healthy individuals aged 20-55 years initially selected were 
studied as normal control subjects. Immuno assays were carried out on the subjects 
by Immunoblotting and ELIZA while fasting plasma TBA was estimated in the 
subjects biochemically.  

Results: There was a lower incidence of positive 6.3%(2)ant-HIV, 15.6%(5) anti-
HCV antibodies and 25%(8) HBsAg in patients receiving treatment in orthodox 
hospitals with a mean plasma TBA of 16±2.0 mol/L than patients receiving 
treatment in Herbal homes 7.8%(4) positive anti-HIV, 17.6%(9) anti-HCV and 
31.4%(16) HBsAg obtained in with a mean plasma TBA of 18±3.2 mol/L. There 
was also a lower prevalence of positive 3.6%(5) anti-HIV, 4.3%(6) anti-HCV and 
7.2%(10) HBsAg with a plasma TBA of 6.5±0.3 mol/L in the normal control 
subjects than the results obtained from the patients receiving treatments from both 
orthodox and traditional/herbal homes.. The immunochemical status of the subjects 
also revealed evidence of viral co-infections as 2%(1) anti-HIV + anti-HCV in 
patients receiving treatments in herbal homes, 3.1%(1) anti-HIV + HBsAg in 
patients receiving treatments in orthodox hospitals with a mean plasma TBA of 
16±2.0 mol/L and 5.9%(3) anti-HIV + HBsAg in patients receiving treatments in 
herbal homes with a mean plasma TBA of 18±3.2 mol/L. There was a 
significantly higher difference in the mean plasma value of TBA and the 
prevalence of the viral markers including coinfections in the patients receiving 
treatment in orthodox hospitals and in the patients receiving treatments in herbal 
homes than the results obtained from the normal control with p< 0.05. There was 
also a significantly higher prevalence of the viral markers including coinfections in 
the patients of herbal homes than the resulusts obtained in the patients of orthodox 
hospitals and the normal control subjects (p<0.05).The frequency of the 
abnormally raised TBA, of the patients visiting herbal homes, orthodox hospitals 
and that of the apparently healthy individuals was 51(25.1%)), 32(21.3%) and 
11(7.3%) respectively.  

Conclusion: The incidence of positive HBsAg, anti-HIV, anti- HCV antibodies 
increases with increase in Total Bile Acids considering the mean concentration of 
the parameter and the pattern of the viral markers in the subjects and are more 
prevalent in patients receiving treatments from herbal homes than those attending 
orthodox hospitals and the control subjects. Evaluation of Viral markers of patients 



with abnormally raised Total Bile Acid is recommended for effective management 
of this biochemical abnormality in herbal homes.  

Keywords: viral markers, patients, abnormally raised Total Bile acid, treatments, 
herbal/traditional homes, rural communities, Nigeria 
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Abstract

Background 

 Raw liquid extract of Avocado pear leaf is of medicinal importance in the 
treatment of hypertension. In Oke-Ogun area of Oyo state, this extract is being 
used as an alternative therapy in the treatment of hypertension in human subjects. 

Aim and Objective 

This work was designed to evaluate the Effect of Liquid Extract of Pear Avocado 
Leaf used in the Traditional Treatment of Hypertension on the Plasma Levels of 
Aminotransferases, Total Bile Acids, Total and Low Density Lipoprotein 
Cholesterol. 

Materiasl and Methods 

 Fifty (50) anicteric newly diagnosed hypertensive patients with an abnormal 
increase in plasma cholesterol and blood pressure aged 45 and above that have not 
been treated with any hypertensive medication but have decided to be treated 



traditionally using avocado pear leaf extract were recruited from the traditional 
homes in ATISBO, Saki-East and Saki-West Local government areas of Oke-Ogun 

 the Northern part of Oyo state-Nigeria. Five (5) milliliter of venous blood was 
obtained from each subjects after an overnight fasting before and after the 
administration of the liquid extract for the extraction of plasma. Plasma Alanine 
amino-transferase(ALT), Aspartate amino-transferase (AST), Total Bile 
Acids(TBA), Low Density Lipoprotein(LDL) and Total Cholesterol were analysed 
in the samples of the patients biochemically by spectrophotometry including 
autoanalysis.  

Result 

The result obtained showed a significantly  higher mean value of plasma Total and 
Low Density Lipoprotein Cholesterol in the subjects before the administration of 
the liquid extract of avocado pear leaf than the values obtained post-administration 
with p<0.01. However there was a significantly lower mean value of plasma ALT 
and AST in the subjects before the administration of the liquid extract of avocado 
pear leaf  than the values obtained after the administration with p<0.01. There was 
a non-statistically higher plasma value of Total Bile Acids in the subjects before 
the administration of the raw liquid extract of avocado pear leaf than the value 
obtained in the subjects after the administration with p>0.01. The findings of this 
study revealed a significant alteration in the plasma level of ALT, AST, LDL and 
Total Cholesterol in the subjects after the administration of the liquid extract of 
avocado pear leaf. The evaluation of these biochemical parameters in hypertensive 
patients undergoing traditional therapy using the extract is therefore recommended.  

Conclusions  

The findings of this study revealed a significant alteration in the plasma level of 
ALT, AST, LDL and Total Cholesterol in the subjects after the administration of 
the liquid extract. A significant increase in plasma ALT and AST in the subject 
after the administration of the liquid extract indicates that the extract seems to have 
a toxic effect on the liver that could cause liver damage. Consequently, evaluation 
of these biochemical parameters in hypertensive patients undergoing traditional 
therapy using the extract is therefore recommended. 



Keywords  Aminotransferases, Hypertension, Liquid Extract,  Pear Avocado Leaf, 
Total/LDL Cholesterol, Total Bile Acids and Traditional Treatment 

Immunochemical Status and the Effect of Raw Liquid Extract of Vernonia 
Amygdalina on Acute Phase Protein (Albumin, Fibrinogen), Total Bile Acids 
and Lactate Dehydrogenase in Plasmodium Spp Infected Patients in Some 
Herbal Homes of Rural Nigeria   

Author : Mathew Folaranmi OLANIYAN*  

Address for correspondence: Department of Medical Laboratory Science, 
Achievers University, Owo, Ondo State-Nigeria *Corresponding author: 
olaniyanmat@yahoo.com Received August 28, 2014; Revised September 16, 
2014; Accepted September 18, 2014  

Journal: American Journal of Medical Sciences and Medicine, 2014, Vol. 2, No. 
4, 77-84 Available online at http://pubs.sciepub.com/ajmsm/2/4/3 © Science and 
Education Publishing DOI:10.12691/ajmsm-2-4-3   

Abstract

Background to the Study: Pathophysiology of Plasmodium infection and the 
metabolism of the phytochemicals of raw liquid extract of Vernonia amygdalina 
used in the traditional treatment of Plasmodium spp infection in Saki-East Local 
Government area of Oyo state -Nigeria involve the hepatocytes, which could bring 
about biochemical alterations in the plasma level of albumin, fibrinogen, Lactate 
dehydrogenase (LDH) and Total Bile Acids (TBA).  

Aim and Objective: This work was designed to determine the effect of the raw 
extract of Vernonia amygdalina used in the treatment of Plasmodium spp infection 
on acute phase protein (albumin, fibrinogen), Total bile acids and Lactate 
dehydrogenase.  

Materials and Method: Forty five 45 (72.6%) that were HIV, HBsAg and anti-
HCV seronagative female-23 (51.1%); male-22 (48.9%) aged 21-48 years were 
recruited and studied out of the sixty two (62) patients infected with Plasmodium 
spp based on the exclusion and inclusion criteria from 5 herbal homes in Saki-East 



Local government area of Oyo-state-Nigeria. Giemsa-thick film staining technique 
was used for Plasmodium detection including estimation of plasmodium parasite 
density and Viral immunochemical serology for anti-HIV, anti-HCV and HBsAg 
was carried out in the 62 subjects initially recruited was determined by ELIZA and 
Immunoblotting. These tests were also employed in recruiting the normal control 
subjects (n=50). Plasma albumin, fibrinogen, Total Bile Acids and Lactate 
dehydrogenase were analyzed in the control and Plasmodium infected subjects 
before and after treatment with the raw extract of Vernonia amygdalina. 

Results

There was a significantly lower mean values of fibrinogen, LDH, Parasite density 
in the control Plasmodium non- infected subjects (264±10.6 mg/dl; 253 ±13.1 U/L; 
0 L) than the values (438±10.1 mg/dl; 302±18 U/L; 490±10.0 / L) obtained in 
the plasmodium infected subjects before treatment with p<0.05. There was also a 
significantly lower mean values of fibrinogen and parasite density in the control 
Plasmodium non-infected subjects (264±10.6 mg/dl; 0/ L) than the values 
obtained in the Plasmodium infected patients after treatment with the extract 
(358±10.2 mg/dl; 205±15/ L) with p<0.05. However there was a significantly 
higher mean values of Fibrinogen, TBA, LDH, and Parasite density of 438±10.1 
mg/dl, 13±1.8 mol/L, 302±18 U/L and 490±10/ L respectively in the 
Plasmodium infected subjects before treatment than the values of the these 
parameters obtained in the same subjects after the treatment (358±10.2 mg/dl; 
10.1±1.5 mol/L; 264±12 U/L; 205±15/ L) with p<0.05. The results obtained also 
showed a lower significant difference in the plasma value of albumin in the 
Plasmodium infected subjects before treatment (3.6±0.3 g/dl) than the value 
obtained in the same subjects after treatment (4.1±0.2 g/dl) with p< 0.05. The 
immunochemical status of the Plasmodium infected patients revealed: 17.7% (11) 
out of the 62 Plasmodium infected patients were tested positive to HIV, HBsAg or 
anti-HCV which include: 9.7% (6) HIV, 4.8% (3) HBV and 3.23% (2) HCV while 
8.1% (5) of them were detected to be alcoholics and 1.6% (1) was found to be 
under analgesic therapy using paracetamol. Conclusion: There was a significant 
biochemical alterations in the concentration of plasma acute phase proteins 
(fibrinogen, albumin), Lactate dehydrogenase, Total Bile acids and parasite density 
in Plasmodium infected patients before the traditional treatment with extract of 
Vernonia amygdalina which was restored almost to normal after the treatment 



supporting the use of Vernonia amygdalina as an effective anti-plasmodia agent. 
The result obtained also revealed the immunochemical status of the Plasmodium 
infected patients as: 17.7% (11) out of the 62 Plasmodium infected patients were 
tested positive to HIV, HBsAg or anti-HCV which include: 9.7% (6) HIV, 4.8% 
(3) HBV and 3.2% (2) HCV.  

Conclusion and Recommendation  

There was a significant biochemical alterations in the concentration of plasma 
acute phase proteins (fibrinogen, albumin),Lactate dehydrogenase, Total Bile acids 
and parasite density in Plasmodium infected patients before the traditional 
treatment with extract of Vernonia amygdalina which was restored almost to 
normal after the treatment supporting the use of Vernonia amygdalinaas an 
effective anti-plasmodia agent. The result obtained also revealed the 
immunochemical status of the Plasmodium infected patients as: 17.7% (11) out of 
the 62 Plasmodium infected patients were tested positive to HIV, HBsAg or  anti-
HCV which include: 9.7% (6) HIV, 4.8% (3) HBV and 3.2% (2) HCV. 
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Abstract

Background to the study 

Corn silk contains phytochemicals of medical benefits such as proteins, vitamins, 
carbohydrates, Ca, K, Mg and Na salts, fixed and volatile oils, steroids such as 
sitosterol and stigmasterol, alkaloids, saponins, tannins, and flavonoids. Extract of 
corn silk is being applied traditionally in the treatment of some medical conditions. 
Aim and Objective: This study therefore, aimed at the evaluation of the effect of 
corn silk extract on liver markers and plasma glucose. Materials and Method:
Fifteen rabbits of either sex divided into three experimental groups of 5 rabbits 
each were studied. The extract of the corn silk was obtained using in methanol and 
water. The control group (A) with average weight of 758 g were not ingested with 
the extract throughout the period of study. Group B with average weight of 1040 g 
were ingested with the water extract for 3 weeks while group C with average 
weight of 984 g were ingested with the methanolic extract for 3 weeks. Plasma 
LDH, GGT and Glucose were estimated in the rabbits biochemically by 
spectrophotometry. The rabbits were well kept and placed on normal diet 
throughout the period of study. Results: There was a significantly lower mean 
value of plasma glucose in the rabbits ingested with methanol corn silk extract 
compared with the control subjects after one week of administration(p<0.05). 
There was also a significantly lower plasma glucose and a significantly higher 



LDH level in the rabbits administered with the methanolic extract than the given 
aqueous extract of corn silk (p<0.05).The results obtained also showed a 
significantly lower plasma GGT in the rabbits administered with the aqueous and 
methanolic extract of corn silk than the results obtained in the rabbits studied as 
control(p<0.05) after 3 weeks of administration. The result obtained showed a 
significantly lower mean value of glucose in the rabbit administered with the 
methanolic extract compared with those that were given aqueous extract for 4 
weeks with p<0.05. The administration of methanolic and aqueous extract of corn 
silk has an hypoglycaemic and hepatoprotective effects on the rabbits. The 
methanolic extract was also found to increase plasma LDH. These parameters 
should therefore be estimated in the patients undergoing treatment with corn silk 
extract for effective clinical management. The results obtained also show a 
significant increase in weights of rabbits administered with the aqueous and 
methanolic extract of corn silk than the results obtained in the rabbits studied as 

Conclusion  

The administration of aqueous and methanolic extract containing proteins, 
vitamins, carbohydrates, Ca, K, Mg and Na salts, fixed and volatile oils, steroids 
such as sitosterol and stigma sterol, alkaloids, saponins, tannins, and flavonoids for 
one to three weeks were found to increase LDH (methanolic extract) and a 
reduction in blood glucose and GGT due to hepato-protective effects of the phyto-
constituents 

Keywords: Corn silk, methanolic extract, aqueous extract, LDH, Glucose, GGT  
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Abstract 

This study investigates the efficacy of ginger (Zingiber officinale), garlic (Allium 
sativum) and both plants combined in rats infected with Kleibsiella pneumoniae. 
The rats were treated with the plant extracts after symptoms of pneumonia 
infection were noticed in all the groups; the treatment lasted for seven consecutive 
days. The average weight gains in the post-administration were: in garlic, ginger, 
mixture (males), mixture (females) and control were 27.0g,-36.2g, 6.0g, 38.8g and 
78.8g respectively. There was a significant reduction in packed cell volume (PCV) 
in all the groups except in females injected with mixture compared with the 
control. Also, garlic treated rats showed a significant decrease in total white blood 
cell (WBC) and neutrophils but an increase in lymphocytes as against to what was 
observed in the other groups.All the rats in ginger group died with symptoms of 
pneumonia before seven days after the administration while two rats died in males 
treated with mixture. No death was however recorded in the other groups. 

Keywords : allium sativum, kleibsiella pneumoniae, lymphocytes, neutrophils, 
therapeutic agent, zingiber officinale
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ABSTRACT

This was designed to evaluate the effect of corn silk extract on lipid profile, CK-
MB and LDH. Fifteen rabbits  divided into three experimental groups of  5 rabbits 
each were studied. The control group(A) were not ingested with the extract 
throughout the period of study. Group B were ingested with the water xtract for 3 
weeks while group C were ingested with the mathanolic extract for 3 weeks. 
Plasma lipid profile, CK-MB and LDH were estimated in the rabbits biochemically 
by spectrophotometry. The rabbits were well kept and  placed on normal diet 
throughout the period of study. The result obtained showed that there was a 
significantly higher mean value of plasma Total Cholesterol Triglyceride in the 
control rabbits  than the results obtained in the test rabbits after one week of the 
administration of methanolic and aqueous extract of corn silk(p<0.05). There was a 
significantly lower mean value of plasma Total Cholesterol and Triglyceride in the 
control rabbits  than the results obtained in the test rabbits after two and three 
weeks of the administration of methanolic and aqueous extract of corn 
silk(p<0.05). There was a significantly lower  mean value of plasma LDL- 
Cholesterol in the control rabbits  than the results obtained in the test rabbits after 2 
and 3 weeks of the administration of methanolic and aqueous extract of corn 
silk(p<0.05).  There was a significantly lower  mean plasma CK-MB value in the 
test rabbits than the control rabbits after 3 weeks of administration of aqueous 
extract of corn silk(p<0.05).There was a significant decrease in Cholesterol and 
Triglyceride in the rabbits after one week of methanolic extract but prolong 
administration of the extract significantly increased the Cholesterol, Triglycerides 
and LDL-Cholesterol. The corn silk extract also has a lowering effect on CK-MB 
in rabbits administered with corn silk extract.Estimation of plasma CK-MB, 
Cholesterol, Triglyceride and LDL-Cholesterol  in patient undergoing treatment 
with corn silk extract will be a useful indicies for effective management. 



INTRODUCTION 

Zea mays L. (Family Poacea), is a cereal that produces one of the most important 
edible grains in the world. Maize originated from South America and was 
introduced to Nigeria in the 16th century. It is a tall annual plant with strong erect 
stalks and a fibrous root system having long narrow leaves spaced alternately on 
opposite sides of the stem. It produces ears that are enclosed by numerous husks, 
which are modified leaves. The grains are prepared and consumed in different parts 
of Nigeria and all over the world. In addition, the grains, leaves, cornsilks, stalk, 
and inflorescence of the maize plant are used for the treatment of several ailments. 
The corn silk is used as an antidiabetic and diuretic. The  decoction of the silk is 
consumed for the treatment of urinary troubles and gallstones. The ash of the cob is 
used for the treatment of cough. The corn husk has been reported to contain 
arabinoxylan, which has immunological effects. Information obtained from some 
traditional medicine practitioners and some of their patients reveals that the 
decoction of the husk is also used for the treatment of pain and arthritis. Corn is 
one of the most widely grown cereal crops in the world and has become the third 
most important cereal crops other than wheat and rice (Ramessar et al., 2008). 
Corn and its other plant parts are used in various food, agricultural and health 
applications (Naqvi et al., 2011) Corn silk  refers to the stigmas from the female 
flowers of maize. Fresh corn silk resembles soft silk threads 10-20 cm long that are 
either light green or yellow- brown in color. 

Corn silk has long been reported in ancient literatures to be able to assist with 
prostate problems, bed-wetting, carpel tunnel syndrome, edema and obesity (Naqvi 
et al., 2011). It has also been used to lessen the effects of premenstrual syndrome, 
and said to promote relaxation. Corn silk was also reported to be useful in the 
treatment of urinary infections and cystitis. It is helpful in the management of  
frequent urination caused by irritation of the bladder and urethral walls as well as, 
for difficulty in passing urine, e.g. prostate disorders. It relaxes the lining of the 
urinary tubules and bladder, thus relieving irritation and improving urine excretion 
(Steenkamp, 2003). Other biological activities of corn silk constituents well cited 



in literatures. These include: antibiotic activity toward corn earworm by a flavones 
glycoside maysin (Maksimovic and Kovacevic, 2003), isolated flavonoids from 
corn silk were found to act as anti- fatigue and antidiabetic agents  (Hu et al.,  
2010).Traditionally corn silk has been used also as antilithiasic, uricosuric, and 
antiseptic. It is used for the treatment of gout, kidney stones, nephritis, and 
prostatitis, phenolics and flavonoids found in corn silk were thought to give it its 
antioxidant properties (Ebrahimzadeh et al., 2008). Corn silk also improves 
nutrient contents and physical characteristics of beef patties (Rosli et al., 2011). 

Flavonoids from corn silk have been investigated and confirmed to possess various 
pharmacological activities such as antihypertensive, anti-infectious, anti-oxidants  
and anti-diabetic . Therefore, corn silk can be used in the manufacture of health 
foods and treatment of different diseases such as diabetes. 

Corn silk is reported to contain  2.5% of fats,0.12% volatile oil,3.8%gums,2.7% 
resin,1.15% of bitter glucosidic substances,3.18%saponins,0.05% alkaloids, 
cryptoxanthin, vitamins c and k,sistosterol,stigmasterol, plant acids(malicc, tartaric 
etc),anthocyanins, minerals (potassium,calcium,magnesium,iron,aluminium etc. 
carbohydrate, steroids, protein 13% .(1et al.,2002) 

1.1.0 JUSTIFICATION OF THE STUDY  

Corn silk has been used in many part of the world for the treatment of many 
disease conditions. Inspite of its wide spread use, less study on the effect of 
cornsilk on cardiovascular markers has been done. Therefore the purpose of this 
study is to investigate the effect of cornsilk on LDH,CKMB, and lipid profile. 

AIM AND OBJECTIVES OF THE STUDY  

AIM 

This study was designed to assess the possible effects of corn silk extracts on LDH, 
CKMB and lipid profile levels in rabbits. 

 OBJECTIVES 

To assess and measure  the progressive change in the lipid profile levels of 
the rabbits after extract administration 



To determine the effect of the extract on cardiovascular marker (CKMB) 

To determine  the level of activity of LDH in the rabbits  after administration 
of the extract 

 HYPOTHESIS 

That there is no significant difference in the plasma level of CKMB, LDH 
and lipid profile in the rabbit before and after the administration of the corn 
silk extract. 

That there is no significant difference in the plasma levels of CKMB,LDH 
and lipid profile in the control and the test subjects.



                                    MATERIALS AND METHODS 

Experimental animals 

A total number of 15 rabbits were used for this study. The study was carried out at 
Achievers University, Owo, Ondo state , Nigeria. Rabbits weighing between 700g-
1500g were procured were procured from Ado Ekiti , Ekiti State. The rabbits were 
weighed and allowed to acclimatize  for two weeks under standard conditions in 
big wooden cages. They were fed with growers match feed (purchased from 
Opeyemi feed , Aderounmu street Okedogbon in Owo Ondo state Nigeria)  and 
water throught the conduct of this research. They were maintained under standard 
conditions of humidity, temperature and environment. 

Study population  and methodology  

Study population 

15 male and female albino rabbits (each weighing about 700-1400g) were supplied 
by animal house from Ado Ekiti. The rabbits were housed in cages and were were 
fed with feeds (growers match) throughout the period of this  research. 

Grouping of experimental animals : 

The rabbits were divided into three experimental groups of 5 rabbits each. 

Group A : 5 rabbits in which neither corn water extract nor methanol extract was 
administered . this group serves as the control group. 

Group B: 5 rabbits in which aqueous cornsilk extract was administered everyday 
per Kg body weight. (400mg/kg) throughout the period of this research. 

Group C : 5 rabbits in which methanol extract of cornsilk extract was administered 
everyday per kg body weight. (400mg/kg) throughout the period of this research. 



Blood samples were collected  from the rabbits for estimation at one week intervals 
for the estimation of and lipid profile creatinine kinase MB and lactate 
dehydrogenase . 

The rabbits were acclimated for two weeks and baseline samples were drawn from 
the rabbits before the administration of the extracts and were subjected to 
appropriate laboratory estimations. The extract was administered orally at a dose of 
400mg/kg bw/day for four weeks. The control group was left untreated. Body 
weight was recorded weekly.

Measurement of the weight of rabbits 

The weight of the rabbits were measured using a weighing balance  

 Category 1 : 5 rats with average weight of 785g 

Category 2: 5 rats with average weight of 1040g 

Category 3: 5 rats with average weight of 984g 

Distribution of rabbits into treatment groups . 

In order to have fair representation of weight categories in all the treatment groups, 
rabbits in each weight categories were distributed into three groupsd each, such 
that, the number of rabbits in each group is equal with different weight. 

Relabeling of rabbits according to treatment groups  

The rabbits were relabeled according to the treatment group tag in which they 
belong for example  belly red group 2, fore head group 3  etc . 

Collection of blood samples:   Blood samples were collected after two weeks of 
acclimatization. Rabbits were fasted overnight and blood  was withdrawn through 
vein puncture from the ear for baseline sampling. Blood samples was collected into 
lithium heparin for lipid profile estimation and EDTA bottles for LDH and CK-
MB estimation .The blood was mixed , centrifuged , the supernatant (plasma) was 
pipetted out gently into plain bottles and was estimated instantly . 

Determinations of total cholesterol (TC), triglycerides and high density lipoprotein 
cholesterol (HDL-C) were carried out using kits (Agapee) and low- density 



lipoprotein cholesterol  (LDL-C)  and other non HDL C determination was 
calculated using method by Friedewald et al. (1972). 

Method of Extraction of the corn silk 

Corn silk  (dried cut stigmata of Zea mays L, Poaceae flowers) used for this 
investigation were collected  and were identified and confirmed in January 2010 
and authenticated  and the voucher specimen was    dried at room temperature and 
an ethanol-water (1:1) extraction was performed using maceration method by 
soaking in the solvent mixture. The extract was collected after removing the 
solvent and evaporated using the steam bath 

Corn silk aqueous extract: 

Apparatus: steam bath ,clean bucket ,electronic weighing balance 

Procedure: 

218.71g of the air dried corn silk was weighed,and poured into a clean 
bucket  

the bucket containing the cornsilk 

It was allowed to stay for 72 hours at room temperature 

It was then sieved and distributed into beakers  

The water content was evaporated using a steam bath  

The extract gotten was then weighed  

Corm silk methanolic extract  

Method :  Soxhlet extraction method 

Principle : A solid material containing some of the desired compound is placed 
inside a thimble made from thick filter paper, which is loaded into the main 
chamber  the soxhlet extractor is now placed onto this flask . The solvent is heated 



to reflux. The solvent vapor travels up a distillation arm, and floods into the 
chamber housing the thimble of solid. The condenser ensures that any solvent 
vapor cools, and drips down into the chamber housing the solid material. The 
chamber containing the solid material is slowly filled with warm solvent.Some of 
the desired compound will then dissolve in the warm solvent. When the soxhlet 
chamber is almost full, the chamber is automatically emptied by a siphon side arm 
with the solvent running back down to the distillation flask. The thimble ensures 
that the solvent does not transport any solid material to the spill pot. This cycle 
may be allowed to repeat many times over hours or days. During each cycle, a 
portion of the non volatile compound dissolves in the solvent after many cycles the 
desired compound is concentrated in the distillation flask.  

After the extraction the solvent was removed, typically by means of a  rotary 
evaporator, yielding the extracted compound. ( Jensen and William ,2007)  

ANALYTICAL METHODS 

 LIPID PROFILE  

Total cholesterol  

Method: 

Enzymatic method  

Total cholesterol was determined by colorimetric enzymatic method using agape 
reagent. The manufacturers instructions were strictly followed. 

Principle: The total cholesterol is determined after enzymatic hydrolysis and 
oxidation. The indicator quinoneimine is formed from hydrogen peroxide and 4- 
aminoantipyrine in the presence of phenol and peroxidase. (Allain, C.C. et al., 
1974) 

                                         Cholesterol esterase 

Cholesterol ester + H2O                              cholesterol  + fatty acids 

                                       Cholesterol esterase 



Cholesterol + O2                                            4-cholesten 3-one +H2O2

                                                                     Peroxidase 

2H2O2+ phenol + 4 aminoantipyrine                                       red quinine +4 H20

 The colored solution is read calorimetrically at  505 nm wavelength  

 TRIGLYCERIDES 

METHOD: Enzymatic method  for the determination of triglycerides using agape 

PRINCIPLE: the triglycerides are determined after enzymatic hydrolysis with 
lipases. The indicator quinonemine is formed from hydrogen peroxide, 4- 
aminoantipyrine and 4-chlorophenol under the catalytic influence of peroxidase. 

                                            

                                                              LPL 

Triglycerides +H2O               glycerol + fatty acids 

                           GK 

Glycerol + O2       glycerol -3-phosphate + ADP  

                           Mg++

                                              GPO 

Glycerol -3-phosphate +O2              dihydroxyacetone phosphate+H2O2

2H2O2+ 4- aminoantipyrine + TOPS    violet colored complex  



GPO= glycerol -3-phospate 

LPL= lipoprotein lipase 

GK= glycerol kinase  

 HDL Cholesterol 

METHOD: precipitation method  

PRINCIPLE: The chylomicrons, very low density lipoproteins and low density 
lipoproteins of serum are precipitated by phosphotungstic acid and magnesium 
ions. After centrifugation, high density lipoproteins are in the supernatant . HDL 
content of supernatant is measured by an enzymatic method.  

LDL CHOLESTEROL

LDL-CHOL conc in mg/dl= total cholesterol  (HDL Chol+Triglycerides) 

                                                                                                  5 

                                                                                                                                                           

CREATININE KINASE MB 

METHOD: IMMUNO INHIBITION METHODOLOGY 

It was estimated using Agapee reagent.the manufacturers instruction were strictly 
followed. 

Principle : The procedure involves measurement of CK activity in the presence of 
an antibody CK-M monomer. The antibody completely inhibits the activity of CK-
MM and half of the activity of CK-MB, while not asffecting the B subunit activity 
of CK-MB and CK-BB. Then we use CK method to quantitatively determine CK-
B activity. The CK-MB activity is obtained by multiplying the CK-B activity by 
two 

LACTATE DEHYDROGENASE 



METHOD: ENZYMATIC METHOD 

Kinetic determination of LDH was performed using Agapee reagent and the 
manufacturers instruction was strictly followed. 

PRINCIPLE:

Pyruvate + NADH+  + H   L-lactate + NAD+

CALCULATION 

LDH-
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There was a significantly higher  mean value of plasma Total Cholesterol Triglyceride in the control 
rabbits  than the results obtained in the test rabbits after one week of the administration of methanolic 
and aqueous extract of corn silk(p<0.05). There was a significantly lower  mean value of plasma 
Total Cholesterol Triglyceride in the control rabbits  than the results obtained in the test rabbits after 
two and three weeks of the administration of methanolic and aqueous extract of corn silk(p<0.05). 
There was no significant difference mean value of plasma Total Cholesterol Triglyceride in the 
control rabbits  compared with  the results obtained in the test rabbits before  the administration of 
methanolic and aqueous extract of corn silk(p>0.05)(Table1, Figure1) 





There was a significantly lower  mean value of plasma LDL- Cholesterol in the control rabbits  than 
the results obtained in the test rabbits after 2 and 3 weeks of the administration of methanolic and 
aqueous extract of corn silk(p<0.05). There was no significant difference mean value of plasma 
HDL-Cholesterol in the control rabbits  compared with  the results obtained in the test rabbits at the 
baseline and after 1,2,3 weeks of the administration of methanolic and aqueous extract of corn silk 
(p>0.05).There was no significant difference mean value of plasma LDL-Cholesterol in the control 
rabbits  compared with  the results obtained in the test rabbits at the baseline and after 1 week of the 
administration of methanolic and aqueous extract of corn silk  (p>0.05) (Table2, Figure 2). 





There was a significantly lower  mean plasma CK-MB value in the test rabbits than the control 
rabbits after 3 weeks of administration of aqueous extract of corn silk (p<0.05).  However there was 
no significant difference in the mean plasma value of LDH in the control rabbits compared with the 
test rabbits after 1,2,3 weeks of methanolic and aqueous extract of corn silk(p>0.05).The results 
obtained also revealed no significant difference in the plasma value of CK-MB in the control rabbits 
compared with the test rabbits after 1,2,3 weeks of administration of methanolic extract of corn 
silk(p>0.05). The results obtained also revealed no significant difference in the plasma value of CK-
MB in the control rabbits compared with the test rabbits after 1,2 weeks of administration of aqueous 
extract of corn silk(p>0.05) (Table3, figure 3).  

Fig1: BASELINE SAMPLES 



Fig 2 

THE CHART BELOW SHOWS THE EFFECT OF CORNSILK EXTRACT ON THE 
RABBITS AFTER ONE WEEK OF ADMINISTRATION OF BOTH AQUEOUS AND 
METHANOLIC EXTRACT 



Fig 3 

THE CHART BELOW SHOWS THE EFFECT OF CORN SILK EXTRACT ON RABBITS 
AFTER TWO WEEKS OF ADMINISTRATION OF CORNSILK EXTRACTS. 



Fig 4:  

THE CHART BELOW SHOWS THE EFFECT OF CORNSILK EXTRACT ON THE 
RABBITS AFER THREE WEEKS OF ADMINISTRATION OF CORN SILK EXTRACTS. 



Fig 5 : 

below shows the effect of corn silk on LDH for the second and third weeks of administration of 
cornsilk 



Fig 6: 

  Shows  the comparative illustration of the changes  in the plasma Total Cholesterol (mg/dl) 
level from week 1  to week 4 in the rabbits administered with both aqueous extract and 
methanolic extract of corn silk. 



Fig 7: 

Shows the comparative illustration of the changes  in the plasma triglyceride level from week 1 
to week 4 in the rabbits administered with both aqueous extract and methanolic extract of corn 
silk. 



Fig 8: 

Shows the comparative illustration of the changes  in the plasma HDL levels from week 1  to 
week 4 in the rabbits administered with both aqueous extract and methanolic extract of corn 
silk. 



Fig 9: 

Shows the comparative illustration of the changes in the plasma LDL levels from week 1  to 
week 4 in the rabbits administered with both aqueous extract and methanolic extract of corn 
silk  



Fig 10: 

Shows the comparative illustration of the changes  in the plasma CKMB activity from week 2 
to week 4 in the rabbits administered with both aqueous extract and methanolic extract of corn 
silk. 



Fig 11: 

Shows the comparative illustration of the changes  in the plasma LDH activity from week 1 to 
week 4 in the rabbits administered with both aqueous extract and methanolic extract of corn 
silk 



DISCUSSION, CONCLUSION AND RECOMMENDATION 

Discussion 

There was a significantly higher mean value of plasma Total Cholesterol Triglyceride in the control 
rabbits  than the results obtained in the test rabbits after one week of the administration of methanolic 
and aqueous extract of corn silk. The above findings agrees  with the reports of Zhang et al., (2011) 
on the process of microwave-assisted extraction (MAE) of total flavonoids from corn silk and the 
hypolipidemia in animal models that corn silk total flavonoids (CSTF) significantly lowered the 
serum TC, TG and LDL-C levels. The serum lipid level was decreased by CSTF in hyperlipidemic 
animal models in a dose dependent manner. 

 There was a significantly lower mean value of plasma Total Cholesterol and Triglyceride in the 
control rabbits  than the results obtained in the test rabbits after two and three weeks of the 
administration of methanolic and aqueous extract of corn silk. There was a significantly lower  mean 
value of plasma LDL- Cholesterol in the control rabbits  than the results obtained in the test rabbits 
after 2 and 3 weeks of the administration of methanolic and aqueous extract of corn silk.  

The above findings does not agree  with the reports of Zhang et al., (2011) on the process of 
microwave-assisted extraction (MAE) of total flavonoids from corn silk and the hypolipidemia in 
animal models that corn silk total flavonoids (CSTF) significantly lowered the serum TC, TG and 
LDL-C levels. The serum lipid level was decreased by CSTF in hyperlipidemic animal models in a 
dose dependent manner.This is probably due to the high  lipid content of 2.5%fats in corn silk.(1et
al.,2002). This is probably due to the high  lipid content of 2.5%fats in corn silk.(1et al.,2002) 

There was a significantly lower  mean plasma CK-MB value in the test rabbits than the control 
rabbits after 3 weeks of administration of aqueous extract of corn silk. This could be attributed to the 
antihypertensive effect of corn silk extract. Diaoyu et al.,(2003) reported antihypertensive effect of 
corn silk extract and a significant decrease in heart rate in rabbits. 

Conclusion 

There was a significant decrease in Cholesterol and Triglyceride in the rabbits after one week of 
methanolic extract but prolong administration of the extract significantly increased the Cholesterol, 
Triglycerides and LDL-Cholesterol. The corn silk extract also has a lowering effect on CK-MB in 
rabbits administered with corn silk extract. 

Recommendation 

Estimation of plasma CK-MB, Cholesterol, Triglyceride and LDL-Cholesterol  in patient undergoing 
treatment with corn silk extract will be a useful indicies for effective managements 



CHAPTER SIX 

SOME PHYTOCHEMICALS REPORTED IN NIGERIAN PLANTS 

The use of plants part by various human traditions in the preparation of herbal remedies is as old as 
human history. Olayiwola,(2013) determined the phytochemicals and mineral contents of dried 
leaves of Bambusa vulgaris, Euphorbia hirta, Lawsonia inarmic, Mimosa pudica, Bidens pilosa, 
Croton zambesicus and Persia americana used in the management and treatment of various human 
diseases were studied. Olayiwola,(2013) reported that the phytochemical analysis showed alkaloids 
to be very high in Euphorbia hirta (533 mg/100g), terpenoids showed highest level in Croton 
zambesicus (62.0 mg/100g), flavonoids in Bambusa vulgaris (260 mg/100g), saponins was found to 
be very high in Mimosa pudica (87.0 mg/100g), tannins very high in Mimosa pudica (180 mg/100g) 
and phytates had its highest value in Lawsonia inarmic (21.0 mg/100g). Mineral analysis showed 
calcium to be the highest metal determined in Lawsonia inarmic (193 mg/100g). Pearson correlation 
revealed significant correlation. These antioxidants property of plants can help prevent damage that is 
associated with cancer, heart disease and other related human diseases.  

Onwuliri et al.,(2006) carried out Phytochemical, toxicological and histo-pathological studies on the 
leaves and stem bark extracts of Grewia mollis, Boswellia diaziellii, Jatropha curcas and 
Pterocerpus erinaceus claimed to be of medicinal values in Nigeria. The soxhlet apparatus was used 
for extraction of the crude materials. The result revealed the presence of tannins, saponins, 
flavonoids, glycosides, balsam, phenols, terpenes, steroids and the absence of alkaloids in Grewia 
mollis (bark), Boswellia daiziellii (leaf) and Pterocarpus erinaceus (bark) as well as cyanogenic 
glycosides in all the plant materials. Toxicological result showed that the plant is safe for human 
consumption but with caution having produce LDsoat 1500 mg/kg body weight. The extracts showed 
no structural effects on the liver and heart.dn'the kidney however, the convoluted tubules were filled 
with fluids, which suggested that the extract should be used with caution on patients with renal 
failure. The plants therefore possess some important biological activities that could be harnessed and 
employed beneficially in the management of viral and bacterial infections. 

Onyeka and Nwambekwe(2007) assessed the potential of eight common green leafy vegetables 
(GLV) in the raw and cooked forms as natural source of phytochemicals.  The vegetables studied 
were the common ones found in southeast Nigeria and they included Ugu, Nchanwu, Okazi, Utazi, 
Oha, Nturukpa, Ahihara, and Onugbo.  The vegetables were assessed for the following 
phytochemicals: alkaloid, steroid, tannin, anthocyanin, carotenoids and flavonoid. The phytochemical 
content of the vegetables varied significantly (p=0.05) among the GLV.  Onugbo had the highest 

steroid content of 0.27g/100g while nchanwu had the lowest (0.07g/100g). Oha followed by ahihara

was the most enriched with respect to the tested phytochemicals.  Differences in phytochemical 



content between raw and cooked GLV were not significant (p=0.05), with the exception of flavonoid 
and alkaloids. Generally the GLV showed a low content of anthocyanin and carotenoids while 
alkaloid was most abundant in them. Alkaloid content of the GLV in raw and cooked forms were 
1.28 -2.96g/100g and 0.30 0.84g/100g respectively. The assessed GLV offer a cheap but rich source 
of a number of phytochemicals having health protective properties. The production and consumption 
of a mixture of GLV is recommended. 

Phytochemical screening was carried out by Akesa(2016) on eight species of Moraceae family in 
Benue State, Nigeria, using both aqueous and alcohol extracts. Results showed that, tannins and 
sterols were contained in all the 8 plant species (100%), followed by phlobatannins and saponnins 
which were found in 7 species(87.5%). Cardiac glycosides and reducing sugars were contained  in 
only 1 species(12.5%). Neither alkaloids nor carotenoids were found in any of the species. There was 
no association between phytochemical composition by species and the type of extract  used,when Chi 

identified plants into a number of different groups such that similar plants were placed in the same 
group on the basis of phytochemical constituents. The cluster analysis did not reveal much distinction 
between the eight species under study. There was no much distinction between the Ficus species 
themselves and between the Ficus species and  the Artocarpus heterophyllus which has been shown 
to belong to another tribe by other workers. This indicates that the distribution of phytochemical 
constituents may vary irregularly between the Ficus species and they on their own cannot necessarily 
be used to discriminate between the species. 

Ebenezer and Olatunde(2011).reported that: recently, considerable attention has been focused on 
dietary and medicinal phytochemicals that inhibit, reverse or retard diseases caused by oxidative and 
inflammatory processes. Vernonia amygdalina is a perennial herb belonging to the Asteraceae 
family. Extracts of the plant have been used in various folk medicines as remedies against 
helminthic, protozoal and bacterial infections with scientific support for these claims. 
Phytochemicals such as saponins and alkaloids, terpenes, steroids, coumarins, flavonoids, phenolic 
acids, lignans, xanthones, anthraquinones, edotides and sesquiterpenes have been extracted and 
isolated from Vernonia amygdalina. These compounds elicit various biological effects including 

role in African ethnomedicine and traditional hospitality. It is used locally to treat illnesses like colds, 
bronchitis, bacterial and viral infections and liver diseases. A number of useful phytochemicals have 
been isolated from the seed and the most prominent of them is the Garcinia bioflavonoids mixture 
called kolaviron. It has well-defined structure and an array of biological activities including 
antioxidant, antidiabetic, antigenotoxic and hepatoprotective properties. The chemopreventive 
properties of Vernonia amygdalina and Garcinia biflavonoids have been attributed to their abilities to 
scavenge free radicals, induce detoxification, inhibit stress response proteins and interfere with DNA 
binding activities of some transcription factors. 



Eleazu  et al.,(2012) investigated the percentage phytochemical composition of the leaves of 
pawpaw, bitter kola, tetrapleura, neem and ginger using the methods of the Association of analytical 
chemists, Harbone and the Alkaline picrate method. The saponin content of pawpaw, though not 
significantly different from bitter kola, was the highest among other plants while ginger had the least. 
The alkaloid content of tetrapleura was significantly higher than other plants studied (P < 0.05) while 
pawpaw had the least. The tannin contents of all the plants indicated that they were in moderate 
amounts. Pawpaw and ginger whose tannin contents were statistically the same contained higher 
quantities of tannins than other plants while bitter kola contained the least. In addition, the tannin 
contents of both neem and tetrapleura were also the same. The flavonoids in ginger, pawpaw, 
tetrapleura and neem were observed to be statistically the same while they were higher than that of 
bitter kola. Neem contained the highest amounts of cyanogenic glucosides among other plants while 
pawpaw contained the least. Results show that the cyanogenic glucoside contents of the plants were 
below the toxic level for man. The presence of tannin in all the plants investigated indicated that they 
could be used in the treatment of burns and wounds. Finally, the high alkaloid and flavonoids 
contents of the plants, suggests their antioxidant potentials and justifies their therapeutic actions, 
which could be used in drug formulation. 

Osuntokun (2015) tested the Aqueous, ethanol, hexane and ethyl acetate extracts of the leaves, bark 
and roots of Acacia albida, Anchomanes difformis, Boscia senegalensis, Bridelia ferruginea, Ficus 
ingens, Indigofera arrecta and Moringa oleifera for possible source of antibacterial activities against 
selected clinical organisms found in the pediatrics hospital in Ondo and Ekiti State, Nigeria. The 
selected clinical organisms used for this research work are Salmonella typhi, Staphylococcus aureus, 
Klebsiella pneumoniae and Escherichia coli. It was observed that all plant were potent against the 
clinical test organism. Anchomanes difformis, Moringa oleifera and Indigofera arrectaextracts were 
the most active medicinal plants during the course of this research work. Boscia senegalensis, Acacia 
albida, Bridelia ferruginea and Ficus ingens extract were not as active against the test organism. All 
the medicinal plants extract shows evidence of antibacterial properties. Phytochemical screening of 
the medicinal plants reveals, very important and vital phytochemicals like saponin, tanins, alkaloids, 
flavonoids, cardiac glucosides and anthraquinones, at a very appreciable quantity.it also reveals 
presence of minerals like sodium, potassium, calcium, iron, zinc, copper and phosphorus at mg/100 g 
which are essential  to biological and physiological activities. The main objectives of this research 
work are to investigate the antimicrobial potency and phytochemical activities of seven Nigerian 
Medicinal plants on Selected Clinical Organisms. 



Stanley (2013) examined the antimicrobial efficiency of Phyllanthus amarus Schum. and Thonn, 
medicinal plants (leaf extracts), using ethanol and chloroform as solvents and tested against  human 
pathogens ; Staphylococcus aureus, Escherichia coli, and Candida albican, using the agar well-
diffusion method and minimum inhibitory concentration.  The result of the phytochemical analysis of 
the plant showed that the plant contain, alkaloid, tannins, steroid, saponins, phlobatannin, terpenoids 
and cardiac glycoside while anthraquinone was absent. The plant showed significant activity against 
all pathogens, but the alcoholic extract of P. amarus showed the maximum zone of inhibition and 
minimum inhibitory concentration against all the microorganisms. The alcoholic extracts of these 
plants could be a possible source of obtaining new and effective herbal medicines to treat infections; 
hence, it justified the ethnic use of P. amarus against various infectious diseases. 



CHAPTER SEVEN 

HERBAL MEDICINE 

Herbal medicine, also called botanical medicine or phytomedicine, refers to using a plant's seeds, 
berries, roots, leaves, bark, or flowers for medicinal purposes. Herbalism has a long tradition of use 
outside conventional medicine. It is becoming more mainstream as improvements in analysis and 
quality control, along with advances in clinical research, show the value of herbal medicine in 
treating and preventing disease. It  is the use of plants for medicinal purposes, and the study of such 
use. Plants have been the basis for medical treatments through much of human history, and such 
traditional medicine is still widely practiced today. Modern medicine recognizes herbalism as a form 
of alternative medicine, as the practice of herbalism is not strictly based on evidence gathered using 
the scientific method. Modern medicine, does, however, make use of many plant-derived compounds 
as the basis for evidence-tested pharmaceutical drugs, and phytotherapy works to apply modern 
standards of effectiveness testing to herbs and medicines that are derived from natural sources. The 
scope of herbal medicine is sometimes extended to include fungal and bee products, as well as 
minerals, shells and certain animal parts. 

Plants have been used for medicinal purposes long before recorded history. Ancient Chinese and 
Egyptian papyrus writings describe medicinal uses for plants as early as 3,000 BC. Indigenous 
cultures (such as African and Native American) used herbs in their healing rituals, while others 
developed traditional medical systems (such as Ayurveda and Traditional Chinese Medicine) in 
which herbal therapies were used. Researchers found that people in different parts of the world 
tended to use the same or similar plants for the same purposes. 

In the early 19th century, when chemical analysis first became available, scientists began to extract 
and modify the active ingredients from plants. Later, chemists began making their own version of 
plant compounds and, over time, the use of herbal medicines declined in favor of drugs. Almost one 
fourth of pharmaceutical drugs are derived from botanicals. 

Recently, the World Health Organization estimated that 80% of people worldwide rely on herbal 
medicines for some part of their primary health care. In Germany, about 600 to 700 plant based 
medicines are available and are prescribed by some 70% of German physicians. In the past 20 years 
in the United States, public dissatisfaction with the cost of prescription medications, combined with 
an interest in returning to natural or organic remedies, has led to an increase in herbal medicine use. 

Most traditional medicines are of plant origins. Nature has gifted us with so many medicines infused 
in the leaves, stalks and barks of plants. Take for example, quinine, on which a lot of anti-malarials 
are based on, can be found on the bark of Cinchona trees native to South America. It is thought that 
South Americans, Peruvians in particular, would make some kind of concoction with the back of the 

tree and sweetened water. Quinine was found to be effective in the treatment of malaria and it was 

used as an antimalarial for decades. Although Quinine can be extracted directly from the plant, it was 



eventually chemically synthesized in laboratories around the world and formed a basis for quinine-
related medications. Pigenil, a marketed drug in Italy used for the treatment of benign prostatic 
hyperplasia (BPH, increased prostate size) is composed of extracts of the bark of a plant, Prunus 
africana, native to some parts of Africa. Also, turmeric a member of the ginger family and sometimes 
an ingredient in Nigerian or Asian fried rice, has a potential to be used as an anti-cancer agent as well 
as having anti-oxidant, anti-inflammatory properties Or that castor oil can be used in arthritis 
treatment. 

An herb is a plant or plant part used for its scent, flavor, or therapeutic properties. Herbal medicines 
are one type of dietary supplement. They are sold as tablets, capsules, powders, teas, extracts, and 
fresh or dried plants. People use herbal medicines to try to maintain or improve their health. 

Many people believe that products labeled "natural" are always safe and good for them. This is not 
necessarily true. Herbal medicines do not have to go through the testing that drugs do. Some herbs, 
such as comfrey and ephedra, can cause serious harm. Some herbs can interact with prescription or 
over-the-counter medicines 

How do herbs work? 

In many cases, scientists are not sure what specific ingredient in a particular herb works to treat a 
condition or illness. Whole herbs contain many ingredients, and they may work together to produce a 
beneficial effect. Many factors determine how effective an herb will be. For example, the type of 
environment (climate, bugs, and soil quality) in which a plant grew will affect it, as will how and 
when it was harvested and processed. 

Safety 

A number of herbs are thought to be likely to cause adverse effects. Furthermore, "adulteration, 
inappropriate formulation, or lack of understanding of plant and drug interactions have led to adverse 
reactions that are sometimes life threatening or lethal " Proper double-blind clinical trials are needed 
to determine the safety and efficacy of each plant before they can be recommended for medical use. 
Although many consumers believe that herbal medicines are safe because they are "natural", herbal 
medicines and synthetic drugs may interact, causing toxicity to the patient. Herbal remedies can also 
be dangerously contaminated, and herbal medicines without established efficacy, may unknowingly 
be used to replace medicines that do have corroborated efficacy. 

Standardization of purity and dosage is not mandated in the United States, but even products made to 
the same specification may differ as a result of biochemical variations within a species of plant. 

Plants have chemical defense mechanisms against predators that can have adverse or lethal effects on 
humans. Examples of highly toxic herbs include poison hemlock and nightshade. They are not 



marketed to the public as herbs, because the risks are well known, partly due to a long and colorful 
history in Europe, associated with "sorcery", "magic" and intrigue Although not frequent, adverse 
reactions have been reported for herbs in widespread use.On occasion serious untoward outcomes 
have been linked to herb consumption. A case of major potassium depletion has been attributed to 
chronic licorice ingestion., and consequently professional herbalists avoid the use of licorice where 
they recognize that this may be a risk. Black cohosh has been implicated in a case of liver failure. 
Few studies are available on the safety of herbs for pregnant women, and one study found that use of 
complementary and alternative medicines are associated with a 30% lower ongoing pregnancy and 
live birth rate during fertility treatment. Examples of herbal treatments with likely cause-effect 
relationships with adverse events include aconite, which is often a legally restricted herb, ayurvedic 
remedies, broom, chaparral, Chinese herb mixtures, comfrey, herbs containing certain flavonoids, 
germander, guar gum, liquorice root, and pennyroyal. Examples of herbs where a high degree of 
confidence of a risk long term adverse effects can be asserted include ginseng, which is unpopular 
among herbalists for this reason, the endangered herb goldenseal, milk thistle, senna, against which 
herbalists generally advise and rarely use, aloe vera juice, buckthorn bark and berry, cascara sagrada 
bark, saw palmetto, valerian, kava, which is banned in the European Union, St. John's wort, Khat, 
Betel nut, the restricted herb Ephedra, and Guarana. 

There is also concern with respect to the numerous well-established interactions of herbs and drugs. 
In consultation with a physician, usage of herbal remedies should be clarified, as some herbal 
remedies have the potential to cause adverse drug interactions when used in combination with 
various prescription and over-the-counter pharmaceuticals, just as a patient should inform a herbalist 
of their consumption of orthodox prescription and other medication. 

For example, dangerously low blood pressure may result from the combination of an herbal remedy 
that lowers blood pressure together with prescription medicine that has the same effect. Some herbs 
may amplify the effects of anticoagulants. Certain herbs as well as common fruit interfere with 
cytochrome P450, an enzyme critical to much drug metabolism. 

Effectiveness of herbal medicines 

Herbal medicines in Africa are generally not adequately researched, and are weakly regulated.There 
is a lack of the detailed documentation of the traditional knowledge, which is generally transferred 
orally. Several African medicinal plants have shown encouraging anti-trypanosomal effects but the 
research is only in the concept stage. A small proportion of ethnoveterinary medicine plants in South 
Africa have been researched for biological activity. Research identified favorable, possible future use 
of the Hypoxis species, (known locally as inkomfe or African potato) in both ATM and modern 
medicine. South African sangomas have been long and vocal advocates of a local traditional plant 

called unwele or kankerbos (Sutherlandia frutescens) claiming it assists in the treatment of



HIV/AIDS, cancer and tuberculosis. Sufficient preclinical data on Sutherlandia frutescens yields 
plausible hypotheses that may account for the reputed efficacy. 

Government regulations on herbal medicines 

The World Health Organization (WHO), the specialized agency of the United Nations (UN) that is 
concerned with international public health, published Quality control methods for medicinal plant 
materials in 1998 in order to support WHO Member States in establishing quality standards and 
specifications for herbal materials, within the overall context of quality assurance and control of 
herbal medicines.  

In the European Union (EU), herbal medicines are now regulated under the European Directive on 
Traditional Herbal Medicinal Products. 

In the United States, herbal remedies are regulated dietary supplements by the Food and Drug 
Administration under current good manufacturing practice (cGMP) policy for dietary supplements. 
Manufacturers of products falling into this category are not required to prove the safety or efficacy of 
their product so long as they don't make 'medical' claims or imply being other than for 'dietary 
supplement' use, though the FDA may withdraw a product from sale should it prove harmful. 

The National Nutritional Foods Association, the industry's largest trade association, has run a 
program since 2002, examining the products and factory conditions of member companies, giving 
them the right to display the GMP (Good Manufacturing Practices) seal of approval on their 
products. 

Some herbs, such as cannabis and coca, are outright banned in most countries though coca is legal in 
most of the South American countries where it is grown. The Cannabis plant is used as an herbal 
medicine, and as such is legal in some parts of the world. Since 2004, the sales of ephedra as a 
dietary supplement is prohibited in the United States by the Food and Drug Administration., and 
subject to Schedule III restrictions in the United Kingdom 

In Nigeria:Minister of Health, Prof. Isaac Adewole, in 2016  has endorsed the use of herbal 
medicines, and recommended that the drugs be produced in the country under the supervision of 
Nigerian Institute of Pharmaceutical Research and Development (NIPRD), and National Agency for 
Food and Drugs Administration and Control (NAFDAC).The minister urged NAFDAC to partner 
with Universities of Zaria, Enugu, Ibadan and Jos to enhance research into local production of drugs. 



LIST OF REFERENCES 

 Abbas A, Lichtman A, Pillai S. Basic Immunology Functions and Disorders of the Immune System. 
4th ed. Philadelphia, PA: Saunders/ Elsevier; 2012. p. 40. 17. Isah MB, Ibrahim MA. The role of 
antioxidants treatment on the pathogenesis of malarial infections: A review. Parasitol Res 
2014;113:801-9. 

Abdel-Wahab, S. M., El-Tanbouly, N. D., Kassem, H. A. and Mohamed, E. A. (2002). 
Phytochemical and biochemical study of corn silk (styles and stigmas of Zea mays L.). journal of 
Pharmacy (40): 93-02. 

Aceeti, C.N. Methods Industria Farmaceutica Cantabria, Arequipa I. Madrid-Spain Experimental and 
Clinical Pharmacology. 2006: 28 (3):157-160.  

Adeneye AA, Adeneke TI, Adeneye AK.Hypoglycemic and hypolipidemic effects of the aqueous 
leaves extracts of Clerodendrum capitatum in wistar rats. J. Ethanopharmacol., 2008: 116(1): 7-10  

 Ajayeoba FO, Abiodun OO, Falade MO, Ogbole NO, Ashidi JS, Happi CT, et al. In vitro 
cytotoxicity studies of twenty plants used in Nigerian antimalarial ethnomedicine. Phytomedicine 
2006;13:295-8.  

Akesa, T. M.  Phytotaxonomy and phytochemicals of    Eight species of the Family Moraceae in 
Benue State,Nigeria. International Journal of Scientific & Engineering Research, Volume 7, Issue 2, 
February-2016                                                            588 ISSN 2229-5518  IJSER © 2016 
http://www.ijser.org          

Akinyemi KO, Mendie VE, Smith ST, Oyefolu AO, Coker AO. Screening of some medicinal plants 
used in southwest Nigerian traditional medicine for anti-Salmonella typhi activity. J Herbal 
Pharmacother 2005;5:45-60. 

Allain, C. C.; Poon, L. S.; Chan, C. S. G., et al(974) Enzymatic determination of total serum 
cholesterol. Clin. Chem. 20:470 475; 974.» PubMedDiaoyu , 

Aluka, C, Amadi, A.N, Kamnu,.C. I and Fey-Waboso.P.A (2001). Anaemia in pregnancy in Abia 
State University Teaching Hospital, Aba. J. Med. Inves. Practice. 2: 183.  

 American Journal of Medicine and Medical Sciences 2014, 4(3): 87-91 91    

Anslem, A. Nature Power. Christian Approach to Herbal Medicine. Don Bosco Training Centre, 
School of PTP, Printing and Finishing, Akure. 2006: 206p.  

Ayitey  Smith, E. Prospect and Scope of Plant Medicine in Health Care. Ghana University Press, 
Accra. 1989: 29pp,. 



Azuma M, Shi M, Danenberg KD, Gardner H, Barrett C, Jacques CJ et al. "Serum lactate 
dehydrogenase levels and glycolysis significantly correlate with tumor VEGFA and VEGFR 
expression in metastatic CRC patients.". Pharmacogenomics. 2007:8 (12): 1705 13. doi:10.2217/146 
22416.8.12.1705. PMID 18086000. 

B  enzie IF. Evolution of dietary antioxidants. Comp Biochem Physiol A Mol Integr Physiol 
2003;136:113-26.  

 Baillie JK, Thompson AA, Irving JB, Bates MG, Sutherland AI, Macnee W, et al. Oral antioxidant 
supplementation does not prevent acute mountain sickness: Double blind, randomized placebo-
controlled trial. QJM 2009;102:341-8.  

Beck. M.E (1980). Nutrition and Dietetics for Nurses. Churhil Livingstone    Edinburgh. London 
and New York Sixth edition, pp. 1-104.  

Bennett, V.R and Brown L.K  (1999). Myles Textbook for Midwives. Church hill Livingstone, 
Edinburgh London New York Philadelphia Sydney Toronto. International thirteenth edition 1999; 
Pps 147-371 and 587-651.  

Bhabak KP, Mugesh G. "Functional mimics of glutathione peroxidase: bioinspired synthetic 
antioxidants". Accounts of Chemical Research. 2010: 43 (11): 1408 1419. PMID 20690615.  DOI: 
10.1021/ar100059g   

Bhalla A, Suri V, Singh V. "Malarial hepatopathy". Journal of Postgraduate Medicine. 2006:52 (4): 
315 20. PMID 

Brent M. Egan, MD; Jiexiang Li, PhD; SuparnaQanungo,  PhD; Tamara E. Wolfman, MD. Blood 
Pressure and Cholesterol Control in Hypertensive Hypercholesterolemic Patients. National Health 
and Nutrition Examination Surveys 1988 2010. 

Brian M. Greenwood, David A. Fidock, Dennis E. Kyle, Stefan H.I. Kappe, Pedro L. Alonso, Frank 
H. Collins, Patrick E. Duffy. Malaria: progress, perils, and prospects for eradication. J. Clin. Invest. 
2008; 118: 1266 1276. doi: 10. 1172/JCI33996 Full Text athttp://www.jci.org/articles/view/ 
33996/files/pdf. 

Bright Selorm Addy, Harry Tetteh Owodo, Reginald Nana Kofi Gyapong, Cynthia Onyinye Umeji, 
David Ntinagyei Mintah. Phytochemical Screening and Antimicrobial Study on the Leaves of 
Morinda lucida (Rubiaceae) Journal of Natural Sciences Research, 2013; Vol.3, No.14, http://www. 
iiste.org ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online).

Centers for Disease Control and Prevention (CDC) High Blood Pressure and Cholesterol Out of 
Control February 2011. http://www.cdc.gov/Vitalsigns/CardiovascularDisease/

Cheesbrough,  M. (2002).  District Laboratory Practice in Tropical Comtries Part 2. Cambridge 
University Press. Cambridge Low Price reprinted  edition.2002, pp. 267-347.  



Cheesbrough, Monica. District Laboratory practice in tropical Countries part1. 2002: Cambridge 
low-price edition. Cambridge University Press.  

Chelikani P, Fita I, Loewen PC. "Diversity of structures and properties among catalases". Cell. Mol. 
Life Sci. 2004: 61 (2): 192 208.  PMID 14745498.  DOI: 10.1007/s00018- 

ChessbroughMonica. District Laboratory practice in tropical Countries Part 1. Low-price edition. 
Cambridge: Cambridge University Press; 2002. 

Chiang JY. "Bile acids: regulation of synthesis". J. Lipid Res. 2009:50 (10): 1955 66. 
doi:10.1194/jlr.R900010-JLR200. PMC 2739756. PMID 19346330. [11] Hofmann AF. "The 
continuing importance of bile acids in liver and intestinal disease". Arch. Intern. Med. 1999: 159 
(22): 2647 58. doi:10.1001/archinte.159.22.2647. PMID 10597755. 

Choi, R.J., Ngoc, T.M., Bae, K., Cho, H.J., Kim, D.D., Chun,J., Khan, S. and Kim, Y.S. Anti-
inflammatory properties of anthraquinones and their relationship with the regulation of P- 
glycoprotein function and expression. European Journal of Plasma Science. 2012: 48 (1-2): 272-281.  

CL Keen, RR Holt, PI Oteiza, CG Fraga and HH Schmitz . Dietary Polyphenols and Health: 
Proceedings of the 1ste International Conference on Polyphenols and Health. American Journal of 
Clinical Nutrition, Vol. 81, No. 1, 298S-303S, January 2005. 

 Clark IA, Chaudhri G, Cowden WB. Some roles of free radicals in malaria. Free Radic Biol Med 
1989;6:315-21. 

Da silva, G.N.S., Nicole, R.G.M., Desiree, C.S., Cruz, N.C. De moraes, M.S. Nakabashi, M.C.G. 
Gosmann, G., Garcia, R.S.C and Gricatto, C.B. Two series of new 
semisynthesictriterpenederivatives: differences in antimalarial activity, cytotoxicity and mechanism 
of action. Malaria journal. 2013: 12: 89-96.  

Dangi, S.Y., C.I. Jolly and S. Narayanan, Antihypertensive activity of the total alkaloids from the 
leaves of Moringa oleifera. Pharm. Biol., 2002:40(2): 144-148.   

Dashti M, Kulik W, Hoek F, Veerman EC, Peppelenbosch MP, Rezaee F. "A phospholipidomic 
analysis of all defined human plasma lipoproteins.". Sci Rep. 2011: 1 (139).. doi:10.1038/srep00139. 
PMID 22355656.  

Dashty M, Motazacker MM, Levels J, de Vries M, Mahmoudi M, Peppelenbosch MP, Rezaee F. 
"Proteome of human plasma very low-density lipoprotein and low-density lipoprotein exhibits a link 
with coagulation and lipid metabolism.". ThrombHaemost. 2014: 23 (111): 518 530.. 
doi:10.1160/TH13-02-0178. PMID 24500811 

Davis M. E and Rubin. R. (1962). Obstetric for Nurse W.B. Saviders company. Philadelphia and 
London 17th edition  pp. 112-124. 



DeMaeyer, E.M. and Adiels- Tegman. M  (1985). The prevalence of anaemia in the World. World 
Health Statistics Quaterly,1985; 3f8, 302-316. WHO, Geneva.  

Ebenezer O. Farombi,and Olatunde Owoeye.Antioxidative and Chemopreventive Properties of 
Vernonia amygdalina and Garcinia biflavonoid .Int J Environ Res Public Health. 2011 Jun; 8(6): 
2533 2555. 

Ebiloma GU, Omale J, Aminu RO. Suppressive, curative and prophylactic potentials of Morinda 
lucida (Benth) against erythrocytic stage of mice infective chloroquine sensitive Plasmodium berghei 
NK-65. Br J Appl Sci Technol 2011;1:131-40, 201. 

Ebrahimzadeh, M.A., Pourmorad, F. and Hafezi, S. (2008) Antioxidant activities of Iranian corn silk. 
Turkish Journal of Biology, (32): 43-49. 

Ebrahimzadeh, M.A.; Mahmoudi, M.; Ahangar, N.; Ehteshami, S.; Ansaroudi, F. and Nabavi, S.F( 
20) glycosides. journal of  Food Chemistry . (26): 26 269.

Ejoh, R.A., Nkonga, D.V., Innocent, G., Moses, C. Nutritional components of some nonconventional 
leafy vegetables consumed in Cameroon. Pakistan Journal of Nutrition. 2007; 6, 712-7. [4] Eleyinmi, 
A.F., Sporns, P., Bressler, D.C. Nutritional compostion of Gongronemalatifolium and Vernonia 
amygdalina. Nutrition and Food Sciences, 2008: 38, 99-100.  

Eleazu, C.O., Eleazu, K.C., Awa, E and Chukwuma, S.C.,Comparative study of the phytochemical 
composition of the leaves of five Nigerian medicinal plants E3 Journal of Biotechnology and 
Pharmaceutical Research Vol. 3(2), pp. 42-46, April 2012 Available online at 
http://www.e3journals.org/JBPR ISSN 2141-7474 © 2012 E3 Journals    

Epp O, Ladenstein R, Wendel A."The refined structure of the selenoenzyme glutathione peroxidase 
at 0.2-nm resolution". Eur. J. Biochem. 1983: 133 (1): 51 69. PMID 6852035.     DOI: 
10.1111/j.1432- 1033.1983.tb07429.x  

F. C. Onwuliri, J. D. Mawak,D. L. Wonang and E. A. Onwuiiri. Phytochemical, toxicological and 
histopathological Studies of some medicinal Plants in Nigeria. International Journal of Natural and 
Applied Sciences,2(3): 225-229, 2006 ~apas Institute of Scientific Researchand Development, 2006 

Farombi, E. O. African indigenous plants with chemotherapeutic potentials and biotechnological 
approach to the production of bioactive prophylactic agents. African Journal of Biotechnology. 2003: 
2, 662-7 

Medical Economics Company; 2000: 224-225.  

Flores,  M. (1990). Pregnant women and anaemia. Mother and children Bulletin on infant Feeding 
and Material. Nutrition 9(3): 6-7. 



 Frank.O and  Jones.R. [1994].STATISTICS.4TH edition Financial Time. PITMAN 
publishing.www.ftmanagment.com.pps300-450. 

Friday O.U, Amadike C.U, and Kingsley C.N. Effect of aqueous extract of Pear seeds on some 
biochemical parameters in albino rats. A comparative study of Persea Americana (Avocado pear) and 
Dacryodesedulis (African pear). Journal of Reasearch in Biochemistry. 2013: 2(1): 110 -115,  

Friedewald WT, Levy RL, Fredrickson DS (972) Estimation of the concentration of low-density 
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem. 
Jun;8(6):499-502. 

Fujii H, Yokozawa T, Kim YA, Tohda C and Nonaka GI. Protective Effect of Grape Seed 
Polyphenols against High Glucose-Induced Oxidative Stress. . Bioscience, Biotechnology and 
Biochemistry. 2006 September 7 

Gherraf, N., Zellagui, A., Mohammed, N.S. et al., Triterpens from Euphorbia rigida. Pharmacognosy 
Research. 2010: 2 (3): 159-62.  

Ghouri, N; Preiss, David; Sattar, Naveed. "Liver enzymes, nonalcoholic fatty liver disease, and 
incident cardiovascular disease: a narrative review and clinical perspective of prospective data". 
Hepatology. 2010: 52 (3): 1156 61. doi:10.1002/hep.23789. PMID 20658466. 

Greenwood BM, Armstrong JRM. Comparison of two simple methods for determining malaria 
parasite density. Transactions of the Royal Society of Tropical Medicine and Hygiene. 1991; 85: 
186 188.   

Hasanudin K, Hashim P, Mustafa S.Corn silk (Stigma maydis) in healthcare: a phytochemical and 
pharmacological review. Molecules. 2012 Aug 13;17(8):9697-715.. DOI: 
10.3390/molecules17089697   

Howard,  M. R and Hamitton,  P. J  (1997). Haematology. Churchill Livingstone ELBS edition.1997. 

Hu, Q. L. and Deng, Z. H. (20). Protective effects of flavonoids from corn silk on oxidative stress 
induced by exhaustive exercise in mice. African Journal of Biotechnology 0 (6): 363-367. 

Hu, Q. L.; Zhang, L. J.; Li, Y. N.; Ding, Y. J. and Li, F. L. (200). Purification and antifatigue activity 
of flavonoids from corn silk. International Journal of Physical Sciences; 5(4): 32 - 326. 

Idowu O. A, Soniran O. T, Ajana. O. and Aworinde D. O. Ethnobotanical survey of antimalarial 
plants used in Ogun State,. African Journal of Pharmacy and Pharmacology, 2010; Vol. 4(2) pp. 055-
060, Available online http://www.academi cjournals.org/ajpp ISSN 1996-0816. 

Igile, G. O., Olezek, W., Jurzysata, M., Burda, S., Fafunso, M., Fasanmade, A.A.. Flavonoids from 

Vernonia amygdalina and their antioxidant activities. Journal of Agricultrual and Food Chemistry 
(USA). 1994: 42 (11), 2445-2448. 



Ignatius C M, Emeka EN, Blessing NE .Effect of Malaria  

Jensen,William B.(2007). The origin of the soxhlet extractor. Journal of chemical education.(ACS), 
84(2) :93-94 

Jianyou Guo, Tongjun Liu, Linna Han and Yongmei Liu The effects of corn silk on glycaemic 
metabolism Nutrition & Metabolism 2009, 6: 47. online at: 
http://www.nutritionandmetabolism.com/content/6/1/47

 JianyouGuo, Tongjun Liu, Linna Han and Yongmei Liu The effects of corn silk on 
glycaemicmetabolismNutrition& Metabolism. 2009, 6:47.  DOI: 10.1186/1743-7075-6-47   

John S, Sorokin AV, Thompson PD. "Phytosterols and vascular disease". Curr.Opin.Lipidol. 2007: 
18 (1): 35 40.. doi:10.1097/MOL.0b013e328011e9e3.PMID 17218830.

Kim, S.W, S.K. Park, S.I. Kang, H.C. Kang, H.J. Oh, C.Y. Bae and D.H. Bae, Hypocholesterolemic 
property of Yucca schidigera and Quillaja saponaria extracts in human body. 2003:Arch Pharm. Res., 
26: 1042-1046  

Kingsley Nwonu Agbafor, Moses Eje Ogbanshi, Emmanuel Iroha Akubugwo Phytochemical 
screening, hepatoprotective and antioxidant effects of leaf extracts of Zapoteca portoricensis. 
Advances in Biological Chemistry. 2014; Vol. 4 No. 1, Article ID: 43292, 5 pages.   

KirstyDundas[2003].Obstetrics-the physiological changes.Hosp.Pharmacist vol 10;pps;245-254. 

Kutalek R and A prinz. African Medicinal Plants in Yaniv Z and U. Bachrach (eds) Handbook of 
medicinal plants: 2007: New Delhi, CBS Publishers.  

Kutalek R, Prinz A. African medicinal plants. In: Yaniv Z, Bachrach U, editors. Handbook of 
Medicinal Plants. New Delhi: CBS Publishers; 2007. 

Maksimovic, Z. and  Kovacevic, N. (2003). Preliminary assay on the antioxidative activity of Maydis 
stigma extracts. Fitoterapia (74): 44 47. 

Mathew Folaranmi Olaniyan et al.:  Evaluation of Parasite Density, Plasma Total Bile Acids, Alanine 
Transaminase,  Lactate Dehydrogenase and CD4 in Plasmodium Infected Patients Treated with 
Morinda lucida (Oowo)   

McClatchey, Kenneth D. Clinical laboratory medicine. Lippincott Williams & Wilkins2002:pp. 288
.ISBN 978-0-683-30751-1.   

Mensah J.K., Okoli R I., Turay A. A. and Ogie-Odia E.A. Phytochemical Analysis of Medicinal 
Plants Used for the Management of Hypertension by Esan people of Edo State, Nigeria. 
Ethnobotanical Leaflets2009: 13: 1273-87.  



Muller FL, Lustgarten MS, Jang Y, Richardson A, Van Remmen H. "Trends in oxidative aging 
theories". Free Radical Biology & Medicine. 2007: 43 (4): 477 503. PMID 17640558. DOI: 
10.1016/j.freeradbiomed.2007.03.034  

N. G. Kolosova, G. M. Petrakova, and M. A. Gilinskii. Corticosterone and lipid peroxidation in rats 
after two exposures to cold. Bulletin of Experimental Biology and Medicine. March 1999, Volume 
127, Issue 3, pp 236-239  DOI: 10.1007/BF02433342   

Namba T, Xu H, Kadota S, Hattori M, and Takahashi T (2003) phytochemical and scientific study 
and functionsof corn silk. Journal of chinese herbal medicine54(4) :25-89. 

 Newal CA, Anderson LA, Phillipson JD: Herbal Medicine: a Guide for Health-care Professionals. 
Edited by Newal CA. London, Pharmaceutical Press; 1996:90.  

Newal CA, Anderson LA, Phillipson JD: Herbal Medicine: a Guide for Health-care Professionals. 
Edited by Newal CA. London, Pharmaceutical Press; 1996: 90.  

Nweze EI, Okafor JI, Njoku O. Antimicrobial activities of methanolic extracts of Trema guineensus 
(schunm and Thorn) Morinda lucida (Benth) used in Nigeria. Bioresearch 2004;2:39-46.  

O. T. Ogunmefun, T. R. Fasola, A. B. Saba, and O. A. Oridupa.The Ethnobotanical, Phytochemical 
and Mineral Analyses of Phragmanthera Incana (Klotzsch), A Species of Mistletoe Growing on 
Three Plant Hosts in South-Western Nigeria. Int J Biomed Sci. 2013 Mar; 9(1): 33 40. PMCID: 
PMC3644413

 Odugbemi T. A Textbook of Medicinal Plants from Nigeria. Lagos: University of Lagos Press; 
2008.  

Odugbemi T. A Textbook of Medicinal Plants from Nigeria: 2008: Lagos, University of Lagos Press. 

Odugbemi, T. T. Outline and Pictures of Medicinal Plants from Nigeria. University of Lagos Press, 
Lagos, Nigeria, 2006 : 283pp 

Oduola. T, Bello .I and Avwioro .G. Hepatotoxicity and nephrotoxicity evaluation in Wistar albino 
rats exposed to Morinda lucida leaf extract. N Am J Med Sci. 2010; 2(5): 230 233.  

Ohvo-Rekilä H, Ramstedt B, Leppimäki P, Slotte JP. "Cholesterol interactions with phospholipids in 
membranes". Prog. Lipid Res. 2007: 41 (1): 66 97. 2002. doi:10.1016/S0163-7827(01)00020-0. 
PMID 11694269.  

Okoli, R. I., Aigbe, O., Ohaju  Obodo, J. O, and Mensah, J. K. Medicinal herbs usedfor managing 
some common ailments among Esan people of Edo state, Nigeria. Pakistan Journal of Nutrition 2007: 
6(5): 490  496,. 



Olaniyan MF, Babatunde EM. Evaluation of parasite density, plasma total bile acids, Alanine 
transaminase, Lactate dehydrogenase and CD4 in Plasmodium-infected patients treated with Morinda 
Lucida (Oowo). Am J Biochem 2014;4:52-8. Available from: h p://www. journal.sapub.org/ajb 

Olayiwola Olajumoke Abidemi.Phytochemicals and Spectrophotometric Determination of Metals in 
Various Medicinal Plants in Nigeria. International Journal of Engineering Science Invention ISSN 
(Online): 2319  6734, ISSN (Print): 2319 
PP.51-54

Onyeka E. U. and Nwambekwe, I.O. Phytochemical profile of some green leafy vegetables in South 
East, Nigeria. Nigerian Food Journal, VOL. 25, No. 1, 2007 (www.ajol.info/journals/nifoj) ISSN 
0189-7241 

Osuntokun Oludare Temitope1*Bioactivity and Phytochemical Screening of Nigerian Medicinal 
Plants Growing in Ondo and Ekiti State against Bacterial Isolates from Pediatrics Hospital  Journal of 
Advances in Medical and Pharmaceutical Sciences 4(2): 1-14, 2015, Article no.JAMPS.18805 ISSN: 
2394-1111   

Ovenden, S.P., Cobbe, M., Kissel, R. et al., Phenolic glycosides with antimalarial activity from 
Greoillea (Poorinda Queen) Journal of Natural Products. 2011: 74 (1): 14-48.  

Oyedeji L. Drugless Healing Secrets: 2007; Ibadan, Panse Press 

 Pabón A, Carmona J, Burgos LC, Blair S. Oxidative stress in patients with non-complicated malaria. 
Clin Biochem 2003;36:71-8.  

Parasitaemia on Liver Enzyme Tests. International Journal of Tropical Medicine.2008: 3: 49-52 

 Patel R, McIntosh L, McLaughlin J, Brooke S, Nimon V, Sapolsky R.Disruptive effects of 
glucocorticoids on glutathione peroxidase biochemistry in hippocampal cultures. J Neurochem. 2002 
Jul;82(1):118-25. DOI: 10.1046/j.1471-4159.2002.00948.x   

Patricia, E., MolinaJan, B., HoekSteve Nelson David, M., Guidot Charles, H., LangJack, R., Wands 
James, M., Crawford. Mechanisms of Alcohol Induced Tissue Injury. Publications Browse by 
Subject Resources. Copyright © 1999-2014 John Wiley & Sons, Inc. All Rights Reserved. 
www.mendeley.com Share on twitter  

Praja,pati ND, Purohit SS, Sharma AK, Kumar T. A Handbook of Medicinal Plants: A Complete 
Source Book. India: Agrobios Publishers; 2007.  

R.A. Hill; H.L.J. Makin; D.N. Kirk; G.M. Murphy. Dictionary of Steroids. CRC Press. pp. 189 .
ISBN 978-0-412-27060-4, 1991.  DOI: 10.1007/978-1-4899-3310-2  

Ram A, Laura P, Gupta R, Kumar P, Sharma VN. Hypocholesterolaemic effects of Terminalia 

arguna tree bark. J. Ethanopharmacol., 1997 :55(3): 165-169. 



Ramessar K, Rademacher T, Sack M, Stadlmann J, Platis D, Stiegler G, Labrou N, Altmann F, Ma J, 
Stöger E, Capell T, Christou P (2008) Cost-effective production of a vaginal protein microbicide to 
prevent HIV transmission. Proc Natl Acad Sci USA 05:3727 3732. doi:0.073/pnas.07088404 [PMC 
free article] [PubMed] 

Reddy, M.K., Gupta, S.K., Jacob, M.R., Khan, S.I. Antioxidants, anti-malarial and antimicrobial 
activities of tannin-rich fractions, ellagitannins and phenolic acids from Punicagranatum L. Planta 
Medica. 2007: 73 (5): 461-467.  

Robertson,  E.G  (1969). Oedema in pregnancy J. Reprod. Fert. 9(Suppl. 9): 27-36. 

Rosli, W. I.; Nurhanan, A. R.; Solihah, M. A. and Mohsin, S. S. J. (20). Corn silk improves nutrient 
content and physical characteristics of beef patties. Sains Malaysian journal of food science 40 (2): 
55  6.Steenkamp, 2003).  

Rudd CE, Trevillyan JM, Dasgupta JD, Wong LL, Schlossman SF. "Pillars article: the CD4 receptor 
is complexed in detergent lysates to a protein-tyrosine kinase (pp58) from human T lymphocytes. 
1988". J. Immunol. 2010; 185 (5): 2645 9. PMID 20724730. 

Russell DW. "The enzymes, regulation, and genetics of bile acid synthesis". Annu. Rev. Biochem. 
2003;.72:13774. doi:10.1146/annurev.biochem.72.121801.161712. PMID 12543708. 

S. Habib Naqvi, M. Umar Dahot, Asghar Ali. M. Yakoub Khan and M. Rafiq(20) Production and 
characterization of extracellular lipasesecreted by Mucor geophillus . African Journal of 
Biotechnology Vol. 0(84), pp. 9598-9606 

Sadava D, Hillis DM, Heller HC, Berenbaum MR. Life: The Science of Biology 9th Edition. San 
Francisco: Freeman. 2011: pp. 105 114. ISBN 1-4292-4646-4. 

SCIENCEDOMAIN international www.sciencedomain.org 

Shima T1, Tada H, Morimoto M, Nakagawa Y, Obata H, Sasaki T, Park H, Nakajo S, Nakashima T, 
Okanoue T, Kashima K.Serum total bile acid level as a sensitive indicator of hepatic histological 
improvement in chronic hepatitis C patients responding to interferon treatment. J Gastroenterol 
Hepatol. 2000 Mar; 15(3):294-9. 

 Siddiqi NJ, Pandey VC. Studies on hepatic oxidative stress and antioxidant defence systems during 
arteether treatment of Plasmodium yoelii nigeriensis infected mice. Mol Cell Biochem 1999;196:169-
73. 

 Sies H. Oxidative stress: Oxidants and antioxidants. Exp Physiol 1997;82:291-5. 

Silva, R.E., Amorim, M.A., Melo, M.R., Henrique, M.C., Nunomura, S.M., Costa, M.R., Andrade, 

N.V.F., Costa, D.S., Dantas, G., Lavrado, J. et al., Comparative in-vivo and in-vitro antimalarial 



activity of the indole alkaloids ellipticine, olivacine, cryptolepine and a synthetic cryptolepine 
analog. Phytomedicine. 2012: 20 (1): 71-76.  

Souza, S.M.C., Aquino, L.C. et al., Anti_inflammatory and anti- ulcer properties of tannins from 
Myracrodiruonurundeuva Allemao (Anacardiacea) in rodents. Phytotherapy Res. 2006: 21 (3) 220-
225.  

 Stanley Chukwudozie Onuoha. Phytochemicals and Antimicrobial potential of Phyllantus amarus 
Schum and Thonn obtained in Ebonyi State, Nigeria  IOSR Journal of Pharmacy and Biological 
Sciences (IOSR-JPBS) e-ISSN: 2278-3008. Volume 5, Issue 4 (Mar.  Apr. 2013), PP 54-58 
www.iosrjournals.org 

T. O. Omolekan1 and C. O. O. Olaiya. Anti  Atherogenic Activity of Ethanol Extract of 
Buccholziacoriacea Seeds on Hypercholesterolemic Rats. International Journal of Biochemistry 
Research & Review2013: 3(3): 190-199, SCIENCEDOMAIN international  www.sciencedomain.org

Tona L., Cimanga, R. K., Mesia, K., Musuamba, C. T., Bruyne, T., Apers, S., Hermans, N., Van 
Miret, S., Pieters, L., Totte, J., Vlietnk, A. J. In vitro antiplasmodial activity of extracts and fractions 
of seven medicinal plants used in Democratic Republic of Congo. Journal of Ethnopharmacology, 
2004: 93, 27-32.  

Udensi, E. A., Ijeh, I. I., Ogbonna, U. Effect of traditional processing on the phytochemical and 
nutrient composition of some local Nigerian leafy vegetables. Journal of Science and Technology, 
2002; 8, 37-40. 

Ugwoke CEC, Nzekwe U, Ameh GI. Phytochemical constituents and ethnobotany of the leaf extract 
of bitter leaf (Vernonia amygdalina) Del. Journal of Pharmaceutical and Allied Sciences; 2010; Vol 
7, No 3. 

Ukwuoma, Ben and Muanya, C. (2005) Fighting degenerative diseases with vegetable soup. 
Accessed at   http/www.gaurdianewsngr.com/natural_ health.article01/130105.  

Uzuegbu U.E. and Emeka C.B. Changes in Liver Function Biomarkers among Malaria Infected 
Patients in Ikeja Lagos State, Nigeria. Current Research Journal of Biological Sciences. 2010:3(3): 
172-174, 2011 ISSN: 2041-0778. 

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J. Free radicals and antioxidants in 
normal physiological functions and human disease. Int J Biochem Cell Biol 2007;39:44-84. 

Vattem, D.A., Ghaedian, R. and Shetty, K. Benefits of berries through phenolic antioxidant 
enrichment focus on cranberry. Asia Pac. Jrn of Clinical Nutrition. 2005: 14 (2):120-130.  

Velazquez, D.V.O., Xavier, H.S., Batista, J.E.M., de Castro- Chavas, C. Zea mays L. extracts modify 

glomerular function and potassium urinary excretion in conscious rats. Phytomedicine 2005; 12: 363-



369. [6] Ajali, U., inya-agha, S.I., Odoh, U.E. Phytochemical and anti- diabetic studies of corn silk. 
Plant product Reasearch, volume. 2007; 11: 16-18.  

 Velazquez, D.V.O., Xavier, H.S., Batista, J.E.M., de Castro-Chavas, C. Zea mays L. extracts modify 
glomerular function and potassium urinary excretion in conscious rats. Phytomedicine. 2005;12:363-
369. DOI: 10.1016/j.phymed.2003.12.010   

World Health Organisation (1996). Iron deficiency indicators for assessment and strategies for 
prevention WHO,1996; NUT/96, 12.  

World Health Organisation (1996). Iron deficiency indicators for assessment and strategies for 
prevention WHO,1996; NUT/96,12.  

Yakubu, M.T., Adesokan, A.A. and Akanji, M.A. Biochemical changes in the liver, kidney and 
serum of rats following chronic administration of cimetidine. African Journal of Biomedical 
Research. 2006: 9:213-218.  

Yamamoto, A.S. and Gaynor, P.O. Therapeutic Potential of Inhibition of the NF-KB Pathway in the 
treatment of the infalmmation and cancer. Journal of Clinical Investigation. 2006: 107 (2): 135.  

Yusuke Arai et al. Dietary Intakes of Flavonols, Flavones and Isoflavones by Japanese Women and 
the Inverse Correlation between Quercetin Intake and Plasma LDL Cholesterol Concentration. 
Journal of Nutrition. 2000;130:2243-2250 

Zafir A, Banu N. Induction of oxidative stress by restraint stress and corticosterone treatments in 
rats.Indian J Biochem Biophys. 2009 Feb;46(1):53-8.  

Zeitlmann, L; Sirim P; Kremmer E; Kolanus W. "Cloning of ACP33 as a novel intracellular ligand of 
CD4". J. Biol. Chem. (United States), 2001: 276 (12): 9123 32. doi:10.1074/jbc. M009270200. ISSN 
0021-9258. PMID 11113139.  

Zeringue HJ: Identification and effects of maize silk volatiles on cultures of Aspergillusflavus.JAgric 
Food Chem. 2000, 48:921-925. PubMed Abstract | Publisher Full Text OpenURL DOI: 
10.1021/jf990061k  

Zeringue HJ: Identification and effects of maize silk volatiles on cultures of Aspergillus flavus.J 
Agric Food Chem 2000, 48:921- 925. PubMed Abstract | Publisher Full Text OpenURL 

Zhang et al., (20) Perera, M.A.D.N., Qin, W., Yandeau-Nelson, M., Fan, L., Dixon, P. and  Nikolau, 
B.J. (200). Biological origins of normal-chain hydrocarbons: a pathway model based on cuticular 
wax analyses of maize silks. Plant Journal . (64): 68 632



APPENDICES 

Appendix1 : pictorial representation 





Appendix 2 

Procedure and protocol table 

Protocol table for total cholesterol estimation 

BLANK STANDARD SAMPLE

Working reagent  000 l 000 l 000 l

Standard - 0 l -

Sample  - - 0 l

reagent blank. 

The colored solution is read spectrophotometrically at 546nm wavelength   

Calculation: 

Absorb

Absorbance of standard 

Concentration of standard = 200mg/dl 

Total cholesterol reagent composition 

Cholesterol R              4 × 50ml 

Pipes buffer (ph 6.90)       50mmol/L

Phenol 24mmol/L 

Sodium cholate 0.5mml/L 

Cholesterol R2 4×50ml 



Cholesterol esterase             >200U/L 

Cholesterol oxidase         >250U/L 

Peroxidase >000U/L 

4- aminoantipyrine          0.5mmol/L 

Protocol table for triglyceride level estimation 

Table of protocol  

BLANK STANDARD SAMPLE

Working reagent  000 l 000 l 000 l

Standard  - 0 l -

Sample  - - 0 l

against reagent blank. 

Calculation  

Absorbance of standard 

Concentration of standard = 200mg/dl 

Triglyceride reagent composition  

Triglycerides reagent                 5× 25ml/ 4×50mL/ 5×00ml 

Pipes- buffer (ph 7.00)           50mmol/L 

TOPS 5.3mmol/L 

Potassium ferrocyanate                           0mmol/L 

Magnesium salt 7mmol/l 

4- Aminoantipyrine 0.9mmol/L 



ATP 3.5mmol/L 

Lipoprotein lipase             >800U/L

Glycerol kinase       >450U/L

Glycerol -3- phosphate oxidase >3500U/L 

Peroxidase >450U/L

Lipoprotein (HDL) protocol table 

Protocol table  

1) Precipitation

Sample 300 l

HDL reagent 300 l

Mix well and allow to stand for 0min. at room temperature, mix again and 
centrifuge for 0min, at4000rpm

2) HDL cholesterol determination

Blank  Standard  Sample  

Cholesterol 
reagent 

000 l 000 l 000 l

Standard 
HDL

50 l

HDL
supernatant  

50 l

reagent blank read @ 505nm wavelenght. 



Calculation  

Absorbance of s

Absorbance of standard 

Concentration of standard = 50mg/dl 

Reagent composition  

phosphotungstate          4mmol/L 

Magnesium chloride mmol/L 

CALCULATION FOR LOW DENSITY LIPOPROTEIN CHOLESTEROL 

LDL-Chol concentration =total cholesterol  (HDL CHOL. + Triglycerides /5) 

CK-MB

Protocol table 

Laboratory procedure  



Working reagent  000 l

Sample  0 l

e change in absorbance per minute during 3 minutes. 

CALCULATION  

CK-

Reagent Composition 

Imidazole (PH 6.7)         25mmol/L 

D- Glucose 25mmol/L

N-Acetyl-L-cysteine 25mmol/L 

Magnesium acetate 2.5mmol/L 

NADP 2.25mmol/L 

EDTA 2.02mmol/L 

CK-MB R2 

Creatine phosphate 250mmol/L 

ADP 5.2mmol/L 

AMP 25mmol/L 

Diadenosine pentaphosphate        03mmol/L 

G-6

LDH -P 

Protocol table 

Laboratory procedure  



Working reagent  000 l

Sample  0 l

CALCULATION 

LDH-

Reagent composition 

LDH- P R 

Tris buffer (PH 7.4)               80mmol/L 

Pyruvate            .6mmol/L 

Sodium chloride 200mmol/L 

LDH- P R2 

NADH 240 mol/L 














