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PREFACE
This textbook titled µ¶Health Promoting Bioactivities of Phytochemicals: my
Research findings¶¶ is written to provide useful information on phytochemicals for
further research and qualitative healthcare.
It is also well structured to meet the academic needs of undergraduate,
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phytochemicals and herbal medicine.
Interested reader will find this book useful.
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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
ϳ

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 vegies² 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
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essential nutrient and cofactor for the enzymatic synthesis of glutathione, an
endogenous antioxidant.
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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.
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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.
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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.
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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-2,6dione) : 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
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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
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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
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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 betacarotene can increase the body's susceptibility to damage from free radicals,
ϭϲ


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 cisconfiguration.
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
ϭϳ


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.
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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) -benzopyran3,5,7-triol; cis-3,3',4',5,7-Pentahydroxyflavane; Epicatechol; epi-Catechin;epiCatechol;): 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
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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
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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 radicalscavenging activities. Reports indicate that myricetin has anti-cancer and antiinflammatory 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
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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 betaamyloid fibril formation in Alzheimer patients.
Naringin(4,5,7-Trihydroxyflavanone
7-rhamnoglucoside,
Naringenin-7neohesperidoside): 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
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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 NFkappaB 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
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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.AntiCancer Studies have shown that proanthocyanidins have anti-cancer and antitumour 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
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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 antiinflammatory effects. Animal studies have shown that rutin has preventive and
healing effects. There are indications that rutin can inhibit some cancerous and precancerous 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
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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.
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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 antiinflammatory activity and can be used to treat bronchial illnesses and asthma.
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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', 7dihydroxyisoflavone) : 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, 7trihydroxyisoflavone. 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
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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
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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.
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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, llimonene 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
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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 sulfurcontaining 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
ϯϮ


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-3carbinol 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 indole3-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 4hydroxyestrone have carcinogenic action. The estrogen metabolite 2hydroxyestrone 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
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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
3phenylpropylisothiocyanate. 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
3phenylpropylisothiocyanate. 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.
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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 extraand 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.
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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 anticancer 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.
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Phenolic Acids
Capsaicin
(trans-8-methyl-N-vanillyl-6-nonenamide,
N-(4-Hydroxy-3methoxyphenyl)-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
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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.
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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, antienzymatic 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, alphadihydrofucosterol, cinchol, cupreol, rhamnol, quebrachol and sitosterin.) : Betasitosterol 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
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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 (fatsoluble) 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
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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.
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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.
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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 antiinflammatory 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
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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 betacryptoxanthin can be found in many vegetables and fruits, mainly in papaya,
mango, peaches, oranges, tangerines, bell peppers, corn and watermelon. Betacryptoxanthin 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 betacryptoxanthin 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
ϰϰ


vegetables do not break down much the beta-cryptoxanthin. In order to absorb the
beta-cryptoxanthin is essential that the diet contains fat, because betacryptoxanthin is fat-soluble substances.
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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
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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
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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
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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 ² the Northern part of Oyo State-1LJHULD ,GHQWL¿ FDWLRQ RI
Plasmodium in the blood of the test and normal control subjects were carried out
E\ *LHPVKD WKLFN ¿ OP WHFKQLTXH 3DFNHG FHOO YROXPH WRWDO ELOH DFLGV EORRG
glucose, blood pressure, plasma myoglobin, transferrin, SOD, and GSH peroxidase
(GPx) were evaluated in the normal control subjects and in the Plasmodiuminfected patients before and after the treatment with raw liquid extract of M. lucida
leaf.
Results
$ VLJQL¿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 infectiRQLVSUHYDOHQWGXHWRDVLJQL¿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
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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 immunochromatographic and Immunobloting (Western blot) assays respectively. Fasting
Plasma Total Bile Acids (TBA), Lactate Dehydrogenase (LDH) and Alanine
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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.
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Keywords Morinda Lucida, ALT, LDH, TBA, CD4, Parasite density, Raw liquid
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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 (pumpkinTelfaira 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
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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) antiHCV 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
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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
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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.
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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 antiHCV 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
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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
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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 antiHCV which include: 9.7% (6) HIV, 4.8% (3) HBV and 3.2% (2) HCV.
Keywords: Vernonia amygdalina,treatment, Plasmodium spp infection, acute
phase protein, Total bile acids, Lactate dehydrogenase
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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
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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
FRQWUROµS¶
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 phytoconstituents
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, CKMB 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 LDLCholesterol 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.
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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
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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
x To assess and measure the progressive change in the lipid profile levels of
the rabbits after extract administration
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x To determine the effect of the extract on cardiovascular marker (CKMB)
x To determine the level of activity of LDH in the rabbits after administration
of the extract
HYPOTHESIS
x 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.
x That there is no significant difference in the plasma levels of CKMB,LDH
and lipid profile in the control and the test subjects.
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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 700g1500g 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.
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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 CKMB 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
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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:
x Apparatus: steam bath ,clean bucket ,electronic weighing balance
Procedure:
x 218.71g of the air dried corn silk was weighed,and poured into a clean
bucket
x $ERXWOLWHUVRIGLVWLOOHG ZDWHU ZLWKWHPSHUDWXUH# & ZDV SRXUHGLQWR
the bucket containing the cornsilk
x It was allowed to stay for 72 hours at room temperature
x It was then sieved and distributed into beakers
x The water content was evaporated using a steam bath
x 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
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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 4aminoantipyrine in the presence of phenol and peroxidase. (Allain, C.C. et al.,
1974)
Cholesterol esterase
Cholesterol ester + H2O

cholesterol + fatty acids
Cholesterol esterase
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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
UHDJHQW7KHPDQXIDFWXUHU¶VLQVWUXFWLRQVZHUHVWULFWO\DGKHUHGWR
PRINCIPLE: the triglycerides are determined after enzymatic hydrolysis with
lipases. The indicator quinonemine is formed from hydrogen peroxide, 4aminoantipyrine 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+H 2O2

2H2O2+ 4- aminoantipyrine + TOPS

violet colored complex
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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 CKMM 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 CKB activity. The CK-MB activity is obtained by multiplying the CK-B activity by
two
LACTATE DEHYDROGENASE
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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-SDFWLYLW\ 8/   ¨2'PLQ ަ
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(Before
administration)

0

Week



Triglycerid
e

Mean ± SEM

Cholesterol Mean ± SEM

Total

Parameter

RESULTS

34.215 ± 5.34

52.38±5.02

A

Control Group
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36.07± 3.13

55.944±5.33

37.644 ± 4.57

50.47 ± 6.98

GROUP
C
ADMINISTE
GROUP
B
RD
WITH
ADMINISTE
METHANOLI
RD
WITH
C EXTRACT
AQUEOUS
EXTRACT

P

µW¶
Value

P
Value

µW¶
Value

0.28

0.32

0.497

0.28

0.23

0.78

Control
Control
versus group versus
B
group C

Test Groups

nd

(2 week after
administration)

2

(1st week after
administration)

1

Mean ± SEM

47.612 ± 3.1

42.855 ± 3.37



Triglycerid
e

Mean ± SEM

µ

13.9 ± 0.997

Cholesterol Mean ± SEM 28.27 ± 1.51

Total

Triglycerid
e

µ

Cholesterol Mean ± SEM

Total
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44.78 ± 7.77

61.7 ± 7.27

6.072 ± 0.99

8.705 ± 6.19

44.73 ± 2.81

53.9 ± 4.01

8.78 ± 2.92

45.714 ± 2.42

µW¶
Value

P
Value

W¶
Value

P
Value

µW¶
Value

*3.911

*0.002

*4.84

*0.037

*2.15

0.26

0.71

W¶
Value
P
Value

0.39

Value

*9.104

*0.0058

*4.398

3E-05

ަ9.946

0.14

1.18

0.39



(3rd week after
administration) Triglyceride

3

µ

Mean ± SEM

Cholesterol Mean ± SEM

Total

20.67 ± 0.87

45.85± 3.9

ϳϵ

75.75 ±25.88

67.46 ±8.52

153.59±41.48 116.61 ±15.19

P
Value

W¶
Value

*0.048

*2.151

*0.04

*2.18

W¶
Value
P
Value

*0.0086

P
Value

*0.003

*4.63

*0.006

*3.845

*0.00013

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)
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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).
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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 CKMB 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
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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
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Fig 3

THE CHART BELOW SHOWS THE EFFECT OF CORN SILK EXTRACT ON RABBITS
AFTER TWO WEEKS OF ADMINISTRATION OF CORNSILK EXTRACTS.
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Fig 4:
THE CHART BELOW SHOWS THE EFFECT OF CORNSILK EXTRACT ON THE
RABBITS AFER THREE WEEKS OF ADMINISTRATION OF CORN SILK EXTRACTS.
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Fig 5 :
below shows the effect of corn silk on LDH for the second and third weeks of administration of
cornsilk
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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.
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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.
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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
'ZKhWKE͗YhKh^ydZd
silk.
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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
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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.
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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
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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
ϵϱ
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
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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
VTXDUHDQDO\VLVZDVXVHGDWS&OXVWHUDQDO\VLVZDVFDUULHGRXWXVLQJ(XFOLGHDQWHVWWRSODFHWKH
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
FDQFHUFKHPRSUHYHQWLRQ*DUFLQLDNROD *XWWLIHUDH VHHGNQRZQDV³ELWWHUNROD´SOD\VDQLPSRUWDQW
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.
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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.
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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 welldiffusion 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.
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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
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eventually chemically synthesized in laboratories around the world and formed a basis for quininerelated 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
ϭϬϭ

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
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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.
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APPENDICES
Appendix1 : pictorial representation
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Appendix 2
Procedure and protocol table
Protocol table for total cholesterol estimation

BLANK

STANDARD

SAMPLE

Working reagent

000l

000l

000l

Standard

-

0l

-

Sample

-

-

0l

0L[ DQG LQFXEDWH IRU PLQ DW  & PHDVXUH WKH DEVRUEDQFH RI WKH VDPSOH DQG VWDQGDUG DJDLQVW
reagent blank.
The colored solution is read spectrophotometrically at 546nm wavelength

Calculation:
AbsorbDQFHRIVDPSOHަVWDQGDUGFRQFHQWUDWLRQ
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

ϭϭϳ

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

000l

000l

000l

Standard

-

0l

-

Sample

-

-

0l

0L[DQGLQFXEDWHIRUPLQXWHVDW &PHDVXUHWKHFKDQJHLQDEVRUEDQFHRIVWDQGDUGDQGVDPSOH
against reagent blank.
Calculation
$EVRUEDQFHRIVDPSOHަVWDQGDUGFRQFHQWUDWLRQ
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
Magnesium salt

 Aminoantipyrine
4-

0mmol/L
7mmol/l

0.9mmol/L

ϭϭϴ

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

300l

HDL reagent

300l

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

2) HDL cholesterol determination

Cholesterol
reagent

Blank

Standard

Sample

000l

000l

000l

Standard
HDL

50l

HDL
supernatant

50l

0L[DQGLQFXEDWHIRUPLQDW &PHDVXUHWKHDEVRUEDQFHRIWKHVDPSOHDQGVWDQGDUGDJDLQVWWKH
reagent blank read @ 505nm wavelenght.

ϭϭϵ

Calculation
Absorbance of sDPSOHަVWDQGDUGFRQFHQWUDWLRQ
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


ϭϮϬ

Working reagent

000l

Sample

0l

0L[DQGLQFXEDWHDWFIRUPLQXWHV5HDGWKe change in absorbance per minute during 3 minutes.
CALCULATION
CK-0%$FWLYLW\ 8/ ¨2'0LQî

Reagent Composition
Imidazole (PH 6.7)
D- Glucose

25mmol/L
25mmol/L

N-Acetyl-L-cysteine

25mmol/L

Magnesium acetate

2.5mmol/L

NADP

2.25mmol/L

EDTA

2.02mmol/L

+H[RNLQDVH

8/

CK-MB R2
Creatine phosphate

250mmol/L

ADP

5.2mmol/L

AMP

25mmol/L

Diadenosine pentaphosphate
G-6²3'+

03mmol/L
8/

LDH -P
Protocol table
Laboratory procedure

ϭϮϭ

Working reagent

000l

Sample

0l

0L[DQGLQFXEDWHDWFIRUPLQXWHV5HDGWKHFKDQJHLQDEVRUEDQFHSHUPLQXWHGXULQJPLQXWHV
CALCULATION
LDH-3DFWLYLW\ 8/  ¨2'0LQ î
Reagent composition
LDH- P R
Tris buffer (PH 7.4)

80mmol/L

Pyruvate

.6mmol/L

Sodium chloride

200mmol/L

LDH- P R2
NADH

240mol/L

ϭϮϮ

