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ABSTRACT

The aim of the study was to evaluate the effect of garlic (Allium sativum) and ginger (Zingiber
officinale) on some heamato-biochemical parameters, blood pressure and their cardioprotective
properties in laboratory animals. Wistar rats were assigned into seven (7) groups as mentioned
below: Group 1: served as control group and received 1 ml/kg of distilled water, Group 2: received
20 mg/kg of garlic, Group 3: received 40 mg/kg of garlic; Group 4: received 20 mg/kg of ginger;
Group 5: received 40 mg/kg of ginger; Group 6: received 10 mg/kg of garlic and 10 mg/kg ginger;
Group 7: received 20 mg/kg of garlic and 20 mg/kg of ginger. All administrations were given
orally once daily for a period of 28 days. At the end of the treatment, all animals were sacrificed;
blood samples collected and the serum separated for determination of liver enzymes activities,
lipid profile assay, biochemical and heamatological parameters. The liver tissue was excised and
subjected to routine histological investigation. The effects of the various doses of both extracts on
cat blood pressure, and isolated perfused rabbit heart were also studied. Results represented as
mean + SEM were compared using ANOVA. The study showed that the cholesterol (51.27 + 5.29
versus 106.97 £ 2.41), Triglycerides (27.20 + 7.16 versus 86.14 * 4.15), Low density lipoprotein
(13.49 + 9.28 versus 64.16 + 4.23), Na" (118.55 + 5.24 versus 141.52 + 118 mmol/L), Ca®* (0.64 +
0.027 versus 0.86 + 0.038 mmol/L), Haemoglobin concentration (11.87+ 0.23 versus 18.26 + 0.58
g/dL), PCV (35.60 + 0.68 versus 54.80 + 1.77%), Mean arterial blood pressure (43.8 £ 2.53 versus
59.9 + 0.84 mmHg), and force of contraction (87.60 £ 1.94 versus 91.80 = 0.20 mV) were
significantly lower (P < 0.05) in groups treated with garlic + ginger as compared with the control
group. While the High density lipoprotein (62.73 + 2.23 versus 21.57 + 1.91), K (7.94 + 0.27
versus 4.68 + 0.19 mmol/L) and Red blood cell (5.51 + 0.079 x 10 /L versus 4.21 + 0.078 x 10*

/L) were significantly higher in groups treated with garlic + ginger as compared to control. The

vii



combination of both extracts significantly decreased (P < 0.05) the leucocytes counts (4.31 £ 0.75
versus 12.03 + 0.28), ALT (87.40 = 9.39 versus 115.60 = 7.84 IU/L), AST (26.0 = 1.30 versus
41.80 + 4.68 IU/L), and ALP (12.47 + 0.96 versus 38.88 £ 2. 89 IU/L) as compared to the control.
The combined effects of both extracts did not differ significantly (P < 0.05) from the single effect
except for the liver enzymes and White blood cell count. The cholesterol and Low density
lipoprotein lowering effect produced by both extracts is probably due to increased lipid oxidation
and bile excretion, while the observed decrease in mean arterial blood pressure may be due to the
effect of anaesthesia on the animals. These results suggest that the combination of garlic and

ginger extracts may be cardioprotective but toxic to the liver and kidney.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Preamble

The development of medicinal plants in the domain of nutrition has unveiled their additional
theraupeutic potentials (Ramaa et al., 2006). In the same era, terms like functional foods,
nutraceutical and pharma foods have taken hold of the nutrition market, mainly aiming to
provide nutrition and healthy diets (Bar-Chen et al., 2010). Many plants and their components
have been extensively investigated for their health-promoting benefits, including antioxidant,
cardio-protective, anti-cancer, antimicrobial and immune-modulatory activities (Huffman, 2003;

Miller et al., 2004; Hamlaoui-Gasmi et al., 2012).

Lifestyle modification such as improved dietary habit, increased physical activities, avoiding
alcohol and smoking have been very beneficial in management of some cardiovascular diseases
and diabetes mellitus (Colberg et al., 2010). Potential health benefits of vegetables belonging to
the Allium species; in particular, garlic (Allium sativum), have its origin in antiquity, but there is
a need to unveil the details of these benefits (Galeone et al., 2006). Garlic has been reputed to
possess therapeutic properties, and is probably the most-widely investigated medicinal plant
(Nrashan et al., 2010). Several reports established that garlic has cardioprotective effects through
lowering plasma cholesterol concentrations, inhibiting platelet aggregation and increasing

fibrinolytic activity (Swaran et al., 2009; Asdaq and Inamdar 2011a).

The mechanisms involved are far from clear but garlic contains a number of organosulphur

compounds such as S-allyl cysteine, S-allyl mercaptocysteine, allicin, ajoene and diallyl
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sulphide, which are widely believed to be the active agents (Nrashan et al.,2010). Tremendous
anecdotal evidence supports the invaluable role that garlic has played in the therapy of many
diseases since time immemorial (Amagase, 2006). Increasingly, this role is being confirmed by
basic and clinical research reports from around the world. Garlic is the best example of the
philosophy that your medicine should be your food, and your food should be your medicine
(Asdaq and Inamdar 2011b). Garlic has attracted particular attention in modern medicine
because of its wide spread health use all over the world, and there is the cherished belief that it
helps in maintaining good health, warding off illnesses and provides vitality (Ginter and Simko

2010).

Ginger (Zingiber officinale, Roscoe Zingiberaceae) is one of the most widely consumed spices
worldwide. From its origin in Southeast Asia and its spread to Europe, it has a long history of use
as herbal medicine to treat a variety of ailments including vomiting, pain, indigestion, and cold-
induced syndromes (Wang and Wang et al., 2005; White, 2007; Yiming et al., 2012). More
recently, it was reported that ginger also possessed anti-cancer, anticlotting, anti-inflammatory,
and analgesic activities (Yiming et al., 2012). A number of clinical trials have been undertaken
with diverse products containing ginger and ginger products, with various results (Elrokh et al.,

2010) such as gingerol (S) - (6) and (S) — (8) gingerols.

1.2 Statement of Research Problem

Previous studies have shown the separate effects of Allium sativum and Zingiber officinale on
various cardiovascular such as antihypertensive effect, bradycardiac effect and vasodialatory
effect (Ginter and Simko 2010) and heamatological parameters such as leukocytes, packed cell

volume and platelet count (Nrashan et al., 2010), but no record of their combined effects. Garlic

23



and Ginger are often consumed together, thus a study on their combined effect on some

physiological profile will be of paramount significance to learning.

1.3 Justification

Garlic (Allium sativum) and ginger (Zingiber officinale) are widely consumed as spices in food
and drink forms. Several studies have been carried out on these plants separately (Mikaili et al.,
2013), especially on the heart and blood pressure, but there is paucity of information in the
available literature on their combined effects. Although these plants are often consumed in
combined form as food species, the beneficial effect of these mixture on physiological

parameters have not been documented.

Separate consumption of either of these plants have shown beneficial effects as hypotensive
effect, bradycardia, hypolipidemic effect, and improved leukocyte functions which have been
widely reported (Yiming et al., 2012); but whether the combination of these plants have the same
beneficial effect as the separate effect is not well known. Do the combined effects on some of

these parameters differ from the separate effect? These questions are yet to be answered.

Results of investigation into their combined effects on cardioprotective functions and
heamatological effects may be beneficial in therapy and prophylaxis of cardiovascular diseases.

Since the plants are often consumed in combined form

24



1.4 Aim and Objectives

1.4.1 Aim

This study was designed to investigate the separate and combined effects of Allium sativum
(garlic) and Zingiber officinale (ginger) on some cardiovascular, haematological and biochemical

parameters of laboratory animals (cats, rats and rabbits).

1.4.2 Specific objectives

The specific objectives of the study were to:

1 Determine effects of separate and combined effects of Allium sativum (garlic) and
Zingiber officinale (ginger) on isolated perfused rabbit heart.

2 Evaluate effects of separate and combined effects of Allium sativum (garlic) and Zingiber
officinale (ginger) on blood pressure in normotensive cats.

3 Determine the combined effects of the extracts on haematological parameters of Wistar
rats.

4  Determine effects of separate and combined effects of Allium sativum (garlic) and
Zingiber officinale (ginger) on lipid profile, serum electrolyte concentration and

activities of liver enzymes in Wistar rats

1.5 Hypotheses

1. Single administration of either garlic or ginger does not alter the cardiovascular,

biochemical and haematological parameters in laboratory animals.
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2. There is no significant difference between the effects exerted by single or combined
administration of garlic and ginger on the cardiovascular, biochemical and haematological

parameters in laboratory animals.
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CHAPTER TWO
2.0 LITERATURE REVIEW

2.1 Historical background of Garlic

The medicinal use of garlic has a long history. Garlic is probably one of the earliest known
medicinal plants (Starek, 2001; Lewis and Elvin-Lewis, 2003). Its bulbs (cloves) had been used
as a cure-all in ancient Egypt and are mentioned in the Ebers Papyrus, one of the earliest treatises
on medicinal plants (Wichtl, 2004). The word garlic comes from Old English garleac, meaning
"spear leek." Dating back over 6,000 years, garlic is native to Central Asia, and has long been a
staple in the Mediterranean region, and a frequent seasoning in Asia, Africa and Europe (Starek,
2001). Over the centuries, garlic has acquired a special position in the folklore of many cultures
as a formidable prophylactic and therapeutic medicinal agent. Garlic has been a traditional
treatment in many countries, notably the Near East, China, and India. It has attracted particular
attention of modern medicine because of its widespread use around the world and the cherished
belief that it helps to maintain good health by warding off illnesses and providing more vigor

(Mikaili et al 2013).
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Plate I: Garlic (Allium Sativum) plant (Adam 2010) Plate II: Garlic (Allium Sativum) cloves (John 2013)
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2.1.1 Medicinal uses of garlic

2.1.1.1 Garlic and cardiovascular disease

Garlic is a popular supplement, well-perceived as a healthy choice among people aiming at
improving cardiovascular wellness. Approximately 4% of all cardiovascular disease patients and
30 % of cardiovascular patients, who use herbal supplements take, garlic (Yeh et al., 2006).
Known risk factors for cardiovascular disease include inflammation, high cholesterol, high
homocysteine, hypertension, diabetes and dementia; especially its most common form,
Alzheimer's disease. Indeed, as early as the 1920°s and 1930’s numerous studies highlighted the
beneficial cardiovascular effects of garlic (Younis et al., 2010). Garlic is a potent scavenger of
oxidants: It increases the activities of superoxide dismutase, catalase glutathione peroxidase, and
glutathione concentration. It inhibits lipid peroxidation and inflammatory prostaglandins

(Yousuf, 2010).

Garlic reduces cholesterol synthesis by inhibiting 3-hydroxy-3-methylglutaryl-CoA. It has been
shown to inhibit low-density lipoprotein oxidation, platelet aggregation, and arterial plaque
formation, decrease homocysteine and lowers blood pressure. It increases microcirculation which
is important in diabetes, where microvascular changes increase heart disease and dementia risks.
Garlic may also possess anti-inflammatory abilities to suppress the nuclear factor-kappa B-

activation pathway (Madkor et al., 2010).

2.1.1.2 Garlic and hypertension

Garlic has played an important dietary as well as medicinal role in human history (Chobanian et

al., 2003). Blood pressure reducing properties of garlic have been linked to its hydrogen sulphide
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production (Benavides et al., 2007), and allicin content (Banerjee et al., 2003; Higdon and
Lawson, 2005), which has angiotensin Il inhibiting and vasodilating effects as shown in animal
and human cell studies (Sharifi et al., 2003; Al-Qattan et al., 2006; Benavides et al., 2007). Das
and co-workers (1995), found some evidences that suggested garlic reduces blood pressure by
inhibiting platelet nitric oxide synthase. Nitric oxide is an important local vasodilator which
controls several physiological functions of the cardiovascular system (Benavides et al., 2007).
Garlic has probably been most popularised as a complementary therapy for blood pressure
control, as it is used by approximately 50% of patients who have hypertension (Capraz et al.,
2006). In vitro studies by Benavides and associates (2007) have confirmed the vasoactive ability
of sulphur compounds contained in garlic. The study showed that erythrocytes convert garlic’s
organic polysulphides into hydrogen sulphide, a known endogenous cardio-protective vascular
cell signaling molecule. In one pilot study, a high dose of garlic tablet (2400 mg, containing
31.2-mg allicin) had been used and overall blood pressures decreased at approximately 5 h after

the dose, including a 16 mm drop in diastolic pressure (Asdag and Inamdar, 2010a).

2.1.1.3 Anti-platelet or Anti-thrombic effect of garlic

Garlic and its components are known to possess anti-platelet activity which has been
demonstrated mostly in vitro (Lawson et al., 1998), and several platelet inhibitors have been
isolated and characterized from garlic. The inhibitory effects of garlic extracts as well as allicin,
ajoene and other individual garlic compounds on thrombus formation and platelet aggregation
has been reported (Apiz-castro et al., 1992). Cavagnavaro et al. (2007) studied the effect of
cooking on garlic anti-platelet activity and its content in thiosulphates. Their results suggested

that allicin and thiosulphates are responsible for in vitro anti-aggregatory activity. The study
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carried out by Chang et al. (2004) showed that the alkenyl thiosulphate sodium 2-propenyl
thiosulphate obtained from boiled garlic has the potential to prevent cardiovascular disease by
inhibiting platelet aggregation in dogs and humans in vitro as these compounds are not volatile,

these compounds are considered heat-stable platelet inhibitory factors.

2.1.1.4 Garlic and immune system modulation

Garlic has been suggested as a promising candidate for maintaining the homeostasis of
immunomodulatory activity (Chandrashekar and Venkatesh, 2012). Several studies have been
carried out on animal models to examine the effect of different garlic components and
formulations on immunomodulatory activity (Kyo et al., 2001). Aged garlic extract (AGE) has
been shown to exert anti-allergic effect as it may directly and / or indirectly modify the functions
of mast cells, basophils and lymphocytes, which play a leading role in the allergic cascade
reactions, including inflammation. The pharmacological effect of AGE to inhibit the tumour cell
growth through immune stimulation has also been described (Henieh et al., 2012). Garlic appears
to be effective for restoration of the immune suppression by different agents such as
chemotherapy, UV irradiation and physical and psychological stress (Dwight et al., 2006; Asdaq
and Inamdar, 2010). Age-related deterioration of learning behavior and abnormal impairment of
immune response, as occurs with acquired immunedeficiency syndrome (AIDS) have been

reported to be improved by the immunomodulatory effect of garlic (Mikaili et al., 2013)
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2.1.1.5 Garlic and lipid profile

Several in vitro studies have indicated that garlic and its constituents inhibit certain enzymes
involved in the cholesterol and fatty acids biosynthesis in hepatocytes of humans (Liu and Yeh,
2001). It has also been shown that more water soluble compounds like S-allylcysteine (SAC)
present in Aged garlic extract (AGE) are less cytotoxic and more efficient in inhibiting
cholesterol biosynthesis than the lipid-soluble sulphur compound (Yeh and Liu, 2001). One
survey mentioned that garlic has antihyperlipidemic, hypocholesterolaemic and
hypotriacylglyceride activities (Campbell et al., 2001). The hypolidemic effect was due to the
organosulphur compound in garlic (Lii et al., 2012). Also in another study, Ashraf et al. (2005)
demonstrated that a dietary supplementation of garlic reduced the atherogenic properties of
cholesterol and maintained the NO-mediated endothelial function in rats. The ogano-sulphur
compounds are the main active constituents responsible for the hypolipidemic and
hypocholesterolemic effects of garlic, as much as in humans as in experimental animals (Liu and

Yeh, 2002).

2.1.1.6 Garlic and diabetes mellitus

A number of animal studies support the effectiveness of garlic in reducing blood glucose in
streptozotocin-induced as well as alloxan-induced diabetes mellitus in rats and mice. Most of the
studies showed that garlic can reduce blood glucose level in diabetic mice, rats and rabbits
(Banerjees and maulik, 2004). One Iranian study evaluated oral administration of garlic extract
for 14 days on the level of serum glucose, total cholesterol, triglycerides, urea, uric acid,
creatinine in normal and streptozotocin-induced diabetic rats. Administration of the garlic extract

significantly decreased serum glucose, total cholesterol, triglycerides, urea, uric acid, creatinine
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and activities of aspartate aminotransferase and alanine aminotransferase, while it increased
serum insulin in diabetic rats. Interestingly, a comparison was made between the action of garlic
extract and glibenclamide, a well-known antidiabetic drug. The antidiabetic effect of garlic

extract was more effective than that observed with glibenclamide (Eidi et al., 2006).

2.1.1.7 Garlic and homocysteine

Elevated plasma homocysteine concentrations have been associated with an increased risk of
vascular disease as high homocysteine is known to inhibit endothelial-cell proliferation (Weiss et
al., 2006; Seyar, 2007) and contribute to atherothrombotic events. In one animal study by Yeh et
al. (2006), the addition of garlic extract decreased plasma total homocysteine concentration by

30%.

2.1.1.8 Anti-allergic effect of garlic

A number of reports have revealed the relationship between foods and allergic responses. Tanaka
et al. (1992) reported that Allium vegetables, including garlic, inhibit the release of p-
hexosaminidase, which is correlated with histamine release, in rat basophilic leukemia cells
(RBL-2H3), suggesting an anti-allergic effect. Usui and Suzuki (1996) reported that the anti-
allergic activity of (Z)-ajoene might be due to its inhibition of chemical mediator release (Kyo et
al., 2001). Histamine release in the rat basophil cell line, RBL-2H3 was induced by mouse anti-
trinitrophenyl (TNP) monoclonal antibody and the TNP-bovine serum albumin (BSA) hapten
carrier complex. AGE added to the culture medium at doses of 1.25, 2.5 and 5.0 g/100 g
significantly inhibited the antigen-specific histamine release by 50, 80 and 90%, respectively.

Oral administration of AGE, (10 mL/kg) also decreased 25 - 45% of the ear swelling, used as an
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index of immunoglobulin (Ig)E-mediated skin reaction, which was caused by intravenous
administration of anti-TNP Ig E antibody and subsequent picryl chloride painting on the ear in

mice (Eikai et al., 2001).

2.2 Historical background of Ginger

Ginger (Zingiber officinale), Roscoe belonging to the Family Zingiberaceae, is a perennial herb
with thick tuberous rhizomes. The erect leafy aerial stem grows up to approximately 1 meter in
height and has purple flowers. Its roots are used as spice in cooking throughout the world. The
ginger plant has a long history of cultivation. It originated in China and then spread to India,
South East Asia, West Africa and the Caribbean (McGee, 2004; Wang and Wang, 2005;White,

2007).

It has been used in Unani, Ayurvedic and Chinese herbal medicines for a wide array of unrelated
ailments that include arthritis, rheumatism, sprains, pains, muscular aches, sore throats,
indigestion, vomiting, fever, hypertension, cramps, constipation, dementia, helminthiasis and
infectious diseases (Ali et al, 2008). Ginger was known in China as early as 400BC. It was used
as a spice by the Greeks and Romans who considered it an Arabian product because it was
received from India by way of the Red Sea (Shariq et al., 2011). Ginger was also known to
Europeans as it was an important item in European Commerce with the East during the middle

age (Evans, 2003).
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Plate 111: Ginger (Zingiber officinale) plant Plate 1V: Ginger (Zingiber officinale) Rhizome
(Bradtke 2007). (Bradtke 2007)
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2.2.1 Nutrient and active constituents of ginger

Fresh ginger contains 80.9% moisture, 2.3% protein, 0.9% fat, 1.2% minerals, 2.4% fibre and
12.3% carbohydrates (Yimming et al., 2012). The minerals present in ginger are iron, calcium
and phosphorous. It also contains vitamins such as thiamine, riboflavin, niacin and vitamin C
(Wang 2009). The composition of ginger varies with the type, variety, agronomic conditions,
curing methods, drying and storage conditions (Rehman et al., 2011). The active ingredients in
Zingiber officinale are in volatile oil. The concentrations of active ingredients vary with growing
conditions. The major active ingredients in ginger oil are the sesquiterpenes: bisapolene,
zingiberene, and zingiberol. Ginger’s active ingredients have a variety of physiologic effects
such as antihypercholesterolaemic effect, hypotensive effect, decreased body weight gain,

hypoglycemic, anticancer, anti-inflammatory and analgesic activities (Rehman et al., 2011).

2.2.2 Uses of Ginger in traditional medicine and food industry

Ginger has been used by traditional Chinese and Indian medicine for over 25 centuries
(Badreldin et al., 2008). Ginger was brought to Mexico by the Spaniards and later introduced to
Jamaica, the latter currently being one of the world’s foremost producers of ginger (Wichtl,
2004). Ginger has been introduced into various tropical countries where diverse chemotypes
have been developed (Yiming et al., 2012). Ginger is recommended to relieve and prevent
nausea, caused by motion sickness and morning sickness (Lien et al., 2003). Apparently, this
effect is not mediated through the central nervous system (CNS), but rather, ginger’s active
principles act directly on the gastrointestinal tract (Yiming et al., 2012). It has been hypothesized

that ginger ameliorates the nausea associated with motion sickness by preventing the
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development of gastric dysrrhythmias and the elevation of plasma vasopressin (Lien et al.,

2003).

Ginger has been made into candy and used as flavoring for cookies, crackers and cakes as well as
flavour in ginger ale-a sweet, carbonated, non-alcoholic beverage, ginger bread, ginger snaps,
ginger cake and ginger biscuits (McGee, 2004). It is extensively used in preparation of dietaries
for its aroma and flavour. Dry ginger is used in the manufacture of oil, oleoresin, essence and

processed meat (Madkor et al., 2010).

Ginger contains up to 3% of an essential oil that causes the fragrance of the spice (Shalaby, and
Hamowieh, 2010). The main constituents are sesquiterpenoids with zingiberene as the main
component. Other components include B-sesquiphellandrene bisabolene and farnesene which are
also sesquiterpenoids, (B-sesquiphellandrene, cineol and citral ) ( Rani, et al., 2012). The pungent
taste of ginger is due to nonvolatile phenylpropanoid — derived compounds, gingerols and
shogaols. The shogaols are formed from gingerols when ginger is dried or cooked (Abdularaq et
al., 2011). It can be cooked as an ingredient in many dishes. They can be stewed in boiling water
to make ginger tea, to which honey is often added as a sweetener. The juice of ginger roots is
extremely potent and is often used as spice to flavour dishes such as seafood, mutton, snacks or

stew (Yiming 2012).
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2.2.3 Medicinal uses of Ginger

2.2.3.1 Effects of ginger on lipid profile

Studies on the effects of spices especially ginger (Zingiber officinale Roscoe) and their extracts
on lipid profile have reported favourable outcomes with regards to cholesterol levels. For
example, Bhandari et al. (2005), observed a significant lipid lowering activity of ethanol extract
of Zingiber officinale in diabetic rats. Al- Amin et al. (2006) concluded that raw ginger
possessed hypoglycaemic, hypocholesterolaemic and hypolipidaemic potential. Tanabe et al.
(1993) isolated principles from ginger observed to exhibit an inhibitory effect on cholesterol

biosynthesis.

2.2.3.2 Anti-inflammatory and analgesic activities of ginger

The anti-inflammatory properties of ginger have been reported (Afzal et al., 2001; Grzanna et
al., 2005). Several lines of evidence have been provided, mostly in different animal models of
inflammation, and to a much lesser extent in humans or human cells, of the effectiveness of
either ginger or of compounds isolated there from against inflammation and its mediators
(Charlier and Michaux, 2003; Martel-Pelletier et al., 2003; Badreldin et al., 2008). More
recently, it has been shown that ginger (and some of its constituents) is effective against
cytokines synthesized and secreted at sites of inflammation (Grzanna et al., 2005). Cytokines are
small proteins secreted at sites of inflammation by lymphocytes, macrophages, fibroblasts and
other cells, and act as chemical messengers between cells involved in immune and inflammatory
responses. Ginger was found to modulate some biochemical pathways activated in chronic

inflammation (Grzanna et al., 2005).
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2.2.3.3 Anti-oxidant actions of ginger

The essential oil with volatile compounds (prepared by hydrodistillation) showed also a good
antioxidant activity with its phenolic content (EI-Ghorab et al., 2010). Furthermore, antioxidant
activity of both volatile and non-volatile fractions has been ascribed to the synergistic effects of

phenolics (such as eugenol, shoagols, zingerone, gingerdiols, gingerols, etc.).

As confirmed by GC-MS, the most abundant terpenes in ginger essential oil are zingiberene, ar-
turmerone, curcumene, tumerone and curlone (Singh et al., 2008). Hydroethanolic extract of the
rhizome ginger is known for its strong free-radical reducing efficacy (Ali et al., 2008). It is
mediated mostly by its phenolic constituents that may be divided into two groups: gingerol-,
gingeron- and shogaol-related group and diarylheptanoids. A mixture of non-phenolics
(sesquiterpene hydrocarbons, carbonyl compounds, monoterpene hydrocarbons and esters)
contributes to the antioxidative activity and is responsible for the strong aroma of ginger in food,

beverages and dietary supplements (Ali et al., 2008).

Several authors have shown that ginger is endowed with strong in vitro and in vivo anti-oxidant
properties. The antioxidant action of ginger has been proposed as one of the major possible
mechanisms for the protective actions of the plant against toxicity and lethality of radiation
(Jagetia et al., 2003; Haksar et al., 2006) and a number of toxic agents such as carbon
tetrachloride and cisplatin (Amin and Hamza, 2006; Yemitan and Izegbu, 2006), and as an anti-
ulcer drug (Siddaraju and Dharmesh, 2007). Kim et al. (2007) showed that 6-gingerol is
endowed with strong anti-oxidant action both in vivo and in vitro, in addition to strong anti-

inflammatory and anti-apoptotic actions
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2.2.3.4 Tissue and radio-protective effects of ginger

Several extracts and fractions of Z. officinale have been shown to protect against chemically-
induced tissue damage (Badreldin et al., 2008). For example, it has been shown by Yemitan and
Izegbu (2006) that pretreatment of rats with an ethanol extract of the rhizome of Z. officinale and
oil extracted from the plant were effective in ameliorating carbon tetrachloride and
acetaminophen or paracetamol-induced acute hepatotoxicity. The radio-protective effect of the
hydroalcoholic extract of ginger rhizome was studied in mice given the extract at an
intraperitoneal dose of 10 mg/kg, once daily for five consecutive days before exposure to 6-12
Gy of gamma radiation, and were monitored daily up to 30 days post-irradiation for the
development of signs of radiation sickness and mortality (Jagetia et al., 2003). The protection of
ginger against radiation lethality was confirmed by the same authors in a subsequent publication
(Jagetia et al., 2004). Pretreatment of mice with ZOE reduced the severity of radiation sickness
and the mortality, and protected mice from gastrointestinal syndrome, as well as bone marrow
syndrome. The dose reduction factor for ZOE was found to be 1.15. The optimum protective
dose of 10 mg/kg ZOE was 1/50 of the LDsy (500 mg/kg). It has been shown by Sharma et al.
(2005) that ginger extract mitigates the neuro-behavioral effects of gamma radiation-induced
conditioned taste aversion in Sprague— Dawley rats. Administration of the extract 1 h before 2-
Gy gamma irradiation was effective in blocking the saccharin avoidance response for five post-
treatment observational days, both in a dose- and time-dependent manner, with 200 mg/kg i.p.,

being the most effective dose.
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2.2.3.5 Effect of ginger on blood pressure

Afzal et al. (2001) have suggested that ginger exerts many direct and indirect effects on blood
pressure and heart rate. Ghayur and Gilani (2005) reported that the crude extract of ginger
induced a dose-dependent fall in the arterial blood pressure of anaesthetised rats. In guinea pig
paired atria, the crude extract exhibited a depressant activity on the rate and force of myocardial
spontaneous contractions. In rabbit thoracic aorta preparation, the crude extract relaxes the
phenylephrine-induced vascular contraction at a dose 10 times higher than that required against
K*-induced contraction. Ca**- channel-blocking activity was confirmed when the crude extract
shifted the Ca* - dose—response curves to the right, similar to the effect of verapamil (Badreldin

et al., 2008).

The extract also inhibited the phenylephrine control peaks in normal Ca**-plus and Ca**-free
solutions, indicating that ginger extract acts at both the membrane-bound and the intracellular
Ca®" channels. When tested in endothelium- intact rat aorta, it again relaxed the K*-induced
contraction at a dose 14 times less than that required for relaxing the phenylephrine -induced
contraction (Badreldin et al., 2008). The vasodilator effect of the crude extract was endothelium-
independent because it was not blocked by either L-NAME (a non-selective inhibitor of nitric
oxide synthase used experimentally to induce hypertension) or atropine. The effect was also
reproduced in the endothelium-denuded preparations in the same dose range. Data indicate that
the blood pressure-lowering effect of ginger is mediated through the blockade of voltage-
dependent calcium channels. In another study, Ghayur et al. (2005) concluded that the blood
pressure-lowering action of aqueous ginger extract was exhibited via a dual inhibitory effect,

mediated via stimulation of both muscarinic receptors and blockade of Ca®* channels.
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Interestingly, Ghayur et al. (2005) also suggested that the different constituents of ginger may
have opposing actions on the reactivity of blood vessels. For example, an atropine-resistant and
L-NAME- sensitive vasodilator activity are demonstrated for the ginger phenolic constituents

(Badreldin et al., 2008).

2.2.3.6 Effect of ginger on blood clotting

The effect of an aqueous extract of ginger on platelet thromboxane-B, (TBX;) and
prostaglandin-E, (PGE;) production was examined after giving rats a raw aqueous extract of
ginger daily for a period of 4 weeks, either orally or intraperitoneally (IP) (Thomson et al., 2002;
Badreldin et al., 2008). A low dose of ginger (50 mg/kg) administered either orally or IP did not
produce any significant reduction in the serum TBX; levels. However, ginger administered orally
caused significant changes in the serum PGE2 at this dose. High doses of ginger (500 mg/kQg)
were significantly effective in lowering serum PGE; when given either orally or IP. However,
TXB, levels were significantly lower in rats given 500 mg/kg ginger orally, but not IP. These
results suggest that ginger could be used as an anti-thrombotic and anti-inflammatory agent

(Thomson et al., 2002; Badreldin et al., 2008).

2.2.3.7 Effects of ginger on blood glucose level

A number of studies have examined the efficacy of ginger in hyperglycaemia control in vitro and
in vivo on cell and animal models and in clinical trials. Investigation of the active principles and
mechanism of action have also been undertaken (Yiming et al., 2012). Results from animal
studies have shown that oral administration of an ethanolic extract of ginger (800 mg/kg)
significantly decrease fasting blood glucose level after 1 hour treatment in an STZ-type 1

diabetic rat model. The effect peaked after 4 hours, with ginger producing a 24% to 53%
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reduction in blood glucose at doses ranging from 100 to 800 mg/kg (Ojewole, 2006). Another
study showed that a single dose of ginger juice prevented 5-hydroxytryptamine-(5-HT-) induced
acute hyperglycemia, suggesting the involvement of 5-HT receptors in the glycaemic control

(Akhani et al., 2004)

2.3 The Serum Electrolytes

Electrolytes are vital to health, and act as chemical messengers in the body, carrying electrical
impulses from the nerves to control all tissue functions including movement. An imbalance of

any of the electrolytes can lead to serious disruptions in physiologic functions (Thomas 2011).

Many processes in the body are highly dependent on serum electrolytes. They include primarily
heart and nerve functions, muscle coordination and control, and maintenance of the body fluid
levels. Electrolytes are found throughout the body tissues. The blood, plasma and interstitial fluid
that bathe the cells is high in sodium (Na*) and chloride (CI"), which is similar to common table
salt, or sodium chloride (NaCl). Electrolytes are not evenly distributed within the body, and is
that allows many important metabolic reactions to occur. Sodium (Na*), potassium (K*), calcium
(Ca®"), magnesium (Mg®"), chloride (CI'), phosphate (PO4%), bicarbonate (HCO3), and sulphate

(SOy) ions are important electrolytes in humans (Sharif 2003).

2.3.1 Sodium

Sodium affects how much urine the kidney produces, and is involved in the transmission of
nerve impulses and muscle contraction (Rebholz et al., 2012). Too high a concentration of
sodium in the blood causes hypernatraemia. Causes of hypernatraemia include excessive water

loss (for example, severe diarrhoea), restricted water intake, untreated diabetes (which causes
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water loss), kidney disease, hormonal imbalances and excessive salt (NaCl) intake (Carbone et

al., 2005).

Symptoms include signs of dehydration such as extreme thirst, dark urine, sunken eyes, fatigue,
irregular heartbeat, muscle twitching, seizures and coma (Rebholz et al., 2012). Too low a
concentration of sodium in the blood causes hyponatraemia. This is one of the most common
electrolyte imbalances, and occurs in about 1% of hospitalized individuals. It can result from
vomiting, diarrhoea, severe burns, taking certain drugs that cause the kidneys to selectively
excrete sodium, inadequate salt intake, water intoxication, hormonal imbalances, kidney failure,
and liver damage. Symptoms include nausea, vomiting, headache, tissue swelling (oedema),
confusion, mental disorientation, hallucinations, muscle trembling, seizures, and coma (Kenney

2004).

2.3.2 Potassium

Potassium ions play a major role in regulating fluid balance in cells, the transmission of nerve
impulses and in muscle contraction (Hawkins, 2006). Too high a concentration of potassium
causes a condition called hyperkalaemia that is potentially life-threatening. The most common
cause is kidney failure. It can also result from severe burns or injury (excess potassium released
from injured cells), inadequate adrenal hormones (Addison’s disease), the use of certain
medications such as excessive use of potassium supplements (Krishnamurti & Shyamala 2001).
Some times hyperkalaemia occurs in conjunctions with hypernatraemia. Symptoms include
nausea, diarrhoea, weakness, muscle pain, and irregular heartbeat, and coma and / or death may
ensue. Abnormally low concentrations of potassium cause hypokalaemia. Hypokalaemia can

result from excess adrenal hormones (Cushing’s disease), kidney disease, and long-term use of
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certain diuretic drugs, laxative abuse and bulimia and kidney failure. Symptoms include
increased production of urine, muscle pain, paralysis, irregular heartbeat and low blood pressure

(Hawkins, 2006).

2.3.3 Calcium

Calcium is needed to build and maintain bones. It is involved in nerve impulse transmission and
muscle contraction. Excess calcium results in hypercalcaemia (Loren 2012). Hypercalcaemia can
be caused by excess parathyroid hormone, certain cancers, some genetic disorders, and excessive
use of antacids, containing calcium in rare cases (Ghayur & Gilani 2005). Symptoms include
bone and muscle pain, mental changes such as depression and confusion, increased urine
production, fatigue, nausea and vomiting. Abnormally-low concentrations of calcium cause
hypocalcaemia (Rebholz et al., 2012). Hypocalcaemia can be caused by too little parathyroid
hormone, kidney failure and vitamin D deficiency. Vitamin D is necessary for the body to absorb
calcium. Symptoms include muscle twitches and spasms, convulsions, mental changes such as

depression and irritability, dry skin, and brittle nails (Loren, 2012).

2.3.3.1 Role of calcium in the blood and the calcium pump

Heart disease is caused in great part by free radicals causing damage to individual cells inside the
arteries. One of the sites where such damage takes place is the "calcium pump" inside cells in the
arteries, particularly the cells within the middle layer of the artery (Niedziocha, 2011). When the
free-radical bombardment stops, the damage can be reversed. The amount of calcium in the
blood stream is a critical factor in controlling the beat of the heart. If there is too much or too

little calcium in the blood stream, the heart can simply stop beating (Loren, 2012). Calcium
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controls the contraction of the heart as it is pumping blood through the body. Magnesium
controls the relaxing of the heart, when no blood is being pumped out. If either one or the other
starts to increase in quantity, the body has some very well established mechanisms to bring the
balance back to normal. This is why the consumption of a large amount of calcium (as a
supplement) does not impair the heart beat. The large and sudden increase of calcium (or
magnesium) flood through the blood stream increases the potential for sudden calcium imbalance

and cardiac arrest (Loren, 2012).

2.3.3.2 Role of calcium and the heart beat

It has been reported that failing hearts do not handle calcium properly (Krishnamurti &
Shyamala 2001). The contraction of heart muscle cells — like all muscle cells — is controlled by

cycling levels of calcium, which is stored in the sarcoplasmic reticulum (SR). In response to the

electrical impulses that control heart beat, calcium is released from the SR into the cytosol
stimulating the cell to contract. After contraction, calcium moves back from the cytosol into the
SR via a molecular calcium pump, the SERCAZ2a protein. In heart failure, the return of calcium
into the SR is diminished. With this disruption to the normal cycling of calcium, the muscle cells
cannot respond appropriately to the heartbeat impulses. They contract weakly, and the heart’s
pumping activity decreases. Animal studies also had shown that increasing production of
SERCAZ2a improved heart function, both in individual cells and in living animals (Hawkins,
2006). Free radicals also cause tissue calcification by damaging the integrity of cell membranes,
causing leaks in cell walls, and by damaging enzymatic cell-wall transport pumps. If the calcium

pump is weakened or if cell wall integrity is damaged, the calcium pump is unable to remove
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calcium as it leaks in. Intracellular calcium accumulates, causing malfunction and eventually cell

death (Nielziocha, 2011).

2.3.3.3 Calcium-channel blockers

Once the calcium pump is damaged; for instance, by free radicals, a class of drugs called
calcium-channel blockers are often administered to the patients (Loren, 2012). The toxic metals
that cause the free radicals which damage the calcium pump are better removed. For example,
calcium-channel blockers are widely used for angina, arrhythmia and hypertension. However, the
initial damage to the calcium pump has multiple dietary and lifestyle causes, including pesticides
and other xenobiotic exposures, transfatty acids and nutritional deficiencies. Studies confirm that
mere poisoning of the calcium channels with calcium-channel blockers leads to an accelerated
rate of cancers and other diseases, resulting also in impairment of other membrane functions

(Loren, 2012).

Calcium has many different functions inside the body. Apart from building the bones, it is
involved in the beating of the heart and its normal contraction. The heart beats through a
spontaneous excitation of specialized cardiac cells called SA node. Depolarisation of the cells
results in a contraction that prompts the atrioventricular node and ventricles of the heart to
contract in rhythm (Rebholz et al., 2012). The resting state of cardiac cells is -90 mV, as
depolarisation occur the cells increase up to zero mV. Positive sodium ions begin to slowly seep
into the sinoatrial node cells, which opens the gates for positive calcium ions to rush in. Calcium
helps the beginning of a heartbeat, but it is also a mediator in initiating the other cardiac cells to
beat. Once the SA node depolarises, slow calcium channels open to the other cardiac cells, and

calcium triggers the contraction of the muscle fibres (Karppanen 1991).
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2.3.3.4 Hypercalcaemia and hypocalcaemia

Hypercalcaemia is caused by an excess of calcium. Excess calcium adversely affects the heart
causing bradycardia (Campbell, 2012). Hypocalcaemia occurs when there is too little calcium in
the body and results in tachycardia. These two disorders affect the heart rate by influencing the
contraction strength of the heart beat. Fortunately, even with a moderately healthy diet, calcium
imbalances are rare. Significant and independent associations occur between high dairy products
and dietary calcium intakes and reduced blood pressure among middle-aged men. Dietary
calcium is an important factor in the control of blood pressure via its effects on calcium

metabolism (Hawkins 2006).

2.3.4 Chloride

Chloride is involved in regulating blood pressure. High concentrations of chloride, called
hyperchloraemia, can be caused by kidney failure, kidney dialysis, and an overproduction of
parathyroid hormone. Symptoms include weakness, headache, nausea, and vomiting (Kenney,
2004). In people with diabetes mellitus, hyperchloraemia impairs the control of blood glucose
levels. Hypochloraemia often occurs along with hyponatraemia or hypokalaemia, and is caused
by excessive fluid loss (for example, diarrhoea). Serious deficiencies of chloride decrease blood
acidity, resulting in metabolic alkalosis. Symptoms of severe hypochloraemia include confusion,

paralysis and dyspnoea (Rebholz et al., 2012).
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2.4 Neural Control of Blood Pressure

Blood pressure is a function of vascular resistance and cardiac output, two variables that are
controlled by the autonomic nervous system. In turn, cardiac output is dependent on three
regulated variables: end-diastolic volume, myocardial contractility and heart rate. End-diastolic
volume is the volume reached by the ventricular chamber before contraction. It is determined by
venous pressure, which is related to blood volume and venous smooth muscle tone, both of
which are under sympathetic control. Myocardial contractility and heart rate are regulated by
both the sympathetic and parasympathetic divisions of the autonomic nervous system. On a
short-time scale (seconds to hours), the autonomic nervous system adjusts the circulation in
keeping with behaviour (for example, feeding and exercise), the environment (for example,
thermoregulation) and emotions (for example, fright). These circulatory changes are components
of more global autonomic response patterns that are elaborated in large portions of the central
nervous system in long-term blood pressure control, which is not well understood (Cowley,

1992; Osborn, 2005).

2.4.1 Regulation of blood pressure

The maintenance of blood pressure is multifactorial, as a result many factors are implicated in
the cause of hypertension. There are physiological variations that affect the blood pressure such
as age, gender, body mass index, anxiety and exercise. The regulation of blood pressure is by

three major mechanisms: nervous, hormonal and renal mechanism. (Seyer et al., 2007).
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2.4.2 Endogenous regulation of blood pressure

The endogenous regulation of arterial pressure is not completely understood, but the following

mechanisms of regulating arterial pressure have been well-characterized:

1. Baroreceptor reflex: Baroreceptors in the high pressure receptor zones, mainly in the

aortic arch and carotid sinus detect changes in arterial pressure. These baroreceptors send signals

ultimately to the medulla of the brain stem, specifically to the rostral ventrolateral medulla. The

medulla, via the autonomic nervous system, adjusts the mean arterial pressure by altering the

force, speed of the heart's contractions, and the total peripheral resistance. The most important

arterial baroreceptors are located in the left and right carotid sinuses and in the aortic arch.

2. Renin-angiotensin system: This system is generally known for its long-term adjustment

of arterial pressure. It allows the kidneys to compensate for loss in blood volume or drops in
arterial pressure by activating angiotensin I1.

3. Aldosterone release: This steroid hormone is released from the adrenal cortex in response

to angiotensin Il or high serum potassium levels. Aldosterone stimulates sodium retention and

potassium excretion by the kidneys. Since sodium is the main ion that determines the amount of

fluid in the blood vessels by osmosis, aldosterone increases fluid retention, and indirectly,

arterial pressure.

4, Baroreceptors: In low pressure receptor zones (mainly in the venae cavae and the

pulmonary veins, and in the atria) result in feedback by regulating the secretion of antidiuretic

hormone (vasopressin), renin and aldosterone. The resultant increase in blood volume results in

an increased cardiac output by the Frank—Starling law of the heart, increasing in turn the arterial

blood pressure (Rebholz et al., 2012).
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2.4.3 lon channels in the control of blood pressure

Resnick (1999) has proposed a unifying ‘ionic’ hypothesis, taking into consideration cytosolic
free calcium and magnesium concentrations in a variety of cells and tissues. The hypothesis also
considers a variety of clinical conditions in relation to the concentrations of these ions in normal
subjects. Calcium and magnesium contribute to the final common pathways, mediating not only
blood pressure, but also the major metabolic processes in all cells. Resnick (1999) provides a
cellular explanation for the heterogeneity of hypertension as well as the co-existence of several
clinical conditions such as hypertension, obesity and non-insulin dependent diabetes mellitus.
Steady-state elevation of cytosolic free calcium is associated with a suppression of cytosolic free
magnesium in many tissues (Loren 2012). The concomitant changes alter many cellular
functions. In blood vessels, this causes vasoconstriction, arterial stiffness and hypertension. The
ionic changes result in hypertrophy in the heart, aggregation and thrombosis in platelets and
activation of the central nervous system. The alterations in cellular ionic steady state become
critical in defining the pathophysiology shared by hypertension, cardiac hypertrophy and
dyslipidaemia, including obesity, non-insulin dependent diabetes mellitus and vascular disease.
This may, as detailed later, also explain the heterogeneity of hypertension (Whelton et al., 1997).
Vascular plasma membrane depolarization through decreased K* channel activation or stretch
produces opening of the voltage-dependent T and L Ca channels or ‘leak’ channels, with
subsequent calcium current representing influx into the cytosol of extracellular calcium. This
increase in intracellular calcium induces activation of specific ryanodine-sensitive Ca-release
channels in the sarcoplasmic reticulum and magnifies the initial localised increase in Ca®*more
generally throughout the cytosol. At the contractile site, the increase in calcium initiates the

cascade of molecular rearrangements of calmodulin and myosin light-chain kinase (MLCK),
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resulting in myofilament shortening and vasoconstriction. Muscle relaxation is a reversal of the
ionic balance through the sarcoplasmic reticulum-mediated reuptake of calcium into intracellular
storage as well as the plasma membrane Ca-ATPase and Na/Ca exchange-mediated calcium
egress from the cell. These would result in reducing Ca®*. In electrically non-excitable tissues,
intracellular calcium is augmented primarily through stimulation of the phospholipase C-
mediated inositol-1, 4, 5-triphosphate (IP3) pathway (Ghayur & Gilani 2005). Some tissues have
both voltage/receptor-mediated and intracellular mobilization pathways to augment intracellular
calcium. The end-result of this may include processes such as hormone secretion and renal ion
secretion. The role of calcium in regulating cellular processes, including vascular tone, is
dependent upon (and is modified by) cellular magnesium is a co-factor for all phosphotransferase
reactions, in all ATP-dependent reactions, where Mg-ATP is the substrate and in all thiamine
triphosphate-dependent reactions. Thus, it participates in intermediate metabolism of lipids,
carbohydrates and amino acids is required for (and modifies) calcium entry and egress and other
processes that use plasma membrane or endoplasmic reticulum Ca-ATPase and Na'K*-ATPase.
Other processes in which magnesium is required for calcium influx and efflux include L-channel
Ca current, calcium binding to calmodulin, Ca-activated K* current and IP3-mediated Ca release
from cellular stores. The steady-state concentrations of calcium and magnesium are reciprocally
related. The net result is to maintain ‘steady state cell metabolism’ (Hawkins 2006), and buffer
cell response to calcium dependent stimuli. A cellular magnesium deficiency, by decreasing the
function of a wide range of enzymes, membrane pumps and ion pumps, may exaggerate Ca-
induced cell stimulation in all cells and tissues. In the vasculature, it may results in
vasoconstriction. Elevation of Ca** with a reciprocal decrease in magnesium is consistently

observed in subjects with hypertension, obesity and non-insulin dependent diabetes mellitus.

53



These same changes are also observed in cells from healthy elderly persons. There is a strong
correlation between cellular ionic steady state in individual subjects and the pathophysiological

changes in the tissues of these individuals (Loren 2012).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Materials

3.1.1. Animal materials

e Four Cats
e Four Rabbits and

e Thirty five Wistar Rats

3.1.2. Plant Materials

e Fresh Garlic Cloves

e Fresh Ginger Rhizomes

3.1.3. Drugs/Chemicals

e Adrenaline

e Propranolol

e Heparin

e Normal Saline
e Distill Water
e Acetylcholine
e Atropine

e Ringer Locke’s Solution
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3.1.4 Equipments

e Recording Microdynanometer
e Recording Physiograph

e Microscope

e Organ Bath

e 5ml Syringe

3.1.5 Management of experimental animals

Thirty five (35) Wistar rats of both sexes between the ages of 12 - 16 weeks’ old and weighing
between 150-200 g were procured from the Animal House of the Department of Pharmacology
and Therapeutics, Ahmadu Bello University, Zaria. The animals were kept in well aerated
laboratory cages in the animal house of the Department of Human Physiology, Ahmadu Bello
University, Zaria. They were allowed to acclimatize to the laboratory environment for a period
of two weeks before the commencement of the experiment. The rats were given access to

standard animal feeds and drinking water ad libitum during the experimental period.

3.1.6 Collection and preparation of plant extracts

The fresh plants of garlic bulbs and fresh rhizomes of ginger were purchased from Samaru
market in Zaria (11° 10’ N, 07° 38’ E) Nigeria. The plant bulbs and rhizomes where taken to the
herbarium unit of the Department of Biological Sciences, Ahmadu Bello University, Zaria,
where they were identified by a Taxonomist Mallam Musa Mohammed, and the voucher
numbers 050913 for garlic and 0250913 for ginger were deposited. They were dried under shade
and then ground into fine powder using laboratory mortar and pestle. The powder of garlic (150
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g) and ginger (208 g) was macerated in cold water at room temperature for 24 hours. This was
then filtered using a filter paper (Whatmann size No. 1) and the filtrate was evaporated to
dryness in water bath at 30 ° C to a dry residue of garlic (24 g) and ginger (34 g). The powder

was kept in an air-tight bottle until it was reconstituted for administration.

3.2 Methods

3.2.1 Acute toxicity studies of garlic bulbs and ginger rhizome extract on Wistar rats

The median lethal dose (LDsp) of the plant extracts was carried out in order to determine a
suitable dose for its evaluation. This was done in two phases according to the method described
by Lorke (1983) using 12 rats. In the initial phase, rats were divided into three groups of three
rats each, and were treated with 10 mg, 100 mg and 1000 mg of the extract per kg body weight
orally, respectively. The rats were observed for 24 h for signs of toxicity, including death. Based
on the results of phase one, three fresh rats were divided into three groups of one rat each, and
were treated with 1600, 2,900 and 5,000 mg of the extract per kg body weight respectively. The
rats were also observed for 24 h for signs of toxicity, including death. The LDs, was then
calculated from the results of the final phase as the square root of the product of the lowest lethal
dose and the highest non-lethal dose, that is, the geometric mean of the consecutive doses, for

which 0 and 100% survival rates were recorded.

3.2.2 Preliminary qualitative phytochemical screening of the plant extract

Preliminary qualitative phytochemical screening of the plant was carried out as described by

Trease and Evans (1996s).
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Procedure for phytochemical screening.

Half of the crude extract was partitioned with petroleum either benzene, chlorofoam and ethyl
acetate. The residue left was dissolved in methanol and the various fractions obtained were all
subjected to phytochemical screening employing the standard screening test (Evans and Trease,

1996)

3.2.2.1 Test for carbohydrate

e Molisch test

To a small portion of the extract in a test tube, few drops of Molisch reagent was added and
concentrated sulphuric acid was added down the side of the test tube to form a lower layer, a

reddish coloured ring at the interphase indicates presence of Carbohydrates (Evans 1996).

e Fehling test

To a small portion of the extract in a test tube, 5ml of an equal mixture of Fehling solution A and
B was added and boiled on a water bath, brick red precipitate indicate presence of reducing sugar

(Evans., 1996).

3.2.2.2 Test for glycosides

To a portion of the extract, 5ml of dilute sulphuric acid was added and bolied on water bath for
10-15 minutes. This was then cooled and neutralized with 20% KOH. | t was then divided in two

portions:
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e To the first portion, Sml of a mixture of Fehling’s solution A and B was added and boiled:
a brick red precipitate shows the release of reducing sugar as a result of hydrolysis of
glycoside (Evans., 1996)
e To asecond portion, about 3ml of Ferric chloride solution was added; a green to blue color
was produced due to release of phenolic aglycones due to the hydrolysis. (Evans., 1996)
3.2.2.3 Test for anthracene derivatives (Bontrager’s test)
To a portion of the extract in a dry test tube, 5ml of chlorofoam was added and was shaken for at
least 5 minutes. This was then filtered and the filtrate shaken with equal volume of 10% ammonia
solution, bright pink xolor in the aqueous (upper) layer indicates the presence of free
anthraquinones (Evans. 1996).

3.2.2.4 Test for combined anthracene derivatives (Modified Bontrager’s Test)

Small portion of the extract in a test tube was boiled with 5ml of 10% hydrochloric acid for 2-3
minutes. This would hydrolyse the glycosides to yield aglycones, which are soluble in hot water.
This was then filtered and the filtrate was cooled and extracted with 5ml of benzene. The benzene
layer was pipette off and shaken gently in a test tube with half of its volume of 10% ammonium
hydroxide. If the lower ammonia layer becomes rose pink to cherry red, the drug contains

anthraquinones derivative (free or in combined state). (Evans. 1996)

3.2.2.5 Test for unsaturated steroid and triterpenes (Liebermann-Bucchard Test)

To a portion of the extract, equal volume of acetic acid anhydride was added and mixed gently.
1ml of concentrated sulphuric acid was added down the side of the test tube to form a lower layer.

Color changes were observed immediately and over a period of one hour. Blue to Blue-green color
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in the upper layer and a reddish pink or purple color indicates the presence of tripertene (Evans.

1996)

3.2.2.6 Salkowski test for unsaturated sterols

To a small portion of the extract, 2-3 drops of concentrate sulphuric acid was added at the side of
the test tube. Note any immediate color change at the interphase of the extract and sulphuric acid.
Note immediate color changes over one hour period (cherry red color usually indicates the

presence of unsaturated sterols (Evans. 1996)

3.2.2.7 Test for cardiac glycoside

o Keller-Killani test

A portion of the extract was dissolved in 1ml of glacial acetate acid containing traces of ferric
chloride solution. This was then transferred in to a dry test tube and 1ml of concentrated sulphuric
acid was added down the side of the test tube to form a lower layer at the bottom. Observe
carefully at the interphase for purple-brown color. This indicates the presence of deoxy sugars and
a pale green color in the upper acetic acid layer indicates the presence of cardiac glycosides.

(Evans. 1996)

3.2.2.8 Test for saponin glycoside

e Frothing test

About 10ml of distilled water was added to a portion of the extract and was shaken vigorously for
30 seconds. The tube was allowed to stand in a vertical position and was observed for 30 minutes.

A honeycomb froth that persists for10-15 minutes indicates presence of saponins (Evans. 1996)
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3.2.2.9 Test for tannins

e Ferric chloride test

To a portion of the extract, 3-5 drops of ferric chloride solution was added. A greenish-black
precipitate indicates presence of condensed tannins while hydrolysable tannins give a blue or

brownish-blue precipitate (Evans. 1996)

3.2.2.10 Test for flavonoids

e Shinoda test

A portion of the extract was dissolved 1-2ml of 50% methanol in the heat. Metallic magnesium
chips and a few drops of concentrated hydrocholic acid were added. Appearance of red color

indicates presence of flavonoids.

e Sodium hydroxide test

Few drops of 10% sodium hydroxide were added to the extract. Yellow coloration indicates

presence of flavonoids (Evans. 1996)

3.2.2.11 Test for alkaloids

e Dragendoff’s test

To a portion of the extract, few drops of Dragendoff reagent were added. A reddish brown

precipitate indicates presence of alkaloids (Evans. 1996)
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3.2.3 Animal grouping and experimental design

In the present study, Wistar rats divided into seven groups were used. Each group consisted of

five Wistar rats (n = 5), treated for a period of four (4) weeks as follows:

Group 1: Served as control and were administered with 1 ml/kg of distilled water orally.

Group 2: Garlic 20 mg/kg body weight

Group 3: Garlic 40 mg/kg body weight

Group 4: Ginger 20 mg/kg body weight

Group 5: Ginger 40 mg/kg body weight

Group 6: Garlic and ginger, 10 mg/kg body weight each

Group 7: Garlic and ginger, 20 mg/kg body weight each

3.2.4 Collection and preparation of serum samples for biochemical assays

Four weeks after the treatment period, all animals were fasted for 12 hours and thereafter
sacrificed after mild anaesthesia with chloroform. Blood sample (5 ml) was drawn from the heart
of each sacrificed rat by cardiac puncture. Blood samples were collected in EDTA bottles for the
determination of haematological parameters. Another blood sample (5 ml) was collected from
each rat in plain tubes and allowed to clot. The serum was separated by centrifugation using
Denley BS400 centrifuge (England) at 2000 x g for 10 minutes. The serum collected was used to

determine lipid profile, concentration of liver enzymes and serum electrolytes.
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3.2.5 Determination of haematological parameters

The total and differential WBC counts, RBC count, PCV, haemoglobin concentration were
determined as described by Dacie and Lewis (1991).

3.2.5.1. Determination of total red blood cell count

Total red blood cell counts were determinmed by haemocytometer method as described by Dacie
and Lewis (1991). The tip of a clean and dry RBC pipette was placed at the edge of a drop of
blood. Blood was then drawn to the mark 0.5; sucked Hayem’s fluid to the mark 101, and the
mixture mixed thoroughly for 3-4 minutes. After the blood has been well mixed with the
diluents, the tip of the pipette was carefully wiped and quickly placed on the floor piece, its tip
just touching the edge of the cover slip at an angle 30’ to the horizontal. The diluted blood was
allowed to flow by capillarity action evenly and slowly under the cover slip. The cells were
allowed to settle down for 2-3 minutes and the chamber carefully placed on the microscope. The

cells were then counted under the desire magnification.

3.2.5.2 Determination of packed cell volume

Non-EDTA acid capillary tubes were filled with the blood collected in bottles containing
anticoagulant from the wistar rats. About 15 mm of the capillary tubes were left unfilled and the
open end of each of the tubes was carefully sealed with flame from a microburner. The tubes
were then loaded into a microhaematocrit centrifuge (Hawksley, England) and centrifuged at
1000 x g for 10 min. A haematocrit reader (Hawksley, England) was used to read the PCV value

of each tube (Schalm et al., 1975).
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3.2.5.3 Determination of haemoglobin concentration (Hb)

The haemoglobin concentration was determined using cyamethaemoglobin method of Barker
and Silverton (1985). 20 pl of blood sample was pipetted into a tube and diluted with 5 mL of
Drabkin’s fluid and was allowed to stand for 3 minutes and the absorbance of the mixture read
using a spectrophotometer (Beckman Coulter®, Model BU20, Australia) at a wavelength of 540

nm against the reagent blank. The haemoglobin concentration was calculated using the formula:
Hb =T x C x D (g/dI)/A x 1000

Where:

T = Absorbance

A = Standard absorbance

C = the concentration of cyanomethaemoglobin

D = Dilution factor (1: 250)

1000 converts the Hb concentration from mg/dl to g/ dL.

3.2.5.4. Determination of total and differential leucocyte counts

Absolute and differential leucocyte counts were determinmed as described by Dacie and Lewis
(1991). The absolute counts were determined using a haemocytometer. The tip of a clean and dry
WBC pipette was placed at the edge of a drop of blood. Blood was then drawn to the mark 0.5;
sucked Turk’s fluid to the mark 11, and the mixture mixed thoroughly for 3-4 minutes. The first
two drops of fluid was discarded, after which the haemocytometer was charged with the diluted

blood. The cells were allowed to settle for 3-4 minutes and the chamber placed under the
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microscope. For differential count, a drop of blood was placed on one end of a glass slide
(UNESCOPE®, England) and a blood film was made using a spreader. It was then allowed to air-
dry. Leishman stain was poured over the film to cover it for 2 minutes. Thereafter, an equal
number of drops of distilled water was added to the stain without allowing it to spill over. The
diluted stain was allowed to remain on the slide for 4-6 minutes. The diluted stain was flushed—
off in a gentle stream of water for 30 seconds and left on a rack for about a minute, with the last
wash covering them. The slides were drained and put in an inclined position against a support.
The stained smear appears bluish pink. It was then mounted on a microscope, and the cells were

counted under a microscope using oil immersion at x 1000.

3.2.6 Determination of serum electrolytes

Serum sodium and potassium ions were measured by flame photometry (Model 410 Flame
Photometer, Sherwood Scientific Ltd, England) using the method of Vogel (1960). Bicarbonate
ion was determined according to the titration method of Segal (1955). Chloride ion was analyzed
using the method of Schales and Schales (1941). Calcium ion was determined according to
laboratory procedures of Randox Laboratories Limited kits, England, United Kingdom (Teitz,
1995).

3.2.6.1. Sodium (Na")

Sodium and potassium were measured by the flame photometry method of VVogal (1960).
Procedure:

The instrument was allowed to warm up for 5-10 minutes. Distilled water was fed to the
instrument. The element Na was selected by turning the selector “Elementwahl”. The outer knob

“Messbereich” was turned into position “100”. The “Kompensaton I’ knob was pulled slightly
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out and adjusts readout to 0. The “Kompensation I’ knob was pressed back. The reading 0 was
readjusted with “Kompensation II”. The most concentrated standard solution was aspirated and
adjusted readout to approximately 350 (on uppermost scale) using inner “Messbereich” knob.
Distilled water was aspirated—the instrument should read 0. Standard solutions no. 1, 2, 3, test
solution were aspirated, and then standards 4, 5, 6. Results were then recorded. The procedure
was repeated 3-7 for solutions of potassium. Distilled water was aspirated for at least 5 minutes

to clean the system.

3.2.6.2 Chloride (CI")

Chloride ion was measured using the method of Schales and Schales (1941).

Procedure:

This entire procedure was best carried out directly in the spectrophotometer tubes.

0.5 ml of serum was transfer to each of two spectrophotometer tubes. To one tube 15.0 mL. of
color reagent was added; to the second tube add 15.0 ml. of reagent blank. The tubes were
shaken as the reagents were added. A slight precipitation was form, but this disappeared on
standing. 10 mins was allowed for the color to develop and also for the precipitate to dissolve.
The spectrophotometer was set at zero absorhance at 480 m with the blank and then obtain the
absorbance of the unknown. The concentration of the unknown was obtained from the

precalibrated card or standard curve, whichever is preferred.
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3.2.6.3. Bicarbonate (HCO3)

Bicarbonate was determined using the fame photometry method of Segal (1955). Bicarbonate
reacts with phosphoenolpyruvate (PEP) in the presence of PEPCase to produce oxaloacetate and
phosphate. This reaction occurs in conjunction with the transfer of a hydrogen ion from NADH
to oxaloacetate using malate dehydrogenase. The resultant formation of NAD caused a decrease
in absorbance in the UV range (320-400 nm). The change in absorbance was directly

proportional to the concentration of bicarbonate in the sample being assayed.

Procedure:

After clot formation, blood samples were centrifuged immediately to obtain clear
unhemolyzed serum. 0.1 mL. of serum was pipetted into the specially designed centrifuge
tubes and stoppered. During the remainder of the procedure, contact of the solution with
the atmospheric air is kept to a minimum by rapid replacement of the stopper after each
manipulation. 0.9 mL of distilled water from a Machlett burette was added, and the
solution in the tube is mixed by gentle tapping. At the same time, a blank was prepared
containing 1 mL of the distilled water. From this point, both the blank and the sample are treated
identically. 0.3 mL. of saturated Ba(OH), reagent was now added, and the solution was
again mixed gently. After less than 1 minute, precipitation takes place; 0.5 mL of ethanol-water
wash solution, was added, and the solution is mixed again. After centrifuging the samples
for 10 minutes at 2000 r.p.m., the supernatant fluid was aspirated slowly by means of the
Nz aspiration apparatus. This was accomplished without disturbing the precipitate at the
bottom or touching the sides of the tube with the capillary. The precipitate was re-

suspended in the small volume of fluid remaining and washed first with 1 mL. of the
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ethanol-water wash solution reagent and finally with 1 mL of freshly boiled deionized
water. After each washing, the tubes were centrifuged, and the supernatant fluid was
aspirated over nitrogen . At this point, the rubber stoppers were removed, and the tubes
were dried at 110° for approximately 20 minutes. After cooling, 0.5 ml of 2 M HCI was
added to each tube and placed in a boiling water bath for 1 minute. The tubes were
diluted to 5 mL with distilled water, stoppered, mixed, and then centrifuged. The samples
were now ready for flame photometry. With the phototube shutter open, with water as a
blank, the zero reading was adjusted with the dark current knob. Other adjustments
comprise hydrogen gas pressure at the control panel, 4.5 pounds per sg. in; oxygen gas
pressure, 15 pounds per sg. in. ; monochromator sensitivity, maximum counter-clockwise; slit
width, approximately 0.1 mm.; wave-length, 493.4 rnp; photomultiplier sensitivity, 4; zero
suppression. By means of the working standard BaCl, solution, the percent transmission
was set to 50 with the slit adjustment. As a result, no calculation of volume percent CO, was
necessary. Percent transmission equals volume percent CO,. With water as the blank, each

sample was then analyzed by frame photometry.

3.2.7 Determination of lipid profile

Lipid profile was determined spectrophotometrically, using enzymatic colometric assay Kits

(Randox Laboratories Limited kits, United Kingdom) as follows:

3.2.7.1 Determination of serum total cholesterol
The serum concentration of total cholesterol was quantified after enzymatic hydrolysis and
oxidation of the sample as described by Stein (1987). Briefly, 1000 pL of the reagent was added

to each of the sample and standard, incubated for 10 minutes at 20 °C after mixing. The
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absorbance of the sample (Asampie) and standard (Aswandara) Was measured against the reagent blank
within 30 minutes at 546 nm. The concentration of total cholesterol in the serum was expressed

in mg/dL as follows:

Total cholesterol concentration = A sample /A standard x 195.0 mg/dL

3.2.7.2 Determination of serum triglyceride

The serum triglyceride concentration was determined after enzymatic hydrolysis of the sample
with lipases according to the method of Tietz (1990). Briefly, 1000 pL of the reagent was added
to each of the sample and standard, incubated for 10 minutes at 20 °C after mixing. The
absorbance of the sample (A sample ) and standard ( A sandard) Was measured against the reagent
blank within 30 minutes at 546 nm. The concentration of triglyceride in the serum was expressed

in mg/dL.

Triglyceride concentration = A sample/A standard x 196.0 mg/dl

3.2.7.3 Determination of serum high-density lipoprotein cholesterol

The serum concentration of HDL-C was measured by the method of Wacnic and Albers (1978).
Briefly, low-density lipoproteins, very low-density lipoprotein and chylomicron fractions in the
sample were precipitated quantitatively by addition of phosphotungstic acid in the presence of
magnesium ions. The mixture was allowed to stand for 10 minutes at room temperature, and
centrifuged for 10 minutes at 2,000 x g. The supernatant represented the HDL-C fraction. The
cholesterol concentration in the HDL fraction, which remained in the supernatant, was

determined. The value of HDL-C was expressed in mg/dL
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3.2.7.4 Determination of serum low-density lipoprotein cholesterol

The serum level of low-density lipoprotein was measured according to the protocol of

Friedewald et al. (1972) using the relationship below:

LDL-C = TC-TGL/5 + HDL-C

Where LDL-C = Low-density lipoprotein cholesterol,

TC = total cholesterol,

TGL = triglyceride

HDL-C = High-density lipoprotein

The value was expressed in mg/dL.

3.2.8 Determination of activities of serum liver enzymes

The activities of serum enzymes, alanine aminotransferase (ALT) was determined
spectrophotometrically, using enzymatic colometric assay kits using the method of Berg et al.
(2006), while aspartate aminotransferase (AST) was carried out by the method described by
Bergmeyer et al. (1978) and alkaline phosphatase (ALP) was estimated by the method described
by Bowers and Mc Comb (1966).

3.2.8.1. Alanine aminotransferase and aspartate aminotransferase

The Alanine aminotransferase and aspartate aminotransferase activities were determined by the
method of Reitman and Frankel (1957) that uses a coupled enzyme assay to measure ALT and

AST activities in serum or plasma. AST catalyses the transfer of an amino group from L-
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aspartate to 2-oxoglutarate to form oxaloacetate and L-glutamate. Oxaloacetate spontaneously
decarboxylates to form pyruvate under the strongly acidic conditions. ALT catalyses the transfer
of an amino group from L-alanine to 2-oxoglutarate to form pyruvate and L-glutamate. An
increase in pyruvate concentration corresponds with the levels of AST and ALT activities. The
pyruvate concentration was determined spectrophotometrically in the form of hydrazone, which
was produced by reaction with 2, 4-dinitrophenylhydrazine in an alkaline medium. The pyruvate
hydrazone absorbs at 510 nm more than 2-oxoglutarate hydrazone.

Procedure:

2.0 mL of reaction medium was added to 0.2 mL of 2-oxoglutarate. After preincubation for 15
minutes of 0.3 mL serum, without or with supplementary pyridoxal-5’-phosphate, the reaction
was started by adding serum or serum + coenzyme to the otherwise complete reaction medium.
The decrease in absorhance at 340 nm was measured every minute for 10 minutes. Enzyme

activities were calculated from the mean absorbance change from the fourth to the ninth minute.

3.2.8.2. Alkaline phosphatase

Serum alkaline phosphate activity was assayed as described by Bassey et al., (1946). In the
presence of magnesium ions, p-nitrophenylphosphate is hydrolyzed by phosphatases to
phosphate and p-nitrophenol. The rate of p-nitrophenol liberation was proportional to the ALP
activity and measured photometrically.

Procedure:

Serum samples (5 c.mm) were transferred to the bottom of 6 X 50 mm tubes in a wire
rack. The rack was immersed in a shallow pan of ice water and to each tube 50 c.mm of ice-

cold Reagent C was rapidly added, with a constriction pipette. Each tube ws mixed by
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tapping with the finger. Care was taken not to warm the tube by so doing. The whole rack of
tubes was now immersed in a water bath at 38°c at 2 depth sufficient to cover the bottom
half of the tubes. After exactly 30 minutes the rack was again placed in the pan of ice water
and 0.5 ml. of 0.02 N NaOH was added to each tube with sufficient force to mix the
sample. This addition stops the reaction and dilutes the samples which was now transferred
to calorimeter tubes and read at 400 to 420 rnp = R. After the initial reading, 2 to 4 c.mm
of concentrated HCI was added with a 0.1 ml. graduated pipette (drawn out tip) and a
second reading, R1, was made. Rl and R2 are converted into optical densities (- log
transmission or 2 - log per cent transmission) = D1 and D,. Then D, - D, = D, the
corrected density. Standards and blanks were provided by treating 5 c.mm. volumes of the
standards and of distilled water exactly as though they were serum samples. The
corrected densities (DC) were used to construct a standard curve from which the serum
values were calculated. Since sera and standards undergo the same dilution, it is
unnecessary to take into account the exact volumes of the various pipettes. It is to be
noted that D, is the density corrected for possible residual absorption after acid addition
but is not corrected for the D, of the blank analysis. This second necessary correction is
automatically provided by the standard curve. A“millimole unit” is defined as the phosphatase
activity which will liberate 1 mM of nitrophenol per liter of serum per hour. Therefore,
since the standard incubation timeis only 30 minutes, the 1, 2,4, and 6 rnM standards

are equivalent to sera with activities of 2, 4,8, and 12 mM units.

3.2.9 Studies on isolated perfused rabbit heart

Four (4) rabbits were used for this experiment. This was carried out as described by Bardenheuer

and Schrader (1983). Two milliliters of 10 mg of heparin was injected into the ear vein rabbit,

72



weighing 1.5 kg before sacrificing the animal to prevent clots forming inside the heart. The
rabbit was sacrificed by jugular vein venisection. The heart was removed quickly and placed in a
Ringer-Locke’s solution. The preparation was rinsed several times when first placed in the
Ringer-Lock’s solution to remove as much blood as possible. The aorta was dissected free, and
all other vessels connected to the heart were trimmed. The aorta was cut just below the point
where it divides, and the heart was transferred to the perfusion apparatus, where it was tied unto
a glass cannula. Care was taken to ensure that air bubbles did not enter the aorta. Threads were
attached to the ventricle by the hook and to the auricle by a small spring dip. The threads were
connected to spring lever to ensure the record of the contraction of the muscle on a kymograph
(Kymograph model No0.7050) at speed of 24 mm/min. The rate of beating was recorded on a
tracing with duration of sixty (60) seconds each. The base-line or steady-control level was
determined before the commencement of the experiment. The effect of 0.9% normal saline on
the contraction was used as the control responses, and then the effects of various standard drugs

and extract were tested.

The effects of various concentration of the extract (1, 10, 20, 40 and 100mg/ml) on the perfused
rabbit heart were recorded after the baseline was established. The concentration was given one at
a time. Additional concentration was given until the preparation had fully recovered to the
former (control) level or settled down at a new control level. Each effect was washed off 2
minutes before the next. First, the effect of Allium sativum and then that of Zingiber officiale and

finally their combined effects were studied. Doses used were 10mg/kg, 20mg/kg, and 100mg/kg.

73



3.2.10 Interaction between the standard drugs, extracts and perfused rabbit heart

The effectiveness of the blockers of B-adrenergic, cholinergic, and histaminergic receptors were

first established by the following procedure:

1. Effective concentrations for methoxamine (500 pg/kg), adrenaline (10 mg/kg) and
acetycholine (2 mg/kg), respectively were administered and the effects were recorded.

2. The various blockers were then administered and the effectiveness of each blocker was
recorded (Phentolamine 2 mg/kg ) was administered, then the agonist, methoxamine (10 pg/kg)
was administered immediately. The same was repeated for other drugs as follows:

Atropine 2 mg/kg, acetylcholine 2 pg/kg; and propronalol 2 mg/kg and Adrenaline 10 pg/kg

Secondly, the possible interaction between the extract and the various receptors were examined
by the administration of various pharmacological concentrations of the antagonists, and followed
by an effective concentration of the extracts. Each test dose was followed by concentration of
20mg/ml; of garlic and ginger. Each test concentration was administered only after the
preparation returned to the control level. The force and rate of contraction of the isolated heart

perfused were then recorded as described by Bardenheuer and Schrader (1983)

3.2.11 Studies on effect of extract on blood pressure of the cat (in vivo studies)

Four cats were used for this study. They were anaesthetised by injection of 40 mg/kg of pento
barbitone sodium intraperitioneally. After induction of anaesthesia in the animals (about 30

minute post-injection), they were secured to the dissecting board and cannulated as below:
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iv.

V.

Their carotid arteries and vagus nerve (in the neck) were exposed by dissection. Two
short ligatures were placed wider than the carotid arteries and the peripheral one was tied
tightly.
The carotid artery was temporarily occluded centrally with a lip. A canular was inserted
into the artery, and then connected to a pressure transducer coupled to a recording
microdynamometer.

Heparin (10 mg/ml) in normal saline was injected to prevent clotting.

The record of the blood pressure began immediately after the occlusion.

The left femoral vein was exposed, tied off with a peripheral ligature.

There was a cannula connected to a 2 ml syringe, containing normal saline for flushing of

injected drugs. The next administration was inserted into the femoral vein and tied securely with

a second ligature. The various test drugs (garlic and ginger) were administered beginning from a

very low dose of 1 mg/ml. Other doses are 10, 20, 30, 40 and 100 mg/kg. The effect of different

dose of the extract on the blood pressure was studied. No additional dose was given until the

preparation had fully recovered to the former (control) level or a new control level. Each effect

was flushed by administering 2 ml of distill water. This procedure was done for A. sativum and

Z. officinale separately, and then for their combined form.

3.2.12 Pharmacological antagonist studies

Similar antagonistic studies as those of isolated perfused rabbit heart, described earlier, were

carried out. Atropine was administered, then 20mg/kg of garlic and ginger was administered.

Garlic and ginger (20 mg/kg) was also administered alongside adrenaline. The blood pressure

75



was calculated from the tracing and the changes in mean arterial pressure (MAP), estimated as
the difference between steady MAP before and the maximum change in MAP after injection of
drugs were obtained. The MAP was calculated from the diastolic and systolic blood pressure

using the formula:

MAP= Diastolic pressure + 1/3 Pulse Pressure

Pulse Pressure = (Systolic — diastolic) pressure

3.2.13 Histopathological studies

Four weeks after the period of treatment of all animals from each group were sacrificed after
anaesthesia with chloroform soaked in cotton wool and placed in an anaesthetic box covered
with lid. Liver and kidney tissues were dissected out and washed on ice-cold saline immediately.
A portion of each tissue was fixed in 10% neutral formal-saline fixative solution for histological
studies. After fixation, tissues were embedded in paraffin and solid sections were cut at the
thickness of 5 um. Various sections were stained with haematoxylin and eosins as described by
Galozhger and Kocloff (1971). The slides were viewed at the magnification of X 250 and

pictures taken for the preparation of photomicrographs.

3.3 Statistical analysis

Values were expressed as mean + SEM. The data obtained were statistically analysed using one-
way analysis of variance (ANOVA) with Tukey’s multiple comparison post-hoc tests to

determine the level of significance between control and experimental groups. Values of P < 0.05
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were considered significant (Duncan et al., 1997). Graphpad prism statistical package, San

Diego, California, U.S.A was used.
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CHAPTER FOUR

4.0 Results

4.1 Results of phytochemical screening

Phytochemical screening of garlic shows the presence of carbohydrates, cardiac glycosides and
alkaloids. While that of ginger shows carbohydrate, cardiac glycosides, saponin glycosides and

alkaloids.

4.2 LDspand results of acute toxicological studies

From the results of the acute toxicological screening, the oral LDsywas calculated and found to

be: 120 mg/kg for garlic and 100 mg/kg for ginger.

4.3 Effects of garlic and ginger on serum lipid profile

There was a significant (P < 0.05) reduction of serum total cholesterol, triglyceride and low-
density lipoprotein levels in rats, administered with single or combined doses of the extract,
compared to the control group. The extract at single and combined doses significantly (P < 0.05)
elevated serum high-density lipoprotein level in the treated animals, when compared to the

control group (Table 4.1).

4.4 Effects of garlic (Allium sativum) and ginger (Zingiber officinale) on serum electrolyte

concentration in Wistar rats

The mean values of electrolytes in control and experimental groups, administered with graded
doses of garlic and ginger and their combination as presented in Table 4.2 shows that the serum

sodium concentration decreased significantly (P < 0.05) and serum potassium concentration rose
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significantly (P < 0.05) in garlic and ginger-extract treated groups, when compared to the
corresponding concentrations obtained in the control group. Garlic administered at the dose of 20
or 40 mg/kg increased serum chloride ion concentration significantly (P < 0.05) when compared
to that of control group. The serum bicarbonate ion concentration in all groups administered with
different doses of garlic and ginger extract did not differ when compared to that of the control
group. There was a significant reduction (P < 0.05) in serum concentration of both ionized and

total calcium in the extract-treated groups, when compared to the value obtained in the control

group.
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Table 4.1: Effects of Garlic (Allium sativum) and Ginger (Zingiber officinale) on Serum Lipid Profile (mg/dL) in
Wistar Rats (n =5)

Group Treatment Given Serum total cholesterol Serum triglyceride Serum low-density Serum high-density
lipoprotein lipoprotein
| Normal + Distilled 106.97 £ 2.41 86.14 + 4.15 64.16 + 4.23 21.57+1.91
Water
I Garlic 20 mg/kg 62.49 +4.09° 48.09 +5.96° 22.63 +£2.24° 31.64 +3.40°
] Garlic 40 mg/kg 72.64 +4.65° 49.54 + 4.31° 19.84 +1.77% 42.89 +4.27°
v Ginger 20 mg/kg 59.24 + 4.09° 27.66 +2.63° 11.81+1.13° 41.97 +3.56°
\% Ginger 40 mg/kg 58.17 +5.83° 31.24 +567° 15.06 + 1.44° 37.40+351°
VI Garlic 10 mg + Ginger 10 mg/kg ~ 51.27 +5.29° 30.00+6.45° 13.49 +9.28° 31.79 + 2.54°
Vil Garlic 20 mg + Ginger 20 mg/kg ~ 81.86 + 12.35° 27.20+7.16° 13.69 +2.28° 62.73+2.23°

Data are presented as mean + standard error of mean

a =p < 0.05 is significant
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Table 4.2: Effects of Garlic (Allium sativum) and Ginger (Zingiber officinale) on Serum Electrolyte Concentration (mmol/L) in
Wistar Rats (n = 5)

Groups Treatment K* (mmol/L) Na*(mmol/L) CI'(mmol/L) HCO3 (mmol/L) lonised Ca®*  Non-ionised
Given (mmol/L) Ca (mmol/L)
| Normal saline 4.68 £0.19 141.52 +1.18 103.36%2.36 17.80+0.86 0.86+0.038 1.096+0.067
1 Garlic 20 mg/kg 6.20+0.18° 119.03+1.70° 88.34+3.62° 22.03+0.74™ 0.61+0.033° 1.014+0.023™
11 Garlic 40 mg/kg 6.96 + 0.23° 119.03 +1.69° 87.13+2.16° 23.82+1.43™ 0.64+0.027% 0.878+0.078°
v Ginger 20 mg/kg 6.87 + 0.26° 125.79+4.90°% 90.35+4.26™ 21.18+0.79™ 0.60+0.038% 0.842+0.062°
V Ginger 40 mg/kg 6.68 + 0.28° 122.22+2.97% 93.70+2.06™ 23.17+1.71™ 0.59+0.035% 0.844+0.074°
Vi Garlic 10 mg + 7.44 +0.28° 118.55+5.24°% 92.36+2.42"™ 22.97+1.64™ 0.64+0.0272 0.854+0.093°
Ginger 10 mg/kg
VIl Garlic 20 mg + 7.94 +0.27° 94.19+4.01°% 90.58+3.44"™ 25.93+1.25™ 0.64 + 0.070° 0.890 +0.086*

Ginger 20 mg/kg

Data are presented as mean + standard error of mean.

a =p < 0.05 is significant

ns = non significant
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4.5 Effects of Garlic (Allium sativum) and Ginger (Zingiber officinale) on Erythrocyte

Indices in Wistar Rats

The mean values of control and experimental groups administered with graded doses of garlic,
ginger and their combination as presented in table 4.3 shows that there was a significant (P <
0.05) reduction in PCV and haemoglobin concentration in garlic and ginger-extract treated
groups, when compared to the corresponding values recorded in the control group. The red blood

cell count did not show a significant change (P > 0.05).

4.6 Effects of Garlic (Allium sativum) and Ginger (Zingiber officinale) on Leucocyte Indices

in Wistar Rats

There was significant (P < 0.05) change in total white blood cell count and neutrophil count in
the groups treated with 20 or 40 mg/kg b w of garlic extract. There was a significant difference
(P < 0.05) in total white blood cell counts in the groups that received 20 mg/kg body weight of
ginger extract and their combination with garlic at various doses and neutrophil count in those
given 40 mg/kg bw of ginger and its combination when compared to the control group. The
lymphocyte count was significantly (P < 0.05) higher in rats administered with 40 mg/kg bw of
garlic and its combination; and in rats treated with garlic 20 plus ginger 20 mg/kg bw. The

monocyte count was higher (P < 0.05) than that of the control group as presented in table 4.4.
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Table 4.3: Effects of Garlic (Allium sativum) and Ginger (Zingiber officinale) on Packed Cell VVolume, Erythrocyte Count

and Haemoglobin Concentration in Wistar Rats (n = 5)

Group Treatment Given PCV (%) RBC (10%/L) Hb (g/dL)

| Normal saline 54.80 £ 1.77 4.21+0.078 18.26 + 0.58
1 Garlic 20 mg/kg 43.00+1.79° 4.99+0.268 ™ 14.34 + 0.59°
1] Garlic 40 mg/kg 36.40 + 2.292° 5.11+0.194"™ 12.14 +0.76°
v Ginger 20 mg/kg 36.60 +2.16° 5.29 +0.077"™ 12.19 +0.72°
\% Ginger 40 mg/kg 37.40 +1.25° 5.24 +0.066 " 12.45 +0.41°

Vi Garlic 10 mg + 33.20+1.11° 5.27 £0.107"™ 11.04 +0.37°

Ginger 10 mg/kg
VIl Garlic 20 mg + 35.60 + 0.68° 5.51+0.079™ 11.87 +0.23°

Ginger 20 mg/kg

Data are presented as mean + standard error of mean
a=p <0.05is significant
ns = non significant
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Table 4.4: Effects of Garlic (Allium sativum) and Ginger (Zingiber officinale) on Total and Differential Leucocyte Counts in

Wistar rats (n = 5)

Groups Treatment WBC Neutrophils Lymphocytes Monocytes Eosinophils Basophils
Given
x10°%/L (x 10%/L) (x 10%L) (x 10%/L) (x 10%L) (x 10%/L)
Group | Normal saline 12.03+£0.28 3.41+0.34 6.86 £ 0.85 0.68 £0.22 - -
Group Il Garlic 20 mg/kg 10.29 + 0.67 3.95+1.00 6.50 £ 0.96 0.66 £0.23 - -
Group I Garlic 40 mg/kg 9.27+1.22 3.03+1.24 4.26 +0.33° 0.43+0.13 - -
Group IV Ginger 20 mg/kg 6.38 + 0.27° 2.17+£0.81 2.58 £0.95 0.36 £ 0.20 - -
Group V Ginger 40 mg/kg 5.98 + 0.36° 2.33 +0.90° 279+1.11 0.30 £ 0.30 - -
Group VI Garlic 10 mg + 5.39+0.38° 1.91 +0.74° 3.13+1.37° 0.30+£0.13 - -
Ginger 10 mg/kg
Group VII Garlic 20 mg + 4.31+0.75° 1.39+0.43 2.80 + 1.98° 0.29 + 0.25° - -

Ginger 20 mg/kg

Data are presented as mean + standard error of mean
a=p <0.05is significant



4.7 Effects of Garlic and Ginger on Activities of Serum Liver enzymes in Wistar Rats

There was a significant (P < 0.05) increase in the concentrations of serum ALT and AST in the
rats administered with the combination of ginger and garlic, when compared to those of the
control group (Figures 4.1 and 4.2). There was also no significant (P > 0.05) change in serum
activities of ALP in the group that received 20 and 40 mg/kg of garlic, respectively, when
compared to the control group. The serum activities of ALP,ALT and AST in the groups treated
with various doses of garlic and ginger separately did not differ significantly from the control (P

> 0.05).

4.8 Microscopic Findings on the Liver Tissues of Rats administered with Garlic and Ginger

Extract

The histological features of the liver of control and the experimental groups administered with
garlic and ginger extract are shown in Plate V-XI. The histological findings showed that the plant
extract did not adversely affect the morphology of liver tissues in all groups, treated with various
doses of garlic and ginger extract, at the single doses. However, the combined doses of garlic and
ginger altered the liver and kidney morphology. The liver tissues showed cords of hepatocytes
that were well preserved, essentially normal and arranged in fairly radial position in relation to
the central vein. The cytoplasm was not vacuolated, the sinusoids were well demarcated and no
areas of necrosis, in the single dose of garlic and ginger. The combined doses showed congested

central vein on the liver morphology.
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Figure I: Effects of Garlic and Ginger on Activities of Serum Alanine Aminotransferase in Wistar rats.

Data are presented as mean * standard error of mean
a =p <0.05 is significant
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Figure Il: Effects of Garlic and Ginger on Activities of Serum Aspartate Aminotransferase in Wistar rats.

Data are presented as mean + standard error of mean
a=p <0.05 is significant
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Figure I11: Effects of Garlic and Ginger on Activities of Serum Alanine Phosphatase in Wistar rats.

Data are presented as mean + standard error of mean

a,b = means with different superscript letters are significantly different.

a=p <0.05 is significant
b = p < 0.01 is significant
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4.9 Microscopic Findings on Kidney Tissues of Rats administered with Garlic and Ginger
Extract

The histological features of kidney tissues of control and experimental groups administered with
garlic and ginger extract are shown in Plates XII-XVIII. Histological findings showed that the
plant extract did not exert adverse effects on the morphology of kidney tissues in all groups,
treated with various doses of garlic and ginger extract separately. The Kidney tissues showed
intact and normal architecture of glomeruli, renal tubules and epithelium (H & E Stained X250),

while the combination of garlic and ginger showed glomerula atrophy as seen in plate XVIII.
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Plate V: Section of the liver of control showing normal histoarchitecture of liver of Wistar rats: Central vein (CV); Hepatocyte (H);
Sinusoid (S). H&E (Mag x 250).
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Plate VI: Section of the liver of treatment group that received 20 mg/kg of garlic showing mild histoarchitectural distortion of the
liver of Wistar rat. Central vein (CV); Hepatocyte (H); Sinusoidal dilatation (Sd). H&E (Mag x 250).
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Plate VI1: Section of the liver of treatment group that received 40 mg/kg of garlic showing mild histoarchitectural distortion of the
liver of Wistar rat. Congested central vein (CV); Hepatocyte (H); Sinusoid (S). H&E (Mag x 250).
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Plate VI11: Section of the liver of treatment group that received 20 mg/kg of ginger showing normal architecture of liver of Wistar
rats. Central vein (CV); Hepatocyte (H); Sinusoid (S). H&E (Mag x 250).
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Plate IX: Section of the liver of treatment group that received 40 mg/kg of ginger showing normal architecture of liver of Wistar rats;
central vein (CV); Hepatocyte (H); Sinusoid (S). H&E (Mag x 250).
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Plate X: Section of the liver of treatment group that received 10 mg/kg of garlic and ginger showing mild histoarchitectural distortion
of the liver of Wistar rat. Congested central vein (CV); Hepatocyte (H); Sinusoid (S). H&E (Mag x 250).
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Plate XI: Section of the liver of treatment group that received 20 mg/kg of garlic and ginger showing mild histoarchitectural distortion
of the liver of Wistar rat. Central vein (CV); Hepatocyte (H); Sinusoidal dilatation (Sd). H&E (Mag x 250).
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Plate XI1: Section of the kidney of Wistar rats of control group showing renal corpuscle (R), renal tubules (T). H&E (Mag X250)



Plate XI11: Section of the kidney of Wistar rats of treatment group that received 20 mg/kg of garlic showing renal corpuscle (R),
renal tubules (T). H&E (Mag x 250).
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Plate XIV: Section of the kidney of Wistar rats of treatment group that received 40 mg/kg of garlic showing renal corpuscle (R),
renal tubules (T). H&E (Mag x 250).
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Plate XV: Section of the kidney of Wistar rats of treatment group that received 20 mg/kg of ginger renal corpuscle (R), renal tubules
(T); H&E (Mag x 250).
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Plate XVI: Section of the kidney of Wistar rats of treatment group that received 40 mg/kg of ginger renal corpuscle (R), renal
tubules (T); H&E (Mag x 250).
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Plate XV11: Section of the kidney of Wistar rats of treatment group that received 10 mg/kg of ginger and garlic renal corpuscle (R),
renal tubules (T); H&E (Mag x 250).
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Plate XVIII: Section of the kidney of Wistar rats of treatment group that received 20 mg/kg of ginger and garlic showing glomeruli
atrophy (GA). H&E (Mag x 250).
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4.10 Effects of Ginger and Garlic on Blood Pressure Parameters in Cats

The separate and combined doses of garlic and ginger extracts significantly (p<0.05) decrease
the systolic, diastolic and mean arterial blood pressure as presented in table 4.5. However, there

is no significant difference between the separate effect and combined effect of the extract.

4.11 Effects of Garlic and Ginger on the Force and Rate of Contraction of Rabbit Heart

Both garlic and ginger separately decreased the force and rate of rabbit heart significantly

(p < 0.05) as shown in figure 4.4 and figure 4.5 respectively. The combination of garlic and
ginger also significantly decreased both the force of contraction and the rate of contraction of
rabbit heart. Garlic and ginger when administered with adrenalin showed no significant
difference from the control (p > 0.05), while atropine when administered with garlic and ginger

showed a significant difference (p < 0.05) from the control as seen in figure 4.4 and 4.5.
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Table 4.5: Effects of Garlic (Allium sativum) and Ginger (Zingiber officinale) on Blood Pressure Parameters in Cats

Dose /concentrations given

SBP (mm/Hg)

DBP (mm/Hg)

Pulse pressure

MABP (mm/Hg)

Normal saline 75.75%0.85 64.3+1.09 gT%:g)gz 68.11+0.84
Garlic (0.1 mg/ml) 54.3+1.32° 34.5+1.55° 19.8+0.25° 41.1+1.46°
Garlic (1 mg/ml) 54.0+0.41°% 35.8+0.48° 18.3+0.25° 41.8+0.44°
Garlic (10 mg/ml) 55.8+1.12° 36.8+0.95° 19.0£0.71° 43.1+0.96°
Garlic (20 mg/ml) 59.0+2.48™ 42.8+0.63° 16.2+0.75"™ 48.2+2.53°
Ginger (0.1 mg/ml) 63.5+2.50™ 51.5+3.50™ 12.0+1.00"™ 55.5+3.20°
Ginger (1 mg/ml) 66.2+3.13" 56.0+2.97™ 10.2+0.31° 59.4+3.10°
Ginger (10 mg/ml) 56.5+3.52° 45.0+4.71° 11.5+1.55° 48.6+4.45°
Ginger (20 mg/ml+) 46.6+0.93° 38.8+0.80° 7.8+0.73° 41.4+0.76°
Garlic + Ginger (0.1 mg/ml) 60.5+0.65™ 38.8+2.59" 21.7+1.88 46.0+1.68°
Garlic + Ginger (1 mg/ml) 59.0+2.48° 36.3+2.59° 22.75+0.752° 43.8+2.53°
Garlic + Ginger (10 mg/ml) 62.8+1.75" 44.5+2.63" 18.25+1.11" 50.6+2.32°
Garlic + Ginger (20 mg/ml) 63.5+2.75% 43.0+£2.79% 20.50+0.28 2" 49.8+2.78°

Data are presented as mean + standard error of mean

a,b = means with different superscript letters are significantly different.

a=p <0.05 is significant
b =p <0.01 is significant

ns= non significant
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Force of contraction (mV)

Control Garlic Ginger Garlic+ginger Atropine+garlic+
ginger

Groups

Figure IV: The Effect of Garlic and Ginger on the Force of Contraction of Rabbit Heart

Data are presented as mean + standard error of mean
a,b = means with different superscript letters are significantly different.
a=p <0.05is significant
b = p < 0.01 is significant
ns = non significant
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Rate of contration (beat/min)

80

Control Garlic Ginger Garlic+ginger Atropine+garlic+ ginger

Groups

Figure V: The Effect of Garlic and Ginger on the Rate of Contraction of Rabbit Heart

Data are presented as mean + standard error of mean

a,b = means with different superscript letters are significantly different.
a=p <0.05 is significant

b = p < 0.01 is significant

ns= non significant
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Effects of Garlic (Allium Sativum) and Ginger (Zingiber officinale) on serum electrolytes

concentration in Wistar rats

The present study investigated the biochemical and haematological changes induced by garlic
and ginger extracts singly and their combination in animals. A marked decrease in serum sodium
concentration observed during the present study may be due to a change in glomerular filteration
rate and/or renal blood flow (Asdaq and Inamdar, 2011) or interference with aldosterone
secretion and/or aldosterone action on the distal tubules. It may also be as result of interference
with adrenergic sodium handling (Asdag and Inamdar, 2010) caused by garlic and ginger
administration as well as their combination. There was also significant elevation in serum
potassium concentration in the groups, administerred with garlic and ginger extract, when
compared to the control group. The present finding suggests that the rise in the concentration of

potassium may be due to the alteration in potassium transport produced by the extracts.

5.2 Effects of Garlic (Allium Sativum) and Ginger (Zingiber officinale) on erythrocyte and

leucocyte indices in Wistar rats

The assessment of haematological parameters could be used to reveal the deleterious effect of
foreign compounds toxins, chemicals and plant extracts on the blood constituents of animals.

They are also used to determine possible alterations in the levels of biomolecules such as
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enzymes, metabolic products, haematology, normal functioning and histomorphology of the
organs (Reddy et al., 2012). In the present study, the effects of garlic and ginger extract on
haematogical parameters such as packed cell volume, haemoglobin concentration and red cell
count, total and differential white blood cells were assessed. The study showed that daily
administration of animals with various doses of garlic and ginger significantly decreased packed
cell volume and haemoglobin concentration revealing that garlic and ginger are toxic to red
blood cells. This finding is in agreement with the works of Banerjee and Maulik (2004), who
showed that prolonged feeding of rats with garlic and ginger may result in anaemia, weight loss
and growth retardation in rats, although the weight of the animals was not determined in the
present study. This may result in hypoxia, which then stimulates red blood cell production in the
bone marrow. There was a significantly increased neutrophil and lymphocyte counts in animals
fed with garlic 40 mg/kg and ginger 40 mg/kg and its combination. The monocyte count was also
significantly elevated in rats administered with 20 mg/kg of garlic and ginger 20 mg/kg and its
combination. This observation supports the finding of Bjarnsholt et al., and Chandrashekar and
Venkatesh (2012), who demonstrated that garlic stimulates cell-mediated immune functions in

rats.

5.3 Effects of Garlic and Ginger on serum lipid profile

The results showed that there was a statistically significant reduction of serum total cholesterol
concentration in the animals administered with both single and combined doses of aqueous garlic
and ginger extract, when compared to the control group. Allicin has been proposed as the active

compound produced by garlic responsible for its hypocholesterolaemic effect. Garlic and ginger
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have been shown to modify lipid metabolism by inhibiting cellular cholesterol biosynthesis,

increasing bile acid biosynthesis to eliminate cholesterol from the body and

increasing faecal cholesterol excretion; therefore, cholesterol synthesis is reduced by up to 75%
(Gu and Zhu, 2011). Al-Amin, 2006; Singh and Poter, 2006; Matsuda et al., 2009, (Drobiova,
2011). The cholesterol lowering effects of garlic has also been attributed not only to its
organosulphur constituents, but also to a variety of steroidal saponins present in garlic extract
(Lanzotti, 2012). There was also significant decrease in serum triglyceride and low- density
lipoprotein concentrations at all single and combined doses of the aqueous garlic and ginger
administered to animals, when compared to the control group. However, the extract at single and
combined doses significantly elevated serum high density lipoprotein concentration in the treated
animals when compared the control group. These findings are in agreement with those of Ali et
al. (2000) who demonstrated that administration of garlic to rats is effective in decreasing total
cholesterol and triglycerides. However, the mechanism for triglyceride lowering effect of garlic
is not well understood. However, Yeh and Yeh (1994) demonstrated that the rate of acetate
incorporation into fatty acid was reduced in hepatic cell culture treated with garlic extract. Thus,
the triglyceride lowering effect of garlic may be due to the inhibition of synthesis of fatty acids.
The result of the present study agree with the finding of Elshater et al. (2009) who showed that
ginger extract administered to diabetic rats produced significant reduction in the levels of plasma
cholesterol, triglycerides and low-density lipoprotein cholesterol, and significant elevation in the
high-density lipoprotein cholesterol when compared with the control group. Elrokh et al. (2010)
also demonstrated that ginger exerted significant lipid lowering effect in hyperlipidaemic
patients. The reduction in low-density lipoprotein cholesterol by garlic obtained in the present

study may be due to allicin, an active compound contained in garlic. Allicin reduces the
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production and release of low-density lipoprotein cholesterol by the liver and promotes the
activity of low-density lipoprotein receptors in the liver cells, which helps the liver to clear the
circulating low-density lipoprotein cholesterol (Madkor et al., 2010). Brousseau et al. (2004)
reported that the increase in HDL-c level is usually attributed to allicin, which alters the
distribution of cholesterol among high-density lipoprotein and low-density lipoprotein subclasses
by a mechanism apparently due to a reduction of very low-density lipoprotein level. This
reduction is associated with a secondary decrease in apo D activity, which results in less transfer
of high-density lipoprotein cholesterol to low-density lipoprotein rceptor particles.
Hyperlipidaemia is the underlying pathophysiology of the number one killer, atherosclerotic

coronary artery disease (Lavu et al., 2011).

5.4 Effects of Garlic and Ginger Extract on Isolated Rabbit Heart

The present study revealed that administration of the extract, especially at the combined doses,
produced a reduction on the rate and force of contraction, respectively, when compared with the
base-line control level. The interaction between the extract and the standard drug (adrenaline)
revealed that the extract completely blocked the action of adrenaline when co-administered,
hence reducing both the rate and force of contraction. This finding suggests that the extracts may
act via Pp-adrenergic receptor, located on the myocardium. The blockade of PBi-receptors has
been shown to cause negative inotropic and chronotropic effect, which in turn brings about a
decrease in cardiac work and output; and these effects are useful in the treatment of myocardial
infarction, cardiac arrhythmias and angina pectoris (Lai et al 2012). Recent in vitro studies by
Benavides et al. (2007) have confirmed the vasoactive ability of garlic’s sulphur compounds,

whereby red blood cells convert garlic’s organic polysulphides into hydrogen sulphide, a known
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endogenous cardio-protective vascular cell signaling molecule. Ghayur and Gilani (2005)
reported that the crude extract of ginger induced a dose-dependent decrease in the arterial blood
pressure of anaesthetized rats. In guinea pig paired atria, the crude extract was shown by Ghayur
and Gilani (2005) to exhibit a cardio-depressant activity on the rate and force of spontaneous

contractions.

5.5 Effects of Garlic and Ginger Extract on serum liver enzymes activities

The liver is the main target organ of acute toxicity where exposed to the foreign substances being
absorbed in intestines and metabolised to other compounds, which may or may not be
hepatotoxic to the rats (Rhiouania et al., 2008). In this study, the liver histology revealed
evidence of normal hepatocytes and did not cause any alteration to the structure of the liver cells.
Also there was no necrosis, inflammatory reaction, fibrosis or local fatty degeneration in the liver
of the control group (Plate 1) and the garlic and ginger extract treated animals (plate 2-7) when
compared to control group. The observed non-significant change in activities of the liver
enzymes as well as the preserved the structural integrity of liver tissues in all groups of animals
fed with single and combined doses of garlic and ginger suggest the non-deleterious effects of
the plant extract. Therefore, the extracts are hence safe for consumption especially in humans
(Banerjee et al., 2001).

5.6 Effects of Garlic (Allium Sativum) and Ginger (Zingiber officinale) on Blood Pressure
Parameters in Cats

The study assessed the effect of garlic and ginger on blood pressure parameters in cats. The
study revealed that the administration of only garlic at doses of 10 and 20 mg/kg produced a

significant decrease (P < 0.05) in the systolic blood pressure, when compared to normal control
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group. On the other hand, there was a statistically significant decrease (P < 0.05) diastolic blood
pressure in all single doses of garlic as well as the combined doses of garlic and ginger extract
administered when compared to control group. The result obtained also showed that
administration of only single doses of ginger produced a significantly reduced (p < 0.05) pulse
pressure, when compared to normal control group. In regards to mean arterial blood pressure,
administration of single doses of garlic (0.1 and 1 mg/ml) produced a significant reduction in
mean arterial pressure when compared to control group. Nitric oxide (NO) is an important
mediator of blood pressure homeostasis. It has been reported that pharmacologically- reducing
the bioavailability of NO can lead to hypertension in normal rats (Ribeiro et al., 1992). Garlic
appears to exert blood pressure reducing activity by modulating the activity of several
mechanisms that are vital in blood pressure homeostasis, which include the prostaglandin system
(Al-Qattan et al., 2001), rennin-angiotensin system (Sharif et al., 2003), and renal tubular
transport mechanisms Al-Qattan et al., 2003). Another possible mechanism by which garlic
might induce its blood pressure effect may be through the direct and indirect vasodilatory actions
of NO (Asdag and Inamdar 2011). Garlic was reported to contain arginine and enhance the

synthesis of NO (Kim et al., 2001; Asdaqg and Inamdar 2011).
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6.0

CHAPTER SIX

SUMMARY, CONCLUSION AND RECOMMENDATIONS

6.1 SUMMARY

The findings in the present work can be summarized as follows:

Vi.

Vii.

The combination of garlic and ginger lowered the mean arterial blood pressure, sodium
concentration and lipid profile, hence may have cardio protective properties and

decreased the risk of cardiovascular diseases.

. Garlic and ginger separately are non toxic to the liver and kidney, but a combination of

both garlic and ginger may be harmful to the liver and kidney.

The combination of garlic and ginger decreased the packed cell volume and haemoglobin

concentration.

The mechanism of action of the combination of garlic and ginger on the cardiovascular

system is probably through adrenergic receptors.

There was a significant difference between the effects exerted by single administration of
garlic and ginger on the haematological and biochemical parameters as compared with

the combined effect of garlic and ginger.

Single administration of either garlic or ginger altered the cardiovascular biochemical and

haematological parameters in laboratory animals.

The combination of ginger and garlic decreased the leucocytes counts but increased the

serum liver enzymes.
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viii. The combination of ginger and garlic also produced significant changes in the activities

of serum liver enzymes as revealed by the histological findings. Thus, the plant extract
adversely affect the morphology of liver and kidney tissues in groups treated with
combined doses of the extracts. While, the single effect of either garlic or ginger did not

alter the morphology of the liver and kidney.

6.2 CONCLUSION

Garlic and ginger extracts lowered the blood pressure, decreased force and rate of contraction of

the heart, decreased the lipid profile and thus may have very important cardioprotective

functions. The combined effect of garlic and ginger does not differ significantly from the single

dose of either garlic or ginger. However, the combined effect may be toxic to the liver and white

blood cells.

6.3 RECOMMENDATIONS

Further studies should be carried out on fractions of these extracts on the physiological
profiles

The consumption of garlic and ginger together should be discouraged, since the
combination may be toxic to the liver and kidney.

Studies on long-term effect of garlic and ginger should be done.

Prolonged consumption of these plants should be discouraged, since the combination may
be toxic to the liver and kidney.

Toxicity study of the combination is suggested.
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APPENDIX I

Effects of Garlic (Allium sativum) and Ginger (Zingiber officinale) on Activities Serum

Liver Enzymes in Wistar Rats

Treatment Given ALT (IU/L) AST (IU/L) ALP (IU/L)
Normal saline 115.60 £ 7.84 41.80 + 4.68 38.88 +2.89
Garlic 20mg/kg 109.40 £ 4.76 "™ 38.20+1.32™ 40.21 £4.07™
Garlic 40mg/kg 132.60 + 14.75"™ 46.60 £9.14™ 39.32 £2.47"™
Ginger 20mg/kg 123.20 £ 10.27 290.80+2.76™ 19.47 +1.37°
Ginger 40mg/kg 106.60 + 4.24"™ 30.20 £3.34™ 23.96 + 3.34°
Garlic 10mg + Ginger 87.40+9.39™ 26.0+1.30™ 21.00 + 1.41°
10mg/kg

Garlic 20mg + Ginger 109.0+9.77™ 29.89 +9.92"™ 12.47 +0.96"
20mg/kg

Data are presented as mean + standard error of mean

a,b = means with different superscript letters are significantly different.
a =p < 0.05 is significant

b = p <0.01 is significant

ns = non significant
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APPENDIX 11

Effects of Garlic (Allium sativum) and Ginger (Zingiber officinale) on Force of Contraction

of Perfused Rabbit Heart (n = 3)

Treatment groups and dose given Force of contraction (mV)
Normal saline 91.80 +0.20

Garlic (1 mg/ml) 88.00 + 0.31°

Garlic (10 mg/ml) 89.80 +0.20™

Garlic (20 mg/ml) 90.50 +0.29™

Ginger (1 mg/ml) 88.20 + 0.37°

Ginger (10 mg/ml) 88.20 + 0.38°

Ginger (20 mg/ml) 88.00 + 0.41°

Garlic (1 mg/ml) +Ginger (1 mg/ml) 87.60 £ 1.94°

Garlic (10 mg/ml)+Ginger (10 mg/ml) 88.67 +1.56°

Data are presented as mean + standard error of mean

a,b = means with different superscript letters are significantly different.
a =p < 0.05 is significant

b =p <0.01 is significant
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APPENDIX 111

Phytochemical Screening

Compounds Garlic Ginger Tests
Carbohydrate Positive Positive Molisch
Unsaturated Steroid | Negative Negative Liebermann-
and triterpenes Bucchard test
Unsaturated Sterols | Negative Negative Salkowski
Cardiac Glycoside Positive Positive Keller-Kiliani
Saponin Glycoside Negative Positive Frothing test
Test for Tannins Negative Negative Ferric Chloride
solution: 3-5 drops
Flavonoids Negative Negative Sodium hydroxide
test + Shinoda test
Alkaloids Positive Positive Dragendoffs test
Free Anthraceae Negative Negative Bontragers test
Derivative
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The Effect of Garlic + Ginger on Nomotensive Cat Blood Pressure
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Garlic 10mg/kg Garlic + Ginger 10mg/kg
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The Effect of Adrenaline, Garlic + Ginger on Nomotensive Cat Blood Pressure
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The Effect of Acetycholine on Nomotensive Cat Blood Pressure
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The Effect of Normal Saline
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The Effect of Garlic and ginger on Nomotensive Cat Blood Pressure
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Effect of Adrenaline on Isolated Perfused Rabbit Heart

PHYSIOGRAPH™ ‘A—CHANNEI‘ RECTILINEAR PART NO. 713-0005

|

Adrenaline 10mg/ml
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Effect of Adrenaline on Isolated Perfused Rabbit Heart

PHYSIOGRAPH™ 4-CHANNEL RECTILINEAR PART NO. 713-0005
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Effect of Garlic, Ginger and Adrenaline on Isolated Perfused Rabbit Heart

PHYSIOGRAPH®™ 4-CHANNEL RECTILINEAR PART NO. 713-0005

Garlic 20mg/ml + Ginger 20mg/ml + Adrenaline 10mg/ml
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Effect of Atropine, Garlic and Ginger on Isolated Perfused Rabbit Heart
PHYSIOGRAPH®™ 4-CHANNEL ECTILINEAR ART NO 005

- . . } Atropine 2mg/ml + Garlic and Ginger 20mé/ml each
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Effect of Extracts (Garlic and Ginger) on Isolated Perfused Rabbit Heart

PHYSIOGRAPH™ 4-CHANNEL

Garlic +1ger 1mg/ml

<> NARCO BIO-SYSTEMS, inc., Houston, Texas, U.S.A
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Effect of Extracts (Garlic and Ginger) on Isolated Perfused Rabbit Heart
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Effect of Extracts (Garlic and Ginger) on Isolated Perfused Rabbit Heart
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