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This study evaluated the blood pressure effects and cardio-protective function of ginger and garlic extracts
in laboratory animals. Wistar rats of both sexes were assigned into the following groups: Group |: Served
as control + distilled water; Group II: 20 mg/kg of garlic; Group Ill: 40 mg/kg of garlic; Group IV: 20 mg/kg of
ginger; Group V: 40 mg/kg of ginger; Group VI: garlic 10 mg and ginger 10 mg/kg; Group VII: garlic 20 mg
and ginger 20 mg/kg. Animals were euthanized after four weeks of treatment. Blood samples were collected
and serum separated for lipid profile assay. The effect of extracts on perfused rabbit heart was also
investigated. Moreover, the effect of extract on blood pressure was tested in anaesthetized cats. The results
obtained in the study showed a statistically significant decrease (p<0.05) of serum total cholesterol (TC),
triglyceride and low density lipoprotein-cholestero (LDL-C) levels at all single and combined doses of the
extract when compared with the control group. The extract single and combined doses significantly
increased (p<0.05) serum high density lipoprotein-cholesterol (HDL-C) level in the treated animals when
compared with the control group. The results showed a significantly decreased rate and force of
contraction at the combined doses when compared with the baseline line control level (p<0.05). The study
also revealed that the administration of only garlic at dose of 0.1 and 1 mg/ml produced a significant
decrease (p<0.05) in the diastolic blood pressure. There was a statistically significant decrease (p<0.05) in
diastolic blood pressure in all single doses of garlic as well as the combined doses of garlic and ginger
extract administered. The result obtained showed that administration of only single doses of ginger
produced a significant decrease in p < 0.05. Administration of single doses of garlic (0.1 and 1 mg/ml)
produced significant reduction (P < 0.05) in mean arterial pressure (MAP) when compared with control
group. In conclusion, the findings suggest that the extract as well as its combination improved lipid profile
and may have a cardio-protective effect.

Key Words: Garlic, ginger, isolated perfuse heart, total cholesterol, triglyceride, low-density lipoprotein, blood
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INTRODUCTION

Garlic (Allium sativum) and ginger (Zingiber officinale) are widely consumed spices in food and drink form. Several



studies have been done on these plants separately
especially on the heart and blood pressure. But there is

no record of  their combined effects. However, these
plants are often consumed in combined form as food
spices. Human and animal studies have substantiated

that garlic and ginger lowers serum cholesterol and
triglycerides and increases the amount of high-density
lipoproteins (HDL)  (Brankovic etal., 2011). Garlicis a
popular supplement well-perceived as a healthy choice
among people looking to increase cardiovascular
wellness. Approximately 4% of all cardiovascular disease
patients who use herbal supplements take garlic
(Hendenreich et al., 2011). Known risk factors for cardio-
vascular disease include inflammation, high cholesterol,
high homocysteine, high blood pressure, diabetes and
vascular dementia (Ginter and Simko, 2010). Garlic
reduces cholesterol synthesis by inhibiting 3-hydroxy-3-
methylglutaryl-CoA. Garlic has been shown to inhibit low-
density lipoproteins (LDL) oxidation, platelet aggregation,
arterial plaque formation, decrease homocysteine, lower
blood pressure, and improve micro circulation (Lai et al.,
2012). In vitro studies by Benavides et al. (2007) have
confirmed the vasoactive ability of garlic’s sulfur
compounds whereby red blood cells convert garlic’s
organic polysulfides into hydrogen sulfide, a known endo-
genous cardio-protective vascular cell signaling molecule.
In traditional Chinese medicine, ginger is used to improve
the flow of body fluids. A Japanese study showed that
active constituents in ginger reduced the blood pressure
and decreased cardiac workload (Rehman et al., 2011).
Several reports, mainly from rat studies, have suggested
that ginger exerts many direct and indirect effects on

blood pressure and heart rate (Yang et al., 2011). In
Guinea pig paired atria, the crude extract exhibited a
cardio-depressant activity on the rate and force of
spontaneous contractions (Yu et al., 2011). In this study,
we compared the blood pressure effects and cardio-
protective function of ginger and garlic extracts

separately to the combination of both extracts in
laboratory animals.

MATERIALS AND METHODS

Management of experimental animals

Strains of albino Wistar rats of both sexes between the ages of 12
and 16 weeks’ old and weighing between 150 and 200 g were
procured from the Animal House of the Department of
Pharmacology Animal House of 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
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acclimatization period.

Collection and preparation of plant extract

The fresh plant of garlic bulbs and dried rhizome ginger were
purchased from Samaru market in Zaria, 11° 10 N, 07° 38 E
Nigeria. The plant was taken to the herbarium unit of the

Department of Biological Sciences where the plant was identified by
the taxonomist Mallam Musa Mohammed with the voucher numbers

050913 and 0250913, and was deposited. They were dried under
shade and then ground into fine powder using laboratory mortar

and pestle. The powder (150 g) of garlic and (208 g) of ginger was
macerated in cold water at room temperature for 24 h at light/dark
cycle of 12:12 h. This was then filtered using a filter paper

(Whatmann size no. 1) and the filtrate was evaporated to dryness
on water bath at 40°C to a dry residue of 24 g of garlic and 34 g of

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

Experimental design

Thirty five Wistar rats were used. Rats were allocated into 7
groups and treated as follows:

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

Group 2: Received 20 mg/kg body weight of garlic orally
Group 3: Received 40 mg/kg body weight of garlic orally

Group 4: Administered with received 20 mg/kg body weight of
ginger orally.

Group 5: Received 40 mg/kg body weight of ginger orally.

Group 6: Received garlic 10 mg and ginger 10 mg/kg body weight
orally

Group 7: Received garlic 20 mg and ginger 20 mg/kg body weight
orally

Collection and preparation of sera samples for lipid profile

Animals were treated with extracts orally as mentioned earlier.
Four weeks after the treatment period, all animals were sacrificed

after mild anaesthesia with chloroform. Blood samples were drawn
from the heart of each anaesthetized animal from all groups by

cardiac puncture. Blood samples (5 ml) were collected in
ethylenediaminetetraacetic acid (EDTA) bottles for the
determination of haematological parameters. Other blood samples
(5 ml) were collected in plain tubes and were allowed to clot, and

the serum was separated by centrifugation using Denley BS400
centrifuge (England) at 1,968 x g for 10 minutes. The serum

collected was used to determine lipid profile assay.
Determination of lipid profile

Lipid profile was determined spectrophotometrically, using
enzymatic colometric assay kits (Randox Laboratories Limited kits,

United Kingdom) as the following.

Determination of serum total cholesterol

The serum concentration of total  cholesterol was quantified after
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enzymatic hydrolysis and oxidation of the sample as described by
Stein (1987). The value of total cholesterol present in the serum
was expressed in mg/dl.

Total cholesterol concentration = A sample/A standard x 195.0
mg/dl.

Determination of serum triglyceride

The serum triglyceride concentration was determined after
enzymatic hydrolysis of the sample with lipases as described by
Tietz (1990). Briefly, 1000 ul of the reagent was added to each of
the sample and standard. This was incubated for 10 min at 20 to
25°C after mixing, and the absorbance of the sample (Asample) and
standard (Astandard) wWere measured against the reagent blank within
30 min at 546 nm. The concentration of triglyceride present in the
serum was expressed in mg/dl.

Triglyceride concentration = A sample/A standard > 196.0 mg/dl.

Determination of serum high-density lipoprotein cholesterol

The serum level of HDL-C was measured by the method of Wacnic
and Albers (1978). Low-density lipoproteins (LDL) and very low-
density lipoproteins (VLDL) 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 min at room temperature (37°C), and centrifuged for 10
min at 1,957 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.

Determination of serum low-density lipoprotein cholesterol

The serum level of LDL-C was measured according to the protocol
of Friedewald et al. (1972) using the relationship as follows:

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

where LDL-C is low-density lipoprotein cholesterol, TC is total
cholesterol, TGL is triglyceride and HDL-c is high-density
lipoprotein. The value was expressed in mg/dl.

Determination of effect of extract on perfused rabbit heart

The effects of various doses of the extract on the perfused rabbit
heart were recorded after the baseline was established. One dose
was given at a time, beginning from a very low dose of 1 mg/ml,
then other doses were also tested. Each effect was washed off 2
min before the next. First, the effect of A. sativum was studied, and
then the effect of Z. officinale and finally their combined effects
were studied.

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

Four cats were used for this study. They were anaesthetized by
injection of 40 mg/kg of pento barbbitone sodium (stock

concentration 60 mg/ml) intraperitioneally. They were cannulated as
the following.

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.

1) The carotid artery was temporarily occluded centrally with a clip.
A cannula was inserted into the artery, and then connected to a
pressure transducer coupled to a recording microdynamometer.

2) Heparin normal saline was injected to prevent clothing.

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

4) The left femoral vein was exposed, tied off with a peripheral

ligature.

A 2 ml syringe, containing normal saline for flushing of injected
drugs was attached. The various tests drugs were administered
beginning from a very low dose of 1 mg/ml to a maximum dose of
10 mg/ml. The effect of different doses of the extract on the blood
pressure was recorded. The volume of extract used for each
concentration was 0.2, 0.4, 0.8 and 1.0 ml. 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 admini-
stering 2 ml of 0.9% normal saline. This procedure was done for A.
sativum and Z. officinale separately, and then in combined form.

Statistical analysis

Data were expressed as mean + standard error of mean (SEM).
The data obtained were statistically analyzed 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 were considered as
significant (Duncan et al., 1977).

RESULTS

There was a significant (P<0.05) reduction of serum total
cholesterol, triglyceride and low-density lipoprotein levels
at all single and combined doses of the extract
administered to the animals, when 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
with the control group (Table 1).

The study assessed the effect of garlic and ginger on
blood pressure parameters in cats. The study also
revealed that the administration of only garlic at dose of
0.1 and 1 mg/ml produced a significant decrease (p<0.05)
in the systolic blood pressure when compared with
normal control group. On the other hand, there was a
statistically significant decrease (p<0.05) in diastolic
blood pressure in all single doses of garlic as well as the
combined doses of garlic and ginger extract administered
when compared with the 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 with 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 with the control group (Table 2).
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Table 1. Effects of garlic (Allium sativum) and ginger (Zingiber officinale) (single and combined) on serum lipid profile in Wistar rats (mg/dl) (n

=5).

Treatment iﬁ:)l:gttgrt(?ll tri;(;/z:ernde Serum IOYV' density S.erum hlgh-densny

(mg/dl) (mg/dl) lipoprotein (mg/dl) lipoprotein (mg/dl)
Normal + Distilled water 106.97+2.41°  86.14+4.15" 64.16+4.23° 21.57+1.91°
Garlic 20 mg/kg body weight 62.49+4.09°  48.09+5.96" 22.63+2.24° 31.64+3.40°
Garlic 40 mg/kg body weight 72.64+4.65°  49.54+4.31° 19.84+1.77° 42.89+4.27°
Ginger 20mg/kg body weight 50.2.4+4.09°  27.66%2.63" 11.81+1.13" 41.9743.56"
Ginger 40 mg/kg body weight 58.17+5.83°  31.2445.67" 15.06+1.44° 37.40£3.51°
Garlic 10 mg + Ginger 10 mg/kg body weight ~ 51.2745.29°  30.006.45" 13.49+9.28" 31.79+2.54°
Garlic 20 mg + Ginger 20 mg/kg body weight ~ 81.86+12.35°  27.20+7.16" 13.69:2.28" 62.73+12.23"

abyalues of P < 0.05 with different superscript significantly different when compared with control group (Normal + Distilled water).

Table 2. Effects of garlic (Allium sativum) and ginger (Zingiber officinale) on blood pressure parameters in cats (single and

combine).

Dose concentration (mg/ml) SBP (mm/Hg)

DBP (mm/Hg)

Pulse pressure (mm/Hg)

MABP (mm/Hg)

Normal saline 75.75£0.85" 64.3+1.09° 11.95£0.82° 68.11+0.84
Garlic (0.1) 54.3+1.32° 34.5:1.55" 19.8£0.25"° 41.1+1.46%
Garlic (1) 54.0£0.41° 35.8+0.48" 18.3:0.25"° 41.8+0.44%
Garlic (10) 55.8+1.12° 36.840.95" 19.0+0.71"° 43.1+0.96™
Garlic (20) 59.0+2.48" 42.8+0.63" 22.8+0.75" 48.8+2.53"
Ginger (0.1) 63.5+2.50° 51.5+3.50% 12.0£1.00" 55.5+3.20™°
Ginger (1) 66.2+3.13% 56.0£2.97% 10.240.31" 59.4+3.10"°
Ginger (10) 56.5+3.52% 45.0£4.71% 11.5+1.55" 48.6£4.45"°
Ginger (20) 46.6+0.93" 38.840.80" 7.840.73" 41.40.76"
Garlic + Ginger (0.11) 60.5+0.65" 38.8+2.59° 21.8+1.88% 45.9+1.68"°
Garlic + Ginger (1) 59.0+2.48" 36.3+2.59° 22.75+0.75™ 43.8+2.53™
Garlic + Ginger (10) 62.8+1.75" 44.5+2.63° 18.25¢1.11"™ 50.6:2.32"™
Garlic + Ginger (20) 63.5+2.75" 43.0+2.79" 20.50+0.28" 49.8+2.78"°

3Py/alues of with different superscript are significantly (P<0.05) different when compared to control group (Normal saline + distilled

water).

DISCUSSION

Diseases mainly affecting the heart or blood vessels are
primarily termed as cardiovascular diseases (CVDs).
Today, CVDs constitute one of the major causes of
mortality and have become a major health hazard all over
the world since they account for more than 30% of the
global deaths every year (American Heart Association
medical/scientific statement, 1994; Thomas, 2011).
Hyperlipidaemia is an important risk factor of coronary
artery diseases which often lead to myocardial infarction
and heart failure (NCEP, 1993; Ghotto et al., 2005). The
present study investigated the cardio-protective activity of
garlic and ginger extract and their combination in
laboratory animals. Management of plasma cholesterol
levels continues to be a cardinal issue in cardiovascular
disease prevention, as hypercholesterolemia plays a

crucial role in pathogenesis of atherosclerosis and related
heart diseases (Ginte and Simko, 2011). The results
showed that there was a statistically significant (P<0.05)
decrease of serum total cholesterol concentration in the
animals administered both single and combined doses of
aqueous garlic and ginger extract when compared with
the control group. Allicin has been proposed as the active
compound produced by garlic which is responsible for its
hypocholesterolemic effect (Ginte and Simko, 2011).
Garlic and ginger have been reported to modify lipid
metabolism by inhibiting cellular cholesterol biosynthesis,
increasing bile acid biosynthesis to eliminate cholesterol
from the body and increasing fecal cholesterol excretion,
therefore, cholesterol synthesis is reduced by up to 75%
(Singh and Poter, 2006; Matsuda et al., 2009). The cho-
lesterol lowering effects of garlic has also been attributed
not only to its organosulfur constituents but also to a
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variety of steroidal saponins present in garlic extract
(Ramaa et al., 2006). There was also significantly
decreased serum triglyceride and low density lipoprotein
levels at all single and combined doses of the aqueous
garlic and ginger administered to animals when
compared with the control group. However, the extract at
single and combined doses significantly elevated
(p<0.05) serum high density lipoprotein level in the
treated animals when compared with the control group.
These findings are in agreement with Ali et al. (2000) who
suggested that administration of garlic to rats is effective
in decreasing total cholesterol and triglycerides
significantly. The mechanism for triglycerides 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 triglycerides
lowering effect of garlic may somehow be due to the
inhibition of fatty acids synthesis. Elshater et al. (2009)
revealed that post treatment with ginger extract for 6
weeks to diabetic rats produced significant reduction in
the levels of plasma cholesterol, triglycerides and LDL-
cholesterol and significant elevation in the HDL-
cholesterol when compared with diabetic group. In
another study, Alizadeh et al. (2008) investigated the
effect of 45 days ginger capsules on the lipid levels in
patients with hyperlipidemia and indicated that ginger has
a significant lipid lowering effect when compared with
placebo. The reduction in LDL-c level by garlic may be
due to allicin, an active compound produced by garlic
which reduces the production and release of LDL-c by the
liver and promote LDL receptors activity in the liver cells,
which helps the liver to clear the circulating LDL-c
(Holzgartner et al., 1992). Brousseau et al. (2004)
reported that the increase in HDL-c level is usually
attributed to allicin, which significantly altered the
distribution of cholesterol among HDL and LDL
subclasses. Hyperlipidemia is the underlying pathophy-
siology of the number one Killer, atherosclerotic coronary
artery heart disease (Elrokh et al., 2010). The present
study also revealed that administration of the extract
especially at the combined doses produced a reduction
on the rate and force of contraction when compared with
the baseline 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 suggests that the

extracts may be acting via B1-adrenergic receptor located

on the myocardium. The blockade of B1 receptors has
been shown to cause negative inotropic and chronotropic
effect which in turn bring about decrease in cardiac work
and cardiac output (Katzung, 2007). These effects are
useful in the treatment of cardiac infarction, cardiac
arrhythmias and angina pectoris. Recent in vitro studies
by Benavides et al. (2007) have confirmed the vasoactive
ability of garlic’s sulfur compounds whereby red blood

cells convert garlic’s organic polysulphides into hydrogen
sulfide, a known 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
anesthetized rats and in guinea pig paired atria, the crude
extract exhibited a cardio-depressant activity on the rate
and force of spontaneous contractions. The study also
revealed that the administration of only garlic at dose
concentration of 0.1 and 1 mg/ml produced a significant
decrease (p<0.05) in the systolic blood pressure when
compared with normal control group. Similarly, 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 with the control group. The result
obtained also showed that administration of only single
doses of ginger produced a significant decrease (p<0.05)
pulse pressure and mean arterial blood pressure when
compared with the normal control group. Nitric oxide (NO) is
an important mediator of blood pressure (BP)
homeostasis. It has been reported that pharmacologically
reducing the bioavailability of NO can lead to
hypertension in normal rats (Ribeiro et al., 1992). In our
present study, garlic may appear 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.,
2003), rennin-angiotensin system (Sharifi et al., 2003),
and renal tubular transport mechanisms (Al-Qattan et al.,
2003). Another possible mechanism by which garlic might
reduce blood pressure is the direct and indirect vasodilatory
actions of NO (Kim-Park and Ku, 2000; Gouvea et al., 2003).
Garlic was reported to contain arginine and enhance the
synthesis of NO (Kim et al., 2001).

Conclusion

Conclusively, the findings suggest that the extract as well
as its combination improves lipid profile in the animals
and the cardio-protective effect of garlic and ginger was
alongside its negative ionotropic and chronotropic effect.

Conflict of interest

The authors of this research work declare that there is no
conflict of interest concerning the publication of this
manuscript.

REFERENCES

Ali M, Al-gattan K, Al-enezi F, Khanafe R, Mustafa T (2000). Effect of
allicin from garlic powder on serum lipid and blood pressure in rats
fed high cholesterol diet. Prostaglandins. Leukotriene Essential Fatty
acids 62(4):253-259.

Alizadeh RF, Roozbeh F, Saravi M, Pouramir M, Jalali F, Moghadamnia
AA (2008). Investigation of the effect of ginger on the lipid levels. A
double blind controlled clinical trial. Saudi Med. J. 29(9):1280-1284.



Al-gattan KK, Khan |, Alnageeb MA, Ali M (2003). Mechanism of garlic
(Allium sativum) induced reduction of hypertension in 2K-1C rats: a
possible mediation of Na/H exchanger isofrom-1. Prostaglandins.
Leukotriene Essent. Fatty Acids 69:217-39.

American Heart Association Medical/Scientific Statement (1994).
Classification of functional capacity and objective assessment of
patients with diseases of the heart. Circulation 90:644-645.

Benavides GA, Squadrito GL, Mills RW, Patel HD, Isbell TS, Patel RP,
Darley Blessing W (2007). The Lower Brainstem and Bodily
Homeostasis. Oxford University Press, New York. pp. 165—-268

Brankovic S, Radenkovic M, Kitic D, Veljkovic S, lvetic V, Pavlovic D,
Miladinovic B (2011). Comparison of the hypotensive and bradycardic
activity of ginkgo, garlic, and onion extracts. Clin. Exp. Hyperten.
33:95-99

Brousseau ME, Schaefer EJ, Wolfe ML, Bloedon LD, Digenio AG, Clark
RW, Rader DT (2004). Effect of inhibitor of cholysteryl ester transfer
protein on HDL-cholesterol. N. Engl. J. Med. 8(15):1491-1494.

Duncan RC, Knapp RG, Miller MC (1977). Test of hypothesis in
population means. Introductory Biostatistics for the health sciences.
John Wiley and Sons Inc. NY. pp. 71-96.

Elshater AE, Salman MA, Moussa MA (2009). Effect of ginger extract
consumption on levels of blood glucose, lipid profile and kidney
functions in alloxan induced-Diabetic Rats. Egypt. Acad. J. Biol. Sci.
2(1):153-162.

Elrokh ESM, Yassin NAZ, El-Shenawy SMA, lbrahim BMM (2010).
Antihypercholesterolaemic  effect of ginger rhizome (Zingiber
officinale) in rats. Inflammopharmacology 18(6):309—-315.

Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (1993). Summary of the Second Report of the
National Cholesterol Education Program (NCEP) Expert on Detection
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel). JAMA 269:3015-3023.

Friedewald WT, Levy R, Fradrickson DS (1972). Estimation of
concentration of Low density lipoprotein cholesterol in plasma without
the use of preparative ultracentrifugation. Clin. Chem. 19:449-452.

Ghayur MN, Gilani AH (2005). Ginger lowers blood pressure through
blockade of voltage-dependent calcium channels. J. Cardiovasc.
Pharmacol. 45(1):74-80.

Ghotto AM, Assmann G, Carmena R, Davingnon J, Fernandez CA,
Paoletti R (2005). The ILIB lipid handbook for clinical practice: blood
lipids and coronary heart disease. Houston: The International Lipid
Information Bureau.

Ginter E, Simko V (2010). Garlic (Allium sativum L.) and cardiovascular
diseases. Bratislava Med. J. 111:452-456.

Gouvea SA, Moyses MR, Bissoli NS, Pires JGP, Cabral AM, Abreu GR

(2003). Oral administration of L-arginine decreases blood pressure and
increases renal excretion of sodium and water in renovascular
hypertensive rats. Br. J. Med. Biol. Res. 36:943-949.

Holzgartner H, Schmidt U, Kuhnu H (1992). Comparison of the efficacy

and tolerance of a garlic preparations VS benzafibrate.
Arzneimittelforschung 42:1473-1477.

051 Adv. Res. J. Med. Sci.

Katzung BG (2007). Adrenoceptor antagonist drugs. In: Basic and
Clinical Pharmacology, 10" ed. McGraw Hill, Singapore. pp. 141.

Kim-Park S, Ku DD (2000). Garlic elicits a nitric oxide-dependent
relaxation and inhibits hypoxic pulmonary vasoconstriction in rats.
Clin. Exp. Pharmacol. Physiol. 27:780-786.

Kim KM, Chun SB, Koo MS, Choi WJ, Kim TW, Kwon YG, Chung HT,
Billiar TR, Kim YM (2001). Differential regulation of NO availability
from macrophages and endothelial cells by the garlic component S-
Allyl cysteine. Free Rad. Biol. Med. 7:747-56.

Lai KC, Kuo CL, Ho HC, Yang JS, Ma CY, Lu HF, Chung JG (2012).
Diallyl sulfide, diallyl disulfide and diallyl trisulfide affect drug resistant
gene expression in colon 205 human colon cancer cells in vitro and in
vivo. Phytomedicine 19:625-630.

Matsuda A, Wang ZH, Takahashi SH, Tokuda T, Miura N, Hasegawa J
(2009). Up regulation of mRNA of retinoid binding protein and fatty
acid binding protein by cholesterol enriched-diet and effect of ginger
on lipid metabolism. Life Sci. 84(25-26):903-907.

Ramaa CS, Shirode AR, Mundada AS, Kadam VJ (2006).
Nutraceuticals - An Emerging Era in the Treatment and Prevention of
Cardiovascular Diseases. Curr. Pharm. Biotechnol. 7(15):15-23.

Rehman R, Akram M, Akhtar N, Jabeen Q, Saeed T, Shah A, Asif HM
(2011). Zingiber officinale Roscoe (pharmacological activity). J. Med.
Plants Res. 5(3):344-348.

Ribeiro MO, Antunes E, De-Nucci G, Lovisolo SM, Zatz R (1992).
Chronic inhibition of nitric oxide synthesis: a new model of arterial
hypertension. Hypertension 20:298-303.

Sharifi AM, Darabi R, Akbarloo N (2003). Investigation of
antihypertensive mechanism of garlic in 2K1C hypertensive rat. J.
Ethnopharmacol. 86:219-24.

Singh DK, Porter TD (2006). Inhibition of sterol 4-alpha-methyl oxidase
is the principal mechanism by which garlic decreases cholesterol
synthesis. J. Nutr. 136:759-764.

Stein EA (1987) Lipids, lipoproteins and Apolipoproteins. In: Treitz NW
(Ed.), Fundamentals of Clinical Chemistry. 3rd Edn., W . B Saunders
Philadelphia. pp. 470-479.

Tietz NW (1990). Clinical Guide to Laboratory Test, Second Edition.
W.B. Saunders Company, Philadelphia. U.S.A. pp. 554-556.

Wacnic RG, Albers JJ (1978). A comprehensive evaluation of the
heparin manganese precipitation procedure for estimating high
density lipoprotein cholesterol. J. Lipid Res. 19:65-76.

Yang Y, Chan SW, Hu M, Walden R, Tomlinson B (2011). Effects of
some common food constituents on cardiovascular disease. ISRN
Cardiol. 2011:397136.

Yeh GY, Davis RB, Phillips RS (2006). Use of Complementary
Therapies in Patients with Cardiovascular Disease. Am. J. Cardiol.
98(5):673-680.

Yeh YY, Yeh SM (1994). Garlic reduce plasma lipid by inhibiting hepatic
cholesterol and triglyceride synthesis. Lipid 29:189-193.

YuY, Zick S, Li X, Zou P, Wright B, Sun D (2011). “Examination of the
pharmacokinetics of active ingredients of ginger in humans.” BMC
Biol. 13(3):417-426.



