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Short-term Effects of Garlic-based diets on mRNA
Expression of Angiotensinogen, Angiotensin-1 Converting
Enzyme, and Atrial Natriuretic Peptide in Cyclosporine-
induced Prehypertensive Rats

ABSTRACT

The short-term effects of garlic, Allium sativum L., on the mRNA expression of angiotensin-1 converting
enzyme (ACE), angiotensinogen (AGT), and atrial natriuretic peptide (ANP) in cyclosporine-induced
prehypertensive rats were investigated in this work. Seven (7) groups of{animals totaling n=7 were
created. Prehypertensive (induced with 25mg/kg cyclosporine) and normal-rats were given 10% and 20%
diets based on garlic for 7 days. Increased Na" and K" levels, systolic and diastolic.blood pressures, and
ACE, AGT & ANP mRNA expressions were all associated with cyclosporin-induced prehypertension. In
rats placed on garlic-based diets, these effects were reversed.
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INTRODUCTION

High blood pressure is a worldwide health problem and the majority of hypertension cases are primary
(essential) hypertension, which is high blood pressure caused by general lifestyle choices and hereditary
factors [1,2]. Heart attack, stroke, and other significant. health problems are more likely when
hypertension is not under control [3,4].

Prehypertension, also known as borderline hypertension, is a kind of hypertension when a person's blood
pressure readings are higher than usual.but not high-enough to be categorized as hypertension [5]. It is
asymptomatic and generally goes unnoticed until more severe stages of hypertension emerge, according
to research [5]. Prehypertension may make people more likely to have cardiovascular disease as they
mature. As a result, it is connected to the morbidity of high blood pressure. Several steps are taken to
reduce the risk of this development, with the primary goal being to decrease blood pressure [6]. These
treatments might be pharmaceutical:or nutritional. It is strongly advised to first try dietary methods before
seeking medication assistance [7].

Additionally, it has been'said'that herbs and spices have medicinal properties because of their abundance
in bioactive compounds, essential oils, and complex organic component mixes [8,9]. Herbs and spices
are used in traditional medicine as well as for culinary purposes because of their well-known health
benefits. Recent studies on the medicinal and dietary advantages of herbs and spices have given rise to
new views in the fields of nutraceuticals and functional foods [10].

Garlic.is one of these plants that have both culinary and medicinal uses. Considering how pungent and
spicy it tastes, it is often used as a spice or condiment all over the world [11]. The bulb of the garlic plant
is the part that is used most often. Vitamins, minerals, and a sizable quantity of potassium are all
abundant in raw garlic. Due to its health benefits, which include its use in traditional medicine to treat high
blood pressure, it has apparently grown to be one of the most popular spices [12,13]. Hypertensive
people often use this therapeutic spice as regular dietary additions in an attempt to control blood
pressure.

It is commonly thought that a person's diet has a big influence on their health [14]. Changes in gene
expression have been studied in response to numerous dietary interventions through the field of
nutrigenomics research [15]. Therefore, diet may significantly affect how genes are expressed,
particularly when it comes to those factors implicated in the etiology of illnesses like hypertension [16].



Furthermore, earlier research has shown a variety of molecular pathways by which garlic may exert its
antihypertensive effects [17]. The renin-angiotensin system (RAS), a hormonal mechanism, regulates
blood pressure as well as fluid and electrolyte balance [18]. A few of the RAS's major actors are
angiotensinogen (AGT), angiotensin-1 converting enzyme (ACE), and angiotensin Il [19]. Increased blood
pressure results from aberrant RAS activity [20]. Atrial natriuretic peptide (ANP) is also activated by the
blood pressure-raising consequences of aberrant RAS activity [21].

Garlic's long-term or chronic effects on people with chronic hypertension have received a lot of attention
from researchers, but concerns affecting borderline hypertension have received less attention, while
being just as significant. In order to determine the short-term effects of garlic on blood pressure and the
expression of AGT, ACE, Na+, and K+ in prehypertensive rats, this research examined these effects.

METHODOLOGY
Preparation of Garlic Powder

Garlic powder was prepared using the freeze-drying protocol. Fresh garlic bulbs were selected,
thoroughly washed, peeled, and blended using an electric blender. The slurry obtained.was transferred
into containers for freeze-drying [22].

Handling of Animals

The Animal House of the Department of Biochemistry at the University of llorin in Kwara State provided
the Wistar strain of male albino rats used in this experiment..The rats ranged in weight from 130 to 160
grams. The National Council for Animal Experiments. Control's and other international standards were
followed while using the animals. The Ekiti State University research ethical committee gave its approval.

Cyclosporin Administration

The rats used in the experiment received unrestricted supply of commercial rat pellet diet and clean
water. Following acclimation, the rats were. split into the seven groups (n=7) shown in Table 1.
Prehypertensive rats received 25 mg/kg body weight dosage of freshly produced cyclosporin
intraperitoneally daily for seven days [23]. The standard therapy for one of the experimental groups was
the ACE inhibitor captopril (10 mg/kg/day). Along with this, the rats were simultaneously given their
different experimental diets.

Formulation of Garlic-based diets
A modified method/was, used to formulate garlic-based diets [22] (See Table 1).
Isolation of Total RNA and cDNA conversion

The rats were euthanized with diethyl ether after receiving experimental meals based on garlic for 7 days.
Freshly excised tissues (kidney and heart) were used to isolate total RNA. This was followed by cDNA
conversion:[24].

Gene Amplification

Using the Polymerase Chain Reaction, gene amplification was also carried out for the expression of the
genes whose primers (SnapGene software) are indicated in Table 2 [24].

Processing and Quantification of Agarose gel bands

Images of in-gel amplicon bands were photographed and processed using the Keynote platform. Using
Image-J software, gel density measurement was carried out [25].



Blood Pressure Assessment

All the rats had their blood pressure measured using the tail cuff technique. Systolic and diastolic blood
pressure readings were recorded in millimeters of mercury (mmHg) [26].

Blood Plasma Preparation

Following seven days of experimental feeding with garlic-based diets, blood samples were drawn into
lithium heparin bottles through ocular puncture, where they were centrifuged to prepare the plasma for
analysis. Blood plasma was then aspirated into plain bottles and kept in storage until it was needed for
analysis.

Plasma Sodium lon Assessment

The sample (50 pl) was also added to the test tube while 50 pl of distilled water was-alse added to the
blank tube. This was followed by continuous vigorous shaking for 3 minutes. This was also.followed by
high speed centrifugation (15000g) for 10 minutes and the absorbance of. the supernatant fluids was
measured at 550nm [27].

Plasma Potassium lon Assessment

Potassium ion concentration in plasma was also determined by colorimetric technique. Two test tubes
were labeled as blank and sample tubes. 1ml of potassium.reagent was pipetted into the test tubes.
Accordingly, samples to the respective tubes at 10 pl. The solutions were mixed and allowed to sit at
room temperature for 3 minutes. After 3 minutes, the absorbance of the solutions was read at 500nm [28].

Statistical Analysis

For gene expression studies, all results for the mMRNA expression were analyzed using GraphPad
Prism 5.01. The results of all biochemical-analysis are expressed as Mean + standard deviation (SD). The
presence of variability was examined using .one-way analysis of variance (ANOVA) combined with
Duncan Multiple Range Test (using SPSS.20 software).

Results

Fig. A and Fig. B shows graphical representations of the systolic and diastolic blood pressures of the
experimental animals before induction, after induction and concurrent feeding with garlic-based diets for 7
days. Significant increase in_systolic and diastolic blood pressure was observed due to cyclosporine
administration (p <,0.05) but garlic-based diets caused a significant decline in systolic and diastolic blood
pressure readings.

Fig. 1 shows the results of the effect of garlic-based diets on mRNA expression of Angiotensin-1
Converting Enzyme (ACE).in the kidneys of cyclosporine-induced rats. The prehypertensive rats showed
the highest increase in ACE expression (p < 0.05) compared to the normotensive rats fed basal diet. The
results also.show a significant decrease (p < 0.05) in ACE expression in the prehypertensive rats fed 10%
and 20% garlic-based diets; normotensive rats fed 10% and 20% garlic-based diets and prehypertensive
rats treated with 10mg/kg captopril when compared with the prehypertensive rats. The normotensive rats
fed 20% garlic-based diet and prehypertensive rats treated with 10mg/kg captopril showed significantly
low (p < 0.05) expression of ACE when compared with the normotensive rats fed basal diet and the other
groups.

Fig. 2 shows the results of the effect of garlic-based diets on mMRNA expression of Angiotensinogen
(AGT) in the kidneys of cyclosporine-induced rats. The prehypertensive rats showed a markedly
significant increase (p < 0.05) in AGT expression compared to the normotensive rats fed basal diet. It is
also observed that prehypertensive rats fed 10% and 20% garlic-based diets; normotensive rats fed 10%
and 20% garlic-based diets and prehypertensive rats treated with 10mg/kg captopril showed significantly
decreased expression (p < 0.05) of AGT when compared with the prehypertensive rats.



Fig. 3 shows the results of the effect of garlic-based diets on mMRNA expression of Atrial Natriuretic
Peptide (ANP) in the heart of cyclosporine-induced rats. The prehypertensive rats showed significant
increase (p < 0.05) in ANP expression when compared with the normotensive rats fed basal diet. Also,
prehypertensive rats fed 20% garlic-based diet and normotensive rats fed 10% garlic-based diet showed
significant increase (p < 0.05) in ANP expression when compared to normotensive rats fed basal diet.
However, ANP expression was found to be significantly decreased (p < 0.05) in normotensive rats fed
20% garlic-based diet and prehypertensive rats treated with 10mg/kg captopril when compared with the
other groups.

Table 3 shows the effect of garlic-based diets on Na* and K levels in the plasma of cyclosporine-induced
rats. Plasma Na' level was significantly increased (p < 0.05) in untreated prehypertensive rats compared
with normotensive rats fed basal diet and other experimental groups. Also, a significant reduction (p <
0.05) in Na* level was observed in prehypertensive rats fed 20% garlic-based diet when compared with
prehypertensive rats fed 10% garlic-based diet. No significant difference (p- < 0.05) was. observed
between Na" levels of normotensive rats fed basal diet (Group 1) and prehypertensive rats treated with
10mg/kg captopril.

K" levels were significantly reduced (p < 0.05) in prehypertensive rats when compared with normotensive
rats fed basal diet (Group 1) and the other experimental groups. Also, the results show an increase in
plasma K* level in prehypertensive rats fed 10% and 20% garlic-based diets when compared with
prehypertensive rats although insignificant (p < 0.05). A significant increase (p < 0.05) in K* level was
observed in normotensive rats fed 10% garlic-based diet when compared with normotensive rats fed
basal diet. However, there is no significant difference between the K* levels observed in normotensive
rats fed basal diet, prehypertensive rats fed 10% garlic-based diet, normotensive rats fed 20% garlic-
based diet and prehypertensive rats treated with 10mg/kg captopril (p < 0.05).

DISCUSSION

In this work, cyclosporine-induced prehypertensive rats' responses to dietary inclusion with garlic powder
on the mRNA expression of a few important RAS:related genes were evaluated. Similar to what was
observed in prehypertensive rats, cyclosporin (25mg/kg body weight) administration for 7 days led to a
significant rise in both systolic and diastolic blood pressure readings (p < 0.05) (Fig. A-B). Along with this,
ACE, AGT, and ANP mRNA expressions were also significantly upregulated (p < 0.05) (Fig. 1-3). These
findings concur with earlier studies on the impact of cyclosporine on the mRNA expression of ACE, AGT,
and ANP [29,30]. Cyclosporine-induced prehypertension also resulted in a significant increase in Na*
levels and a significant decrease in-K" levels in the plasma of untreated prehypertensive rats (p < 0.05).
As a result, these findings are comparable to confirmed cases of rat model hypertension caused by
cyclosporine [23,31,32]. This study also indicates that mMRNA expression of ACE, AGT and ANP are also
upregulated in prehypertensive rats.

As shown in Figure B, when garlic-based diets were given to prehypertensive rats (at 10% and 20%),
systolic and:diastolic blood pressure significantly decreased (p < 0.05). Garlic's ability to lower blood
pressure, is thought to be mediated by the RAS. Angiotensin | serve as the starting material for the
enzyme angiotensin-1 converting enzyme (ACE), which then transforms it into the vasoactive peptide
angiotensin I, Angiotensin Il works to tighten blood vessels, which raises blood pressure [33]. The ACE
and AGI genes, respectively, are responsible for genetically regulating the production of ACE and AGT
[30]. The discovery that ACE and AGT mRNA expression was significantly higher in spontaneously
hypertensive rats indicates that ACE and AGT gene expression is higher in prehypertensive rats [30]. As
shown in Figures 1 and 2, this was also confirmed by this study in the prehypertensive rats that were
induced with cyclosporin. The study's findings also revealed a significant graded downregulation (p <
0.05) of ACE and AGT mRNA expression in prehypertensive rats after feeding with garlic-based diets
(10% and 20%) for 7 days. This suggests that dietary inclusion of garlic may be able to reduce the
amount of AGT and ACE produced and secreted into the bloodstream in response to high blood pressure
within a short period. This may be due to increased stimulation and release of natriuretic peptides from
the heart in an effort to lower blood pressure by inhibiting the production of angiotensin I, which is
responsible for increased vasoconstriction, salt reabsorption, and the release of aldosterone. Additionally,



it might be the cause of the observed decrease in systolic and diastolic blood pressures in
prehypertensive rats fed diets containing 10% and 20% garlic.

From our findings, it was discovered that garlic also caused significantly lower mRNA expression of ACE
and AGT in normotensive rats that were given diets containing 10% and 20% of garlic. AGT expression
did not significantly increase in the rats fed 20% garlic-fed rats compared to the normotensive rats (p <
0.05). This may have been a result of the body's corrective reaction to decreasing blood pressure brought
on by consuming garlic. When blood pressure drops under normal circumstances, the body detects it and
activates the RAS to bring blood pressure back to normal. Therefore, the RAS's response to steadily
reducing blood pressure observed in the rats fed 20% garlic can be linked to the increase in AGT
expression. These results raise the possibility of garlic to be able to reduce blood pressure within a short
period. Additionally, high doses of garlic consumption by normotensive patients may result in RAS
activation, which may increase blood pressure.

The balance of salt and water in the body system is maintained by the heart,;along with other organs, in
order to maintain homeostasis. The heart produces a cardiac peptide hormone called ANP in response to
high blood pressure conditions marked by increased retention of sodium and water in the extracellular
fluid [34]. The ANP gene, which encodes ANP, is in charge of producing ANP. from cardiac cells [35].
While trying to study the transition from cardiac hypertrophy to, ‘hypertensive heart failure, previous
research found that the ANP gene expression was upregulated in hypertensive patients [29]. This was
further supported in the current study, where prehypertensive rats also_ displayed a significant rise in ANP
gene expression in the heart (Fig. 3). However, intervention with diets containing 10% and 20% of garlic
resulted in a significant downregulation of ANP mRNA expression in prehypertensive rats (p < 0.05). This
demonstrates that garlic might have a favorable impact on the cardiac cells' ability to produce and secrete
ANP. Since ANP concentration rises in correlation‘with an increase in blood pressure, downregulated
expression of the ANP gene suggests that the cardiac cells' response to high blood pressure, which
causes an increase in ANP concentration, was reduced [29]. As a result, the reduction in ANP mRNA
expression and the significant reduction (p. < 0.05). in “systolic and blood pressures seen in
prehypertensive rats fed garlic-based diets (10%:and 20%). further demonstrate that garlic can correct
borderline hypertension and have a positive impact ongrenal function by inhibiting angiotensin Il and
aldosterone responsible for increased sodium:and water retention that causes rise in blood pressure. This
is also connected to the earlier observed downregulation of the genes ACE and AGT brought on by the
garlic-based diets. ANP mRNA expression in heart cells was found to be markedly upregulated in
normotensive rats fed a diet.containing 10% garlic as opposed to normotensive rats fed 20% garlic-based
diet in this study. The system's counterproductive response in an effort to exert homeostatic control may
also be to blame for this.

Under wholesome,circumstances, normal blood pressure range is present in normotensive rats. Given
that garlic can lower blood pressure [36], rats with normal blood pressure fed 10% garlic-based diet were
also able to further lower their blood pressure. The body's control centers then work to combat the
decreased. blood. pressure that was brought on by eating a diet high in garlic in order to bring blood
pressure back:.into.a normal range. This might be accomplished by stimulating the renal sympathetic
nervousisystem or:by.renin-angiotensin system activation. Garlic-based diets fed to normotensive rats
was. able to_slightly upregulate the expression of AGT gene, suggesting that garlic may mediate its
antihypertensive effect by modulating the RAS within a short period, according to the study's current
findings... Angiotensinogen concentration released into circulation would rise in response to an
upregulation.in AGT gene expression. An increase in angiotensin Il levels would then follow. The cardiac
cells release a concentration of ANP into the blood that corresponds to how sensitive they are to high
levels of angiotensin Il. The increased ANP expression seen in normotensive rats fed a diet containing
20% garlic-based diet is supported by this. These results suggest that garlic, which primarily affects the
renin-angiotensin system, can elicit a positive effect on blood pressure regulation within a short period
after administration.

In the effort to achieve homeostasis, maintaining electrolytes is equally crucial. The RAS controls sodium
ions (Na") and potassium ions (K"), which are the major electrolytes in the extracellular and intracellular
fluids, respectively [37]. Through the assistance of the renal parasympathetic system, the kidneys



respond by secreting renin in response to a decrease in intrarenal blood pressure at the juxtaglomerular
cells [38]. Angiotensin Il concentration ultimately raises as a result of this. Angiotensin Il increases K*
excretion and induces tubular salt (Na* and CI') reabsorption at the kidneys. As a result, the extracellular
fluid's Na concentration rises, increasing osmolality, tonicity, and blood pressure in the process. As a
result, hypertensive subjects exhibit high Na® and low K* levels. When compared to the other
experimental groups, plasma Na* levels in this study's untreated prehypertensive rats were found to be
significantly higher while plasma K" levels were significantly lower (p < 0.05) (Table 3). On the other hand,
garlic-based diets were able to enhance natriuresis, as demonstrated by the negligible decrease in
plasma Na" and enhanced K* reabsorption. As demonstrated by the prehypertensive rats fed diets based
on garlic, improved natriuresis and K" reabsorption would result in a decrease in blood pressure (Fig. B).
For prehypertensive rats, captopril, a powerful ACE inhibitor, was the standard medication. The plasma
Na' level in the prehypertensive rats receiving 10 mg/kg captopril significantly decreased (p <0.05), while
plasma K" reabsorption significantly increased. The same findings were seen in rats fed diets based on
garlic, and their plasma Na" and K levels were statistically comparable to those seen in prehypertensive
rats given 10 mg/kg captopril.

CONCLUSION

The findings of this research point to the possibility of garlic to lower high blood pressure within a short
timeframe. For prehypertensive individuals who are susceptible:to future consequences from continuous
blood pressure increases while avoiding the adverse effects of antihypertensive medicines, this might
also be helpful.

REFERENCES

1. Carretero OA, Oparil S. Essential hypertension. Rart 1: definition and etiology. Circulation. 2000;
101(3): 329-325.

2. Poulter NR, Prabhakaran D, Caulfield M. Hypertension. Lancet. 2015; 386(9995): 501-512.

3. Mendis S, Puska P, Norrving B: Global atlas on cardiovascular disease prevention and control
(1* edn.). Geneva: World Health Organization in collaboration with the World Heart Federation
and the World Stroke Organization. 2011; p38.

4. Lau DH, Nattel S, Kalman JM, Sanders P. Modifiable risk factors and atrial fibrillation. Circulation
(Review). 2017; 136(6): 583-596.

5. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL, Jones DW, Materson BJ,
Oparil S, Wright JT, Roccella EJ.* National High Blood Pressure Education Program Coordinating
Committee; Seventh report of the Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High.Blood Pressure. Hypertension. 2003; 42: 1206-1252.

6. Wang Y, Wang QJ. The prevalence of prehypertension and hypertension among US adults
according. to the new Joint National Committee guidelines.Arch Intern Med. 2004; 164: 2126—
2134.

7. Svetky. LP.:Management of hypertension.Hypertension.American Heart Association. 2005; 45:
1056-1061

8. .. Singab. AN; Eldahshan O. Medicinal importance of herbs and spices.Medicine and aromatic
plants. 2015; 4: 4.

9. Arowora KA, Ezeonu CS, Imo C, and Nkaa CG. Protein levels and amino acid composition in
some leafy vegetables sold at Wukari in Taraba state, Nigeria. Int. J. Biol. Sci. Appl. 2017; 4: 19-
24,

10. Rubio L, Motilva MJ, and Romero MP. Recent advances in biologically active compounds in
herbs and spices: a review of the most effective antioxidant and anti-inflammatory active
principles. Crit. Rev. Food. Sci. 2013; 53: 943-953.

11. Block E. Garlic and other alliums: The lore and the science. Royalty Society of Chemistry. 2010;
pp5-6. ISBN 9780854041909.

12. Petrovska BB, Cekovska S. Extracts from the history and medical properties of garlic.
Pharmacogn. Rev. 2010; 4(7): 106-110.



13.
14.

15.

16.

17.
18.
19.
20.

21.

22.

23.

24,

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

Rivlin RS. Historical perspective on the use of garlic. J. Nutr. 2001; 131(3): 951-954

Ellie W, Sharon Rady H.Understanding nutrition. Wadsworth Cengage Learning; 2" Revised
edition; 2013.

Neeha VS, Priyamvadah K. Nutrigenomics research: a review. J. Food Sci. Technol. 2013; 50 (3):
415-428.

Wilson CH, Ali ES, Scrimgeour N, Martin AM, Hua J, Tallis GA, Rychkov GY, Barritt GJ. Steatosis
inhibits liver cell store-operated ca”™ entry and reduces ER ca”™ through a protein kinase C-
dependent mechanism. Biochem. J. 2015; 466 (2): 379-390.

Ried K, Frank OR, and Stocks NP. Aged garlic extract reduces blood pressure in hypertensives:
a dose-response trial. Eur. J. Clin. Nutr. 2013; 67:64—70

Fountain JH. Physiology, Renin-Angiotensin System. NCBI. NIH. Retrieved 9 May 2019.

Kumar A, Fausto A. Pathologic Basis of Disease (8th ed.). Saunders Elsevier.'2010; p. 493.

Yee AH, Burns JD, Wijdicks EF. Cerebral salt wasting: pathophysiology,. ‘diagnosis, and
treatment. Neurosurg. Clin. N. Am. 2010; 21 (2): 339-52.

Tissot AC, Maurer P, Nussberger J, Sabat R, Pfister T, Ignatenko S,{Volk HD, Stocker H, Miller
P, Jennings GT, Wagner F, Bachmann MF. Effect of immunisation against angiotensin Il with
CYTO006-AngQb on ambulatory blood pressure: a double-blind, ‘randomized, placebo-controlled
phase lla study. Lancet. 2008; 371 (9615): 821-7.

Ajayi OB, Ajayi OO. Short-Term Intervention with Garlic:Based diets Modulates mRNA
Expression of Calmodulin, Inositol-1,4,5-Trisphosphate: Receptor-1, and Intracellular Adhesion
Molecule in Cyclosporin-Induced Prehypertensive Wistar -Rats. “Archives of Clinical and
Biomedical Research. 2021, 5: 613-628.

Agunloye OM, Oboh G, Ademiluyi AO, Ademosun AO, Akindahunsi AA, Oyagbemi AA,
Omobowale TO, Ajibade TO, Adedapo AO. Cardio-protective-and antioxidant properties of caffeic
acid and chlorogenic acid: mechanistic roleof angiotensin converting enzyme, cholinesterase and
arginase activities in cyclosporine-induced hypertensive rats: Biomedicine and Pharmacotherapy.
2019; 109: 450-458

Omotuyi Ol, Nash O, Inyang OK, Ogidigo J; Enejoh O, Okpalefe O, Hamada T. Flavonoid-rich
extract of chromolaena odorata modulate circulating glp-1 in wistar rats: Computational
evaluation of tgr5 involvement. Biotech. 2018; 8(2):124.

Rueden, C.T., Schindelin, J;, Hiner, M.C., DeZonia, B.E., Walter, A.E., Arena, E.T., Eliceiri, KW.
(2017). Imagej2: Imagej for the next generation of scientific image data. BMC
Bioinformatics.18(1):529.

Wilde GD. Tail cuff technique and its influence on central blood pressure in the mouse. Journal of
the American Heart Association. 2017; 6 (6): 2017.

Trinder P. Sodium determination. Analyst.1951; 76: 596.

Terri AE, Sesin RPG. Potassium determination (colorimetric method). Am. J. Clin. Path. 1958; 29:
86

Rysa J, Leskinen H, llves M, Ruskoaho H. Distinct upregulation of extracellular matrix genes in
transition from hypertrophy to hypertensive heart failure. Hypertension. 2005; 45: 927-933.
Williamson CR, Khurana S, Nguyen P, Byrne CJ, Tai TC. Comparative analysis of renin-
angiotensin system (RAS)- related gene expression between hypertensive and normotensive
rats. Med. Sci. Monit. Basic. Res. 2017; 23: 20-24.

Biaggioni:l, Robertson D. Chapter 9: Adrenoceptor Agonists & Sympathomimetic Drugs. In: B.G.
Katzung, S.B. Masters, A.J. Trevor (Eds), Basic & Clinical Pharmacology; 2011; 11e.

Mannu GS. The non-cardiac use and significance of cardiac troponins. Scottish Medical Journal.
2014559 (3): 172-8.

Golan D, Tashjian A, Armstrong E, Armstrong A. Principles of Pharmacology — the
pathophysiologic basis of drug therapy. Lippincott Williams & Wilkins, a Wolters Kluwer business.
2011; p335.

Lee CY, Burnett JC. Natriuretic peptides and therapeutic applications. Heart. Fail. Rev. 2007; 12:
131-142.

Macchia DD. Atrial natriuretic factor: a hormone secreted by the heart. Pharmaceutisch
Weekblad. Scientific Edition. 1987; 9 (6): 305-14.

Frishman WH, Beravol P, and Carosella C. Alternative and complementary medicine for
preventing and treating cardiovascular disease. Dis. Mon. 2009; 55:121-192.



37. McGuire M, Beerman KA. Nutritional Sciences: From Fundamentals to Food. Cengage Learning.
2011; p546.

38. Preston RA, Materson BJ, Reda DJ, Williams DW, Hamburger RJ, Cushman WC, Anderson RJ.
Age-race subgroup compared with renin profile as predictors of blood pressure response to
antihypertensive therapy. Department of Veterans Affairs Cooperative Study Group on
Antihypertensive Agents. JAMA. 1998; 280 (13): 1168-72

Table 1: Garlic-based diet Formulation

Groups

Ingredients (g/kg) 1 2 3 4 5 6 7
Sucrose 100 100 100 100 100 100 100
Skimmed milk 200 200 200 200 200 200 200
Vitamin-mineral mix 50 50 50 50 50 50 50
Cellulose (Rice bran) 40 40 40 40 40 40 40
oil 50 50 50 50 50 50 50
Corn Starch 560 560 460 360 460 360 560
Garlic powder - - 100 200 100 200 -

Group 1: Normotensive group fed basal diet; Group 2:Prehypertensive rats fed basal diet; Group 3:
Prehypertensive rats fed basal diet containing 10% garlic powder; Group 4: Prehypertensive rats fed basal diet
containing 20% garlic powder; Group 5: Normotensive group fed basal diet containing 10% garlic powder. Group
6: Normotensive group fed basal diet containing 20% garlic powder. Group 7: Prehypertensive rats fed basal diet +

administered Captopril (10 mg/kg/day).

Table 2: Gene:sequences for ACE, AGT and ANP primers

Genes Forward (5’ - 37) Reverse (3’ -5’)
ACE TTTTCCGCGGACGAGGC CTTCCTCCTGGAGCCGC
AGT CTGGAGCTAAAGGACA GGTGGATGTATACGC
CACAGA GGTCC
ANP GCAAACATCAGATCGT TTGCTCCAATATGGCCT
GCCC GGG

Beta-Actin CTGGCTCCTAGCACCAT CGCAGCTCAGTAACAG
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Fig. 1: Short-term effects of garlic-based diets an mRNA expression of Angiotensin 1-converting enzyme
(ACE) in the kidneys of gyclosporin-induced prehypertensive rats after feeding for 7 days
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Fig. 3: Short-term effects of garlic-based diets. on mMRNA expression of ANP in the heart of cyclosporin-

induced prehypertensive rats after feeding for 7 days



Table 3: Short-term effects of garlic-based diets on plasma Na™ and K" levels in prehypertensive rats after
feeding for 7 days

GROUP Na" (mEg/dl) K" (mEg/dI)
1 121.00 + 0.40° 3.97 + 0.64%®
2 153.60 + 3.21° 3.16 + 0.39°
3 141.20 + 0.96% 3.30+0.31%®
4 129.20 + 0.48% 3.58 + 0.69°
5 124.00 + 1.76° 4.16 +0.35°
6 139.77 £ 0.79% 3.66 +0.16®

7 121.70 £ 0.47¢ 3.80 + 0.48%




