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Abstract 

This study assessed the short term effect of Allium 

sativum-based diets on mRNA expression of Calmodulin 

(CaM), Inositol Trisphosphate receptor (IP3R) and 

Intracellular adhesion molecule (ICAM-1) in the heart 

and aorta of cyclosporin-induced prehypertensive rats. 

Plasma levels of Ca
2+

 and Tumor Necrosis Factor-alpha 

(TNF-alpha) were also determined. The experimental rats 

used for this study were randomly allocated into 7 groups 

(n=4): normotensive control rats (fed basal diet); 

untreated prehypertensive rats (fed basal diet); 

prehypertensive rats (fed 10% and 20% Allium sativum 

based diets respectively); normotensive rats (fed 10% and 

20% Allium sativum based diets respectively); 

prehypertensive rats treated with 10mg/kg captopril 

respectively for 7 days. Induction of hypertension with 

cyclosporin caused significant increase (p ˂ 0.05) in 

mRNA expression of CaM, IP3R and ICAM-1, 

accompanied by increased (p ˂ 0.05) systolic and 

diastolic blood pressures, plasma Tumor Necrosis Factor-

alpha (TNF-alpha) and Ca
2+

 levels. These effects were 

considerably reversed by Allium sativum-based diets fed 

to the prehypertensive rats. These findings provide 

evidence which suggest that CaM, IP3R, and ICAM-1 are 

also upregulated in prehypertension, but are modulated 

by short term dietary intervention with garlic. 
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Introduction 

Hypertension still stands as one of the deadliest 

cardiovascular diseases that affect large populations 

across different regions of the world due to its high rate 

of contribution to mortality cases [1,2]. A number of 

medical complications like kidney dysfunction, 

inflammation, dementia, stroke, heart failure have are 

linked with progression of high blood pressure in 

hypertensive patients especially when poorly managed 

[3,4]. Prehypertension is a case whereby a patient records 

blood pressure values which are higher than the normal 

range but not considered as full hypertension [5]. 

Prehypertensive patients stand a risk of developing future 

medical complications especially for the fact that its 

symptoms are not noticed in time. Thus, prehypertension 

contributes to hypertension-related morbidity on the long 

run. It is thought safe to employ safety measures to 

circumvent progression to chronic hypertension [6]. 

 

Cyclosporin is an immunosuppressive agent linked with 

hypertension and nephrotoxicity in transplant patients. As 

a result, it is a potent agent used for inducing 

hypertension in rat models [7]. At considerably high 

doses cyclosporin induces hypertension in rat models. It 

functions by causing systemic vasoconstriction, altering 

cytosolic calcium translocation, activation of Renin-

Angiotensin system (RAS) and pro-inflammatory 

cytokines [8]. 

 

Both pharmacological and non-pharmacological 

interventions are applied in the management of 

hypertension as a cardiovascular disease. Non-

pharmacological interventions have also been 

recommended as a first means of action before 

employing pharmacological alternatives [9]. Dietary 

intervention as a non-pharmacological means to manage 

hypertension involves the use of majorly plant food 

sources including herbs and spices which possess health 

benefits [10]. This method is important to the health of 

individuals even down to the genetic level. Genes are 

important in the production of proteins and related 

derivatives which play important physiological functions. 

Many nutrients have been studied against their effects on 

gene expression within living organisms. It is thought 

that diet supplemented with nutraceuticals may influence 

expression of genes bearing in mind that genetic 

activations are responses to extracellular stimulations 

which are mediated by signaling molecules [11,12]. 

 

Garlic, Allium sativum L., is one of such herbs employed 

as a functional food in the management of hypertension 

due to its medicinal and culinary benefits. Raw garlic is 

rich in nutrients including some of the B-complex 

vitamins like riboflavin and niacin, Vitamin C as well as 

potassium, magnesium and zinc [13]. Garlic is consumed 

in different forms such as raw or aged garlic, garlic 

powder, garlic oil and the likes. Garlic has been used as a 

potent antihypertensive and anti-inflammatory remedy 

for hypertensive subjects [14]. These properties have also 

been linked with the presence of sulphur-rich compounds 

present in garlic [15]. A number of pathways are targeted 

by antihypertensive drugs in their pharmacological 

dispositions [16]. An example is the calcium ion (Ca
2+

) 

associated pathway [17]. Ca
2+

 is an important second 

messenger responsible for many physiological functions 

such as muscle contraction and neurotransmitter release. 

It stimulates muscle contraction by activating various 

signaling proteins especially calmodulin (CaM), as well 

as the inositol triphosphate (IP3) pathway [17]. 

 

Calmodulin (CaM) as one of the intracellular targets of 

Ca
2+

 is a key player in the activation of the IP3 pathway 

as well as other proteins which play a role in many 

physiological events including contraction of smooth 

muscle and arteries in the build up to hypertension [18]. 

Inositol trisphosphate receptor (IP3R) is a membrane 

receptor that acts as a Ca
2+

 channel on activation by IP3. 

IP3R is important in the signaling which causes the 

release of Ca
2+ 

from intracellular store sites. Intracellular 

Adhesion molecule-1 (ICAM-1) is a pro-inflammatory 
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molecule which belongs to the immunoglobulin family, 

and is expressed in endothelial cells during inflammatory 

processes [19]. It is usually stimulated by cytokines like 

Tumor Necrosis Factor-alpha (TNF- alpha) and 

interleukin-1 (IL-1) which have been thought to have an 

effect on the Renin-Angiotensin System (RAS) relevant 

to all categories of hypertension [20]. From previous 

studies, mRNA expression of CaM, IP3R and ICAM-1 

were upregulated in hypertensive rat models [21,22]. 

 

Many studies have focused majorly on chronic 

hypertension only while less attention has been given to 

prehypertension (borderline hypertension). This study 

aimed at investigating the possible effect of 

prehypertension on mRNA expression of CaM, IP3R, and 

ICAM-1 in order to be able to determine if these genes 

are affected at borderline stage of hypertension before 

progression into the chronic stage. Also, this study 

investigates the effect of garlic-based diets on the mRNA 

expression of these molecules. 

 

Materials and Methods 

Materials 

Fresh Allium sativum (garlic) cloves were purchased 

from a local market in Ado-Ekiti, Ekiti State, Nigeria.  

 

Preparation of Allium sativum powder 

The garlic cloves were separated into bulbs, peeled and 

properly washed. The bulbs were blended and the garlic 

slurry was freeze-dried at -10
o
C. The freeze-dried garlic 

was finally milled into powder and stored in polythene 

packs at refrigerated temperature for further use. 

 

Chemicals 

Cyclosporin capsules and captopril tablets were 

purchased from Aromokeye Pharmacy and Veterinary 

services in Ado-Ekiti, Ekiti State, Nigeria. Trizol reagent 

was sourced from Zymo Research, USA (Cat: R2050-1-

50, Lot: ZRC186885) and chloroform was obtained from 

BDH Analytical Chemicals, Poole, England (Cat: 10076-

6B). Isopropanol was also purchased from Burgoyne 

Urbidges & Co, India (Cat: 67-63-0). Nuclease-free 

water was obtained from Inqaba Biotec, West Africa (Lot 

no: 0596C320, code: E476-500ML). 

All other chemicals used were of analytical grade. 

 

Management of Experimental Animals 

Wistar strain of male albino rats weighing between 130g 

and 160g used for this study was purchased from the 

Animal house of the Department of Biochemistry, 

University of Ilorin, Kwara State. All the animals used 

for this work were maintained according to the 

international guidelines on Animal care and use for 

scientific purposes [23]. 

 

Induction of Prehypertension and experimental 

feeding with Allium sativum powder 

The experimental rats were provided with commercial rat 

pellet diet and water ad libitum. The rats were randomly 

allocated into seven experimental groups (n=4) shown in 

Table 1. Cyclosporin was freshly prepared and 

administered intraperitoneally at a single daily dose of 

25mg/kg/day body weight for 7 days. Captopril (an ACE 

inhibitor) was used as a standard treatment drug 

(10mg/kg/day) for one of the experimental groups. This 

was accompanied with concurrent feeding of the rats with 

the experimental diets for each of the respective groups. 

 

Diet Formulation 

Allium sativum-based diets were formulated [24]
 

as 

shown in Table 1. 
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Table 1: Diet formulation 

    Groups 

Ingredients (g/kg)   1 2 3 4 5 6 7 

 

Corn Starch   560 560 460 360 460 360 560 

Skimmed milk   200 200 200 200 200 200 200 

Sucrose    100 100 100 100 100 100 100 

Vitamin-mineral mix  50 50 50 50 50 50 50 

Vegetable Oil   50 50 50 50 50 50 50 

Cellulose (Rice bran)  40 40 40 40 40 40 40 

 Allium sativum powder  - - 100 200 100 200 - 

 

 

Group 1: Normotensive group; fed basal diet (without Allium sativum powder) 

Group 2: Untreated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet (without 

Allium sativum powder). 

Group 3: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet containing 

10% Allium sativum powder. 

Group 4: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet containing 

20% Allium sativum powder. 

Group 5: Normotensive group; fed basal diet containing 10% Allium sativum powder. 

Group 6: Normotensive group; fed basal diet containing 20% Allium sativum powder. 

Group 7: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet (without 

Allium sativum powder) + Captopril (10mg/kg/day) 

 

Total RNA isolation  

After 7 days of experimental feeding with Allium 

sativum-based diets, the rats were sacrificed via diethyl 

ether euthanasia. Total RNA was isolated from freshly 

excised tissues (heart and aorta) [25]. Briefly, the tissues 

were homogenized in cold (4°C) TRIZOL reagent (Zymo 

Research, USA, Cat: R2050-1-50, Lot: ZRC186885). 

Total RNA was partitioned in chloroform (BDH 

Analytical Chemicals, Poole, England Cat: 10076-6B) 

following centrifugation at 15,000 rpm/15 min (Abbott 

Laboratories, Model: 3531, Lake Bluff, Illinois, United 

States). RNA from the clear supernatant was precipitated 

using equal volume of isopropanol (Burgoyne Urbidges 

& Co, India, Cat: 67-63-0). RNA pellet was rinsed twice 

in 70% ethanol (70 ml absolute ethanol (BDH Analytical 

Chemicals, Poole, England Cat: 10107-7Y) in 30 ml of 

nuclease-free water (Inqaba Biotec, West Africa, Lot no: 

0596C320, code: E476-500ML)). The pellets were air-

dried for 5 min and dissolved in RNA buffer (1 mM 

sodium citrate, p
H
 6.4). Forward and reverse primers for 

the specific genes of interest (Calmodulin and Inositol-1, 

4, 5-trisphosphate receptor) were also obtained (forward 

and reverse primer sequences are shown in Table 2). 

Beta-actin was also used as the house-keeping gene. 
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Table 2: Forward and Reverse primer sequences 

 

Genes     Forward Primer sequence Reverse primer sequence 

      (5’ – 3’)                   (5’ – 3’) 

Calmodulin    GGCACCATTGACTTCCC   AGCCATTGCCATCCTTG 

     AGA      TCA 

Inositol trisphosphate receptor-1               GGTCCTGATCCCTCAAA   CCTTGTTGAAAAGCCT 

CCG      GACCC 

Intracellular adhesion molecule-1               CACCTGACAGTGCTGTA             GGTGTAAAATGGACGC 

     CCA      CACGA 

Beta-Actin    CTGGCTCCTAGCACCAT              CGCAGCTCAGTAACAG 

GAA      TCCG 

 

 

Complementary DNA (cDNA) Conversion 

Prior to cDNA conversion, total RNA quantity 

(concentration (µg/ml) = 40 * A260) and quality (≥ 1.8) 

was assessed using the ratio of A260/A280 (A=absorbance) 

read using spectrophotometer (Jen-way UV-VIS 

spectrophotometer model 6305, UK). DNA 

contamination was removed from RNA was removed 

following DNAse I treatment (NEB, Cat: M0303S) as 

specified by the manufacturer. 2 µl solution containing 

100 ng DNA-free RNA was converted to cDNA using 

M-MuLV Reverse transcriptase Kit (NEB, Cat: M0253S) 

in 20 µl final volume (2 µl, N
9
 random primer mix; 2 µl, 

10X M-MuLV buffer; 1 µl, M-MuLV RT (200 U/µl); 2 

µl, 10 mM dNTP; 0.2 µl, RNase Inhibitor (40 U/µl) and 

10.8 µl nuclease-free water). The reaction proceeded at 

room temperature O/N. Inactivation of M-MuLV Reverse 

transcriptase was performed at 65°C/20 min [25]. 

 

PCR amplification and Agarose Gel Electrophoresis 

PCR amplification for the expression of genes whose 

primers (SnapGene software) are listed (see Table 2) was 

done using the following protocol: PCR amplification 

was performed in a total of 25 µl volume reaction 

mixture containing 2 µl cDNA (40 ng), 2 µl primer (100 

pmol), 12.5 µl Ready Mix and Taq PCR master mix (One 

Taq Quick-Load 2x, master mix, NEB, Cat: M0486S) 

and 8.5 µl nuclease-free water. Initial denaturation at 

95°C for 5 minutes was followed by 20 cycles of 

amplification (denaturation at 95°C for 30 seconds, 

annealing for 30 seconds and extension at 72°C for 60 

seconds) and ending with final extension at 72°C for 10 

minutes. In all experiments, negative controls were 

included where reaction mixture has no cDNA. The 

amplicons were resolved on 1.5% agarose gel (Cleaver 

Scientific Limited: Lot: 14170811) in Tris (RGT reagent, 

china, Lot: 20170605)-Borate (JHD chemicals, China, 

Lot 20141117)-EDTA buffer (pH 8.4) [25]. 

 

Amplicon image processing and semi-quantification 

In-gel amplicon bands images captured on camera were 

processed on Keynote platform. Gel density 

quantification was done using Image-J software [26]. 

Each point represent relative expression ((test gene band 

intensity/ internal control band intensity)*100) plotted 

using Numbers software (Mac OSX version). 

 

Measurement of Blood pressure 

Systolic and diastolic blood pressures were measured in 

the experimental after 7 days of experimental feeding 

using tail cuff method. A soft valve extension of the 

equipment was wrapped round the tail or left leg of the 



Arch Clin Biomed Res 2021; 5 (4): 613-628                                                                                                            DOI: 10.26502/acbr.50170188 

 

 

Archives of Clinical and Biomedical Research                      Vol. 5 No. 4 – August 2021. [ISSN 2572-9292].                                              618 

resting experimental rats. The readings were measured in 

millimeters of mercury (mmHg) [27]. 

 

Preparation of Blood Plasma 

Blood samples were collected after 7 days of 

experimental feeding with Allium sativum-based diets 

into lithium heparin bottles via ocular puncture and 

centrifuged for plasma preparation prior to analysis. 

Thereafter, blood plasma were aspirated into plain bottles 

and stored at -20
0
C until required for assessment of 

biochemical parameters. 

 

Determination of Plasma Calcium ion (Ca
2+

) 

concentration 

Determination of calcium ions in plasma was carried out 

by colorimetric technique [28]. Three clean test tubes 

were labelled as reagent blank, standard and sample 

tubes. To the reagent blank tube 25µl of distilled water 

was added. This was followed by the addition of 1ml of 

the working reagent. To the standard tube, 25µl of 

standard solution and 1ml of the working reagent was 

added. To the sample tube, 25µl of the sample was added 

and mixed with 1ml of the working reagent. The 

solutions in each of the test tubes were mixed and the 

absorbance of the sample (Asample) and standard (Astandard) 

were read against the reagent blank after 30 minutes at 

570nm. 

 

Determination of Plasma TNF-alpha concentration 

50µl of incubation buffer was added to wells for the 

plasma samples, standard and controls. 100µl of 

standard, controls and plasma samples were added to the 

appropriate wells. The wells were gently shaken and 

incubated for 2 hours at room temperature after covering 

with a plate cover. The solution was thoroughly aspirated 

and washed four times with wash buffer. 100µl of 

streptavidin-HRP solution was added to each well except 

the chromogen blanks. 100μl stabilized chromogen was 

added to each well. The substrate solution turned blue. 

The resulting solution was incubated for 30 minutes in a 

dark place at room temperature. 100μl of stop solution 

was added to the wells and mixed gently. The solution 

turned from blue to yellow. The absorbance was read at 

450nm [29]. 

 

Statistical Analysis 

The results of the various biochemical analyses are 

expressed as Mean ± standard deviation. One-Way 

Analysis of variance (ANOVA) was used to test for 

variability using SPSS 20. This was also followed by 

Duncan Multiple Range Test. The results for the MRNA 

expression were analyzed using GraphPad Prism 5.01. 

 

Results 

Table 3 shows the systolic and diastolic blood pressures 

(mmHg) of the experimental rats after induction with 

cyclosporin and concurrent feeding with A. sativum-

based diets for 7 days. Systolic blood pressure was found 

to be significantly increased (p ˂ 0.05) in untreated 

prehypertensive rats (Group 2) compared to other 

experimental groups. No significant difference (p ˂ 0.05) 

was observed between the systolic blood pressures of the 

normotensive rats fed basal diet (Group 1), 

prehypertensive rats fed 10% and 20% A.sativum based 

diets (Groups 3 and 4), normotensive rats fed 20% 

A.sativum based diets (Group 6) and prehypertensive rats 

treated with 10mg/kg captopril. However, an 

insignificant increase (p ˂ 0.05) in systolic blood 

pressure was observed in the normotensive rats fed 10% 

A. sativum based diet (Group 5). On the other hand, 

diastolic blood pressure was found to be significantly 

increased (p ˂ 0.05) in the untreated prehypertensive rats 

(Group 2) compared to the other experimental groups. 
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Table 3: Final systolic and diastolic blood pressures (SBP and DBP) of experimental rats after administration of 

25mg/kg/day cyclosporin and concurrent feeding with Allium sativum-based diets 

 

GROUP  Systolic B.P (mmHg)  Diastolic B.P (mmHg) 

1   101.00 ± 18.57
ab

   62.00 ± 21.97
a
 

2   131.50 ± 13.67
c
   108.75 ± 9.22

b
 

3   82.50 ± 7.33
a
   62.75 ± 6.13

a
 

4   80.75 ± 14.97
a
   60.75 ± 13.72

a
 

5   109.25 ± 21.73
bc

   82.00 ± 26.23
a
 

6   85.5 ± 1.91
ab

   66.25 ± 3.50
a
 

7   94.50 ± 20.73
ab

   73.00 ± 20.59
a
 

 

Results are expressed as Mean ± Standard deviation of four (n=4) determinations for each group using Analysis of Variance 

(ANOVA) followed by Duncan’s (multiple range tests) Post Hoc test; values in the same row for each parameter with 

superscript different from control are significantly different at p ˂0.05. 

 

Group 1: Normotensive group; fed basal diet (without Allium sativum powder) 

Group 2: Untreated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet (without 

Allium sativum powder). 

Group 3: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet containing 

10% Allium sativum powder. 

Group 4: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet containing 

20% Allium sativum powder. 

Group 5: Normotensive group; fed basal diet containing 10% Allium sativum powder. 

Group 6: Normotensive group; fed basal diet containing 20% Allium sativum powder. 

Group 7: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet (without 

Allium sativum powder) + Captopril (10mg/kg/day) 

 

Figure 1 shows the results of the effect of A.sativum based diets on mRNA expression of Intracellular Adhesion molecule-1 

(ICAM-1) in the heart of cyclosporin-induced prehypertensive rats. The expression of ICAM-1 was significantly increased 

(p ˂ 0.05) in untreated prehypertensive rats (Group 2) compared with other groups. ICAM-1 expression was observed to be 

lower (significant at p ˂ 0.05) in prehypertensive rats fed 10% and 20% A.sativum based diets (Groups 3 and 4), 

normotensive rats fed 10% and 20% A.sativum based diets (Groups 5 and 6) and prehypertensive rats treated with 10mg/kg 

captopril when compared with normotensive rats fed basal diet (Group 1) and untreated prehypertensive rats (Group 2). 
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Figure 1: Effect of Allium sativum-based diets on mRNA expression of intracellular adhesion molecule-1 (ICAM-1) in the 

heart of cyclosporin-induced prehypertensive animals 

Group 1: Normotensive group; fed basal diet (without Allium sativum powder) 

Group 2: Untreated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet (without 

Allium sativum powder). 

Group 3: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet containing 

10% Allium sativum powder. 

Group 4: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet containing 

20% Allium sativum powder. 

Group 5: Normotensive group; fed basal diet containing 10% Allium sativum powder. 

Group 6: Normotensive group; fed basal diet containing 20% Allium sativum powder. 

Group 7: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet (without 

Allium sativum powder) + Captopril (10mg/kg/day) 

 

Figure 2 shows the results of the effect of A.sativum based diets on mRNA expression of Calmodulin (CaM) in the aorta of 

cyclosporin-induced prehypertensive rats. Calmodulin gene was observed to show the highest expression (significant at p ˂ 

0.05) in untreated prehypertensive rats (Group 2) when compared with normotensive rats fed basal diet (Group 1) and the 

other experimental groups. Normotensive rats fed 10% and 20% A.sativum based diets (Groups 5 and 6), and 

prehypertensive rats treated with 10mg/kg captopril (Group 7) also showed low CaM expression compared to the other 

experimental groups (significant at p ˂ 0.05). 
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Figure 2: Effect of Allium sativum-based diets on mRNA expression of Calmodulin in the aorta of cyclosporin-induced 

prehypertensive animals 

Group 1: Normotensive group; fed basal diet (without Allium sativum powder) 

Group 2: Untreated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet (without 

Allium sativum powder). 

Group 3: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet containing 

10% Allium sativum powder. 

Group 4: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet containing 

20% Allium sativum powder. 

Group 5: Normotensive group; fed basal diet containing 10% Allium sativum powder. 

Group 6: Normotensive group; fed basal diet containing 20% Allium sativum powder. 

Group 7: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet (without 

Allium sativum powder) + Captopril (10mg/kg/day) 

 

Figure 3 shows the results of the effect of A.sativum based diets on mRNA expression of Inositol trisphosphate receptor 

(IP3R) in the aorta of cyclosporin-induced prehypertensive rats. IP3R expression was observed to be significantly 

upregulated (p ˂ 0.05) in the untreated prehypertensive rats (Group 2) compared with the normotensive rats fed basal diet 

(Group 1) and other experimental groups. On the other hand, prehypertensive rats fed 20% A.sativum based diet (Group 4), 

and normotensive rats fed 10% and 20% A.sativum based diets (Groups 5 and 6) were also observed to show IP3R 

expression lower (significant at p ˂ 0.05) than that of the normotensive rats fed basal diet (Group 1). Expression of IP3R in 

prehypertensive rats fed 10% A.sativum based diet (Group 3) is seen to be comparable to the level observed for 

normotensive rats fed basal diet (Group 1). 
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Figure 3: Effect of Allium sativum-based diets on mRNA expression of inositol trisphosphate receptor-1 in the aorta of 

cyclosporin-induced prehypertensive animals 

Group 1: Normotensive group; fed basal diet (without Allium sativum powder) 

Group 2: Untreated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet (without 

Allium sativum powder). 

Group 3: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet containing 

10% Allium sativum powder. 

Group 4: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet containing 

20% Allium sativum powder. 

Group 5: Normotensive group; fed basal diet containing 10% Allium sativum powder. 

Group 6: Normotensive group; fed basal diet containing 20% Allium sativum powder. 

Group 7: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet (without 

Allium sativum powder) + Captopril (10mg/kg/day) 

 

Table 4 shows the effect of A. sativum based diets on Calcium ion (Ca
2+

) and TNF-alpha levels in the plasma of 

cyclosporin-induced prehypertensive rats. Plasma TNF-alpha and Ca
2+

 levels were observed to be significantly increased (p 

˂ 0.05) in untreated prehypertensive rats (Group 2) compared with the normotensive rats fed basal diet (Group 1) and other 

experimental groups. The results also show that there is no significant difference (p ˂ 0.05) between plasma TNF-alpha, 

Ca
2+

 levels in normotensive rats fed basal diet (Group 1), prehypertensive rats fed 10% and 20% A. sativum based diets 

(Groups 3 and 4) and prehypertensive rats treated with 10mg/kg captopril. Although, it was observed that TNF-alpha, Ca
2+

 

levels were significantly reduced (p ˂ 0.05) in prehypertensive rats fed 10% and 20% A. sativum based diets (Groups 3 and 

4) when compared with untreated prehypertensive rats (Group 2). 
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Table 4: Effect of Allium sativum-based diets on TNF-alpha and Ca2+ levels in plasma of cyclosporin-induced 

prehypertensive rats 

 

GROUP  TNF-alpha (pg/ml)  Ca
2+ 

(mg/dl) 

1   66.35 ± 14.10
ab 

  7.91 ± 1.07
ab 

 

2   109.32 ± 66.94
b
   9.95 ± 0.80

b
 

3   54.63 ± 23.83
a
   7.56 ± 0.71

a
 

4   38.07 ± 5.51
a
   7.38 ± 0.51

a
 

5   78.38 ± 17.13
ab

   9.19 ± 1.99
ab

 

6   77.44 ± 25.58
ab

   8.83 ± 1.00
ab

 

7   57.54 ± 9.69
a
   7.13 ± 1.04

a
 

 

Results are expressed as Mean ± Standard deviation of four determinations(n=4) for each group using Analysis of Variance 

(ANOVA) followed by Duncan’s (multiple range tests) Post Hoc test; values in the same row for each parameter with 

superscript different from control are significantly different at p ˂0.05. 

 

Group 1: Normotensive group; fed basal diet (without Allium sativum powder) 

Group 2: Untreated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet (without 

Allium sativum powder). 

Group 3: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet containing 

10% Allium sativum powder. 

Group 4: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet containing 

20% Allium sativum powder. 

Group 5: Normotensive group; fed basal diet containing 10% Allium sativum powder. 

Group 6: Normotensive group; fed basal diet containing 20% Allium sativum powder. 

Group 7: Treated prehypertensive group; administered cyclosporin (25mg/kg/day) intraperitoneally + basal diet (without 

Allium sativum powder) + Captopril (10mg/kg/day) 

 

Discussion 

Short-term daily administration of 25mg/kg cyclosporin 

(for 7 days) caused a significant increase in systolic and 

diastolic blood pressure readings (p ˂ 0.05) as observed 

in the untreated prehypertensive rats. This was also 

accompanied by significantly increased (p ˂ 0.05) mRNA 

expressions of ICAM-1, CaM and IP3R. These 

observations show the prehypertension also upregulates 

ICAM-1, CaM AND IP3R. This is similar to the effect of 

hypertension on the mRNA expression of ICAM-1, CaM, 

and IP3R [21,22]. Similarly, plasma levels of TNF-alpha 

and Ca
2+

 were also significantly increased (p ˂ 0.05) in 

untreated prehypertensive rats (p ˂ 0.05). Thus, these 

results confirm prehypertensive effect on the listed genes 

as induced by cyclosporin in the experimental rats 

[30,31]. 

 

Intracellular adhesion molecule-1 (ICAM-1), a cell-cell 

adhesion molecule has been linked with inflammation in 

hypertensive subjects [20]. ICAM-1 is a proinflammatory 

protein encoded by ICAM1 gene and its concentration 
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increases with cytokine stimulation. Previous research 

has shown that inflammation plays a subtle role in the 

pathogenesis of hypertension [19]. It was also 

hypothesized that inflammation in hypertension may be 

due to the activity of the RAS with certain interleukins (1 

or 6) standing as mediators [20,32]. From this study, it 

was observed that untreated prehypertensive rats (Group 

2) showed a markedly significant upregulation (p ˂ 0.05) 

of ICAM-1 mRNA expression compared with the other 

groups. This shows that inflammation may have set in 

due to the untreated prehypertensive condition. This was 

also supported by the significant increase (p ˂ 0.05) in 

plasma TNF-alpha level observed in the untreated 

prehypertensive rats. However, prehypertensive rats fed 

10% and 20% A. sativum diets (Groups 3 and 4) and 

normotensive rats fed 10% and 20% A. sativum diets 

(Groups 5 and 6) showed a downregulation of the ICAM-

1 gene expression and plasma TNF-alpha levels which 

was lower than that observed for normotensive rats fed 

basal diet (Group 1). It has been previously reported that 

A. sativum possesses anti-inflammatory activity [33] 

which forms parts of the reasons for its medicinal uses. 

Thus, it could be said that one of the ways A. sativum can 

exhibit its anti-inflammatory ability is by influencing the 

production of ICAM-1. This downregulation of ICAM-1 

expression may be by direct inhibition of TNF-alpha 

which is also linked with major proinflammatory 

pathways which can stimulate the production of ICAM-1. 

A. sativum may also exhibit its anti-inflammatory effect 

by preventing ICAM-1 ligation i.e. binding of ICAM-1 

with other cellular molecules to produce proinflammatory 

effects [32]. Therefore, this establishes a relationship 

between the anti-inflammatory properties of A. sativum 

and its ability to modulate production of ICAM-1 via 

inhibition of TNF-alpha. 

 

Signal transduction is an important process through 

which cellular response to internal or external stimuli can 

be generated. Signaling pathways are well coordinated 

and they function synergistically to achieve one or more 

biological functions including cell metabolism, 

controlling cell growth as well as other processes [34,35]. 

Signal transduction is mediated via signaling molecules 

like second messengers and other metabolites, and their 

genetic expression is linked with the activation of genes 

i.e. genetic expression of signaling molecules is linked 

with gene activations [12]. In this work, mRNA 

expression of calmodulin (CaM) and inositol-1, 4, 5-

trisphosphate receptor (IP3R) genes was assessed in the 

aorta of prehypertensive rats vis-a-vis feeding with A. 

sativum based diets. CaM, calcium-modulated protein, is 

a signaling molecule found across many signaling 

pathways in eukaryotic cells. It serves as a molecular 

target for Ca
2+

 ions. When CaM is activated, it has the 

ability to interact with various proteins such as the 

kinases or phosphatases which give rise to various 

cellular responses [36]. There is evidence that CaM 

activity becomes abnormal in hypertensive rats as a result 

of calcium abnormalities implicated in the pathogenesis 

of hypertension [37]. Thus, increased calmodulin levels 

may be associated with hypertension since it has been 

already reported to play an indirect role in blood pressure 

regulation usually through smooth muscle contraction. In 

this study, mRNA expression of CaM in the heart was 

significantly upregulated (p ˂ 0.05) in untreated 

prehypertensive rats (Group 2). Increased levels of CaM 

cause smooth muscle contraction in blood vessels which 

ultimately leads to rise in blood pressure. CaM activity is 

stimulated by the presence of Ca
2+

 ions which are 

required for its activation as seen in the untreated 

prehypertensive rats which showed a significant increase 

(p ˂ 0.05) in plasma Ca
2+

 levels. Interestingly, it was seen 

that mRNA expression of CaM was downregulated in 

prehypertensive rats fed 10% and 20% A. sativum based 

diets (Groups 3 and 4). A more pronounced 

downregulation of CaM gene expression was also 

observed in normotensive rats fed 10% and 20% A. 

sativum diets (Groups 5 and 6). These observed effects 

may be traced with decreased plasma Ca
2+

 levels 

observed in the prehypertensive rats fed Allium sativum-
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based diets. This could be attributed to possible inhibition 

of the formation of calcium/calmodulin dependent 

protein kinase II (CaMKII) which contributes to blood 

pressure in relation with angiotensin II by controlling 

structural gene expression [38]. This could also be 

through the activation of cytoplasmic polyadenylation 

element binding protein (CPEB) which plays a role in 

angiotensin II mRNA translation. Once again, we see that 

the significant decrease in systolic and diastolic blood 

pressure observed in prehypertensive rats fed A. sativum 

diets can be linked with downregulation of CaM mRNA 

expression since CaM is a key player which participates 

in the translation of angiotensin II which has 

vasoconstrictive properties. 

 

Also linked to CaM signaling is the IP3-DAG signaling 

pathway which controls the influx of intracellular Ca
2+

 

ions leading to the activation of specific protein kinases 

(for example protein kinase C) yielding specific 

biological response. In the IP3 signaling pathway, IP3 

(inositol-1,4,5-trisphosphate) is one of the key players. It 

is produced and activated by the action of the hydrolytic 

enzyme phospholipase C on phosphatidylinositol-4,5,-

bisphosphate. IP3 binds to IP3 receptors (IP3R) on the 

membrane of the endoplasmic reticulum. The IP3R gene 

encodes for the production of IP3 receptors on the surface 

of the endoplasmic reticulum [39]. This results in an 

influx in intracellular Ca
2+

. The results from this present 

study shows significant upregulation (p ˂ 0.05) in the 

mRNA expression of IP3R in untreated prehypertensive 

rats (Group 2) when compared with the other groups. 

This implies an increased in the activity of phospholipase 

C which is responsible for the production of IP3. Thus, 

IP3 can bind to IP3 receptors to open calcium channels. 

Ca
2+

 ions can then bind calmodulin to activate CAMKII 

and subsequently CPEB to stimulate translation of 

angiotensin II to ultimately cause an increase in blood 

pressure as also seen in this study. Feeding 

prehypertensive rats with 10% and 20% A. sativum diets 

was able to cause a considerable downregulation (p ˂ 

0.05) of the mRNA expression of IP3R. This was also 

observed in normotensive rats fed 10% and 20% A. 

sativum diets. This downregulation of IP3R expression 

would cause a decline in the influx of Ca
2+

 ions which 

can further activate calmodulin and subsequently lead to 

the production of angiotensin II to cause 

vasoconstriction. This feature was observed in the 

prehypertensive rats fed A. sativum based diets. This 

further consolidates the reduced systolic and diastolic 

blood pressure values observed in the prehypertensive 

rats fed A. sativum diets. From these results and 

observations, it could be depicted that A. sativum plays a 

multi-dimensional role in exerting its hypotensive effect. 

This cuts across inducing a decline in IP3 and calmodulin 

activities. Thus, A. sativum may be able to modulate the 

activities or functions of key players like calmodulin, IP3 

and TNF-alpha at the gene level. 

 

In conclusion, the findings from this study forwards 

molecular evidence which suggest that CaM, IP3R, and 

ICAM-1 are also upregulated in prehypertension, but are 

modulated by short term dietary intervention with garlic. 

However, further studies should be carried out to 

determine the possible effects of prehypertension. 

Attention should also be directed towards taking 

preventive measures so as to prevent progression to 

chronic hypertension. 
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