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Abstract 
Hypertension is a serious problem that is recently thought to be associated with damaging effects 
on target organs partially via oxidative stress. On the other hand, there is accumulating literature 
describing some sort of therapeutic interaction between antioxidant enzymes in vital organs and 
hypertension. Therefore, the aim of this study is to investigate the possible effect of a direct renin 
inhibitor, aliskiren, used in treatment of hypertension via renin-angiotensin-aldosterone system 
(RAAS), on selected anti-oxidant enzymes in hepatic homogenates in DOCA salt-induced hypertes-
nive albino rats. Thirty male wister albino rats were assigned randomly into 3 groups (n = 10/ 
group). Group 1 received no treatement and serves as control. Group 2 received 0.5% carbox-
ymethylcellulose sodium ip as a solvent of aliskiren, as a direct renin inhibitor (DRI). Group 3 re-
ceived aliskiren 100 mg/kg/day ip for 4 weeks through gastric tube. Systolic blood pressure (SBP) 
was measured every week and its mean was recorded at the end of the study. Superoxide dismu-
tase (SOD) enzyme in RBCs lysates, activities of catalase (CAT) and glutathione peroxidase en-
zymes and thiobarbituric acid reactive substance (TBARS), as a marker of lipid peroxidation, in 
hepatic homogenates were measured at the end of the study. DRI produced a marked reduction in 
mean SBP of hypertensive rats. It also significantly (p < 0.05) increased the activities of measured 
anti-oxidant enzymes while it significantly (p < 0.05) reduced TBARS in liver homogenates. These 
results indicated that renin possesses an oxidative effect in the liver in hypertensive rats. Aliski-
ren, in addition to its powerful anti-hypertensive effect, it could induce a great anti-oxidant effect 
in liver homogenates of DOCA salt-hypertensive rats. 
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1. Introduction 
The renin angiotensin aldosterone system (RAAS) plays an important role in the regulation of blood pressure 
and body fluid volume. It stimulates the synthesis of angiotensin II (Ang II) via two main steps: production of 
angiotensin I from angiotensinogen via cleavage by renin enzyme to convert it to Ang II by angiotensin-con- 
verting enzyme (ACE). RAAS has an important role in the development of many pathological states. This role 
could be related to the increase in blood pressure and aldosterone levels by Ang II and also to its remodeling ef-
fects on cardiac, vascular and renal tissue that finally lead to end-organ damage [1]. 

It was suggested that there is a strong relationship between reactive oxygen species (ROS) and oxidant stress 
in the pathogenesis of hypertension. High salt diet and angiotensin II, as hypertensive stimuli, enhance the syn-
thesis of ROS in vital organs as brain, kidney, heart and endothelium of blood vessels. Angiotensin II increases 
sympathetic outflow while sympathetic nerve terminals in lymph nodes activate T cells and attract them to these 
organs. T cells stimulate the release of cytokines that lead to vasoconstriction and sodium retention contributing 
to the development of hypertension [2]. 

Many experimental studies were designed to demonstrate the role of ROS, mainly of superoxide anion, in the 
pathogenesis of hypertension. They found a marked alteration in the cellular signal transduction systems ac-
companied by an increase in the production of inositol triphosphate and a reduction in the production of cyclic 
GMP in cultured vascular smooth muscle cells (SMC), thus enhancing the occurrence of vasoconstriction and 
hypertension. Those effects were very apparent in spontaneously hypertensive rats (SHR) that possess a greater 
sensitivity of the vascular tissue to the oxidative stress. They also reported an increase in the synthesis of supe-
roxide anion in the aorta of hypertensive rats either SHR or DOCA-salt models during the induction of hyper-
tension. The studies concluded a great chronic treatment with drugs that are characterized by a strong antioxida-
tive therapeutic effect such as alpha lipoic acid or aspirin. These findings also support the major effect of vascu-
lar superoxide anion on the pathogenesis of hypertension in such models. It seems that oxidative stress may have 
a major pathogenic role in the development of hypertension and that the treatment with appropriate antioxidative 
drugs could provide a protection against the development of hypertension and its complications in experimental 
models of hypertension [3]. 

Aliskiren, as a DRI, is the first orally active renin inhibitor approved for treatment of essential hypertension 
[4]. There are as yet no enough experimental or clinical data regarding the ability of aliskiren to prevent or de-
crease the damaging effect of oxidative stress in case of hypertension on vital organs like liver, kidney and heart 
[5]. 

The aim of this study was to determine if aliskiren possesses a possible protective anti-oxidant effect on he-
patic homogenates, in addition to its anti-hypertensive effect, in a DOCA-salt induced hypertensive model in 
rats. 

2. Material and Methods 
2.1. Materials 
Aliskiren (Novartis Pharma. Co.), superoxide dismutase enzyme [RANSOD, by Randox Laboratories]. Deox-
ycorticosterone acetate (DOCA) (Sigma Chemicals Co. available as powder suspended in corn oil). All other 
chemicals were obtained from Sigma Chemical Co. Aliskiren’s powder was dissolved in 0.5% carboxymethyl-
cellulose sodium. The solution of the tested drug was freshly prepared throughout the experimental study. 

N.B. a pilot study was done to test the solvent (0.5% carboxymethylcellulose sodium) on tested rats to ex-
clude its possible effects on the tested parameters of the present study. 

2.1.1. Animal Protocols 
Thirty wister albino rats weighing 200 - 250 gm, each were randomized into 3 groups [N = 10, in each group]. 

DOCA-Salt induced Hypertension [6] Twenty wister albino rats [group 2 & 3] were treated twice weekly with 
DOCA and administered subcutaneously (15 mg/kg), and 1% NaCl was added to their tap water for drinking. 
Two weeks after the start of DOCA-salt treatment, these rats were randomly divided into 2 groups (each group, n 
= 10). 

Animal grouping: [duration of the study = 4 weeks]. 
Group 1 (control non-treated) received no treatment with ip injection of 0.5% carboxymethylcellulose sodium 
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as a solvent of aliskiren. 
Group 2 were hypertensive with ip injection of 0.5% carboxymethylcellulose sodium as a solvent of aliskiren. 

[Rats were already rendered hypertensive as mentioned above]. 
Group 3 were hypertensive + aliskiren administration ip 30 mg/day for 4 weeks [Rats were already rendered 

hypertensive as mentioned above]. 
Dose of aliskiren was used according to Rashikh et al. [7]. 
At the end of the study, each rat was anesthetized with urethane [1 g/kg], dissected and the livers were re-

moved for anti-oxidant enzymes and TBARS measurement of their homogenates. Additionally, blood samples 
were collected from tails of all tested rats of all groups for measurement of SOD levels in erythrocyte lysates 
using commercially available colorimetric assay kit as described above in material section. We used kits not 
Western blot or qPCR due to economic reasons for our laboratory. The kits are lesser in cost than these proce-
dures. N.B. We match the results of some samples with that of qPCR, they showed the same levels but this step 
was done for reassurance and we can not continue as kits are available with lesser cost as I mentioned before. 

2.1.2. Ethics 
All procedures were in accordance with the National Institute of Health’s Guide for the Care and Use of Labor-
atory Animals, as well as the guidelines of the Animal Welfare Act. 

2.2. Measurements 
2.2.1. Assessment of Systolic Blood Pressure (SBP) Changes: [8] 
SBP was measured by a tail-cuff sphygmomanometer (UR-5000, Ueda Co., Ltd., Japan). SBP measurements 
were conducted before starting treatment with aliskiren then at the end of the study. Measurements were made at 
2:00 to 5:00 p.m. (5 to 6 h after treatment administration) to minimize circadian influences. For each animal an 
average of at least three consecutive measurements was taken to reduce variability. 

2.2.2. Determination of SOD Enzyme Level in Erythrocyte Lysates [9] 
At the end of the 4th week of the study, blood samples were collected from tested rats of all groups for mea-
surement of SOD levels in erythrocyte lysates, using commercially-available colorimetric assay kits, based on 
an indirect xanthine-xanthine oxidase method as described by and results were expressed in IU/mL. 

2.2.3. Determination of Catalase Enzyme Activity 
Catalase (CAT) activity in the liver homogenates was assayed colorimetrically as described by Sinha [10] using 
dichromate-acetic acid reagent (5% potassium dichromate and glacial acetic acid were mixed in 1:3 ratio). The 
intensity was measured at 620 nm and the amount of hydrogen peroxide hydrolyzed was calculated for the cata-
lase activity. 

2.2.4. Determination of Glutathione Peroxidase (GPx) Enzyme Activity 
Glutathione peroxidase (GPx) activity in the liver homogenates was measured by the method described by Ro-
truck et al. [11]. Glutathione peroxidase (GPx) was assayed in the liver sample homogenized in 8 volumes of 
cold buffer (50 mM Tris-HCl, pH 7.5, containing 5 mM EDTA and 1 mM 2-mercaptoethanol), next centrifuged 
8500 × g for 10 minutes at 40C. GPx activity was determined in supernatant using BIOXYTECH GPx-340TM 
Assay kit produced by OXIS International, Inc., USA. The GPx assay was based on the oxidation of NADPH to 
NADP+, which is accompanied by a decrease in absorbance at 340 nm. The rate of this decrease is directly pro-
portional to the GPx activity in the sample. 

2.2.5. Hepatic Lipid Peroxidation Assay as Thiobarbituric Acid-Reactive Substance (TBARS) 
Hepatic lipid peroxidation was quantified by measuring thiobarbituric acid-reactive substance (TBARS) ac-
cording to Fraga et al. [12]. Liver tissue of each rabbit was homogenized in 9 volumes of 50 mmol/L Tris-HCl 
buffer (pH 7.4) containing 180 mmol/L KC1, 10 mmol/L EDTA, and 0.02% butylated hydroxytoluene. To 0.2 
ml of the tissue homogenate, 0.2 ml of 8.1% sodium dodecyl sulfate, 1.5 ml of 20% acetic acid, 1.5 mL of 0.9% 
thiobarbituric acid, and 0.6 ml of distilled water were added and vortexed. The reaction mixture was placed in a 
water bath at 95˚C for 1 hour. After cooling on ice, 1.0 ml of distilled water and 5.0 mL of butanol/pyridine 
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mixture (15:1, v/v) were added and vortexed. After centrifugation at 10,000 × g for 10 minutes, absorbance of 
the resulting precipitate was determined at 532 nm. The TBARS concentration was calculated using 1,1,5,5-te- 
traethoxypropane as standard. 

2.2.6. Protein Determination 
The protein content of liver homogenates was determined by spectrophotometer according to the method of 
Bradford [13]. The aim is to relate TBARS concentrations as nmol/mg tissue protein, CAT and GPx enzyme ac-
tivities as unit/mg tissue protein. 

2.3. Statistical Analysis 
Results are expressed as mean ± SD [Standard Deviation]. Statistical analysis was performed by analysis of va-
riance followed by Tukey’s post hoc using GraphPad Prism version 3.00 for Windows 97 (Graph Pad Software, 
San Diego, CA, USA). Differences with p < 0.05 were considered to be statistically significant. 

3. Results 
3.1. Effect of 4 Weeks Administration of Aliskiren on SBP of Tested Rats 
Figure 1: SBP was significantly (P < 0.05) lowered by aliskiren (group 3) compared to non-treated DOCA-salt hy- 
pertensive rats (group 2). Results were comparable to that reported with normal control rats (group 1) (Figure 1). 

The mean ± SD of SBP for each group remained constant all over the 8 hours period of measurement of SBP. 
Figure 2: Measurement of SOD enzyme levels (IU/mL) in erythrocyte lysates of all tested rats. 
Table 1: Changes in the activity of liver catalase (CAT) and glutathione peroxidase (GPx) anti-oxidant en-

zymes. 
Figure 3: Effect of 4 weeks administration of aliskiren on thiobarbituric acid-reactive substance (TBARS) in 

nmol/mg tissue protein of the liver tissue homogenates of the tested rats. 

3.2. Recaptulation of the Results of the Present Study 
Intraperitoneal [ip] daily dose administration of aliskiren for 4 weeks, as a DRI acting on RAAS which is an  

 

 
Figure 1. Effect of aliskiren on systolic blood pressure (SBP) in DOCA- 
salt hypertensive rats. *significant (p < 0.05) increase in SBP in tested 
rats without aliskiren [group 2] compared to group 1. **significant (p < 
0.05) decrease in SBP in aliskiren-treated group (3) compared to group 2. 
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Figure 2. Effect of 4 weeks administration of aliskiren on levels of 
superoxide dismutase [SOD] enzyme in IU/mL in erythrocyte ly-
sates of the tested rats. Results are expressed as mean ± SD (n = 10 
rats/group). *p < 0.05 = significant decrease in SOD enzyme levels 
in group 2 compared to the control group 1. **p < 0.05 = significant 
increase in SOD enzyme levels in aliskiren-treated group 3 com-
pared to the non-treated hypertensive rats group 2. 

 
Table 1. Shows changes in the activities of anti-oxidant enzymes CAT, GPx enzymes in liver of tested rats. There is a sig-
nificant (p < 0.05) reduction in their activities in non-treated hypertensive group 2 compared to control group 1. However, 
aliskiren-treated group shows significant (p < 0.05) increase in their activities. 

Group Catalase unita/mg tissue proteina Glutathione peroxidase unitb/mg tissue protein 

Control (group 1) 54.30 ± 3.42 12.5 ± 1.2 

Non-treated hypertensive (group 2) 3.66 ± 0.56* 1.22 ± 0.03* 

Aliskiren-treated hypertensive (group 3) 87.66 ± 2.54** 14.5 ± 2.43** 

Notes: a = Moles of hydrogen peroxide consumed per minute; b = μg of glutathione; consumed per minute. *p < 0.05, significant reduction in activity 
of both enzymes versus group 1. **p < 0.05, significant increase in activity of both enzymes versus group 2. 
 
important system in regulating blood pressure results in: a significant (p < 0.05) reduction of SBP, an increase in 
levels of SOD enzyme in erythrocyte lysates, augmentation in the activity of CAT and GPx anti-oxidant en-
zymes and a reduction in TBARS, as a marker of lipid peroxidation, in liver homogenates of hypertensive rats. 

4. Discussion 
The present study was conducted to determine a possible antioxidant effect of aliskiren, as a DRI, on liver ho-
mogenates in DOCA-salt induced hypertensive rats. The results revealed that ip daily dose for 4 weeks of the 
tested drug significantly reduced SBP, increased levels of SOD enzyme in erythrocyte lysates, augmented the 
activity of CAT and GPx anti-oxidant enzymes and reduced TBARS, as a marker of lipid peroxidation, in liver 
homogenates of hypertensive rats. 

These results are in agree with that found by Rashikh [7] whose study was planned to test the possible protec-
tive effects of aliskiren in 100 mg/kg/day for 42 days in a model of cardiomyopathy in rats. Their results re-
vealed that the drug significantly preserved the antioxidant defense and increased some anti-oxidant markers 
like glutathione (GSH) and superoxide dismutase (SOD). Furthermore, they performed electron microscopic 
studies that showed prevention of apoptosis in myocardium in cardiomyopathic rats by this drug treatment. They 
concluded that aliskiren protected rats from cardiomyopathy that was induced by oxidative damaging effect of  
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Figure 3. Effect of 4 weeks administration of aliskiren on thiobar-
bituric acid-reactive substance (TBARS) in nmol/mg tissue protein 
of the liver tissue homogenates of the Tested rats. Results are ex-
pressed as mean ± SD (n = 10 rats/group). A significant (*p < 0.05) 
increase in TBARS levels in comparison to the control group 1. A 
significant (**p < 0.05) decrease in TBARS levels in aliskiren- 
treated group 3 compared to the non-treated hypertensive rats group 
2. 

 
doxorubicin (DXR). 

Aliskiren also possesses a strong organoprotective ability beyond its antihypertensive properties. This fact 
was proved by a study that investigated its strong nephroprotective effects in a model of progressive renal fibro-
sis [14]. 

In a rat’s model of non-alcoholic steatohepatitis (NASH), aliskiren induced a marked reduction of hepatic fi-
brosis by inhibition of oxidative damaging effects of many mediators e.g. ANG II. The authors concluded that 
DRI could be used in clinical practice safely in the future against the progression of NASH [15]. 

Hypertension and oxidative stress: 
It is well known that any enhancement of oxidative stress would result in a marked increase in the develop-

ment of cardiovascular diseases and their complications like hypertension and hypertensive emergencies [16] 
[17]. Lipid peroxidation was measured in a clinical study [18] as an important marker to evaluate lipid status. 
This study reported a significant increase in malondialdhyde (MDA), as an end product of polyunsaturated 
fatty acid oxygenation. This result provides an indirect evidence of an increase in the level of oxygen free 
radicals. A similar finding was reported by other study [19]. Hypertension is always associated with hyper-
cholesterolemia and an apparent increase in the levels of reactive oxygen species (ROS) [20]. Plasma levels 
of tumor necrosis factor-α (TNF-α) and ROS is elevated during synthesis of inflammatory mediators that me-
diate all damaging effects of oxidative stress [21]. However, it was found that aliskiren has an increasing effect 
on GSH in hypercholesterolemic rabbit with a significant improvement in oxidation status in hypercholestero-
limic rabbit [22]. 

5. Conclusion 
In conclusion, the result of this study revealed that aliskiren significantly increased activities of some anti-oxi- 
dant enzymes with a marked reduction of TBARS, as a marker of lipid peroxidation. These findings would point 
to the hepatoprotective effect of aliskiren by its anti-oxidant effect, in addition to its powerful anti-hypertensive 
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effect, in DOCA salt-induced hypertensive rats. 
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