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In this study, we investigated the protective effects of olive cake (OC) from heart and kidney damage in dexamethasone-
induced hypertensive (HT) rats. HT rats were divided into two groups fed standard diet supplemented (HT-OC) or not
(HT) with OC at 7.5% for 28 days. A control group (C) was submitted to standard diet for the same experimental period.
The results showed that serum levels of lactate dehydrogenase (LDH), creatine kinase (CK), aspartate aminotransferase
(AST), urea creatinine and uric acid were significantly increased in the HT group compared with the C group. The HT
group was associated with increased levels of thiobarbituric acid reactive substances, lipid hydroperoxides and protein
carbonyl, while reducing glutathione concentration and glutathione peroxidase, superoxide dismutase and catalase
activities in heart and kidney. OC treatment reduced systolic blood pressure, creatinine, urea, uric acid, LDH, CK and
AST and increased nitric oxide in serum than the HT group. OC reduced oxidative stress biomarkers and increased
antioxidants enzyme activities in heart and kidney than the HT group.In the HT group compared with C,
histopathological examination of renal tissues revealed glomerular necrosis, renal tubular distortion, and increased
Bowman's space, and that of the heart showed cardiac cells nuclear peripheralization, pyknosis, and congestion of
myocardial blood vessels. However, OC treatment attenuated cardiac and renal damage compared with the HT group.
Conclusions, in dexamethasone-induced hypertensive rats, OC protects against kidney and heart damage by reducing
blood pressure, oxidative stress and improving antioxidant defense. These results could be referred to their flavonoid
and polyphenol content.
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1. INTRODUCTION

In this Hypertension is the leading cause of cardiovascular disease and premature death worldwide. It
is estimated that the disease affects more than 30% of the world's population [1]. Hypertension is defined as a
systolic pressure reading of 140 mmHg or more or a diastolic reading of 90 mmHg or more in persons 18 years
of age and over [2]. Despite a plethora of available treatment options, a significant portion of the hypertensive
population has uncontrolled blood pressure [3]. An adverse consequence of chronic hypertension is multiple
target organ damage such as the brain, eyes, heart, arterial blood vessels, and kidneys [4]. A recent study
reported a 70.41% prevalence of target organ damage in elderly hypertensive patients [5]. Moreover, the
presence of target organ damage increases the risk of mortality and cardiovascular events [6].

The pathogenesis of target organ damage of hypertension is a multifactorial process that involves
various mechanisms such as oxidative stress, inflammation, endothelial dysfunction, and hemodynamics [7,
8]. Previous study indicate that increased bioavailability of oxidative stress is one of the central mechanisms
involved in this pathogenesis [9]. The heart and kidneys are the primary targets of damage caused by
hypertension. The latest reports have shown overproduction of reactive oxygen species (ROS) and impaired
antioxidant enzymes activities in the heart and kidney of hypertensive animal models [10, 11], leading to
overproduction of ROS and reduced bioavailability of nitric oxide (NO), vasodilator [12], which in turn causes
other complications related to hypertension.

Several reports had shown that the chronic administration of drugs to rats induces hypertension.
Dexamethasone (Dex) is a potent synthetic glucocorticoid used in the treatment of a multitude of inflammatory
and immunologic disorders. Dex therapy is associated with a variety of side effects, including hypertension,
endothelial dysfunction, sarcopenia, anxiety, and organ damage [13]. Administration of Dex induces
hypertension in animal models [14], develop renal and cardiac damage [15] and endothelial dysfunction [16].
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Dexamethasone administration can induce hypertension through multiple mechanisms such as increased
oxidative stress, decreased antioxidant activity and nitric oxide (NO) levels [17, 18].

Successful prevention and treatment of hypertension are key in reducing disease burden and promoting
longevity in the world’s population [19]. In recent year, a considerable attention has been focused on natural
products (herbs, diets, dietary supplements, vitamins) with antioxidant properties as a new strategy for the
management of hypertension and target organ damage [16, 20]. Olive cake (OC) is the solid by-product of
virgin olive oil extraction and represents nearly 45 to 80% of the weight of olives [21]. This residue has several
pharmacological effects, including anti-hypercholesterolemic [22], anti-diabetic [23], anti-obesity [24],
antioxidant [25] and anti-inflammatory [26]. OC is a good source of minerals, dietary fiber, proteins [27] and
phenolic compounds including hydroxytyrosol, tyrosol, oleuropein, flavonoids, gallic acid, caffeic acid and
ferulic acid [28]. Most of these compounds have demonstrated antioxidant and protective effects against organ
damage in various experimental models [29, 30]. Indeed, OC contains a substantial amount of residual olive
oil. Dominguez-Vias al. [31] reported that olive oil has a protective effect on systolic blood pressure and kidney
damage.

Although the potential of olive cake to protect against organs damage associated with hypertension has
not yet been explored. Therefore, this study was designed to explore the effects of olive cake on heart and
kidney damage associated with dexamethasone-induced hypertension in rats.

2. RESULTS
2.1. Effect of olive cake on body weights, relative organ weights and systolic blood pressure

The effect of olive cake on body weight changes during the treatment period is shown in Fig. 1A. The
growth rate of the HT group was slower than that of the C group, as indicated by the smaller body weight
increase during the 28-day period. The growth curves of the hypertensive rat group treated with olive cake
showed a higher growth rate than that of the rats in the HT group. Kidney and heart relative weights were
increased in HT group compared to C group, which were counteracted by olive cake treatment (Fig. 1B-C).
Systolic blood pressure was markedly increased in HT group compared with C group (P<0.05), which was
significantly reduced by olive cake treatment (P<0.05) (Fig. 1D).

2.2. Effect of olive cake on kidney and cardiac function markers and on serum NO level

In the HT group, serum creatinine, urea and uric acid levels were increased (70%, 43%, and 71%,
respectively) compared with the C group (P< 0.05). Treatment of hypertensive rats with olive cake significantly
reduced the elevation of these values.

Similarly, serum lactate dehydrogenase and creatine kinase, aspartate aminotransferase activities, were
significantly increased (P< 0.05) in the HT group by about 38% and 82%, respectively compared with the C
group, whereas, these values were decreased by 29%, 40%, and 78% in the HT-OC group compared with the
HT group (P< 0.05) (Table 1).

Serum nitric oxide (NO) level was decreased in the HT group compared to C group (P< 0.05). In
hypertensive rats, OC treatment resulted in an increased of NO values compared to the HT group (P< 0.05).

Table 1. Effect of olive cake on kidney and cardiac function markers and on serum nitric oxide.

Parameters C HT HT-OC
Creatinine (mg/dl) 0.90 £0.02 1.53 £0.16a 1.12 £0.02b
Uric acid (mg/dl) 2.45 £ 0.66 8.30 £ 0.98a 2.67 £0.32b
Urea (mg/dl) 21.33+0.82 30.57 +2.28a 2412 +2.07v
AST (UI/]) 33.17 £ 2.46 54.12 + 2.50a 38.41+4.93b
LDH (U/]) 229.49 +6.30 921.61 + 46.362 404.34 £ 16.592b
CK (U} 96.70 +4.11 547.86 + 9.502 120.27 + 6.432b
NO (uM/1) 419+0.34 1.73+0.282 3.37+£0.12b

C: Control group; HT: untreated hypertensive group; HT-GO: hypertensive rats treated with olive cake (7.5%). Results are expressed as
mean * SD. Data among groups were analyzed by two-way ANOVA followed by post-hoc test. P values: 2<0.05 when compared with
control group; <0.05 when compared with HT group.

AST: Aspartate aminotransferase; CK: Creatine kinase; LDH: Lactate dehydrogenase; NO: Nitric oxide.
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Figure 1. Effect of olive cake on body weights, relative organ weights and systolic blood pressure.

C: Control group; HT: untreated hypertensive group; HT-GO: hypertensive rats treated with olive cake (7.5%). Results are expressed as
mean * SD. Data among groups were analyzed by two-way ANOVA followed by post-hoc test. P values: 2<0.05 when compared with
control group; <0.05 when compared with HT group.

2.3. Effect of olive cake on oxidative stress markers in cardiac and renal tissues

The levels of TBARS, LOOH, and PCO in cardiac and kidney tissues of the different groups are
summarized in Figure 2. Untreated hypertensive rats had significantly higher levels of TBARS, LOOH, and
PCO in the heart and kidney tissues compared with control rats (P<0.05). Treatment of hypertensive rats with
olive cake significantly decreased oxidative stress markers in these tissues compared with untreated
hypertensive rats (P<0.05).

2.4. Effects of olive cake on SOD, CAT, GSH-Px activities and GSH level in heart and kidney

Table 2 shows the SOD, CAT and, GSH-Px activities in the heart and kidney. In the HT group, compared
to the C group, SOD, CAT, and GSH-Px activities were significantly reduced in all tissues (P<0.05). However,
in the HT-OC group, CAT activity was increased in all tissues compared to the HT group (P’<0.05). Similarly,
SOD and GSH-Px activities were increased by 41% and 76%, respectively, in the hearts of rats in the HT-OC
group compared with those in the HT group. In contrast, treatment of hypertensive rats with olive cake had
no effect on renal GSH-Px activity.

In the HT group compared to the C group, the GSH level was significant decreased in all tissues
(P<0.05). Treatment with olive cake increased the concentrations of GSH by +39% and +48% in heart and
kidneys, respectively compared to the HT group.

2.5. Effects of olive cake on kidney and heart histopathology

Figure 3 illustrates the effects of OC on the histology of the kidney and heart stained with hematoxylin
and eosin. The kidney of rats in the C group showed normal renal architecture with their glomeruli, Bowman's
space and renal tubules (Fig. 3a). The HT group showed significant narrowing of the glomerulus with an
increase in Bowman's space. There is also a glomerular necrosis, dilatation of the proximal tubules and
infiltration of inflammatory cells (Fig. 3b). The kidney of the OC-treated rat showed a renal structure with a
tiny glomerular degeneration and less dilated tubules (Fig. 3c).
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The section of cardiac muscle from C group shows striated, parallel muscle fibers giving the appearance
of a sheet. The cardiac myocytes had normal cytoplasm with centrally located oval nuclei (Fig. 3d). The HT
group shows cardiomyocyte disorder with hypertrophied cardiac cells, accompanied by nuclear
peripheralization and pyknosis. In addition, marked congestion and dilation of myocardial blood vessels were
displayed (Fig. 3e). The HT-OC group showed marked improvement in myocardial structural disorder
evidenced by the absence of pycnotic nuclei and blood vessel congestion compared with the HT group (Fig.
3f).
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Figure 2. Effect of olive cake on TBARS, LOOH and PCO levels in heart and kidney tissues

C: Control group; HT: untreated hypertensive group; HT-GO: hypertensive rats treated with olive cake (7.5%). Results are expressed as
mean * SD. Data among groups were analyzed by two-way ANOVA followed by post-hoc test. P values: 2<0.05 when compared with
control group; <0.05 when compared with HT group.

LOOH: Lipid hydroperoxides; PCO: Protein carbonyl; TBARS: Thiobarbituric acid reactive substances.

Table 2. Effect of olive cake on SOD, CAT, GSH-Px activities and GSH level in tissues.

Parameters C HT HT-OC
Heart

SOD (U/mg prot) 19.35+3.02 8.62 + 0.46a 14.59 + 0.74ab
CAT (uM/min/g prot) 4438 +1.30 19.02 + 0.48a 33.52 +2.91b
GSH-Px (U/min/mg prot) 474034 1.41£0.17a 5.77 £0.11b
GSH (nM/mg prot) 12.32+0.58 6.93 + 0.39a 11.78 +1.67
Kidney

SOD (U/mg prot) 18.37+2.12 9.85 + 0.56a 16.04 + 0.66P
CAT (uM/min/g prot) 43.05+4.60 1.45£0.01a 39.57 £1.40p
GSH-Px (U/min/mg prot) 8.70+0.38 453 +£0.21a 6.99 £ 0.60
GSH (nM/mg prot) 22.95+1.10 14.78 +1.09a 19.28 + 0.78

C: Control group; HT: untreated hypertensive group; HT-GO: hypertensive rats treated with olive cake (7.5%). Results are expressed as
mean * SD. Data among groups were analyzed by two-way ANOVA followed by Tukey post-hoc test. aP<0.05 when compared with
control group; "P<0.05 when compared with HT group.

CAT: Catalase; GSH: Reduced glutathione; GSH-Px: Glutathione peroxidase; SOD: Superoxide dismutase.
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3. DISCUSSION

In this investigation, the effect of olive cake on kidney and heart function markers as well as its influence
on the redox status and damage of these tissues; were reported in dexamethasone-induced hypertensive rats.

In the present study, the induction of hypertension with dexamethasone (Dex) produced a significant
elevation in systolic blood pressure (SBP) that was associated with a significant decrease in serum NO
metabolites. Other studies have also shown a decrease in serum NO level, NOS activity and NOS protein
expression in Dex-induced hypertensive rats [17]. Our results indicated that treatment with OC reduced SBP
and increased NO value in hypertensive rats. These finding are in agreement with previous study that showed
an increase in NO contents in hypertensive rats fed with pomace olive oil [43]. Suggesting; that olive cake may
reduce blood pressure through an antioxidant and vasodilatory effect.

Chronic exposure to high blood pressure (BP) leads to damage of target organs, such as heart, kidney,
and brain [44]. In the present study, the relative weights of kidney and heart were significantly increased in
Dex-induced hypertensive rats compared with the control group. Similar results have been reported in other
hypertension models [45]. In our study, the cardiac hypertrophy in Dex-induced hypertensive rats is thought
to be compensatory to the chronic increase in BP, and that treatment of these HT rats with OC reduced renal
and cardiac mass. In the present study, Dex-induced hypertensive rats exhibited significant increases in serum
urea, creatinine, and uric acid, suggesting renal dysfunction and tubular injury. These findings were further
corroborated by histological alterations observed in the kidney tissue of Dex-induced hypertensive rat. The
histopathological observations of the kidney in HT rats mainly involved glomerular necrosis, renal tubular
distortion, and increased Bowman space. Similar histological changes were also reported by other researchers
in dexamethasone-induced oxidative stressed rats [15]. Interestingly, treatment

C group HT-OC group

Kidney

Heart

Figure 3. Representative photomicrographs showing the effect of olive cake on renal and cardiac histology.

C: Control group; HT: untreated hypertensive group; HT-GO: hypertensive rats treated with olive cake (7.5%). Sections were stained with
H&E (Scale bar =10 pm). The kidney was observed at 100x, while the heart was pictured at 400x.

C group showing the normal renal architecture; HT group showing infiltration of inflammatory cells (red arrow), glomerular necrosis
(blue arrow), large Bowman's space (white arrow) and tubules distortion (black arrow); HT-OC group showing normal renal architecture
with less glomerular necrosis. In the section of cardiac muscle, C group showing normal cardiac muscle fibers; HT group showing
hypertrophied of cardiac cells (red arrow), Pyknotic nuclei (black arrow) and congestion of blood vessels (Yellow arrow); HFD-OC group
showing near normal cardiac architecture.
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of HT rats with olive cake significantly reduced creatinine, urea and uric acid levels. Moreover, OC markedly
alleviated the kidney tissue architecture, where it was able to get back the normal kidney histology, suggesting
a renoprotective effect against dexamethasone-induced renal damage in hypertensive rats. These results are
supported by our previous study showing that olive cake consumption normalizes renal function markers in
streptozotocin-induced diabetic rats [23]. Kausar et al. [46] also reported that olive oil conferred protection
against dexamethasone-induced renal toxicity in rats. The renoprotective mechanism of olive cake has not
been elucidated. However, it is well known that blood pressure reduction is one of the most effective strategies
for reducing hypertension-related target organ damage. In this study, it is worth noting that treatment with
olive cake reduced systolic blood pressure. This suggests that the reduction in blood pressure may be involved
in the renoprotective effect of olive cake in dexamethasone-induced hypertensive rats.

Lactate dehydrogenase (LDH), aspartate aminotransferase (AST), and creatine kinase (CK) are cytosolic
enzymes found in the heart and other tissues and serve as indicators of heart tissue damage [47, 48]. The
release of such markers in the blood stream indicates impaired membrane permeability and cell death, as
previously reported [49]. Various studies have reported elevated in serum AST, CK, and LDH activities during
heart disease in hypertensive rats [50, 51]. Our results showed significant increase of AST, CK, and LDH
activities in serum of dexamethasone induced hypertensive rats, which indicate cardiac damage in this model
of hypertension. Our data are in agreement with those of Okon et al. [15], who reported high levels of LDH
and AST in Dex-induced HT rats. In addition, histopathological analysis of cardiac tissues showed that our
hypertensive rats had hypertrophied cardiac cells with nuclear peripheralization, pyknosis and congestion of
myocardial blood vessels. Serum CK, LDH, and AST activities were significantly reduced after OC treatment.
In the histopathological results, the heart tissues in the HT-OC group were healthier than those in the HT
group. This means that olive cake can protect the heart from damage in dexamethasone-induced hypertensive
rats. Olive cake is an excellent source of compounds with antioxidant properties such as hydroxyltyrosol,
oleurapein and others that can act synergistically to neutralize free radicals, thereby reducing myocardial
damage, maintaining the integrity of the myocardial membrane then improving cardiac function. Nekooeian
etal. [52] reported that oleuropein offered a cardioprotective effect in rats with concurrent type 2 diabetes and
renal hypertension and Nasopoulou and Zabetakis [53] also observed the same effect with polar lipids of olive
cake. In this work we suggest that the ability of olive cake to protect the heart against hypertension-induced
damage may be due to these different constituents.

Several studies have supported the important role of oxidative stress in the pathophysiology of
hypertension and hypertension-induced target organ damage [54]. The ROS can increase kidney and heart
injury in hypertensive rat [10-11]; therefore, decreasing oxidative stress may be a pivotal strategy in
preventing target organ damage. Our results showed a significant increase in the end products of lipid
peroxidation (TBARS, LOOH) and protein oxidation (PCO) in the kidneys and hearts of Dex-induced
hypertensive rats. These results are in agreement with those of Oseni et al. [55], who reported high levels of
oxidative stress markers in the plasma, liver and kidney of dexamethasone-induced HT rats. An increase in
renal and cardiac oxidative stress has also been reported in other hypertension models [45] and in
hypertension-associated cardiac and renal damage [9]. Treatment with OC significantly reduced the increases
in TBARS, LOOH and PCO in the heart and kidney of dexamethasone-induced hypertensive rats. These results
suggest that OC may counteract oxidative stress and thus reduce oxidative stress-induced cardiac and renal
damage in this model of rats. This may be due to the presence of polyphenols and flavonoids in olive cake,
which have been recognized as excellent free radical scavengers.

Antioxidant enzymes such as SOD, CAT, GSH-Px and non-enzymatic like GSH play an important role
in protection against oxidative damage [56]. In the present study, SOD, CAT and GSH-Px activities, as well as
GSH content, were decreased in the heart and kidney of dexamethasone-induced hypertensive rats. This result
is consistent with other studies that have shown decreased tissue antioxidant activity in dexamethasone-
induced HT rats [57]. Decreased activity of enzymatic antioxidants might be due to its inactivation by free
radicals [58]. On the other hand, ROS may down-regulate the expression of genes such as the Keap/Nrf2/
ARE pathway involved in antioxidant synthesis and thus reduce antioxidant activity [59]. In the present
investigation, treatment with OC significantly increased the activity of all the antioxidant enzymes
(SOD, CAT and GPx) and GSH levels in the kidney and heart of dexamethasone-induced hypertensive rats.
These results are in agreement with our previous studies where we found that olive cake reduces lipid
peroxidation and increases antioxidant enzyme activity in several organs of diabetic rats [23]. This suggests
that olive cake may protect the kidneys and heart from oxidative damage by decreasing free radical production
and improving antioxidant status.
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4. CONCLUSION

In dexamethasone-induced hypertensive rats, olive cake treatment reduced systolic blood pressure,
oxidative stress markers, and cardiac and renal damage. In addition, olive cake improves renal and cardiac
enzymatic and non-enzymatic defense systems and increased serum NO level. The histopathological
examination of kidney sections from the Dex-induced hypertensive rat revealed glomerular necrosis, renal
tubular distortion, and increased Bowman space. Additionally, the histopathological examination of the heart
sections from the Dex-induced hypertensive rat showed hypertrophied cardiac cells with nuclear
peripheralization, pyknosis and congestion of myocardial blood vessels. The structural changes seen in
histological sections of heart and kidney in dexa induced hypertensive rat were markedly reduced by OC
treatment. The protective effect of olive cake against kidney and heart damage could be mediated by its
antioxidant properties and its ability to reduce blood pressure. Further research is still needed to elucidate the
mechanisms of the antioxidant and antihypertensive effects of olive cake.

5. MATERIALS AND METHODS
5.1. Collection and preparation of olive cake

The olive cake (OC) was collected immediately after extraction of the oil in an oil mill located in Sig
(Mascara, Algeria) in 2019, taken to the laboratory and dried in the dark. The dried OC was crushed to obtain
a homogeneous powder and stored in airtight containers at room temperature until its use as an ingredient
for the preparation of the experimental diets.

5.2. Animals

The general guidelines on the use of living animals in scientific investigations by Council of European

Communities (1987) [32] were followed, and the protocol and use of rats were approved by our institutional
committee on animal care and use.
Male Wistar rats (n=18), weighing 245 + 5 g, were obtained from the animal house of the Laboratory of Clinical
and Metabolic Nutrition (University Oran 1). The rats were housed in wire bottom cages and were maintained
under standard laboratory conditions with a natural luminosity cycle. Tap water and standard food pellets
were given ad libitum.

5.3. Induction of hypertension

Rats were divided into two groups, one (n=12) treated by intraperitoneal (i.p.) administration of
dexamethasone (30 ug/kg of body weight (BW) /day) to induce hypertension and control (C) group (n=6)
received NaCl at 0.9% (1 ml/kg BW/day, i.p.), for 14 days. Then, systolic blood pressure (SBP) was recorded
in conscious rats using the CODA™ non-invasive blood pressure system (Kent Scientific Corporation, USA)
[33]. Rats with SBP levels greater than 140 mmHg were considered hypertensive and were used in the rest of
the experiment.

The dose of dexamethasone was chosen based on previous studies, which showed that this dose induces
hypertension [14] and organ damage in rats [15].

5.4. Experimental design

Hypertensive (HT) rats (161.23+16.06 mmHg) were randomly divided into 2 subgroups (6 rats each) fed
a standard diet concomitantly with an intraperitoneal injection of 30 ug/kg BW dexamethasone and treated
(HT-OC) or not (HT) with 7.5% OC for 28 days.
Control group (C) rats continue to consume the same diet concomitantly with an intraperitoneal injection of 1
ml/kg BW of NaCl for 28 days.
During the experimental period, body weight changes of rats were recorded weekly. Systolic blood pressure
of conscious rats was measured at the end of treatment using the CODA™ non-invasive blood pressure system
as previously described.

At the end of the experimental period, the rats were fasted overnight and anesthetized with 3 ml/kg
BW chloral hydrate (10%). Blood was drawn in dry tubes and centrifuged at 30°C, 3000 xg for 20 min and the
serum was collected and stored at -40°C. The heart and kidney samples were rapidly excised, cleaned, weighed
and dissected into two parts each, the first one was used for histopathological analysis and the second was
homogenized (10 %, w/v) in an appropriate buffer (pH 7.4) then centrifuged at 10,000 xg for 10 min at 4°C.
The supernatants were used for biochemical analyses.
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5.5. Biochemical parameters

Kidney function markers including creatinine, urea and uric acid; and cardiac function marker such as
aspartate aminotransferase (AST), lactate dehydrogenase (LDH) and creatine kinase (CK) were determined
using commercial kits (Biolabo, France). Serum Nitric oxide (NO) concentration were measured based on the
Griess reaction [34].

5.6. Oxidative stress parameters assessments

The lipid peroxidation was evaluated by the measurement of thiobarbituric acid reactive substances
(TBARS) [35] and lipid hydroperoxides (LOOH) [36]. The protein carbonyl (PCO) was determined by the
method as described by Levine et al. [37].

5.7. Antioxidant enzymes assessments

Superoxide dismutase (SOD) activity was determined by the method described by Marklund and
Marklund [38]. The Catalase (CAT) activity was assessed by the method of Aebi et al. [39]. Glutathione
peroxidase (GSH-Px) activity was estimated by the method described by Flohe and Gunzler [40]. Reduced
glutathione (GSH) level was determined by the method described by Sedlak and Lindsay [41]. Total protein
level was determined by the method of Lowry et al. [42], using bovine serum albumin as a standard at 660 nm.

5.8. Histopathological analysis

Tissues (heart and kidney) were collected and fixed in 10% neutral buffered-formalin, dehydrated in
ascending grades of alcohol and embedded in paraffin. Sections were cut at 5 mm, stained with hematoxylin
and eosin (H&E). The sections were examined for pathological changes using a light microscope.

5.9. Statistical analyses

All results were expressed as the mean * standard deviation for six rats per group. Data among groups
were analyzed by two-way analysis of variances (ANOVA) followed by Tukey’s honestly significant
differences post-hoc test. A value of p< 0.05 was considered as statistically significant. All statistical analyses
were performed using statistical package for the social science (SPSS) software version 25. aP<0.05, vs Control
(C), PP<0.05, vs hypertensive (HT).

Acknowledgements: This work was supported by the Ministry of Higher Education and Scientific Research-Algeria

Author contributions: Concept - SGM., BS.; Design - SGM., BS.; Supervision - BS.; Resources - SGM., BS.; Materials -
SGM.,, BS..; Data Collection and/or Processing - SGM., BS..; Analysis and/or Interpretation - SGM.; Literature Search
- SGM.,, BS..; Writing - SGM.; Critical Reviews - BS.

Conflict of interest statement: The authors declared no conflict of interest.

REFERENCES

[1] Mills KT, Stefanescu A, He J. The global epidemiology of hypertension. Nature Rev Nephrol. 2020; 16(4): 223-237.
[CrossRef]

[2] Beaney T, Schutte AE, Stergiou GS, Borghi C, Burger D, Charchar FJ, Poulter NR. May Measurement Month 2019:
The Global Blood Pressure Screening Campaign of the International Society of Hypertension. Hypertension. 2020;
76(2): 333-341. [CrossRef]

[3] Oparil S, Schmieder RE. New approaches in the treatment of hypertension. Circulation Research. 2015; 116(6): 1074~
1095. [CrossRef]

[4] Altara R, da Silva G JJ, Frisk M, Spelta F, Zouein FA, Louch WE, Booz GW, Cataliotti A. Cardioprotective effects of
the novel compound vastiras in a preclinical model of end-organ damage. Hypertension.2020; 75(5): 1195-1204.
[CrossRef]

[5] CuiH, WangF, Fan L, Hu YX, Hu GL, Liu L, Hong C. Association factors of target organ damage: analysis of 17,682
elderly hypertensive patients in China. Chin Med J (Engl). 2011; 124 (22): 3676-3681. [CrossRef]

[6] Oh]JS, Lee CH, Park J, Park HK, Wang JK. Hypertension-mediated organ damage and long-term cardiovascular
outcomes in Asian hypertensive patients without prior cardiovascular disease. ] Korean Med Sci. 2020; 35(48): e400.
[CrossRef]

[7] Cohuet, G, Struijker-Boudier, H. Mechanisms of target organ damage caused by hypertension: Therapeutic potential.
Pharmacol & Ther. 2006; 111(1): 81-98. [CrossRef]

http://dx.doi.org/10.29228/jrp.225
J Res Pharm 2022; 26(5): 1331-1341

1338



Samba Garba et al.. Journal of Research in Pharmac
Olive cake protect against heart and kidney injury in hypertensive rats Research Article

(8]

]

Karpha M, Lip, G.V. The pathophysiology of target organ damage in hypertension. Minerva Cardioangiol. 2006,
54(4): 417-429. [CrossRef]

Rubattu, S, Pagliaro B, Pierelli G, Santolamazza C, Di Castro S, Mennuni S, Volpe M. Pathogenesis of target organ
damage in hypertension: Role of mitochondrial oxidative stress. Int ] Mol Sci. 2014; 16(1): 823-839. [CrossRef]

Kamisah Y, Ang S.-M, Othman F, Nurul-Iman B S, Qodriyah HMS. Renoprotective effect of virgin coconut oil in
heated palm oil diet-induced hypertensive rats. Appl Physiol Nutr Metab. 2016; 41(10): 1033-1038. [CrossRef]

Kamisah, Y, Periyah V, Lee KT, Noor-Izwan N, Nurul-Hamizah A, Nurul-Iman BS. Qodriyah, H. M. S.
Cardioprotective effect of virgin coconut oil in heated palm oil diet-induced hypertensive rats. Pharm Biol. 2015;
53(9): 1243-1249. [CrossRef]

Zambrano S, Blanca AJ, Ruiz-Armenta MV, Miguel-Carrasco J. L, Revilla E, Santa-Maria C. Mate A, Vazquez CM.
The renoprotective effect of l-carnitine in hypertensive rats is mediated by modulation of oxidative stress-related
gene expression. Eur ] Nutr. 2013; 52 (6):1649-1659. [CrossRef]

ChenF, Hao L, Zhu S, Yang X, Shi W, Zheng K, Wang T, Chen H. Potential adverse effects of dexamethasone therapy
on COVID-19 patients: Review and recommendations. Infect Dis Ther. 2021; 10: 1907-1931. [CrossRef]

Safaeian L, Zabolian H. Antioxidant effects of bovine Lactoferrin on dexamethasone-induced hypertension in rat.
ISRN Pharmacology. 2014, 1-6. [CrossRef]

Owu DU, Okon IA, Ufot UF, Beshel JA. Cardiac and renal protective effect of vitamin E in dexamethasone-induced
oxidative stressed wistar rats. Niger ] Physiol Sci. 2020; 35(1): 52-60. [CrossRef]

El-Sayed K, Awad Y, Erfan H, Yousof S. Nigella sativa seeds afford comparable therapeutic effect to that of valsartan
in amelioration of cardiovascular complications in dexamethasone-induced hypertension model in adult albino aats.
Bulletin of ESPS. 2020; 40(2): 30-43. [CrossRef]

Ugusman A, Md Fadze NF, A Hamid A, Asmawi Z, Aminuddin A. Piper sarmentosum attenuates
dexamethasoneinduced hypertension by stimulating endothelial nitric oxide synthase. ] Res Pharm. 2020; 24(1): 150-
158. [CrossRef]

Wigati D, Anwar K, Sudarsono, Nugroho AE. Hypotensive activity of ethanolic extracts of morinda citrifolia L. leaves
and fruit in dexamethasone-induced hypertensive rat. ] Evid Based Complementary Altern Med. 2017; 22(1): 107-
113. [CrossRef]

Oparil S, Acelajado MC, Bakris GL, Berlowitz DR, Cifkova R, Dominiczak AF, Grassi G, Jordan J, Poulter NR, Rodgers
A, Whelton PK. Hypertension. Nat Rev Dis Primers. 2018. 4: 18014. [CrossRef]

Watanabe Y, Ohata K, Fukanoki A, Fujimoto N, Matsumoto M, Nessa N, Nakata T. Antihypertensive and
renoprotective effects of dietary flaxseed and its mechanism of action in deoxycorticosterone acetate-salt
hypertensive rats. Pharmacology. 2020; 105(1-2): 54-62. [CrossRef]

Ruiz E, Romero-Garcia JM, Romero I, Manzanares P, Negro MJ, Castro E. Olive-derived biomass as a source of energy
and chemicals. Bio FPR Sci. 2017; 11(6): 1077-1094. [CrossRef]

Bouderbala S, Al-Hiti M.K, Ougouag A, Benmansour J, Mahdad N, Bouchenak M. (2014). Olive cake reduce lipid
peroxidation associated with antioxidant defense in red blood cell and heart, in rats fed a cholesterol-enriched diet. J
Food & Nutr Disor 2014; 3:4. [CrossRef]

Cherrad H, Bouderbala S, Zidan Y, Krouf D. Olive cake reduces glycaemia and lipemia and increases antioxidant
enzymes in STZ-induced diabetes in rat erythrocytes and tissues. Nutr & Food Sci. 2019; 50 (2): 360-372. [CrossRef]

Samba Garba M, Bouderbala S. Olive cake reduces obesity by decreasing epididymal adipocyte size, inhibiting
oxidative stress and pancreatic lipase, in rat fed high fat diet. Nutr & Food Sci. 2022. Article in press. [CrossRef]

Bouderbala S, Ougouag A, Benmansour ], Madoui K, Al-hiti MK, Bouchenak M. Les grignons d’olives réduisent la
cholestérolémie et la triglycéridémie et atténuent la peroxydation lipidique sérique chez le rat consommant un régime
enrichi en cholestérol. Nutr & Santé. 2014; 3(1): 23-31. [CrossRef]

Di Nunzio M, Picone G, Pasini F, Caboni MF, Gianotti A, Bordoni A, Capozzi F. Olive oil industry by-products.
Effects of a polyphenol-rich extract on the metabolome and response to inflammation in cultured intestinal cell. Food
Res Inter. 2018; 113: 392-400. [CrossRef]

Ribeiro TB, Oliveira A, Coelho M, Veiga M, Costa EM, Silva S, Nunes J, Vicente AA, Pintado M. Are olive pomace
powders a safe source of bioactives and nutrients. ] Sci Food and Agri. 2021; 101(5): 1963-1978. [CrossRef]

Cea Pavez I, Lozano-Sanchez ], Borras-Linares I, Nufiez H, Robert P, Segura-Carretero A. Obtaining an extract rich
in phenolic compounds from olive pomace by pressurized liquid extraction. Molecules. 2019; 24(3108): 1-17.
[CrossRef]

http://dx.doi.org/10.29228/jrp.225
J Res Pharm 2022; 26(5): 1331-1341

1339



Samba Garba et al.. Journal of Research in Pharmac
Olive cake protect against heart and kidney injury in hypertensive rats Research Article

(29]

(30]

[31

(44]

(45]

(46]

(48]

(49]

Loru D, Incani A, Deiana M, Corona G, Atzeri A, Melis M, Rosa A, Dessi M. Protective effect of hydroxytyrosol and
tyrosol against oxidative stress in kidney cells. Toxicol Ind Health. 2009; 25(4-5): 301-310. [CrossRef]

Yin M, Jiang N, Guo L, Ni Z, Al-Brakati AY, Othman MS, Abdel Moneim AE, Kassie RB. Oleuropein suppresses
oxidative, inflammatory, and apoptotic responses following glycerol-induced acute kidney injury in rats. Life Sci.
2019; 223: 116634. [CrossRef]

Dominguez-Vias G, Segarra AB, Ramirez-Sanchez M, Prieto 1. Effects of virgin olive oil on blood pressure and renal
aminopeptidase activities in male wistar rats. Int ] Mol Sc. 2021; 22(10): 5388. [CrossRef]

Council of European Communities.Council instructions about the protection of living animals used in scientific
investigation. Official J. L358 of 18-12-1986; Corrigendum Official J. L117 of 05-05-1987. 1987. [CrossRef]

Sung JH, Jo YS, Kim SJ, Ryu JS, Kim MC, Ko HJ, Sim SS. Effect of lutein on L-NAME-induced hypertensive rats.
Korean ] Physiol Pharmacol. 2013; 17(4): 339-345. [CrossRef]

Cortas N, Wakid N. Determination of inorganic nitrate in serum and urine by a kinetic cadmium-reduction method.
Clin Chem. 1990; 36 (8): 1440-1443. [CrossRef]

Quintanilha AT, Packer L, Davies JM, Racanelli T, Davies KJ. Membrane effects of vitamin E deficiency: bioenergetic
and surface charge density studies of skeletal muscle and liver mitochondria. Ann N'Y Acad Sci. 1982; 393(1 Vitamin
E): 32-47. [CrossRef]

Jiang ZY, Hunt JV, Wolff SP. Ferrous ion oxidation in the presence of xylenol orange for detection of lipid
hydroperoxide in low density lipoprotein. Anal Biochem. 1992; 202(2): 384-389. [CrossRef]

Levine RL, Garland D, Oliver CN, Amici A, Climent I, Lenz AG, Ahn BW, Shaltiel S, Stadtman ER. Determination of
carbonyl content in oxidatively modified proteins. Methods Enzymol. 1990; 186: 464-478. [CrossRef]

Marklund S, Marklund G. Involvement of the superoxide anion radical in the autoxidation of pyrogallol and a
convenient assay for superoxide dismutase. Eur ] Biochem. 1974; 47 (3): 469-474. [CrossRef]

Aebi H, Wyss SR, Scherz B, Skvaril F. Heterogeneity of erythrocyte catalase II. Isolation and characterization of
normal and variant erythrocyte catalase and their subunits. Eur ] Biochem. 1974; 48(1): 137-145. [CrossRef]

Flohé L, Gunzler WA. Analysis of glutathione peroxidase. Methods Enzymol. 1984; 105: 114-121. [CrossRef]

Sedlak J, Lindsay RH. Estimation of total protein bound and non-protein sulfhydryl groups in tissues with ellman’s
reagent. Anal Biochem. 1968; 25(1): 192-205. [CrossRef]

Lowry OH, Rosebrough NJ, Farr AL, Randall R]. Protein measurement with the folin phenol reagent. ] Biol Chem.
1951; 193 (1): 265-275. [CrossRef]

Rodriguez-Rodriguez R, Herrera MD, de Sotomayor MA, Ruiz-Gutierrez V. Pomace olive oil improves endothelial
function in spontaneously hypertensive rats by increasing endothelial nitric oxide synthase expression. Am J
Hypertens. 2007; 20: 728-734. [CrossRef]

Van Der Veen PH, Geerlings MI, Visseren F LJ, Nathoe HM, Mali WPTM, Van Der Graaf Y. And Muller M.
Hypertensive target organ damage and longitudinal changes in brain structure and function. Hypertension. 2015;
66:1152-1158. [CrossRef]

Prahalathan P, Kumar S, Raja B. Morin attenuates blood pressure and oxidative stress in deoxycorticosterone acetate-
salt hypertensive rats: A biochemical and histopathological evaluation. Metabolism. 2012; 61(8): 1087-1099.
[CrossRef]

Kausar MA, Alfarsi ASS, Alenzi RA, Alshammary FFO, Almutairi HAZ, Ibrahim Al-Tamimi NA, Alaniz AFS,
Alrashedy AF, Alhobera AH, Almasoud MM, Ahmed MO, Ahmed S, Nasser T, Shahid SMA. Protective role of olive
oil and polyherbal drug on renal dysfunction induced by dexamethasone in albino rats. ] Cont Med A Dent. 2018;
6(2): 17-22. [CrossRef]

Zhou X, Ji WJ, Zhu Y, He B, Li H, Huang TG, Li YM. Enhancement of endogenous defenses against ROS by supra-
nutritional level of selenium is more safe and effective than antioxidant supplementation in reducing hypertensive
target organ damage. Med Hypotheses. 2007; 68(5): 952-956. [CrossRef]

Karacalioglu O, Arslan Z, Kilic S, Oztiirk E, Ozguven M. Baseline serum levels of cardiac biomarkers in patients with
stable coronary artery disease. Biomarkers. 2007; 12(5): 533-540. [CrossRef]

Feriani A, Tir M, Gémez-Caravaca AM, Contreras MM, Talhaoui N, Taamalli A., Segura-Carretero A, Ghazouani L,
Mufti A, Tlili N, Allagui MS. HPLC-DAD-ESI-QTOF-MS/MS profiling of Zygophyllum album roots extract and
assessment of its cardioprotective effect against deltamethrin-induced myocardial injuries in rat, by suppression of
oxidative stress-related inflammation and apoptosis via NF-«xB signaling pathway. ] Ethnopharmacol. 2020;
247:112266. [CrossRef]

http://dx.doi.org/10.29228/jrp.225
J Res Pharm 2022; 26(5): 1331-1341

1340



Samba Garba et al.. Journal of Research in Pharmac
Olive cake protect against heart and kidney injury in hypertensive rats Research Article

(50]

(51]

(52]

(53]

(54]

(55]

Shawky MF, Wahba SR, Heibashy MI. Therapeutic role of coenzyme Q10 or/and a-lipoic acid on cardiac functions
in obese/hypertensive rats. J. Sci. Res. Sci. 2019; (36): 368-390. [CrossRef]

Ibrahim MA, Eraqi MM, Alfaiz, FA. Therapeutic role of taurine as antioxidant in reducing hypertension risks in rats.
Heliyon. 2020; 6(1): e03209. [CrossRef]

Nekooeian A A, Khalili A, Khosravi MB. Oleuropein offers cardioprotection in rats with simultaneous type 2 diabetes
and renal hypertension. Indian ] Pharmacol. 2014; 46(4): 398-403. [CrossRef]

Nasopoulou C, Zabetakis I. Agricultural and aquacultural potential of olive pomace a review. ] Agri Sci. 2013; 5(7):
116-127. [CrossRef]

Zhou X, Ji WJ, Zhu Y, He B, Li H, Huang TG, Li YM. Enhancement of endogenous defenses against ROS by supra-
nutritional level of selenium is more safe and effective than antioxidant supplementation in reducing hypertensive
target organ damage. Med Hypotheses. 2007; 68(5): 952-956. [CrossRef]

Oseni OA, Kayode, DM, Sijuade AO. Achatina fulica exoskeleton derived chitosan attenuates liver and kidney
toxicities in dexamethasone induced hypertensive male wistar albino rats. Eur ] Res Med Sci. 2015; 3(1): 34-44.
[CrossRef]

Kurutas EB. The importance of antioxidants which play the role in cellular response against oxidative/nitrosative
stress: current state. Nutr J. 2016; 15(1):71. [CrossRef]

Rajashree S, Puvanakrishnan R. Dexamethasone induced alterations in enzymatic and nonenzymatic antioxidant
status in heart and kidney of rats. Mol. Cell. Biochem. 1998; 181(1-2): 77-85. [CrossRef]

Pigeolet E, Corbisier P, Houbion A, Lambert D, Michiels C, Raes M, Zachary MD, Remacle ]. Glutathione peroxidase,
superoxide dismutase, and catalase inactivation by peroxides and oxygen derived free radicals. Mech Aging Dev.
1990; 51(3): 283-297. [CrossRef]

Limaye RV, Raghuram N, Sivakami S. Oxidative stress and gene expression of antioxidant enzymes in the renal
cortex of streptozotocininduced diabetic rats. Mol Cell Biochem. 2003; 243(1-2): 147-152. [CrossRef]

This is an open access article which is publicly available on our journal’s website under Institutional Repository at http://dspace.marmara.edu.tr.

http://dx.doi.org/10.29228/jrp.225
J Res Pharm 2022; 26(5): 1331-1341

1341



