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 Abstract 

Background: Essential hypertension causes the kidney illness known as hypertensive 

nephropathy, which frequently results in both structural and functional renal impairment..A lipid 

mediator that is naturally produced from omega-3 fatty acids, maresin-1 (MaR1), may be able to 

considerably lessen the symptoms of a number of inflammatory illnesses. Objective: to 

demonstrate the underlying mechanisms and renoprotective impact of MaR1 in rats with 

deoxycorticosterone acetate-salt-induced hypertension. Material &Methods: Thirty Wister albino 

male rats divided into control, DOCA, DOCA+MaR1 groups. After 8 weeks rats were subjected 

to ABP, renal blood flow velocity (RBFV) and renal artery resistance (RAR) measurement and 

serum levels of urea, creatinine in addition to creatinine clearance, urinary albumin, renal MDA, 

SOD, TNF-α, IL-6, renal genes expression of TLR4 and NF-κB were assessed. Renal tissue was 

evaluated histopathologically and immunohistochemically. Results: The DOCA group's measured 

SBP, DBP, MABP, RAR, serum levels of urea, creatinine, renal MDA, renal TNF-α, renal IL-6, 

and renal genes TLR4 and NF-kB were all dramatically elevated than those of the control group, 

but their RBFV, renal SOD, and creatinine clearance values were significantly lower. MaR1 

significantly enhanced the alterations brought about by DOCA. Conclusion: MaR1 alleviated 

DOCA induced hypertensive nephropathy by anti-oxidant, anti-inflammatory, anti-apoptotic 

mechanisms and by down-regulation of TLR4 and NF-κB   renal genes expression. 
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 Introduction 

A persistent rise in blood pressure (BP) is the 

hallmark of hypertension, a serious global health 

issue. It is the primary cause of the worldwide 

burden of disease [1].Uncontrolled hypertension 

damages organs, particularly the kidneys, which 

can ultimately result in end-stage renal disease 

(ESRD) [2]. 

Essential hypertension causes the renal illness 

known as hypertensive nephropathy (HN), which 

frequently results in both structural and functional 

renal impairment. Nearly 27.5% of new dialysis 

patients in the USA are due to HN, according to 

recent reports [3], and 20.78% of hospitalized 

patients with chronic renal disease in China are 

due to HN, according to statistical statistics [4].In 

many nations, after diabetic nephropathy, HN is 

emerging as the second most frequent cause of 

ESRD[5]. 

One of the sensitive markers of early kidney 

impairment in hypertensive individuals is 

proteinuria. As one of the features of hypertensive 

renal impairment and a significant risk factor for 

the advancement of ESRD, proteinuria is thought 

to have a significant impact on the prognosis of 

hypertension [6]. 

The pathophysiology of hypertension-induced 

renal injury is a complex process involving several 

pathways, including hemodynamics, inflammation, 

oxidative stress, and endothelial dysfunction [7]. 

According to earlier research, one of the key 

mechanisms behind this pathophysiology is 

oxidative stress [8].One of the main organs harmed 

by high blood pressure is the kidneys. Recent 

studies have revealed that the kidneys of 

hypertensive animal models produce excessive 

amounts of reactive oxygen species (ROS) [9].The 

generation of ROS causes protein oxidation and 

disrupts cell signaling, which results in 

inflammation and fibrosis [10]. 

The deoxycorticosterone acetate (DOCA)-salt 

hypertensive rat is one of the most often used 

experimental models in the research of 

antihypertensive activity. Treatment with DOCA-

salt results in inflammation in autonomic nerve 

centers and hyperactivity of the sympathetic 

nervous system. An overactive sympathetic 

nervous system causes and maintains 

hypertension. Additionally, rats given DOCA-salt 

develop sodium retention and excessive salt 

consumption, which leads to volume-dependent 

hypertension [11]. 

Cell membrane-based pattern recognition 

receptors, such toll-like receptors (TLRs), are able 

to identify aberrant chemical patterns that pose a 

threat to cells [12]. TLRs, namely TLR4, use the 

nuclear transcription factor kappa B (NF-kB) 

signaling pathway to enhance cytokine production 

and mediate innate immune responses [13]. 

Antihypertensive medications, primarily 

angiotensin converting enzyme inhibitors and 

angiotensin receptor blockers, are the mainstay of 

the current therapeutic therapy for hypertensive 

nephropathy. Antihypertensive medications may 

work primarily by reducing oxidative stress and 

correcting chronic hypoxia [14]. In order to 

prevent and cure hypertensive renal impairment, 

complementary treatments are suggested as 

potential approaches [15]. 

One of the newest groups of mediators supporting 

inflammatory regression is maresin 1 (MaR1), a 

lipid mediator that is naturally generated from 

omega-3 fatty acids and produced and released by 

macrophages [16].MaR1 is one of the specialized 
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proresolving lipid mediators (SPMs). According to 

earlier research, MaR1 protects against a number 

of chronic inflammatory disorders by preventing 

neutrophil infiltration, lowering proinflammatory 

factor production, increasing macrophage 

phagocytosis, and preventing NF-κB activation 

[17, 18]. 

Therefore, the current investigation was conducted 

for the first time to the best of our knowledge to 

determine if the possible protective effects of 

MaR1 in this experimental model of DOCA-salt 

are linked to the TLR4/NF-kB signaling pathway. 

Materials and Methods 

Animals 

Using statistics and the sample size pro software 

version 6, a sample size of 30 rats was established. 

The study's confidence level is 95% and its power 

is 80%. At the beginning of the trial, thirty male 

Wister albino rats weighing between 200 and 230 

grams each were placed in animal cages at a 

random temperature of 25 degrees Celsius. Rats 

were given unrestricted access to standard 

laboratory diet and water. Every technique 

described in this work was carried out in strict 

accordance with the Animal Research Reporting of 

In Vitro Experiments (ARRIVE) guidelines. In 

addition, the National Organizations of Health's 

Public Health Service Policy on Research 

Laboratory Animals was followed to ensure the 

animals' appropriate treatment. The Ethical 

Committee of Menoufia University's College of 

Medicine in Egypt approved the study with IRB 

NO:12/2024ANAT17. Each cage included five 

animals in a specific pathogen-free environment 

with a temperature of 24 ± 3 °C, a 12-hour 

light/dark cycle, and unlimited access to food and 

water.  

Group 1 (control group): For eight weeks, rats 

were given intraperitoneal (i.p.) injections of 

dimethyl sulfoxide (DMSO) from Fisher 

Scientific, Loughborough, UK. Rats were given 

twice-weekly subcutaneous (s.c.) injections of 

olive oil (1 mL/kg) for the last four weeks. 

Group 2 (DOCA): received intraperitoneal (i.p.) 

dimethyl sulfoxide (DMSO) (Fisher Scientific, 

Loughborough, UK) DMSO injection for 8 weeks. 

In the last 4 weeks, rats received s.c. injections of 

DOCA (Sigma, St Louis, MO, USA) (25 mg/kg 

dissolved in olive oil) twice weekly and 1% NaCl 

in their drinking water. They had not been 

uninephrectomized [11,19, 20] 

Group 3 (DOCA-induced hypertension MaR1-

treated (DOCA+MaR1) group): rats were given 

DOCA as in group 2 plus daily intraperitoneal (4 

ng/g per BW) of MaR1 (Cayman Chemical, Ann 

Arbor, MI, USA), with 50 mg of Mar1 dissolved 

in 1 ml of DMSO For eight weeks [21–23],.In 

experimental illness models, the MaR1 dose was 

chosen to be higher than the levels linked to 

authorized MaR1 bioactivity [21]. Prior to 

receiving a DOCA injection, rats were given 

MaR1 once daily for four weeks. For the next four 

weeks, they received DOCA and MaR1 at three-

hour intervals. 

Rats were subjected to ABP measurement then 

given anesthesia, for the measurement of renal 

artery blood flow velocity (RBFV) and resistance 

(RAR) after 8 weeks, after which they were placed 

in metabolic cages for a 24-hour urine collection 

period.Following that, the blood sample was 

prepared for further biochemical analysis. Rats 

were killed by dislocating their cervical 

spines.After being dissected, the right kidney was 

preserved for histological and 
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immunohistochemical analyses. For the 

biochemical test, the left kidney was kept at a 

temperature of -80. 

Assessment of renal hemodynamics 

As previously mentioned, a pulsed Doppler 

flowmeter (Hadeco, Hayashi Denki Co. Ltd., 

Japan) was used to measure renal blood flow 

velocity (RBFV) and renal artery resistance (RAR) 

[25]. In short, rats were given with xylazine and 

ketamine at doses of 2 mg/kg and 60 mg/kg, 

respectively to induce anesthesia. The left renal 

artery was then exposed by a midline abdominal 

incision. The probe was positioned above the 

blood vessel until a stable record could be obtained 

after the tip had been filled with coupling gel. 

Non-invasive blood pressure measurement 

The diastolic and systolic blood pressures were 

measured non-invasively using the MP 36R 

Ultimate System R (BIOPAC, Aero Camino, 

USA). Before the experiment, the rat was put in 

the animal heating chamber's heating section while 

within the restrainer. The rat's temperature reached 

the ideal level after half an hour. The restrainer 

remained within the animal heating chamber, and 

the sensor was fastened to the rat's tail. Blood 

pressure measurements were taken after the rat had 

calmed down. Numerical data was analyzed using 

acknowledge software [26]. 

Urine Collection. Urine samples were collected for 

24 hours from rats housed in separate metabolic 

cages. Urine samples were measured for volume, 

and then centrifuged for 10 minutes at 1000 

revolutions per minute (rpm) to measure creatinine 

and microalbuminuria. 

Measurements of Creatinine Clearance. Urinary 

microalbuminuria was measured using the 

immunoturbidimetric method (Gcell Company, 

Beijing, China).Urine creatinine concentration 

(mg/dL) multiplied by urine volume (mL/min) to 

plasma creatinine concentration (mg/dL) yielded 

the creatinine clearance (ml/min), with values 

reported in mL/min. [27]. Colorimetric kits 

(Biodiagnostic Co., Giza, Egypt) were used to 

measure the   concentrations of urea and creatinine in 

plasma and urine. 

Biochemical analysis 

A retroorbital blood sample was then taken in 

heparinized capillary tubes and extracted at 500×g 

centrifuge for 20 min at 4 °C to gain the serum and 

reserved at a temperature of −80°C till 

biochemical analysis of serum urea and creatinin 

using   colorimetric kits (Biodiagnostic Co., Giza, 

Egypt) 

Renal homogenate preparation  

The tissue was homogenized and centrifugation 

was done at 4000 r.p.m. for 15 minutes using a 

tissue homogenizer (MPW120; MPW, Medical 

Instruments, China), and the supernatant was 

removed and stored at -80
°
C for further 

biochemical assay of  renal malondialdehyde 

(MDA ) and super oxide dismutase (SOD)  using 

specific colorimetric kits (Biodiagnostic Co., Giza, 

Egypt) according to the kit instructions and 

measurement of renal TNF-α and IL-6  using the 

corresponding rat ELISA kits (TNF-α: ERT2010-1, 

Assaypro LLC, Saint Charles, Missouri, USA, cystatin 

C: ab201281, IL-6: ab100772, Abcam, Cambridge, UK) 

following the manufacturer‟s procedure. 

Evaluation of TLR4 and NF-kB  genes expression 

levels by real-time polymerase chain reaction (RT-

PCR) quantitative analysis 

Qiagen RN Easy Plus Universal Kit, manufactured 

in the United States, was used to isolate the total 

RNA of renal tissues. The purity and quality of the 
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RNA were then confirmed. Until it was ready for 

use, the RNA was stored at -80 °C. First, cDNA 

was produced using the QuantiTect Reverse 

Transcription Kit, which is produced by Qiagen in 

the United States.For one set, they used the 

Applied Biosystems 2720 heat cycler (Singapore). 

GAPDH primers were used as an RNA loading 

control in RT-PCR techniques. The cDNA was 

amplified in the second step, and it was then 

utilized in a quantitative real-time PCR using 

SYBR green to measure the relative quantity (RQ) 

of BDNF gene expression. Primers made in 

Midland, Texas, and the SensiFASTTMSYBR Lo-

ROX Kit from the USA wereutilized. The forward 

primer for TLR4 was 

(TCAGCTTTGGTCAGTTGGCT), and the 

Reverse was (GTCCTTGACCCACTGCAAGA). 

For The NF-kB forward primer was 

(TCGACCTCCACCGGATCTTTC). The reverse 

primer was (GAGCAGTCATGTCCTTGGGT). 

Lastly, data scanning was finally finished with 

Applied Biosystems 7500 software version 2.0.1 

[28].With a comparative ∆∆Ct method, the RQ of 

TLR4 and NF-kB gene expression was carried 

out.This technique compares the gene's mRNA to 

a control after normalizing it to an endogenous 

reference gene (GAPDH). 

Histopathological method 

Kidney tissue slices were fixed at formalin for 

histological investigations. They were then dried in 

ethyl alcohol, washed in xylol, and lastly placed 

with paraffin. Haematoxylin and Eosin was used to 

stain the 4 μm-thick sections. [29]. 

Kidney paraffin slices (4 μm) were treated for 10 

minutes with 5% hydrogen peroxide for 

immunohistochemistry investigations. After being 

cleaned with PBS and blocked for 30 minutes with 

BCA solution, the samples were probed overnight 

at 37 °C using primary antibodies against caspase-

3 (1:100 dilution, Elabscience Corp., Wuhan, 

China) and NF-kB (monoclonal, dilution 1:200, 

Abcam). Finally, sections were treated for 30 

minutes at room temperature with a secondary 

antibody conjugated with specie peroxidase. 

Lastly, using image J software (Maryland, USA), 

the intensities of Caspase-3 and NF-kB immune-

stained fields were assessed in five randomly 

chosen distinct microscopic fields for each group 

at a magnification level of x400. 

Statistical analysis 

The data's normality is assessed using the Shapiro 

test. The mean ± standard deviation of the results 

is shown. Analysis of variance (ANOVA) was 

used to assess the collected data. The data was 

examined using SPSS (Version 23) (SPSS Inc., 

Armonk, NY, USA). The mean±SD was used to 

express the data. A statistical criterion of P < 0.05 

was used to establish the significance.  

Results  

The measured SBP,DBP , MABP, RAR, serum 

levels of urea, creatinine addition to urinary 

albumin, renal MDA,  renal TNF-α, renal IL-6,  

renal genes TLR4 and NF-kB of DOCA group 

were dramatically increased compared to control 

however RBFV, renal SOD and creatinine 

clearance values of DOCA group were 

substantially decreased compared to control. The 

measured SBP, DBP, MABP, RAR, serum levels 

of urea, creatinine addition to urinary albumin, 

renal MDA, renal TNF-α, renal IL-6, renal genes 

TLR4 and NF-kB of DOCA+MaR1group were 

substantially decreased compared to DOCA but 

still dramatically increased compared to control, 

however RBFV, renal SOD and creatinine 
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clearance values of DOCA+MaR1were 

substantially increased compared to DOCA but 

still substantially decreased compared to control 

(Fig. 1, Table 1). 

Table (1): The measured SBP,DBP, MABP, RBFV, RAR, serum urea, creatinine, creatinine clearance, 

urinary albumin, renal TNF-α, renal IL-6, renal MDA, SOD, and renal TLR4 and NF-kB genes expressionin 

all studied groups 

DOCA+MaR1 group DOCA group Control group  

146.6±0.17 
*#

 190.8±1.4
*
 105.6±2.11 SBP (mmHg) 

93.1±3.1 
*#

 119±2.8
*
 68±1.9 DBP (mmHg) 

117.9±2.3 
*#

 148.3±2.1 
*
 85.2±2.3 MABP (mmHg) 

4.33±0.13 
*#

 3.1±0.11 
*
 5.3±0.02 RBFV (cm/second) 

1.3±0.03 
*#

 1.71±0.01 
*
 0.85±0.04 RAR (PRU) 

88±2.6 
*#

 160±4.2 
*
 60.8±4.2 Serum Urea (mg/dl) 

0.91±0.07 
*#

 1.9±0.1 
*
 0.41±.09 Serum Creatinine (mg/dl) 

0.83±0.08 
*#

 0.561±0.09
*
 1.41±0.07 Creatinine clearance (mL/min) 

91±3.5 
*#

 175±3.8
*
 21.8±2.15 urinary albumin (mg/day) 

15.2± 1.04
*#

 24± 0.9
*
 7.2 ±0.9 Renal MDA (nmol/ gm. Tissue) 

6.89±0.07
*#

 3.08±0.31
*
 10.2 ±1.03 Renal SOD (U/gm. Tissue ) 

31.1±2.1
*#

 52.3±12.91
*
 20.8±0.57 Renal TNF-α (ng/ml) 

142.5±3.1
*#

 201±2.99
*
 120.5±5.42 Renal IL-6 (pg/mL) 

2.9±0.19
*#

 5.1±0.3
*
 1 Renal TLR4 gene expression 

2.4±0.11
*#

 4.2±0.19
*
 1 Renal NF-κB gene expression 

* Significant compared with control, # Significant compared with DOCA. 

 

Fig (1): Blood pressure values in all studied groups:A- control, B- DOCA and C- DOCA+MaR1 

Hematoxylin and Eosin staining: 

Sections from the control group showed normal 

renal parenchyma without any glomerular and 

vascular abnormalities (Fig. 2A). The DOCA 

group showed severe glomerulosclerosis, 

tubulointerstitial infiltration and renal artery 

sclerosis (Fig. 2B).  The DOCA+MaR1 group 

showed dramatic improvement of the renal 

parenchyma with mild glomerular sclerosis (Fig. 

2C).  
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Fig (2):H& E-stained kidney sections in the studied groups (H&E ×400): (A) are photomicrographs of control group 

showed normal renal parenchyma without any glomerular and vascular abnormalities (black arrow). (B) is a 

photomicrograph of DOCA group showed severe glomerulosclerosis (white arrow), tubulointerstitial infiltration (blue 

arrow), proximal convoluted tubule hydropic degeneration (black arrow) and renal artery sclerosis (red arrow). (C) is a 

photomicrograph of DOCA+MaR1 group showed mild glomerulosclerosis in the renal tissue. 

Immunohistochemical results    

In Caspase-3-stain, DOCA group showed 

dramatically increased in the percentage area of 

caspase-3 when compared to control group 

(52±0.63 vs 9±0.54., respectively, P<0.05). 

However, the DOCA+MaR1 showed a substantial 

decrease in this percentage when compared to 

DOCA (20±0.03 vs 52±0.63., respectively, 

P<0.05), but still increased from the control (Fig. 

3: A-D). 

In NF-kB stain, DOCA showed a substantial 

increase in the percentage area of NF-kB when 

compared to control group (60±0.12 

vs10±0.04.,P<0.05). However, the DOCA+MaR1 

group showed dramatically decrease in this 

percentage when compared to DOCA (22±0.25 vs 

60±0.12, respectively, P<0.0). but still increased 

from the control (Fig. 3: E-H). 

 

Fig (3): Representative micrographs showing a substantial elevation of the Caspase-3 (A-D) and NF-kB (E-H) 

immunoreaction in the DOCA group and a significant downregulation in the DOCA+MaR1. 
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Discussion  

Long-term exposure to elevated blood pressure 

damages target organs, including the kidney [30]. 

According to Safaeian et al.'s research, giving 

DOCA-salt for four weeks effectively created 

hypertension, as shown by the DOCA group's 

dramatically higher BP than the control group 

[20].The direct effects of mineralocorticoid 

receptors on the heart, blood vessels, kidneys, 

adrenal medulla, and brain areas involved in blood 

pressure control [31], as well as an increase in 

sympathetic nerve activity and catecholamine 

levels [32], are what produce DOCA-induced 

hypertension. 

ABP levels were significantly reduced by 

DOCA+MaR1. Serum MaR1 levels in 

hypertension individuals decreased. Additionally, 

it was shown that the MaR1/LGR6 axis is essential 

for hypertensive vascular remodeling and that 

there was a negative connection between MaR1 

concentration and systolic blood pressure. 

Additionally, in the AngII-infused animals, the 

MaR1 therapy relieved hypertensive vascular 

remodeling and decreased blood pressure rise[33]. 

According to earlier research, DOCA significantly 

hampered renal function, as seen by increased 

microalbuminurea, decreased creatinine clearance, 

and raised blood urea and creatinine when 

compared to control [34].In addition to being one 

of the target organs harmed by hypertension, the 

kidney plays a crucial role in controlling blood 

pressure. According to earlier research, 

hypertension is a risk factor for ESRD on its own. 

Microalbuminuria is an indication of renal 

impairment in the early stages of hypertension. 

Changes in renal hemodynamics brought on by 

chronic hypertension, inflammation and podocyte 

destruction are linked to the pathogenesis of 

microalbuminuria.[35].A prior study found that 

SHRs had a considerably higher level of 

proteinuria than control rats.[14]. Histological 

changes seen in the renal tissue of DOCA-induced 

hypertension rats further supported these findings 

and are consistent with previous study [34]. 

In our investigation, MaR1 significantly enhanced 

kidney function, which is consistent with our 

histopathological findings. The renoprotective 

effect of MaR1 was reported in previous sudies 

[36, 37]. 

MaR1 can significantly lower acute kidney 

damage and death in sepsis mice. It may do this by 

lowering neutrophil infiltration and inhibiting NF-

kB/STAT3/MAPK activation, which lowers pro-

inflammatory cytokine levels and raises anti-

inflammatory cytokine levels [38]. 

Oxidative stress plays a significant role in the 

pathogenesis of hypertension and the damage that 

hypertension causes to target organs, according to 

a number of studies. In hypertensive rats, ROS can 

worsen renal impairment [39], this is consistent 

with our findings that DOCA significantly 

increased oxidative stress. Experimental data 

suggests that ROS may have a significant 

pathophysiological function in hypertension 

[40].Significant oxidative stress was seen in the 

DOCA-salt group, which was consistent with the 

findings of the Safaeian et al. research [20]. 

MaR1 significantly reduced DOCA-induced 

oxidative damage. The antioxidant impact of 

MaR1 was demonstrated in previous studies [41, 

42]. The protective effect of MaR1 could result 

from reducing ROS generation and inhibiting 

mitochondrial damage[41]. 
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One of the main causes of hypertension is 

inflammation [43].In line with earlier research,  the 

DOCA-salt group exhibited a substantial rise in 

inflammatory cytokines when compared to the 

control group [44]. 

MaR1 significantly reduced DOCA-induced 

inflammation, which is consistent with previous 

study [45]. Nrf2 mediates the anti-inflammatory 

route of MaR1 via blocking the TLR4/NF-κB 

pathway [46, 47]. By attaching to the receptors on 

the membrane surface to control the essential 

inflammatory protein, maresin1 may initiate the 

downstream pathways, preventing the production 

of inflammatory components and reducing 

inflammation [48], in addition to MaR1 ability to 

increase IL4 and IL10 production [49]. 

NF-kB activation sets off an inflammatory cascade 

that generates inflammatory factors and 

contributes significantly to HTN as glomerular 

disease progresses [50]. An innate immune 

receptor called TLR4 promotes the generation of 

pro-inflammatory cytokines in several tissues and 

recognizes pathogens that pose a threat to the cell 

[51]. By activating the transcription factor NF-kB, 

the TLR4 pathway sets off a downstream signaling 

cascade that regulates the production of pro-

inflammatory cytokines. According to these 

findings, TLR4 contributes significantly to renal 

inflammation and injury through its downstream 

effector protein NF-kB [13]. 

TLR4/NF-κB is an important inflammatory signal 

pathway in renal disorders [52]. When comparing 

the DOCA group to the control, a substantial rise 

in renal NF-κB gene expression, 

immunoreactivity, and TLR4 gene expression was 

noted. According to earlier findings, DOCA-salt 

mice given an anti-TLR4 antibody had a decrease 

in blood pressure [53]. 

A major contributing factor to hypertension is 

dysfunctional innate immune activation, mainly 

through Toll-like receptors (TLRs).Research 

indicates that these receptors serve as entry points 

for oxidative stress, vascular remodeling, and 

persistent low-grade inflammation [54] 

We evaluated the effect of MaR1 on TLR4/NF-kB 

pathway activation in DOCA-induced 

hypertension. In contrast to the DOCA group, the 

DOCA+MaR1 group in this study showed a 

notable downregulation of NF-κB gene expression 

and immunoreactivity. These results imply that 

MaR1 can exert its renoprotective action against 

DOCA-induced hypertension via reducing NF-κB 

activation. In a rat model of chronic liver injury, 

MaR1 may also decrease NF-κB activity [55]. 

MaR1 has been shown to protect against renal IRI 

by blocking the TLR4/MAPK/NF-κB pathways, 

which mediate anti-inflammatory effect of MaR1 

[37]. 

Vascular remodeling and alterations in renal 

hemodynamics are the main pathogenic events. 

The renal arterioles will be impacted by the 

alteration in renal hemodynamics that happens 

when hypertension develops. The arteriole will 

first become more sensitive to vasoconstrictive 

drugs, which will raise vascular resistance and 

reduce local blood flow [56]. This was 

demonstrated by our findings, which showed that 

DOCA significantly raised RAR and lowered 

RBFV when compared to control. whereas MaR1 

significantly reduced DOCA-induced alterations in 

renal blood flow. NOD-like receptor protein 3 

(NLRP3) transcriptionis aided by NF-κB 

activation. Cytokines and caspase-3 are activated 
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in part by the NLRP3 inflammasome [57].When 

compared to control, DOCA significantly 

increased renal caspase-3 immunoreactivity. Prior 

research showed that DOCA caused apoptosis in 

tissues [11].When compared to the DOCA group, 

the DOCA+MaR1 group in this research also 

showed a significant downregulation of caspase-3 

immunoreactivity. This was consistent with 

previous studies. [41, 42].This may be due to the 

anti-oxidant and anti-inflammatory properties of 

MaR1  

Conclusion 

Through anti-oxidant, anti-inflammatory, and anti-

apoptotic pathways, as well as the down-regulation 

of TLR4 and NF κB renal genes expression, MaR1 

reduced DOCA-induced hypertensive 

nephropathy. 
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