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Abstract 

Renin-Angiotensin System (RAS) is an important peptide cascade involved in 

physiological processes. RAS homeostasis disruption produces several cardiovascular and 

metabolic disorders, such as arterial hypertension, atherosclerosis, acute myocardial infarct, 

obesity, diabetes, metabolic syndrome and increases gastrointestinal tract (GIT) cell 

proliferation. Angiotensin (Ang)-(1-7) peptide is the main RAS counter-regulatory axis 

effector. It is formed from ACE2 enzyme and acts mainly through Mas receptor (MasR). In 

this context, the aim of the present study was to evaluate alterations in small intestine 

morphology and intestinal microbiota composition in MasR knockout C57BL/6 mice. We 

analyzed glucose tolerance; insulin sensitivity and blood collected for biochemical 

parameters as well as small intestine tissues samples for immunohistochemistry. mRNA 

and bacteria gDNA expression evaluation. mRNA expression was evaluated by qRT-PCR 

for TLR4, PI3K and AKT. The main results showed that Mas-R-knockout mice presented 

lower body weight. MasR-knockout mice also presented increased fasted blood glucose and 

total cholesterol with reduced HDL, lower glucose tolerance and impaired insulin 

sensitivity. Increased intestinal mucosa length, increased intestinal villi, reduced 

Lieberkühn crypt depth. The increased expression of cell proliferation markers Ki-67 and 

Cyclin D1 and increased TLR4, PI3K and AKT expressions were observed with augmented 

Bacteroidetes and decreased amount of Firmicutes. That results suggests that MasR 

deletion generated changes in intestinal microbiota, possibly due to a lower neutral amino 

acids absorption followed by a compensatory increase in intestinal villi length associated 

with disbiosis and LPS overproduction that ultimately lead to proliferation and cell 

inflammation. 
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Introduction 

 Renin-Angiotensin System (RAS) is an endocrine system present in several organs 

and expressed in different cell types. RAS regulates many physiological processes [1] and it 

is known as an important peptide cascade with several components, including 

Angiotensinogen (AGT), Angiotensin I and II as well as the enzymes Renin and 

Angiotensin-Converting enzyme (ACE) [2]. RAS homeostasis disruption is associated with 

numerous cardiovascular and metabolic disorders, such as arterial hypertension, 

atherosclerosis, acute myocardial infarct, obesity, diabetes and metabolic syndrome [3, 4]. 

Nearly every RAS components can be found on small intestine epithelial, lamina propria 

and muscularis mucosae cells [5]. Moreover, recent studies have shown its contribution in 

cancer development by increasing gastrointestinal tract (GIT) cell proliferation [6-8].   

Angiotensin (Ang)-(1-7) peptide is the main effector of the RAS counter-regulatory 

axis. It is formed from ACE2 enzyme and acts mainly through Mas receptor (MasR) [8]. 

Many studies point out to notable ACE2/Ang-(1-7)/MasR axis effects on improving heart, 

blood vessels, adipose tissue and skeletal muscle disorders [9]. Moreover, ACE2 and Ang-

(1-7) presents GIT-beneficial metabolic, inflammatory and proliferative pathways effects [8, 

10, 11].  

GIT disorders are an important morbid-mortality problem and increase health 

service costs worldwide, especially those of intestinal involvement such as colitis, intestinal 

inflammatory disease and cancer. Nowadays, it is well known that intestinal dysbiosis is an 

important predisposing factor for several intestinal and metabolic diseases, such as diabetes 

and obesity [12-15]. Small intestine mucosa cells are responsible for nutrients absorption as 

well as mucus, antimicrobial peptides and hormones secretion, including several RAS 

components. 

RAS components imbalance may lead to intestinal tissue dysfunctions such as 

increased inflammation and fibrosis [16]. Some authors describe an increased activity of 

the RAS in IBD (DII)- induced colitis, thus indicating a negative role on this disease onset 

and development [17, 18]. Conversely, Ang-(1-7) administration showed an anti-

inflammatory effect in IBD (DII) pathogenesis [19].  
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Although intestinal microbiota and RAS play complementary functions in many 

places, more studies are required to elucidate the interaction between those systems. So far, 

it is known that ACE2 participates in the absorption of neutral amino acids through binding 

to B0AT1 specific receptor, thus regulating intestinal nutrition, inflammatory processes and 

microbiota [10, 20]. Still on the ACE2 role, some authors concluded that the deletion of 

this protein induced the development of a condition similar to pellagra and Hartnup disease 

[21, 22]. Ang-(1-7) also modulates microbiota and inflammation, given that its 

administration was associated with improved tryptophan absorption in an animal model of 

colitis [19, 23]. 

Considering the role of the RAS in gastrointestinal homeostasis regulation, the aim 

of the present study was to investigate effects of Ang-(1-7) receptor, MasR, deletion on 

small intestine morphology and resident gut microbiota using C57BL/6 MasR-Knockout 

mice. 

 

Material and Methods 

 

Animals 

 The present study used Wild-Type (WT) and MasR-Knockout (MasR-KO) 

C57BL/6 male 8-weeks old mice (n=7) presenting no significant weight difference between 

groups. KO-mice were originally obtained from Michael Bader at the Max-Delbruck Center, 

for Molecular Medicine [24] and bred in the Department of Physiology and Biophysics of 

the Federal University of Minas Gerais by Robson Santos whom gently donated it for us 

[25]. Animals were kept under standard temperature (22 ± 3°C), humidity (30-70%) and 

light/dark cycle (12/12 hours), with ad libitum access to standard food (Purina Labina®) 

and water throughout the whole experiment. All procedures were performed according to 

State University of Montes Claros Animal welfare and research ethics committee 

(#125/2017) and under the Helsinki Declaration Guidelines. 

 

Glucose Tolerance and Insulin Sensitivity Tests 

Insulin Sensitivity test was performed with non-fasted animals by intraperitoneal (ip) 

injection of 0.75 U of insulin/kg of body weight (BW). Serum glucose was evaluated right 
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before insulin administration and 15, 30 and 60 minutes thereafter. Glucose tolerance test 

was performed on 12h fasted animals by IP injection of 2 g of glucose/kg of BW. Glucose 

was evaluated right before glucose administration and 15, 30, 60 and 120 minutes thereafter. 

Glucose was evaluated by glucometer Alere™ G2 (São Paulo, Brasil). 

 

Blood and Tissue Samples 

 The animals’ body weight was evaluated on the day the animals were sacrificed by 

guillotine decapitation. Total blood was collected immediately after sacrifice, centrifuged at 

3000 rpm for 10 minutes, and the serum fraction was store at -20°C for biochemical 

analysis. Also every animal had the first (duodenal) portion of small intestine, epididymal 

white adipose tissue removed and immediately either conditioned in liquid nitrogen and 

stored at -80°C freezer or fixated in formalin 10% [26].  

 

Biochemical Parameters 

 The biochemical parameters total cholesterol (TC), High-density Lipoproteins 

(HDL) and fasting glucose were evaluated using enzymatic kits (Wiener Laboratories, 

Rosario, Argentina). Measures were performed using Wiener BT-3000 plus Chemistry 

Analyzer (Wiener Laboratories, Rosario, Argentina) and expressed as mg/dL. 

 

Histological and Morphometrical Analysis 

Duodenal samples were fixated in 10% formalin, processed in alcohol series, 

diaphanized in xylol and included in paraffin. After inclusion, 4 µm thick histological 

sections were hematoxylin-eosin (H&E) stained. Histological slides were examined using 

an optical microscope FSX100 (Olympus, Center Valley, PA, USA; magnification of 

objective 100X) with Evolution LC color light camera (Media Cybernetics®, USA), where 

ten images were captured every slide for each animal. Histological slides were analyzed for 

general architecture and morphometric evaluation of intestinal structures: I) mucosa height, 

measured from villi top to muscularis mucosae base (5.4X); II) villi height, reported as the 

the ratio from the villi top to the crypt initial lumen (5.4X); III) villi width, measured near 

the crypt base through the lamina propria with the outer limit being established by the villi 

epithelial cells (enterocytes) (20X); IV) enterocytes height, measured from the microvilli 
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extremity to the enterocyte base interface to the villi lamina propria. (20X); V) crypts 

depth: measured from the crypt lumen to the submucosa/crypt base interface (20X); and 

VI) muscular thickness: measured from submucosa edge to the serosa layer, evaluated in 3 

regions, at the muscle center and both extremities (20X) (Supplementary Figure 1). All 

characteristics were evaluated as previously with a few necessary changes [27-29].  

 

Immunohistochemical Reaction 

Duodenal section was also used for immunohistochemistry reaction to evaluate cell 

proliferation. Endogenous peroxidase was blocked by incubation with 0.3% H2O2 at room 

temperature for 10 min. After blocking non-specific binding with normal protein blocker 

(Biocare Medical®, California, USA), serial sections were incubated with mouse 

monoclonal anti-Ki67 (dilution 1:400 clone SP4) and Cyclin D1 (dilution 1:400, clone 

EP12) antibody (Biocare Medical®, California, USA), for thirty minutes. Following 

incubation with the primary antibodies, sections were thoroughly rinsed and newly 

incubated with a Mach 1 Probe and Mach 1 Polymer (Biocare Medical®, California, USA) 

for 30 minutes each. Then the markings were revealed with 3,3'-Diaminobenzidine (DAB). 

After washing, they were lightly counterstained with Harris’s hematoxylin, dehydrated, 

cleared in xylene, and mounted with Entellan (Merck, Darmstadt, Germany). Only cells 

that presented brown nuclear staining were considered positive. For each slide 10 images 

were obtained by 40X magnification  (Olympus; FSX-100, magnification of objective 

100X), where the specific antibodies marked/non-marked cells ratio in region crypts was 

evaluated [30]. Images obtained were analyzed using Image J 2.0 (Wayne Rasb and, 

National Institutes of Health, Bethesda, MD) [31].  

 

Quantitative Real-Time PCR 

 Total mRNA was extracted from duodenum with Trizol reagent (Invitrogen Corp.®, 

San Diego, USA). RNA samples were treated with DNAse and, after initial incubation with 

random hexanucleotides, reverse-transcribed using reverse transcriptase MMLV 

(Invitrogen Corp.®, San Diego, USA). Endogenous control used was Glyceraldehyde 3-

phosphate dehydrogenase (GAPDH) for Toll-Like Receptor 4 (TLR-4), 

Phosphatidylinositol 3-kinase (PI3K), Protein Kinase B (AKT) and tumor necrosis factor α 
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(TNF-α)  (IDT®, Iowa, USA) which were amplified using specific primers (table 1) and 

SYBR Green Reagent (Applied Biosystems®, USA). Transcript expressions were 

evaluated by relative CT comparison using the 2-ΔΔCT  equation [32, 33]. 

 

Intestinal Microbiota analysis  

 Mouse feces were collected immediately after evacuation and stored in -20°C 

freezer for subsequent analysis. Genomic DNA (gDNA) was extracted from 50 mg of each 

sample using silica particles followed by repeated washing for impurities removal before 

TRis-EDTA suspension. gDNA amplification was realized through qPCR for total bacteria 

primers as endogenous control and evaluated the Bacteroidetes and Firmicutes genes 

amplification (Table 2) (IDT®, Iowa, USA). Transcript expressions were evaluated by 

relative CT comparison using the 2-ΔΔCT  equation [38]. 

 

Statistical Analysis 

 Statistical Analyses were performed using GraphPadPrism software 5.0 (San Diego, 

Califórnia, USA), with 95% confidence interval. Data are expressed as mean ± SEM. 

Normal curve was evaluated by Shapiro-Wilk test.  Statistical significance for both groups 

was estimated by Student’s t test and two-way ANOVA for the glucose tolerance and 

insulin sensitivity tests followed by Bonferroni multiple comparison post-test.  

 

Results 

 

MasR-knockout mice showed altered biochemical parameters and body weight, but not 

adiposity 

MasR-KO mice showed lower body weight compared WT, without differences in 

epididymal and mesenteric adipose tissue weight (Table 3). Biochemical parameters are 

listed in Table 3, where an increase in fasted blood glucose and total cholesterol can be 

noticed in MasR-KO mice associated with a reduced HDL serum concentration. MasR-KO 

mice also showed a lower glucose tolerance (WT: 77.4±77.42; MasR-KO: 1188±47.19; 

p<0.01) (Figure 1A) and impaired insulin sensitivity (WT: 244.0±10.92; MasR-KO: 

408.8±12.03; p<0.001) (Figure 1B). 
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MasR-KO presented altered intestinal epithelial cell morphology regardless of diet  

  

MasR-KO mice showed increased intestinal mucosa length (WT: 540.0±6.295; 

MasR-KO: 620±6.981; p<0.001) (Figure 2A), with the same profile being observed for 

intestinal villus (WT: 401.4±5.62; MasR-KO: 476.5±6.04; p<0.001) (Figure 2B). MasR-

KO also showed a reduced villi width (WT: 126.0±3.43; MasR-KO: 98.96±3.31; p<0.001), 

enterocyte height (WT: 16.74±1.33; MasR-KO: 11.98±0.58; p<0.01) and Lieberkühn crypt 

depth (WT: 128.6±1.41; MasR-KO: 103.4±1.49; p<0.001), followed by an increased 

muscular thickness (WT: 74930±2791; MasR-KO: 56020±2367; p<0.001) (Figure 2C-F).  

All morphological changes occurred regardless of diet, since all mice were fed the same 

diet. 

 

MasR-KO mice showed increased cell proliferation in intestinal epithelium 

 

 Immunohistochemistry analysis of duodenal samples showed that MasR-KO mice 

had increased expression of cell proliferation markers, such as Ki-67 (WT: 0.7168±0.03748; 

MasR-KO: 0.8503±0.04743; p<0.05) and Cyclin D1 (WT: 0.2808±0.02286; MasR-KO: 

0.4757±0.04625; p<0.001) (Figure 3). This indicated an increased production of new 

intestinal epithelial cells, thus corroborating H&E morphological findings. 

 

MasR-KO mice showed increased TLR4, PI3K, AKT and TNF-α expression 

 

 qPCR analysis showed that TLR4 expression is increased in MasR-KO mice 

(2.671±1.730; MasR-KO: 51.59±8.502; p<0.001) (Figure 4A). PI3K and AKT pathway is 

highly associated with cell proliferation and differentiation, and our results show an 

increased expression of these two genes in MasR-KO mice WT (PI3K-WT: 1.228±0.3416; 

MasR-KO: 24.15±7.645; p<0.01) (Figure 4B) (AKT - WT: 1.241±0.6170; MasR-KO: 

11.19±3.720; p<0.05) (Figure 4C), thus indicating an increased activation of this cellular 

growth pathway in those mice. Similarly, elevated TNF-α gene expression indicated a 
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proinflammatory state in MasR-KO animals (WT: 0.8175 ± 0.3936; MasR-KO: 7.937 ± 

1.300; p<0.01) (Figure 4D). 

 

MasR-KO mice showed changes in intestinal microbiota 

 

 MasR-Ko mice showed an increased abundance of Bacteroidetes (WT: 

0.7426±0.1612; MasR-KO: 2.351±0.5311; p<0.05) (Figure 5A) and a decreased abundance 

of Firmicutes (WT: 2.271±0.6931; MasR-KO: 0.7624±0.2; p<0.05) (Figure 5B). The 

Bacteroidetes to Firmicutes ratio is also altered in MasR-KO mice (WT: 0.7784±0.1224; 

MasR-KO: 1.855±0.4338; p<0.05) (Figure 5C). 

 

Discussion 

 

The main results of the present study showed that MasR deletion in mice produces 

important alterations in intestinal structure followed by microbiota dysbiosis. The increased 

expression of cell proliferation markers Ki-67 and Cyclin D1 and increased TLR4, PI3K 

and AKT expressions were associated with increased intestinal amount of Bacteroidetes 

and decreased quantity of Firmicutes.  

The Ang-(1-7) receptor deletion disables the local and systemic action of this 

peptide which can lead to malabsorption of neutral amino acids and cause other diseases  

[23]. Inflammatory bowel disease, fibrosis, intestinal dysbiosis are related to changes in 

ACE2/Ang-(1-7)/Mas axis action. [19, 40]. Such changes may produce other pathological 

conditions such as nephropathy and cancer in the GIT [41, 42]. On the other hand, 

administration of probiotic Lactobacillus paracasei increased circulating Ang-(1-7) levels 

[43]. In another recent study, the presence of Ang-(1-7) in the jejunal mucosa improved 

glucose uptake in rats with type 1 diabetes [44]. Considering that Ang-(1-7) represents 

RAS counter-regulatory arm main effector, MasR ablation inhibited its anti- inflammatory 

and antiproliferative effects, as shown by our results. 

Genetic deletion of MasR elicits metabolic effects in mice that closely resemble 

those found in metabolic syndrome [45]. Although the weight of WT animals was higher, 

no changes in adiposity were observed, resulting in a decrease in lean mass in MasR-KO 
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animals. Variations in body composition, biochemical parameters, insulin sensitivity and 

oral glucose tolerance of MasR-KO mice further support the negative consequences of 

MasR absence, as described in previous studies [46]. As it is already well established, the 

RAS is one of the determining factors for metabolic syndrome and associated comorbidities, 

in addition to promoting alterations in the GIT, such as inflammation, undernourishment, 

dysbiosis and cancer [19, 23, 26]. Therefore, the deletion of MasR may cause a 

deregulation in this system, given that there is no ACE/AngII/AT1 axis effects that can be 

observed in other organs such as small intestine [47, 48].  

 Many studies already linked the RAS to GIT changes. Fändriks (2010) found a 

correlation between AT1 and AT2 receptors to muscle contractions and GIT epithelium 

function regulation, besides also a possible involved of these receptors in inflammation and 

carcinogenesis processes [49, 50]. Derangements in mouse intestinal epithelium were also 

observed in animals submitted to AngII administration showed deterioration in Type 2 

Diabetes model. The negative influence of the ACE/AngII/AT1 axis can also be shown by 

alterations in nutrients absorption and tissue fibrosis observed in human myofibroblast 

culture, and by interference in crypts and villi development [51]. The increase in villus 

height in Mas-KO animals can be a body rapid response to increase the nutrient absorption 

area [52]. These alterations may be associated to a decreased neutral amino acids 

absorption resulting from the Mas receptor deletion [23]. In addition, the Ang-(1-7) 

receptor absence can promote IBD and Crohn's disease [53, 54], as well as trigger 

inflammatory bowel processes that can lead to increased muscularis mucosae [52, 55] and 

damage to the intestinal crypts [56]. These results supports the decrease in the villi height 

found in the present study, which is seen in the early stages of disappearance due to the  

animals young age. 

 Several studies have already shown the influence of carbohydrate and fat rich as 

well as protein poor diets over intestinal villi development [57-59]. The morphometrical 

analysis of intestinal mucosa in the present study showed that MasR deletion induced an 

overgrowth in intestinal mucosa regardless of diet. Similarly, deletion of the leptin gene in 

ob/ob mice led to a state of entropy and intestinal dysbiosis [10, 60]. Other studies 

described a role of ACE2, since its absence caused intestinal epithelium derangements. 
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Those findings support our results that showed intestinal architecture alteration coupled to 

crypts reduction, which was observed in other assays [60]. 

 The increased length of villi and intestinal mucosa observed in MasR-KO mice can 

be explained by the increase in cell proliferation markers. Ki-67 and Cyclin D1 antibodies 

are well documented cell proliferation markers and widely used in differential diagnosis of 

several diseases [56, 61, 62]. Haxhija et al., (2008) observed that ACE-knockout (ACE-KO) 

mice showed reduced apoptosis and increased intestinal epithelium cell proliferation [51]. 

A study by Koga et al. (2008) concluded that C57BL/6 mice with a partial small intestine 

resection treated with AT1 receptor blockers modulated apoptosis and cell proliferation 

functions by ATII receptor type 1a instead [63] . Evidences over ACE2/Ang-(1-7)/Mas axis 

effects reinforce our hypothesis about its role in maintenance of intestinal homeostasis. 

Increased cell proliferation in MasR-KO mice could be a compensation mechanism for the 

reduced nutrients absorption followed by microbiota and its metabolites modulation. 

 TLR4 is a member of the toll- like receptors (TLRs) which are involved in many 

physiological cascades in the organism, such as inflammation, insulin resistance and cell 

proliferation [64-66]. The higher TLR4 expression found in MasR-KO mice corroborates 

the current literature findings and evidence its role in insulin resistance as well as in 

intestinal epithelium development and increased gram-negative bacteria [67]. Its regulatory 

cascade results in activation of several pathways, including PI3K and AKT, exerting its 

effects in inflammation and intestinal cell-cycle modulation amongst others [62, 66, 68].  

In our study, PI3K and AKT gene expression was increased in MasR-KO mice, thus 

ratifying our previous findings such as lengthier intestinal villi, increased proliferative 

pathways and TLR4. Other authors also found increased PI3K and AKT gene expression in 

small intestine of mice with colitis which was reduced after administration of Ang-(1-7), 

ACE inhibitors or AT1 receptor blockers [16, 19]. Yet other authors investigated the 

proliferative pathways involving TLR4, PI3K and AKT and found their activation to be 

directly related to the increase in lipopolysaccharides (LPS) in smooth muscle layer of 

blood vessels [69, 70].  

LPS are gram-negative bacteria constituents outer wall, which, in physiological 

conditions, play an important role in immunomodulation from innate response and against 

pathogenic microorganisms [71]. Some authors already reported a correlation between 
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intestinal microbiota composition, obesity and insulin resistance. LPS presence in obese 

mice are associated with high levels of inflammation and oxidative stress [72]. LPS exert 

their effects through the binding of the Lipid Terminal A to TLR4 promoting cellular 

activation and infection-mediated response [73].  

TNF-α is a proinflammatory cytokine widely studied in infectious, tissue injury and 

apoptotic processes [74]. Its production occurs mainly through macrophages in response to 

harmful stimuli such as endotoxins, viral particles, fungi, complement C5a and LPS [74, 

75]. TLR4 plays a key role in microorganism-mediated activation of TNF-α [76-78]. In the 

present study was possible to observe a significant increase of TNF-α in MasR-KO animals, 

corroborating its relationship with LPS present in the cell wall of gram-negative bacteria, as 

is the case of most Bacteroidetes. 

Several mechanisms are responsible for modifying the intestinal microbial 

population [79]. Among them stands out the use of antibiotics, which eliminates pathogenic 

microorganisms and also may weaken the resident microbiota, opening space for 

opportunistic microorganisms [80]. Although there are few studies in the literature 

regarding the effects of antibiotics on the RAS, some authors already indicate changes in 

the renal and microbiota RAS resulting from the use of antibiotics [81]. Some other studies 

have already demonstrated the probable relationship between the use of probiotics, 

antibiotics and changes in the microbiota and RAS, modulating arterial hypertension [82]. 

The association between antibiotics, microbiota and RAS is a research focus that needs 

further clarification, becoming one of the limitations of this study. 

Intestinal microbiota represents the microorganism fauna present in the small and 

large intestines and are responsible for the modulation of several host physiological 

processes [83-85]. Bacteroidetes and Firmicutes phyla correspond to over 80% of all 

residents microorganisms in the intestinal mucosa and and an unbalance between these 

phyla reflects metabolic alteration in the host [84, 86]. While investigating MasR-KO 

microbiota changes, we observed an increase in the Bacterioidetes phyla, which is the main 

responsible for Gram-negative bacteria presence. These alterations are associated with 

TLR4, PI3K and AKT overexpression, more likely due to an increased LPS production. 

In conclusion, the present study shows the negative effects of MasR deletion on 

intestinal morphology and microbiota composition in C56BL/6 mice. The main findings 
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indicate that the ACE2/Ang-(1-7)/MasR axis might be a promising target for new 

therapeutic studies to prevent and treat GIT disorders with reduced costs for healthcare. 

Moreover, the MasR deletion produced changes in intestinal microbiota. This 

malnourishment profile leads to a compensatory increase in intestinal villi length and 

dysbiosis, with possible overproduction of LPS that ultimately lead to increased 

proliferation and cell inflammation. 
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Figure 1: (A) Blood Glucose and Area Under Curve Glucose in glucose tolerance test. (B) Blood Glucose 

(ipGTT) And Area Under Curve during Insulin Sensitivity (ipIST) Test. *p < 0.05; **p < 0.01;  ***p < 0.001. 

WT: Wild Type; MasR-KO: Mas-Receptor knockout. 

 

Figure 2: Intestinal development profile. (A) Mucosa height. (B) Villus height. (C) Villus width. (D) 

Enterocytes height. (E) Lieberkühn crypt depth. (D) Muscular thickness on H&E staining. **p < 0.01; ***p < 

0.001. WT: Wild Type; MasR-KO: Mas-Receptor knockout. 

 

Figure 3: WT and MasR-KO mice markers of epithelial intestinal cells proliferat ion by Ki-67 and Cyclin D1 

expression. *p < 0.05; ***p < 0.001. WT: Wild Type; MasR-KO: Mas-Receptor knockout. 

 

Figure 4: Intestinal gene expression. (A) TLR4 mRNA expression. (B) PI3K mRNA exp ression. (C) AKT 

mRNA expression. (D)  TNF-α mRNA expression. *p < 0.05;  **p < 0.01; ***p < 0.001. WT: Wild Type; 

MasR-KO: Mas-Receptor knockout. 

 

Figure 5: Intestinal microbiota gDNA profile in WT and MasR-KO mice. (A) Bactero idetes gDNA. (B) 

Firmicutes gDNA. (C) Bacteroidetes/Firmicutes gDNA rat io. *p < 0.05. WT: Wild Type; MasR-KO: Mas-

Receptor knockout 
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Table 1. Primers. 

Primer Target Primer Sequences (5’-3’) Reference 

GAPDH F 

R 

AAG AAG GTG GTG AAG CAG GCA TC 

CGA AGG TGG AAG AGT GGG AGT TG 

[34] 

TLR4 F 

R 

ACCTCTGCCTTCACTACAGA 

AGGGACTTCTCAACCTTCTC 

[35] 

PI3K F 

R 

CTCTCCTGTGCTGGCTACTGT 

GCTCTCGGTTGATTCCAAACT 

[36] 

AKT-1 F 

R 

GCCAAAGTCCAGCAAGAAGG 

CTGA ACCGCATGGGACACAG 

[37] 

TNF-α F 

R 

TGC CTC AGC CTC TTC TCATT 

CCC ATT TGG GAA CTT CTC CT 

[33] 

F: primer foward; R: primer reverse. 

 
Table 2. Bacteria gDNA primers. 

Primer target Primer sequences (5’-3’) Reference 

Total bacteria F 

R 

CCTACGGGAGGCAGCAG 

ATTACCGCGGTGCTGG 

[39] 

Bacteriodetes F 

R 

GGA RCA TGT GGT TTA ATT CGA TGA T 

AGC TGA CGA CAA CCA TGC AG 

[39] 

Firmicutes F 

R 

GGA GYA TGT GGT TTA ATT CGA AGC A 

AGC TGA CGA CAA CCA TGC AC 

[39] 

F: primer foward; R: primer reverse. 

 
Table 3. C57BL/6 WT and MasR-KO mice body weight and biochemical parameters. 

Parameter WT MasR-KO P value 

Body weight (g) 25.16±0.59 23.40±0.39* 0.03 

EAT (g/BW) 0.009±0.00 0.009±0.00 0.74 
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MAT (g/BW) 0.008±0.00 0.009±0.00 0.86 

Total Cholesterol (mg/dL) 73.80±4.80 252.6±55.47** 0.001 

HDL (mg/dL) 54.54±3.41 21.55±6.02* 0.01 

Fasted blood Glucose (mg/dL) 85.20±7.13 127.0±13.87* 0.03 

Data shown as Mean ± SEM Student t test *p<0,05 and **p<0,01. BW: body weight; HDL: high -density 

lipoprotein; EWAT: Epididymal Adipose Tissue. MAT: Mesenteric adipose Tissue 

 

 
 
Highlight: 

 Genetic deletion of Mas receptor alters gut villi length 

 Mas Ko mice presents intestinal microbiome dysbiosis 

 Genetic deletion of Mas receptor modulates TRL4/PI3K/AKT via 
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