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Article 
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Abstract: Peritoneal dialysis is a therapeutic strategy for patients with renal failure due to its cost-

effectiveness and ease administration. However, exposure of the peritoneal membrane to dialysis 

fluids triggers a remodeling process that progressively reduces treatment efficacy. Renal failure-

induced protein-energy wasting further complicates therapeutic outcomes, involving nutritional and 

metabolic disruptions. Arthrospira maxima is a high protein and energy functional food with anti-

inflammatory properties that offers a promising intervention to address these complications. This 

study aimed to evaluate the effects of A. maxima on protein-energy wasting and peritoneal 

remodeling in a uremic peritoneal dialysis model. Male Wistar rats in uremic peritoneal dialysis were 

divided into four groups (n=5) and fed either a 20% A. maxima-enriched diet or a standard diet for 

five days. Following treatment, rats were euthanized, and blood, adipose tissue, peritoneum wash, 

and liver imprints were obtained. The A. maxima-enriched diet modulated the immune response in 

the peritoneal cavity by increasing macrophage populations and reducing the recruitment of 

neutrophils, lymphocytes, and basophils, alongside decreased activation of the hepatic mesentery. 

Additionally, the enriched diet mitigated changes in energy intake, body weight, and energy 

reserves, demonstrating its potential to alleviate peritoneal remodeling and protein-energy wasting. 

Keywords: functional food; nutraceutical; C-phycocyanin; peritoneal inflammation; peritoneal 

fibrosis; renal failure 

 

1. Introduction 

Peritoneal dialysis (PD) is a high-quality and cost-effective renal replacement therapy (RRT), 

with an estimated global prevalence of 38.1 per million population [1]. In Mexico, PD accounts for 

59% of all RRT cases, representing 35,255 patients and assuming an approximately cost of $6,000 USD 

per patient annually, according to reported by Mexican Institute of Social Security [2]. PD functions 

by the ability of the peritoneal membrane to serve as a semipermeable membrane enabling selectively 

filtration of metabolic waste products to a dialysis fluid introduced into peritoneal cavity via a 

catheter. Dialysis fluid is drained after a dwell time, according to specific patients’ clinical 

requirements [3,4]. 

Despite its advantages, PD induces peritoneal inflammation [5], due to exposure of the 

peritoneal mesothelium to PD components (e.g. catheter, acidic pH, high glucose, glucose 

degradation products, and advanced glycation end products) and the uremic state [3], that 

contributes to the release of transforming growth factor beta (TGF-β) from the mesothelial cells, 
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resulting in proliferation and its transdifferentiating to myofibroblast, followed by the secretion of 

pro-inflammatory cytokines involved in leukocyte migration, and vascular endothelial growth factor 

A (VEGF-A), which promotes angiogenesis [6]. The combined effect of these pathways merge in 

peritoneal fibrosis, which progressively reduces PD efficiency and leads to peritoneal membrane 

failure. Addressing these mechanisms is essential for prolonging treatment viability and improving 

the quality of life in PD patients [7]. 

Protein-energy wasting (PEW) is characterized by the decrease in body stores of energy reserves 

[8]. PEW development is a complex multifactorial process involving inflammation, decreased food 

intake, dialysate nutrient losses, metabolic acidosis, hormonal disorders, and diminished antioxidant 

levels, among other factors [9]. With an estimated prevalence of 75%, PEW is an important factor 

which increases mortality in PD patients’ principle due to the loss of the adipose tissue reserves [10]. 

Uremia-caused anorexia is a higher contributor to PEW, and it’s exacerbated by alteration in 

production of orexigenic and anorexigenic hormones [11]. In this context, nutritional 

supplementation is a critical strategy to mitigate the impact of PEW due to preventing weight loss 

and alterations in food intake, increasing quality of like in patients undergoing PD [9]. 

Arthrospira maxima is a cyanobacterium used as food by humans due to its high nutritional value 

[12]. Previous studies have demonstrated its potential as a suitable strategy for nutritional recovery 

and combating malnutrition [13]. C-phycocyanin (CPC) is the major contributor to anti-inflammatory 

properties of A. maxima [14]. CPC exhibited anti-angiogenic effects in silico [15], and 

immunomodulatory and antifibrotic effects in vivo models [16–18]. However, its potential role in 

preventing peritoneal inflammation and protein-energy wasting in peritoneal dialysis remains 

unexplored. 

This study aims to evaluate the protective effect of A. maxima in peritoneal inflammation and 

protein-energy wasting in a short-term uremic peritoneal dialysis (UPD) model. 

2. Materials and Methods 

2.1. Animals 

24 male Wistar rats weighing 300-350 g were acclimatized for two weeks in an animal room with 

regulated temperature at 21 ± 2 °C, 40-60% of relativity humidity, a 12 h light-dark cycle (lights on at 

08:00), and at libidum access to standard feed (RatChow 5001, LabDiet®, Richmond, USA.) and tap 

water in individual cages. Care and procedures were performed in accordance with the regulation 

set in NOM-062-ZOO-1999 [19], and were approved by the Institutional Animal Ethical Committee 

for the care and use of laboratory animals with number ZOO-003-2024. 

2.2. Uremic Peritoneal Dialysis Model 

Animals were anesthetized with sodium pentobarbital (35 mg/kg, ip) and bilateral nephrectomy 

to induce uremic state or sham surgery was performed. Blood samples were collected from caudal 

vein, and ventral laparotomy was conducted to expose both kidneys [20]. The blood vessels and 

ureter were occluded, and the kidneys were extirped. A peritoneal catheter was implanted into the 

peritoneal cavity and fixed to the abdominal wall using 3-0 silk suture. The catheter was tunneled 

subcutaneously until interscapular back. 30 mL/kg of 1.5% glucose pre-warmed (37° C) dialysis 

solution (Dianeal, Baxter, Deerfield, USA) was infused through the catheter and drained after 10 min 

to prove the permeability of catheter [21], then it was secured and closed by a disinfected silicone tip. 

Finally, animals were administered with 10 mg/kg/d of enrofloxacin and tramadol to prevent 

infections and avoid pain, during all the experiment [22]. 

2.3. Experimental Design 

Following surgery, animals were divided into four groups (n=6): (1) Sham (Standard diet); (2) 

Enriched diet; (3) UPD; and (4) UPD + Enriched diet, afterwards standard diet (Laboratory Rodent 
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Diet 5001, LabDiet) or enriched diet were proportionate. The enriched diet was prepared by mixing 

grounded standard diet feed with 20% of A. maxima (Spiral Spring, Pozo Almonte, Chile). The 

composition of the diets is shown in Table 1. 

Table 1. Composition of Chow and 20% A. maxima enriched diet. 

Component (%) Standard diet Enriched diet 

Proteins 24.1 32.28 

Carbohydrates 57.94 49.6 

Lipids 5 5.2 

Energy supply (kJ/g) 14.31 14.30 

At 24 h after surgery, PD was performed instilling 30 mL/kg of pre-warmed 1.5% glucose 

dialysis solution through the catheter and drained after 2 hours. Before and after every PD, blood 

samples from caudal vein were collected. Peritoneal dialysis was performed daily, as well as feed 

intake and body weight measure. Energy intake was calculated according to energy supply of diets 

(Table 1) and the data are presented as normalized energy intake in kJ per 100 g of body weight. 

On the fifth day after PD, animals were euthanized by sodium pentobarbital (150 mg/kg, ip) and 

briefly, 10 mL of sterile isotonic saline solution (ISS) was injected into the peritoneal cavity and held 

for 2 minutes with a soft massage. The washed was recovered in 1 mL of new ISS and immediately 

centrifugated at 600 × g for 10 min and supernatant was removed and cellular pellet was immediately 

processed. Afterwards, intracardiac blood was collected and five liver imprints of each animal were 

obtained using glass slides coated with 6% (p/v) gelatin [23]. One portion of the abdominal wall close 

to the end of catheter was dissected and frizzed at -80° C to molecular evaluation. Mesenteric, 

retroperitoneal and gonadal adipose tissue were dissected and weighted. Results of adipose tissue 

are presented as g of adipose tissue per 100 g of body weight. 

2.4. Biochemical Analysis 

Serum was obtained by centrifugation at 3500 x g for 5 min. Assays were conducted using a 96 

well microplate adjusting the final volume to 100 µL, following the proportion of reactive:sample 

according to kits from Spinreact® (Girona, Spain), Randox (Crumlin, Irland) or Wiener Lab (Rosario, 

Argentin). The absorbances were measured using a spectrophotometer MultiSkan Go (ThermoFisher 

Scientific, Waltham, EE. UU.). 

Blood urea nitrogen (BUN, 41042), uric acid (41002), creatinine (CR524), lactate (LC2389), sodium 

(1001385) and potassium (PT1600) were measured before and after dialysis sessions. Calcium 

(1152002), inorganic phosphorus (1382321), albumin (1001020), total protein (PT1630A), triglycerides 

(TR1697) and cholesterol (CH200) were measured at the end of the experiment. 

2.5. Evaluation of Cellular Alterations in Liver Peritoneum 

Cellular composition in peritoneum was analyzed by resuspending the cellular pellet in 1 mL of 

ISS and vortexed for 30 sec. Afterwards, suspension was mingled with Türk reagent (1:1) and total 

cells were quantified in a hematocytometer, and differential cellular count was made using Wright 

stain. The results are expressed as cell type x106 per mL [24]. Liver imprints were stained with 

Wright’s and mesothelial cells and alterations were counted in 20 fields by a blind observer to the 

experiment. Results are presented as mesothelial cells x102 per mm2 and percentage of activated 

mesothelial cells in UPD groups [23]. 

2.6. Determination of Remodeling Markers in Parietal Peritoneum by Western Blot 

Western blot was performed as previously reported with slight modification [25]. Briefly the 

abdominal walls were homogenized in 1.5 mL of 10 mM phosphate buffer pH 7.4 and protein 

quantification was made using Bradford technique. Primary antibodies (Santa Cruz Biotechnology, 
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Dallas, TX) iNOS (sc-7271), collagen α-III (sc-271249) and eNOS (sc-376751) were diluted 1:1000. 

Diluted 1:1500 β-actin (sc-47778) was used as constitutive protein expression and loading control. The 

optical density (O.D.) from protein bands were analyzed by ImageJ2, and the results are shown as 

the O.D. of protein/O.D. of β-actin ratio. 

2.7. Statistical Analysis 

GraphPad Prism (v8.0.1, GraphPad Software, MA, USA) was used for statistics. Activated 

mesothelial cells are expressed as median ± interquartile range (IQR) and were analyzed by U-test. 

The rest of the results are expressed as mean ± standard error of mean (SEM). Two-way analysis of 

variance (ANOVA) was performed using procedure (Sham or UDP) and treatment (Standard diet or 

Enriched diet) as factors, while Two-way repeated measures (RM) ANOVA were performed using 

groups and time as factors. The ANOVA were followed by Tukey post hoc test. In all test P<0.05 was 

regarded as statistically significative difference. 

3. Results 

3.1. Uremic State, Metabolic Acidosis and Hydroelectrolytic Balance Evaluation 

Panels A, B, and C of Figure 1 represent biochemical data demonstrating the uremic state in the 

experimental animals, as well as the changes in uremic markers following peritoneal dialysis. These 

markers, including BUN, uric acid, and creatinine, exhibit a cyclic pattern of increases and decreases, 

but without any influence from dietary changes. Panel D shows lactate levels as a biomarker for 

metabolic acidosis. Panels E and F display the dynamics of sodium and potassium, respectively, 

which serve as indicators of alterations in hydroelectrolytic balance. The peritoneal dialysis 

procedure did not affect lactate, sodium, or potassium levels in serum of the experimental animals 

during the experiment. 

 

Figure 1. Evaluation biochemical markers on anephrotic rats fed with 20% A maxima enriched diet during PD. 

(A) BUN, (B) uric acid, and (C) creatinine were measured as markers of uremic state; (D) lactate as metabolic 

acidosis; (E) sodium, and (F) potassium as hydroelectrolytic balance. The values represent mean ± SEM. Two-

way RM ANOVA and Tukey post hoc test. (*) P<0.05 vs Sham at same time. 
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The UPD group demonstrated a ~1.92-fold increase in basophils; ~1.89-fold in eosinophils; 

~10.77-fold in neutrophils; ~2.05-fold in lymphocytes, and ~2.25-fold in macrophages, with no 

changes in monocytes compared to Sham group. However, UPD + enriched diet prevented the 

alterations in basophils, eosinophils, neutrophils and lymphocytes, while no changes in the 

macrophage’s population compared to UPD group, as shown in Table 2. 

Table 2. Effect of of A. maxima enriched diet on peritoneal leukocytes populations of anephrotic rats after PD. 

Cells (106/mL) Sham Enriched diet UPD 
UPD + 

Enriched diet 

Basophils 0.48 ± 0.08 0.44 ± 0.10 0.92 ± 0.11* 0.68 ± 0.09# 

Eosinophils 8.5 ± 1.25 8.44 ± 1.3 16.06 ± 0.41* 9.64 ± 0.84# 

Neutrophils 1.04 ± 0.17 0.8 ± 0.34 11.2 ± 1.39* 4.02 ± 1# 

Lymphocytes 4.02 ± 0.43 4.46 ± 0.93 8.6 ± 1.13* 4.42 ± 0.37# 

Monocytes 3.64 ± 0.48 3.96 ± 0.93 4.84 ± 0.29 5.1 ± 0.26 

Macrophages 9.74 ± 1.07 9.66 ± 1.29 22 ± 1.09* 25.9 ± 2.55* 

The values represent mean ± SEM. Two-way ANOVA and Tukey post hoc test. (*) P< 0.05 vs Sham; (#) P<0.05 vs 

UPD. 

3.3. Peritoneal Remodeling Markers 

Figure 2 illustrates the effect of A. maxima on peritoneal remodeling markers. Panel B shows that 

the UPD rats exhibited a ~2.15-fold increase in cellularity, while UPD + enriched diet showed a ~1.14-

fold increase compared to the Sham group. Additionally, the UPD groups displayed the presence of 

activated mesothelial cells, characterized by bone-shape nuclei (thick arrow) and indicating the first 

phase of transdifferentiate myofibroblast as shown in panel C. This activation was reduced to ~24.4 

in the UPD + enriched diet group establishing as 100% the UPD group. Other cells (e.g. leukocytes) 

were also observed (thin arrow). 

 

Figure 2. (A) Representative photomicrographs of liver imprints of anephrotic rats fed with A maxima enriched 

diet after PD. Activated bone-shaped nuclei (thick arrow) and other cells (thin arrow). Wright’s stain at 400× 

magnification. The lower right bar represents 250 µm. (B) Morphometric cellularity and (C) activated mesothelial 

cells. In B the values represent mean ± SEM and were evaluated by Two-way RM ANOVA and Tukey post hoc 

test. In C the values represent median ± IQR and were evaluated by Mann-Whitney U-test. Different letters 

indicate significant differences (a≠b) P<0.05. 

The effect of A. maxima on the expression of proteins associated with peritoneal remodeling is 

illustrated in Figure 3. The UPD groups exhibited higher levels of iNOS (~1.32-fold), eNOS(~1.27-
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fold), and collagen α-III expression(~1.33-fold), respect Sham group. In contrast, the UPD + enriched 

diet group did not show an increase in the expression of these proteins compared to Sham. 

 

Figure 3. Effect of A. maxima enriched diet on (A) iNOS, (B) eNOS, and (C) Collagen α- III as peritoneal 

remodeling markers in parietal peritoneum of anephrotic rats after PD. The values represent mean ± SEM. Two-

way ANOVA and Tukey post hoc test. Different letters indicate significant differences (a ≠ b ≠ c) P<0.05. 

3.4. Protein-Energy Wasting Evaluation 

The effects of the enriched diet on energy intake and body weight in UPD rats are presented in 

Figure 2. All groups experienced a reduction in energy intake the day following surgery with a 

decrease of ~60-62% for Sham groups, while the UPD groups exhibited a larger reduction of ~82-86%. 

In the following days, sham and enriched diet groups fully restored their energy intake, while the 

UPD group (receiving the standard diet) did not. However, providing the enriched diet to the UPD 

group resulted in a gradual recovery, reaching near baseline levels by day 3. In terms of body weight, 

the UPD group showed a ~17% weight loss, while UPD + enriched diet experienced a moderate loss 

of ~6%, both respect to Sham group. 

 

Figure 4. Effect of A. maxima enriched diet on (A) energy intake, and (B) body weight of anephrotic rats after PD. 

The values represent mean ± SEM. A was evaluated by RM Two-Way ANOVA and Tukey post hoc test. (*) P< 

0.05 vs Sham at same time; (#) P< 0.05 vs UPD at same time. B was evaluated by Two-Way ANOVA and Tukey 

post hoc test. Different letters indicate significant differences (a ≠ b ≠ c) P<0.05. 

As it is deployed in Figure 5, the UPD group exhibited reductions in retroperitoneal (~45%), 

mesenteric (~66%), and gonadal (~46%) adipose tissues, and in contrast, no alterations in adipose 

tissue deposits were observed in the UPD + Enriched diet group, both compared to Sham group. 
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Figure 5. Effect of A. maxima enriched diet on (A) retroperitoneal, (B) mesenteric, and (C) gonadal adipose tissue 

deposits of anephrotic rats after PD. The values represent mean ± SEM. Two-Way ANOVA and Tukey post hoc 

test. Different letters indicate significant differences (a ≠ b) P<0.05. . 

The biochemical serum markers of protein-energy wasting are shown in Table 3, the UPD group 

showed decrease in albumin (~25%), total proteins (~20%), triglycerides (~22%), and cholesterol 

(~35%) concentrations compared to Sham group. In the other hand, the UPD + enriched diet group 

exhibited a lesser reduction in albumin (~9%), and total proteins (~16%) concentration, while 

maintained levels of triglycerides and cholesterol, respect to Sham group. 

Table 3. Effect of A. maxima enriched diet on metabolic parameters of anephrotic rats after PD. 

Parameter Sham Enriched diet UPD 
UPD + 

Enriched diet 

Albumin (g/dL) 3.20 ± 0.09 3.40 ± 0.1 2.58 ± 0.21* 3.1 ± 0.12# 

Total proteins (g/dL) 6.42 ± 0.18 6.46 ± 0.24 5.24 ± 0.15* 6.22 ± 0.1# 

Triglycerides 

(mg/dL) 
73.91 ± 1.68 74.70 ± 2.64 58.63 ± 2.18* 69.42 ± 2.35*,# 

Cholesterol (mg/dL) 68.05 ± 2.97 68.73 ± 2.67 44.82 ± 3.48* 61.67 ± 2.79*,# 

The values represent mean ± SEM. Two-way ANOVA and Tukey post hoc test (*) P< 0.05 vs Sham; (#) P<0.05 vs 

UPD. BW: body weight; RAT: retroperitoneal adipose tissue; GAT: gonadal adipose tissue; MAT: mesenteric 

adipose tissue. 

4. Discussion 

Previous research shew that A. maxima possess nephroprotective effects against acute kidney 

injury and chronic kidney disease [26–29], primarily through its antioxidant, anti-inflammatory 

effects [14]. Our study demonstrates that Arthrospira maxima could modulate key pathophysiological 

processes in a uremic peritoneal dialysis (PD)-induced peritoneal remodeling and protein-energy 

wasting model, highlighting its potential as a therapeutic intervention in renal failure management. 

Renal failure was induced through bilateral nephrectomy, leading to an accumulation of serum 

nitrogen compounds. Following PD sessions, nitrogenous compound levels normalized, confirming 

model’s efficacy [22]. Furthermore, neither natremia nor kalemia were disturbed through the study, 

despite the inherent risk of hypokalemia associated with potassium-free dialysis solutions [30,31]. 

These findings indicate that the implemented UPD model not only reduces uremic state effectively 

but also prevented hydroelectrolytic imbalances, highlighting its potential as a platform to the study 

of short-term uremic peritoneal complications. 

To evaluate the beneficial effects of A. maxima as functional food in UPD, it was provided a 20% 

A. maxima enriched diet to assess its effect in peritoneal remodeling and protein-energy wasting. The 

peritoneal inflammation is the principal contributor to peritoneal dialysis complications 

development [5]. Our results show that 20% A. maxima enriched diet prevents UPD-induced fibrosis 

and PEW. These effects may be attributed to its principal bioactive compound, CPC [15,28]. After 

ingestion, it is released from A. maxima [17], and undergoes digestion both gastric and intestinal 

phases, leads to the breakdown of CPC into bioactive peptides and phycocyanobilin (PCB), which is 

proposed to be the principal mediator of CPC's biological activity [32,33]. In agreement with this 
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hypothesis, PCB prevents peritoneal fibrosis by downregulating type III α-collagen, an integral 

component of the fibrotic collagen matrix, potentially via inhibition of the TGF-β/Smad3 signaling 

pathway [34]. Moreover, the expression of eNOS, which is correlated with the degree of angiogenesis 

[35], was reduced due to A. maxima, may interfering with the VEGF-A/ VEGFR-2 axis [15]. In parallel, 

iNOS, which is typically associated with acute inflammation [36], was also downregulated indicating 

that A. maxima modulates UPD-induced peritoneal inflammation and it’s supported by the reduction 

in basophils, eosinophils, neutrophils, and lymphocytes levels in peritoneum. These reductions are 

endorsed mediated through the inhibition of proinflammatory cytokines, like IL-1, TNF-α, IL-6, IL-

8, IL-5, limiting the migration of leukocyte to the peritoneum and selectively suppressing the acute 

inflammatory response. [12,16]. Furthermore, our data supports that CPC might influence 

macrophage reprograming, favoring a transition towards a pro-resolving M2 phenotype [18].This 

shift in macrophage polarization is consistent with a reduction in inflammatory activity and may 

contribute to a more favorable microenvironment for resolving inflammation and reducing fibrosis 

[37]. 

Previous studies have highlighted the efficacy of A. maxima in nutritional recovery as nutritional 

supplementation due to its high protein source [38]. Elevated cortisol level and uremic toxins are high 

correlated with inflammation process and exacerbate protein and lipid catabolism, contributing 

anorexia [39]. By reducing cortisol levels, A. maxima may play a crucial role in improving appetite 

recovery, as evidenced by increased energy intakes in UPD with provided 20% A. maxima enriched 

diet animals [40]. This effect may be also mediated through the decrease in leptin and glucagon-like 

peptide-1, and increase in agouti-related protein and ghrelin, which are critical regulators of appetite 

and energy balance [41,42]. In this context, the current results show that A. maxima prevents the 

reduction of serum protein and lipids. Additionally, A. maxima mitigates the reduction of adipose 

tissue deposits, which leads to the release of accumulated uremic toxins, contributing to systemic 

toxicity and exacerbating PEW by increasing catabolism and inducing anorexia [8,11]. In summary, 

Figure 6 shows the potential mechanisms of A. maxima in inflammatory and metabolic complications 

in the uremic peritoneal dialysis. These findings highlight the beneficial effects of A. maxima, by 

protecting the reserves of adipose tissue. 

 

Figure 6. (A In the peritoneum, the presence of a catheter, high glucose concentrations, low pH, uremia, and the 

catheter itself trigger the release of TGF-β1 and other proinflammatory cytokines. The autocrine action of TGF-

β1 induces the expression of iNOS, VEGF-A, and subsequent angiogenesis, which is evidenced by the 

upregulation of eNOS. Additionally, TGF-β1 mediates the activation of mesothelial cells to myofibroblasts 

through mesothelial-to-mesenchymal transition (MMT), thereby initiating fibrosis within the extracellular 

matrix (ECM). Concurrently, proinflammatory cytokines promote leukocyte migration, further enhancing 

peritoneal inflammation. A. maxima, through its bioactive compounds released upon digestion, attenuates the 
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angiogenic and fibrotic processes in the ECM, while also modules leukocyte migration to an anti-inflammatory 

process. (B) Renal failure and inflammation contribute to the development of protein-energy wasting (PEW) by 

increasing the catabolism of proteins and lipids, leading to hypoproteinemia and hypolipidemia resulting in the 

depletion of white adipose tissue (WAT). An elevation in leptin and other anorexigenic hormones suppress 

appetite and facilitate weight loss. A. maxima showed to prevent the onset of PEW by mitigating the disturbances 

in lipidemia and proteinemia, while also promoting appetite and preventing weight loss. Created with 

Biorender.com. 

5. Conclusions 

Our findings provide evidence that dietary supplementation with 20% A. maxima effectively 

modulates peritoneal dialysis-induced peritoneal inflammation and protein-energy wasting. By 

targeting inflammatory pathways. A. maxima demonstrates its potential not only to reduce 

complications associated with peritoneal dialysis but also to prevent anorexia, minimize weight loss, 

and preserve adipose tissue. These results highlight A. maxima as a promising therapeutic strategy 

for improving the nutritional status of patients undergoing peritoneal dialysis. Future research 

should further explore its molecular mechanisms and long-term clinical applications to optimize its 

use in combating systemic complications of renal failure. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

PD Peritoneal dialysis 

RRT Renal replacement therapy 

TGF-β growth factor β 

VEGF-A vascular endothelial growth factor A 

PEW Protein energy wasting 

CPC C-phycocyanin 

UPD Uremic peritoneal dialysis 

ISS Isotonic saline solution  

O.D. Optical density 

IQR Interquartile range 

SEM Standard error 
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ANOVA Analysis of variance 

RM Repeated measures 

BUN Blood urea nitrogen 

BW  Body weight 

WAT White adipose tissue 

RAT Retroperitoneal adipose tissue 

GAT Gonadal adipose tissue 

MAT Mesenteric adipose tissue 

ECM Extracellular matrix 

SIP-IPN Secretaría De Investigación Y Posgrado, Instituto Politécnico Nacional 
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