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ABSTRACT 

Introduction: Kidney disease is a health problem 

worldwide. Epidermal Growth Factor acts as 

cytoprotector, and trophic restorative. 

Objective: To evaluate the reno-protective and 

reno-restorative effect of the Epidermal Growth 

Factor in the biomodel of Chronic Renal Failure. 

Material and Methods: 120 Wistar rats were 

studied in 6 groups: Negative and Positive 

Control, Saline Solution Single-Dose and 

Multiple-Dose, Epidermal Growth Factor Single- 

 

 

 

Dose and Multiple-Dose.  A single dose was 

applied before the damage for the reno-

protective effect, and multiple doses were 

applied after the damage for the reno-restorative 

effect,at a weight ratio of 100 µg/kg. 

Results: Creatinine, urea, and uric acid 

diminished significantly in the experimental 

groups, with a higher decrease for experimental 

group with single dose; therefore, the reno-

protective   effect   was   higher   than   the   reno- 
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restorative one for the treatment patterns used. 

Conclusions: Epidermal Growth Factor showed 

reno-protective and reno-restorative effect by 

diminishing the hematological variables of kidney 

damage.  

 

Keywords:  Epidermal Growth Factor, reno-

protective, reno-restorative, Chronic Renal 

Insufficiency, 5/6 renal ablation. 

RESUMEN 

Introducción: La Enfermedad Renal es un 

problema de salud mundial. El Factor de 

Crecimiento Epidérmico actúa como 

citoprotector y trófico reparador. 

Objetivo: Evaluar el efecto reno-protector y reno-

reparador del Factor de Crecimiento Epidérmico 

en biomodelo de Insuficiencia Renal Crónica. 

Material y Métodos: Se estudiaron 120 ratas, 

Wistar, en 6 grupos: Control Negativo y positivo, 

Solución Salina Dosis Única y Múltiple, Factor de 

Crecimiento Epidérmico Dosis Única y Múltiple. 

Se aplicó para efecto reno-protector dosis única 

antes del daño, y para la reno-reparador dosis 

múltiple posterior al daño, a razón de 100 µg/kg 

de peso. 

 

 

Resultados: La creatinina, urea y ácido úrico 

disminuyeron significativamente en los grupos 

experimentales, con mayor disminución para el 

grupo experimental dosis única, por lo que el 

efecto reno-protector fue mayor que el reno-

reparador para los esquemas de tratamiento 

utilizados. 

Conclusiones: El Factor de Crecimiento 

Epidérmico mostró efecto reno-protector y reno-

reparador al disminuir las variables 

hematológicas de daño renal.  

 

Palabras claves: Factor de Crecimiento 

Epidérmico, reno-protector, reno-reparador, 

Insuficiencia Renal Crónica, 5/6 ablación renal. 

 

INTRODUCTION 

Kidney Disease is the morphological and/or 

functional alteration of the kidney for more than 

3 months, with implications for health.  It has 

become a global health problem, both for its 

strictly sanitary implications, and for the 

implications of economic and social nature.1 

Currently, Chronic Kidney Disease affects more 

than 50 million people worldwide; more than one 

million of all these patients stay with renal 

replacement therapy, and more than 250,000 

new patients initiate these treatments every 

year.1,2 

Chronic Renal Failure is characterized by a slow 

and   progressive   decrease   in   the    glomerular  

 

filtration, which entails a variable affectation of 

the kidney function.2 

At present, a great number of research studies 

are aimed at looking into factors or agents that 

slow the progression of the disease,3-8 the so-

called reno-protective or reno-restoratives; 

although the international scientific community 

state that, due to their great level of impact, they 

are the appropriate control of Arterial 

Hypertension and Diabetes Mellitus, as the 

principal risk factors.9-11 

Among the agents to which a cytoprotective, and 

trophic restorative actions have been described 

we can find the Epidermal Growth Factor (EGF), 
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mitogenic polypeptide, motogenic and inducer of 

cell differentiation, which was described for the 

first time by Stanley Cohen and Rita Levi-

Montalcini in 1959.12-14 

The cytoprotective action appears very quickly, 

even after a single dose and the trophic 

restorative one appears with repeated 

administrations of the product and in a more or 

less prolonged way.13,15-18 

The Center for Genetic Engineering and 

Biotechnology (CIGB) of Cuba produces 

recombinant human EGF since 1988, as a mixture 

of isoforms of 51 and 52 amino acids, being our 

country one of the pioneers in obtaining this 

protein by the application of genetic engineering 

techniques. This is the highest purity EGF of those 

that are marketed in injectable form.12,14,15,19,20 

Many research studies have been carried out in 

this field all over the world,21-26 and Cuba has not 

been exempt from it. The Laboratory of Kidney 

Physiology of "Victoria de Girón" Institute of Basic 

and Pre-clinical Sciences has been closely linked 

to the group of researchers of the CIGB for the 

evaluation of EGF since the very beginning. It 

developed a study to evaluate the antioxidant 

defense capacity in a model of ischemia / bilateral 

renal reperfusion, which prevented the 

morphological and functional deterioration of 

renal tissue.28 Other studies in which the product 

was evaluated in different models of acute and 

chronic kidney damage in the early stages were 

developed.28-29 

Few articles about the evaluation of EGF in 

models of Chronic Renal Failure are reported in 

the world.30-33  Since there are no EGF evaluation 

studies in models of Chronic Renal Failure in 

advanced stages in Cuba, we determined to work 

on a model developed in the laboratory by 

ablation technique of 5/6 renal mass. The tissue 

adhesive (Tisaucryl) was used.34 It is a national 

product used as sealant of the cut surface, with 

results expressed by the variables of renal 

function as a model of 3-4 degree of insufficiency. 

 

OBJECTIVE 

This research is aimed at evaluating the reno-protective and reno-restorative effect of the Recombinant 

Human Epidermal Growth Factor (hEGF) in a biomodel of Chronic Renal Failure in rats. 

MATERIAL AND METHODS 

A longitudinal prospective experimental study 

was conducted in 120 non-isogenic young male 

and femaleadultWistar rats, of 11 weeks, with a 

weight range between 200 and 250 grams, and a 

variation smaller than 15 grams in each group. 

The animals came from the National Center for 

Laboratory Animals Production (CENPALAB). 

The ethical norms for the handling of laboratory 

animals were fulfilled during the experimental 

test.   These   norms   were   established   by   the  

 

national pre-project for the protection of 

animals. 

These animals were distributed in 3 work series 

(A, B and C), each one with 40 animals, formed by 

2 groups: a control group and an experimental 

one of 20 animals, with a 1: 1 sex ratio. 

A Series was composed of all the animals of the 

Control group in the evaluation. It included a 

negative control group or a 56-day control C- 

(C56) that underwent laparotomy by 
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midabdominal incision, whose renal 

vasculonervous packages were dissected.  There 

was also and a positive control group or Tisuacryl 

of 56 days C + (T56), to which a biomodel of 

Chronic Renal Insufficiency with 5/6 ablation of 

the renal mass was applied, using the national 

product Tisuacryl tissue adhesive as sealant of 

the cut surfaces. 

B Series was formed by the groups selected for 

the evaluation of the reno-protective effect of 

EGF with a Single Dose of Saline Solution (SS-SD) 

control group and a Single Dose of EGF (EGF- SD) 

group, to which a single dose before provoking 

kidney damage by biomodel of Chronic Renal 

Insufficiency were given. 

C series: The C Series was formed by the groups 

selected for the evaluation of the reno-

restorative effect of EGF with a group Multiple 

Dose of Saline Solution SS-MD and a group 

Multiple Doses of EGF (EGF-MD), which were 

caused kidney damage and lately, 3 weekly doses 

were subsequently administered for 8 weeks. 

The Saline Solution groups were administered 

isotonic Saline Solution (0.9% Sodium Chloride), 

in the same volume as the one calculated for the 

administration of EGF. The EGF groups were 

administered this product at a dose of 100 μg / kg 

of weight diluted in 1 mL of physiological saline 

solution in each of the applied doses. 

All the animals underwent an evolution of 56 

days of experimental period and, at the end of 

the experimental test, blood sample was taken by 

cardiac puncture. 

The determined variables were creatinine, urea 

and uric acid in plasma. The respective tests of 

HELFA DIAGNÓSTICOS ® Quimefa Epb.  "Carlos J. 

Finlay", Cuba wereused for the determination of 

these substances in serum and plasma by 

enzymatic method.35 

The statistical processing of the results was 

carried out in a database made in the GraphPad 

Prism 5, a program developed by GraphPad 

Software for Winodws. 

The variables were determined by means of the 

mean, standard deviation, standard error, 

coefficient of variation and confidence interval 

for 95%, expressed in their lower and upper 

limits. 

The Kolmogorov-Smirnov test was used for the 

testing of normality, whereas Bartlett's test was 

used as the variance homogeneity test. When the 

normal behavior and homogeneity of variances 

were demonstrated, the parametric test single 

classification analysis  of variance (ANOVA) was 

applied (one way); Tukey´s HSD multiple 

comparison test was carried out, and the 

significant results were considered for a p <0.05. 

 

RESULTADOS 

The results of the concentrations of the variables 

determined in plasma, creatinine, urea and uric 

acid were expressed in the working groups, with 

their mean plus minus standard error. The p value  

 

for each variable was expressed when performing 

the single classification analysis of variance 

(ANOVA). The differences among the groups 

were very significant (p˂0.05) in all cases. (Table). 
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The results of the concentrations of creatinine, 

urea and uric acid in plasma were represented in 

the different work groups, with a similar behavior 

in the three variables. The values increased 

significantly when comparing the negative 

control group with the rest of the groups. There 

were no significant differences when comparing 

the positive control group with the groups of 

saline solution (SS-SD and SS-MD), results 

expected for being groups to which the solvent of 

the product was administered. There were 

significant differences when comparing the 

positive control with the EGF-SD and EGF-MD 

groups, which showed a decrease in the 

variables, thus evidencing the reno-protective 

and reno-reparative effect of EGF. (Figure). 
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When comparing the EGF-SD and EGF-MD 

groups, the variables behaved differently. The 

values of creatinine and urea in plasma were 

lower with the single dose scheme, differences 

that were significant, and allowed to affirm that 

the reno-protective effect was greater than the 

reno-restorative effect of EGF for the treatments 

used. These differences were not significant for 

the uric acid variable because the decrease 

shown by both groups was similar, which allowed 

affirming  that  both  effects  were  analogous  for  

this variable. (Figure). 

It is noted that in Tukey's test for multiple 

comparison for the variable on plasma urea 

levels, the differences between the EGF-MD and 

the positive control groups (T56) were not 

significant, demonstrating that the decrease in 

these values did not differ from the positive 

control group and confirming that the reno-

restorative effect is not substantial for this 

variable. 
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DISCUSSION 

In the literature that refers to the models of 

kidney damage, the 5/6 nephrectomy is, 

undoubtedly, the most widespread and 

accepted.36-38 It is characterized by slow 

glomerulosclerosis, vascular sclerosis, tubulo-

interstitial fibrosis and inflammation of the 

kidney; features that resemble the human 

disease. The methods of obtaining this technique 

in animal models make their results and analogies 

vary with the disease in humans.39 

The pathophysiology of renal fibrosis has not 

been fully elucidated yet, but we can say that it is 

characterized by glomerulosclerosis and / or 

tubulo-interstitial fibrosis; which is believed to be 

due to the proliferation of renal cells together 

with defective restoration and interstitial 

fibroblasts activation and the extracellular matrix 

(ECM).40 

The study of the reno-protective action of EGF 

has been studied in depth, especially in models of 

acute tubular necrosis by chemical compounds, 

aminoglycosides or mercurial substances, and in 

different models of ischemia reperfusion.26,41-43 

The effects of the attenuation of cell damage and 

cell resistance to acute renal injury on patients 

have been corroborated, mainly for the division 

of indigenous cells.43   The critical role of the EGF 

receptor in epidermal cells in the restoration of 

acute kidney damage and the management of 

electrolytes has been expressed.32  

In Cuba, this reno-protective effect of EGF was 

evaluated in the work of Sánchez I,29 who, before 

causing acute damage with the use of Kanamycin, 

he administered a single dose of the product at 

100μg and concluded that EGF prevented kidney 

damage in the rats.30 It is important to highlight 

that  this was  a  work  in  a  model  of  acute  toxic  

 

nephropathy using an aminoglycoside. This work 

was developed in a chronic model by surgical 

ablation technique of 5/6 renal mass, with a 3-4 

degree of insufficiency,34 as compared to the 

current classification, as a result of a drop in 

glomerular filtration rate. The reno-protective 

evaluation was performed by single dose and 

equal concentration of the product. 

The evaluation of the trophic-restorative effect in 

the kidney or the reno-restorative effect of the 

EGF has been less studied. There are 

discrepancies among the works found in the 

literature.3,4,6,41,42 To achieve a reno-restoration 

there should be an structural and functional 

reconstruction of the tubular epithelium, 

although it is known that growth factors are 

important in the restoration of kidney tubules.26 

In Cuba, the work of Taboada D was developed.28 

He studied the effect of EGF in an ablation model 

of 5/6 of the renal mass using the gelaspon as a 

sealant of the cut surface, in initial stages of 

Chronic Renal Insufficiency. The author stated 

these stages because the creatinine 

concentrations in the model showed a slight 

increase within normal limits with slight 

significance and the variables effective renal 

plasma flow and glomerular filtration rate did not 

show statistical significance. Besides, the author 

concluded on the effect of EGF that this did not 

show significant changes with the treatment 

scheme used. This would be recognized as the 

first evaluation work on the trophic restorative 

effect of EGF in Cuba, but would fail to 

demonstrate the beneficial effects of the 

product. 

In contrast, in this study as in the Taboada study, 

the ablation model was studied by 5/6 of the 
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renal mass and with the same dose of the 

product, after renal damage, but with a 

treatment scheme of 3 doses tests per week that 

extended to 8 weeks, which could explain the 

beneficial results found. 

The EGF evaluations in chronic damage models 

are much less frequent in the literature44,45, with 

discrepancies in their effectiveness. 

Numerous studies demonstrate the growth 

factors actions, and especially the activation of 

EGF and its receptor in the initiation and 

progression of chronic kidney diseases such as 

diabetic nephropathy, polycystic kidney disease 

and obstructive nephropathy, by dysregulation 

through the promotion of renal cell proliferation, 

fibrosis and inflammation.31 These studies 

involve the activation of fibroblasts of the renal 

interstitium, tubular and glomerular atrophy, 

achievement and overproduction of 

inflammatory factors and / or the production of 

vascular injury.26,43 46 

We also found works where there were no 

differences in renal function for week 6 between 

rats treated with EGF or placebo, with regard to 

urea, inulin, proteinuria and renal 

morphometry.32,40 However, it showed 

significant differences in attenuation to the rise in 

systolic blood pressure, the clearance of free 

water and the total excretion of sodium and 

potassium solutes. Daily doses of 19.1 μg were 

used for 3 or 6 weeks of treatment in these 

studies, a different scheme in terms of much 

lower doses and less prolonged than those used 

in this study.32,40,4 

In addition, we collected some works where the 

restorative effect of EGF was demonstrated, 

which propose a regulation by the production of 

exosomes and their regulation by the EGF 

receptor.26,32 

The reno-protective effect is demonstrated in this 

work. It is the first study of the reno-restorative 

effect of the EFG Cuban recombinant human in a 

model of Chronic Renal Insufficiency degree 3-4, 

by surgical ablation technique of 5/6 renal mass, 

with the use of the Tisuacryl as sealant of the cut 

surfaces in rats. 

The reno-protective effect is greater than the 

reno-restorative one but there is no total 

protection or repair of the renal cells, which is 

evidenced by the decrease in the index variables 

of kidney damage. In addition, since EGF is a 

mitogenic and motogenic stimulator, special care 

must be taken during parenteral administration 

and especially in the future extrapolation of the 

results in humans. 

CONCLUSIONS 

Recombinant Human Epidermal Growth Factor 

(hEGF)showed a reno-protective and reno-

restorative effect in a biomodel of Chronic Renal  

 

Insufficiency in rats, by decreasing the 

hematological variables of kidney damage, 

creatinine, urea and plasma uric acid. 
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