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EDL peptide produced a nephroprotective effect on experimental models gentamycin-induced
nephropathy and ischemia/reperfusion kidney injury in rats. The nephroprotective effect
of EDL peptide manifested in prevention of oliguria and retention azotemia, a decrease in
proteinuria and sodium excretion, prevention of critical decrease in activities of antioxidant
enzymes, suppression of LPO, and normalization of energy supply to kidneys cells. Our find-
ings confirm the prospects of further studies of the nephroprotective properties of peptide EDL

in various pathologies of the kidneys.
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Over the last 25 years, the incidence of acute kid-
ney injury increased by 20-fold [12] and constitutes
13-20% of all hospitalizations [8]. At the same time,
38-76% cases are accompanied by the development of
ischemic or toxic acute tubular necrosis often caused
by potentially nephrotoxic drugs [10]. This necessi-
tates the search for substances that have a nephropro-
tective effect.

Peptide EDL characterized by hepatoprotective
and nephroprotective properties under physiological
conditions and during various pathologies was synthe-
sized at the St. Petersburg Institute of Bioregulation
and Gerontology. This peptide is non-toxic and causes
no allergic reactions [11]. Peptide EDL stimulates
the growth of organotypic cultures of the kidney and
liver, regulates the expression of intercellular matrix
remodeling marker MMP-14, and increases the vascu-
lar and tubular permeability of cells [2,6]. It activates
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cell growth, reduces the expression of aging markers
of pl6, p21, and p53, and increases the expression
of SIRT-6 protein. Molecular modeling showed that
peptide EDL forms energetically favorable complexes
with d(ATATATATAT), the sequence in the DNA small
groove that may indicate its involvement into regula-
tion of the expression of genes encoding aging pro-
teins and functional activity of kidney cells [7]. The
nephroprotective effect of EDL peptide in experimen-
tal cisplatin-induced and rhabdomyolytic acute injury
to the kidneys was determined [3,4].

The goal of this article was to study the nephro-
protective effect of EDL peptide on the models of
toxic gentamycin-induced nephropathy and ischemia/
reperfusion injury of kidneys in rats.

MATERIALS AND METHODS

Two series of experiments were carried out. We used
random-bred albino rats weighing 150-200 g (n=42)
that were kept under standard conditions of the vi-
varium with constant temperature and humidity, free
access to water and mixed fodder. All studies were

0007-4888/17/1633-0389 © 2017 Springer Science + Business Media New York



390 Bulletin of Experimental Biology and Medicine, Vol. 163, No. 3, July, 2017 BIOGERONTOLOGY

conducted in accordance with European Union Direc-
tive 2010/63/EU “On the protection of animals used
for scientific purposes”.

In series I, the rats were randomized into 3 groups
(7 animals per group): controls (group 1); animals with
gentamicin-induced nephropathy induced by admin-
istration of 4% gentamicin sulfate (Galichfarm) in a
single dose of 80 mg/kg over 6 days (group 2) [13,14];
and animals with gentamicin-induced nephropathy re-
ceiving 3 pg/kg EDL peptide (intraperitoneally, 40
min after each gentamicin injection). Nephroprotective
activity of the peptide in the specified dose was dem-
onstrated in previous experiments [3,4]. The animals
were sacrificed in 24 h after the last gentamicin dose
and specimens for analysis were taken.

In series II, the rats were also divided into 3
groups (7 animals per group): sham operated animals
(group 1), modeling of ischemia/reperfusion injury
(group 2), and administration of EDL peptide in a
dose of 3 pg/kg for 3 days prior to ischemia/reperfu-
sion modeling. Ischemia was modeled under aseptic
conditions under general anesthesia (sodium etaminal,
40 mg/kg) by clipping of each renal pedicle for 60 min
followed by 24-h reperfusion [8,9], after that urine
was collected for 2 h at conditions of induced aqueous
diuresis (enteral intragastric administration of drink-
ing water heated to 37°C in a volume of 5% of body
weight). The animals were sacrificed by decapitation
under ether anesthesia.

Renal function was assessed by diuresis, plasma
creatinine (P_), creatinine clearance (Cl ), urinary
protein excretion (E, ), fractionated excretion (FE )
and reabsorption (R ) of sodium ions [5]. Creatinine
concentration in the plasma was measured by Popper’s
method modified by Merzon and in the urine by the
method of Folin. Protein content in the urine was mea-
sured by the sulfosalicylic method. Sodium concentra-
tion in the blood plasma and urine was assayed by
flame photometry [3]. Parameters of the renal function
were standardized by recalculating absolute values per
body weight unit or volume of glomerular filtrate. For
evaluation of the state of the prooxidant-antioxidant
balance in the kidney tissues, MDA content was mea-
sured in the reaction with TBA, catalase activity by the
reaction with ammonium molybdate, and glutathione
peroxidase (GPx) activity by the amount of reduced
glutathione. To assess the state of energy metabolism,
succinate dehydrogenase (SDH) activity in the kidney
tissue was assayed by the intensity of potassium fer-
ricyanide reduction [1].

The results were processed statistically using
SPSS Statistics 17.0 software. The data distribution
was determined using the Kolmogorov—Smirnov test.
The differences between the samples were estimated
using the Student’s ¢ test (in case of normal distribu-

tion) or nonparametric Mann—Whitney U test (when
the distribution did not fit the normal law). The cor-
relation between the variables was analyzed using
Spearman’s correlation coefficient (). The minimum
significance level was p<0.05.

RESULTS

Direct glomerular toxicity and accumulation of genta-
micin in the epithelial cells of the renal tubules lead to
destabilization of cell membranes, generation of free
radicals, activation of apoptosis, massive proteolysis,
energy imbalance, and inflammation that cause tubular
necrosis and renal dysfunction [13].

In series I, administration of gentamicin to ani-
mals for 6 days produced a pronounced nephrotoxic
effect that manifested in excretory dysfunction and
oliguria (diuresis decreased by 54%), retention azo-
temia (P, increased by 3.3 times and Cl decreased
by 74%), and pronounced proteinuria (E, increased
by 2.3 times in comparison with the control). The in-
jury to the proximal tubules of the nephron led to the
simultaneous inhibition of transport systems that was
manifested by an increase in FE to 4.55% (by 9.7
times) against the background of reduced R (by 5%;
Table 1).

The administration of EDL peptide attenuated the
nephrotoxic effect of gentamicin, which was seen from
diuresis increase by 72%, prevention of retention azo-
temia (2.9-fold increase in Cl ), and E, decrease by
43% in comparison with untreated animals. The pro-
tective effect of the peptide on cells of the proximal
tubules manifested in limitation of sodium loss with
the urine, which was confirmed by FE preserved at
the control level and 3% increase in R in comparison
with the group of untreated animals. Considerably im-
provement of all studied parameters suggests that the
peptide limits both the glomerular and tubular compo-
nents of gentamicin nephrotoxicity and is confirmed
by a significant direct correlation between R _and CI
(=0.96), R and E, (r=0.77).

Oxidative stress is one of the main mechanisms of
gentamicin-induced nephropathy; therefore, the study
of the antioxidant properties of a potential nephropro-
tector in this pathology is necessary for comprehensive
evaluation of the protective effect. Gentamycin induced
significant activation of peroxidation processes in the
kidney tissue manifested in an increase in MDA content
by 93% against the background of suppressed activity
of antioxidant defense enzymes (GPx by 2.8 times and
catalase by 2.2 times). Administration of EDL peptide
to a certain extent compensated these disorders: MDA
in kidney tissue decreased by 41%, catalase and GPx
activities increased by 74 and 65%, respectively, in
comparison with untreated animals (Table 1).
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TABLE 1. Parameters of Functional State of the Kidneys, Prooxidant-Antioxidant Balance, and SDH Activity in the Kidneys
of Rat Treated with EDL Peptide under Conditions of Gentamicin-Induced Nephropathy (M+m)

Control | Gemtamr nduced | Gentarorsnducec
Functional state of the kidneys
Diuresis, ml 4.83+0.13 2.21£0.50** 3.80+0.62"
Creatinine plasma, umol/liter 55.63+5.98 182.73+15.08*** 68.27+2.31*+
Creatinine clearance, pl/min 56.49+6.34 14.88+3.61~ 43.03+£7.63""
Protein excretion, mg/2 h 0.088+0.015 0.20+0.03** 0.116%0.03*
Fractional excretion of sodium ions, % 0.47+0.08 4.55+0.60*** 0.87+0.18***
Sodium reabsorption, % 99.07+0.22 94.03+1.31** 97.09+0.64*
Prooxidant-antioxidant balance and SDH activity
GPx activity, nmol/(minxmg protein) 149.34+2.4 53.59+2.50*** 88.51+11.80""
Catalase activity, pmol H,0,/(minxmg protein) 7.85%0.08 3.65+0.17** 6.34+0.07*"
MDA content, umol/g protein 19.08+1.69 36.85+1.56*** 21.68+1.93*
SDH activity, nmol succinate/(minxmg protein) 13.35+0.50 3.34+£0.86*** 12.89+0.45"

Note. *p<0.05, **p<0.01, *p<0.001 in comparison with the control; *p<0.05, **p<0.01, ***p<0.001 in comparison with the parameter in

gentamicin-induced nephropathy.

EDL peptide also produced a pronounced effect of
the energy metabolism in the renal tissue: gentamycin
reduced SDH activity by 75%, while administration
of the peptide against the background of gentamicin
treatment maintained enzyme activity at the control
level. The effect of EDL peptide on the main patho-
genetic pathways of gentamicin-induced nephropathy

was confirmed by significant correlation between SDH
and catalase activities (7=0.76), SDH activity and R
(=0.89), SDH activity and Cl_, (+=0.89), GPx activ-
ity and R (r=0.75), and FE, and MDA content in
kidneys tissue (+=0.63).

In series II, 60-min ischemia followed by 24-h
reperfusion induced acute vascular and tubular damage

TABLE 2. Parameters of the Functional State of the Kidneys, Prooxidant-Antioxidant Balance, and SDH Activity in the Renal
Tissue in Rats Treated with EDL Peptide under Conditions of Ischemia/Reperfusion of the Kidneys (M+m)

Parameter Sharann-i?ﬁslrsated r:assgr?trjgiii/n repésrfuhseicr:::i/EDL
Functional state of the kidneys
Diuresis, ml 4.12+0.10 2.11+0.14** 3.97+0.34*
Creatinine plasma, umol/liter 65.24+6.08 138.57+9.60** 78.39+£3.58*
Creatinine clearance, pl/min 66.40+8.05 17.85+1.57** 40.26+4.64+
Protein excretion, mg/2 h 0.016+0.001 0.082+0.05** 0.0831+0.003**
Fractional excretion of sodium ions, % 0.37£0.06 2.16%£1.26** 0.55+0.23**
Sodium reabsorption, % 98.89+0.31 96.80+0.41** 97.88+0.39"
Prooxidant-antioxidant balance and SDH activity
GPx activity, nmol/(minxmg protein) 128.76x3.76 63.75+2.86*** 101.08+£2.91*
Catalase activity, pmol H,0,/(minxmg protein) 6.91+0.13 4.85+0.31** 7.31£0.14*
MDA content, umol/g protein 23.66%1.22 34.87+1.05** 26.34+0.58*
SDH activity, nmol succinate/(minxmg protein) 12.82+0.18 2.71+£0.23*** 14.57+0.81*

Note. **p<0.01, ***p<0.001 in comparison with the sham-operated animals; *p<0.05, +/p<0.01, and **p<0.001 in comparison with ischemia/

reperfusion.
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accompanied by a decrease of diuresis by 49%, 2-fold
increase of creatinemia against the background of Cl
decrease by 73%, and 2.8-fold enhanced protein excre-
tion in comparison with those in sham-operated ani-
mals. Inhibition of tubular reabsorption led to sodium
loss, which was seen from 5.8-fold increased FE
(Table 2).

Administration of EDL peptide prevented the de-
velopment of pronounced renal dysfunction in ani-
mals. Diuresis and P were at the control level, which
attested to preserved excretory function of the kidneys
and is related to a significant increase in Cl . by 2.3
times in comparison with untreated animals. The protec-
tive effect of the peptide reduced the intensity of pro-
teinuria: E, decreased by 62% in comparison with the
untreated group. Administration of EDL peptide led to
a compensatory increase in sodium reabsorption, which
in turn led to a decrease of FE to a control level.

The protective effect of EDL peptide is deter-
mined by modulation of the main pathogenetic mech-
anisms of acute kidney injury: oxidative stress and
energy deficiency [7]. It is known that ischemia/re-
perfusion is accompanied by considerable activation
of free-radical processes, which is confirmed by an
increase in MDA content in the renal tissue (by 47%)
and inhibition of catalase and GPx (by 30 and 50%,
respectively). In turn, the decrease in SDH activity by
79% attests to significant disturbances in the energy
supply to the nephron under conditions of ischemic
damage (Table 2).

In the group of animals treated with EDL peptide,
GPx and catalase activities increased by 59 and 51%,
respectively, which prevented the oxidative stress;
MDA content decreased by 25% in comparison with
the ischemia/reperfusion group. Administration of the
peptide was followed by a 5.4-fold increase in SDH
activity, i.e. the peptide maintains cell functioning
under conditions of energy deficit. Analysis of cor-
relations between the studied parameters in the group
of animals treated with EDL peptide revealed correla-
tions of SDH activity with MDA content (r=-0.67),
FE,, (r=-0.7), and C1_ (r=0.62), a correlation between
catalase activity and FE,_ (r=-0.86), and correlations
of MDA content with Cl_ (+=-0.6) and GPx activity
(r=-0.82).

Thus, we demonstrated nephroprotective activity
of EDL peptide in nephropathy of both toxic origin
and caused by ischemia/reperfusion of kidneys. Com-
parative evaluation of peptide influence on the course
of acute renal pathology of various origins attested to
its cytoprotective effect on the cells of renal tubules,
which was confirmed by normalization of parame-
ters of sodium ion transport leading to a significant
increase in glomerular filtration rate by the tubular-
glomerular feedback mechanism. In turn, the recovery

of the filtration function of the kidneys prevents the
development of retention azotemia and oliguria. It was
found that preventive administration of the peptide
in ischemia/reperfusion of the kidneys more mark-
edly reduced the severity of proteinuria than in toxic
nephropathy. Under conditions of gentamicin-induced
nephropathy, the peptide produced more potent anti-
oxidant effect than in ischemic damage, which was
seen from more pronounced decrease in MDA content
in the kidneys tissue and increase in catalase activity
under the influence of the peptide.

Thus, EDL peptide produces a protective effect
on the renal tissue in models of toxic gentamycin-
induced and ischemia/reperfusion injury, as evidenced
by recovery of the excretory function of the kidneys,
improvement of energy supply to nephrons, suppres-
sion of free-radical processes, preserved activity of
antioxidant defense enzymes, and the existence of cor-
relations between the parameters.
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