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Abstract

Background: erythropoietin hormone (EPO) with its great built erythropoietic impact,
has recorded a lot of protective impacts on particular body organs and tissues. A standout
amongst these is its renoprotective impact which is interceded through a various
mechanisms. Objective: as neuropathy had been reported frequently amongst patients
with severe renal damage, this work had been made to record any possible benefits of
EPO on the peripheral neuropathy that might go with acute renal failure (ARF).
Methods: this study was carried out in Faculty of Medicine, Cairo university, in January-
2019, on forty rats that had been randomly separated into four groups; Group I: control
rats, Group II: ARF, Group III: ARF+EPO, and Group IV: EPO+ARF. Results: EPO
injection had significantly reduced the levels of serum creatinine, blood urea nitrogen
and (malondialdehyde and nerve growth factor within the nerve fibers). Also 24-hours
urine volume, glomerular filtration rate, nerve conduction velocity and amplitude besides
neural level of superoxide dismutase had been fundamentally improved. Conclusion:
from this study we had concluded that EPO intake had exerted protective impacts on
peripheral neuropathy following ARF.
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1.INTRODUCTION

Acute renal failure (ARF) represents
abrupt tremendous drop of kidney functions
particularly glomerular filtration rate (GFR),
resulting in accretion of various harmful
metabolites within hours or days (1). A standout
amongst these unsafe metabolites is urea causing
uremia that provoke multiorgan dysfunction, and
tissues damage yielding a high mortality despite
the availability of different medications (1). A
standout amongst those tissues that could be
influenced by the intense kidney damage- with
markedly decreased GFR - is the peripheral nerves
(2).

Uremic neuropathy that is usually reported
in cases of sudden demise extreme renal shutdown
is of a gradual onset and progressively
deteriorating course which basically influences the
thick myelinated nerves. It might be accidently
discovered. The earliest and commonest symptoms
and signs are parasthesia and loss of vibration
sense respectively. There might be autonomic
debilitation (3). But, hopefully all of these
disorders are reversible on prompt and fitting
intercession (4).

Erythropoietin (EPO) and its receptors are
highly expressed in different body organs and
tissues including kidneys and peripheral nerves at
different levels. Also, on Schwann cells after
peripheral nerve damage which might propose its
gainful role in treating or even preventing any
disorders affecting either the kidneys and or the
nervous system (5).

Research hypothesis: in this study we
hypothesized that EPO may have a protective
effect on nerves in patients with renal failure either
indirect via preventing kidney functions
deterioration and subsequent nerve affection or

through a direct protective effect on the nerves. So,

we assumed that using EPO may be a double-
edged sword in renal patients.

Objective: this work had been carried out
to conjecture any possible protective or curative
impacts of EPO on the neuropathy accompanying
acute renal damage in fully-grown male rats and
the possible underlying mechanisms.

2. MATERIALS AND METHODS
2.1 Animals

This study had been conveyed out in strict
accordance with the approved ethical guidelines,
habitation, injections and electrophysiological
studies all were carried out over one week in
January, 2019, in the experimental animal unit in
the Physiology Department; Faculty of Medicine;
Cairo University, Egypt; after that the biochemical
parameters had been measured in the Biochemistry
Department; Faculty of Medicine; Ain Shams
University, Egypt.

Forty fully-grown Wistar male rats
weighing 180-230 g had been housed separately in
wire mesh cages at normal; room temperature and
light/dark cycle with relative humidity. Also, they
had been left to adapt to this environment for 72
hours preceding the starting of the actual
experimental procedure, during which they had
been fed ad libitum and tap water.

2.2 Experimental design

Then afterward all rats had been starved of
water for 24 hours then haphazardly separated into
four groups preceding the injection of saline or
medications. Group [ (control): rats had been
injected with isotonic saline 1.2g/kg i.p. Group II
(ARF): rats had been injected with a single dose of
amikacin (1.2g/kg ip) (6), Group III (ARF +
EPO): rats had been injected with a single dose of
amikacin (1.2g/kg i.p), 24- hours later they had
been injected with a single dose of erythropoietin
(2000IU/Kg, i.p). Group IV (EPO+ARF): rats had
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received a single dose of erythropoietin
(20001U/Kg, i.p) concomitant with a single dose of
amikacin (1.2g/kg i.p) (7), All groups had been
water deprived 24 hours before the start of
injection (8).
2.3 Chemicals

Erythropoietin had been gotten from
Sedico (Egypt) in the form of epoetin 4000 IU and
amikacin had been gotten from BMS (Egypt) in
the form of amikin 500 mg vials. Chloroform had
been purchased from Sigma-Tec pharmaceutical
industries (Egypt).
2.4 Urine collection

Urine had been gathered over 24-hours,
separately for each rat utilizing special cages as
those depicted by Demirkan and Melli (9).
2.5 Estimation of blood biochemical parameters

24 hours after the last injection, the rats
had been anesthetized with chloroform inhalation,
(10) then retro-orbital blood samples had been
withdrawn from all rats, (11) for subsequent
determination of serum creatinine, BUN levels.
Creatinine had been assessed by Quanti Chrom
TM creatinine test kit (12). GFR had been
measured by Creatinine clearance = u/p x v where
u = urinary concentration of creatinine
(mg/100ml); p = plasma concentration of
creatinine (mg/100ml); v = urine volume (ml/min).
Serum urea had been estimated by Quanti Chrom
TM urea assay kit (13). Then all rats had been
sacrificed and the sciatic nerves had been
dismembered.
2.6 Estimation of sciatic nerve

electrophysiological parameters

The sciatic nerve had been presented through a
gluteal muscle incision then excised (14).
Setup and calibration of equipment:
1) The red and black alligator clips from the

stimulator electrodes were connected to two of the

metal rungs on opposite sides of the MLT012/B
nerve bath. The distance between the electrodes
was 0.5 cm. It was not necessary to connect the
green (ground) alligator clip. Because the CAP is
initiated at or near the cathode, and the anodal
action slows down or may even suppress the CAP,
the cathode should always be closer to the
recording electrodes.

2) The red (positive) connector from the stimulator
electrode was connected to the positive (+) analog
output connector on the Power Lab. We connected
the black (negative) connector from the stimulator
electrode to the negative (—) analog output
connector.

3) The red and black leads from the recording
electrode were connected to two of the metal rungs
of the MLTO012/B nerve bath. We connected the 8-
pin pod connector to the Pod port on Input 2 of the
Power Lab.

4) Using an eyedropper or Pasteur pipette, we
filled the lower reservoir of the nerve bath with
modified Ringer’s solution. Fluid in the lower
reservoir must not come in contact with the metal
electrode rungs as overfilling the nerve bath in this
manner will cause a short circuit in the experiment.
5) We cut a strip of filter paper and laid it over the
wires in the nerve bath so that it touched both
stimulating electrodes and both recording
electrodes. We moistened the paper strip with
modified Ringer’s solution, and placed the cover
on the nerve bath. This arrangement was used to
test our connections.

6) The Power lab was turned on and was
connected to the USB port on the computer.

7) Chart was launched from the computer. From
the Experiments Gallery we located and double-
clicked on the file called CAP Set Chart.

8) We obtained the isolated rat sciatic nerve. A

small slip of bone/muscle was left attached to the
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nerve at the proximal end. A piece of thread was
tied to the nerve at the distal end. Using forceps we
lifted the nerve out of its dish by grasping the
thread tied to either end of the nerve (as grasping
the nerve with forceps will damage the nerve).

9) Gently we blotted the nerve on a piece of tissue
or filter paper to remove any excess modified
Ringer’s solution.

10) We removed the filter paper from the nerve
bath. We laid the nerve across the wire electrodes’;
making sure it was in contact with each of the
active connections. The nerve was placed in the

chamber with the bone end near the two

stimulating electrodes (anode and cathode). The lid
of the chamber was then placed firmly on top to
preserve the humidified air in the bath. The
stainless-steel electrodes in the bath were equally
spaced.

Afterward via using the computer system;
power lab and adjusting the stimulator as
following: stimulus duration (0.1 sec), voltage (0.5
v) at a frequency of 1 Hz in a repeated mode,15
the NCV had been computed as follow: velocity =
distance / latency in (m/sec),16 and the compound
action potential's amplitude had been noticed as in

figure (1).
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Figure (1): Shows recorded sciatic nerve action potential among the different studied groups via powerlab a) Group I, b)

Group 11, ¢) Group 111, and d) Group IV.



Hassan and Eid

158

2.7 Estimation of MDA, SOD and NGF levels in
nerve tissues

At a pH of 7, the sciatic nerves - after
weighing - had been rinsed in ice- cold saline
solution and frozen in liquid nitrogen then they
had been cut into small pieces, homogenized at
4°C in 2 ml of ice-cold saline then filtered and
used for the determination of MDA, superoxide
dismutase and NGF according to the methods
described by Knight (17), Nishikimi (18) and
Weskamp and Otten (19) respectively.
-MDA was measured by BioVision’s Lipid
Peroxidation (MDA) Colorimetric/Fluorometric
Assay Kit, Catalog #: K739, United States. Kit
Components: MDA Lysis Buffer, Phosphotungstic
Acid Solution, BHT (100X) TBA and MDA
Standard (4.17 M)
Principle: The MDA in the sample is reacted with
Thiobarbituric Acid (TBA) to generate the MDA-
TBA adduct. The MDA-TBA adduct can be easily
quantified colorimetrically (A = 532 nm) or
fluorometrically (Ex/Em = 532/553 nm).
- SOD was measured by BioVision’s rat SOD
ELISA Kit, Cat.#: MBS3807791, United States.
Kit components: Microelisastripplate, Sample
diluent, HRP-Conjugate reagent, Wash solution,
Chromogen Solution, Stop Solution, Closure plate
membrane and Sealed bags.
Principle: The Stop Solution changes the color
from blue to yellow and the intensity of the color

is measured at 450 nm using a spectrophotometer.

- B-NGF was measured by Rat B-NGF ELISA Kit
#RABO0381, Sigma Aldrich Chemie GmbH,
Germany. Kit Components: 20X Wash Buffer,
HRP-Streptavidin, ELISA Colorimetric TMB
Reagent (HRP Substrate, Item H), ELISA Stop
Solution
ELISA 1X Assay/Sample, Diluent Buffer A
(ELISA 5X Assay/Sample) and Diluent Buffer B.
2.8 Statistical methods

The measured variables - both chemical
and electrical - had been analyzed and contrasted
with their relatives in all groups by the product
SPSS as means + SD and analysis of variance; post
hoc test individually. P-values more than 0.05, had

been considered as measurably insignificant (20).

3. RESULTS
3.1 Assessment of the kidney functions in all
experimental groups

As shown in table (1), there had been a
significant increase of both serum creatinine and
blood urea nitrogen (BUN), and a significant
decrease in 24-hours urine volume and GFR in
ARF group relative to control group. But these
parameters had been significantly corrected in both
group III and group IV, although these measures
had not attained yet the normal control values,

except for the serum creatinine in group I11.

Table (1): Comparison between mean levels of serum creatinine
(mg/dl), BUN (mg/dl), 24-hours urine volume (ml) and GFR (ml/min) among all studied groups

Control ARF ARF+EPO EPO+ARF

(Group I) (Group II) (Group III) (Group IV)
Serum creatinine (mg/dl) 0.45+.05 1.64+.23% 0.51+0.19@ 0.78+.07#@s
BUN (mg/dl) 37.00£2.71 68.99+3.70% 42.94+2.69%@ 49.81+2.10%@8
24-hours urine volume (ml) 6.15+.68 3.07+.53% 5.09+ 0.26"@ 4.48+.297@s
GFR (ml/min) 1.64+0.15 0.70+0.13" 1.34+0.14"@ 1.08+0.147@S

Values are represented as mean + SD. “statistically significant compared to its corresponding value in group (1) (P<0.05).
@statistically significant compared to its corresponding value in group (I) (P<0.05). Sstatistically significant compared to
its corresponding value in group (III) (P<0.05).BUN: blood urea nitrogen, GFR: glomerular filtration rate, ARF: acute
renal failure, EPO: erythropoietin.
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3.2 Assessment of the sciatic nerve conduction
velocity (NCV) and amplitude in all experimental
groups

As illustrated in table (2), the latent period
had been significantly increased in ARF group and
had been significantly decreased again in both
group III and group IV. Consequently, the NCV
had been significantly diminished in group II

relative to group I, but these parameters had been

significantly improved in rats that had been
injected with EPO either before or with induction
of ARF. In addition, the CAPs amplitude had been
significantly diminished in ARF group relative to
control group and markedly enhanced in both
ARF+EPO and EPO+ARF groups. Despite these
marked improvements in NCV and CAPs
amplitude but they had not returned back to the

normal control values.

Table (2): Comparison between the mean values of sciatic NCV (m/sec) and amplitude (mv) among all studied groups

Control ARF+EPO ARF EPO+ARF
(Group ) (Group III) (Group II) (Group IV)
Distance (m) 0.005 0.005 0.005
Latent period (sec) 0.0043+.0.0001 0.0071+.0.0001# 0.0049+.0.0002#@ 0.0055+.0.006#@$
NCV (m/sec) 1.16+.06 0.70+.10% 1.03+.05%@ 0.91+.10%@S
CAP amplitude (mv) 486.11+7.64 376.92+27.93* 455.74+21.91%@ 423.28+30.6"@S

Values are represented as mean = SD.

#statistically significant compared to its corresponding value in group (I) (P<0.05).

@statistically significant compared to its corresponding value in group (I1) (P<0.05).

Sstatistically significant compared to its corresponding value in group (1II) (P<0.05).

NCV: nerve conduction velocity, CAP: compound action potential, ARF: acute renal failure, EPO: erythropoietin.

3.3 Assessment of malondialdehyde (MDA),
superoxide dismutase (SOD) and nerve growth
factor (NGF) levels in sciatic nerve in all
experimental groups

Table (3) revealed a significant rise in
MDA, and a significant decline in SOD and NGF
levels in nerve tissues following induction of ARF
relative to the control rats, the treatment with EPO

in group III showed a significant improvement of

these assessed parameters with nearly normalized
MDA level. Unlike, no significant improvement in
either MDA or SOD levels had been noticed on the
prophylactic administration of EPO as in group 1V,
just a significant improvement of NGF level had

been recorded.

Table (3): Mean levels of MDA (nmol/mg protein), SOD (U/mg protein) and NGF (pg/mg) among all studied groups

Control ARF ARF+EPO EPO+ARF (Group
(Group I) (Group II) (Group III) V)

MDA (nmol/mg protein) 22.33+£5.33 30.97+2.67* 25.39+3.93@ 28.28+4.29%

SOD (U/mg protein) 9.60+0.61 5.62+0.84% 7.84+0.54%@ 7.3360+1.80@8

NGF (pg/mg protein) 26.09+1.47 13.56+0.59" 20.98+0.98%@ 17.25+1.207@8

Values are represented as mean =+ SD. “statistically significant compared to its corresponding value in group (I) (P<0.05).
@statistically significant compared to its corresponding value in group (II) (P<0.05). Sstatistically significant compared to
its corresponding value in group (III) (P<0.05). MDA: malondialdehyde, SOD: superoxide dismutase, NGF: nerve
growth factor, ARF: acute renal failure, EPO: erythropoietin.
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4. Discussion

In the present study, the well-known
nephrotoxic impact of amikacin on the kidneys;
through bringing on intense renal tubular necrosis,
besides renal vasoconstriction (21), had been
manifested by a significant rise of serum creatinine
as well BUN levels with a significant decrease in
24- hours urine volume and GFR in group II.
Moreover, nerve conduction studies were carried
out to assess the functional status of one of the
peripheral nerves (sciatic nerve) as these studies
are very sensitive to changes in both neuronal
axons and myelin sheath that might be associated
with renal failure either by recording latency
which is the time it takes to activate the nerve and
calculating the NCV or recording the nerve
amplitude CMAP which is the summation of
individual motor unit action potentials, and it is
indicative of axonal integrity.

Upon these studies, a lot of deleterious
changes had been recorded in the sciatic nerve
fibers accompanying induction of ARF as
diminished: NCV, compound action potential's
amplitude that mostly reflected axonal fibers loss,
SOD and NGF, in addition to raised MDA levels
in nerve tissues and latency that most probably
revealed defect in nerve myelination. This
deterioration of nerve functions might be clarified
by diminished EPO secretion by the insulted
kidneys with subsequent anemic hypoxia and
ischaemia, therefore energy is no longer available
for different body tissues including peripheral
nerves (22).

Additionally, the nerves might be
straightforwardly influenced by the retained neuro-
and or uremic toxins (23), besides, the electrolytes

disturbances that typically go with ARF

influencing basically Na+, K+ and Cat+
concentrations that might disturb the nerve
membrane potential and excitability with resultant
diminished nerve conduction velocity (24).

Also, the developed metabolic acidosis is another
factor  predisposing to  diminished nerve
excitability (25). It had been obvious that the
severe decline in both kidney and nerve functions
in group II, had been improved upon treatment
with EPO (group III) and had become less
deteriorated on prophylactic intake of EPO which
might reflect the beneficial effect of EPO on the
speed and strength of nerve signals.

These beneficial impacts are mostly
interceded by stimulating the JAK2-STATS
pathway taking after EPO — EPORs binding, with
resulting activation of many other signaling
pathways (26), antagonizing apoptosis possibly
through incitement of heat shock protein 70
(HSP70) (27) and XIAP (28) or inactivation of
caspases (29) or GSK3p (30) and or through
inhibiting FOXO3a (31) or stopping cytochrome c
release (32). As apoptosis is an irreversible
process,  punctual  intercession  with a
neuroprotective therapy as erythropoietin may be
useful in diminishing its occurrence or even much
reversing it (33). All these impacts, intercede both
the erythropoietic and non-erythropoietic actions
of EPO (34).

Moreover, EPO exerts an  anti-
inflammatory impact via decreasing release of
interleukin-2 and tumour necrosis factor, in
ischemia reperfusion renal injury (35), and undo
the effect of endotoxins on the antioxidant; renal
SOD through NF-kB pathway and EPO enhances
the expression of SOD via nitric oxide signaling

pathway (36). EPO diminishes free radicals
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generation and lipid peroxidation and consequently
influences the neurotransmitters release (37) as it
had been confirmed in this work, by the decrease
in MDA level.

Additionally, EPO has a protective impact
on vasculature since it promotes
neovascularization directly through upregulating
vascular endothelial growth factors and their
receptors38, and indirectly through promoting the
movement of endothelial progenitor and bone
marrow-derived proangiogenic cells (39). It had
been reported that angiogenesis would be impaired
in absence of erythropoietin receptors (40).

EPO injection either concomitant with (as
in group IV) or following induction of ARF (as in
group III), had attained a significant improvement
in both the NCV and amplitude that may be owed
to the crucial role of EPO in development,
maintenance, protection and moreover repair of the
nervous system (41). It had been reported that
neuronal expression of EPO and its receptors is
enhanced subsequent to peripheral nerve injury
(41). As EPO -via B1 integrin - plays a crucial role
in proliferation and migration of Schwann cells to
areas of neural injury (42).

Being a renal patient, receiving EPO, you
will get the greater part of its profits whichever
treating extreme anemia, recuperation of renal
functions, correcting or attenuating complications,
such that peripheral neuropathy.

Ultimately, we must weigh the benefits
versus the adverse effects of EPO as a treatment
option for renal patients or even neuropathic
patients, particularly the hazard of thrombosis
(43). Proper history taking, examination and
investigation of the patients before prescribing it as

a treatment are mandatory and must be done

cautiously. Also strict follow up of patients on
EPO is a must, as there is an increased incidence
of hypertension due to more endothelin release,
upregulation of tissue renin and imbalance of
vasoactive substances (44).

Conclusion: this work emphasized the
EPO neuroprotective impact in rats with acute
renal shutdown. It showed that the curative effect
of EPO is superior to its prophylactic one but both
regimens scored a significant improvement.

Recommendation: this study has to be
conducted in patients rather than animals trying
different erythropoietin variants hoping to find an
erythropoietin derivative with a non hematopoietic
action as a treatment of different neurological

dysfunctions to limit its adverse effects.
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