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ABSTRACT
Recombinant human erythropoie-

tin (rHuEPO) has emerged as a new

renoprotective agent against various

acute kidney injuries. Experience

with rHuEPO in chronic kidney inju-

ries is so far limited and conflicting

results were obtained. In the present

study, we addressed to evaluate the

long-term renal effects of rHuEPO in

diabetic nephropathy (DN) of rats in

relation to novel hypoxia theory and

endogenous EPO secretion.  We

compared rHuEPO to a standard

drug, losartan (LSR), and the possi-

bility of add-on therapy was also

tested. Thirty-four male Sprague-

Dawley rats were randomly divided

into five groups: control-naïve group,

untreated diabetic group, EPO-

treated diabetic group (150 U/kg,

S.C., TIW), LSR-treated diabetic

group (5 mg/kg/day), and EPO-LSR-

treated diabetic group. Drug treat-

ment was started one week after

streptozotocin (STZ) injection and

continued for twenty-eight weeks.

STZ-treated diabetic rats developed

progressive albuminuria, renal dys-

function, and significant glomerular

change 28 weeks after induction of

diabetes. Chronic administration of

rHuEPO alone or in combination with

LSR to the STZ-induced diabetic rat

did not show beneficial effect on DN

evolution, inspite of improving dia-

betic-renal hypoxia. The best benefi-

cial effect on DN evolution was ob-

tained by LSR sole therapy based on

renal function evaluation, albuminu-
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ria, and renal histopathology. Inter-

estingly, administration of LSR either

alone or in combination with rHuEPO

in STZ-induced diabetic rats signifi-

cantly abolished increased plasma

endogenous EPO. In conclusion, this

study has questioned the renopro-

tective role of low-dose rHuEPO in

the setting of DN and confirmed that

this low-dose rHuEPO used had ad-

verse effects on blood pressure and

increased hematocrit level.

Key words : Diabetic nephropa-

thy, Erythropoietin, Losartan, Rats.

INTRODUCTION
Diabetic nephropathy (DN) is one

of the most serious complications of

diabetes and a leading cause of end-

stage renal disease (ESRD) world-

wide. In fact, about 44% of new

ESRD cases have a primary diagno-

sis of diabetes (U.S. Renal Data

System, 2011). The pathogenesis of

DN is complex and implies interac-

tions between different metabolic

and hemodynamic factors that act

concomitantly to activate intracellular

second messengers and various

growth factors such as the proscle-

rotic cytokines, transforming growth

factor-β (TGFβ-1), connective tissue

growth factor (CTGF), and vascular

endothelial growth factor (VEGF)

(Vinod, 2012). Activation of local re-

nin-angiotensin system (RAS) played

a major role in progression of diabet-

ic glomerulosclerosis (Carey & Sira-

gy, 2003). In addition, the novel hy-

poxia theory of chronic kidney

disease (CKD) including DN and its

role in progression of renal injury is

well documented (Heyman et al.,

2008). Despite the beneficial effects

of the current strategies in the treat-

ment of DN, based mainly on ade-

quate glycemic control and blockade

of RAS, albuminuria and progression

of renal disease are not completely

halted. Therefore, it is necessary to

explore potential new renoprotective

therapy based on the novel hypoxia

theory.

Erythropoietin (EPO) is a 30.4 kD

acidic glycoprotein hormone that reg-

ulates erythropoiesis and primarily

synthesized by renal cortical intersti-

tial fibroblasts (Fisher, 2003). EPO

has been used clinically both as an

erythropoietic stimulating agent in

the treatment of anemia associated

with various pathologies and as a tis-

sue-protective agent in certain clini-

cal settings, e.g. stroke, multiple

sclerosis and acute myocardial in-

farction (Konstantinopoulos et al.,
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2007). Many studies demonstrated

that EPO or recombinant human

EPO (rHuEPO) protected against in-

jury caused by ischemia/reperfusion

in the brain, vessels, heart, and kid-

ney (Sasaki, 2003). However, few

studies have demonstrated the pro-

tective effects of rHuEPO on chronic

renal injury. Clinical experience with

EPO in CKD has been conflicting

with some trials showing a beneficial

effect on renal failure progression;

whereas others have failed to dem-

onstrate any effect (Harris et al.,

2006).

Moreover, the tissue-protective

effect of EPO was linked to the use

of low dose than that used for ane-

mia correction. In animal model for

type 2 diabetes, long-term treatment

with a long-acting erythropoiesis-

stimulating agent had striking dos-

age-dependent effects on molecular

pathways of diabetic kidney damage

with low-dosage therapy fully ex-

posed the tissue-protective potential

(Menne et al., 2007). Moreover, in

streptozotocin-induced diabetic rats,

one month treatment with the low

dose rHuEPO attenuated renal injury

beyond its hematopoietic effect

(Toba et al., 2009). Whether this tis-

sue-protective effect of low-dose

EPO could be maintained for longer

periods without adverse effects is

not known. Also, the relation be-

tween the renal effects of low-dose

EPO and renal hypoxia has not been

investigated. So, the aim of this work

is to evaluate the long-term renal ef-

fects of rHuEPO in DN of rats and its

relation to renal hypoxia and endog-

enous EPO secretion. The effect of

rHuEPO was compared to standard

drug, losartan (LSR), and the effect

of EPO and LSR combination was

also investigated.

MATERIALS AND METHODS
Chemicals and drugs :

Streptozotocin (STZ): was ob-

tained from Sigma-Aldrich Chemical

Co., St. Louis, MO, USA. Erythro-

poietin in the form of epoetin alpha

(EPREX® syringes) was supplied as

a gift from Janssen-Cilag Co., USA.

Losartan (dry powder, 98% activity)

was supplied as a gift from Amriya

Pharmaceutical Industries, Alexan-

dria, Egypt.

Animals

Thirty-four male Sprague-Dawley

rats (8 weeks old, weighing 160 to

200 g) obtained from Medical Experi-

mental Research Center (MERC),

Mansoura Faculty of Medicine were
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used and included 8 control rats and

26 rats made diabetic by single intra-

peritoneal injection of STZ (60 mg/

kg) dissolved in citrate buffer  (10

mmol/L, pH 4.5). At 1 week post-STZ

injection, induction of diabetes was

confirmed by measuring tail vein

blood-glucose level using GlucoDr™

super sensor glucometer (one touch

technology, Allmedicus, Korea). Rats

with fasting blood glucose level more

than 280 mg/dl were considered dia-

betic and were included in the study

(Tesch & Allen, 2007).

Rats were kept on a regular 12h

dark/light cycle with free access to

standard rat chow and tap water ad

libitum. The animals were observed

for water intake, food intake, chang-

es in body weight, and general

health status during the 28 weeks

study period. The study design and

protocol was revised and approved

by Mansoura Medical Research Eth-

ics committee.

Experimental Design and Groups

Rats were classified into five

groups: 1) the control-naïve group

(CNT-naïve, n=8), received citrate

buffer only, 2) untreated diabetic

group (DM-unt-28W, n=8), received

single intraperitoneal injection of

STZ as previously described (Tesch

& Allen, 2007) and no drug treatment

for 28 weeks after induction of dia-

betes, 3) EPO-treated diabetic group

(DM-EPO-28W, n=6), received

rHuEPO at 150 U/kg, three times per

week, S.C. (Toba et al., 2009), 4)

LSR-treated diabetic group (DM-

LSR-28W, n=6) received LSR at 5

mg/kg/day, P.O., dose selected

equals to 56 mg human dose accord-

ing to (Paget & Barnes, 1964), and

5) EPO-LSR-treated diabetic group

(DM-EPO-LSR-28W, n=6) received

combination of EPO and LSR, in the

same doses. Drug treatment was

started one week after STZ injection

and continued for 28 weeks. Be-

cause the study duration was 28

weeks and to avoid animal wastage,

severely diabetic rats  with blood glu-

cose level more than 500 mg/dl

(data obtained from pilot study) were

treated daily with low-dose NPH in-

sulin at 4.1±1.4 IU/kg body weight

subcutaneously to maintain body

weight and prevent ketosis without

normalizing hyperglycemia (Gross et

al., 2004).

Every 4 weeks, rats in each group

were weighed and individually

housed in metabolic cage (Nalgene;

Nalge Company, Rochester, NY,
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USA) to allow 24h urine collection

that were analyzed for urinary creati-

nine (Murray, 1987) and albuminuria

(Schosinsky et al., 1987). Final blood

pressure was measured by indirect

tail-cuff plethysmography with a pho-

toelectric sensor (LE5001 pressure

meter, PanLab Technology for Bio-

research) in non-anaesthetized rats.

At the end of the study, animals

were weighed and anesthetized with

thiopental at dosage 12 mg/100 g

BW (Waynforth & Flecknell, 1998),

laparotomy was done and the left re-

nal vein was exposed, blood sam-

ples were collected from the left re-

nal vein by heparinized syringe and

analyzed for renal vein oxygen ten-

sion, sodium, and potassium levels

(Rapid Point 400, Bayer). One ml of

blood collected from the heart was

taken in a test tube containing 50µI

EDTA for estimation of complete

blood count (Sysmex) and reticulo-

cytic count (RC). The other portion of

blood samples were centrifuged with

EDTA at 3000 rpm for 10 minutes,

plasma were separated and stored

at -30°C until further biochemical as-

say.

Blood chemistry

The following parameters were

determined with the use of commer-

cially available kits: glucose (Trinder,

1969) (BioMed-Glucose L.S, Eng

Chem for lab technology, Hannover,

Germany), insulin (Clark & Hales,

1991) (DRG® Rat Insulin ELISA kit,

DRG Diagnostics, Germany), creati-

nine (Murray, 1987) (Diamond Diag-

nostics Company, Hannover, Germa-

ny), albuminuria (Schosinsky et al.,

1987) (ABC Diagnostics kits, New

Damietta, Egypt), iron (Garcic, 1979)

(ELI Tech, Zone Industrielle, 61500

SEES France), Total iron binding ca-

pacity “TIBC” (Schreiber, 2003) (ELI

Tech Clinical Systems, Zone Indus-

trielle, 61500 SEES France) with cal-

culation of transferrin saturation “TS”

as (iron/TIBC)X100, ferritin (Ng et

al., 1983) (Diametra, Via Garibaldi,

Italy), plasma active-renin concentra-

tion (PRacC) (Morganti et al., 1995)

(renin ELISA kit, DRG Diagnostics,

Germany), and EPO concentration

(Jelkmann & Wolff, 1991) (Quanti-

kine Mouse/Rat EPO Immunoassay

ELISA kit, R&D Systems, USA).

Morphologic analysis of renal tissue

For all groups, the kidneys were

perfused in a retrograde fashion

through the abdominal aorta using

saline 0.9% and then 10% neutral

buffered formalin for in situ fixation.

The kidneys were harvested,
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weighed, cut longitudinally, and send

for pathological evaluation in 10%

neutral buffered formalin. The kidney

specimens were coded, embedded

in paraffin, and sections of 5-µm

thickness were cut and evaluated us-

ing hematoxylin and eosin, periodic

acid- Schiff (PAS) reagent, and Mas-

son trichrome stains and examined

by light microscopy.

The glomerular changes devel-

oped in untreated diabetic control

group at 28th week after induction of

diabetes included: mesangial matrix

expansion, mesangial hypercellulari-

ty, and segmental thickening of

GBM. The lesions were focal (affect-

ing less than 50 % of all glomeruli

per section) in all diabetic groups.

These glomerular changes were

scored according to their absence or

presence as follow: normal (absence

of lesions = score 0); presence of

any one of the above mentioned glo-

merular lesions (score 1); presence

of two glomerular lesions (score 2);

presence of the three glomerular le-

sions (score 3). Also, untreated dia-

betic control group developed tubu-

lo-interstitial lesions including

interstitial inflammation, mild intersti-

tial fibrosis and tubular atrophy. Vas-

cular lesions presented as arteriolar

hyalinosis were also mild. Because

tubule-interstitial and vascular le-

sions were mild, they were scored as

absent (score 0) or present (score

1).

Statistical Analysis

All analyses were conducted us-

ing SPSS (version 16.0, SPSS, IL,

USA). The data were tested for

Gaussian distributions by Kolmogo-

rov-Smirnov test. Descriptive statis-

tics were reported as mean ± stan-

dard deviation (SD) for continuous

variables or median (min-max), and

frequency for categorical variables.

Differences in continuous variables

were analyzed by one-way analysis

of variance (ANOVA) followed by

posthoc multiple comparisons

(Scheffé test). Categorical variables

were analyzed by Kruskal-Wallis H,

Mann-Whitney's, and chi-square or

Fisher exact tests (when appropri-

ate). Statistical analysis of albuminu-

ria was performed by analysis of var-

iance according to a general linear

model for repeated measures. P val-

ue < 0.05 was considered statistical-

ly significant at confidence interval

95 %.

RESULTS
General characteristics of experi-

mental groups
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All diabetic groups showed signifi-

cant hyperglycemia (P1 < 0.01), in-

sulinopenia (P1 < 0.001), and in-

crease of KW/BW ratio (P1 < 0.05)

compared to CNT-naïve group. On

the other hand, LSR-treated diabetic

group showed significant decrease

of KW/BW ratio compared to untreat-

ed- (P2 < 0.05) and EPO-treated (P3

< 0.01) diabetic groups (table 1).

Renal functions: plasma creati-

nine and creatinine clearance

All diabetic groups showed signifi-

cant increase of plasma creatinine

(P1 < 0.001) compared to CNT-

naïve group. The LSR -treated dia-

betic group showed significant de-

crease of plasma creatinine com-

pared to untreated- (P2 < 0.001) and

EPO-treated (P3 < 0.001) diabetic

groups; but the combination-treated

diabetic group showed significant in-

crease of plasma creatinine (P4 <

0.001) compared to LSR-treated dia-

betic group (table 1). Untreated-,

EPO-treated, and combination-

treated diabetic groups showed sig-

nificant decrease of creatinine clear-

ance compared to CNT-naïve group

(P1 < 0.01); while, LSR-treated dia-

betic group showed significant in-

crease of creatinine clearance com-

pared to untreated- and EPO-treated

diabetic groups (P2 & P3 < 0.001)

and CNT-naïve group (P1 < 0.01).

The combination-treated diabetic

group showed significant decrease

of creatinine clearance compared to

LSR-treated diabetic group (P4 <

0.001) (table 1).

Albuminuria

All diabetic groups showed pro-

gressive significant increase of albu-

minuria on repeated measures (P <

0.001). In addition, albuminuria was

significantly increased in all diabetic

groups at each time point compared

to CNT-naïve group (P1 < 0.05). Al-

buminuria of EPO-treated diabetic

group was significantly increased at

the 12th week till the end of the

study compared to untreated-

diabetic control group (P2 < 0.001).

LSR-treated diabetic group showed

significant decrease of albuminuria

at the 12th week till the end of the

study compared to untreated-

diabetic control group (P2 < 0.01)

and EPO-treated diabetic group (P3

< 0.001). At the 12th week till the

end of the study, combination-

treated diabetic group showed signif-

icant decrease of albuminuria com-

pared to untreated-diabetic control

group (P2 < 0.01) and EPO-treated

diabetic group (P3 < 0.001); but, sig-
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nificant increase of albuminuria com-

pared to LSR-treated diabetic group

(P4 < 0.01) (figure 1).

Mean Blood Pressure

Untreated-diabetic control group

showed significant decrease of final

Mean Blood Pressure (MBP) com-

pared to control-naïve group (P1 <

0.001). However, final MBP of EPO-

treated diabetic group was signifi-

cantly increased compared to con-

trol-naïve and untreated-diabetic

control (P1 & P2 < 0.001) groups. Fi-

nal MBP of LSR-treated diabetic

group was significantly decreased

compared to control-naïve, untreat-

ed-diabetic control, and EPO-treated

diabetic groups (P1, P2, & P3 <

0.001). Also, final MBP of combina-

tion-treated diabetic group showed

significant decrease compared to

EPO-treated diabetic group (P3 <

0.001) (table 1).

Plasma active-renin concentra-

tion, renal vein oxygen tension, and

electrolytes

Untreated-diabetic control group

showed significant decrease of final

PRacC (P1 < 0.001) compared to

CNT-naïve group. However, EPO,

LSR, and combination-treated dia-

betic groups showed significant in-

crease of final PRacC compared to

CNT-naïve group and untreated-

diabetic control group (P1 & P2 <

0.01). LSR and combination-treated

diabetic groups showed significant

decrease of final PRacC compared

to EPO-treated diabetic group (P3 <

0.05) (table 1).

Untreated diabetic control group,

EPO, and LSR-treated diabetic

groups showed significant decrease

of renal vein oxygen tension com-

pared to CNT-naïve group (P1 <

0.01). While, EPO and LSR-treated

diabetic groups showed significant

increase of renal vein oxygen ten-

sion compared to untreated-diabetic

control group (P2 < 0.05). Combina-

tion-treated diabetic group showed

significant increase of renal vein oxy-

gen tension compared to untreated-

diabetic control group (P2 < 0.001),

EPO-treated diabetic group (P3 <

0.01), and LSR-treated diabetic

group (P4 < 0.01) (table 1).

Untreated diabetic control and

EPO-treated diabetic groups showed

significant decrease of renal vein so-

dium level compared to CNT-naïve

group (P1 < 0.01). LSR and combi-

nation-treated diabetic groups

showed significant increase of renal
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vein sodium level compared to EPO-

treated diabetic group (P3 < 0.01)

(table 1). Untreated diabetic control

group, EPO, and combination-

treated diabetic groups showed sig-

nificant increase of renal vein potas-

sium level compared to CNT-naïve

group (P1 < 0.05). LSR-treated dia-

betic group showed significant de-

crease of renal vein potassium level

compared to untreated- and EPO-

treated diabetic groups (P2 < 0.01,

P3 < 0.05). Combination-treated dia-

betic group showed significant de-

crease of renal vein potassium level

compared to untreated-diabetic con-

trol group (P2 < 0.05); but significant

increase compared to LSR-treated

diabetic group (P4 < 0.01) (table 1).

Hematological parameters, EPO

concentration, and Iron status

LSR-treated diabetic group

showed significant decrease of

RBCs count compared to untreated-

diabetic control group (P2 < 0.01).

Untreated diabetic control group

showed significant decrease of RC

compared to CNT-naïve group (P1 <

0.05) (table 2). Untreated- and EPO-

treated diabetic groups showed sig-

nificant increase of final EPO con-

centration compared to CNT-naïve

group (P1 < 0.001). EPO-treated dia-

betic group showed significant in-

crease of final EPO concentration

compared to untreated-diabetic con-

trol group (P2 < 0.01). LSR and com-

bination-treated diabetic groups

showed significant decrease of final

EPO concentration compared to

EPO-treated diabetic group (P3 <

0.01). Combination-treated diabetic

group showed significant decrease

of final EPO concentration compared

to untreated- (P2 < 0.001) and LSR-

treated diabetic groups (P4 < 0.05)

(table 2).

Transferrin saturation (TS) and

plasma ferritin was significantly de-

creased in EPO and combination-

treated diabetic groups (P1 < 0.05)

compared to CNT-naïve group.

EPO-treated diabetic group showed

significant decrease of TS compared

to untreated diabetic group (P2 <

0.05). LSR and combination-treated

diabetic groups showed significant

increase of TS compared to EPO-

treated diabetic group (P3 < 0.05).

Plasma ferritin was significantly de-

creased in untreated-diabetic groups

(P1 < 0.01) compared to CNT- naïve

group (table 2).

Renal histopathology

All diabetic groups showed signifi-
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cant increase of glomerular changes

score 28 weeks after induction of di-

abetes (K-W Chi-square = 42.54, P ≤

0.001) (table 3; P1 < 0.01) compared

to CNT-naïve group (Figure 2). The

LSR-treated diabetic group was the

only group that showed significant

decreased of glomerular changes

score (table 3; P2 < 0.01) compared

to untreated diabetic control group.

No significant interstitial fibrosis

(Fisher's exact tests, P1 = 0.200), in-

flammation (Fisher's exact tests, P1

= 0.200), or arteriolar hyalinosis

(Fisher's exact tests, P1 = 0.467)

were present in untreated-diabetic

control group (table 3, figure 3).

EPO-treated diabetic group

showed significant increase of glo-

merular changes score (Figure 4)

(table 3; P1 < 0.001), IFTA score

(Fisher's exact tests, P1 = 0.015),

and interstitial inflammation score

(Figure 5) (Fisher's exact tests, P1 ≤

0.001) compared to CNT-naïve

group. In addition, EPO-treated dia-

betic group showed significant in-

crease of interstitial inflammation

score (Fisher's exact tests, P2 =

0.031) compared to untreated dia-

betic control group and picture of

acute tubular injury and degenera-

tion (Figure 6) that is not included in

DN pathological classification or

scoring system. LSR-treated diabetic

group showed significant decrease

of IFTA score (Chi-square test =

6.00, P3 = 0.014) and interstitial in-

flammation score (Chi-square test =

6.00, P3 = 0.014) compared to EPO-

treated diabetic group (table 3).

Combination-treated diabetic

group showed significant increase of

glomerular changes score (Figure 7)

(table 3; P1 < 0.01), IFTA score (fig-

ure 8) (Fisher's exact tests, P1 ≤

0.001), interstitial inflammation score

(Fisher's exact tests, P1 = 0.015),

and arteriolar hyalinosis score (Fig-

ure 9) (Fisher's exact tests, P1 =

0.003) compared to CNT-naïve

group. Moreover, combination-

treated diabetic group showed signif-

icant increase of glomerular changes

score (table 3; P4 < 0.05) compared

to LSR-treated diabetic group and

significant increase of IFTA score

(Fisher's exact tests, P2 = 0.031)

compared to untreated-diabetic con-

trol group and LSR-treated diabetic

groups (Fisher's exact tests, P4 =

0.002). Also, arteriolar hyalinosis

score was significantly increased

compared to EPO-treated diabetic

groups (Fisher's exact tests, P3 =

0.015) (table 3).
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Figure 1: Effect of Erythropoietin (150 U/kg, S.C., TIW), Losartan (5 mg/kg/day, P.O.), or combi-

nation on Albuminuria of Control and Diabetic rats.



LONG-TERM STUDY OF ERYTHROPOIETIN  etc...56

Vol. 42,  No. 1 & 2 Jan.  & April, 2013

Figure 2: Axial mesangial expansion of 28
weeks untreated diabetic control
group (arrow, PAS stain, X400).

Figure 3: IFTA of 28 weeks untreated-
diabetic control group (arrow,
Masson Trichrome stain, X250).

Figure  4: Mesangial hypercellularity of  EPO-
treated diabetic group (arrow,
PAS stain,  X400)

Figure 5: Interstitial inflammatory infiltrate of
EPO-treated diabetic group (ar-
row, PAS stain, X250)
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Figure 6: Tubular injury with sheded apical tu-
bular epithelium of  EPO-treated
diabetic group (Hx& E stain,
X400)

Figure 7: Mesangial expansion with hypercel-
lularity of Combination-treated dia-
betic group (arrow, PAS stain,
X400)

Figure 8: Focal interstitial fibrosis of Combi-
nation-treated diabetic group
(Masson trichrome stain, X250)

Figure 9:  Hyalinized arterioles of Combina-
tion-treated diabetic group (arrow,
PAS stain, X400)
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Abbreviations: Pl Gl, Plasma Glucose;  Pl INS, Plasma Insulin; KW/BW, Kidney-to-Body Weight ratio; Pl Cr,
Plasma Creatinine; Cr Cl, Creatinine Clearance;  MBP, Mean Blood Pressure; PRacC,  Plasma active-
renin concentration; RV O2T,  Renal Vein Oxygen tension; RV Na+,  Renal Vein Sodium level; RV K+,
Renal Vein Potassium level
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DISCUSSION
The present study demonstrated

that long-term administration of

rHuEPO alone or in combination with

LSR to the STZ-induced diabetic rat

for 28 weeks did not show beneficial

effect on DN evolution compared to

LSR sole therapy that had the best

beneficial effect. Inspite of improving

diabetic-renal hypoxia by rHuEPO

alone and combined with LSR, the fi-

nal renal effects were hazardous in

both groups. These results were

supported by renal histopathological

examination. Strangely, administra-

tion of rHuEPO with LSR in STZ-

induced diabetic rats abolished in-

creased plasma endogenous EPO

observed in rHuEPO alone treated-

diabetic group. To our knowledge,

no available experimental studies

have investigated the possible effect

of combined administration of EPO

and LSR in models of DN.

As shown in the present study,

STZ-treated diabetic rats developed

progressive albuminuria, renal dys-

function, significant glomerular

changes, and mild tubularinterstitial

fibrosis 28 weeks after induction of

diabetes. These results are in accor-

dance to previous reports demon-

strating that single high-dose STZ

model of type 1 diabetes developed

strong degree of hyperglycemia and

albuminuria with moderate degree of

renal failure and some histologic

changes associated with DN (Tesch

& Allen, 2007 and Rüster & Wolf,

2010).

Several studies reported that

acute pretreatment with rHuEPO pre-

served renal function against acute

ischemia/reperfusion injury (Chatter-

jee, 2005). Although the possible re-

noprotective effect of EPO in the set-

ting of chronic kidney injury is of

major clinical importance, it has not

been settled yet. Previously, the

therapeutic effect of EPO in CKD fo-

cused on anemia correction with full-

dose EPO that might improve renal

hypoxia and delay progression to

ESRD; however, conflicting results

were obtained in different clinical

trials (Harris et al., 2006). Moreover,

dissociating the tissue-protective ef-

fect of EPO from its hematopoietic

effect by the use of lower doses was

tested in preclinical disease models

where chronic treatment with hemat-

ologically non-effective dose of dar-

bepoetin, a long-acting rHuEPO ana-

logue, conferred renal vascular and

tissue protection in 5/6 nephrectomy

remnant kidney model in the rat
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(Bahlmann et al., 2004). However,

escalating doses of darbepoetin at-

tenuated the protective effects on

the remnant kidney tissue and even

worsen microvascular renal injury,

that is, glomerulosclerosis (Fliser et

al., 2006).

In our study, we used rHuEPO in

the same dose used by Toba et al.

(2009); as they reported that neither

blood pressure nor hematocrit (Hct)

was affected by the administration of

rHuEPO in a dosage of 150 U/kg,

TIW, SC for 4 weeks. Contrarily, our

results showed that chronic adminis-

tration of this low dose of rHuEPO

for 28 weeks led to elevation of

blood pressure and Hct in diabetic

and control non-diabetic rats (data

not shown).

In agreement of our results that

failed to demonstrate beneficial ef-

fects of long-term low-dose rHuEPO

administration, an earlier experimen-

tal study reported that vigorous cor-

rection of anemia with rHuEPO (25

U, IP, twice weekly) in rats with renal

ablation is associated with striking

acceleration of glomerular injury and

greater severity of proteinuria such

that values were higher than those in

control rats which was explained by

aggravation of systemic and glomer-

ular hypertension (Garcia et al.,

1988).

In contrast to our results, benefi-

cial effects were reported in genetic

experimental models of type 2 dia-

betes (i.e., the leptin receptor knock-

out db/db mouse), where chronic ad-

ministration of continuous

erythropoietin receptor activator for

14 weeks had beneficial dose-

dependent effects on molecular

pathways of diabetic kidney damage

including TGF-β1 and nephrin ex-

pression in renal tissue. However,

only the non-hematologically effec-

tive low-dose was clinically renopro-

tective, whereas high-dose aggravat-

ed albuminuria despite clear-cut

beneficial molecular effects. Moreo-

ver, phlebotomy in high-dose treated

mice preserved its tissue protective

effect (Menne et al., 2007). Also, one

month treatment with rHuEPO (150

U/kg, TIW, SC) in STZ-induced dia-

betic rats significantly attenuated

proteinuria, renal fibrosis, and renal

elevation in mRNA for TGF-β, osteo-

pontin and adhesion molecules, with

normalization of renal function.

These beneficial effects of chronic

rHuEPO treatment occurred beyond

hematopoiesis (Toba et al., 2009). 
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In the present study, LSR pre-

served renal function and structure

throughout the 28 weeks study peri-

od. In agreement of our results, LSR

treatment (2 mg/kg, p.o., 6 weeks)

significantly prevented elevated

blood pressure, renal dysfunction,

renal hypertrophy, and renal structu-

ral alteration in STZ-induced diabetic

rat model without altering insulin lev-

els (Murali et al., 2003). Also, LSR

was found to modulate glomerular

sclerosis and decreases the accumu-

lation of collagen type IV by inhibit-

ing TGF-β1 and CTGF in rat model

of STZ-induced DN followed for 16

weeks (Xu et al., 2008). In addition,

LSR exerted structural and function-

al renoprotection through attenuation

of mitochondrial functional impair-

ment in STZ-induced diabetes (De

Cavanagh et al., 2008).

In a randomized, double-blind,

multicenter, controlled trial, olmesar-

tan (40 mg once daily for a median

of 3.2 years) increased the time to

onset of microalbuminuria by 23% in

patients with type 2 diabetes, even

when blood-pressure control is ex-

cellent in olmesartan and placebo

groups (Haller et al., 2011). It is well

known from studies in diabetic and

non-diabetic kidney diseases that

the magnitude of albuminuria reduc-

tion is a strong predictor of subse-

quent long-term renoprotection (Holt-

kamp et al., 2011). The benefits of

RAS inhibition in diabetes seem to

be beyond blood pressure lowering.

Pleiotropic renal benefits of ARBs in-

cluding: inhibition of advanced glyca-

tion end products (AGEs) formation,

reduction of oxidative stress, improv-

ing tubulointerstitial hypoxia, and re-

duction of interstitial inflammatory

cellular infiltrate (Miyata & van Yper-

sele de Strihou, 2006). In addition,

ARBs induce renoprotection through

reduction of glomerular capillary

pressure and amelioration of glomer-

ular  hyperfiltration (Wolf et al.,

2003). Moreover, studies of the glo-

merular membrane have demonstrat-

ed that the size-selective defect for

large shunt-like pores in glomerular

membrane  in   DN  was partly re-

stored by  treatment with losartan 50

mg/day for 2 months (Andersen et

al., 2000). 

In the present study, administra-

tion of EPO alone for 28 weeks led

to significant increase of final MBP in

diabetic rats compared to control-
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naïve and untreated-diabetic control

groups. However, administration of

LSR for 28 weeks in diabetic rats

significantly lowered final MBP level.

Administration of EPO in combina-

tion with LSR prevented EPO-

induced increase of final MBP that

remained significantly lower com-

pared to EPO alone-treated diabetic

group. In agreement of our results,

one study in rats showed that EPO

administration (150 U/kg BW, TIW)

for 6 weeks caused an increase in

blood pressure in spontaneously hy-

pertensive rats, but not in Wistar

Kayato rats, suggesting genetically

related susceptibility (Panzacchi et

al., 1997). Also, it has been demon-

strated that long-term administration

of EPO in normal human subjects

and patients with CKD provokes ar-

terial hypertension which occurs in-

dependently of EPO’s hematopoietic

effect (Krapf & Hulter, 2009). Moreo-

ver, EPO treatment with prolonged

low-dose or high doses for 3 days in-

duced an increase in total peripheral

resistance including the cerebrovas-

cular circulation (Rasmussen et al.,

2012). The mechanisms had been

proposed to involve EPO-induced re-

lease of endothelin (Bode-Böger et

al., 1996) and inhibition of endothe-

lial nitric oxide synthase (eNOS)-

mediated production of nitric oxide

(NO) (Scalera et al., 2005). It was re-

ported that hypertension could ag-

gravate glomerular dysfunction in

Wistar fatty rats fed on high-salt diet

with more generation of reactive oxy-

gen species (ROS) in the kidney

(Tomohiro et al., 2007). So, it is pos-

sible that elevation of blood pressure

in EPO-treated diabetic rats promot-

ed renal injury progression in this

study. The present study demon-

strated blood pressure-lowering ef-

fect of LSR dosage (5 mg/kg, PO) in

diabetic rats which might be consid-

ered one of the mechanisms for its

renoprotection. Moreover, blood

pressure-lowering effect of LSR was

reported with the use of lower doses

(2 mg/kg, p.o., 6 weeks) in STZ-

induced diabetic rats (Murali et al.,

2003).

In the present study, administra-

tion of EPO either alone or in combi-

nation with LSR to diabetic rats for

28 weeks produced marked increase

of PRacC that was more pronounced

when alone. Previously, it was sug-

gested that circulating EPO levels in

normal subjects had intrinsic renal

effects which were associated with

early marked decrease in circulating

levels of renin and aldosterone (Ol-
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sen et al., 2011). Therefore, we in-

vestigated the effects of rHuEPO on

PRacC in control non-diabetic rats

and we found that rHuEPO signifi-

cantly decreased PRacC (0.5 ± 0.23

pg/ml, P1 < 0.001) in control rats

(data not shown). Previous study

raised the possibility that plasma re-

nin concentrations decreased secon-

dary to a decrease in absolute renal

proximal tubular reabsorption (Olsen

et al., 2011) that in turn increase so-

dium and water delivery to the macu-

la densa producing inverse changes

in renin release (Burns et al., 1993).

These data were confirmed previous-

ly by Lundby et al. (2007) suggesting

that excess rHuEPO may down-

regulate the activity of RAS indepen-

dent of changes in red blood cell

mass, blood volumes and blood

pressure thereby maintaining total

blood volume within a narrow range

with the advantage of increasing Hb

faster than by increasing erythro-

poiesis (Lundby et al., 2007). Admin-

istration of LSR alone for 28 weeks

to diabetic rats produced significant

increase of PRacC as angiotensin

receptor blockers through interrup-

tion of RAS negative feedback regu-

lation on Ang II results in increases

in plasma Ang II level, which is asso-

ciated with increase in renin release

from juxtaglomerular cells (Paul et

al., 2006). At the same time, treat-

ment with ARBs leads to decreased,

rather than increased in kidney Ang

II levels through prevention of AT1

receptor- mediated stimulation of in-

trarenal angiotensinogen, leading to

decreased intrarenal production of

Ang II and subsequent renoprotec-

tion (Nishiyama et al., 2004).

Strangely, plasma EPO concen-

tration was significantly increased in

untreated and EPO-treated diabetic

rats. Administration of LSR in combi-

nation with EPO significantly abol-

ished such overshooting of plasma

EPO concentration that even was

significantly decreased  compared to

untreated- and LSR-treated diabetic

rats. In support of our results, evi-

dence exists to indicate that pro-

longed administration of rHuEPO re-

sults in a suppression of urinary

excretion of endogenous EPO (Las-

ne et al. 2002). Additionally and in

agreement with our observations,

EPO levels did not differ significantly

in patients who were on ARB therapy

compared to those who were not

(Mojiminiyi et al., 2006). Also, com-

bined Ang II blockade by captopril

and LSR was associated with reduc-

tion in EPO mRNA expression in 5/



LONG-TERM STUDY OF ERYTHROPOIETIN  etc...66

Vol. 42,  No. 1 & 2 Jan.  & April, 2013

6th nephrectomy rat model (Deng et

al., 2010).

The relationship between rHuE-

PO administration and RAS is of ma-

jor concern because RAS regulates

the production of endogenous EPO

(Dunn & Donnelly, 2007). Ang II ad-

ministration in humans stimulated

EPO synthesis probably through an

AT1-dependent pathway (Gossmann

et al. 2001) and, contrarily, ACE in-

hibitors (Pratt et al. 1992) and ARBs

decrease the plasma concentration

of endogenous EPO (Durmus et al.

2005). Moreover, studies measuring

levels of PRA and aldosterone dur-

ing treatment with rHuEPO in pa-

tients with CKD and ESRD mostly re-

vealed conflicting results ranging

from unchanged or reduced activity

(reviewed in Rosario & Epstein,

2006). In patients with type 1 dia-

betes, genetically inherent high activ-

ity of the basal RAS was associated

with higher levels of EPO compared

with patients with a low activity of the

basal RAS (Kristensen et al., 2009).

So, it is obvious that the effect of

rHuEPO administration on RAS var-

ies with different disease state and

different medications. Moreover, a

geriatric cohort study found a corre-

lation between higher concentration

of endogenous EPO and fatal out-

come which may reflect a physiologi-

cal response to an undiagnosed hy-

poxemia or impaired bone marrow

response (den Elzen et al., 2010). In

diabetic patients with CKD, elevated

endogenous EPO levels were predic-

tive for mortality and were related

mainly to markers of inflammation,

independent of kidney function

(Wagner et al., 2011).

In the present study, we meas-

ured renal vein oxygen tension (RV

O2T) as an indicator of renal oxygen

consumption and relative hypoxia.

We found that administration of ei-

ther EPO or LSR for 28 weeks to di-

abetic rats produced significant im-

provement of RV O2T compared to

untreated-diabetic control rats; al-

though values remained significantly

lower than control-naïve group.

Combined administration of EPO

and LSR for 28 weeks to diabetic

rats produced more improvement of

RV O2T compared to untreated-

diabetic control rats and EPO or LSR

alone-treated diabetic groups. AT1-

receptor blockade acutely increases

renal cortical PO2 (Norman et al.,

2003) and, if given chronically, losar-

tan attenuated mitochondrial dys-

function in experimental type 1 dia-
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betes (De Cavanagh et al., 2008).

Collectively, these data provide a

mechanistic basis for the use of

ARBs to prevent dysregulation of in-

trarenal oxygenation in CKD. There

is a strong evidence that hypoxia oc-

curs in diabetic kidney mainly due to

reduced nitric oxide bioavailability as

a result of its quenching by superox-

ide and increased oxidative stress

(Palm, 2006) which leads to reduced

efficiency of oxygen utilization nec-

essary for electrolyte transport. Nitric

oxide can increase renal oxygena-

tion by increasing oxygen delivery

through vasodilatation (Brezis et al.,

1991) and reducing renal oxygen

consumption by inhibiting tubular so-

dium reabsorption (Ortiz & Garvin,

2002) and also by competing with

oxygen at the level of cytochrome

oxidase within mitochondria (Koivisto

et al., 1999).

The chronic hypoxia hypothesis

proposed that hypoxic milieu pre-

cedes and triggers a fibrotic re-

sponse leading to renal fibrosis pro-

gression (Fine et al., 2000). Renal

hypoxia will stimulate hypoxic gene

response resulting in early cell survi-

val and hypoxia adaptation. Ade-

quate gene response is mediated

through hypoxia-inducible factors

(HIF) -1 and -2 that regulates numer-

ous target genes, including EPO,

VEGF, hemeoxygenase (HO)-1,

NOS, cyclooxygenase-2, and peroxi-

some proliferator activated receptor

α-regulated enzyme, which are re-

quired in order to normalize tissue

O2 tension (Cummins & Taylor,

2005). However, chronic hypoxia

and even increased HIF expression

may be pro-fibrotic and induce glo-

merular injury (Higgins et al., 2007

and Ohtomo et al., 2008). HIF induc-

tion has been reported to correlate

with tubulointerstitial injury in biop-

sies from patients with DN (Higgins

et al., 2007). Furthermore, it was hy-

pothesized that hypoxia-induced tu-

bulointerstitial injury may induce in-

terstitial fibrosis and rarefaction of

peritubular capillaries, and that fibro-

sis in turn would impair the tubular

and interstitial O2 supply. Taken to-

gether, these events would consti-

tute a vicious cycle that aggravates

and accelerates renal injury (Palm &

Nordquist, 2011). So the net result is

a vicious circle connecting hypoxia,

inflammation, and fibrosis.

Regarding renal vein electrolytes,

STZ-induced diabetic rats developed

significant decrease of RV Na+ ac-

companied by significant increase of
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RV K+ levels compared to control

rats. Administration of EPO to dia-

betic rats for 28 weeks lowered RV

Na+ and RV K+  than untreated-

diabetic control rats, although they

did not reach statistical significance.

So, it seems that sodium and potas-

sium homeostasis is greatly influ-

enced by the diabetic state and renal

function rather than by rHuEPO it-

self. In agreement with these results,

hyperkalemia was observed in STZ-

induced diabetic rats 60 days after

induction of diabetes associated with

mild significantly elevated serum

creatinine. The author concluded

multifactorial causes of hyperkalemia

in these diabetic rats including insu-

linopenia, hyperosmolality, elevated

serum creatinine level and hypoal-

dosteronism with possible contribu-

tion of altered distal tubular response

to aldosterone (Kim, 1994). Studies

in the STZ-induced diabetic rats

showed that Na+-K+-ATPase was af-

fected in several tissues including

kidney. The early phase of diabetes

(up to week 6 or 7), a stimulatory ef-

fect on the enzyme was documented

(Fekete et al., 2008). Longer dura-

tion of diabetes was followed by a

significant functional depression of

renal Na+-K+-ATPase (Vrbjar et al.,

2004). Numerous explanation of de-

pressed Na+-K+-ATPase included

lack of insulin (Gupta et al., 1996)

and C-peptide (Galuska et al., 2011)

and altered expression of Na+-K+-

ATPase molecule with long-lasting

diabetes (Tsimaratos et al., 2001).

In the present study, treatment of

diabetic rats with LSR produced sig-

nificant increase of RV Na+ com-

pared to EPO-treated diabetic rats

accompanied by significant decrease

of RV K+ compared to untreated-

diabetic control and EPO-treated dia-

betic rats. Maintenance of Na+-K+

balance by LSR administration in

STZ-induced diabetic rats copes with

renoprotection observed in this

group. Combined administration of

EPO and LSR for 28 weeks to dia-

betic rats produced significant in-

crease of RV Na+ compared to EPO-

treated diabetic rats accompanied by

significant decrease of RV K+ com-

pared to untreated-diabetic control

rats only; however, it remained sig-

nificantly higher compared to control-

naïve and LSR-treated diabetic rats.

The possible explanation might be

related to the decrease of intraglo-

merular capillary pressure in diabetic

kidney by LSR that consequently de-

creases the pressure natriuresis and

helps to preserve plasma sodium
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(Wolf et al., 2003). However, potas-

sium homeostasis is not maintained

mostly because of overall renal

harmful effects of combination.

We found that rHuEPO (150 U/kg

BW, TIW, SC) for 28 weeks pro-

duced significant increase of RBCs

count, Hb concentration, and Hct in

control non-diabetic rats (data not

shown). These results prove that

prolonged chronic administration of

such low dose of rHuEPO is hemato-

logically effective in control rats.

However, this hematopoietic effect

failed to be similarly reproduced in

diabetic rats treated with EPO for 28

week that showed hematological pro-

file nearly similar to untreated diabet-

ic control group. The possible expla-

nation is resistance to exogenously

administered rHuEPO, as well as,

endogenously secreted EPO in the

hyperglycemic environment owing to

chronic low-grade inflammation with

its influence on iron homeostasis (El-

Khatib, 2009) and increased oxida-

tive stress (Bamgbola, 2011). A

number of experimental and clinical

studies have demonstrated signifi-

cant role of various inflammatory

molecules including acute phase re-

actants, inflammatory cytokines, ad-

hesion molecules, and chemokines

in the setting of DN (Navarro &

Mora, 2006). These pro-

inflammatory cytokines like interleu-

kin-1 and -6, interferon-γ, and tumor

necrosis factor down regulate the ex-

pression of EPO receptors on eryth-

roid progenitors and disrupt iron re-

cycling by blocking its release from

reticuloendothelial cells (Macdougall

et al., 2002). Oxidative stress is well

documented in diabetes and may

participate in EPO resistance by

causing lipid peroxidation of red cell

membranes (Gallucci et al., 1999). In

addition, the pro-oxidative renal tis-

sue down regulates the generation

of HIF-1α protein, thereby reducing

EPO synthesis and red cell produc-

tion (Suliman et al., 2004).

In the present study, inspite un-

treated and EPO-treated diabetic

rats did not develop anemia, the he-

matopoietic effect of the adminis-

tered rHuEPO was different in con-

trol and diabetic rats. Moreover,

Body iron status may provide addi-

tional evidence to support the new

concept of EPO resistance in this

study. EPO-treated diabetic rats

showed significant decrease of TS

with comparable plasma ferritin com-

pared to untreated-diabetic control

rats denoting the development of
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functional iron deficiency anemia.

Combination-treated diabetic rats

showed also significant increase of

TS compared to EPO-treated diabet-

ic rats. These results may denote

some sort of resistance to rHuEPO

therapy in hyperglycemic environ-

ment. The influence of ACE inhibi-

tors/ ARBs on EPO resistance is

controversial. A range of studies

have either suggested an etiological

role or dismissed it. A prototype

study showed there is a higher EPO

requirement in dialysis patients who

were treated for hypertension with ei-

ther ACE inhibitors or ARBs com-

pared with those placed on calcium

channel blockers (Nakamoto et al.,

2004). Polymorphism of insertion/

deletion ACE gene was suggested to

have favorable response to ESA in

dialysis subjects (Sharples et al.,

2006). Furthermore, ACE inhibitors

increase plasma level of N-acetyl-

seryl-aspartyllysyl- proline

(AcSDKP), a naturally occurring in-

hibitor of erythropoiesis (Le Meur et

al., 2001). In addition, ARBs inhibit

erythroid cellular proliferation by

blocking Ang II binding to AT1 sur-

face receptor (Mohanram et al.,

2008).

Our results also highlight a new

concept in defining EPO resistance

that may occur in certain disease

states without connecting its defini-

tion to the presence of anemia or

failure to reach target Hb inspite of

continued rHuEPO therapy. In gener-

al, resistance to EPO is presumed in

adult subjects if Hb mass is < 11 g/dl

(over a 4–6-month period) despite a

weekly dose of EPO in excess of

500 IU/kg or 30, 000 IU/week (Bamg-

bola, 2011). 

The condition known as functional

iron deficiency or relative iron defi-

ciency is unique to patients who are

being treated with erythropoiesis

stimulating agents like rHuEPO be-

cause their increased rate of RBCs

synthesis overcomes the ability of

transferrin-bound circulating iron to

provide adequate substrate for Hb

synthesis resulting in problem of iron

utilization with low TS while ferritin

level remains normal or elevated

(Wish, 2006). The defective release

of iron from reticuloendothelial cells

could be another responsible factor

in significant number of patients

leading to ineffective EPO therapy.

This reticuloendothelial blockade

usually occurs in the setting of acute

or chronic inflammation and often

correlates with a high C-reactive pro-
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tein level and/or a high erythrocyte

sedimentation rate (Wish, 2006).

Hepcidin is a peptide that is pro-

duced by the liver preventing addi-

tional exogenous iron absorption and

also inhibits the release of iron from
the Reticuloendothelial (RE) system
to circulating transferrin. Hepcidin
activity is increased in the setting of
inflammation/infection, primarily
through the release of IL-6 by Kupf-

fer cells in the liver (Ganz, 2003).

This explains the phenomenon of RE

blockade in which storage iron is not

released to circulating transferrin, re-
sulting in a normal or high serum fer-
ritin, low TS level, and reduction in
circulating iron (El-Khatib, 2009).

In the present study, LSR admin-
istration for 28 weeks to diabetic rats
led to significant decrease of RBCs
number only, although Hb conc. and
Hct were non-significantly de-
creased, compared to untreated-
diabetic control rats indicating direct

effect on erythropoiesis. Combined

administration of EPO and LSR to di-

abetic rats produced better hemato-

logical profile than administration of

either drug alone, although it is not

statistically significant. Regarding

iron status, LSR-treated diabetic rats

showed plasma ferritin comparable

to control-naïve group. So, iron ho-

meostasis is not affected by LSR ad-

ministration. In agreement of our re-

sults, ACEIs and ARBs may reduce

Hb concentration in patients with hy-

pertension or CKD. The lowering of

Hb observed during treatment with

ACEIs and ARBs is usually reversi-

ble after treatment discontinuation.

The underlying mechanisms are at

least in part related to blockade of

erythropoietic effects of Ang II on red

cell precursors and improved renal

blood flow secondary to renal effer-

ent vasodilation, which improves ox-

ygenation (Marathias et al., 2004). A

post hoc analysis of the RENAAL

Study with an average follow-up of

3.4 years indicated that losartan-

associated decline in Hb occurred in

patients with type 2 diabetes and

nephropathy; however, beneficial ef-

fects of losartan treatment in this pa-

tient population on ESRD and protei-

nuria persisted in the presence of Hb

decrease (Mohanram et al., 2008).

In conclusion, the present study

stated that LSR is a gold standard

drug in management of DN where it

delayed the progression of albuminu-

ria and stabilized renal function. In

addition, LSR improved diabetic re-

nal hypoxia and prevented hypoxia-

induced EPO secretion. Contrarily to
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the expectations, administration of

rHuEPO for 28 weeks led to marked

albuminuria progression with pro-

found increase of PRacC and plas-

ma EPO concentration, together with

picture of acute tubular injury on re-

nal histopathology examination.

Clearly, the combination therapy

points to abolishment of the benefi-

cial effect of LSR in experimental DN

by the addition of EPO. This may de-

note that prolonged administration of

rHuEPO, even in low dose, has in-

trinsic harmful renal effect mitigating

the effect of a gold standard drug

like LSR. This assumption needs

confirmation at the molecular level in

future experimental studies.
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اĠلخص العربى
 Ēلوسارتان Ēěدى للإرثروبيوتĠدراسة طويلة ا
والاثنě فى الجرذان اĠصابة بالسكرى
ěستحث بالإستربتوزوتوسĠا 

لـقد برز الإرثروبويتě (rHuEPO) كـعقار جديد حامى للكلية ضـد مختلف الإصابات الكلوية الحاده.

الخـبرة مع الإرثروبويتě في إصـابات الكلى اĠزمنه حـتى الآن محدودة مع الحصول علـى نتائج متضاربة. في

هـذه الدراسةĒ تناولنا تقييم الآثار الكلويه طويلة الأجل للإرثروبويتě فى اعتلال الكلى السكرى فى الجرذان

فـيـمـا يـتـعـلق بـنـظـريـة نـقص الأكـسـجـة و إفـراز الإرثـروبـويـتـě الـذاتي. تـمت مـقـارنـة الإرثـروبـويتـě إلى دواء

ěتقسيم أربعة وثلاث ģ .معـا ěاختبار إمكانـية إضافة كلا من العلاج ģ و أيـضا (LSR) لوسارتان Ēقـياسى

ذكـر من الجـرذان عشـوائيـا إلى خمس مـجمـوعات: مـجمـوعـة ضابـطة Ē مـجمـوعة ضـابطـة سكـرية Ē مـجمـوعة

سـكـريـة مـعـالجـة بـدواء الإرثـروبـيـوتě ( 150وحـدة / كـجـمĒ تحت الجـلـدĒ ثلاث مـرات أسـبـوعـيـا)Ē مـجـمـوعة

سـكرية معالجـة بدواء لوسارتان ( 5مـلج / كج / يوم )Ē مجموعـة سكرية معالجـة بدواء الإرثروبيوتě مع دواء

لـوسـارتـان. وقـد بدأ الـعلاج مـبـاشـرة بعـد احـداث مـرض الـسكـر واسـتـمر  28 أسـبـوعـا. الجرذان اĠـصـابـة بداء

الـسـكري اĠـستـحث بـالإستـربتـوزوتـوسě أصـيبت بـزيـادة الألبـومě تـدريـجيـا فى البـولĒ اخـتلال كلـوىĒ وتغـير

كـبيبي كـبير بعد  28  أسـبوعا من احداث مرض الـسكر. الاعطاء اĠـزمن للإرثروبويتrHuEPO  ě لوحده

أو بـالاشتراك مع لوسارتان إلى الجرذان اĠصابة بالسكري اĠستـحث بالإستربتوزوتوسě لم يظهر تأثير مفيد

عـلى تطور اعـتلال الكـلى السكـرىĒ علي الرغم من تحـسě نقص الأكـسجة الـكلوي الـسكري. لوسـارتان كعلاج

وحـيد كان له تأثيـر مفيد على تـطور اعتلال الكلى السـكرى معتمـدا على تقييم وظـائف الكلىĒ الألبومě فى

rHuEPO اعطـــاء لوسارتـــان منفـردا أو بالاشتراك مع Ēوفحـص الـكلـى نسـيجيـــا. وعــلاوة علــى ذلك Ē الـبول

فـى الجـرذان اĠــصــابــة بــداء الـســكــري اĠــسـتــحث بــالإســتــربـتــوزوتــوســě ألــغت الارتـفــاع الــكــبــيـر فـى بلازمـا

الإرثـروبـويـتـě الذاتى. وفـى الختـامĒ هـذه الـدراسـة شكـكت فى الـدور الحـامى لـلكـلى لـلـجـرعة اĠـنـخـفـضة من

لـلإرثروبويـتě فى اعـتلال الكـلى السـكرى وأثـبتت أن هـذه الجرعـة اĠنخـفضـة من الإرثروبـويتـě كان لـها آثار

 .(Hct) . جانبية على ضغط الدم و أدت الى زيادة مستوى الهيماتوكريت
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