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This study was aimed to determine the effect of erythropoietin and insulin on total DNA, Genomic DNA, 
RNA contents and protein in rat kidney after administration for a short period of seven days. Two doses 
of erythropoietin (recombinant human erythropoietin EPO) were administered at two different doses of 
100 IU/kg and 250 IU/kg and insulin (Rec Hu insulin) at doses of 0.05IU/kg & 0.125 U/kg were daily 
injected subcutaneously in rats for one week. The kidneys were isolated for extraction of protein and 
nucleic acids. The genomic DNA was loaded on 1% agarose and RNA was loaded on agarose 1.3%. 
Proteins were loaded by SDS / PAGE. The results indicated that genomic DNA from rat kidney was 10 
kbp after one-week injection of erythropoietin, which was not different from that obtained with control. 
The molecular size of genomic DNA from rat kidney after one-week injection was similar in both insulin 
and control groups, which was more than 10 kbp.  Protein patterns on SDS/PAGE revealed the same 
proteins with the same molecular weight between 14 - 66 kDa in all treated and control groups. Similarly, 
RNA showed no difference in the molecular size (2.5 kbp) between all treated samples after a short-term 
period.  
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INTRODUCTION 

The end stage kidney disease is associated 
with anemia that is treated using recombinant 
human erythropoietin (rHuEpo). In animals and 
human beings, erythropoietin is characterized as 
a hematopoietic cytokine produced in kidney and 
regulates red blood cell formation (Horng et al., 
2015). Erythropoietin is a glycoprotein with 165 
amino acids, which can be purified from plasma of 
anemic sheep and urine of anemic patients 
(Jelkmann, 2016). Protein intake can stimulate 
and has stimulatory effect on erythropoiesis by 
enhancing the erythropoietin hormone in plasma, 
which binds to the receptors to promote RBC 
production in bone marrow (Elliott & Sinclair, 
2012). It is a part of physiological feedback 
mechanism that maintains red blood cell number 
and oxygen supply in the circulatory system at 

adequate levels (Jelkmann, 2011). Erythropoietin 
interacts first with a protein receptor on its target 
cell causing the appearance of a cytoplasmic 
protein thought to be a mediator, which in turn, 
causes an increased rate of transcription in the 
target cell nuclei (Jelkmann &.Lundby, 2011; Liu 
et al.,2013). The human recombinant 
erythropoietin has a molecular mass of 21 kDa 
and due to glycosylation the protein shows 36-
40kDa in SDS phage, whereas the sheep 
erythropoietin is a single chain, has 46kDa 
molecular mass (Rivera-Cervantes et al., 2019).  
It has been documented that rHuEPO stimulated 
gene proliferation in- vitro from cultured bovine 
glomerular endothelial cells. This was associated 
with stimulation of RNA-dependent DNA and 
protein synthesis. Recombinant human 
erythropoietin dose-dependency stimulated the 
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proliferation of genes in cell culture (Trost et al., 
2013). Recombinant EPO decreased apoptotic 
cell death of neurons under conditions of hypoxia. 
Protein mid mRNA for EPO and its receptor are 
expressed by human. 

In end stage of kidney diseases, insulin 
resistance is a major complication, which is a 
therapeutic target in chronic stages (Osman et al., 
2019). Insulin has been used in the clinical 
management of diabetes mellitus for over 50 
years (Nathan et al., 2009). The effect of Insulin in 
two therapeutic doses on the genomic DNA, RNA 
and protein in rat liver for short-term period were 
performed in vivo by Teleb et al., (2004) The aim 
of this study was to evaluate the effect of 
erythropoietin on total DNA, genomic DNA, RNA 
contents and protein in rat kidney after 
administration for short period. 
  
MATERIALS AND METHODS 

Animals 
Healthy male albino rats of body weight 

ranging between 150-200 gm were used. The 
animals were grown under controlled 
environmental condition and maintained on a 
standard diet and free access to water (National 
Research Council, 2011). The rats were divided 
into equal groups as follows: 

The first group was served as control. The 
second group was divided into two subgroups for 
low and high doses of recHuEpo (100 U/kg body 
weight and 250U/kg body weight). Animals were 
injected subcutaneously four times per week. The 
third group divided into two subgroups for the low 
and high doses of recHu Insulin (0.05 U/kg rat   
which   is   equivalent to 100 U/h body weight and 
0.125 U/kg rat which is equivalent to 200 U/h body 
weight respectively), which was injected daily 
through subcutaneous ruote for one week. 

Drugs 
Recombinant erythropoietin "EPO" was 

provided by Cilag Company. It was available in 
syringes of 1000 U up to 10000 U. Recombinant 
human Insulin was obtained from Novo-Nordisk, 
Denmark, in the form of Actrapid 40U/ml. 

Preparation of kidney homogenates 
Kidney homogenate was prepared according 

to the method of Patlolla et al., (2018). The kidney 
was removed after decapitation and tissue was 
minced and homogenized for protein. The 
molecular weight of protein was determined by 
SDS/PAGE technique in 12.5 % acrylamide gel. 

The protein content was determined according to 
Lowry et al., (1951) technique. 

Extraction and purification of Genomic DNA 
and Isolation on Agarose 1 % 

Isolation of genomic DNA was performed by 
Sambrook et al., (1989). The identification of DNA 
was carried out according to Heilig et al., (1994). 
The detection of DNA on the gel was performed 
by ethidium bromide bands containing as little as 
1-10 µg of DNA, which were detected by 
ultraviolet light for obtaining sharp bands 
(Surzycki, 2000). Determination of DNA purity was 
carried out according to the method of Surzycki 
(2012), DNA concentration was determined by 
studying absorbance at 260 nm and 234 nm. 

Extraction and purification of RNA and 
isolation on Agarose 1.3% 

Extraction of RNA was performed by the 
method of Surzycki (2012). To determine the 
purity of RNA, absorbance at 260-280 nm and 
234 mm was measured and calculated as A 260/ 
A280 and A260/A234 ratios (Held, 1997). Agarose 
concentration for isolating RNA was 1.3 % and 
RNA concentration was 1 ug/lane (Davis et al., 
1994). 

Statistical analysis of data 
The analysis of the data was achieved using 

the one-way ANOVA followed by Tukey’s test. 
The difference of P<0.05 considered to be 
statistically significant (Snedecor & Cochren, 
1967). 
 
RESULTS AND DISCUSSION 

In this study, particular attention was focused 
on the short-term effect of erythropoietin and Rec 
Hu Insulin on rat kidney function. The study 
determined the effect of erythropoietin (Rec Hu 
Epo) and human Insulin (Rec Hu Insulin) at two 
therapeutic doses administered by injection for a 
week. There was no significant effect on the 
protein content of blood and tissue at a low dose 
of Rec Hu Epo compared to control. The protein 
content in the blood and wet tissues was 
significantly increased after administration of high 
dose of erythropoietin. The Rec Hu insulin had no 
significant effect on the protein content of the 
blood and tissues at both doses.   It is notable that 
a low dose of insulin had significant effect on the 
protein content of the blood and tissues when 
compared to erythropoietin (Table 1). 
Recombinant human erythropoietin (rHuEPO) 
reduces serum insulin levels, increases insulin 
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sensitivity, and reduces insulin resistance (IR). 
However, the mechanisms behind these effects 
are unclear (Pan et al., 2011). 
Table 1: Effect of the erythropoietin and 
RecHu Insulin in two dose levels on total 
protein contents of rat kidney after one week, 
(n-6) 

Drug 
mg protein 
/ml blood 

mg/protein 
/g tissue 

Control 46.46± 1.445 216.67 

RecHuEpo (100 

U/kg) 
43.52±1.392 217.65 

RecHuEpo (250 

U/kg) 
50.52±1.410* 252.58 

RecHu Insulin 

(0.05 U/kg) 
50.82± 1.481** 237.15 

RecHu Insulin 

(0.125 U/kg) 
47.69±1.326 222.53 

All values are mean±SEM, *P<0.05, **P<0.01 compared 
to control 

The effect of erythropoietin and insulin on the 
DNA concentration and purity were observed. 
Erythropoietin in two doses exerted no significant 
increase in the genomic DNA content in rat at the 
short-term treatment (Table 2). Insulin in two 
doses also did not produce any significant 
increase in the genomic DNA content in rat 
kidney.  

RNA concentration and purity of rat kidney 
under the effect of the erythropoietin and insulin is 
given in Table 3. EPO increased the RNA 
concentration by 13.8 and 13% for low and high 
dose. The RNA concentration and purity has been 

increased when compared with the control after 
administration of erythropoietin at two different 
doses. The low dose of insulin did not show much 
increase in the RNA concentration whereas, high 
dose of insulin increased the RNA concentration. 
The increase in RNA content with erythropoietin is 
much higher when compared to the insulin. 

The ratios of protein / DNA and RNA / DNA in 
rat kidney after erythropoietin and insulin 
treatments were studied (Table 4). The RNA/DNA 
ratio in the kidney of the experimental animals 
decreased by 43.9% for the low dose and 36.1% 
for the high dose of erythropoietin. The 
administration of insulin decreased by 35.3% for 
the low dose and 37.6% for the high dose in the 
ratio of protein / DNA and RNA /DNA. The results 
revealed that protein bands on gel acrylamide 
were unaffected under the insulin treatment. In the 
present study there were no additional proteins 
found in the kidney. At the meantime, all isolated 
protein bands on the gel have a molecular weight 
between 14-66 KD. Ladder DNA up to 10 kbp was 
used against the samples. The results indicated 
that the genomic DNA from rat kidney has 
molecular weight much higher than 10 kbp. No 
differences between treated or untreated samples 
of isolated DNA were observed. This is genome 
size, the smallest eukaryotic genomes being less 
than 10 Mb in length, and the largest over 
100,000 Mb. Our results revealed the molecular 
weight of RNA bands of rat kidney less than 2.5 
kbp. Hepatic insulin resistance is a critical 
component in the development of type 2 diabetes 
and erythropoietin (EPO) contributes to insulin 
resistance in fat and muscle (Zhang et al., 2017).

Table 2: Determination of DNA concentration & purity of isolated Genomic DNA from rat kidney 
after treatment by erythropoietin and Hu Rec Insulin in two doses of one week. (n=6) 

Drug A260 A280 
DNA Purity 
 A260/A280 

Ratio 

DNA  
(µg/ml) 

DNA 
 (mg/ml) 

DNA 
(mg/g) 

Wet tissue 

Control 46.46± 1.445 216.67 2.489 1438.7 1.44 ± 0.09 14.4 

RecHuEpo 
(100 U/kg) 

43.52±1.392 217.65 2.4 1638 1.638 ± 0.19 16.38 

RecHuEpo 
(250 U/kg) 

50.52±1.410 252.58 2.581 1629 1.629±0.16 16.29 

Rec Hu Insulin 
 (0.05 U/kg) 

50.82± 1.481 237.15 2.3 1571.7 1.572±0.34 15.72 

Rec Hu Insulin 
 (0.125 U/kg) 

47.69±1.326 222.53 2.6 1841.7 1.842±0.16 18.42 

All values are mean±SEM 
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Table 3; Determination of RNA concentration & purity of isolated RNA from rat kidney after 
treatment by erythropoietin and Rec Hu Insulin in two doses of one week. (n = 6) 

Drug Conc A260 A280 
RNA Purity 
A260/A280 

Ratio 

RNA Conc. 
µg/ml 

RNA Conc. 
mg/ml 

RNA Conc. 
Mg/g 

Wet tissue 

Control 0.360 0.146 2.489 1438.7 1438.7 1.44 ± 0.09 14.4 

RecHuEpo 
(100 U/kg) 

0.409 0.179 2.4 1638 1638 1.638 ± 0.19 16.38 

RecHuEpo 
(250 U/kg) 

0.407 0.163 2.581 1629 1629 
1.629 ± 0.16 

 
16.29 

Rec Hu 
Insulin 

(0.05 U/kg) 
0.336 0.102 3.260 1345 1345 

1.345±0.30 
 

13.45 

Rec Hu 
Insulin 

(0.125 U/kg) 
0.380 0.133 2.907 1520 1520 

1.520±0.423 
 

15.20 

All values are mean±SEM 
Table 4 :Effect of EPO and Rec Hu Insulin on the protein, DNA and RNA ratios. 

 

All values are mean±SEM, *P<0.05, **P<0.01, ***P<0.001 compared to control 
 
 

The effect of erythropoietin by the two 
therapeutic doses on the total RNA of rat kidney 
exerted a highly significant increase, however, no 
changes in protein patterns of rat kidney were 
observed. Also, Genomic DNA did not altered 
under the effect of EPO, hi addition, RNA bands 
on agarose 1.3% were similar against the 
untreated samples. The effect of insulin drugs by 
the two therapeutic doses on the total RNA of rat 
kidney exerted a highly significant increase under 
the treatment. No changes in protein patterns of 
rat kidney under the effect of the insulin were 
observed. Also, Genomic DNA did not altered 
under the effect of these drugs, in addition, RNA 
bands on agarose 1.3% were similar against the 
untreated samples.. 

CONCLUSION 
Add conclusions of your study here. 
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 Control 
Erythropoietin Rec Hu Insulin 

(100 U/kg) (250 U/kg) (0.05 U/kg) (0.125 U/kg) 

Kidney protein (tng) 
Mean ± S.D 

216.67±1.445 
 

217.65±1.392 252.58±1.410*** 237.15±1.481*** 222.53±1.326 

Kidney RNA (mg) 
 Mean ± S.D 

14.70±0.09 16.38±0.19** 16.294±0.16** 13.45±0.30* 15.20± 0.423 

Kidney DNA (mg) 
 Mean ± S.D 

11.94±0.47 21.6±0.09*** 19.06±0.23*** 15.72±0.34*** 18.42±0.16*** 

RNA/DNA ratio 1.33 0.76 0.85 -43.9% 
0.86 

 
0.83 

 

Protein/DNA 18.15 10.08-27% 13.25 -44.5% 
15.10 

 
12.08 - 
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