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ABSTRACT
The aim of this experimental study was to examine the effect
of erythropoietin (EPO) on rat model and particularly in an
ischemia-reperfusion (IR) protocol. The effect of that molecule
was studied biochemically using blood mean amylase levels.
Materials and methods: Forty rats of mean weight 247.7 gm
were used in the study. Amylase levels were measured at
60 minutes (groups A and C) and at 120 minutes (groups B
and D) of reperfusion. Erythropoietin was administered only in
groups C and D.
Results: Erythropoietin administration kept non-significantly
increased the A levels by 5.04 ± 6.12% (p = 0.3831). Reperfusion time kept non-significantly increased the A levels by 10.08 ±
5.95% (p = 0.0615). However, EPO administration and reper
fusion time together produced a non-significant combined effect
in keeping increased the A levels by 4.36 ± 3.65% (p = 0.2258).
Conclusion: Erythropoietin administration, reperfusion time
and their interaction kept non-significantly short-term increased
the amylase levels. The restorating effect of Epo is satisfactory, since it reduced the discrepancy from baseline values at
non-significant level.
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introduction
Tissue ischemia and ischemia-reperfusion (IR) remain of
the main causes of permanent or transient damage with
serious implications on adjacent organs and certainly on
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patients’ health. Although important progress has been
made regarding the usage of erythropoietin (Epo) in mana
ging this kind of damages, satisfactory answers have not
been given yet to fundamental questions, as, by what velocity
this factor acts, when should it be administered, and in
which dosage. The particularly satisfactory action of Epo
in stem blood cells recovery has been noted in several
performed experiments. However, just few relative
reports were found concerning Epo trial in IR experiments, not covering completely this particular matter.
A meta-analysis of 13 published seric variables, coming
from the same experimental setting, tried to provide
a numeric evaluation of the Epo efficacy at the same
endpoints (Table 1). Furthermore, several publications
addressed trials of other similar molecules of growth
factors to which the studied molecule also belongs to.
The aim of this experimental study was to examine the
effect of Epo on rat model and particularly in a pancreas
IR protocol. The effect of that molecule was studied by
measuring the blood mean amylase (A) levels.

Materials and methods
Animal preparation
This experimental study was licensed by Veterinary
Address of East Attiki Prefecture under 3693/12-11-2010
and 14/10-1-2012 decisions. All settings needed for the
study including consumables, equipment and substances
used, were a courtesy of Experimental Research Center
of elpen Pharmaceuticals Co. Inc. SA at Pikerni, Attiki.
Accepted standards of humane animal care were adopted
for Albino female Wistar rats. Normal housing in laboratory 7 days before the experiment included continuous
access to water and food. The experiment was acute, that
means that awakening and preservation of the rodents
was not following the experiment. They were randomly
delivered to four experimental groups by 10 animals in
each one. Ischemia for 45 minutes followed by reperfusion for 60 minutes (group A). Ischemia for 45 minutes
followed by reperfusion for 120 minutes (group B).
Ischemia for 45 minutes followed by immediate Epo
intravenous (IV) administration and reperfusion for
60 minutes (group C). Ischemia for 45 minutes followed
by immediate Epo IV administration and reperfusion for
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120 minutes (group D). The molecule Epo dosage was
10 mg/kg body weight of animals.
At first, the animals were submitted into prenarcosis
followed by general anesthesia. The detailed anesthesiologic technique is described in related references.1,2
Oxygen supply, electrocardiogram and acidimetry
were continuously provided during whole experiment
performance.
The protocol of IR was followed. Ischemia was caused
by forceps clamping inferior aorta over renal arteries for
45 minutes after laparotomic access had been achieved.
Reperfusion was induced by removing the clamp and
re-establishment of inferior aorta patency. The molecules
were administered at the time of reperfusion, through
inferior vena cava after catheterization had been achieved.
The amylase levels measurements were performed at
60 minutes of reperfusion (groups A and C) and at 120
minutes of reperfusion (groups B and D). The mean
weight of the 40 female Wistar albino rats used was
231.875 gm (SD: 36.59703 gm), with minimum weight
≥ 165 gm and maximum weight ≤ 320 gm. Rats’ weight
could be potentially a confusing factor, e.g. fatter rats
to have greater blood amylase levels. This suspicion
was investigated.

Model of ischemia-reperfusion injury
Control Group
Twenty control rats of mean weight 252.5 gm (SD:
39.31988 gm) suffered by ischemia for 45 minutes
followed by reperfusion.

Group A: Reperfusion which lasted 60 minutes concerned
10 control rats of mean weight 243 gm (SD: 45.77724 gm)
and mean A levels 1674 IU/l (SD: 282.0162 IU/l) (Table 2).
Group B: Reperfusion which lasted 120 minutes concerned
10 control rats of mean weight 262 gm (SD: 31.10913 gm)
and mean A levels 1877 IU/l (SD: 354.5749 IU/l) (Table 2).

Erythropoietin group
Twenty Epo rats of mean weight 242.9 gm (SD: 30.3105 gm)
suffered by ischemia for 45 minutes followed by reperfusion in the beginning of which 10 mg Epo/kg body
weight were IV administered.
Group C: Reperfusion which lasted 60 minutes concerned
10 Epo rats of mean weight 242.8 gm (SD: 29.33636 gm)
and mean A levels 1786.5 IU/l (SD: 372.3598 IU/l) (Table 2).
Group D: Reperfusion which lasted 120 minutes concerned
10 Epo rats of mean weight 243 gm (SD: 32.84644 gm) and
mean A levels 1945.8 IU/l (SD: 315.7716 IU/l) (Table 2).

Results
Initially, every one from 4 rats weight groups was compared with each other from 3 remained groups applying
statistical paired t-test (Table 3). Any emerging significant
difference among A levels, was investigated whether owed
in the above mentioned significant weight correlations.
Also, every one from 4 rats A levels groups was compared with each other from 3 remained groups applying
statistical paired t-test. (Table 3). Applying generalized
linear models (glm) with dependant variable the A levels

Table 1: Meta-analysis of the EPO influence (±SD) on the levels of some seric variables concerning reperfusion (rep)
time coming1 from the same experimental setting
Variable
1 h rep
White blood cells
24.01 ± 13.38%
0.14 ± 2.89%
Hematocrit2
Mean corpus0.01 ± 1.29%
cular hemoglobin
Platelet
1.60 ± 0.80%
distribution width
Plateletcrit
– 16.47 ± 10.40%
Uric acid
10.13 ± 15.10%
Total protein
– 0.02 ± 2.47%
Alkaline
0.20 ± 18.57%
phosphatase
Acid
0.06 ± 5.79%
phosphatase
Creatine
0.15 ± 14.09%
phosphokinase
Lactic
0.08 ± 7.92%
dehydrogenase
Sodium
0.72 ± 0.74%
Progesterone
– 0.20 ± 18.65%
Mean
1.57 ± 8.76%

p-value
2 h rep
0.0351
20.17 ± 12.94%
0.8072 – 1.37 ± 4.05%
0.3549
1.34 ± 1.08%

interaction of
p-value
Epo and rep
0.0902
14.63 ± 5.40%
0.7485
0.24 ± 1.38%
0.1509 – 0.36 ± 0.47%

p-value
0.0080
0.8586
0.4430

1.36 ± 0.58%

0.0205

1.13 ± 0.74%

0.1152

0.37 ± 0.37%

0.0615

0.0921
0.4917
0.9904
0.9904

– 13.74 ± 7.01%
15.86 ± 10.21%
– 1.27 ± 1.51%
10.70 ± 12.78%

0.0158
0.1408
0.3721
0.3549

– 11.01 ± 7.34%
21.59 ± 15.45%
– 2.52 ± 2.03%
21.20 ± 17.11%

0.0882
0.1940
0.1509
0.1509

– 6.88 ± 3.69%
9.33 ± 6.16%
– 0.68 ± 2.48%
5.79 ± 7.72%

0.0615
0.1264
0.4430
0.4430

0.9904

3.11 ± 3.71%

0.3172

6.16 ± 4.97%

0.1509

1.68 ± 2.23%

0.4430

0.9904

7.91 ± 9.44%

0.3549

15.67 ± 12.65% 0.1509

4.28 ± 5.70%

0.4430

0.9904

4.48 ± 5.35%

0.3549

8.89 ± 7.17%

0.1509

2.42 ± 3.22%

0.4430

0.3054
0.9904
0.6894

0.21 ± 0.63%
– 8.86 ± 10.58%
3.22 ± 9.49%

0.7136
0.3549
0.3228

– 0.29 ± 1.09%
0.7670
– 17.53 ± 14.15% 0.1509
4.87 ± 12.29% 0.2353

– 0.11 ± 0.38%
– 4.79 ± 6.39%
1.99 ± 5.63%

0.7531
0.4430
0.3823

p-value
0.1012
0.9626
0.9904

1.5 h rep
22.09 ± 9.11%
– 0.61 ± 2.37%
0.67 ± 0.80%

0.0765
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and independent variables the Epo administration or
no, the reperfusion time and their interaction, resulted
in: Epo administration kept non-significantly increased
the A levels by 90.65 IU/l (– 125.3341 IU/l-306.6341 IU/l)
(p = 0.4008). This finding was in accordance with the
results of paired t-test (p = 0.3654). Reperfusion time
kept non-significantly increased the A levels by 181.15
IU/l (– 28.60304 IU/l-390.903 IU/l) (p = 0.0885), in accordance also with paired t-test (p = 0.0346). However,
erythropoietin administration and reperfusion time
together produced a non significant combined effect
in keeping increased the A levels by 78.40909 IU/l
(– 50.51936 IU/l-207.3375 IU/l) (p = 0.2258). Reviewing
Table 2: Weight and amylase mean levels and standard
deviation of groups
Groups

Variable

Mean

SD

Α

Weight

243 gm

45.77724 gm

Amylase

1674 IU/l

282.0162 IU/l

Weight

262 gm

31.10913 gm

Amylase

1877 IU/l

354.5749 IU/l

Weight

242.8 gm

29.33636 gm

Amylase

1786.5 IU/l

372.3598 IU/l

Weight

243 gm

32.84644 gm

Amylase

1945.8 IU/l

315.7716 IU/l

B
C
D

Table 3: Statistical significance of mean values difference for
groups (DG) after statistical paired t-test application
DG

Variable

Difference

p-value

Α–Β

Weight

– 19 gm

0.2423

Amylase

– 203 IU/l

0.1832

0.2 gm

0.9900

– 112.5 IU/l

0.3761

Α–C

Weight
Amylase

Α–D

Weight
Amylase

Β–C
Β–D
C–D

0 gm

1.0000

– 271.8 IU/l

0.0054

Weight

19.2 gm

0.2598

Amylase

90.5 IU/l

0.6528

Weight

19 gm

0.1011

Amylase

– 68.8 IU/l

0.6776

Weight

– 0.2 gm

0.9883

Amylase

– 159.3 IU/l

0.0858

Table 4: increasing influence of EPO in connection with
reperfusion time
Reperfusion p-values
time
t-test
Glm
1 hour
0.3761 0.4561

Increase
112.5 IU/l

95% CI
– 197.829 IU/l–
422.829 IU/l

90.65 IU/l

– 125.3341 IU/l–
306.6341 IU/l

1.5 hours

0.3654

0.4008

68.8 IU/l

– 246.6428 IU/l–
384.2428 IU/l

2 hours

0.6776

0.6523

181.15 IU/l – 28.60304 IU/l–
390.903 IU/l

Reperfusion 0.0346
time

0.0885

78.40909
IU/l

interaction

0.2258

20

– 50.51936 IU/l–
207.3375 IU/l

–

Table 5: Percentage increasing influence of EPO in connection
with reperfusion time
Increase
6.50%
5.04%
3.59%
10.08%
4.36%

±SD
±9.15%
±6.12%
±8.42%
±5.95%
±3.65%

Reperfusion time
1 hour
1.5 hours
2 hours
Reperfusion time
interaction

p-values
0.4161
0.3831
0.6649
0.0615
0.2258

the Tables 3 to 5 sum up concerning the decreasing influence of Epo along with reoxygenation time. Inserting
the rats weight as independent variable at glm, a nonsignificant relation turns on A levels (p = 0.5804), so as
to further investigation is not needed.

Discussion
Examples are described herein concerning whether
pancreatic ischemia can influence the amylase levels.
Fisher et al3 predicted greater increases in heart rate (HR),
decreases in respiratory sinus arrhythmia (RSA) and
decreased alteration of salivary alpha-amylase (sAA)
levels by higher baseline ones in induced-stressed worriers than healthy controls. Schneeberger et al did not
find any difference4 of serum amylase values in 6 months
observation period pancreas transplant graft function
between mean cold ischemia time of 10 hours histidinetryptophan-ketoglutarate and University of Wisconsin
solutions. Woessner et al5 noted a well-known increase
in SAA levels through the infusion of 6% hydroxyethyl
starch (HES) 130/0.4 than crystalloid solution as continuous infusion over 4 days in patients suffering from
an acute ischemic stroke. Viola et al6 demonstrated pancreatic IR damage by increased SAA levels than sham
operated rats. Freiburghaus et al7 observed no difference
for SAA levels between ischemic pancreatic branches
of the splenic artery than sham operated ones with
saline until 9 weeks in rats. Chronic pancreatitis follows
acute necrotizing pancreatitis. Fiolet et al8 measured the
extracellular volume decreased by about 20% by the
non-cardiac enzyme alpha-amylase in suspensions of
isolated rat ventricular myocytes after 30 minutes total
IR. Költringer et al9 found significantly increased the
fasting levels of SAA in patients with II b stage peripheral
arterial occlusive disease after 500 ml Elohaest adminis
tration during the first 4 treatment days. Spormann et al10
analyzed alpha-amylase in acute pancreatitis of
ischemic rats until 24 hours postoperatively. Letko et al11
found SAA significantly increased 24 hours after acute
ischemic pancreatitis than control cases. Sokolowski et al12
found the alpha-amylase release dependent on the duration of ischemia within 24 hours postoperatively in acute
pancreatitis rats. Sokolowski et al13 caused a drastical
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2.5-fold increase in initial phase alpha-amylase levels,
remaining 24 hours postoperatively at distinct patholo
gical level in ischemic acute pancreatitis rats. Fleischer
et al14 did not alter alpha-amylase levels after pancreatic
20 minutes intervals IR in mongrel dogs serum. Scheele
et al remarked an extreme initial rise in the levels of
alpha-amylase gradually normalized in postoperative
course of a15 complete transected hepatoduodenal ligament occurred in a 59-year-old female patient.
Also the following examples concern the influence of
Epo fluctuation on the amylase levels. Li et al16 showed
significantly decreased serum amylase activity until
12 hours (p < 0.05) after severe acute pancreatitis (SAP) in
Epo rats group than normal saline SAP group. Erythro
poietin can effectively alleviate SAP in rats. Eliopoulos
et al17 showed also significantly decreased amylase blood
concentrations in recipient mice with mesenchymal stromal cells (MSCs) gene-enhanced to secrete Epo et al18
observed no significant change in amylase level after
hrEpo administration in weekly increasing doses.

Conclusion
Erythropoietin administration, reperfusion time and their
interaction kept non-significantly short-term increased
the amylase levels. The restorating effect of Epo is satis
factory since it reduced the discrepancy from baseline
values at non-significant level. Perhaps, a longer study
time than 2 hours or a greater Epo dose might reveal
full restoration.
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