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Introduction
Chronic renal failure (CRF) is a global health problem, that causes 

widespread organ damage and it is related to significant morbidity 
and mortality [1]. CRF encompasses a spectrum of disease, ranging 
from mild kidney damage which can be asymptomatic, to end stage 
disease, in which kidney function is impaired to such an extent that 
the retention of metabolic waste products, salt and water become 
potentially fatal [2]. CRF causes many complications such as anemia, 
pericarditis, cardiovascular disease, etc [3]. Many studies have shown 
that, CRF is associated with uremic encephalopathy and cognitive 
impairment. Cognitive tests demonstrate that there is objective 
evidence of moderate to severe cognitive impairment in 70% of 
patients with CKD [4]. Cognition refers to a range of brain functions 
that include the ability to learn and remember, think through and plan 
activities, concentrate and carry out tasks. In brain regions, the cerebral 
cortexes is the outer most part of brain and its many areas process 
sensory information or coordinate motor output necessary for control 
of movement. Cerebellum controls equilibrium and the coordination 
of fine motor movements, and may be involved in some cognitive 
functions. The hippocampus located in the middle of the brain, is a key 
structure associated with memory. 

The uremic state of CRF is characterized by the retention of solutes 
that are toxic in high concentration such as urea, creatinine, parathyroid 
hormone, myoinositol, and beta macroglobulin [5]. Oxidative stress 
is an important event that has been related to the pathogenesis of 
diseases affecting the central nervous system. Studies have shown 

that the accumulation of toxic metabolites in renal failure may lead 
to excessive production of free radicals or depletion of antioxidant 
capacity [6]. Brain is highly sensitive to oxidative stress due to its 
high oxygen consumption, its high iron and lipid contents, especially 
polyunsaturated fatty acids, and the low activity of antioxidant defenses 
[7]. Studies show cognitive dysfunction increases in prevalence, due to 
increase in ROS in CKD severity [8]. 

Maintenance of energy homeostasis in the brain requires a distinct 
molecular circuitry which provides tight coupling between energy 
consumption and production during the performance of sensory, 
motor and cognitive tasks [9]. It is generally assumed that most energy 
required in the nervous system is provided in the form of adenosine 
triphosphate (ATP) by mitochondria, strategically located at sites of 
high demand, such as in axonal varicosities and dendrites. Organ-
specific enzymes are used in the assessment of tissue destruction in 
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various disease states, and creatine kinase (CK, EC 2.7.3.2) is used as a 
reliable marker in the assessment of myocardial, muscular and cerebral 
damage [10]. It is a crucial enzyme for high energy consuming tissues 
like the brain. It catalyses the reversible transfer of the phosphoryl 
group from phosphocreatine from adenosine diphosphate (ADP), to 
regenerate ATP and the transfer of high energy phosphate moiety is 
an important step in various processes in the body [11]. Study shows 
that CK is highly sensitive to free radicals, especially by the oxidation 
of thiol groups of its structure [12]. It is also known that a decrease in 
CK activity is associated with neurodegenerative pathways that result 
in neuronal death in brain ischemia [13], neurodegenerative diseases 
[14], bipolar disorder and other pathological states. 

Erythropoietin (Epo) is a glycoprotein (34 KDa) and it was 
originally recognized as a humoral mediator involved in the maturation 
and proliferation of erythroid progenitor cells but it is now appreciated 
for its neuroprotective effects on the central nervous system as well 
[15]. Epo is a standard therapy for the management of anemia in CRF. 
The clinical relevance for the use of Epo as a neuroprotective agent was 
enhanced when it was found to cross the blood - brain barrier after 
peripheral administration [16]. Epo was also shown to act as a tissue 
protective cytokine, especially within nervous tissue, kidney and cardiac 
muscle, and its receptor are widely distributed in variety of tissues 
[17]. Neuroprotection by Epo has been shown to associate with anti-
apoptosis, neuro-regeneration and anti-inflammation [18]. Several 
studies have indicated that it may protect neurons from glutamate 
toxicity by activating calcium channels and limiting the production of 
tissue injuring molecules such as reactive oxygen species, leading to the 
increased activity of antioxidant enzymes in neurons [19].

The significance of the brain and serum creatine kinase system 
and its correlation with neurobehavioral alterations in CRF induced 
experimental animals and the impact of Epo supplementation has not 
yet determined by earlier studies. In this context, the aim of this study 
was to assess the effect of Epo in both simultaneous and post treatment 
on creatine kinase status in serum and selected brain regions such as 
cerebellum, cerebral cortex and hippocampus of CRF induced animals.

Materials and Methods
Animals

A total of 48 male Wistar rats, weighing initially 100-150 g, were 
obtained and housed in the Animal House. They had free access to 
water and a feed composed of standard powder diet. The animals were 
maintained in controlled laboratory conditions of 12 hour dark/ light 
cycle, at a temperature of 22 ± 1ºC. After 10 days of acclimatization, 
animals were randomly assigned to either the experimental groups or 
control group. All the animals were weighed alternative days throughout 
the study and water intake was also measured daily. This study was 
reviewed and approved by our Institutional Ethical committee.

Chemicals

Adenine was purchased from Sisco Researrch Laboratory (SRL), 
Mumbai, India. Epo was purchased from Serum institute of India, 
Pune. Standard powder diet was purchased from Veterinary Research 
Institute, Chennai, India.

Experimental design

Two phases were conducted to find out the difference between 
Simultaneous and Post treatment of Epo in CRF induced experimental 
animals. The dose of adenine (0.75%) mixed diet for CRF induction 
was selected according to Ali et al. [1]. Dose and treatment procedure 

for Epo (100 IU/ kg body weight/ ip) was selected according to Bagnis 
et al. [20] and Lee et al. [21].

Phase I

A total of 24 male Wistar rats were used in this phase, and the 
animals were divided in to 4 groups (6 animals each): Group 1: 
Control animals without treatment, Group II: Animals which was 
given adenine 0.75% in feed for four weeks (28 days), Group III: 
Animals were treated by adenine 0.75% mixed diet for four weeks and 
simultaneous administration of Epo (100 IU per kg body weight) thrice 
weekly, in that period. Group IV: Epo alone has given (100 IU/ Kg bwt) 
thrice per week for four weeks. Simultaneously behavioral tests were 
conducted using rectangular and plus maze methods. All the animals 
in this phase were sacrificed after four weeks.

Phase II

A total of 24 male wistar rats were used in this phase, and the 
animals were divided in to 4 groups (6 animals each): Group I: 
Control animals without treatment, Group II: Animals which was 
given adenine 0.75% in feed for four weeks, Group III: In Epo post 
treatment group, animals were treated by adenine 0.75% mixed diet 
for four weeks for CRF induction. After fourth week, Epo (100 IU/ Kg 
bwt.) was administered for the next 12 days, daily once. Group IV: 
Epo alone has given (100 IU/ Kg bwt) thrice per week for four weeks. 
Simultaneously behavioral tests were conducted. All the animals in 
this phase were sacrificed after 40 days. Except the determination of 
creatine kinase activity in brain regions, the group III has two datas for 
all the parameters that is 3a and 3b which indicates before (28th day) 
and after the treatment of Epo (40th day).

Behavioral tests

All the animals were trained for 2 days before drugs administration.

Rectangular maze test

In the treatment period, assessment of learning and memory can 
be effectively done by this method. The maze consists of completely 
enclosed rectangular box with an entry and reward chamber appended 
at opposite ends. The box is partitioned with wooden slots into blind 
passages leaving just twisting corridor leading from the entry to the 
reward chamber. Animals were trained prior to the experiment by 
familiarizing with the rectangular maze for a period of 10 min for 2 h. 
Well-trained animals were taken for the experiment. Transfer latency 
(time taken to reach the reward chamber) was recorded. For each 
animal, four readings were taken and the average is taken as learning 
score (transfer latency) for that animal. Lower scores of assessment 
indicate efficient learning while higher scores indicate poor learning 
in animals [14]. The time taken by the animals to reach the reward 
chamber from the entry chamber was noted on day 1, 7, 14, 21, 28, 34 
and 40.

Plus maze

The elevated plus maze (EPM) apparatus is a well-known and 
widely used model to assess anxiety-related behavior in rodents. The 
elevated plus-maze consists of two open arms and two arms that are 
enclosed by high walls. The open arms are perpendicular to the closed 
arms, with the four arms intersecting to form the shape of a plus sign. 
The plus-maze is usually elevated approximately 50 cm. above the floor. 
Security is provided by the closed arms whereas the open arms offer 
exploratory value. Therefore, one would expect anxious animals to 
spend less time in the open arms than those that are less fearful [22]. 
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Environmental temperature was maintained equal to the temperature 
measured in the housing room. Each animal was placed at the center of 
the elevated plus-maze with its head facing the open arms and allowed 
to freely explore for 5 min. After each observation, the EPM was cleaned 
with ethyl alcohol (10%) to remove scent cues left from the preceding 
subject. During this 5 min experiment, the behavior of the animal was 
recorded as Percent time spent in open arm (OA), Number of entries 
in open arm(EOA), Percent time spent in closed arm(CA), Number of 
entries in Closed arm(ECA), Percent time spent in Centre, Stretched 
Attend Posture (SAP), Rearing, Grooming, Defecation, Head Dips.

Sample collection and preparation

Blood samples were immediately collected by Retro orbital bleeding 
method, both without anticoagulant and with EDTA. Samples without 
EDTA were centrifuged at 5000 rpm for 20 minutes and the samples 
were stored in -70ºC until analysis. Blood samples with EDTA were used 
for the analysis of blood parameters such as RBC, Hb and Hematocrit 
(PCV) using automated cell counter and centrifugation. Based on these 
values MCV, MCH and MCHC were calculated. Serum samples stored 
in -70°C were used for the analysis of biochemical parameters such as 
blood urea nitrogen (BUN), serum creatinine to confirm the induction 
of CRF. Serum creatine kinase level was also determined. 

Tissue and homogenate preparation

The animals were sacrificed by cervical dislocation and the brain 
regions were immediately removed, washed in ice-cold physiological 
saline repeatedly and carefully cleaned of adherent fat and connective 
tissue. Using Tris-HCl buffer (0.1 M, pH 7.4), 10% homogenate was 
prepared and the supernatant was used for determining the brain 
creatine kinase activity. 

Determination of creatine kinase (CK) activity

The activity of creatine kinase was assayed spectrophotometrically 
in serum and brain regions by standard procedure [23]. CK was 
measured in a 60mM Tris-Hcl buffer, pH 7.5, containing 7 mM 
phosphocreatine, 9 mM MgSO4, and approximately 1 microgram 
protein in a final volume of 0.13 mL. After 20 min pre-incubation 
at 37°C, the reaction was started by the addition of 0.42 micro mol 
ADP (2.8 mM final concentration). The reaction was stopped after 
the incubation time was chosen to assure linearity of the enzymatic 
reaction. Appropriate controls were carried out to measure the 

spontaneous hydrolysis of phosphocreatine. The creatine formed was 
estimated according by calorimetric measurement [24]. The colour was 
developed by the addition of 0.1 mL 2% alpha – naphtol and 20 min at 
540 nm. The creatine kinase activity in brain regions was expressed as 
µmol of creatine formed/min./mg protein. The creatine kinase level in 
serum was expressed as IU/l.

Statistical analysis

The statistical analysis of the results was conducted using SPSS 
version 21, the independent t test and the one way analysis of variance 
(ANOVA) followed by Turkey’s multiple comparison tests. The 
probability level less than 0.05 were considered as significant. Results 
were expressed as mean ± SEM.

Results
Figure 1 and 2, shows the impact of Epo supplementation on 

CRF induced changes in BUN and Serum creatinine levels. The 
BUN and serum creatinine levels were significantly increased in CRF 
induced groups when compared to control (p value<0.001). In both 
simultaneous and Post treatment of Epo, the levels were retrieved.

Table 1, shows the impact of simultaneous and post Epo 
supplementation on hematological parameters such as RBC, Hb, PCV 
in CRF induced animals. There is a significantly decreased levels of 
above mentioned hematological parameters were observed in CRF 
induced animals. The levels were retrieved after both the simultaneous 
and post Epo supplementation. The blood indices such as MCV, MCH, 
MCHC also show significant changes in all the groups. Along with this, 
we also observed significant increased levels of RBC, Hb and PCV in 
Epo alone supplemented group.

Figure 3 shows the impact of Epo supplementation on CRF 
induced changes in the level of serum creatine kinase. A significant 
increase in serum creatine kinase was observed in CRF induced 
animals. The simultaneous and post treatment of Epo in CRF induced 
animals reversed the changes, significantly. Figure 4 shows the effect 
of Epo supplementation on CRF induced changes in creatine kinase 
activity in selected brain regions such as cerebellum, cerebral cortex 
and hippocampus. The activity of creatine kinase was decreased 
significantly in all the brain regions. The simultaneous administration 
of Epo in CRF induced animals restored the activity of creatine kinase, 
significantly. The post treatment also restores the same.

 
Figure 1: Blood Urea Nitrogen (BUN) levels in CRF induced and EPO treated animals in both (A) – Simultaneous treatment phase and (B) – Post treatment phase. 
Results are expressed as mean ± SEM of 6 animals in each group; *** P < 0.001.
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assessed to find out the learning and memory function. The CRF 
induced animals show significant increase in transfer latency period 
on 28th day compared withday 0 of the same group as well as with 

Figure 5 shows the impact of Epo supplementation on behavioral 
changes in CRF induced animals by using rectangular maze method. 
The Transfer latency period of control and treated animals was 

 
Figure 2: Serum Creatinine levels in CRF induced and EPO treated animals in both (A) – Simultaneous treatment phase and (B) – Post treatment phase. Results are 
expressed as mean ± SEM of 6 animalsin each group; *** P < 0.001.

 
Figure 3: Serum Creatine kinase levels in CRFinduced and EPO treated animals in both (A) – Simultaneous treatment phase and (B) – Post treatment phase. Results 
are expressed as mean ± SEM of 6 animalsin each group; ** P < 0.01, *** P < 0.001.

Parameters Group 1 Group 2 Group 3 Group 4
RBC (millions/cumm) 7.05 ± 0.52 4.42 ± 0.31** 7.3 ± 0.43 NS 11.3 ± 0.88***

HB (g%) 13.13 ± 0.62 6.65 ± 0.51*** 10.2 ± 0.25* 17.6 ± 1.31***
PCV (%) 43.08 ± 2.73 27.33 ± 1.80 *** 37.83 ±2.15 NS 58.50 ±2.36**
MCV (fl) 60.92 ± 1.29 61.78 ± 1.27 NS 51.80 ±2.56* 54.76 ± 1.02 NS

MCH (pg) 16.95 ± 0.69 13.81 ± 0.19** 14.15 ± 0.76** 16.61 ± 0.32 NS
MCHC (g/dl) 28.62 ± 0.74 21.27 ± 0.81*** 27.37 ± 0.88 NS 35.82 ± 0.70*

Phase I:

Phase II:

Parameters Group 1 Group 2 Group 3a Group 3b Group 4
RBC (millions/cumm) 7.58 ± 0.46 3.87 ± 0.18*** 4.48 ± 0.32** 6.53 ± 0.41 NS 12.3 ± 0.71***

Hb (g%) 12.63 ± 0.52 6.08 ± 0.38*** 5.96 ± 0.30*** 10.85 ± 0.32 NS 18.6 ± 1.11***
PCV (%) 46.00 ± 2.29 24.33 ± 1.49*** 27.50 ±1.17*** 35.17 ±1.35** 56.27 ±2.15**
MCV (fl) 57.92 ± 1.34 62.09 ± 1.79 NS 62.16 ± 2.37 NS 54.47 ± 2.43 NS 52.39 ± 1.92 NS

MCH (pg) 17.45 ± 0.69 12.97 ± 0.24** 13.52 ± 0.72*** 15.18 ± 0.45* 24.31 ± 0.52**
MCHC (g/dl) 29.85 ± 0.24 22.33 ± 0.67*** 21.73 ± 0.74*** 34.25 ± 0.88* 38.12 ± 0.65**

Table 1: Effect of EPO on CRF induced changes in hematological parameters in both phase I and phase II. Results are expressed as mean ± SEM of 6 animals for each 
group; * P < 0.05, ** P < 0.01, *** P < 0.001, NS – Not Significant; RBC – Red blood cells, HB – hemoglobin, PCV – packed cell volume, MCV – mean corpuscular volume, 
MCH – Mean corpuscular hemoglobin, MCHC – Mean corpuscular hemoglobin concentration.
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concentration such as urea, creatinine etc. [5]. In this study, serum 
creatinine and blood urea nitrogen were increased in adenine induced 
CRF animals. Studies have shown that, the accumulation of toxic 
metabolites in renal failure may lead to excessive production of free 
radicals or depletion of antioxidant capacity. Oxidative modification of 
brain proteins may disturb neuronal functions by decreasing activities 
of key metabolic enzymes and affecting cellular signaling systems 
[6]. Creatine kinase is a crucial enzyme for high energy consuming 
tissues like brain, skeletal muscle and heart. This enzyme works as a 
buffering system of cellular ATP levels, playing a central role in energy 
metabolism [25]. Studies show creatine kinase is sensitive to oxidative 
damage [17] and might be one of the targets for reactive oxygen species 
in the brain in neurodegenerative disease [9]. In this study decreased 
creatine kinase activity was observed in all the selected brain regions 
such as cerebellum, cerebral cortex and hippocampus of adenine 
induced CRF animals (Fig. 4) along with significant neurobehavioral 
changes (Table 2 and Figure 5). An increase in serum creatine 
kinase level and a corresponding decrease in brain creatine kinase in 
CRF induced animals is due to the leakage of this enzyme from the 
corresponding tissues into the blood stream [26].

the control group. We observed that there is no significant change 
in that period of simultaneous Epo treated group when compared to 
control. But we also observed that the regaining of memory during post 
treatment of Epo, where there is a gradual increase in transfer latency 
till 28th day. After that, the latency period decreased gradually due to 
the post administration of Epo till 40th day. This indicates memory 
enhancing capacity of the Epo in CRF induced animals. The Epo alone 
supplemented animals showed significant decreased transfer latency 
period when compared to control in day 28. 

Table 2 represents the effect of Epo supplementation on behavioral 
changes by using the plus maze to assess the anxiety level of the animals. 
In CRF induced animals, increases in anxiety levels were observed by 
various parameters. In both simultaneous and post Epo treatment 
groups, the anxiety levels were slightly reversed but not significantly, 
when compared with control group. In Epo alone treated animals, 
increased anxiety levels were observed; it may be because of the regular 
injections. 

Discussion
CRF is characterized by retention of solutes that are toxic in high 

 

Figure 4: Brain creatine kinase activity in CRFinduced and EPO treated animals in both (A) – Simultaneous treatment phase and (B) – Post treatment phase. Results 
are expressed as mean ± SEM of 6 animalsin each group; (a) - P< 0.001, (b) - P < 0.01.
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Uremic encephalopathy is an organic brain syndrome which occurs 
in patients with CKD and it is one of the important complications [27]. 
In uremic animals and invitro studies, it has been noticed that the 
intermediary metabolism is affected with increased levels of creatine 
phosphate, ATP, glucose and decreased levels of monophosphate, 
ADP and lactate. These biochemical changes are associated with a 
reduced metabolic rate of the brain and decrease in cerebral oxygen 
consumption [28]. Compounds accumulating in uremic serum with 
molecular mass from 300-5000 Da are called uremic middle molecules. 
Studies have shown that, ‘middle molecules’ are the toxins that 
underlie the development of neurological dysfunction in CKD [29]. 
Altered mental state reflects the toxic effect of uremia in the brain and 
contributes largely to the morbidity and mortality in patients with 
renal failure [30]. It is also known that a diminution of creatine kinase 
activity may potentially impair energy homeostasis, contributing to cell 
death [10].

Anemia is also a frequent complication associated with renal 
failure [31]. Accumulation of uremic toxins, excessive toxic storage 
of aluminium in the bone marrow [32], blood loss and premature 
erythrocyte destruction have been frequently associated with anemia 
in renal failure patients [33]. Anaemia has a negative impact on 

cognitive function and quality of life [34]. In CKD, both anemia and 
uremic encephalopathy contributes to cognitive impairment. Uremic 
animals have decreased cognition especially in the area of memory 
and executive function [4]. In this study anemia was observed in 
CRF induced animals by the confirmation of reduced hematological 
parameters such as RBC, Hb and Packed Cell Volume (PCV) (Table 
1). Along with this, significant neurobehavioral changes were seen in 
CRF induced animals. Based on this context, neurobehavioral changes 
in CRF induced animals is due to changes in different factors such 
as anemic state, accumulation of uremic toxins and decreased brain 
creatine kinase activity. 

Epo is used routinely to treat anemia in CKD. In this study, 
changes in hematological parameters induced by CRF were retrieved 
after simultaneous and post treatment of Epo (Table 1). Studies have 
shown that along with the level of Hb, cognitive function also improves 
[35,36]. Epo exerts a remarkable neuroprotection in both cell cultures 
and in animal models [37,38]. In mice, Epo treatment improves 
hippocampus dependent memory by modulating plasticity, synaptic 
connectivity and activity of memory related neuronal networks [39]. 
Exogenous administration of Epo in rodents, rescued hippocampal 
CA1 neurons from lethal ischemic damage, and prevented ischemia-

 

 
Figure 5: Latency period of rectangular maze in CRF induced and EPO treated animals in both (A) – Simultaneous treatment phase and (B) – Post treatment phase. 
Results are expressed as mean ± SEM of 6 animalsin each group; (a) -P< 0.001, (b) - P < 0.01, (c) P < 0.05.
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induced learning disability, as well as provided neuroprotection after 
traumatic brain injury [15] and spinal cord injury [40]. Some clinical 
studies also shown Epo treatment improved cognitive performance 
[41]. In patients with type I diabetes and hypoglycemia unawareness, 
treatment with Epo is associated with a beneficial effect on cognitive 
function in a complex reaction time task assessing sustained attention/
working memory [42,43]. In this study also, along with hematological 
parameters, neurobehavioral changes induced by CRF were retrieved 
after simultaneous and post treatment of Epo (Table 2 and Figure 5).

In this study, both simultaneous and post treatment of Epo protects 
creatine kinase system in CRF induced animals along with reduction in 
serum blood urea nitrogen and creatinine levels were observed. Several 
studies has postulated that Epo exerts its antioxidant effects through 
direct and indirect mechanism. The ATP binding domain of creatine 
kinase contains essential arginine, histidine, lysine, and cysteine amino 
acid residues that may be targeted by reactive oxygen species [44] and 
studies show the direct oxidation of sulfhydryl groups in cysteines 
located in the active site of creatine kinase may also inactivate the 
enzyme [44,45]. In this study the decreased creatine kinase activity 
in all the selected brain regions of CRF induced animals is retrieved 
after Epo treatment by its antioxidant role. Along with this benefit, 
neurobehavioral changes are improved, significantly in both the phases 
of Epo therapy.

Conclusion
The protective role of Epo supplementation on CRF induced 

changes in CK system in brain regions and serum and its correlation 
with neurobehavioral changes were seen. Herewith, we conclude that, 
along with anemic state and accumulation of uremic substances, the 
alterations of creatine kinase system in cerebellum, cerebral cortex and 
hippocampus is also one of the factor for neurobehavioral changes in 
CRF induced animals and Epo had an attenuating effect on adenine 

induced renal dysfunction. This study proves that Epo supplementation 
has a promising role in the behavioral response as well as in protecting 
brain creatine kinase system in CRF induced uremic animals.
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