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ABSTRACT
Creatine acts intracellularly as energy buffer and storage, demonstrating protective effects in animal 
models of neurodegenerative diseases. However, its permeability throught blood-brain barrier (BBB) is 
reduced. The aim of the present study was developing a carrier to facilitate the delivery of creatine to the 
central nervous system. Creatine nanoliposomes were produced, characterized and assayed in models of 
toxicity in vitro and in vivo. Particles showed negative zeta potential (-12,5 mV), polydispersity index 
0.237 and medium-size of 105 nm, which was confirmed by transmission electron microscopy (TEM) 
images. Toxicity assay in vitro was evaluated with blank liposomes (no drug) or creatine nanoliposomes 
at concentrations of 0.02 and 0.2 mg/mL, that did not influence the viability of Vero cells. The result. of 
the comet assay that the nanoliposomes are not genotoxic, togeher with cell viability demonstrated that 
the nanoliposomes are not toxic. Besides, in vivo assays not demonstrate toxicity in hematological and 
biochemical markers of young rats. Nevertheless, increase content of creatine in the cerebral cortex tissue 
after subchronic treatment was observed. Altogether, results indicate increase permeability of creatine to 
the BBB that could be used as assay for in vivo studies to confirm improved effect than free creatine.
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INTRODUCTION

Creatine contributes to energy homeostasis and 
ensures stable, locally buffered ATP/ADP ratios 
(Bessman and Carpenter 1985, Wallimann et al. 
1992). Studies have demonstrated its protective 
effect on Alzheimer’s, Parkinson’s and Huntington 
disease animal models, besides oxidative damage 
(Malcon et al. 2000, Andres et al. 2005, Bender et 
al. 2005, Burklen et al. 2006, Hersch et al. 2006). 

Neurodegenerative diseases are associated 
with neuronal cell loss due to processes such as 
excitotoxicity, oxidative stress, mitochondrial 
dysfunction, transcriptional dysregulation and 
aggregation of fibrillar proteins. Neuronal loss 
or dysfunction can lead to neurological diseases 
whose characteristics can determine disease 
progression (Beal 2011). Neurological diseases 
are induced by many primary factors leading to 
a characteristic secondary energy deficit in cell 
metabolism, that is responsible for calcium (Ca2+) 
accumulation and increases  the free radical levels 
in the cell. The process ends at cell death by necrosis 
and/or apoptosis (Wyss and Kaddurah-Daouk 
2000, Schulze 2003). Oxidation reactions are an 
important factor in cerebral pathologies (Ames 
et al. 1993) because the brain has high oxygen 
consumption, making it more susceptible to the 
effects of oxidative stress than other tissues (Sah 
et al. 2002). In addition, a high concentration of 
polyunsaturated fatty acids in the brain facilitates 
initiation and development of oxidation processes, 
because they generate reactive substances when 
oxidized (Seviand and Mcleod 1997).

However,  despite  the physiological 
significance of creatine in the brain, its penetration 
in tissue is limited by the blood-brain barrier 
(BBB) (Béard and Braissant 2010). Thus, the use 
of nanostructured systems, such as nanoparticles, 
has become a promising strategy to increase drug 
permeability into tissue, facilitating transport 
across the BBB (Modi et al. 2009). Nanoliposomes 

with a modified surface are a system reported as  
good candidates for drug delivery into the central 
nervous system (CNS) (Omae et al. 2008, Ko et 
al. 2009, Qin et al. 2011). Nanoliposomes have 
an internal aqueous compartment being ideal for 
transporting hydrophilic molecules such as creatine 
(Edwards and Baeumner 2006, Cooper et al. 2012).

Thus, the objective of this study is to produce, 
characterize and evaluate the in vitro and in vivo 
toxicity of creatine nanoliposomes (CrL) as a 
potencial alternative for the treatment of CNS 
damage.

MATERIALS AND METHODS

1,2-Distearoyl-sn-glycero-3-phosphocholine 
( D S P C ) ;  1 , 2 - d i s t e a r o y l - s n - g l y c e r o - 3 -
hosphoethanolamine-n-[methoxy(polyethylene 
glycol)-2000] (DSPE-PEG 2000), was purchased 
from Lipoid® (Ludwigshafen, Germany); 
cholesterol, polyoxyethylenesorbitan monooleate 
(TWEEN® 80) and creatine were purchased 
from Sigma–Aldrich (St. Louis, MO, USA). For 
biochemical assays Labtest Diagnóstica® (Lagoa 
Santa, Brazil) was used. All other reagents were of 
commercial grade, and they were used as received 
unless otherwise noted. The solvents were dried 
and distilled according to procedures described in 
the literature before use.

PREPARATION OF THE NANOLIPOSOME

The nanoliposomes [blank (BL) or with creatine 
(CrL)] were prepared using the ethanol injection 
method, similar to that described in Justo and 
Moraes (2005). Soybean phospholipids, cholesterol 
and DSPE-PEG 2000 were mixed in a mass ratio 
of 70/30/10. In brief, all lipid components were 
dissolved in 1 mL of ethanol, and then injected 
into 10 mL of a phosphate buffered saline solution 
(PBS, 10 mM, pH 7.4). Nanoliposomes were 
formed spontaneously, followed by stirring for 1 h 
at 50 °C to removal residual ethanol. The solution 
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was then extruded (five times) using 200 nm pore-
size cellulose acetate membrane filters Millipore® 
(Massachusetts, USA) For preparing CrL, 100 
mg creatine was first mixed with PBS before the 
ethanol injection step.

DYNAMIC LIGHT SCATTERING (DLS), 
POLYDISPERSITY INDEX AND ZETA POTENTIAL

The size, polydispersity and zeta potential of the 
liposomes were measured using ZETASIZER 
NANO-ZS, Malvern Instruments (Worcestershire, 
UK). The sample was illuminated by a 633 nm 
laser, and light scattered intensity was at a 173° 
angle measured by avalanche photodiode. The 
measurements were performed in nanoliposome 
solution 100x diluted in water at 25 °C. The results 
are the average of three measurements. Zeta 
potential was measured using the laser doppler 
velocimetry (LDV) technique. For zeta potential 
determination, three measurements were performed 
and the average was reported. 

TRANSMISSION ELECTRON MICROSCOPY (TEM)

The transmission electron microscopy images were 
taken at the Electron Microscopy Center at the 
Federal University of Rio Grande do Sul (UFRGS).  
The size and morphology of the amphiphilic 
structure were recorded on Kodak SO163 film using 
an electron microscope (JEOL JEM Electronic 
Transmission 1200ExII) operating at 120 kV. The 
negatives were digitized using a Kodak Mega Plus 
CCD camera. To prepare TEM samples, 10 μL of 
CrL were spread over a copper grid coated with 
carbon thin film. Preceding the complete drying, 10 
μL of 2% (w/v) uranyl acetate negative stain were 
added. The excess sample was removed with paper 
and the grid was allowed to dry.

HPLC MEASUREMENTS OF CREATINE 
CONCENTRATION

The concentration of creatine in nanoliposomal 
suspension was measured using a Shimadzu 

P r o m i n e n c e  a p p a r a t u s  w i t h  U V- Vi s 
spectrophotometric detection and Phenomenex C18 
column (15 x 4.6 mm, 5µm). The mobile phase was 
methanol-water (50:50, v/v), injection volume was 
20 µL and the column temperature was maintained 
at 25 ºC. The analysis was performed at 0.8 mL/min 
flow rate with UV detector at 210 nm. The standard 
curve range was (6.25 – 100 µg/mL), quantification 
and detection limits were 3.39 and 1.13 μg/mL 
respectively. The encapsulation efficiency (E.E.) 
was measured by the ultrafiltration/centrifugation 
method (Ultrafree-MC® 10,000 MW, Millipore, 
Bedford, USA). E.E. was calculated as follows: 
E.E. = (total drug – free drug)/total drug ×100. 

BIOLOGICAL ASSAYS

Peripheral blood assay

Human peripheral blood was collected using 
disposable sterile materials. Four millilitres of 
blood from 5 volunteers were utilized, collected 
and aliquoted in 1 mL per well in a total of 4 
wells of a cell culture microplate with 12 wells. 
All experimental procedures were reviewed and 
approved by the Ethics Committee on Research of 
the University of the Far South of Santa Catarina 
State (UNESC- Universidade do Extremo Sul 
Catarinense), under protocol number 381,163. 
Cells (1 mL of blood) were treated with: PBS 
(negative control – NC), BL, 0.2 mg/mL CrL or 0.2 
mg/mL creatine free (Cr). The blood was incubated 
in a 5% CO2 atmosphere at 37 °C, and samples 
were collected after 8, 24 and 48 h of incubation to 
perform cell viability and comet assay.

Blood cell viability

Cell blood viability was evaluated using the Trypan 
blue test performed as previously described (Martins 
et al. 2016). The test was carried out after 8, 24 and 
48 h following incubation with 0.2 mg/mL BL, CrL 
or Cr. Then a cell blood suspension (lymphocytes) 
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aliquot (5 μL) was mixed in tubes with 5 μL of 
0.25% Trypan blue solution. The suspension 
was stirred, transferred to a hemocytometer, and 
covered with a coverslip. One hundred cells were 
evaluated in an optical microscope to determine the 
percentage of viable cells.

Comet assay in blood cells

The alkaline Comet assay was performed as 
described by Tice et al. (2000). Peripheral blood 
samples were collected 8, 24 and 48 h after mixture 
of BL, CrL or Cr (0.2 mg/mL) with blood. Peripheral 
blood samples were collected in heparinized tubes 
and subsequently kept on ice. Blood cell aliquots (5 
μL) were embedded in 0.75% low melting agarose 
(w/v; 95 μL). This mixture was then deposited onto 
a microscope slide pre-coated with normal melting 
point agarose (1.5%, w/v) and furnished with a 
coverslip (two slides per sample). The slides were 
briefly placed on ice for the agarose to solidify, so 
that the coverslip could be carefully removed. Next, 
the base slide was immersed in freshly prepared 
lysis solution (2.5 M NaCl, 100 mM EDTA, 10 
mM Tris, pH 10.0–10.5). Then, the slides were 
immersed for 20 min in freshly prepared alkaline 
buffer (300 mM NaOH, 1 mM EDTA, pH > 13) 
to be electrophoresed (15 min/300 mA; 25 V; 0.7 
V/cm) in the same buffer. All of these steps were 
carried out under minimal indirect light. Following 
electrophoresis, slides were neutralized in 400 mM 
Tris (pH 7.5) and stained with silver nitrate solution 
(Collins et al. 1997). To calculate the damage 
index (DI), cells were visually separated into five 
classes according to tail size (from 0 = no tails to 
4 = maximum-length tails). Accordingly, a single 
DNA damage score was obtained for each sample 
and consequently for each group studied. The DI 
for the group could range between 0 (completely 
undamaged = 100 cells × 0) and 400 (maximum 
damage = 100 cells × 4). The damage frequency 
(DF in %) was calculated for each sample, based 
on the number of cells with tail, compared to 

those without. Visual scoring of comet assays is 
considered a reliable evaluation method and usually 
results in high correlation values with computer-
based image analysis methods Collins (2004). All 
slides were coded for blind analysis.

Cell Viability in cultured Vero cells

Tests were performed in 96 well plates, to which 
were added 2 x 104 cells of the Vero cell line (ATCC 
CCL-81™) per well. Cell cultures were performed 
in RPMI 1640 medium (Gibco, Grand Island, NY, 
USA), supplemented with 10% fetal bovine serum, 
incubated with 0.02, 0.2 or 2 mg/mL CrL or Cr at 
37 °C in 5% CO2 for 24 and 72 h to evaluate cell 
viability by the MTT reduction. Then, the culture 
medium was replaced with 180 µL RPMI and 20 
µL (10% of the culture medium volume) of MTT 
stock solution (5 mg/mL in PBS) and Vero cells 
were incubated for 4 h at 37 °C, 5% CO2. Control 
cells were incubated only with culture medium. 
The absorbance at 570 nm was then measured 
using a microplate reader (TP Reader NM). Data 
are expressed as a percentage of the absorbance 
of cells treated with PBS (negative control = NC) 
and H2O2 (positive control = PC). The experiments 
were carried out in triplicate.

LDH assay in cultured Vero cells

The effect of treatments on the plasma membrane 
integrity of Vero cells was assessed by lactate 
dehydrogenase (LDH) assay (Decker and 
Lohmann-Matthes 1988). The activity of LDH in 
the medium was determined using a commercially 
available kit (Labtest Diagnostic, Lagoa Santa, 
Brazil). Vero cells were incubated with 0.02, 0.2 
or 2 mg/mL CrL or Cr, or 1% (v/v) Triton X-100 
(positive control = PC) for 72 h. The supernatants 
from cell cultures were removed and LDH released 
was determined by two-point enzymatic kinetics 
(Kaplan et al. 1988) the absorbance at 340 nm was 
determined in an SBA 200® automated analyzer 
CELM (CELM, Barueri, SP, Brazil).
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Experimental design of animal model toxicity

Four dams (40-60 days) were used to obtain thirty-
two Wistar rats (7 days at start of treatment) in this 
experiment. Rats were kept with the dams while 
receiving the treatment until they were euthanized. 
The dams had free access to water and to a 
standard commercial chow (Guabi, RS, Brazil). 
Room temperature was maintained at 24 ± 1 °C, 
with a 12–12 h light–dark cycle. The animals were 
randomly assigned to four groups: Control group 
(C): rats received i.p administration of 0.85% 
saline twice a day; Creatine group (Cr): 200 mg/kg 
Cr i.p twice a day (total 400 mg/kg/day); BL group 
(BL): administration BL (proportional volume of 
CrL) i.p. twice a day; CrL group: 200 mg/kg CrL 
i.p twice a day (total 400 mg/kg/day). After 13 
days of treatment, animals were decapitated, serum 
and tissues were collected for hematological, 
biochemical and histological analysis. The 
“Principles of Laboratory Animal Care” (NIH 
publication 80-23, revised 1996) were followed in 
all the experiments. All animal procedures were 
approved by the Animal Ethics Committee from 
the Franciscan University (protocol under number: 
006/2014).

Haematological analysis in young rats

Whole blood from young rats was collected 
(approximately 1.5 mL) in tubes with 
ethylenediamine tetraacetic acid (EDTA) 
anticoagulant and homogenised. Immediately 
after this, erythrocytes (RBC), hemoglobin (Hb), 
hematocrit (Hct), mean corpuscular volume (MCV), 
mean corpuscular hemoglobin concentration 
(MCHC), platelet and leukocyte (WBC) were 
determined on the automated analyzer COULTER 
T890® (Coulter Electronics, Inc. Hialeach, USA). 
Blood smears were fixed in methanol and stained 
with InstantProv (NewProv®, PR, Brazil) to 
determine the differential leukocyte count.

Biochemical analysis

Approximately 1.5 mL of whole blood were 
collected from young rats and centrifuged at 

1700 x g or 15 minutes. Aspartate transaminase 
(AST), alanine transaminase (ALT) and, alkaline 
phosphatase (ALP) activities were determined, 
creatinine, urea, uric acid, total protein (TP) were 
measured in an SBA 200® automated analyzer 
CELM (SP, Brazil) using the commercial kits 
(Labtest Diagnostica SA, Lagoa Santa, Brazil).

Histological examination of the tissues

After the death of young rats, liver, kidney and 
spleen were dissected and prepared accordingly 
(Junqueira and Carneiro 2008). The samples 
were first dehydrated with ethanol (at increasing 
concentrations), then embedded in paraffin, and 
stained with hematoxylin and eosin. Images were 
obtained using a microscope.

Creatine concentrations in the brain

The brain samples from young rats were dissected 
and homogenized in 1:5 w/v Tris/HCl 50 mM 
(pH 7.4) to obtain the supernatant (S1) after 
tissue centrifugation at 2400 x g for 10 min. 
For the determination of creatine in the tissue 
the colorimetric method was used, where S1 
supernatants from samples were added directly to a 
color of solution composed of 0.05% diacetyl, 1.5 
M NaOH, 2% α-naphthol; after 20 min the reaction 
of creatine was measured at 540 nm (Hughes 1962). 
Creatine levels are expressed in nmol of creatine 
per mg protein.

Protein determination

Total protein concentration was determined by the 
method of Bradford (1976), using bovine serum 
albumin as a standard.

STATISTICAL ANALYSIS

Results are expressed as mean ± SEM. Statistical 
analysis of the data was obtained applying one-
way analysis of variance (ANOVA), followed by 
Tukey’s test. p < 0.05 was considered statistically 
significant.
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RESULTS AND DISCUSSION

SYNTHESIS AND CHARACTERIZATION OF THE 
LIPOSOMES

The liposomes obtained were analyzed for size 
(mean diameter), polydispersity index (PDI) Zeta 
potential and pH, where readings were performed 
in triplicate (Table I). The nanoliposomes showed 
an average particle size of 213 ± 13.7 nm, PDI 
0.237 ± 0.03, pH 7.3, which are good results for 
biological applications (Wohlfart et al. 2011, Wang 
et al. 2009). The majority of particles obtained were 
at approximately 100 nm (analysis by number) with 
a peak width of 51 nm, showing good homogeneity 
of the liposomes with PDI less than 0.3 (Figure 1b). 
TEM images showed CrL morphology in spherical 
vesicles and a well-defined shape (common 
characteristic of nanoliposome). A 100,000 fold 
increase (Figure 1a) confirmed the results obtained 
for particle size, where the majority of particles 
were sized at 100 nm.

These results are interesting when the CNS 
is targeted, because a particle size for delivery of 
drugs to the CNS between 150-300 nm has been 
suggested (Hillaireau and Couvreur 2009, Wohlfart 
et al. 2011). Another possible alternative for 
increasing the circulation time (nanoliposome half-
life) of particle is modifying its surface with higher 
hydrosoluble substances. Nanoliposome-coated 
PEG are the most used when stealthy characteristics 
are desired for the carrier (Milla et al. 2012). One 
possible explanation for increased half-life is due to 
steric stabilization that is generated by adding PEG 
to the surface of liposomes, preventing complement 
protein fixation (Allen et al. 1991).

In our study, we used the synthetic phospholipid 
DSPE-PEG 2000 and polysorbate 80 in order to 
improve the half-life and promote the adsorption 
of plasma apolipoproteins to facilitate endocytosis 
into brain capillaries (Friese et al. 2000, Modi et 
al. 2009), which would favor the nanoliposome 

movement and their penetration into the brain 
tissue.

Zeta potential values obtained from -12.5 mV. 
The particle surface potential is very important 
to generate electrostatic repulsion force, which 
overcomes the natural tendency to aggregation 
(Robert et al. 1994). Usually, dispersions with 
high absolute zeta potentials are considered stable. 
However, in the case of nonionic surfactants, it 
has been shown that stability is achieved by steric 
repulsion (Muller et al. 2000). Negatively loaded 
nanoliposomes have shown a shorter half-life in the 
bloodstream compared to neutral nanoliposomes. 
Although positively charged nanoliposomes also 
demonstrate this higher opsonization as a negative, 
both have been shown to activate the immune 
system, but by different routes (Immordino et 
al. 2006). In our study, we used the synthetic 
phospholipid DSPE-PEG 2000 and polysorbate 80 
in order to improve circulation time and promote 
the adsorption of plasma apolipoproteins capable 
of facilitating endocytosis by cerebral capillaries 
(Friese et al. 2000, Modi et al. 2009).

The E.E. was approximately 32%. This result 
is above the average obtained for the encapsulation 
of hydrophilic drugs (Fattal et al. 1995). Although 
the association rate is not high, nanotechnology has 
shown better results with lower concentrations of 
drugs (Wohlfart et al. 2011). The present and other 
results in the physicochemical characterization 
demonstrate the technological feasibility of CrL.

TOXICITY IN CULTURED VERO CELLS

Vero cell viability did not change after exposition 
to 0.02; 0.2 or 2 mg/mL Cr. Nanoliposomes with 2 
mg/mL creatine induced reduction in cell viability 
to 84.9% after 24h (Figure 2a) and 93.5% after 
72h (Figure 2b) of incubation. The same effect 
was observed for blank liposomes that induced 
a reduction of 77.7% at 24h (Figure 2a) and 
93.2% at 72h. The LDH assay confirms cell death 
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provoked at the highest concentrations (2 mg/mL) 
(Figure 2c). Studies have shown that even high 
concentrations (10 mM) of creatine do not present 
neurotoxicity (Genius et al. 2012), which is in 
agreement with the results obtained in the present 
work in the treatments with free creatine. The high 
concentrations of phospholipids and surfactants 
present at the highest concentrations are probably 
responsible for cell death.

Gasparri et al. (2011) observed Vero 
cell viability treated with different liposome 
formulations for 24h, where there was no change in 
viability in any treatment groups. However, there 
was a reduction in viability of cationic liposomes 
within 48 hours. In this study the liposomes had 
a 10 to 30 fold greater particle size, which may 
explain the observed differences.

Blood cell viability was evaluated by Trypan 
blue assay, where no changes were observed in any 
treatment group or incubation period. The DNA 
damage frequency and index were evaluated by 

comet assay, which also did not show change in all 
groups or incubation period (Table II).

The concentration used for the comet test and 
cell viability test by Trypan blue was 0.2 mg/mL, 
the results are in accordance with those observed 
in the Vero cell viability tests, demonstrating that 
the nanoliposomes are non-toxic and can be used 
for biological application. The data from the comet 
assay were similar to those obtained with Trypan 
blue for blood cell viability, and demonstrated 
that CrL were not genotoxic under the conditions 
evaluated. The alkaline (pH > 13) assay is able to 
detect single-strand breaks (SSB), alkali-labile sites 
(ALS), DNA-DNA and DNA-protein cross-linking 
and SSB associated with incomplete repair excision 
sites. When compared with other genotoxicity tests, 
comet has shown great sensitivity for the detection 
of low levels of DNA damage (Tice et al. 2000).

ANIMAL MODEL TOXICITY

The haematopoietic system is sensitive to toxic 
agents and much used to evaluate pathological 
processes in animals as a good peripheral toxicity 
marker (Wang et al. 2014). The blood count and 
non-cellular components are important criteria to 
assess homeostasis, and special changes resulting 
from pathological or experimental procedures 
(George and Santos 2011). In our studies we did 
not find any significant changes in hematological 

TABLE I
Characterization of BL and CrL.

BL CrL
Mean diameter (nm) 225 ± 5.3 213 ± 13.7
Polydispersity index 0.267 ± 0.02 0.237 ± 0.03
Zeta potential (mV) -22.5 ± 1.9 -12.5 ± 2.3*
pH 7.3 ± 0.1 7.3 ± 0.2
E.E. (%) - 32 ± 3

*p < 0.05. compared to BL. Student’s t-test.

Figure 1 - (a) Image obtained by transmission electron microscopy. Bar corresponds to 200 nm. (b) The average size distribution 
of the nanoliposomes is represented in the graphic.
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TABLE II
Effect of different treatments with creatine on cell viability and genotoxicity.

Time (h) NC BL CrL Cr

Viability (%)
8
24
48

100 
99,8 ± 0,45
99,6 ± 0,54

100
100

99,8 ± 0,45

 100
99,8 ± 0,45
99,8 ± 0,45

 100
99,8 ± 0,45
99,8 ± 0,45

Damange index 
8
24
48

nd
nd
nd

nd
nd
nd

nd
nd
nd

0,2 ± 0,45
0,6 ± 1,34
0,6 ± 1,34

DNA damage
8
24
48

nd
nd
nd

nd
nd
nd

nd
nd
nd

0,2 ± 0,45
0,6 ± 1,34
0,6 ± 1,34

Negative Control (NC), Blank Liposome (BL), Creatine Liposome (CrL), Creatine (Cr). mean ± SD. No significant difference. nd 
= not defined.

Figure 2 - MTT reduction in Vero cells after 24 (a) or 72 h (b) of treatment with CrL. (c) LDH activity in Vero cells. 
Negative Control (NC), Blank Liposomes (BL), Creatine Liposomes (CrL), Creatine (Cr). Results are expressed as 
percentage of the control (100% cell viability). Bars represent mean ± SD. *p < 0.05 compared to NC.
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parameters among experimental groups in young 
rats (Table III).

In view of the different markers of hepatic 
toxicity used in the present study, none of them was 
altered after treatment with CrL or BL, even when 
administered at higher concentrations, more than 
can be expected for effective treatment in animal 
models of damage to the CNS (Table IV). Serum 
AST and ALT levels are used as liver function 
biomarkers, because any lesion can elevate the 
levels of these enzymes in the bloodstream, and 
they are therefore good markers of hepatic toxicity 
(Nalpas et al. 1986). FAL is responsible for the 
removal process of the phosphate group, which 
is called dephosphorylation. Its levels are high in 
children and pregnant women or in pathologies that 
affect the bile ducts, so it is also used as a marker of 
hepatobiliary diseases (Motta 2009). PTs consist of 

albumin and globulin fractions. Low levels of these 
plasma constituents may be related to liver disease 
or acute infection. Due to being produced mainly in 
the liver, low levels of these proteins demonstrate 
changes in liver function (Baynes and Dominiczak 
2010). 

Analysing different renal function markers, 
no changes were observed in any of the treatment 
groups of young rats. These data on the levels 
of urea, creatinine and uric acid indicate that the 
creatine nanoliposomes do not induce renal damage 
(Table IV). Urea participates in the elimination 
of nitrogen from the organism and in a complex 
system of water and ions reabsorption, essential 
to maintenance of the metabolism. Urea levels 
elevated in the bloodstream are related to renal 
damage or increased protein catabolism, however, 
their reduction is related to hepatic impairment 

TABLE III
Effect of different treatments with creatine on hematological parameters.

NC BL CrL Cr
RBC (x 106/ μL) 4.00 ± 0.29 4.18 ± 0.66 3.83 ± 0.37 3.53 ± 0.90

HGB (g/dL) 9.8 ± 1.1 9.9 ± 0.4 9.1 ± 0.6 9.7 ± 0.9
HCT (%) 26.1 ± 1.9 26.0 ± 4.2 24.9 ± 2.7 25.0 ± 5.2

PLT (x 103/μL) 1020 ± 445 933 ± 387 1104 ± 276 1081 ± 216
VCM (fl) 66.2 ± 4.8 65.5 ± 4.3 65.0 ± 3.5 68.5 ± 3.1

CHCM (%) 36.2 ± 4.1 36.5 ± 5.3 37.1 ± 5.0 37.4 ± 4.6
WBC (x 103/μL) 6.4 ± 1.2 5.3 ± 1.5 6.1 ± 1.5 5.6 ± 1.4
Lymphocytes (%) 71.5 ± 6.1 70.5 ± 5.1 69.7 ± 3.3 70.3 ± 4.9

Neutrophil (%) 21.7 ± 2.9 22.3 ± 4.6 23.1 ± 3.8 22.6 ± 3.8
Eosinophils (%)
Monocytes (%)

1.1 ± 0.9
5.7 ± 3.2

0.8 ± 0.7
6.3 ± 1.4

1.0 ± 0.7
6.1 ± 1.7

1.2 ± 1.0
5.9 ± 1.9

TABLE IV
Effect of different treatments on biochemical parameters.

NC BL CrL Cr
AST (U/L) 315 ± 36.6 290 ± 17.8 311 ± 45.4 324 ± 26.1
ALT (U/L) 42 ± 4.7 40 ± 2.9 43 ± 7.2 42 ± 4.4
FAL (U/L) 320 ± 63.5 266 ± 28.7 270 ± 53.3 305 ± 72.6
PT (g/dL) 6.5 ± 0.88 7.0 ± 0.83 7.1 ± 0.59 6.8 ± 0.72

Urea (mg/dL) 50.2 ± 13.1 49.4 ± 4.9 50.5 ± 9.5 51.2 ± 7.7
Creatinine (mg/dL) 0.51 ± 0.04 0.44 ± 0.08 0.46 ± 0.16 0.60 ± 0.17
Uric acid (mg/dL) 2.17 ± 0.39 2.14 ± 0.49 2.12 ± 0.35 2.55 ± 0.72
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(Traynor et al. 2006). Creatinine is the final product 
of creatine degradation, which is synthesized 
primarily in the liver and can also be obtained by 
diet (Wyss and Kaddurah-Daouk 2000). Creatinine 
is eliminated at a constant rate by kidneys, thus 
increased serum levels may indicate loss of renal 
function (Shemesh et al. 1985). Uric acid originates 
in the catabolism of purines, it is formed mainly 
in the liver. Approximately two-thirds of plasma 
uric acid are eliminated by the kidneys, and for this 
reason the uric acid levels increase may be related 
to renal function reduction (Smith et al. 2007, Lima 
et al. 2008).

Histological analyses in the liver, kidney and 
spleen tissue indicate that no changes occurred 
in all treatment groups in young rats (Figure 3). 
The histological data corroborates results from 
biochemical markers of liver and kidney toxicity. 

The absence of changes in the spleen is in agreement 
with the results obtained by hematological tests.

The dose used in the in vivo toxicity model 
corresponds approximately to 0.2 mg/mL of the in 
vitro treatment. A therapeutic dose would correspond 
to the lower in vitro treatment (0.02 mg/mL). With 
this we can predict the safety of the carrier.

CREATINE CONCENTRATION IN THE CNS OF 
ANIMALS

Creatine concentrations measured in cerebral 
cortex from young rats showed one of the most  
important results, because animals treated with 
CrL had higher levels when compared to animals 
treated with Cr (Figure 4). The data suggests the 
effectiveness of the carrier, but further studies 
are needed to confirm this activity. Treatments 
with free creatine have shown debatable results, 

Figure 3 - Histological analysis of liver, kidney and spleen of treated rats. Negative Control (NC), 
Blank Liposomaes (BL), Creatine Liposomes (CrL), Creatine (Cr). 
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since intracerebroventricular treatments present 
superior results (Lensman et al. 2006). There are 
also different studies demonstrating the difficulty 
of creatine permeation through the BBB because of 
the absence of transporters in astrocytes (Hanna-el-
Daher and Braissant 2016). In another study using 
the same dose of Cr (400 mg/kg), authors showed 
an increase in creatine levels in the cerebral cortex 
from young rats treated for 13 days, but by the 
subcutaneous route. The authors concluded that this 
increase would indicate that, at that age, creatine 
would be transported to the brains of animals (De 
Andrade et al. 2015). Creatine concentrations were 
evaluated in cardiac and skeletal muscle, where no 
changes were observed (results not shown).

CONCLUSIONS

The synthesis of a new PEG-coated nanoliposome 
and its self-assembly into nanoparticles in phosphate 
buffer were successfully performed by the ethanol 
injection method. The data evidenced the size of 
nanoliposomes size in an appropriate average of 
213 nm and monodisperse particles (0.237) with a 
negative zeta potential, which would be interesting 
for a biological application. This size was verified 
and confirmed by MET showing spherical particles 
of about 100 nm. The new CrL did not alter cell 

viability at usual concentrations (0.02 and 0.2 mg/
mL), nor induced genotoxicity and liver, kidneys 
and spleen toxicity. The most relevant data from 
CrL was its elevated level in the cerebral cortex 
from rats treated, indicating higher permeability 
into the CNS.
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