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ABSTRACT 

The aim of this research was to examine the influence of the intra-
peritoneal application of PFT in different doses and regimen on 
systemic oxidative stress and activity of antioxidative enzymes in 
animals. Depending on whether the animals received only saline 
or PFT in different doses (8, 12, 16 ml/kg body weight), and time 
(1, 10, or 20 hours before sacrificing and blood sampling), all an-
imals were divided into control or experimental groups. From 
plasma samples we measured following biomarkers of oxidative 
stress: superoxide anion radical (O2

-), hydrogen peroxide (H2O2), 
nitrites (NO2

-), index of lipid peroxidation measured as TBARS 
(thiobarbituric acid reactive substances), and from hemolysate 
samples activity of the next enzymes: catalase (CAT), superoxide-
dismutase (SOD) and reduced glutathione (GSH). All mentioned 
biochemical parameters of oxidative stress were determined spec-
trophotometrically (Shimadzu UV-1800UV-VIS spectrophotome-
ter, Japan). Superoxide anion radical was a molecule very af-
fected with the PFT administration. we observed the significantly 
higher activity of superoxide dismutase in all PFT treated groups 
in comparison with the CTRL group. The highest activity was ob-
served in group treated with the 8 and 12 ml/kg of PFT nearly to 
sampling (1 hour). Catalase activity was significantly higher in 
PFT group in comparison with the CTRL, especially in PFT 
16ml/kg group (1 hour). In comparison with the CTRL group, the 
total content of GSH was significantly lower in the groups treated 
PFT in dose of 16 ml/kg 1 hour and 10 hours before blood sam-
pling. All these changes in oxidative stress markers seems to be 
very clear, but we can observe that almost all changes are induced 
in 1 hour after PFT administration. Probably, PFT solution has 
short-term protective effects on reducing oxidative stress, but no 
long term-effects. Maybe the chemical and biological instability 
of PFT solution could be a reason for that transient antioxidative 
effects, and developing the nano-formulation of PFT could be po-
tential option for resolving the problem with poor pharmacody-
namic of PFT.  
 
Keywords:Perfluorocarbon, oxidative stress, antioxidative en-
zymes, blood samples, rat.
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INTRODUCTION 

The development of pefluorocarbon solution (PFT) began 
during 80’ years, when it is suggested that PFT as infusion 
could be blood substitute and transport oxygen in vivo. As a 
chemically and biologically inert, pure PFT is not suitable for 
injection into vascular system, but the nano-emulsion as a 
best formulation could be used because of the faster clear-
ance, longer retention time in organs and lower risk for side 
effects (1, 2) 

In history, the first experiment with PFT was done by 
Clark and Gollan who kept Langendorff-heart beating by per-
fusing it with pure PFT (3). After that, in 1967, Sloviter sug-
gested that component of PFE must be prepared as emulsion, 
because of the insolubility of glucose and salts, so he was the 
first scientist who emulsify PFE in water (4, 5). That was a 
challenge because of the many different components in this 
solution, such as lipids, glucose, salts, proteins and water.  

The second challenge was stability of PFE emulsion. We 
know that emulsions are metastable because reaches thermo-
dynamic equilibrium only after complete phase separation. 
Nano emulsion of PFT shows droplets diameter below 1 μm, 
and it is more stable than micro emulsions.  

Almost 30 years ago, PFT emulsion was developed 
named as Fluosol-DA which was the first generation of 
these syntetic solutions. The first use of this commercially-
available product was reported in Japan with infusion of 500 
ml and 1000 ml given to patients with severe gastrointestinal 
bleeding and surgery-related blood loss for esophageal can-
cer, respectively. Fluosol-DA was only FDA approved PFT 
for clinical use (6, 7). 

After that, in future years were sintethyzed another PFT 
solutions but not FDA-approved. Most of them were reached 
only phase II trials. Some of them were Oxygent, Ox-
ycyte and they are still in preclinical testing.  

In 1996 in Russia, Professor S.I. Vorobyеv and her col-
laborators registered perfluorocarbon emulsion Perftoran 
for wide clinical use for the first time in the world (8, 9). 

Definitely, PFT solutions are products that in theory seem 
to be a viable option for clinical use. However, due to the 
short stability of approximately 8 hours it is difficult to use it 
in coronary balloon angioplasty, the indication for which the 
product has gained its approval, and that led to FDA remov-
ing Fluosol from the market in 1994. Developing of the 
new nano emulsion seems to PFT, especially Peftoran-plus 
(Ftoremulsion III, Russia) could be approved for clinical use 
in the future.   

On the other hand, examining the association of PFT and 
level of oxidative stress is still actual, since it is clear that 
PFT emulsions deliver oxygen to the tissues as a hemoglo-
bin-based carrier.  

Oxidative stress as an imbalance of free radicals and an-
tioxidants in organism is also something that could be asso-
ciated with the effects of PFT. Oxidative stress (OS) has the 
ability to damage different molecules and cellular structures, 
altering the correct function of organs and systems (10-13). 
OS accumulates in the body by endogenous and exogenous 
mechanisms. Increasing evidence points to the involvement 
of OS in the physiopathology of various chronic diseases that 
require prolonged periods of pharmacological treatment (10-
13). 

In previous studies, PFT was mentioned as potential pre-
ventive strategy for ischemia/reperfusion injuries for exam-
ple in lung graft preservation (14).  

Also, it is suggested that PFT could decrease production 
of inflammatory markers and stress oxidative markers, de-
crease lung oedema and hydroxyproline level, as well as at-
tenuate histopathological changes and fibrosis (15). 

Based on previous literature data, the greatest future of 
PFT may be not in the treatment of anemia, but in improving 
the microcirculatory oxygen delivery for treatment of is-
chemic tissues. For example, PFT solution could be a choice 
of treatment in stroke, myocardial infarction, ischemic ex-
tremities etc. 

According to that, the aim of this research was to examine 
the influence of the intraperitoneal application of PFT in dif-
ferent doses and regimen on systemic oxidative stress and ac-
tivity of antioxidative enzymes in animals. 

MATERIAL AND METHODS 

Ethics approval 

All research procedures were carried out in strict accord-
ance with the European Union Directive for the welfare of 
laboratory animals (No. 2010/63/EU) and approved by the 
Ethics Committee of Faculty of Medical Sciences, University 
of Kragujevac, Serbia. 

Study design 

In this study we used male Wistar albino rats (10 weeks 
old, weighed 200 ± 20 g on average) who were housed in a 
temperature-controlled vivarium (22 ± 2 ° C), with 12-hour 
alternating light‐dark cycles. Standard food and water were 
available to the animals ad libitum.  

This study was aimed to determine the dose of 20% per-
fluoroemulsion (PFT) on redox parameters in blood samples 
of rats. Depending on whether the animals received only sa-
line or PFT in different doses (8, 12, 16 ml/kg body weight), 
and time (1, 10, or 20 hours before sacrificing and blood sam-
pling), all animals were divided into control or experimental 
groups: 
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Control groups: 

1. Control (CTRL) group - without application of PFT 
solution (n=6) 

Experimental groups: 

1. Group PFT 8 ml/kg - 1 hour before sampling (n=6) 
2. Group PFT 12 ml/kg - 1 hour before sampling (n=6) 
3. Group PFT 16 ml/kg - 1 hour before sampling (n=6) 
4. Group PFT 16 ml/kg - 10 hours before sampling (n=6) 
5. Group PFT 16 ml/kg - 20 hours before sampling (n=6). 
 

Perfluorocarbon-based blood substitute (PFT) 

For the purposes of the study, 20% perfluorocarbon emul-
sion (Perftoran) was used, which was prepared ex tempore 
by dissolving equal volumes of 20% PFE for intravenous ad-
ministration. The chemical composition of the Perfluorocar-
bon-based blood substitute is: 13,0 g (6,5 ml) of Perfluorode-
calin, 6,5 g (3,25 ml) of Perfluoro-N-4- (methylcyclohexyl) -
piperidine, 4,0 g of Proxanol-268, 0,6 g of Sodium chloride 
(NaCl), 0.039 g of Potassium chloride (KCL), 0.019 g of 
Magnesium chloride (MgCl2), 0.065 g of Sodium bicar-
bonate (NaHCO3), 0.02 g of Sodium phosphate monobasic 
(NaH2PO4), 0,2 g of glucose and 100 ml Distilled Water 
(H2O). This solution Peftoran was purchased in the Re-
search Laboratory of Biological and Physico-Chemical Study 
of perfluorocarbons, Russian Federation. 

Preparation of blood samples 

Rats were anesthetized with a combination of ketamine 
and xylazine and sacrificed by decapitation using a guillotine 
for small laboratory animals. Immediately after sacrifice, a 
whole blood sample was collected in tubes with 3.8% sodium 
citrate. The blood sample was gently agitated to thoroughly 
mix the sodium citrate with the blood. Subsequently, the 
sample was centrifuged three times at 3000 rpm for 10 min 
at room temperature and dissolved with distilled water for 
preparing the hemolysate. 

Spectrofotometric determination of biomarkers of  
oxidative stress  

From plasma samples we measured following biomarkers 
of oxidative stress: superoxide anion radical (O2

-), hydrogen 
peroxide (H2O2), nitrites (NO2

-), index of lipid peroxidation 
measured as TBARS (thiobarbituric acid reactive sub-
stances), and from hemolysate samples activity of the next 
enzymes: catalase (CAT), superoxide-dismutase (SOD) and 
reduced glutathione (GSH). All mentioned biochemical pa-
rameters of oxidative stress were determined spectrophoto-
metrically (Shimadzu UV-1800UV-VIS spectrophotometer, 
Japan).  

O2
- concentrations were determined according to Auclair, 

by using the NTB (Nitro Blue Tetrazolium) reagent in TRIS 
buffer (assay mixture) with the sample, while the measure-
ment was performed at a wavelength of 530 nm (16). 

The determination of H2O2 was based on the oxidation of 
phenol red by H2O2 which is catalysed by horseradish perox-
idase. The level of H2O2 was then measured at 610 nm of 
wavelength (17). 

Nitrites level was measured in order to indirectly asses 
nitric oxide level. Nitrites were quantified by method accord-
ing to Green using the Griess-reagent (18). The sample was 
precipitated with 30% sulfo-salicylic acid, vortexed for 30 
min, and centrifuged at 30009g. Equal volumes of the super-
natant and Griess’s reagent, containing 1% sulfanil-amide in 
5% phosphoric acid/0.1% napthalene ethylenediamine-dihy-
drochloride, were added and incubated for 10 min in the dark 
and measured at 543 nmol/l. 

Index of lipid peroxidation in the blood samples was es-
timated via measuring of TBARS using 1% thiobarbituric 
acid (TBA) in 0.05M sodium hydroxide (NaOH) incubated 
with the sample at 100 C for 15 min and then measured at 
530 nm (19).  

Determination of antioxidative enzymes (superoxide  
dismutase, catalase, reduced glutathione) in the lysate 
samples from women with PCOS 

SOD activity was evaluated by using epinephrine method 
according to Beutler (20). Heart tissue homogenate sample 
was first mixed with carbonate buffer, and afterwards epi-
nephrine was added to the mixture. SOD activity was meas-
ured at 470 nm of wave length and was expressed as U/ml/Hb 
of hemolysate.  

Determination of antioxidant enzyme CAT was carried 
out according to Aebi`s method (21). CAT buffer, prepared 
lysate sample, and 10 mM H2O2 were used for CAT determi-
nation. The activity of CAT was measured spectrophotomet-
rically at 360 nm of wave length and was expressed in 
U/ml/Hb of hemolysate. 

The level of GSH was determined according to Beutler 
(22). The method involves the reaction of GSH oxidation 
with 5.5-dithio-bis-6.2-nitrobenzoic acid. The level of GSH 
was measured spectrophotometrically at 420 nm of wave 
length and was expressed in U/ml/Hb of hemolysate. 

Statistical analysis 

All data were presented in form of tables and figures. Re-
sults are presented and analyzed by descriptive analyses 
(means, standard deviations and standard errors of mean). 
Analytical statistical analysis is performed using Kruskal-
Wallis and Tukey post hoc test for comparison the changes 
in percent between groups. Statistical significance was set at 
the level of 0.05. Statistical analysis was done using IBM 
SPSS statistical software version 26.0.  
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RESULTS 

The effects of PFT on superoxide anion radical,  
hydrogen peroxide, nitric oxide and index of lipid  
peroxidation 

From the figure 1, we can see the mean levels of concen-
trations of superoxide anion radical. Treatment with PFT in 
dose of 16ml/kg and 8 ml/kg induced the most significant 
lower levels of this marker in comparison with untreated rats 
(CTRL group) (Fig. 1; Table 1). 

Figure 1. The mean values of superoxide anion radical from 
plasma samples in different groups.  

 
Results are presented as  

mean ± standard error of mean. 

On the other hand, the concentration of plasma hydrogen 
peroxide was not statistically significant different between 
groups (Fig. 2; Table 1). 

Figure 2. The mean values of hydrogen peroxide  
from plasma samples in different groups.  

 
Results are presented as  

mean ± standard error of mean. 

Bioavailability of nitric oxide was statistically significant 
higher in group treated with 8ml/kg of PFT 1 hour before sac-
rificing in comparison with the control group. In other 
groups, NO was not statistically significantly altered (Fig. 3; 
Table 1). 

 

Figure 3. The mean values of nitric oxide from  
plasma samples in different groups. 

 
Results are presented as  

mean ±  standard error of mean. 

From the Figures 4 and Table 1, we can see the lower lev-
els of index of lipid peroxidation in group treated with 8 
ml/kg and 12 ml/kg of PFT given 1 hour before sampling. 
Other values were similar with the values in CTRL group 
(Fig. 4; Table 1). 

Figure 4. The mean values of index of lipid  
peroxidation measured as TBARS  

from plasma samples in different groups. 

 
Results are presented as  

mean ±  standard error of mean. 

 
The effects of PFT on superoxide superoxide dismutase, 
catalase and reduced glutathione 

From the Figure 5 and Table 1, we observed the signifi-
cantly higher activity of superoxide dismutase in all PFT 
treated groups in comparison with the CTRL group. The 
highest activity was observed in group treated with the 8 and 
12 ml/kg of PFT nearly to sampling (1 hour) (Fig. 5; Table 
1). 
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Figure 5. Activity of superoxide dismutase  
from hemolysate samples in different groups. 

 
Results are presented as  

mean ± standard error of mean. 

Also, catalase activity was significantly higher in PFT 
group in comparison with the CTRL, especially in PFT 
16ml/kg group (1 hour) (Fig. 6). 

Figure 6. Activity of catalase from hemolysate  
samples in different groups.  

 
Results are presented as  

mean ±  standard error of mean. 

In comparison with the CTRL group, the total content of 
GSH was significantly lower in the groups treated PFT in 
dose of 16 ml/kg 1 hour and 10 hours before blood sampling 
(Fig. 7). 

Figure 7. The mean content of reduced glutathione  
from hemolysate samples in different groups. 

 
Results are presented as  

mean ±  standard error of mean. 

Table 1. Comparison of the values of PFT-treated rats with the values in CTRL group.  

Comparison O2- H2O2 NO- TBARS SOD CAT GSH 

CTRL vs. PFT 1h 
8ml/kg 

p=0.02* p>0.05 p=0.038* p=0.041* p<0.001** p=0.002** p>0.05 

CTRL vs. PFT 1h 
12ml/kg 

p>0.05 p>0.05 p>0.05 p=0.046* p<0.001** p<0.001** p>0.05 

CTRL vs. PFT 1h 
16ml/kg 

p=0.03* p>0.05 p>0.05 p>0.05 p<0.001** p<0.001** p=0.021* 

CTRL vs. PFT 10h 
16ml/kg 

p=0.02* p>0.05 p>0.05 p>0.05 p<0.001** p<0.001** p=0.028* 

CTRL vs. PFT 20h 
16ml/kg 

p>0.05 p>0.05 p>0.05 p>0.05 p<0.001** p<0.001** p>0.05 

Statistical analysis was done using Kruskal-Wallis Test.  
Single asterisk (*) represents statistical significance, while double asterisk (**)  

represents high statistical significance. 
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DISCUSSION 

The main aim of this research was to examine the influ-
ence of the intraperitoneal application of PFT in different 
doses and regimen on systemic oxidative stress and activity 
of antioxidative enzymes in animals. Actually, this study is a 
second part of our research of the effects of PFT on cardio-
vascular system, where we reported that PFT administered 
before ischemia (1 hour) has less positive effects on myocar-
dial function in an isolated rat heart model compared to ear-
lier administration (10 and 20 hours). Also, the effects of 
20% PFE are more pronounced if there is a longer period of 
time from application to ischemia, i.e., immediate application 
of PFE before ischemia (1 hour) gave the weakest effects on 
the change of cardiodynamics of isolated rat heart. Therefore, 
the future of PFE use is in new indications and application 
methods, and PFE can also be referred to as anti-hypoxic and 
anti-ischemic blood substitute with mild membranotropic ef-
fects (22). 

Based on these conclusions, we continued our research 
and using standard methods for determining the concentra-
tions of biomarkers of oxidative stress in rat blood, we eval-
uated the effects of PFT administration on their changes. Def-
initely, we have founded that PFE administration induced de-
creasing the superoxide anion radical and increasing the ac-
tivity of antioxidative enzymes, which confirms the antioxi-
dative role of PFT in vivo in comparison with the control 
conditions (Figs. 1-7; Table 1).  

Superoxide anion radical was a molecule very affected 
with the PFT administration. Production of superoxide anion 
radical is essential for the life of aerobic organisms who acts 
as a signaling molecule in many processes such as apoptosis, 
aging etc (24). All these processes are associated with the 
many serious diseases when we observe the lower scaveng-
ing of O2-. Also, poor antioxidants capacity of organism is 
reason for the increased levels of free radicals, such as super-
oxide anion radical. In our study, PFT showed that has ability 
to decreased the level of this marker of oxidative stress. 

Interestingly, nitric oxide was increased after PFT admin-
istration 1 hour before and in dose of 8ml/kg. As we know, 
NO is actually synthesized from arginine by the endothelial 
isoform of NO-synthase (eNOS) in response to an appropri-
ate stimulus. Endothelial NO is dispersed in vascular smooth 
muscle cells where cytosolic guanylate cyclase is activated 
and increases the production of cyclic guanosine monophos-
phate, leading to smooth muscle cells relaxation. Loss of en-
dothelium-mediated vasodilator capacity is considered one of 
the earliest manifestations of cardiovascular damage and pre-
cedes the formation of atherosclerotic plaques.  

Previous study conducted by Bekyarova et al, concluded 
that the combined application of alpha-tocopherol and FC-43 
perfluorocarbon emulsion immediately after thermal skin in-
jury in rats increases plasma antioxidant capacity, decreases 
free radical mediated damage of erythrocytes and suppresses 
their aggregation on the third hour after the injury (25). 

Also, Zhang et al reported about the antioxidant potential 
of PFT. Their research showed that PFC reduced A549 cell 
damage caused by blast injury. Also, suggested the potential 
mechanism which may be associated with the following sig-
naling pathways: 

the signaling pathways of NF-κB and MAPK, which in-
hibit inflammation and reactive oxygen species (ROS); and 
2) the signaling pathways of Bcl-2/Bax and caspase-3, which 
inhibit apoptosis (26). 

Also, in the pathophysiology of neurological disease oxi-
dative stress has an important role. Previous authors con-
firmed the preventive role of PFT in schizophrenia (27). 

Furthermore, in the state of redox imbalance, high oxida-
tive stress could be reduced by antioxidative defense system, 
which is crucial to reduce risk factors for the development 
the disease. In our study, we observed the significantly higher 
activity of superoxide dismutase in all PFT treated groups in 
comparison with the CTRL group. The highest activity was 
observed in group treated with the 8 and 12 ml/kg of PFT 
nearly to sampling (1 hour) (Fig. 5; Table 1). Also, catalase 
activity was significantly higher in PFT group in comparison 
with the CTRL, especially in PFT 16ml/kg group (1 hour) 
(Fig. 6). In comparison with the CTRL group, the total con-
tent of GSH was significantly lower in the groups treated PFT 
in dose of 16 ml/kg 1 hour and 10 hours before blood sam-
pling (Fig. 7). 

In addition, both downregulation of components of the 
antioxidant synthesis and increases of reactive oxygen spe-
cies (ROS) have been observed in patients with ischemic dis-
ease (28). So, administration the PFT in animals could de-
crease oxidative stress and improve antioxidant capacity, 
even for the short time (few hours). Other authors also con-
firmed these results, such as reducing the production of free 
radicals and the number of pulmonary structural where 
changes resulting from cold ischemia (28, 29). 

PFT solution which we used, is consist of 20% of total 
perfluorocarbon in 100 ml of solution, and compared with the 
other available PFTs, it is with lower percent of PFT. Other 
PFT are mostly higher concentration based PFT, so maybe 
that is a reason for the transient antioxidative effect in our 
study (30, 31). Dani et al investigated the effect of tidal liquid 
ventilation (TLV) compared to conventional mechanical ven-
tilation (CMV) on oxidative lung damage in the setting of 
acute respiratory distress syndrome (ARDS). They con-
cluded that animals treated with TLV showed lower oxida-
tive lung damage compared to animals treated with CMV 
(32). 

CONCLUSION 

All these changes in oxidative stress markers seems to be 
very clear, but we can observe that almost all changes are 
induced in 1 hour after PFT administration. Probably, PFT 
solution has short-term protective effects on reducing 
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oxidative stress, but no long term-effects. Maybe the chemi-
cal and biological instability of PFT solution could be a rea-
son  for  that  transient  antioxidative  effects,  and  developing
the nano-formulation of PFT could be potential option for re-
solving the problem with poor pharmacodynamic of PFT.
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