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Introduction 

 

Acute kidney injury (AKI) is a clinical syndrome characterized by acute decrease of kidney 

function with resulting retention of nitrogenous waste products, acid-base and electrolyte 

abnormalities and other homeostasis impairments (1). Although full recovery from AKI is 

possible, every episode of AKI increases the risk of long-term complications and development 

of chronic kidney disease, linked to cardiovascular morbidities and shortening of the life 

expectancy. Therefore, early diagnosis and monitoring of progression is crucial (2).  

In the current clinical practice, the most frequently used diagnostic laboratory parameter is 

serum creatinine. However, the rise in its level usually occurs only after severe kidney insult, 

which does not provide the possibility of early intervention. Due to these liabilities, extensive 

effort was put into the research of possible new biomarkers of AKI, which would provide 

early detection of kidney damage before the deterioration of function occurs. Recently, 

multiple new possible biomarkers were proposed and are currently being tested for clinical 

utility, including extracellular deoxyribonucleic acid (ecDNA) (3,4). 

EcDNA has been studied for its role in the pathophysiology and also as a biomarker in 

various diseases. The possibility of analyzing ecDNA in the urine is especially promising for 

the convenient sample obtaining (5,6). Various animal experiments as well as clinical studies 

showed promising results of the diagnostic and prognostic use of plasmatic and urinary 

ecDNA levels for multiple kidney pathologies (4,7,8-10) . 

These findings strongly suggest the need for further research in this area. Our study using 

rhabdomyolysis-induced acute kidney injury (glycerol nephropathy) was aimed to describe 

the dynamics of ecDNA in the plasma and urine within first 24 hours after AKI induction. We 

hypothesized that the concentrations of ecDNA might be earlier and more specific biomarker 

for rapid detection of kidney injury.   

Methods 

Design of experiment: Adult male Wistar rats (n=44, Velaz Prague, Czech Republic) were 

used. The rats were kept in controlled 12-hour light/dark cycle room, with ad libitum food and 

water access, with constant temperature (22 ± 2°C) and humidity (45-65%). Glycerol-induced 

rhabdomyolysis was used to model AKI, glycerol (1:1 with saline, 8 ml/kg, Sigma Aldrich, 

Steinheim, Germany) was applied intramuscularly equally in both hind limbs (AKI, n=27). 



Control group (CTRL, n=17) received saline. The animals were sacrificed at different time-

points - 1 hour (n=12; 5 control and 7 treated), 3 hours (n=17; 6 control and 11 treated) and 24 

hours (n=15; 6 control and 9 treated) after AKI. One hour prior to sacrifice, the rats were 

placed into metabolic cages to collect the urine samples. Afterwards, the rats were 

anesthetized with ketamine and xylazine (100 mg/kg and 10 mg/kg of the body weight), 

applied by an intraperitoneal injection and blood was collected from abdominal aorta using 

EDTA coated tubes (Sarstedt, Nurmberg, Germany).  

Biochemical analysis: Plasma centrifuged at 1600g was used for biochemical analysis. Urea 

and creatinine in plasma were measured using commercial kits (Urea Nitrogen Colorimetric 

Detection Kit, Arbor Assays, Ann Arbor, USA and Creatinine Serum Low Sample Volume, 

Arbor Assays, Ann Arbor, USA; respectively). Standard protocols recommended by the 

manufacturer were used. 

DNA isolation and quantification: Blood samples were either centrifuged at 1600g for 10 

minutes or centrifuged at 1600g for 10 minutes at 4°C and the supernatant was further 

centrifuged at 16 000g for 10 min at 4°C in order to obtain supernatant free from apoptotic 

bodies and cell debris. Urine samples were processed in same way as plasma samples.  

For DNA isolation from blood and urine samples QIAamp DNA Mini Kit according to the 

manufacturer´s protocol was used (QIAamp® DNA Mini and Blood Mini Handbook, Third 

Edition). DNA samples were eluted to 60µl of ultrapure water and frozen at -20°C until 

quantification. DNA was quantified using a fluorometric method (AccuBlue® High 

Sensitivity dsDNA Quantitation Kit, Biotium, Hayward, CA, USA). 

Statistical analysis: Data were analyzed using GraphPad Prism 8.0.2 (California, USA). To 

compare concentrations of urea, creatinine and ecDNA between experimental groups, two-

way ANOVA was used (one factor was the time-point, second factor was the treatment) with 

subsequent Sidak's post-hoc multiple comparisons. P values less than 0.05 were considered as 

a limit level of significance. Data are presented as mean ± standard error of the mean (SEM). 

 

Results 

Concentrations of creatinine and urea in the plasma: The plasmatic concentrations of both 

creatinine (p< 0.01; Figure 1A) and urea (p<0.01; Figure 1B) showed significant increase 

between CTRL and AKI animals 24 hours after AKI induction. The plasma creatinine 

concentrations were approximately two and half times higher (101.8 ± 6.6 mol/l for CTRL 

vs. 267.6 ± 67.6 mol/l for AKI, p=0.0063). Plasma urea concentration was approximately 

five times higher in AKI than in corresponding control group 24 hours after induction (2.74 ± 

mmol/l in CTRL vs. 14.61 ± mmol/l in AKI, p=0.0043). 

Concentrations of ecDNA in plasma: Acute kidney injury seemed to induce increase in total 

plasma ecDNA concentration in all observed time-points within 24 hours. As shown in Figure 

2, the total plasma ecDNA concentration was higher already one hour after AKI induction 

(4.63 ± 2.31 ng/ml in CTRL vs. 16.79 ± 7.83 ng/ml in AKI group, p=0.4891), reaching the 

highest concentrations 3 hours after AKI induction (6.84 ± 1.49 ng/ml in CTRL group vs. 

29.17 ± 6.54 ng/ml in AKI group, p=0.0177). After 24 hours, the total plasma ecDNA was 

still increased when compared to control (5.24 ± 1.12 ng/ml in CTRL vs. 16.84 ± 5.40 ng/ml 

in AKI group, p=0.4215), but lower than after three hours (29.17 ± 6.54 ng/ml after 3 hours 

vs. 16.84 ± 5.40 ng/ml after 24 hours).  

Concentrations of ecDNA in urine: In urine samples centrifuged at 1600g, the ecDNA was 

higher after 24 hours when compared to CTRL group (12.60 ± 4.47 ng/ml in CTRL group vs. 



43.12 ± 17.48 ng/ml for AKI group, p=0.1164). No difference in urinary ecDNA was 

observed within 1 hour (p=0.9933) or 3 hours (p=0.996) after AKI induction when compared 

to corresponding CTRL groups (Fig. 3A). The same trend was observed when urine samples 

were centrifuged 1600g followed by 16 000g. Significant differences were not found in either 

1 hour (p=0.9997), 3 hour (p=0.9868) or 24 hour (p=0.0736) time-points (Fig. 3B). After 24 

hours, no difference in concentrations of ecDNA was observed using either 1600g or 1600g 

followed by 16 000g centrifugation protocols (43.12 ± 17.48 ng/ml using 1600g vs. 49.57 ± 

22.17 ng/ml using 16 000g). 

 

 

Fig 1. Concentrations of plasma A: creatinine and B: urea in different time-points after AKI induction.              

** denotes p˂0.01. Data are presented as mean ± SEM. CTRL – control group, AKI – glycerol-induced acute 

kidney injury  

 

 

Fig 2. Concentrations of total plasma ecDNA in different time-points after AKI induction. * denotes p˂0.05. 

Data are presented as mean ± SEM. CTRL – control group, AKI – glycerol-induced acute kidney injury  
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Fig 3. Concentrations of urinary ecDNA A: isolated form urine samples centrifuged at 1600g and B: urine 

samples centrifuged at 1600g followed by 16 000g. Data are presented as mean ± SEM. CTRL – control group, 

AKI – glycerol-induced acute kidney injury 

 

Discussion 

In our study, we focused on glycerol-induced nephropathy, where along with rhabdomyolysis, 

the key pathophysiological mechanisms include inflammation, apoptosis and oxidative stress. 

Recently published papers pointed that also macrophages or neutrophils might further 

promote the kidney injury through ecDNA (5,10). The model of glycerol nephropathy seemed 

to be successful, since both urea and creatinine were increased in plasma. The significant 

difference was observed after 24 hours, which is in line with previous studies (7). 

Nevertheless, these both markers are not considered as early markers of kidney damage.  

The dynamics analysis of ecDNA indicate that the most suitable time for analyzing circulating 

plasmatic extracellular DNA after rhabdomyolysis induction is 3 hours after the skeletal 

muscle insult, as at this time-point, results showed already significant increase. This is much 

faster when compared to creatinine and urea. However, the 24 hour ecDNA concentrations 

were not significantly higher from control group but lower than after 3 hours. Unfortunately, 

we do not have the dynamics between 3 and 24 hours, therefore we cannot explicitly say 

which time-point is the most suitable from our results. The precise site of origin of ecDNA 

remains uncertain. The half-life of ecDNA was previously estimated between 4 min to 1-2 

hours (11), which would support the opinion that the 3-hour peak should be attributed to 

kidney injury, rather than muscle. Also, previous studies showed that in glycerol-induced AKI 

model, disruptions of renal blood flow can start within 10 minutes after glycerol injection 

(12), indicating that renal tissue damage and formation of neutrophil/macrophage extracellular 

traps (the possible sources of ecDNA in the kidney), can be truly responsible for the rise in 

circulating ecDNA quite soon, even in the 1 hour samples. However, a continuing skeletal 

muscle injury by the glycerol after the injection would cause a gradual release of extracellular 

DNA from the skeletal muscle that reaches its peak later than after the first hour. 

 Another noteworthy fact is that rise in urinary ecDNA occurred 24 hours after the insult. 

Considering the dynamics of ecDNA levels in the plasma and the aforementioned half-life of 

ecDNA, the rise after 24 hours does not seem attributable to trans-renal DNA, but rather to a 

release from kidney tissue or urinary tract. Moreover, in this time-point, the routinely used 



markers of AKI (creatinine and urea) also reached their highest values. Although the ecDNA 

concentrations were increased, neither of the differences between control and AKI groups 

were statistically significant. The additional result is related to the centrifugation protocol. 

The 1600g vs 1600g followed by 16 000g centrifugation protocol for urine showed similar 

results, i.e. no difference in ecDNA concentration. Nevertheless, in conclusion the plasmatic 

ecDNA has a potential to be an early marker of acute kidney injury with the peak around three 

hours after AKI induction.  
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