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ABSTRACT

Effect of renal dysfunction to inflammation in brain and hemostasis in blood

Tae-Jin Song

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Ji Hoe Heo)

Background: Pathophysiologic mechanisms of inflammatory reactions of the 

brain in chronic renal failure (CRF) have not been completely understood.

Moreover, several abnormalities in hemostasis and coagulation have been 

suggested in CRF. This study aimed to investigate whether there are changes in 

the expression of high-mobility group box 1(HMGB1) and nuclear factor 

kappa-light-chain-enhancer of activated B cells (NF-κB), which are related 

with inflammation, in brain after 5/6 nephrectomy of rats. In addition, this 

study compared the process of thrombus formation between rats with early 

stage of CRF and those with normal kidney function.

Methods: For evaluating neuroinflammation, male Sprague–Dawley rats were 

used in all experiments (control for acute kidney injury (AKI): n = 10, control 

for CRF: n = 10, AKI: n = 10, CRF: n = 10). For investigating thrombus 

formation, a total of 30 rats were used (control: n = 15 [5 for FeCl3-induced 

arterial thrombosis model, 5 for rotational thromboelastometry (ROTEM), and 

5 for impedance platelet aggregometry (IPA)], CRF: n = 15 [5 for FeCl3-

induced arterial thrombosis model, 5 for ROTEM, and 5 for IPA]). AKI model 

was prepared by clamping bilateral renal artery for 45 minutes followed by 
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reperfusion. For CRF model, 5/6 nephrectomy was done. The brain and kidney 

tissues were harvested 6 hours after inducing AKI and 4 weeks after inducing 

CRF. Tissues were processed for immunoblot analysis, immunohistochemistry, 

and TUNEL staining. FeCl3-induced thrombosis in carotid artery was used to 

assess thrombus formation. Whole blood clot formation was evaluated in 

extrinsic pathway rotational thromboelastometry (EXTEM) with recombinant 

tissue factor for extrinsic pathway and intrinsic pathway rotational 

thromboelastometry (INTEM) with contact activation for intrinsic pathway 

using ROTEM. Platelet aggregation was assessed using IPA.

Results: In immunoblot, HMGB1 was upregulated in brains of the both AKI 

and CRF groups (p = 0.001). The expression of NF-κB was significantly 

increased in the CRF group (p = 0.001), but not in the AKI group (p = 0.999) 

comparing with that of the control group. Immunohistochemistry demonstrated 

the increases of nuclear staining for HMGB1 and NF-κB in frontal cortex and 

hippocampus of the CRF group comparing with those of the AKI or the control

group (p = 0.001). In addition, apoptotic cell death in the CRF group was 

identified by TUNEL staining. In experiments of FeCl3-induced thrombosis of 

the carotid artery, time to mean blood flow reduction (10% and 50%) by 

thrombotic occlusion was shorter in the CRF group than in the control group 

(10%: 0.50 ± 0.02 vs. 0.70 ± 0.02 minutes, p = 0.001) (50%: 1.91±0.25 vs. 

2.54 ± 0.36 minutes, p = 0.014). On histology, the maximal length of thrombus 

was larger in the CRF group than the control group (1070.8 ± 9.4 vs. 995.2 ± 

8.6 μm, p = 0.001). In EXTEM, the CRF group showed faster clot initiation 

(clotting time, 0.98 ± 0.12 vs. 1.46 ± 0.08 minutes, p = 0.032) and increased clot 

growth kinetics (α angle, 84.8 ± 0.2 vs. 82.0 ± 0.6, p = 0.008) than the control 

group. Maximal platelet aggregation rate was higher in the CRF group than the 

control group (58.2 ± 0.2 vs. 44.6 ± 1.2 %, p = 0.006).
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Conclusions: Our study showed that CRF may be associated with increased 

expression of HMGB1 and NF-κB in the brain. These results suggest that CRF 

would be related to inflammatory reaction of brain via HMGB1 and NF-κB 

pathways. Furthermore, our study demonstrated that thrombogenic process was 

increased in CRF of rats. Activated extrinsic coagulation pathway may play an 

important role for increased thrombogenic process in the early stage of CRF.

----------------------------------------------------------------------------------------

Key words: acute renal failure, chronic renal failure, Inflammation, high-

mobility group box 1, nuclear factor kappa-light-chain-enhancer of activated B 

cells, thrombus, Ferric chloride-induced thrombosis, rotational 

thromboelastometry, platelet aggregometry
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Effect of renal dysfunction to inflammation in brain and hemostasis in blood

Tae-Jin Song

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Ji Hoe Heo)

I. INTRODUCTION

Chronic Renal failure (CRF) is progressively losing its kidney function over time and 

is increasingly recognized as a global public health problem. The prevalence of CRF 

has been estimated to be 8–16% of the population in many countries.1 It is well 

known that CRF is a risk factor for cardiovascular disease, peripheral vascular disease, 

and cerebrovascular disease.1 In particular, CRF is strongly associated with 

cerebrovascular abnormalities and shares several traditional (hypertension and

diabetes mellitus) and non-traditional risk factors (electrolyte abnormality, calcium-

phosphate dysregulation, endothelial dysfunction, Klotho protein-related 

atherosclerosis, and apoptotic changes).2-4 Up to now, pathophysiologic mechanisms 

of developing cerebrovascular disease or cognitive dysfunction in CRF patients have 

not been completely understood. The inflammatory reaction induced by CRF could be 

one of the possible mechanisms explaining the association between brain dysfunction 

and CRF.5, 6 In previous studies, acute kidney injury (AKI) and CRF led to 

inflammation and functional changes in the brain via endothelial dysfunction or 

decreased nitric oxide production.5, 6 However, still little information is available 

regarding inflammatory factors or molecules related to brain inflammation caused by 

CRF.7 High mobility group box 1 (HMGB1) and nuclear factor kappa-light-chain-

enhancer of activated B cells (NF-κB) are both important inflammation-modulating 

molecules, which are closely associated with brain dysfunction via inflammation, 

apoptosis, and excitotoxicity.8, 9 Interaction between HMGB1 and toll-like receptors 

(TLR), for example TLR-4, causes upregulation of NF-κB, which results in activation 
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of systemic inflammation via increasing productions of cytokines by neutrophils and 

macrophages.10, 11  

In addition, several abnormalities in hemostasis and coagulation have been suggested 

in patients with CRF.12,13 CRF induces the activation of renin–angiotensin-aldosterone 

system. This activation can increase plasma levels of fibrinogen, D-dimer, and 

plasminogen activator inhibitor (PAI)-1 which inhibits the activation of the 

fibrinolytic system.14 Patients with CRF showed impaired release of endogenous 

tissue plasminogen activator from endothelium.15 Moreover, CRF is associated with 

increased platelet aggregation and von Willebrand factor activity.16 These features in 

CRF may result in prothrombotic conditions. In contrary, as CRF advances, the risk of 

bleeding increases in association with platelet dysfunction.17

Although several abnormalities in hemostasis have been suggested in patients with 

CRF, few studies have examined thrombotic responses to external stimuli in an 

animal model of CRF. Direct application of ferric chloride (FeCl3) to the arterial 

adventitia has been widely used as an in vivo platelet-rich thrombus formation model 

in animals. This model was shown to produce thrombi which has similar morphology 

to those found in humans.18, 19 Rotational thromboelastometry (ROTEM) is used as an 

assessment tool for coagulation in human and in animals. This test determines the 

viscoelastic changes of coagulation and reflects the clot initiation and rapidity of clot 

formation, and clot firmness.20 ROTEM has been proven to be superior to classical 

coagulation tests in evaluating potential coagulation disorders.20 Impedance platelet 

aggregometry (IPA), using particularly whole blood samples, is a classic tool for 

evaluating platelet aggregation. This test has several advantages comparing with 

conventional methods for investigating platelet aggregation because whole blood 

samples take less processing time. Moreover, IPA replicates in vivo conditions due to 

whole blood includes white and red blood cells which affect platelet aggregation.21
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Appropriate animal model is indispensable for researches of CRF. Comparing with 

other animal model for CRF, such as ureter occlusion,22 radiation injury,23 or drug 

induced CRF,24 5/6 ablation/infarction model has several advantages because this 

model is very similar to actual glomerular disease as to proteinuria, decreased renal 

function, and secondary hypertension, even though surgical procedure is relatively 

difficult.25

We hypothesized that inflammation would be an important mechanism for brain 

dysfunction in CRF. Second, prothrombotic state in CRF may result in the alteration 

of thrombus formation in pathologic conditions. We aimed to investigate whether the 

expression of HMGB1 and NF-κB in the rat brain would be changed after 5/6 

ablation/infarction model. Furthermore, we compared the process of thrombus 

formation between rats with CRF and those with normal kidney function by using the 

FeCl3-induced carotid thrombosis model, ROTEM, and IPA. 

II. MATERIALS AND METHODS

Ethics, Animals and surgical procedures 

This study was approved by the Ewha Womans University Institutional Animal Care 

and Use Committee (ESM 14-0282). For the evaluation of neuroinflammation, 7-

week-old male Sprague–Dawley rats weighing 210–220 g were used in all 

experiments (control for acute kidney injury (AKI): n = 10, control for CRF: n = 10, 

AKI: n = 10, CRF: n = 10). For investigating thrombus formation, a total of 30 rats 

were used (control: n = 15 [5 for FeCl3-induced arterial thrombosis model, 5 for 

ROTEM, and 5 for IPA], CRF: n = 15 [5 for FeCl3-induced arterial thrombosis model, 

5 for ROTEM, and 5 for IPA]). All rats were maintained in a temperature-controlled 

room with alternating 12:12 h light–dark cycles and had free accesses to water and 

food throughout the experiment.26 For producing AKI and CRF rat models, all 

animals were anesthetized with 5% isoflurane in a mixture of 30% O2 and 70% N2O.27

During the operation, body temperature was monitored continuously with a rectal 
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probe and maintained at 37.0 ± 0.2°C by using a heating pad (Harvard Apparatus, 

Holliston, MA, USA) and homeothermic blanket.27 After the abdomen was opened 

through a midline incision, both renal pedicles were exposed and cleaned by blunt 

dissection. For AKI, microvascular clamps (RS-5422, Roboz Surgical Instrument Co., 

Inc., Gaithersburg, MD, USA) were placed on both renal arteries to completely block 

renal blood flow. After 45 minutes, the clamps were removed and blood flow returned 

to the kidneys. The control group underwent sham operation.26 Brain and kidney 

tissues of the control group and the AKI group were harvested in 6 hours after 

reperfusion. For producing CRF, cortical electrocautery to the right kidney in 

combination with ligation and, after 2 weeks, left total nephrectomy was performed.6

Brain and kidney tissues of the CRF and control groups were harvested in 4 weeks 

after the last operative procedures. For the control group, sham operation was 

performed with inhalation anesthesia and gentle manipulation of the renal pedicles. 

During the operation, there was no renal artery occlusion or renal mass removal.28

Blood samples were collected from the heart immediately before rats were sacrificed. 

Using this blood samples, the levels of blood urea nitrogen (BUN) and creatinine 

were measured.

Tissue preservation and Hematoxylin-Eosin staining

The kidney and brain were perfused briefly through heart with cold phosphate 

buffered saline (PBS) and subsequently perfused with the fixative solution, periodate-

lysine-2% paraformaldehyde (PLP), for 10 minutes. Tissues were cut transversely into 

1- to 2-mm thick slices and immersed in PLP overnight at 4°C. The tissues were 

rinsed in PBS, dehydrated in a series of ethanol, and embedded in paraffin for light 

microscopy.26 After deparaffinization, the tissue slides were rinsed with distilled water, 

and stained with Harris Hematoxylin (Merck, Darmstadt, Germany) solution for 15 

minutes and then Eosin (Merck, Darmstadt, Germany) solution for 7 minutes. After 

mounting with Permount (Fisher Scientific, Pittsburgh, PA, USA), tissue slides were 

investigated with an Olympus BX51 microscope (Olympus Co, Tokyo, Japan).
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Immunoblot analysis

The expression of HMGB1 (Abcam, Inc, Cambridge, MA) and NF-κB p50 (sc-114, 

Santa Cruz, Inc, CA, USA) were evaluated by immunoblot analysis. After grinding 

whole brain tissues with protein extraction solution (Intron biotechnology, Gyeonggi, 

Korea), whole brain tissues were centrifuged at 13,200 rpm at 4°C for 20 minutes. 

The amount of extracted protein was measured from supernatant by bicinchoninic 

acid protein assay kit (Thermo scientific, MA, USA). After adjusting protein amounts 

of cell lysis solutions to 30 μg and mixed with sodium dodecyl sulphate (SDS) sample 

loading buffer, samples were heated at 98°C for 4 minutes. The heated mixtures 

underwent the electrophoresis with 5% acrylamide gel and transferred to 

nitrocellulose membrane (GE Healthcare, CA, USA). After blocking with 5% skim 

milk for 2 hours, grinded tissues were rinsed with 0.01 M PBS (pH 7.6) dissolved in

0.1% Tween-20 (PBST). Then, primary antibodies (anti-HMGB1 or anti-NF-κB) and 

secondary antibodies (anti-rabbit IgG, Fab fragments, Jackson Immuno Research 

Laboratory) were exposed to tissue samples for 2 hours. After being rinsed with PBST, 

luminol reagents (Santa Cruz biotechnology, CA, USA) were applied and tissue 

samples were observed with LAS-3000 (Fuji film).

Immunohistochemistry and Image analysis

Immunohistochemistry was performed in the frontal cortex and hippocampus which 

are closely related to neuroinflammation.29 The 2 – 4 μm tissue sections were 

deparaffinized and rinsed with distilled water. After the sections were put in citrate 

buffer (pH 6.0), they were boiled in microwave for 9 minutes. Then the sections were 

reacted with peroxidase blocking reagent (Dako, Carpinteria, California, USA) for 40 

minutes, and then with protein block (Dako, Carpinteria, California, USA) for 15 

minutes, followed by primary antibodies (HMGB1 or NF-κB) at 4°C overnight. After 

rinse with 0.01 M PBS, the sections were reacted with secondary antibodies (Jackson 

ImmunoResearch laboratories, West Grove, PA) for 1 hour. The sections were rinsed 

with PBS and treated with a mixture of 0.05% 3.3’-diaminobenzidine (DAB) and 



9

0.01% H2O2. The sections were dehydrated in graded ethanol series, cleared in xylene, 

and mounted in Permount (Fisher Scientific, Pittsburgh, PA, USA). To perform 

quantitative analysis of HMGB1 and NF-κB immunostaining, captured digital images 

were processed by the AnalySIS program (Soft Imaging System GmbH, Munster, 

Germany). Images obtained under the same conditions of lighting were deconvoluted 

to separate the DAB staining, and then background staining was subtracted via the 

threshold function. The mean area of DAB staining was calculated and expressed as 

the mean percentage area occupied by HMGB1 or NF-κB labeled area.

TdT-mediated dUTP nick end-labeling (TUNEL) staining.

Apoptotic cells were confirmed by using the FragEL DNA Fragmentation Detection 

Kit (Calbiochem, cat. no. QIA33m, Merck, Darmstadt, Germany).30 The brain 

sections were deparaffinized with xylene and ethanol. After rinsing with Tris-buffered 

saline (TBS), the sections were treated with 20 mg/ml proteinase K in Tris buffer (pH 

8.0) for 20 minutes at room temperature, followed by rinsing with TBS. Endogenous 

peroxidase activity was stopped by incubation with 3% H2O2 for 5 minutes. The 

sections were then cultivated with equilibration buffer for 10 minutes at room 

temperature, followed by incubation with TdT labeling reaction mixture at 37°C for 

one hour. The reaction was terminated by incubation in stop buffer at 37°C for 10 

minutes. After being transacted with blocking buffer, the brain sections were 

incubated with the mixture of 0.01% H2O2 and 0.05% 3,3′-diaminobenzidine 

substrate-peroxidase solution for 5 minutes at room temperature.  

FeCl3-induced common carotid artery thrombosis 

At 4 weeks after the production of the CRF model, thrombosis was induced in the rat 

carotid artery using FeCl3 to determine in vivo thrombus formation as was previously 

described.27 Briefly, a midline cervical incision was made. Then, left common carotid 

artery (CCA) was carefully dissected and exposed. A Doppler probe (MP4 Needle 

Probe, Motor Instruments, Millwey Axminster Devon, United Kingdom) was located 
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above the midportion of CCA. Data of blood flow via probe was acquired and 

analyzed using a software (Moor Instruments, Devon, United Kingdom). After the 

measurement of baseline blood flow for 4 minutes, a 700 μm × 500 μm-sized filter 

paper saturated with 50% FeCl3 (F2877; Sigma-Aldrich Inc., St. Louis, MO, USA) 

was placed on the adventitia of CCA for 5 minutes.27 After removing the filter paper, 

the CCA was irrigated with 0.9% normal saline and blood flow was recorded. Time to 

initial thrombus formation was defined as decreased blood flow by 10% of the 

baseline.27 Time to significant thrombus formation was defined as decreased blood 

flow by 50% of the baseline. To measure the thrombus size, the CCA was fixed with 

4% paraformaldehyde, and embedded in paraffin for histopathological analysis. 

Paraffin blocks were consecutively and longitudinally cut into 3-μm sections. 

Sectioned slices were mounted on glass slides and stained with hematoxylin and eosin. 

The size of thrombus was measured using light microscope (AxioImager.D2; Carl 

Zeiss Microimaging, Oberkochen, Germany) and Zeiss AxioVision software 

(AxioVs40 V 4.8.1.0; Carl Zeiss imaging Solution) in a longitudinal section that 

showed the largest length.27

Rotational thromboelastometry, and impedance platelet aggregometry

All ROTEM and IPA were performed at 60 minutes after blood sampling.31 Blood 

samples for ROTEM were kept at room temperature and then, all ROTEM analyses 

were undertaken at 37ºC. ROTEM was undertaken by using 2.7 ml whole blood 

which was gently mixed with 0.3 ml of 3.2% sodium citrate and reversed with 0.2 

mol/L of CaCl2 according to the manufacture’s manual (ROTEM, Tem International 

GmbH, Munich, Germany).31, 32 Each of 340 μl blood samples was used for extrinsic 

pathway rotational thromboelastometry (EXTEM) and intrinsic pathway rotational 

thromboelastometry (INTEM). The blood clot formation was evaluated in EXTEM 

with recombinant tissue factor for extrinsic pathway and INTEM with contact 

activation for intrinsic pathway. Obtained parameters were clotting time for clot 

initiation, clot formation time and α angle for clot growth kinetics (initial rate of fibrin 
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polymerization), and maximum amplitude representing viscoelastic strength of clot at 

10, 20 minutes (maximum amplitude: MA 10, 20).32

The degree of platelet aggregation was assessed using IPA (Chronolog 700; 

Chronolog Co., Havertown, PA).27 Briefly, whole blood (900 μl) was drawn by 

cardiac puncture into a syringe containing 100 μl of 150 USP sodium heparin 

solutions, resulting in a final heparin concentration of 15 USP/ml. A total of 500 μl of 

heparinized whole blood was mixed with the same volume of normal saline. The 20 

μM ADP was used for as an agonist. 

Statistical analyses 

Statistical analyses were performed using SPSS (version 20.0, SPSS Inc., Chicago, IL, 

USA). Laboratory findings were presented as mean ± standard deviation. Since our 

study has independent control groups for each of AKI and CRF, we compared the two 

groups separately (controlAKI vs. AKI, and controlCRF vs. CRF) using independent t-

test and Mann-Whitney U test. Furthermore, for comparing among the control, AKI, 

and CRF groups, controlCRF was entered in statistical analyses using one-way ANOVA 

with Turkey post-hoc analysis and Kruskal-Wallis test. For thrombus experiment,

Mann-Whitney U test was performed to compare BUN, creatinine, parameters of 

ROTEM, IPA, and thrombus size between the control group and the CRF group. A 

two-tailed p value < 0.05 was considered as statistically significant.

III. RESULTS

Comparison of Serum Biochemistry and Renal Histopathology

The AKI and CRF groups had elevated BUN and creatinine compared to the 

controlCRF group (blood urea nitrogen: 47.9 ± 22.1 mg/dL for the AKI group, 29.7 ± 

6.6 mg/dL for the CRF group, and 14.9 ± 2.2 mg/dL for the controlCRF group, p = 

0.018 on Kruskal-Wallis test), (creatinine: 2.1 ± 1.1 mg/dL for the AKI group, 0.7 ± 

0.2 mg/dL for the CRF group, and 0.5 ± 0.1 mg/dL for the controlCRF group, p = 0.017 
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on Kruskal-Wallis test). In histopathological findings with Hematoxylin-Eosin 

staining, detachment of tubular epithelial cells in the AKI group kidney and tubular 

hypertrophy in the CRF group kidney were noted (Fig 1). 

Figure 1. Results of histopathological findings for kidney. In histopathological 

findings with Hematoxylin-Eosin staining, destructive tubule and edematous renal 

tubular cells are noted in the AKI group and increased number and detachment of 

renal tubular cell nuclei in the CRF group compared with that of controlCRF group.

Immunoblot analysis

Immunoblot analysis against HMGB1 and NF-κB showed specific bands 

corresponding approximately to 25 and 50 kD, respectively. The HMGB1 protein 

expression was increased in the CRF group comparing with the AKI group (165.6% 

vs. 118.1%, p = 0.001) and the controlCRF group (165.6% vs. 100%, p = 0.001) (Fig 2). 

The HMGB1 protein expression was also elevated in the AKI group comparing with 

that of controlAKI group (118.1% vs. 100%, p = 0.001) (Fig 2). The NF-κB protein 

expression was increased in the CRF group comparing with that of the AKI group 

(174.7% vs. 100.1%, p = 0.001) and the controlCRF group (174.7% vs. 100%, p = 

0.001), but NF-κB protein expression was not different between the AKI group and 

the controlAKI group (100.1% vs. 100%, p = 0.999) (Fig 2).
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Figure 2. Results of immunoblots and relative optical densities of proteins from whole 

brain. Immunoblot analysis against HMGB1 and NF-κB shows specific bands 

corresponding approximately to 25 and 50kD, respectively. Significantly increased 

expressions of both HMGB1 and NF-κB are noted in the CRF group comparing with 

that of the AKI group and the controlCRF group.

Immunohistochemistry and Image analysis

In the frontal cortex, the HMGB1 expression was significantly increased in CRF 

group comparing with that of the AKI group (1118.3% vs. 304.8%, p = 0.001) or the 

controlCRF group (1118.3% vs. 100%, p = 0.001) (Fig 3). The HMGB1 protein 

expression in the AKI group was higher than that of the controlAKI group (304.8% vs.

100%, p = 0.017) (Fig 3). In the hippocampus, HMGB1 protein expression was 

significantly increased in the CRF group comparing with that of the AKI group

(382.4% vs. 140.5%, p = 0.001) or the controlCRF group (382.4% vs. 100%, p = 0.001). 

However, the HMGB1 protein expression did not differ between the AKI group and 

the controlAKI group (140.5% vs. 100%, p = 0.255) (Fig 3).
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Figure 3. Results of immunostaining for HMGB1. Significantly increased expression 

of HMGB1 is noted in the CRF group comparing with that of the AKI group and the

controlCRF group.

In the frontal cortex, NF-κB protein expression was increased in the CRF group 

comparing with that of the AKI group (751.4% vs. 193.9%, p = 0.001) or the 

controlCRF (751.4% vs. 100%, p = 0.001) (Fig 4). The NF-κB protein expression was 

also marginally elevated in the AKI group comparing with that of the controlAKI group

(193.9% vs. 100%, p = 0.054) (Fig 4). In the hippocampus, NF-κB protein expression 

was significantly increased in the CRF group comparing with that of the AKI group

(354.6% vs. 149.4%, p = 0.001) or the controlCRF group (354.6% vs. 100%, p = 0.001)

(Fig 4). The NF-κB protein expression was also significantly elevated in the AKI 

group comparing with that of the controlAKI group (149.4% vs. 100%, p = 0.040) (Fig 

4).
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Figure 4. Results of immunostaining for NF-κB. Significantly increased expression of 

NF-κB is noted in the CRF group comparing with that of the AKI group and the

controlCRF group.

TUNEL staining

We investigated whether inflammatory changes were associated with the apoptosis of 

neuronal cells. In both frontal cortex and hippocampus, TUNEL-positive cells were 

observed in the CRF group (Fig 5) but not in the AKI group or the controlCRF group.

Figure 5. Results of TUNEL staining, cell death is noted (arrow) in the CRF group but 

not in the AKI group and the controlCRF group.
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FeCl3 induced thrombus formation in vivo, ROTEM, and IPA 

The levels of serum BUN (31.7 ± 6.6 vs. 13.8 ± 2.1 mg/dL, p = 0.021) and creatinine 

(0.9 ± 0.2 vs. 0.4 ± 0.1 mg/dL, p = 0.018) were higher in the CRF group than the 

controlCRF group. In experiments of FeCl3-induced thrombosis of the carotid artery, 

time to mean blood flow reduction (10% and 50%) by thrombotic occlusion was 

shorter in the CRF group than in the control group (10%: 0.50 ± 0.02 vs. 0.70 ± 0.02 

minutes, p = 0.001) (50%: 1.91 ± 0.25 vs. 2.54 ± 0.36 minutes, p = 0.014) (Fig 6). 

Maximal length of thrombus was larger in the CRF group than in the control group 

(1070.8 ± 9.4 vs. 995.2 ± 8.6 μm, p = 0.001) (Fig 7). 

Figure 6. Mean blood flow (% of baseline) of the CRF group and the control group 

after FeCl3 induced thrombus formation in vivo.
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Figure 7. Results of FeCl3-induced thrombus formation. A: Hematoxylin-Eosin 

staining for thrombus of the control group, B: Hematoxylin-Eosin staining for 

thrombus of the CRF group (black arrow in A, B: thrombus), C: gross finding of the

control group, D: gross finding of the CRF group (white arrow in C, D: location of 

FeCl3 exposure).

In EXTEM, the CRF group showed shorter time to the initiation of clotting (clotting 

time, 0.98 ± 0.12 vs. 1.46 ± 0.08 minutes, p = 0.032) and higher velocity to clot 
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growth (α angle, 84.8 ± 0.2 vs. 82.0 ± 0.6, p = 0.008) than the control group. Clot 

formation time, MA10 and MA20 were not different between the two groups (Table 

1) (Fig 3). However, in INTEM, clotting time, clot formation time, α angle, MA10 

and MA20 were not different between the CRF and control groups (Table 1) (Fig 8). 

Table 1. Comparison of ROTEM between control and CRF.

Control CRF p value

EXTEM 

  Clotting time, minutes 1.46 ± 0.08 0.98 ± 0.12 0.032

Clot formation time, minutes 0.48 ± 0.04 0.43 ± 0.01 0.246

α angle 82.0 ± 0.6 84.8 ± 0.2 0.008

MA10, mm 75.8 ± 1.5 76.8 ± 0.9 0.690

MA20, mm 78.2 ± 1.1 80.4 ± 0.6 0.222

INTEM 

  Clotting time, minutes 1.36 ± 0.10 1.39 ± 0.08 1.000

Clot formation time, minutes 0.43 ± 0.01 0.40 ± 0.01 0.151

α angle 84.0 ± 0.6 84.6 ± 0.4 0.548

MA10, mm 73.8 ± 0.8 75.6 ± 0.8 0.310

MA20, mm 77.4 ± 0.8 79.2 ± 0.4 0.151

CRF: Chronic renal failure, ROTEM: rotational thromboelastometry, EXTEM: 

Extrinsic pathway screening thromboelastometry, INTEM: Intrinsic pathway 

screening thromboelastometry.

MA10: maximal amplitude 10 minutes after clotting time, MA20: maximal amplitude 

20 minutes after clotting time
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Figure 8. Results of rotational thromboelastometry. A: Extrinsic pathway screening 

thromboelastometry for the CRF group, B: Extrinsic pathway screening 

thromboelastometry for the control group, C: Intrinsic pathway screening 

thromboelastometry for the CRF group, D: Intrinsic pathway screening 

thromboelastometry for the control group.

On IPA, maximal platelet aggregation rate was higher in the CRF group than the 

control group (58.2 ± 0.2 vs. 44.6 ± 1.2 %, p = 0.006), but there was no difference for 

time to maximal aggregation (5.52 ± 0.18 vs. 5.16 ± 0.17 minutes, p = 0.248) (Fig 9). 
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Figure 9. Results of impedance platelet aggregometry of the CRF group and the

control group using 20 μM ADP as agonists.

  

IV. DISCUSSION

In our study, the expressions of HMGB1 and NF-kB in the brain, especially frontal 

cortex and hippocampus, were significantly increased in the CRF group comparing 

with the AKI group or the control group. Moreover, although our CRF model 

represents relatively early CRF stage (4 weeks), cell death was observed.

Previous studies showed that renal dysfunction was associated with 

neuroinflammation.29,33 Significant up-regulation of TLR-4 was noted at the 

hippocampus and striatum of brain in the AKI group.33 Moreover, blood-brain barrier 

disruption was shown in that the extravasation of Evans blue dye was elevated in the 

AKI group.5 In the CRF model, tumor necrosis factor-alpha (TNF-α) levels increased 

in the hippocampus and frontal cortex, and Klotho expression decreased at 5 months 

after 5/6 renal mass ablation.29 Our results, which represents “early stage (four 

weeks)” of CRF induced by 5/6 nephrectomy in rats, provide additional information 
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regarding the association of HMGB1 and NF-kB with CRF. In contrast, there were no 

significant changes in the expression of HMGB1 and NF-kB in the AKI group in this 

study. These results may be because inflammatory responses might not occur yet in 

the AKI condition. Furthermore, methods of producing AKI including staining 

condition and tissue preparation might cause different results compared to previous 

studies.5, 33 Therefore, further studies are needed to confirm the relationship between 

AKI and inflammatory responses in the brain. 

HMGB1 is an important molecule for both systemic inflammation and 

neuroinflammation including ischemic injury at multiorgans.34 The previous studies 

indicated that HMGB1 plays critical roles in modulating neuroinflammation. HMGB1 

modulates the expression of N-methyl-D-aspartate receptors in brain, especially in 

neurons, which are major components regarding memory and cognitive functions.35, 36

Moreover, CRF induces oxidative stress and systemic inflammation, such as increased 

release of proinflammatory cytokines (such as TNF-α).37, 38 These changes may cause 

the activation of HMGB1-related pathways. Actually, in a previous study, HMGB1 

connected acute excitotoxicity-induced neuronal death to delayed damaging processes 

in ischemic brain and seemed to activate inflammatory cytokines and microglial 

cells.8 HMGB1 may play an important role as putative receptors, for example, 

receptors for advanced glycation end products (RAGE), TLR-2, and TLR-4, which 

are increased in the brain of neuroinflammatory state.39-41 The antagonistic action for 

RAGE or TLR results in a decreased level of cytokines and inhibits inflammatory 

reactions.41, 42 Considering the association between HMGB1 and RAGE or TLR, CRF 

may induce inflammation in the brain by inducing or activating HMGB1 pathways.

NF-κB is an essential transcription factor which regulates a variety of genetic 

transcription, adhesion molecule expressions and cytokine releasing for inflammation.

The role of NF-κB in a various disease situations, such as inflammatory bowel disease, 

asthma, atherosclerosis, and rheumatoid arthritis, had been noted.43, 44 Moreover, NF-
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κB plays roles in cognitive function by modulating signal transduction of long term 

memory and cellular plasticity.45 Along the same line, inflammation is a major 

contributor to complications in renal dysfunction including AKI and CRF. In renal 

dysfunction, the expression of molecules related to neuroinflammation and cognitive 

dysfunction, such as oxygen reactive species, interleukin 6, and TNF-α, are 

increased.37, 38, 46, 47 In addition, these inflammation-related molecules are also closely 

concerned with increased activity of NF-κB,43, 48, 49 which supports our findings. 

This study showed that thrombotic responses to external stimuli are different between 

rats with CRF and those with normal kidney function. This study firstly demonstrated 

that thrombus was more rapidly produced in rats with CRF than in those with normal 

kidney function by using the FeCl3-induced thrombus model. The thrombus size was 

also greater in the CRF group. 

FeCl3 induces clot formation by oxidative injury and/or dysfunction of endothelium 

and activation of endothelial collagen/glycoprotein VI axis.50 The endothelium is of 

crucial importance for hemostasis, but might lose its anti-thrombogenic properties by 

uremic toxic materials in CRF.51 Endothelial dysfunction and injury are aggravated in 

CRF state.14, 16 At injured endothelium in CRF, the endothelial release of tissue 

plasminogen activator is decreased and thrombin is activated.16, 51 This might enhance 

thrombus formation on injury by FeCl3.

We determined whether enhanced thrombus formation after FeCl3-induced endothelial 

injury in CRF was mediated by extrinsic or intrinsic coagulation pathway. Findings in 

ROTEM suggest that enhanced clot formation in CRF was associated with the 

activation of extrinsic coagulation pathway, which was triggered by tissue factor, but 

not with intrinsic coagulation pathway. The tissue factor, which is the main initiator of 

extrinsic coagulation pathway, is a key molecule in hemostasis and thrombus 

formation.52 Tissue factor could induce fibrin formation (associated with thrombin 
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burst - α angle in ROTEM) and decrease clotting time (representing initial fibrin 

formation in ROTEM).52 In a previous study, increased levels of plasma tissue factor 

have been observed in patients with CRF.53 These findings suggest that enhanced 

thrombus formation in ROTEM might be associated with increased tissue factor in 

CRF.54

We also tested the aggregation of platelets in CRF using platelet aggregometry. In the 

early stage of CRF, increased platelet aggregation and von Willebrand factor activity 

were associated with thrombotic tendency.16 In addition, reduced plasma levels of 

nitric oxide and L-arginine in CRF were related with an increased platelet aggregation 

which may enhance thrombosis.55 Our findings of increased platelet aggregation in 

CRF support those previous studies56 and give an additional information about 

platelet aggregation and CRF. 

This study has limitations. First, although there were significant changes of HMGB1 

and NF-κB in frontal cortex and hippocampus even in four weeks after inducing CRF 

condition, long-term effects of CRF were not evaluated. Second, intervention with 

anti-HMGB1 and anti-NF-κB was not performed in our study. Third, this study 

investigated the alteration of hemostasis and coagulation in relatively early stage of 

CRF (4 weeks) when comparing with previous models (4 months).29 Hemostasis and 

coagulation in CRF may be different according to the stage of CRF. While this study 

showed that the early stage of CRF was associated with prothrombotic state, long-

standing CRF may increase the risk of bleeding rather than thrombosis because of 

functional defects in the interaction of von Willebrand factor with glycoprotein IIb–

IIIa, acquired defect of cyclo-oxygenase activity, and a reduced ability to synthesize 

thromboxane A2.
57, 58 Therefore, interpretation of our findings should be limited to the 

early stage of CRF. Finally, detailed molecular mechanisms of thrombus formation 

were not evaluated. Therefore, further studies are needed to support and confirm our 

study.
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V. CONCLUSION

This study showed that CRF, even in early stage, was associated with increasing 

expression of HMGB1 and NF-κB. These results suggest that CRF is related with 

inflammatory reactions of brain via HMGB1 and NF-κB pathways. Furthermore, our 

study demonstrated that thrombosis to external stimuli for endothelial injury was 

enhanced in early stage of CRF in rats. Activated extrinsic coagulation pathway may 

play an important role in the generation of clot in early stage of CRF.
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ABSTRACT (IN KOREAN)

신기 저하가 뇌 염증 액 내 지 기전에 미치 향

<지도 수 허지 >

연세대학 대학원 학과

송태진

경: 만 신 상태에 뇌에 염 응이 생하 병리학

은 아직 잘 알려진 가 없다. 한, 재 지 만 신

상태에 지 의 이상, 특 의 생 에 해 연 미 한

상 이다. 본 연 자들은 인체의 염 응에 한 을

담당한다고 알려 있 high-mobility group box 1 (HMGB1)과 nuclear 

factor kappa-light-chain-enhancer of activated B cells (NF-κB)이 5/6 

신장 를 시행 후 4 주 경과한 의 뇌에 어떻게 변 하 지를

인하고자 하 다. 그리고, 만 신 상 신 상태의

에 에 차이가 있 지를 비 하고자 하 다. 

: 본 연 를 위해 수컷 Sprague–Dawley 를 사 하 다. 뇌의

염 응의 인을 위해 신장 상 10 마리 10 마리, 

만 신 10 마리과 10 마리로 실험을 시행하 다. 

생 실험을 위해 15 마리 (5 마리: FeCl3 , 

5 마리: 탄 묘사도, 5 마리: 임피 스 응집측 ) 만

신 15마리 (5마리: FeCl3 , 5마리: 탄 묘사도, 

5 마리: 임피 스 응집측 )로 실험을 시행하 다. 신장
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상 은 양측 신장동맥을 45 간 차단 후 재 개통하고 6 시간

직을 하 으 , 만 신 은 5/6 신장 후 4 주

직을 하 다. 뇌 직에 역 염색, Western blot, 그리고

TUNEL 염색을 이 하여 HMGB1 과 NF-κB 의 포자 사을

인하 다. 의 비 를 위해 FeCl3 을 경동맥의 벽에

노 하여 을 생 하 다. 과 을 인하 위해

탄 묘사도 검사를 시행하 다. 응집을 인하 위해

임피 스 응집측 를 이 하 다. 

결과: Western blot 에 HMGB1 의 이 에 비해 신장

상 과 만 신 에 가 어있었다(p = 0.001). NF-

κB 의 은 에 비해 만 신 에

가 어있었으나(p = 0.001) 신장 상 에 과

차이가 없었다(p = 0.999). 역 직 염색 상에 만 신 의

엽과 해마 위에 HMGB1 NF-κB 의 이 신장

상 과 상 에 비해 가 어있었다(p = 0.001). 한, 

포자 사은 만 신 에 만 찰 었다. FeCl3 을 이 한

실험에 , 만 신 이 에 비해 이 빠르게

생 었고(10%: 0.50 ± 0.02 vs. 0.70 ± 0.02 minutes, p = 0.001) (50%: 

1.91±0.25 vs. 2.54 ± 0.36 minutes, p = 0.014) 의 크 도

컸다(1070.8 ± 9.4 vs. 995.2 ± 8.6 μm, p = 0.001). 인 인자

탄 묘사도에 만 신 은 에 비해

시작시 이 빨랐으 (clotting time, 0.98 ± 0.12 vs. 1.46 ± 0.08 minutes, 

p = 0.032) 이 커지 도도 컸다(α angle, 84.8 ± 0.2 vs. 82.0 ± 
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0.6, p = 0.008). 한, 만 신 은 응집도도 에

비해 높았다(58.2 ± 0.2 vs. 44.6 ± 1.2 %, p = 0.006).

결론: 본 연 상 으로 빠른 시 인 5/6 신장 후 4 주가

경과한 시 에 도 만 신 이 뇌의 HMGB1 과 NF-κB 경로를

통하여 인지 과 연 어있 엽과 해마 위의 염 응을

래할 수 있음을 보여주었다. 한, 만 신 상태 상

신 상태에 비하여 이 잘 생 수 있으 인 경로가

만 신 상태에 에 한 역할을 할 것으로

생각 근거를 시하 다.

----------------------------------------------------------------------------------------

핵심 말 : 신 , 만 신 , 염 , 염 철 유도 , 

탄 묘사도, 응집 응측


