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Introduction: Cisplatin (CDDP) nephrotoxicity is one of the most significant complications limiting its use
in cancer therapy.
Objectives: This study investigated the pivotal role played by thrombin in CDDP-mediated nephrotoxic-
ity. This work also aimed to clarify the possible preventive effect of Dabigatran (Dab), a direct thrombin
inhibitor, on CDDP nephrotoxicity.
Methods: Animals were grouped as follow; normal control group, CDDP nephrotoxicity group,
CDDP + Dab 15, and CDDP + Dab 25 groups. Four days following CDDP administration, blood and urine
samples were collected to evaluate renal function. Moreover, tissue samples were collected from the kid-
ney to determine apoptosis markers, oxidative stress and histopathological evaluation. An immunofluo-
rescence analysis of tissue factor (TF), thrombin, protease-activated receptor-2 (PAR2), fibrin, pERK1/2
and P53 proteins expression was also performed.
Results: Thrombin, pERK, cleaved caspase-3, and oxidative stress markers were significantly elevated in
CDDP-treated group. However, pretreatment of animals with either low or high doses of Dab significantly
improved kidney function and decreased oxidative stress and apoptotic markers.
Conclusion: We conclude that thrombin is an important factor in the pathogenesis of CDDP kidney tox-
icity via activation of ERK1/2, P53 and caspase-3 pathway, which can be effectively blocked by Dab.
� 2021 The Authors. Published by Elsevier B.V. on behalf of Cairo University. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Cisplatin (CDDP) is one of several drugs currently used as anti-
cancer therapy for solid tumors of colon, lung, ovarian and tests [1].
Although CDDP has a high cure rate compared to other chemother-
apeutic agents, nephrotoxicity is still one of the most significant
limitations to its use in the treatment of cancer [2]. More than
30% of patients treated with CDDP suffer acute renal failure after
one or two weeks of treatment [3].

Different hypotheses have been investigated and several studies
performed to elucidate the etiology of CDDP nephrotoxicity [4]. It
has been reported that CDDP can cause glutathione depletion, reac-
tive oxygen species (ROS) production and an increase of inflamma-
tory mediators and apoptotic markers resulting in cell injury and
death [5,6]. However, this serious problem continues, and many
patients are unable to continue treatment with CDDP for a suffi-
cient period of time. Therefore, deep searching for clarifying its
mechanism and explore new approaches to diminish CDDP
nephrotoxicity has become a necessity.

In our early work, we have shown the involvement of coagula-
tion system activation in the progression of CDDP renal toxicity.
Additionally, direct inhibition for activated Factor X (FXa) effi-
ciently minimized CDDP nephrotoxicity [7].

The coagulation cascade controls hemostasis and balance
thrombus formation [8]. However, there are reports implicating
coagulation factors in inflammatory responses and tissue repair
[9]. The coagulation cascade is a series of reactions that, once initi-
ated, through tissue factor (TF) protein expression, continues to the
final step of fibrin deposition and formation of fibrin clot [10]. Sev-
eral proteins are involved in the coagulation cascade, and each one
of them has an important role in the activation, amplification or
stabilization of clotting [11].

Thrombin is considered to be the a key protein in the coagula-
tion cascade as it promotes thrombus formation via platelets acti-
vation and transformation of fibrinogen to fibrin [12]. The role of
thrombin is not only limited to coagulation cascade activation,
but also stimulates the release of diverse mediators such as
platelet-derived growth factor (PDGF), thromboxane A2 and trans-
forming growth factor- b (TGF-b) from platelets [13]. Moreover,
thrombin produces significant pro-inflammatory effects by
increasing the level of numerous adhesion molecules, chemokines,
and cytokines and stimulating ROS production [14].
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Thrombin also acts as a chemo-attractant for neutrophils,
monocytes and macrophages to the area of inflammation [15].
For these reasons, thrombin is described as a prospect driver of
inflammatory reactions in diverse animal models of disease such
as multiple sclerosis endotoxemia or sepsis [9]. The pathogenic
role of thrombin has been previously reported in cerebral injury
[16], liver injury [17], liver fibrosis [18] and neurotoxicity [19].

Dabigatran (Dab) is the first established oral direct thrombin
inhibitor drug. Dab directly inhibits both free and clot-bound
thrombin thus inhibiting the conversion of fibrinogen into fibrin,
the positive feed-back amplification of coagulation activation,
cross-linking of fibrin monomers, platelet activation and inhibi-
tion of fibrinolysis [12,20]. Several studies have investigated the
possible protective role of Dab in various diseases and toxicities.
Dab has been showed to have a protective role against liver fibro-
sis, vascular endothelial disorder, and DNA damage through
antioxidant, anti-inflammatory and anti-apoptotic mechanisms
[21,22].

To our knowledge, there have been no previous studies of the
pathological role of thrombin in CDDP induced nephrotoxicity.
Therefore, the aim of this study was to evaluate the potential
role and mechanism by which thrombin may trigger CDDP
induced renal injury and also evaluate the possible modulatory
role of Dab as a direct thrombin inhibitor against CDDP
nephrotoxicity.
Material and methods

Animals

Male adult albino rats approximately 14–16 weeks of age and
weighing 230 ± 20 g at the start of experiment were obtained from
animal facility of Nahda University, Beni-Suef, Egypt. Animals were
maintained at a standard temperature (25 �C ± 0.5) and humidity
(55% ± 1%) with 12 h light/dark cycles for a week prior to initiating
the experiments. The rats were kept on standard diet pellets (El-
Nasr, Abou-Zaabal, Egypt), and permitted to access water ad libi-
tum. The experimental protocol was performed in accord with
Nahda University guidelines and was approved by the Ethical Com-
mittee of Nahda University, Beni-Suef, Egypt, (Approval no. NUB-
023-020).

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Drugs, chemicals, kits and antibodies

Cisplatin was purchased from Mylan Institutional LLC- (Rock-
ford, USA). The antigen retrieval solurion, Dako, was obtained from
Dako (Carpinteria, USA). Dab was obtained from Boehringer Ingel-
heim Pharma and Co. (KG, Germany). Fluoromount and 4, 6-
diamidino-2-phenylindole (DAPI) were obtained from Sigma-
Aldrich Co. (USA).

Pyrogallol, 1,1–3,3-Tetramethoxypropane, 5,50-dithiobis-2-nitr
obenzoic acid (DTNB), glutathione (GSH) powder, thiobarbituric
acid (TBA), N-(1-naphthyl)-ethylenediamine dihydrochloride
(NNED), sulfanilamide were purchased from Sigma-Aldrich (U.S.
A.). Vanadium chloride was obtained from Across (Belgium). All
solvents and chemicals used in the current study were of high ana-
lytical grade.

Kits for determination of creatinine (Cr) and blood urea nitro-
gen (BUN) were obtained from Diamond Laboratory Reagents
(Cairo, Egypt). The ELISA kit for rat cystatin-c was purchased from
CUSABIO (MD, USA). The kits for partial thromboplastin (Ptt) and
prothrombin (Pt) times were purchased from LABiTec GmbH
(Ahrens Burg, Germany). Rabbit polyclonal antibody for cleaved
caspase-3, Kidney injury molecule-1 (KIM-1) and lipocalin-2/
NGAL as well as mouse monoclonal anti-b-actin antibodies were
purchased from R&D Systems (MO, USA). Goat monoclonal TF
and rabbit polyclonal fibrin antibodies were obtained from Thermo
Fisher Scientific Pierce (IL, USA). Mouse monoclonal anti-P53, anti-
thrombin, anti-pERK and anti-PAR2 antibodies were obtained from
Santa Cruz Biotechnology (TX, USA). Rabbit anti-mouse Cy3, goat
anti-rabbit Cy3, rabbit anti-mouse Alexa fluor 488, and donkey
anti-goat Alexa fluor 488 conjugated secondary antibodies were
obtained from Invitrogen Thermo Fisher Scientific (CA, USA).
Experimental design

A total of 32 male albino rats were classified randomly into 4
groups: Normal control received saline throughout the course of
the experiment. The CDDP nephrotoxicity group received saline
orally for seven constitutive days and then nephrotoxicity was
induced as previously described [23]. Briefly, the rats were given
a single dose of CDDP (6 mg/kg i.p.) and then animals were eutha-
nized by cervical dislocation four days following CDDP injection.
The CDDP + Dab 15 and CDDP + Dab 25 groups were treated orally
with Dab (15 and 25 mg/kg b.w), respectively, seven days prior
CDDP treatment and Dab was continued for additional four days
following CDDP administration. All rats were kept in metabolic
cages for urine collection 24 h before the end of the experiment.
Blood samples were collected from the animal’s eye orbital sinus
under thiopental (50 mg/kg. i.p.) anesthesia and then euthanized
by cervical dislocation.

Urine sample were analyzed for KIM-1, creatinine clearance
(Crcl) and lipocalin-2 levels. WBCs and platelet count, Pt, Ptt,
BUN, serum Cr and cystatin-c were measured using blood samples.
Kidney tissue samples were stored in Davidson’s fixing solution for
the detection of TF and fibrin using immunofluorescence technique
and histological analysis.
Biochemical analysis of kidney function

Serum Cr and BUN were measured following manufacturer’s
instructions [24,25] and Crcl was calculated using the following
formulae ‘‘Crcl = (urine Cr X urine volume) / (serum Cr X 1440)”
[26]. Serum cystatin-c was measured by ELISA kits following the
manufacturer’s instructions.
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Measuring WBCs and platelets count, Pt and Ptt

Total WBCs and platelet counts were measured with an auto-
mated hematology analyzer, ABX Micros 60 Analyzer (Montpellier,
France). Pt and Ptt were determined using the CoaDATA (Ahrens-
burg, Germany) automated analyzer following the manufacturer’s
instructions [27].

Determination of lipid peroxidation and renal malondialdehyde
production (MDA)

Measuring of the of thiobarbituric acid reactive species (TBARS)
level indicating the production of lipid peroxidation and deter-
mined spectrophotometrically as MDA in tissue homogenates at
520–535 nm as early mentioned [28].

Determination of renal GSH content

Measuring of GSH in the tissue homogenate was done in accor-
dance with the method described earlier [29]. The reduction of
DTNB by the sulfhydryl group of GSH is the principle of the
resulted color that measure colorimetrically at 412 nm.

Determination of renal superoxide dismutase (SOD) activity

The activity of SOD in the tissue homogenate was measured fol-
lowing a previously described method [30], SOD inhibits the auto-
oxidation of pyrogallol which is directly proportional to SOD
activity.

Determination of renal nitric oxide (NOx) production

Nitric oxide is the metabolic end product of NO and its measur-
ment depends on the activity of the activity of inducible nitric
oxide synthase (iNOS). The resulted NOx was measured colorimet-
rically at 540 nm as previously mentioned [31].

Immunofluorescence

The immunofluorescence protocol in this study was in accor-
dance with that previously reported [32]. In brief, paraffin was
removed from renal tissue using xylol and dehydrated in a graded
series of ethyl alcohol concentrations. Antigen were retrieved by
boiling with DAKO solution (PH 6) for 20 min in microwave. After
washing in 0.05% tween 80 in phosphate buffered saline (PBS), the
slides were incubated in methanol for 15 min and blocked with
PBS containing10% horse serum and 1% bovine serum albumin
for 45 min. The sections were incubated for 2 h with the appropri-
ate antibody and transferred to refrigerator for overnight incuba-
tion. After washing, the slides were incubated with the
appropriate conjugated secondary antibody for 30 min. The
nucleus was counterstained using DAPI, and the slides were
mounted using fluoromount G. The slides were analyzed using
Leica DM5000 B microscope and the mean fluorescence intensity
for 4–6 zones was calculated using Image-J/ NIH software.

Western blot analysis

The expression of cleaved caspase-3 protein and urine lipocalin-
2 or KIM-1 content were determined using the western blot
method as previously reported [33]. In brief, equal amounts of pro-
tein from each samples were run on sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and blotted onto
a nitrocellulose membrane using a semi-dry blotter (Bio-Rad).
The blocking steps were performed using a blocking solution of tris
buffered saline-tween (TBS-T) containing 5% skim milk and incu-



Mohamed Gamal El-Din Ewees, Mohamed Sadek Abdel-Bakky, Asmaa Mostafa Ahmed Bayoumi et al. Journal of Advanced Research 31 (2021) 127–136
bated for 1 h at room temprature. Incubation of the primary anti-
bodies was performed overnight at 4 �C. The membranes were
washed in TBS-T and then immersed in horseradish peroxidase--
coupled alkaline phosphatase-coupled (HRP-coupled AP) coupled
anti-mouse, anti-rabbit or anti-goat secondary antibodies for 1 h
and then washed in TBS-T. The bands were detected using DAB
detection kit (Chongqing Biospes Co., Cat. # BWR1069), or by
BCIP/NBT detecting kit (Sigma Aldrich, USA), respectively. Quantifi-
cation of the protein bands were achieved by Image J software and
analyzed using Prism 5 software.
Histopathological analysis

Paraffin embedded tissues were sectioned into 5 lm thickness,
prepared by slandered process and stained with hematoxylin and
eosin (H&E). Slides were analyzed under blinded conditions using
a light microscope. Abnormal histopathological features including
distortion of the brush border, cell lysis, cast formation, and other
features of nephrotoxicity injury were determined.
Statistical analysis of the results

Result are presented as mean ± SEM and analyzed using one-
way ANOVA and Tukey’s multiple for multiple comparisons. The
statistics for the data was achieved using Graph Pad Prism 5 soft-
ware (San Diego, USA) and the differences are considered signifi-
cant at p < 0.05.
Results

Effect of CDDP in the presence or absence of Dab on renal function

Animals injected with CDDP showed a significant elevation in
cystatin-c, serum Cr and BUN levels and a significant decrease in
Crcl compared with normal control rats (Fig. 1A, 1B, 1C, 1D). Also,
significant increases in urinary KIM-1 and lipocalin-2 were
observed in CDDP -treated animals compared with normal control
(Fig. 1E, 1F).

Animals pretreated with both doses of Dab (15 and 25 mg/kg b.
w) had significantly better kidney function. Both doses of Dab
resulted in significantly lower BUN, serum Cr, and cystatin-c levels
with significantly increased Crcl significantly as compared to CDDP
nephrotoxicity group (Fig. 1A, 1B, 1C, 1D). There were no signifi-
cant differences between Dab 15 and 25 groups except for Crcl,
where the Dab 25 group significantly increased Crcl compared to
Dab 15 group. Additionally, there was a marked reduction in uri-
nary KIM-1 and lipocalin-2 protein levels in Dab pretreated ani-
mals compared with CDDP nephrotoxicity group (Fig. 1E, 1F).
Effect of CDDP alone or with Dab on WBCs, platelet count and
coagulation profile

Cisplatin significantly altered blood coagulation profile, WBCs
and platelet count of animals. In this study, we observed that injec-
tion of CDDP significantly elevated Pt, Ptt, WBCs count and interna-
tional normalized ratio (INR) and significantly decreased the
platelet count compared with control animals (Table 1).

Pretreatment of animals with a low or high dose of Dab signif-
icantly decreased the WBCs count compared with the CDDP
nephrotoxicity group. Additionally, Dab pretreatment resulted in
normal platelet count, Pt, Ptt and INR values compared with the
CDDP nephrotoxicity group (Table 1).
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Effect of CDDP alone or with Dab on oxidative stress parameters

Control rats had renal GSH, MDA, NOx production and SOD
activity mean values of 95.73 ± 3.41 lmol/g tissue, 45.91 ± 3.21 n
mol/g tissue, 124.31 ± 9.42 nmol/g tissue and 0.1 ± 0.001 U/g tis-
sue, respectively. Rats treated with CDDP exhibited a significant
reduction in renal GSH content to 23.58 ± 1.04 lmol/g tissue and
SOD activity to 0.061 ± 0.002 U/g tissue. Additionally, CDDP signif-
icantly increased renal MDA content and NOx production to 72.4
4 ± 3.530 and 510.2 ± 10.21 nmol/g tissue, respectively compared
with normal control rats (Table 2).

Pretreatment of animals with Dab (15 and 25 mg/kg) markedly
increased renal GSH content to 79.04 ± 2.600 and 60.30 ± 3.890 l
mol/g tissue, respectively and increased SOD activity to 0.085 ± 0.
001 U/g tissue with both doses as compared with CDDP nephrotox-
icity group. Additionally, rats treated with Dab (15 and 25 mg/kg)
showed significant decreases in renal MDA level to 35.12 ± 2.760
and 39.68 ± 2.940 nmol/g tissue, respectively, as well as renal
NOx production to 295.9 ± 5.940 and 314.9 ± 6.360 nmol/g tissue,
respectively, compared with the CDDP nephrotoxicity group.

Effect of CDDP alone or with Dab on the expression of TF, thrombin,
PAR2 and fibrin

This study noted either negative or basal expression of PAR2,
thrombin and fibrin in kidney tubules and glomeruli of the control
animals with weak TF protein expression in the tubules (Fig. 2,
Fig. 3A and 3B). CDDP injected rats exhibited a significant increase
in PAR2 protein expression in renal tubular lumen tissue accompa-
nied with baso-lateral and apical expression of TF protein in rat’s
kidney tissue. CDDP also increased thrombin and fibrin expression
in renal tubules (Fig. 3A, 3B)

Pretreatment of animals with Dab reduced PAR2 and TF protein
expression in the lumen or baso-lateral location of the kidney
(Fig. 2). Additionally, significant reduction in the expression of fib-
rin and thrombin proteins was observed in rats pretreated with
either low or high doses of Dab compared with the CDDP nephro-
toxicity group (Fig. 3A, 3B)

Effect of CDDP alone or with Dab on the expression of pERK, P53 and
cleaved caspase-3

This current study found a significant increase in the expression
of the pro-apoptotic proteins, pERK, P53 and cleaved caspase-3
caused by CDDP in the renal tubules. Pre-treatment with either
low or high doses of Dab resulted in a significant decrease of pERK,
P53 and cleaved caspase-3 proteins in renal tubules when com-
pared with the CDDP nephrotoxicity group (Fig. 4A, 4B, 4C, 4D).

Effect of CDDP alone or with Dab on the histological characters of renal
tissue

The renal tissues of control rats stained with H&E exhibited nor-
mal renal tubules and glomeruli (Fig. 5A). However, the
histopathology of renal tissues from rats injected with CDDP
showed structural distortion and desquamation of renal epithelial
cells, and lumenal deposits of granules (Fig. 5B). In contrast, tissues
from Dab (15 and 25 mg/kg) treated rats displayed moderate struc-
tural changes and epithelial desquamation and mild lumenal
deposits of granules and glomerulonephrosis (Fig. 5C, 5D).
Discussion

This study is the first in-vivo study, to our knowledge, to exam-
ine the role of thrombin and its effect on molecular pathways



Fig. 1. Effect of oral pre-treatment of animals with Dab 15 or 25 mg/kg on (A) serum Cr, (B) serum Cyst-C, (C) BUN, (D) Cr cl, (E) urinary KIM-1 and (F) Lipocaline-2 in the urine
as compared to CP nephrotoxic group where (a) Differ significantly when compared to normal animals, (b) Differ significantly when compared to normal group nephrotoxic
animals and (c) Differ significantly when compared to normal group CDDP + Dab 15.

Table 1
Effect of CDDP alone or with Dab on hematological parameters (WBCs, platelets and coagulation profile).

WBCs (103/mm3) Platelet (103/mm3) Pt (sec) PC (mg/dl) Ptt (sec) INR

N. control 8.22 ± 0.39 745.1 ± 10.43 10.03 ± 0.15 124 ± 3.87 19.33 ± 0.24 0.90 ± 0.01
CDDP nephrotoxic gp 13.12 ± 0.54a 410.38 ± 28a 15.98 ± 0.40a 55.01 ± 2.91a 27 ± 1.05a 1.42 ± 0.03a

CDDP + Dab 15 10.45 ± 1.300ab 636.6 ± 23.97b 10.58 ± 0.160b 99.14 ± 5.470ab 22.17 ± 1.190b 1.010 ± 0.030b

CDDP + Dab 25 10.67 ± 0.710ab 717.4 ± 14.31b 10.63 ± 0.400b 106.3 ± 8.680ab 26.33 ± 1.330a 1.010 ± 0.040b

- Each value represents the mean of 6–8 experiments ± SEM.
- Statistical analysis was performed using one-way ANOVA followed by Tukey’s multiple comparisons test.
aSignificantly different from N. control group value at p < 0.05, (
bSignificantly different from nephrotoxic group value at P < 0.05. where WBCs (White blood cells), PT (prothrombin time), PC (Prothrombin concentration), PTT (Partial
thromboplastin time, INR (International normalization ratio).
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Table 2
Effect of CDDP alone or with Dab on oxidative stress parameters:

GSH (lmol/g tissue) MDA (nmol/g tissue) NOx (nmol/g tissue) SOD (U/g tissue)

N. Control 95.73 ± 3.410 45.91 ± 4.360 124.1 ± 9.420 0.100 ± 0.001
CDDP nephrotoxic 23.58 ± 1.040a 72.44 ± 3.530a 510.2 ± 10.21a 0.061 ± 0.002a

CDDP + Dab 15 79.04 ± 2.600b 35.12 ± 2.760b 295.9 ± 5.940a b 0.085 ± 0.001a b

CDDP + Dab 25 60.30 ± 3.890a b 39.68 ± 2.940b 314.9 ± 6.360a b 0.085 ± 0.001a b

- Each value represents the mean of 6–8 experiments ± SEM.
- Statistical analysis was performed using one-way ANOVA followed by Tukey’s multiple comparisons test.

a Significantly different from N. control group value at p < 0.05.
b Significantly different from CDDP nephrotoxic group value at P < 0.05.

Fig. 2. Effect of oral pre-treatment of animals with Dab 15 or 25 mg/kg on the expression of coagulation proteins including protease activated receptor (PAR-2) and tissue
factor (TF) in renal tissue as compared to CP nephrotoxic group where (a) Differ significantly when compared to normal group, (b) Differ significantly when compared to
CP + Dab 15.
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involved in CDDP mediated nephrotoxicity. Moreover, this work is
concerned with evaluating the possible protective effect of a direct
thrombin inhibitor, Dab, against CDDP nephrotoxicity as a confir-
matory evidence of our hypothesis.

In this study, CDDP caused severe nephrotoxicity in rats as evi-
denced biochemically by significant elevations of serum Cr, BUN,
serum cystatin-c, urinary KIM-1 and lipocalin-2 levels as well as
significant reduction in Crcl compared with control rats. Addition-
ally, CDDP caused desquamation of the renal epithelium and
necrosis and severe degenerative changes in glomerular tuft and
tubules. These results are in agreement with a previous study
[34] in which rats given a single i.p. dose of 7.5 mg/kg CDDP dis-
played an increase in nephrotoxicity biomarkers including serum
Cr and BUN. Another report also noted that a single i.p. dose of
7.5 mg/kg CDDP significantly elevated renal toxicity biomarkers
level and caused remarkable damage to glomerular and tubular
structures [35]. Additionally, Dirican et al. in 2016 noted that
serum cystatin-c and lipocalin-2 levels were markedly elevated
in rats treated with a single i.p. dose of 7.5 mg/kg of CDDP when
compared with normal control rat [36].

There are several possible mechanisms to explain CDDP
nephrotoxicity, one of which is oxidative stress including over pro-
duction of ROS and depletion of GSH [37]. This is caused by CDDP
accumulation in proximal tubules where it is activated and react
with molecules containing thiol thus causing GSH depletion [38].
This in turn causes an elevation of endogenous ROS production
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within the cells [1]. Additionally, CDDP suppresses renal antioxi-
dant enzyme activity including catalase, SOD, and glutathione per-
oxidase and increases TBARS [39].

The results of this study confirm the role played by oxidative
stress including the dramatic decrease in GSH content and SOD
activity, as well as a significant increase in renal MDA content
and the production of NOx in renal tissue. It was previously
reported that a single injection of 7 mg/kg of CDDP in rats caused
significant decreases in renal GSH content and SOD activity [40]. In
addition, Tohamy et al. (2016) noted that rats receiving 5 mg/kg of
CDDP had significant decreases in hepatic and renal GSH level and
SOD activity with significant elevations in hepatic and renal pro-
duction of nitric oxide and MDA after 5 days [41].

The current study found that apoptosis has an important role
in CDDP induced renal injury. The expression of pERK1/2, P53
and cleaved caspase-3 in renal tubules was increased signifi-
cantly in rats treated with CDDP. These results are in agreement
with another study in which administration of 13 mg/kg of
CDDP to male BALB/c mice caused activation of ERK1/2 and
apoptosis in renal epithelial cells [42]. Another study reported
that TNF-alpha expression and caspase-3 activation were
reduced through the inhibition of ERK1/2 pathway in renal tis-
sues resulting in a protective effect against CDDP nephrotoxicity
[43]. Moreover, it has been noted that caspase-3 activation has
an important effect on the initiation of CDDP induced renal
injury in rats [33].



Fig. 3. Effect of oral pre-treatment of animals with Dab 15 or 25 mg/kg on the expression of coagulation proteins including (A) fibrin and (B) Thrombin in renal tissue as
compared to CP nephrotoxic group where (a) Differ significantly when compared to normal rats and (b) Differ significantly when compared to nephrotoxic rats.

Fig. 4. Changes of (A) pERK1/2, (B) P35 and (C) cleaved Caspase-3 proteins expression in renal tissue after oral pre-treatment of animals with Dab 15 or 25 mg/kg as compared
to CP nephrotoxic group. (a) Differ significantly when compared to normal animals and (b) Differ significantly when compared to nephrotoxic group.
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In a previous report from our lab, we noted that the activation
of the coagulation system has an important role in the initiation
of CDDP-mediated nephrotoxicity [7]. The results of this current
study found that CDDP significantly elevated the expression of
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the coagulation proteins TF, fibrin, thrombin and PAR2 in renal tis-
sues. This may be due to CDDP accumulation in renal tubular cells
leading to increased expression of TF protein, which acts as the key
triggering factor of the coagulation system. TF activates FXa that



Fig. 5. Rat kidney tissues of (A) control group; showed normal glomerular and tubular histological features (arrow in black color). (B) CDDP nephrotoxicity group displayed
severe changes in the normal architectures and epithelium cells desquamation (arrow in black color) as well as deposits of granules in the apical parts (arrow head) and C,D)
CP + Dab 15 and CP + Dab 25 displayed little changes in the structural architectures (arrow head) and mild deposits of the granules in the apical parts and glomerulonephrosis
(arrow).
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activates prothrombin (Factor II) to thrombin (Factor IIa) resulting
in fibrin deposition [44]. Increased clot production resulted in
reduction of the blood flow to the cells and subsequently cellular
death [45].

In this study, increased PAR2 and thrombin proteins in the renal
tissues of CDDP treated rats is one of the most interesting new
findings. To our knowledge, increased thrombin activity in CDDP-
treated animals has not been reported. In addition to being a key
protein in the coagulation cascade, thrombin is also a potent indu-
cer of platelet aggregation and regulator of inflammation [13].

On the other hand, CDDP caused significant changes in blood
coagulation profile. It significantly increased WBCs count and
decreased the platelet count resulting in thrombocytopenia. It also
significantly prolonged the Pt, Ptt and INR. These results confirm
those of Nasr in 2014 who observed a significant decrease in plate-
let count following i.p. administration of 7.5 mg/kg CDDP [46].

In the present study, CDDP increased ROS production, up regu-
lated the expression of apoptotic proteins such as pERK1/2, P53
and cleaved caspase3, affected blood coagulation profile resulting
in leukocytosis accompanied with thrombocytopenia and activated
blood coagulation proteins TF, thrombin, PAR2, and fibrin in renal
tubular cells. However, an important question is what is the con-
nection between these pathways? Where does this toxicity start?
To investigate these questions we blocked the coagulation system
using Dab, a direct thrombin inhibitor to counteract thrombin
activity.
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Dabigatran is an anticoagulant classified as a direct thrombin
inhibitor, and its action primarily depends on direct inhibition of
thrombin by ionic binding at its active site [47]. In this study, ani-
mals pretreated with both low and high Dab doses had signifi-
cantly reduced expression of thrombin protein in renal tubules.
Moreover, Dab markedly down regulated the expression of other
coagulation proteins TF, PAR-2, and fibrin that are induced by
CDDP. This is similar to the results of Dittmeier et al. (2016) who
noted that treatment of animals with 15 mg/kg of Dab significantly
decreased thrombin production, inflammation and thrombus for-
mation in ischemic stroke model [48]. It has also been reported
that treatment of mice fed a high fatty diet with Dab resulted in
significantly reduced fibrin deposition, inflammation and cellular
injury in hepatocytes [49].

Dabigatran not only decreased the expression of coagulation
proteins but also significantly decreased pro-apoptotic proteins
expression. In this study, both doses of Dab significantly decreased
pERK1/2 and P53 expression and cleaved caspase-3 protein in renal
tubular cells. To our knowledge no earlier work has studied the
antiapoptotic effect of Dab in-vivo. The potent anti-apoptotic effect
of Dab is a result of the relationship between thrombin, PAR2 and
pERK1/2 proteins. Thrombin has significant pro-apoptotic activity
due to the activation of PAR which activates the inflammatory
and pro-apoptotic effect of blood coagulation [50]. Therefore, PARs
may represents the molecular connection between inflammation
and coagulation [51]. Additionally, they contribute to tissue injury
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in multiple diseases including cancer progression, cardiovascular,
and metabolic diseases [52,53]. Four PARs subtypes have been
characterized and were expressed on multiple different cell mem-
branes including endothelial cells, leukocytes, and platelets [54].

It is known that thrombin receptors PAR-1, 3, and 4 are rapidly
activated by thrombin [54]. Additionally, recent work by Mihara
et al. (2016) described thrombin mediated direct activation of
PAR2 as another target for thrombin signaling [55]. It has also been
reported that PAR2 plays an important role in activating ERK1/2
protein [56]. Activation of ERK by PAR2 has important physiologi-
cal roles in the nervous system [57] and in PAR2-stimulated cell
migration [58] and this might explain the anti-apoptotic activity
of Dab.

Another significant finding in this study is the potent antioxi-
dant effect of Dab. As expected, we observed that Dab significantly
increased renal content of GSH and SOD activity while producing a
significant decrease in the production of renal NOx and MDA. This
is similar to results of Yazici et al. (2015) who noted that 15 mg/kg
of Dab significantly decreased MDA production in renal ischemia/
reperfusion model [59].

It is well known that thrombin has a significant pro-
inflammatory and pro-oxidant activity through generation of ROS
by smooth muscle cells [14]. In addition, the pro-inflammatory role
of thrombin through its promotion of atherosclerosis has been pre-
viously reported [60]. Tripathy et al. (2013) reported that thrombin
is a key factor in progression of brain inflammation [61]. Moreover,
thrombin increased superoxide production which is considered
a key step in thrombin-induced atherogenesis [62].

These different mechanisms of Dab explain its reno-protective
effect in this study through the reduction of BUN, Cr and
cystatin-c in the serum and KIM-1 and lipocalin-2 in the urine as
well as improvement noted of Crcl. In this study, Dab attenuated
both necrosis and apoptosis through its reduction of the expression
of apoptotic proteins; P 53 and cleaved caspase-3 as well as KIM-1
and Lipocaline-2 that considered specific markers for tubular
necrosis [63]. Additionally, Dab administration resulted in a nor-
mal Pt, Ptt, INR and Platelet count with significant decrease in
the WBCs count noted CDDP administration.
Conclusion

In conclusion, the current results found that thrombin has a piv-
otal role in the development of fibrin formation, the activation of
ROS, the activation of apoptosis and consequently the pathogenesis
of CDDP nephrotoxicity. Moreover, the direct thrombin inhibitor
drug Dab has potent anti-coagulant, anti-apoptotic and anti-
oxidant activities that can effectively protect against CDDP nephro-
toxicity.
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[42] Potočnjak I, Škoda M, Pernjak-Pugel E, Peršić MP, Domitrović R. Oral
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