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A diff erent view on the platelet aggregation 
inhibitor clopidogrel – a well-suitable anti-oedema 
agent in a preclinical model of brain injury? 

Jiný pohled na inhibitor agregace krevních 

destiček klopidogrel – vhodné antiedematikum 

v předklinickém modelu poranění mozku? 

Abstract
Aim: The neuroprotective eff ects of clopidogrel have already been shown in various experimental models. 

Taking into account the fact that clopidogrel is well tolerated and approved for use in various clinical settings, 

it can be an attractive candidate for further clinical investigations, especially when the anti-oedema eff ect 

appears to be a reasonable adjuvant strategy, such as in brain injury (BI). Here we aimed to examine the 

neuroprotective role of clopidogrel in BI. Methods: To investigate the eff ects of clopidogrel, we induced 

BI in mice using a cold trauma model and evaluated the underlying cell survival/ death mechanisms via 

cresyl violet, TUNEL staining and western blot analysis. Results: Clopidogrel at a dose of 3 mg/ kg led to 

a signifi cant reduction in brain swelling. Similar decreases were observed with 10 mg/ kg and 30 mg/ kg 

of clopidogrel. We also have shown that clopidogrel blocks the prominent infl ammatory injury pathways 

and exerts a signifi cant anti-apoptotic eff ect (3 and 30 mg/ kg), which has been associated with increased 

neuronal cell survival pathways. Clopidogrel (3, 10 and 30 mg/ kg) dose-dependently altered the JNK, p-38, 

AKT, ERK and p53 levels. Conclusion: Our fi ndings demonstrate that clopidogrel can be a novel candidate 

for the reduction of post-traumatic BI and oedema. We propose that it can be applied mainly in the acute 

phases of cerebral ischaemia, which is characterized by haemorrhagic transformation and brain oedema.

Souhrn
Cíl: Neuroprotektivní účinky klopidogrelu již byly prokázány na různých experimentálních modelech. 

Vzhledem k tomu, že klopidogrel je dobře tolerován a schválen k používání v různých klinických 

podmínkách, může být atraktivním kandidátem pro další klinická zkoumání, zejména v situaci, kdy se 

antiedematický účinek jeví jako vhodná adjuvantní strategie, například při poranění mozku. Naším 

záměrem bylo prozkoumat neuroprotektivní roli klopidogrelu při poranění mozku. Metody: Pro zkoumání 

účinků klopidogrelu jsme navodili poranění mozku s použitím modelu chladového traumatu u myší 

a zkoumali jsme základní mechanizmus přežití/ odumírání buněk s použitím kresolové violeti, barvení 

TUNEL a analýzy western blot. Výsledky: Klopidogrel v dávce 3 mg/ kg vedl k signifi kantnímu snížení 

otoku mozku. Podobný pokles byl pozorován při dávce klopidogrelu 10 mg/ kg a 30 mg/ kg. Rovněž jsme 

prokázali, že klopidogrel blokoval prominentní cesty poškození zánětem a vykazoval silný antiaptotický 

účinek (3 a 30 mg/ kg), který byl spojen se zvýšenou možností přežití neuronových buněk. Klopidogrel (3, 

10 a 30 mg/ kg) měnil dávkově dependentním způsobem hladiny JNK, p-38, AKT, ERK a p53. Závěr: Naše 

nálezy prokazují, že klopidogrel může být novým kandidátem pro zmírnění posttraumatického poranění 

mozku a edému. Domníváme se, že může být aplikován hlavně v akutních fázích cerebrální ischemie, která 

je charakterizována hemoragickou transformací a edémem mozku.
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Introduction
Brain injury (BI) is an important cause of mor-

bidity and mortality and can result in cumu-

lative neurological defi cits due to both the 

initial injury and a series of progressive sec-

ondary damages [1,2]. These include various 

bio chemical pathways resulting from the di-

rect physical impairment of neuronal tissue 

as well as secondary reversible pathobio-

chemical cascades [3]. The alteration of 

ionic homeostasis, excitotoxicity, depolari-

zation, mitochondrial impairment and ac-

tivation of infl ammatory and immune cas-

cades that lead to blood-brain barrier (BBB) 

disruption and related brain oedema have 

also been reported to play a critical role dur-

ing the pathogenesis of BI [1–3]. Importantly, 

recent evidence indicates that high oxida-

tive and infl ammatory damage after trau-

matic BI are associated with early platelet 

dysfunction and delayed excitotoxic neu-

ronal death [4–9]. This is in line with recent 

studies showing that oxidative damage and 

disturbed coagulation play a signifi cant role 

in the early phases of BI both in humans and 

animals [10,11]. These fi ndings point out that 

secondary injury cascades may lead to the 

development of many of the neurological 

dysfunctions which are prominent after BI. 

The delayed nature of BI enables a thera-

peutic window for neuropharmacologi-

cal intervention to restrict secondary tis-

sue damage and improve the clinical scores. 

Therefore, it may allow us to evaluate the 

secondary injury mechanisms so that new 

neuroprotective treatment strategies can be 

developed.

Clopidogrel is a thienopyridine deriva-

tive potent antithrombotic drug that inhib-

its adenosine diphosphate-induced plate-

let aggregation irreversibly by binding to 

a P2RY12 purinergic receptor at the plate-

let surface [12,13]. Recently, it was reported 

that pre-injury, clopidogrel does not alter 

the clinical outcomes in BI patients [14], al-

though warfarin has been found to increase 

mortality in the elderly population with trau-

matic BI [15,16]. These fi ndings suggest that 

plasmatic coagulation is a more critical ele-

ment than platelet function in the preven-

tion of haematoma expansion in acute in-

tracerebral haemorrhage (ICH), which can be 

a consequence of BI. This is also in line with 

a recent clinical study (ARMYDA-9 CAROTID) 

showing that high-dose clopidogrel was sig-

nifi cantly eff ective in reducing the transient 

ischaemic attack/ stroke rate without in-

creasing the risk of ICH [13]. 

Given its neuroprotective effects in ex-

perimental models and its clinically relevant 

therapeutic window, clopidogrel is an attrac-

tive candidate for further investigation in BI. 

To investigate the eff ects of clopidogrel, we 

induced BI using a cold trauma model, which 

is a similar model to cerebral ischaemia in re-

spect of its pathophysiological pathways. 

Based on previous findings showing that 

clopidogrel exerted signifi cant neuroprotec-

tive eff ects after ischaemic injury, which is 

characterized by prominent oxidative injury 

and oedema, we hypothesized that target-

ing the same pathophysiological cascades 

may be promising. To this end, we studied 

the eff ects of clopidogrel administration in 

a BI model in mice and analyzed the neuro-

histological outcomes and oedema volumes 

24 h after the induction of BI.  

Materials and Methods
Ethical approval 

All applicable international, national and/ or 

institutional guidelines for the care and use 

of animals were followed. The study was ap-

proved by the local ethical committee (ap-

proval number: 38828770-604.01.01-E.3988).

Animals 

The study was performed at Meditam Re-

search Laboratories of Istanbul Medipol Uni-

versity Twenty-nine male C57BL/ 6 mice, 

8–10 weeks old, weighing 25–30 g, were 

used for the study. The ani mals were main-

tained under a constant 12:12-h light-dark-

ness regimen (with the lights on daily at 

7.00 a. m.) and with ad libitum access to food 

and water. The mice were housed separately 

in cages after the operation.

Drug treatment 

and experimental groups

The mice were randomly divided into four 

groups. Group 1 (the control group): 5% etha-

nol in normal saline (N = 7); group 2: clopi-

dogrel 3 mg/ kg (N = 7); group 3: clopidogrel 

10 mg/ kg (N = 8) and group 4: clopidogrel 

30 mg/ kg (N = 7) [17–19]. All the injections 

were done intraperitoneally immediately 

after the experimental procedure. 

Cold injury

The brain injury was performed as pre-

viously described for a cryogenic trauma 

model [20,21]. All the mice were anesthe-

tized with intraperitoneal (i.p) ketamine 

(60 mg/ kg) and xylazine (6 mg/ kg) and fi xed 

in the stereotaxic device. A parietal cranio-

to my (3 mm diameter, 2.5 mm lateral, 2.5 mm 

posterior to the bregma) was done using 

a dental drill. The cold injury was performed 

using a liquid nitrogen-cooled copper probe 

(tip diameter 2.5 mm), which was placed on 

the dura for 60 s and then removed. After 

that, the scalp was sutured. The rectal tem-

perature was continuously monitored and 

kept between 36.5 and 37°C with a hae-

mothermic blanket during the procedure. 

The animals were then taken to the feed-

ing room and the experimenters waited for 

the animals to recover during the follow-

ing 24 h post-trauma. At the end of these 

24 h, the animals were anesthetized again 

with high doses of i.p xylazine (20 mg/ kg) 

and ketamine (100 mg/ kg). The mice were 

sacrifi ced and their brains were dissected 

and put on dry ice. Coronal 18 μm-thick 

brain sections were taken from the frozen 

brain tissue for histopathologic and protein 

analyses.

Cresyl violet staining

The sections were dried at room tempera-

ture for 30 min in order to remove the mois-

ture, followed by fi xation in a 4% paraformal-

dehyde solution for 7 min. After washing with 

distilled water, the sections were placed in 

a glass chamber containing phosphate buff -

ered saline (PBS) with subsequent shaking of 

the samples for 5 min at 140 rpm. Then, cre-

syl violet dye was applied to the sections for 

15 min on a shaker with 80 rpm. After stain-

ing, the sections were rinsed three times with 

distilled water and they were dipped into four 

chambers containing sequentially increasing 

concentrations of ethanol (70%, 90%, 95% 

and 100%) for 20 s in each chamber. Finally, 

xylene was applied to the sections for 3 min 

at room temperature and the mounting me-

dium was placed onto each slide [22].

Analysis of brain injury

Coronal brain sections from equidistant 

brain levels, 0.5 mm apart, were stained with 

Cresyl violet staining according to a stand-

ard protocol [23]. On the sections, the border 

between the injured and non-injured areas 

was outlined using an image analysis system 

(Image J; NIH, Bethesta, MD, USA) and the 

area of the injury was assessed by subtract-

ing the area of the non-lesioned ipsilateral 

hemisphere from that on the contralateral 

side. The volume of the injury was calculated 

by integration of these lesion areas. Oedema 

was calculated as the volume diff erence be-

tween the ischaemic and the non-ischaemic 
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hemisphere and expressed as a percentage 

of the intact hemisphere [24].

Analysis of DNA fragmentation

For evaluation of the neuronal injury, the 

coronal brain sections of the mice were fi xed 

with 4% paraformaldehyde / 0.1 M PBS and 

were labelled using a TUNEL kit (In Situ Cell 

Death Detection Kit; Roche, Switzerland). 

The sections were counterstained with 

4 ,́6-diamidino-2-phenylindole. The stain-

ings were analyzed by quantifying DNA frag-

mented cells, each measuring 62,500 μm2, 

under a confocal microscope (LSM 780, 

Carl Zeiss, Jena, Germany) in a blinded 

manner [24].

Analysis of cell survival

For western blot analysis, brain tissue sam-

ples were harvested from the injured area. 

Tissue samples of the same groups were 

pooled and homogenized with a radioim-

munoprecipitation assay lysis buff er (89900, 

Thermo Fisher Scientifi c, Waltham, MA, USA) 

containing a protease and phosphatase in-

hibitor cocktail (5872, Cell Signalling, Dan-

vers, MA, USA). The total protein content 

was evaluated using a Qubit 3.0 Fluorom-

eter (Q33216, Invitrogen, Life Technolo-

gies Corporation [Carlsbad, CA, USA]) ac-

cording to the manufacturer’s protocol. 

Equal amounts of protein (20 μg) were size-

fractionated using 4–20% Mini-PROTEAN 

TGX (4561096, Bio-Rad, Life Sciences Re-

search) gel electrophoresis and then trans-

ferred to a PVDF membrane using the 

Trans-Blot TurboTransfer System (1704155, 

Bio-Rad, Life Sciences Research, Frank-

lin Township, NJ, USA). Thereafter, the 

membranes were blocked in 5% non-

-fat milk in 50 mMol Tris-buff ered saline (TBS) 

containing 0.1% Tween (TBS-T; blocking so-

lution) for 1 h at room temperature, washed 

Fig. 1. (A) Cresyl violet (Nissl staining) stain-
ing is commonly used to identify the neu-
ronal structure in the brain. It is performed 
24 h after the brain injury. (B) Infarct volume 
and (C) brain swelling. 24 h after brain in-
jury, clopidogrel treatments did not change 
infarct volume development signifi cantly. 
However, treatments of 3 and particularly 
10 or 30 mg/kg clopidogrel decreased brain 
swelling signifi cantly. The values are given 
as mean ± SD. Distance bar = 2 mm. 
*P < 0.05; **P < 0.01 compared with vehicle-

-treated control group

Obr. 1. (A) Barvení kresolovou violetí (bar-
vení Nissl) se běžně používá k identifi kaci 
neuronální struktury v mozku. Provádí se za 
24 h po poranění mozku. (B) Objem infarktu 
a (C) otok mozku. 24 h po poranění mozku 
léčba klopidogrelem nezměnila signifi -
kantně rozvoj objemu infarktu. Avšak 3, ale 
zejména 10 a 30 mg/kg aplikovaného klo-
pidogrelu signifi kantně snížilo otok mozku. 
Hodnoty jsou uvedeny jako průměr ± SD. 
Distanční lišta = 2 mm. 
*p < 0,05; **p < 0,01 v porovnání s kontrolní 

skupinou, které bylo podáváno vehikulum
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in 50 mMol TBS-T and incubated overnight 

with polyclonal rabbit phospho-AKT (9275; 

Cell Signalling), polyclonal rabbit phospho-

Erk-1/ -2 (9101; Cell Signalling), polyclonal rab-

bit phospho-SAPK/ JNK (9251; Cell Signalling), 

polyclonal rabbit phospho-p38 (9211; Cell 

Signalling) or polyclonal rabbit phospho-

p53 (9284; Cell Signalling). On the next day, 

the membranes were washed with 50 mM 

TBS-T and incubated with horseradish perox-

idase-conjugated goat-anti-rabbit (sc-2004; 

Santa Cruz Biotechnology , Dallas, TX, USA) 

antibody (diluted 1 : 2,500) for 1 h at room 

temperature. The blots were performed at 

least three times. Protein loading was con-

trolled by stripping and re-probing with pol-

yclonal rabbit anti-β-actin antibody (4967; 

Cell Signalling Technology). The blots were 

developed using a Clarity Western ECL Sub-

strate kit (1705060, Bio-Rad; Life Sciences Re-

search) and visualized using the ChemiDoc 

MP System (1708280, Bio-Rad; Life Sciences 

Research). The protein levels were analyzed 

densitometrically using an image analysis 

system (Image J; National Institute of Health, 

Bethesda, MD, USA), corrected with values 

determined on β-actin blots and expressed 

as relative values compared with the control 

group [25].

Statistical analysis

For statistical data comparisons, a stand-

ard software package SPSS 18 for Win-

dows (SPSS Inc., Chicago, IL, USA) was used. 

The diff erences between groups were an-

alyzed with one-way ANOVA, followed by 

least significant differences tests. All the 

values are given as mean ± SD with N val-

ues indicating the number of animals an-

alyzed. P Values <0.05 are considered 

significant.

Results
Infarct Volume and Brain Swelling

To analyze the eff ects of clopidogrel on BI, 

the damage volume was measured. In ve-

hicle-treated animals, reproducible brain in-

farcts were observed after 24 h. In the vehi-

cle-group (group 1), the infarct volume was 

measured as 26 ± 7.56 mm3 (mean ± SD). 

For all groups, including the control group, 

there was no statistically signifi cant diff er-

ence with regard to the infarct volumes ob-

served (Fig. 1A, B).

When the alterations of brain swelling 

were analyzed, however, we observed sta-

tistically signifi cant diff erences. In group 2, 

where 3 mg/ kg clopidogrel was used, a sig-

nificant reduction in brain swelling was 

found (55.98%; P < 0.01). Likewise, signifi -

cant decreases of brain oedema were 

also observed in groups 3 and 4, where 

10 mg/ kg and 30 mg/ kg clopidogrel, resp., 

were applied (78.52% and 70.42%; P < 0.05) 

(mean ± SD) (Fig. 1C).

TUNEL staining and DNA 

fragmentation

TUNEL staining showed that clopidogrel 

reduced DNA fragmentation significantly 

at 3 mg/ kg doses compared to the control 

group (Fig. 2).

Cell death and survival pathways

Western blot analysis showed that clopi-

dogrel (3, 10 and 30 mg/ kg) dose-depen-

dently altered the c-Jun N-terminal kinases 

(JNK), p-38 levels, serine/ threonine protein 

kinase B (AKT), extracellular signal-regulated 

kinases (ERK), and p53 levels (Fig. 3). 

Discussion
Antiplatelet therapy for the treatment of is-

chaemic cerebrovascular and cardiovascu-

lar diseases is common in the aging popu-

lation. Due to the accumulating evidence 

showing the clinical and preclinical anti-in-

flammatory and anti-oxidative effect of 

clopidogrel [18,26–36], it became of the ut-

most importance to know whether clopi-

dogrel therapy exacerbates BI through in-

creasing the haematoma volume after head 

trauma. It is well-known that BI is a heteroge-

neous disease process with a complex series 

of pathophysiological events including con-

tusion necrosis, excitotoxicity, axonal injury, 

BBB disruption, vasogenic oedema and neu-

roinfl ammation [1–11]. From the clinical point 

of view, previous studies have revealed con-

fl icting results regarding the detrimental ef-

fect of the pre-injury use of clopidogrel in BI 

patients [14,37–39]. For instance, a recent clini-

cal study has revealed that pre-injury brain at-

rophy, but not (rather than) antithrombotic 

Fig. 2. TUNEL staining and DNA fragmentation. TUNEL staining showed that clopido-
grel reduced DNA fragmentation signifi cantly at 3 mg/kg doses compared to the cont-
rol group. The values are given as mean ± SD. 
*P < 0.05; **P < 0.01 compared with vehicle-treated control group

Obr. 2. Barvení TUNEL a fragmentace DNA. Barvení TUNEL prokázalo, že klopidogrel 
v dávkách 3 mg/kg signifi kantně snižoval fragmentaci DNA v porovnání s kontrolní sku-
pinou. Hodnoty jsou uvedeny jako průměr ± SD. 
*p < 0,05; **p < 0,01 v porovnání s kontrolní skupinou, které bylo podáváno vehikulum
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agent use is correlated with BI-related intrac-

ranial haemorrhage [14]. This study indicated 

that the usage of the antithrombotic agent 

did not aff ect the clinical outcome of ICH in 

the elderly population [38].

Accordingly, preclinical evidence came 

from experimental studies showing that 

clopidogrel exerts significant antioxidant 

and anti-inflammatory activity in various 

models including ischaemic BI, diabetic is-

chaemic retinopathy, decompression sick-

ness, experimentally induced peripheral 

vascular injury and renal ischaemia-reper-

fusion injury [14,18,26–39]. These studies 

have indicated that microglial inhibition, in-

hibition of infl ammatory cytokine expres-

sion and the infi ltration of macrophages as 

well as the production of matrix metallo-

proteinases play an essential role in the an-

tioxidant and anti-infl ammatory eff ects of 

clopidogrel [18,26–36]. Furthermore, clopi-
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Fig. 3. Cell death and survival pathways. (A) p-Akt, (B) p-Erk-1/-2, (C) p-SAPK/JNK, (D) p-p38, (E) p-p53. Western blot analysis showed 
that clopidogrel (3, 10 and 30 mg/kg) dose-dependently altered the JNK, p-38 levels, AKT, ERK and p53 levels. The values are given as 
mean ± SD. 
*P < 0.05; **P < 0.01 compared with vehicle-treated control group

AKT – serine/threonine protein kinase B; ERK – extracellular signal–regulated kinases; JNK – c-Jun N-terminal kinases

Obr. 3. Mechanizmy odumírání a přežití buněk. (A) p-Akt, (B) p-Erk-1/-2, (C) p-SAPK/JNK, (D) p-p38, (E) p-p53. Analýza western blot pro-
kázala, že klopidogrel (3, 10 a 30 mg/kg) měnil dávkově dependentním způsobem hladiny JNK, p-38, AKT, ERK a p53. Hodnoty jsou 
uvedeny jako průměr ± SD. 
*p < 0,05; **p < 0,01 v porovnání s kontrolní skupinou, které bylo podáváno vehikulum

AKT – serin/treonin proteinkináza B; ERK – kináza regulovaná extracelulárním signálem; JNK – c-Jun N-terminální kináza
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oedema and neuroprotective eff ects. This 

is in accordance with a previous neuropro-

teomic work stating that acetylsalicylic acid 

and clopidogrel separately upregulated 

neuroprotective cellular pathways in exper-

imental traumatic BI [19].

Taken together, our fi ndings could give 

further insights into the regulation of the 

secondary prophylaxis treatment for cere-

brovascular disease in a specifi c group of 

stroke patients who have had an acute BI. In 

the foreseeable future, further randomized 

clinical studies evaluating the underlying 

mechanisms of the clinical neuroprotective 

eff ect of clopidogrel in BI are warranted. This 

might open up a new translational thera-

peutic window in BI treatment.
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