
Behavioural Brain Research 256 (2013) 503– 511

Contents lists available at ScienceDirect

Behavioural  Brain  Research

j ourna l h om epage: www.elsev ier .com/ locate /bbr

Research  report

Elevated  CSF  and  plasma  microparticles  in  a  rat  model  of
streptozotocin-induced  cognitive  impairment

Soheila  Hosseinzadeha,  Maryam  Zahmatkesha,∗,  Mohammad-Reza  Zarrindasta,
Gholam-Reza  Hassanzadeha,b,  Morteza  Karimiana,c, Abdolfattah  Sarrafnejadd

a Department of Neuroscience, School of Advanced Technologies in Medicine, Tehran University of Medical Sciences, Tehran, Iran
b Department of Anatomy, School of Medicine, Tehran University of Medical Sciences, Tehran, Iran
c Department of Physiology, School of Medicine, Tehran University of Medical Sciences, Tehran, Iran
d Department of Pathobiology, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran

h  i  g  h  l  i  g  h  t  s

• Intracerebroventricular-streptozotocin  was used  for  cognitive  impairment  induction.
• Endothelial-  and  platelet-derived  microparticles  were  assessed  with  flow  cytometry.
• Level  of  endothelial-  and  platelet-drived  microparticles  was  increased.
• Elevation  of CSF  and  plasma  microparticles  preceded  the  onset  of cognitive  impairment.
• Pattern  of  microparticle  changes  may  be consider  as a biomarker  for disease  prediction.
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a  b  s  t  r  a  c  t

Alzheimer’s  disease  (AD),  can  be described  as  a vascular  disorder,  is  characterized  by endothelial  and
platelet  activation.  One  feature  of  activated  cells  is loss  of  lipid asymmetry,  and  membrane  blebbing  which
cause  microparticle  (MP)  formation.  MPs  increased  under  many  pathological  states  and  little  information
is  available  relating  to their  changes  in AD.  The  purpose  of  this  work  was  to characterize  the  time  course  of
the endothelial-derived  microparticles  (EMPs)  and  platelet-derived  microparticles  (PMPs) alteration  after
intracerebroventricular  (ICV)  injection  of  streptozotocin  (STZ).  Rats  were  injected  bilaterally  with  ICV-
STZ/Saline,  cerebrospinal  fluid  (CSF)  and plasma  EMPs  (Annexin  V+ CD61−CD144+) and  PMPs  (Annexin  V+

CD61+CD144−) were  analyzed  with  flow  cytometry  at 2 h,  4 h, 24  h, 4 days,  7  days,  14 days  and  21 days  after
ICV-STZ/Saline  administration.  Cognitive  impairment,  malondialdehyde  (MDA)  level  of  hippocampus,
plasma  serotonin,  and  serum  S100B  were  also  assessed.  We  showed  the  elevation  of  CSF  and  plasma  level
of  EMPs  and PMPs,  which  may  represent  a proinflammatory  and  prothrombotic  status.  These  alterations
were  simultaneous  with  the  hippocampal  MDA  rise,  plasma  serotonin  increment,  and  S100B  decrement,
7  days  after  ICV-STZ  administration  and  precede  the  onset  of cognitive  impairment.  Understanding  the
profile  of  MP  changes  in CSF  or plasma  as biomarkers  from  tissues  undergoing  activation  or  damage,  may
be  helpful  in  prediction  or early  diagnosis  of AD.

© 2013 Elsevier B.V. All rights reserved.

Abbreviations: AD, Alzheimer disease; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; CBC, complete blood count; CSF, cerebrospinal
fluid; EMPs, endothelial-derived microparticles; FSC, forward scatter; ICV-STZ,
intracerebroventricular-streptozotocin; MDA, malondialdehyde; MP,  microparti-
cle;  MWM, morris water maze test; PFP, platelet-free plasma; PMPs, platelet-derived
microparticles; PPP, platelet-poor plasma; RBC, red blood cell; SSC, side scatter;
WBC, white blood cell.
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1. Introduction

Alzheimer’s disease (AD) can be described as a vascular disorder
with neurodegenerative consequences [1]. Endothelial dysfunc-
tion, oxidative stress, and inflammation are important features of
the brain pathology of AD [2,3]. One of the earliest manifestations
of the stress and inflammatory conditions is vascular and blood
cell activation which is characterized by lipid asymmetry as well
as blebbing of the membrane and result in microparticle (MP) for-
mation [4,5]. The MPs  are directly shed from diverse cells, such
as platelets, erythrocytes, monocytes, and endothelial cells [6] and
are detected in healthy individual’s blood [7], urine, cerebrospinal
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