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Abstract : Comparison of the effect of anticoagulants on in vitro spontaneous

platelet activation by flow cytometry

Nungruthai Nimnuch* and Sawitree Chiampanichayakul*>**

Activation of platelets plays a crucial role in the pathophysiology of thrombosis and hemostasis. Blood
test reflecting in vivo platelet activation is therefore potentially useful in evaluating patients with thrombosis.
However, monitoring of platelet activation requires an anticoagulant and protocol ensures that platelets activa-
tion status is not altered artifactually in vitro. To investigate effect of anticoagulants on platelet activation, blood
from healthy donors were separately collected in citrate theophylline adenosine dipyridamole (CTAD), CTAD
plus citric acid, 3.2% sodium citrate and K3EDTA. Each sample was divided into two groups of experiments, with
or without 4% paraformaldehyde (PFA) fixation. The spontaneous in vitro platelet activation was investigated by
indirect immunofluorescencence and analyzed by flow cytometry using CD62P monoclonal antibody. The
results showed that percentage of CD62P-expressing platelets was markedly low in fixed sample. With PFA
fixation, blood sampled drawn in CTAD plus citric acid showed less spontaneous platelet activation (2.37 £ 0.72
%) than those in CTAD, 3.2% sodium citrate and K EDTA (5.73 * 1.84 %, 4.92 + 2.09 %, 4.27 * 1.86%),
respectively. In present study, it was conclude that blood sample intended for measuring of in vivo platelet
activation should be collected in CTAD plus citric acid together with PFA fixed. Bull Chiang Mai Assoc Med Sci 2009;

42:102-111.
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lanéa paraformaldehyde

LA paraformaldehyde

1. CTAD 34.01 £5.71% 5.73 £ 1.84%
2. CTAD-+citric acid 34.24 £ 513% 237 £ 0.72%
3. Sodium citrate 62.00 £ 3.55% 4.92 + 2.09%
4. KBEDTAb 42.37 £ 6.72% 4.27 £ 1.86%

*Mean ( SE) NMIANHNAI0819L88ATIUIN 9 318
*Tripotassium EDTA

106



. .
NIMINAIAMSHNNETalH

CD42b

"l ! et 1?10
FLi-+

Conjisgain FITE

L]

1

L
FL1-#

Lenjisgaie ME

wazlnalalawns

I8 CTATHIrR skl

= 1 Y
10 10" W 100 ot
FL1H

Cargupstr FITC cinirad

FE0 0T sl g1V die

= v v
w” e 10F ot gt
FLIH

Con jege FITC

0 o' 107 107 gt

FLIH

Lenjagais PE

P-gelectin (CD62F)

107

11 42 aifufl 2 wqumaw 2552

LETA

L]
' =

1«'%‘

el
W® 10 10 a0 10?
FLE-H

..ng W

FL
LT

[

Cifpgnte F1TC confrod

—
|

Fiz
¥ ' w0 1! ot

L

S
w? 10! 1ef e et
FLIH

Ciwajiggain FE

a ¢ & { v o [ a
LLE‘WNNaﬂ']i@li'!ﬁ)']l.ﬂi']zﬁlﬂaﬂtgBﬂﬁgﬂﬂizﬁ!%ﬂﬂﬂﬂ']iﬂ%taaﬂll‘ll\?%%ﬂ (A) CTAD, (B) CTAD +

citric acid , (C) 3.2%sodium citrate waz (D) EDTA Tna33 indirect immunofluorescent staining



Bull Chiang Mai Assoc Med Sci

Vol. 42, No.2 May 2009

A '\'.l'E u:-__. s T
L) - -
5 Cran = i mid+ T
% * s
Z_
= = _ =1
R = . = :1" |
Ty = T LF i E‘rr'rn'.rwn- = H-Jr-n?'-rf—
el e ad ap? w? sl 1 o 0 10! w0 10® 1? 1w 1l 02 e g
' FL1H FLIH (SR ET] FL1H
R T —— R T
r Canjagars FITC ™ Conjugiie FITC canired " Cunjiegant FIT L Cwsjugis FURE casirad
£ o £ ) =  h | .
™~ e i"‘ g ra 8 E.E el | ‘EHE
5 @ T o 7 ) { T —
E = T | | -
0 1 = | | ET |
-, | ] a_ 1 |
= u_?JT'-_Z"-'T-l =
u“ TRt 07wl WE el et 0 ! i® ! et e nd
FLIH FL1H |_ T LE
* e
= = a4 =
] s il PE - Consijupaie FIE H & Canjapair PE
Tre
= Fﬂ f‘a &
o = -
= = = - ] ™
2 = e
ﬂE G‘E =
10% 127 13° 14 II:I‘ q r LTV T [ 1I'I'.
FLIH ALIH
B.
LB i girgi-FFA . LUTA - EIFIAPTA
LiF L al|hp-5:lrc1jn "r—m;P]n—_ - i
- - -
= = =
|
& " £
Ty i - /
a= i - - :}
'_E'l ] =1 =
4 ,_L. % ety S - T et :
l w® | 1 11
Conjepaic FITC Canjugmic FITC covtrol Conjugsin FITE Conjupair FITC eail
-
- =
2
;n. Tou
[ [N No
o iy B
2
] =
o ||;|lj 1|;- 1-:| ||:l':I il ol gl "[f ot
Conjupair FE Cudpuza FE

|
FLiH

LT

L 3

P-selectin (CD62P)

] A s “ 1 v @ 1] [] “ @ “ A
3N 2 uamNamsm’;mLﬂi’l:‘wmamﬁaﬂﬁgnmzqu‘lumazmLﬁaﬂﬁmu‘luminmﬁammawmm CTAD,

CTAD+citric acid, 3.2%sodium citrate, EDTA Tﬂ&lttuotﬂunquﬂammuluIﬁu paraformaldehyde

(A) uazi@a paraformaldehyde (B) Tnai35 indirect immunofluorescent staining uazlvalalawas

108



. .
NIMINAIAMSHNNETalH

P 005

I 42 aiiuh 2 wequAn 2552

T0.00 |
50.00 i
£ | p< 003
-
2 5000 ]
E. o LS
» 1T 1
o 2000
(=]
Ay p=10.05
& 0w [
A
:. =Gk
B 000 |
E
e p> 005
10000 F |
] BEE
0.0 | )
Sadium CTADcine EDTA Sodum  CTAD=PFA CTAD=ctmc EDTA + PFA
citraia atid citrate =PFA BCidFEA

: ¢ @ ¢ @ ! . o '
35U 3 uaaslasiduainaniianfidnisudasaanaaslaiana P-selectin (CD62P) 91n62a19t500

= A& [ - | [ a ' ! [ a ''a aa .
Laaﬂmnﬁl%miﬂmaaﬂumﬁ%ﬂma 9 ‘nunumsmmmﬂumu paraformaldehyde ‘[ﬂinﬁ indirect

immunofluorescent staining uazlWalulawa?

a 4
FInbuazaIdRanIIMARaY
A 3 A a
mmLﬂﬁ:ﬂmmamaaﬂmaﬂmaqaﬂ 77
mﬁmﬁmﬁgﬂm:@lumﬂIquIﬂauaa wauAvuaf
Aanwzlasdslwa lrlawwed Wuasnfiouainlumiy
& A A g ! A v g
@mamma@Laa@ﬂgﬂﬂi:@;ﬂm’mmmwa%uwms
a A A o ' = A 4% o & &
\iaNzANREAgAAL 289 hReNFINAaIatadslu
anAA v o a g

nMIaTIlauIshae M3ladnunAanIINTE 1

o da X
284inaaLaaNtiaTulaIlunaaanaaad (spontane-
ous in vitro platelet activation) F3uwiieny
NMIAANIZTLIRNNIAING 8INN5AV lalasTuiaaas

o . . .

LROALNBLNNIZEZNITVBILTAR NNILAN antagonist %38

=< s . . o a o A & A
NMIAFILTaa (fixation) NN FIBFIINWLRAAUTINR
UNUINLTIHAY Lagnalunisasiaiainaatiaadiay
LAUAIDEN9LRA b citrate kazaaInInle 10 wn
NINHINVAITIZIILULS DI ATIRIUVDIRITA U
LReauTINUUSNI V0 ILREA LAZAINNA bEIBINTT

AIUAN osmolarity B848NINLABALTITHAGINA

109

Fafinanaminesaunwivesniadeala snsy
K EDTA Alodusnsnwdeauds Asuny ca®
"Laiﬁwi%lumsmmmmﬁmﬁa@ﬁgﬂmz@zu iogan
ﬁwa@iamnﬂﬁlﬂuLLﬂmgﬂé’mmaa GPllb/llla §9%i%
astwdoaudsriaisanunzaniulslunsiy

PIWIUVBILNAALRDALNBH

frognadaamaule
Diatube-H (CTAD) §318971%71 181508a1354A0
spontaneous platelet activation vL@Tﬁﬁq@ Lﬁa\‘ﬁl’m
flaunauaas citrate 9vRUNAlUMTIUAY Ca®*
v[@?a lei’ml,%ﬁ Adenosine ﬁﬁ%‘tt’]ﬁﬂ‘ix@}u membrane
adenylate cyclase i?lnu theophylline L.z Dipyridamole
RAGUSINNTYN9ULe9 adenosine 3'5-mono-
phosphate (cAMP) phosphodiesterase®® 21n7118971%
mﬁ%‘ﬂwuiﬂam{ﬂi:ﬂauﬁayﬂumiﬁmﬁamﬁwﬁ@
CTAD ﬁ?uﬁqmauﬁ'ﬁ‘ﬁ'ﬁLLa:mmmqum‘iﬁuﬁg\ﬁ
mim:@;umﬁmﬁaﬂ wazunevinlnle CTAD dwsu

& o ! A al a ¢ & oA nll
INUAIDYIILNBDALN a@IS’J‘-ﬂ’JLﬂi’IZ%LﬂaﬂLaa@ﬂQﬂ



Bull Chiang Mai Assoc Med Sci

8212 yananih Mslaasiadl (addi-

m:@iﬂuénmn
tive fixation) fiTaelun1sad LLa:%'ﬂwwgﬂéﬂamauLsﬁag
sl,‘v\wmgﬂ saununsloasiwdoaud s wanzaw
ﬁm%'ssJLa'%un'ﬁﬂ’uﬂy‘mﬁmmzumaam§m§a@1vl,@?a’fu
5naay 815 lTluNNsAIRNINBILTAR I naNLTHEA
PFA Wluwilsdronsiifiouinanlalugu siamsmz@?u
22INANLA Al URABANAREY FINLINUANTANEN
Lﬂ%'yuLﬁuué'ﬂwm:mim:@zmmmﬁﬂLaamwa‘ﬁd
ﬂfo};uéhaﬂ'waﬁl"gmiﬁ'w,ﬁamv}’]aﬁﬁm‘nau wasludn
PFA wuim&juﬁﬁmn@w PFA Mufumyiudoauds
nuiinmsusasoanuas P-selectin %aunILNAALADR
luﬂéuﬁvlallvl@?@wmfz'” usaslmfiun PFA LGOI
sl,umsﬂ”ui?amsmzémamﬂﬁmLﬁaﬂvl,@iv Tagvihlnifa
covalent-link 3299 nsmazdlu wiallsan G9aaunsn

= o ' oy % v p
assuazinmzUTsvegas lalasluviaoisas
wilousn3ad 1iiaauan acetone-methanol Gatiln
denaturing fixation™ “ananil PFA famanzdwiy
lrlunsasamwuoaimas 1unsdinsasiadensn
Alramunfiunn 2 Tal89 1% MIaNLTaaaa
Lﬂﬁmﬁa@@w’maﬁ immunofluorescent staining LLag
SlaTEnansLaad flow cytometer CREE A LIPS
P UMIANIeNERAawIIL axtRiulan PFA
Wugn3f danumunzauf azvianlasuiuans
ﬁ'mﬁamﬁuﬁ‘a@mﬁLﬂi’l:ﬁﬂﬁ@lﬁa@ﬁgnnifz@;ﬁlu
s9mela

@

NAFURINITONR TS

U

=2 & &
INNNIIANBWIAIIN

A

Awdoaudsniia CTAD lausziilanaseullszansaw
lumsﬂ'uganﬂinizeiumaunﬁmﬁaﬂﬁLﬁmnﬂiv'umau
MNILNZIRRAUALNSIAUFIEIAI23 WU CTAD 13
citric acid 11w é’mﬂi:naua'lmsmjaaﬁ'un'ﬁﬂi:@zu
IndaldaadiinanimadasinaialadaninaInm
LRALT 3.2% sodium citrate WA K3EDTA I@ﬂ@?@d
fins1y fixation @ 4% PFA asliane davinlv
FANTOTILNUANY aomﬁmﬁa@ﬁgnm:@zu (activated
platelet) ﬁﬁayja’%@maluénmﬂ@;aLi'mgn@iyad e
TniAadseloausniumsasiadfisdsdsznauns
%’ﬂmuazﬁaaﬁuéﬂamrmn’mﬁ@m’;:?imLﬁaﬂaqméfuvl@:

. - - & e ¥
F1IN WA AT ITRA CTAD NiaSuny wluiafi

110

Vol. 42, No.2 May 2009

'swmgﬂﬂ'a'wmsa%%a NANIUTNFANNN G355 CTAD
ﬁamm:ﬁa:ﬁmﬂ‘f@nﬁLm’]:ﬁmﬁmﬁaﬂﬁgﬂ
ﬂszszu’lmmﬂs:afwaﬂﬂwmma Hasannanasa
m’%w%ﬂaﬂuﬁaaﬂﬁﬁams wonanfigsiimnm
358 Nenegnadeadils CTAD Wuansiudeaudain
a'lmin"?l"a:ﬁm'ﬂ%@lin’ime:ﬁmaﬁauﬂﬁﬂ’ams
shaauwlamss Miaamaadadin Solnnai
TuuanasanmIaTalud ™ uaasluifiuni CTAD
Wussiwdaaudesnafienitefivianla Tunisinan
a3 uua20871918 0AF I NI LATINILATIZANIN B

Ugians

Anfnssndsene
mu’%%’uﬁ'l@?%’uVluaqﬂmi,uﬂﬁ%'ﬂmﬂﬂmnmﬁﬂ

MIuwng uninenaoiisslna (Muduszanm

W BE® §NN3TBURITE 1 2550) Lm:un

o

ﬁ'uﬁmﬂsmu,a:mﬂiuhﬁ%amwumma ;ﬁfa 8
(4

°1Ja°uauqmmmaﬁmnﬂmuﬁl%mwmgmﬁw

@208 0ARIRIUNITANEN

lana1381989

1. Davi G, Patrono C. Platelet activation and
atherothrombosis. N Engl J Med. 2007; 357:
2482-94.

2. Rodvien R, Mielke CH, Jr. Role of platelets in
hemostasis and thrombosis. West J Med. 1976;
125: 181-6.

3. Kilickiran Avci B, Oto A, Ozcebe O. Thrombocy-
topenia associated with antithrombotic therapy
in patients with cardiovascular diseases:
diagnosis and treatment. Am J Cardiovasc
Drugs. 2008; 8: 327-39.

4. Kereiakes DJ, Essell JH, Abbottsmith CW,
Broderick TM, Runyon JP. Abciximab-associated
profound thrombocytopenia: therapy with
immunoglobulin and platelet transfusion. Am J
Cardiol. 1996; 78: 1161-3.

5. Billheimer JT, Dicker IB, Wynn R, et al.



NIMINAIAMSHNNETalH

Evidence that thrombocytopenia observed in
humans treated with orally bioavailable
glycoprotein lIlb/llla antagonists is immune
mediated. Blood. 2002; 99: 3540-6.

Seiffert D, Stern AM, Ebling W, et al. Prospec-
tive testing for drug-dependent antibodies
reduces the incidence of thrombocytopenia
observed with the small molecule glycoprotein
[Ib/llla antagonist roxifiban: implications for the
etiology of thrombocytopenia. Blood. 2003; 101:
58-63.

George JN, Thoi LL, Morgan RK. Quantitative
analysis of platelet membrane glycoproteins:
effect of platelet washing procedures and
isolation of platelet density subpopulations.
Thromb Res. 1981; 23: 69-77.

Macey M, McCarthy D, Azam U, Milne T,
Golledge P, Newland A. Ethylenediaminetetraa-
cetic acid plus citrate-theophylline-adenosine-
dipyridamole (EDTA-CTAD): a novel anticoagu-
lant for the flow cytometric assessment of
platelet and neutrophil activation ex vivo in whole
blood. Cytometry B Clin Cytom. 2003; 51:
30-40.

Ahnadi CE, Sabrinah Chapman E, Lepine M,
et al. Assessment of platelet activation in
several different anticoagulants by the Advia 120
Hematology System, fluorescence flow
cytometry, and electron microscopy. Thromb

Haemost. 2003; 90: 940-8.

10.

11.

12.

13.

14.

15.

111

7 42 auft 2 wquman 2552
Neufeld M, Nowak-Gottl U, Junker R.
Citrate-theophylline-adenine-dipyridamol buffer
is preferable to citrate buffer as an anticoagu-
lant for flow cytometric measurement of platelet
activation. Clin Chem. 1999; 45: 2030-3.
Schmitz G, Rothe G, Ruf A, et al. European
Working Group on Clinical Cell Analysis:
Consensus protocol for the flow cytometric
characterisation of platelet function. Thromb
Haemost. 1998; 79: 885-96.
Macey M, Azam U, McCarthy D, et al.
Evaluation of the anticoagulants EDTA and
citrate, theophylline, adenosine, and
dipyridamole (CTAD) for assessing platelet
activation on the ADVIA 120 hematology
system. Clin Chem. 2002; 48: 891-9.
Hu H, Daleskog M, Li N. Influences of fixatives
on flow cytometric measurements of platelet
P-selectin expression and fibrinogen binding.
Thromb Res. 2000; 100: 161-6.
St-Laurent J, Boulay ME, Prince P, Bissonnette
E, Boulet LP. Comparison of cell fixation
methods of induced sputum specimens: an
immunocytochemical analysis. J Immunol
Methods. 2006; 308: 36-42.
Yokota M, Tatsumi N, Tsuda I, Nishioka T,
Takubo T. CTAD as a universal anticoagulant.

J Autom Methods Manag Chem. 2003; 25:
17-20.



