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The Effect of Phytohaemagglutinin on Measurement and
Evaluation of Lymphocytes using MTT Assay
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Abstract

MTT assay is a technique used to detect immunological property of cells. However,
the limitation of this technique is the aggregation of cells in experiment wells. The PBMC
aggregation, which is found after stimulation with PHA, affected absorbance measurement.
To reduce PBMC aggregation, the present study investigated the optimal concentration and
incubation time of PHA to induce PBMC proliferation under chelating agent (EDTA)
supplemented medium. Peripheral blood samples were provided for PBMC isolation using
Ficoll-Hypaque density gradient centrifugation. The PBMC was induced proliferation under
various concentrations of PHA with a supplementation of EDTA. The reactions were measured
by MTT assay. The results showed that PHA at a concentration of 1 pg/mL presented a low
amount of PBMC aggregations resulting in significantly high absorbance value, whereas, a
concentration of 5 pg/mL PHA showed high aggregation amount of PBMC and a low absorbance
value as compared to that at 1 pg/mL PHA. EDTA was found to be an effective supplement for
reduction of aggregation in PBMC cultures and it was concluded that optimal concentration of

PHA and supplementation of EDTA can reduce PBMC aggregation in reaction for MTT assay.
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iiudegladennulnfninenanasiag
a3 10-12 fadans luvasatfivideniiiians
Mumsudefvesidensiia heparin (10-30 UPS
Units/mL blood; Greiner Bio-One, Kremsmiin-
ster) Tagaranasinsfidiiinlasamslansiy
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2. MsugnL¥as PBMC

L@ phosphate buffered saline (PBS)
ludethadenludandau 1:1 fhunissiigamni
20 pamaLFed AN 1,800 sOUARMNN
11U 30 WA wendIu buffy coat Fauduvea
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wanlvidnAuuazaes @ Udaesasuuihen Ficoll-
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Hypaque ludasidiu 10:3 nathnh g
QoUMAN 20 a3rwaFed ANNLTI 2,000 30D
109 10111 30 17 (no break) tipuenisad PBMC
thigadre PBS fianuid 1,600 seudeinii
10 19 AsuaranuATABULEASAILDIVITIIN
Léjmwaﬁﬁ;ﬁdmwamaq Minimum Essential
Medium Alpha, (MEM-a) 3uiyU 10% fetal
bovine serum (FBS) uaz 1% antibiotic

(penicillin G sodium (a2 streptomycin sulfate)

3. myfFsuiisumsdudiilunguieuves
wwad PBMC fivh§isensaniu PHA

uaryad PBMC eontu 3 agu ngu
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Wiy 1,600 seusiowdt 10 i tieuenthendi
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matiamsdousadAle trypan blue wazdulo
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5. mImadeumstRNSIIUeIad PBMC
sy PHA lushanaemaiu
utarad PBMC eeniilu 3 agu lu
udaznguilisad PBMC 1.0 x 10° 15ad nguii
wilnTunguaiuay Uszneudisisad PBMC

Lﬁﬂ’;"l,:jmﬂﬁﬁ%mﬁumi PHA (n=10) ﬂfjuﬁﬁm
(Wunguivad PBMC ﬁﬂi:éjué"w PHA ANy
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anuntu 5 Tulasniudetiadans (n = 10) Iy
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waﬁ”luﬂzjuﬁﬁaqLLa:amﬁTﬂﬁﬁ?mimﬁu PHA
Hunan 1,2, 3, 4 uaz 5 Hlwenudidy wad
PBMC luudazngunadouuisesnu 2 ms
NAABY MINARBIN 1 1ad PBMC ﬁmﬂﬁﬁ’%m
$auffy PHA Tuustazdalug il famsifiusiuo
voasadMIBINATiA MTT daumnaneaii 2 ngu
iad PBMC fiifnsensiufu PHA Tutnaehs
fu deasunmudulavwhenihnhownzdss
wad uaznzidoaraddemels 5% CO, uaz
QaunnA 37 mmwm%a W72 il maﬂi‘u
nadsiamafins o sadiemaiia MTT

6. manageumsldasatan IudvIvad
PBMC divimljisenifu PHA
wiatrad PBMC pantilu 4 ndunadey
Tuudaznguilisad PBMC 2.5 x 10°
ﬂtj:ﬁ'i 1 flengduirad PBMC vigasensufiy

¢
Lyaan

PHA anuwndu 1 lulasnSudesiadans (n = 12)
Aduit 2 1% PBS $aufy ethylene diamine
tetraacetic acid (EDTA) ANuyudy 2 Hadluans
iieiugawad PBMC rowidiiseniiv PHA
anudutu 1 lulasniudediaddns (n = 12)
nduil 3 1% PBS $auffy EDTA anududu
2 fadlumi Fufaisad PBMC movdsmsn
Aseiu PHA 1 lulasnfudeiiadans (n=12)
wazngudi 4 1% EDTA anandadu 2 fadTuand
HueglulfAsensznhawad PBMC uaz PHA
1 Tulasniudediadans (n = 12) Tagnguaiuan
(n=12) ﬁanzjuwaéﬁ"lsjﬁﬂﬁﬁmﬁﬁ’%ﬂﬁ:w:in
@ad PBMC waz PHA Tagwsad PBMC luudas
ﬂdugmwmé’mmﬂ%’f 5% CO, gaumgii 37 8afM
alFed 1 5 $alue dieasunanhisaduday
ﬂq‘umﬁu 1,600 500107 10 W71 tilauenheN
i1l PHA pon mniiuazmonsnaiumwadaioine

nziasawad wazmziasmeld 5% CO,
gamgdl 37 ssmuwarBod dedunm 72 Falua
dioasunmiamaifininuveaadisimaia
MTT

7. Myanziveyameana
wamﬁ@ﬂ'wmimnﬁuummﬂmﬂﬁﬂ
MTT udnuiludnade + duidsavunasgpu
Tagl¥ paired t-test Tumsiszianuuanei
veaudazngulaslysunsu GraphPad Prism 5

(GraphPad, San Diego, CA) Tumsiianzvidesya

HaN3IVY

mMmsganauiasveasad PBMC tilagnnizdu

18 PHA fianudiadiusaiy
HamINAdeULyad PBMC fiu PHA

]
a

Nanudndu 1 waz 5 lulasnSurelaaans lae
Fanamsdudidufouvessad PBMC meld
P P A o
NABIYANIIAUNLNINGTTEELIA 24 Flug enansa
danaiiungufioutsad PBMC ludnyazi
e 4 Y
UANANNAY wazilolnziasanatiieand 48 way
72 $7Tu3 ngufeuvedtsad PBMC iwiziasa
1 PHA WeaeananuutudidSinaniiniy e
ngufeuvestsad PBMC fanmdudu 5
lulasniudediaddns Hvmnanguieunluani
(Fig. 1) uaziiiathrad PBMC iageannuidiudu
maaiamimganduuas wudusad PBMC
nnszauaIe PHA Wadu 5 lulasniudediodans

o

Ltamfhmiaﬂﬂﬁuuﬁaﬁ'Lmﬂ@iwaﬂ'nﬁﬁaﬁmm
(p value < 0.05) Wieifigufuirad PBMC #i
nszAumy PHA Wadu 1 lulasniudedioddns
(Fig. 2) Tagdisnmsganauuas iy 0.2630 +
0.0661 uaz 0.2969

PBMC fhilgaiensiuiu PHA anududu 5

+ 0.049 guddy 1wad
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PBMC induced with PBMC induced with
1 pg/mL PHA 5 pg/mL PHA

control group

Fig. 1 Appearance of PBMC under control medium (A) and PBMC after induced with 1 pg/mL PHA
(B) and 5 pg/mL PHA (C) for 72 hours. The aggregated PBMC demonstrated by red arrow
under inverted microscopy (20X).
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Fig. 2 The average of absorbance value of PBMC stimulated with 1 pg/mL PHA and 5 pg/mL PHA for
72 hours as compared between the control group and the internal test groups. Data were shown
as mean = SD of OD570/630 nm. (*p value < 0.05)

lulasniudeiiadans dinaliifaanudanaaly  dnsimsseadinvedisad PBMC nasgnnssau
v 1 A A‘ v o & ' v = ¥y ¥ 1 o
msfammaganauuaiiosnnmsdvdndungy @ PHA fanadndumany

fiouvasad PBMC danmssen¥invedisad PBMC fign

nszduAIy PHA ianudadu 1 waz 5 lulasndu

deiaddns wu 5 $ilua Nanulndipsadiu
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Tagnudnsinmssentinvedsad Mfdu3euas
98.36 +0.84 wazdosaz 94.35 +4.18 muady
d' I s 1 4! s
Wassuneufiungualuny Famudanmssen
Faveawad Tevay 98.27 +0.83 wun liddiany
UANANMIEDA (p value > 0.05) wuamadl PHA

NANUANTY 1 waz 5 lulasniuneiiaaans 1ud
NaRBINTINMIMBUBILYad PBMC

mmsganauuasvesisad PBMC fignnssdu
@18 PHA anaiaudu 1 waz 5 lulasniuae
findans fszeznmemaiy

iwad PBMC 13y PHA fina
Wadiu 1 waz 5 lulasndudediodans Hum
1,2,3,4 uaz 5 S luamnudey dszidiusanms
tiandufieutsadde low power field 16
ndeIganssmimavens 10 wh UTRTIVFRY
mstiinsIurad PBMC #emadia MTT
wuimsdudmnudunduienveasad PBMC
movidaihijasedy PHA Faaesamudiudy
Tngisad PBMC fignnszdudas PHA amndudu

5 lulasniudeiiadans Hdasveavinanguion
iwad PBMC nlszifivilufovazde low power
field snnndusad PBMC fignnazdudae PHA
anududu 1 lulasniudeiiadans (Fig. 3)
druwanmsasrviadinsganauudIvessad
PBMC wuhnguisad PBMC fignnazdudie
PHA anuidiudu 1 ilasnsudediodans fim
3,4 uaz s ﬁi‘s"ﬂm“lﬁwa?hmm“ﬂﬂﬁuuaﬂnéjtﬁm
fiu A9 0.3005 *0.0350, 0.2991 *0.0341 waz
0.2979 0.0351 MUY FauaasANUUANA
athiiivdhauiloifioufunduaiunu 02822 +
0.0390) (p value < 0.05) lngnguizad PBMC
fignnszdudae PHA anudiudu 1 lulasnsude
fioddas MM 3, 4 uaz 5 I wAAIANN
uAnANINNGgNLEad PBMC ﬁmﬂﬁﬁ?mimﬁn
PHA 1y 1 $7Tus (0.2814 + 0.0283) ol
Hedfey (p value < 0.05) (Fig. 4A) diungu
\wad PBMC fignnszdudae PHA anudiudu
5 'lulpsniudediaddns lrnasmIganauueds
Indipgadulunndianm e 0.279 + 0.0339,

control group

PBMC aggregation after inducing with 1 pg/mL PHA at different times

1h 2h 3h 4h Eh

PBMC aggregation after inducing with 5 pg/mL PHA at different times

1h 2h 3h 4 h 5h

Fig. 3 Appearance of PBMC stimulated with 1 pg/mL PHA and 5 pg/mL PHA for 1, 2, 3, 4 and 5
hours. The aggregated PBMC was observed under inverted microscopy at 10x
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A PBMG induced with 1 pg/mL PHA B PBMC induced with 5 pg/mL PHA
[ centrol group [ control group
CJih C1h
op B 2h 00 gEm2n
o %% EB 3 Rl EL
= 3 4h E > BE3as4h
—— 5 0.5-
£ 2 9% mm sn 3 @ @m sn
(=]
T E ool - - 5§ 04
L] —— s <
2 E oa I
e o g 2
E 2 s
3 g 0.2+ § ~
E n g n
® = B
S 0.1+ ]
2
2 2
0.0
control group test groups control group test groups

Fig. 4 The average of absorbance value of PBMC stimulated with (A) 1 ug/mL PHA and (B) 5 pg/mL
PHA for 1, 2, 3, 4 and 5 hours as compared between the control group and the internal test
groups. Data were shown as mean + SD of OD 570/630 nm (p value < 0.05)

A PBMC induced with 1 pg/mL PHA B PBEMC induced with 5 pg/mL PHA.
before change medium and incubate for 72 h before change medium and incubate for 72 h
[ control group 1 control group
c1h [
oD 2h OD =Hzn
0.6~ ah 0.6+ E33h
(5] (=]
= e 4 h = Edan
€350 msn £ 5 % msn
52 52 .
3 oos - ) E g o044 .
E E :_I' . ! o E ¥ & - 1
2 E o024 % E 0.34 '
g3 T g3
e 5 02 1 g 5 029 T
P E = |
£5 ¢ 5
5 " 01 'g ® 014
§ 2
<
0.0 0.0-
control group control group test groups

Fig. 5 The average of absorbance value of PBMC stimulated with (A) 1 ug/mL PHA and (B) 5 pg/mL
PHA for 1, 2, 3, 4 and 5 hours. PHA-stimulated PBMC samples, incubated at different times,
were changed medium and cultured for 72 hours. Data were shown as mean + SD of OD
570/630 nm and compared between the control group and the internal test groups. (o value
< 0.05)

0.2861 £ 0.0256, 0.2896 + 0.0349, 0.2941 * (p value >0.05) Lﬁatﬁﬂvﬁmdumuqu (0.2822

0.0331 waz 0.2858 £ 0.0248 ﬁ 1,2,3,4 uaz 10.0390) (Fig. 4B) uaﬂi]”lﬂﬁﬂ’cjulfmﬁ PBMC

9

5 $lwendidy Selivandeedaiitedidiny  Nganszduiie PHA anududu 1 lulasniude
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finaaasfinm 3, 4 waz 5 FAlulnasms
AANAULAIINATINgNLsad PBMC filazen
s3ufU PHA anudndu 5 TulasnSudediadans
W 1§l edadiivdhdy (p value < 0.05)
naamshilgasersindu PHA Tugesanududu
finaaiy udasuheuazns@sasad
dolifdn 72 Falus wuhmmaganduudseands
ad PBMC ﬁ'v‘im&jﬁ?mimﬁu PHA A
¥u 1 Tilasniuseiiaaans Tuudazdlug Wna
IndiAvefiune 0.2283 + 0.0454, 0.2393 +
0.0427,0.2299 +0.045, 0.2248 £ 0.0506 taz
0.2305 + 0.0495 MuEIdy Teiom 1, 4 waz
5 Gj";ﬂmu,ammmu,mﬂcsmmnﬂtjumuqmshaﬁ
Hedhan (p value < 0.05) (0.2445 + 0.0585)
(Fig 5A) dunguisad PBMC T RETREeY

a

fiu PHA anudindu 5 Tulasniudediodans 1iu
a5 il IrAmsganauuasgeangauiiiy

Y q
U

0.2359 + 0.038 Fauaneanni 1 $lua oeha

9 o

Ntledfiey (p value < 0.05)

wenAEad PBMC nhifnsensiu
fiv PHA anudntu 5 lulasnudeniadans
Wuna 1-3 Hludldsimaganauudddndifes
fiu fv 0.218 + 0.0278, 0.2171 £0.0335 uwaz
0.2179 +0.0466 mMud Ay Fanguisad PBMC
4‘ o a aa 1 s 2 % s
nvhgasensiudu PHA anududu s Tulasniu
goNadans una 1, 2, 3 waz 4 Hluauang
ANNUANAIIINNGHAIUANBE 1IN Tod1fey
(p value < 0.05) (0.2445 * 0.0585) Tagnan
4 7l Wiwasmaganauudanhiy 0.2207 +
0.038 (Fig. 5B) tileifSsuiisummsaanauuas
voarad PBMC mhilfasensiudu PHA anu
k% 2 Y 1A aa d‘u’f
Wty 1 waz 5 lulasnudeladans N¥lug
) o 1 A d‘ o F4
WeIiu wuhidinsganauuainasaiald

Indifeady wazbivdannuuanaseeitodifa

wanahinauazanududuiisnafulifinadems
MevaaLsad PBMC
namsls EDTA sylwljiserszninawad
PBMC waz PHA Tus23614 9
iiensrvdeumsl¥ansaian demsson
¥ MItianguiou wazmsifins U Yad
PBMC mﬁmaaqﬁ%qLLﬂaﬂfjumﬁauaamﬂu
4 agu nejuﬁ 1 fiatyad PBMC vhiffsensiu
U PHA nguii 2 19 EDTA ifledaiwad PBMC
rowhUiAse1iu PHA nduii 3 1% EDTA wds
magfseszniawad PBMC iy PHA ngu
#41¥ EDTA snlulgisersznihawad PBMC
uaz PHA Tasnduaiuau fe nduisadilifins
WfAseseniamad PBMC fiu PHA
lileasrAnanIsnaasIdeunTiny
PHA fiszéuamadadiu 1 lulasnsuseiiadans
dqwa‘lﬁ’tﬁﬂmmﬁ@wmﬂiumsiﬂmmi@.@ﬂﬁu
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Fig. 6 Effect of EDTA on PHA-PBMC reaction. PBMC was cultured with 1 ug/mL PHA and a supple-

mentation of 2 mM EDTA at different times. The cell viability was analyzed by trypan blue assay.

Data were shown the percentage of cell viability and compared between the control group and

the internal test groups. (Mean + SD and *p value < 0.05)
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Fig. 7 The average of absorbance value of PBMC cultured with 1 uyg/mL PHA and a supplementation

of 2mM EDTA at different times. The OD measurement was analyzed by MTT assay. Data were

shown as mean +

SD of OD 570/630 nm and compared between the control group and the

internal test groups. The different letters (a, b, ¢ and d) indicate a significant different.

(o value < 0.05)
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