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Comparison of microscopic counting and alamar blue assay to evaluate
anti-protozoal effects against Azumiobodo hoyamushi that causes soft tunic
syndrome to Halocynthia roretzi

Jae-Geun Lee, Seung-Ryul Zeon, Kyung-Il Park, Sang-Hoon Choi and Kwan Ha Park’
Department of Aquatic Life Medicine, Kunsan National University, 573-701, Korea

The edible ascidian, Halocynthia roretzi is a commercially important fisheries resource in Korea. However, there
have been outbreaks of mass mortality due to soft tunic syndrome. It was discovered recently that the cause of death
is infection by a protozoan parasite Azumiobodo hoyamushi. Alamar blue assay and microscopic counting were used
to estimate anti-protozoal effects of 20 drugs having different action mechanisms. Through comparison of alamar blue
assay and microscopic counting, 6 drugs were found to be potential in protozoan-killing effects: amphotericin B,
formalin, hydrogen peroxide, bithionol, benzalkonium chloride, bronopol (24hr-ECsy<20 rg/ml). The preliminary data
can be used as a basis to develop anti-protozoal agents against A. hoyamushi.
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&h} 9l (Park et al., 2013). 7FA O ZAahe
a2 SPFQ] alamar blue assay+—= ARISHY A A|oF
@] alamar blue (resazurin)©| Ao}l A3z 9] njEX
Cajolf] a4 Sof 93 resorufin 2 Y]
of Uehth= HA Bl ggwe] Hoke AlEe] AEs
ZAsh= ook o] S-S FEAE (Nociari
et al., 1998), Alt (Franzblau et al., 1998), 7|35 (Riz
et al., 1997), &330] (Ingroff et al., 1997) 5 ThFgH
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hoyamushiol] o3| 784 =A<l alamar blue
assay®] 5% 7hsde AASHL 2059 akekE]
ol Ao ZAsHT} alamr blue assayE H|nl5}o]
A. hoyamushiol) S-a3t SIBHES Eolslaix} 4345}
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A. hoyamushi v %

A. hoyamushi= &35l THE FAANA &
2]t MEMo]| sttt (4] -5, 2011). 55 10%
Eagle's minimal essential medium (MEM, Gibco, USA)
ol 3.5% sea salt (Sigma, USA), 2.5% fetal bovine serum

(FBS, Sigma, USA), 5 mM HEPES (Sigma, USA), 2
mM L-glutamine (Sigma, USA), penicillin-streptomycin
mixture (Sigma, USA)E- penicillin 100 units/ml,
streptomycin 100 pg/mle] HE2 718t 3 0.45
filter paperE o|-&3] o1}gt vljR|o]| 4. hoyamusi S
ujoyal ot

A7 2 Az
A SRS 9lojFog 72 BFslo] 4
hoyamushiol] T3t A== G115 H7l5|GL) = 3ls
Al, YA B FAEA, AT B 2R, S iIs)
=, 7|ESdEolct (Table 1). AJ9R SigmaitellA]

Table 1. Classification of drugs used for anti-parasitic efficacy test

Test
Classes Drugs concentrations
(mg/ L)
quinine 20-200
. metronidazole 1-100
Antiparasitics
albendazole 1-100
fumagillin 1-20
amphotericin B 0.1-40
Antibiotics ketoconazole 12.5-100
and paromomycin 1-100
antifungals nalidixic acid 1-100
sulfamonomethoxine 1-100
formalin 0.1-500
Oxidants  potassium monopersulfate 1-100
and hydrogen peroxide 0.05-5
reductants  potassium permanganate 1-100
bithionol 0.5-200
povidone iodine 10-500
Halogens chloramine T 1.25-200
chlorine dioxide 0.5-250
benzalkonium chloride 1.25-40
Others citric acid 1-100
bronopol 0.1-10
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chloramine T hydrate, bronopol, potassium monosulfate
salt, fumagillin (from Aspergillus fumigatus), albendazole,
citric acid, quinine, potassium permanganate, metronidazole,
nalidixic acid, amphotericin B, poly (vinylpyrrolidone)-
iodine complex, paromomycin sulfate salt, benzalkonium
chloride, sulfamonomethoxine, ketoconazole2 -5}
%t} Hydrogen peroxide, formaldehyde solution-&-
Junsei (Japan)of| A F-J3}5 L
FNE o} (Korea)o| A F+U5FSI T BithionolS TCI
(Japan)ol| A F-<43}ATt

£ U-84435151=21 albendazole, quinine, fumagillin

2 dimethyl sulfoxideo] ¢ & SF42 34510
A& TE Nalidixic acid®} bithionol-2 &40
EF J7lelo] 0] B ALRELY

1! ketoconazole-2 %-5420]| hydrogen chloride S A%
H7Voto] o] Az} Chlorine dioxide+= 1000
ng Lo AZE 24k AEAS AMSIGL 0]9)
o sRHEe ZRad] Ho Azaldth HAA
MEME o|gstlon Aol ARl 5ol
DMSO+= 1%°]3}31aL pHE 6.8~8.2H AL} e
3RS i 100%2 HASI ARSI

] chlorine dioxide-2

sodium hydroxide S

Alamar blue?] A|7Hd 39z Hy}
Alamar blue assay= A. hoyamushi 2] AJZ0] =47}
S| ol 7] 8l 0.5x100 cells/ml §=2] A
hoyamushi B]}9¥ 200 nloj| alamar blue (Invitrogen,
UK) 20ulE 3338 96 well-plateo]] A7}3F 3 15Co]
Al BiFsHRATE 0, 1, 6, 12, 24417+ B2 fluorescence
GEMIN XS,
275153tk
Excitation wavelength= 540 nmo|$1il emission

wavelength= 580 nmo| it} A|@-L 53] HEESFICh

spectrophotometer ~ (Spectra Max,

Molecular Device)E ©]-&3l] &3k

A7 signal/background (S/B) Hl= 0A7Fe] 334k
S backgroundZFO.2 3t 3 AI7HH R ZUlsk=s

S signalgf o2 sho] H|E AAlSHIT

o&L.
EISL X

Alamar blue assayS 0|43 4587 =
A. hoyamushi (1x10° cells/ml) 100 plof] A]&
100 plE &8 96 well-plate]] H-2 - alamar
20 WIE 7ksto] 4AIE FE 15CollA wiekasict:
S1eHE0) B7hsew Table 18] F=H 9= 7}
Fom MEMOZ 28 3]A3}o] fluorescence
3}9ct Excitation

89
blue

spectrophotometer 2 337HS =74
wavelength+= 540 nmo| il
580 ol A o] Bl Agwel Bk
O] HIZ 4. hoyamushi®] &L H7FSIATE AlE
2 39] wrsioict

emission wavelength+

ANAASEL o8 43a% Y7t

HAu| G Al4= -2 Park er al. (2013)2] WPHO 2 S}
At = A hoyamushi (5x10* cells/ml) 1 mlof| A&
o 1 mlg 12 wellplateo]] & 5 24A|7F 521 15Co])
A et - TN S o8sto] FAR9IE 200
vty S7gsto] 71l W7 S 2

oA AFL o|it) Fefjo|Alat APt 2 2AF 7]
A2=0] L2 Bl5HRo]| RS vk A o 2 ALY
o} 3}tE0] H7Rses MEMOR 284 3]45}0]
Table 19] SEHSolq BIsIG00] 33] i stol
NSRS B

golg £4

stghgel iRt u
concentration, ECsp)2] 452 Graphpad Prism (version
4, Prism, USA)S o|-&3slo] H7}5tich

3= (median effective
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Fig. 1. Change in alamar blue fluorescence intensity vs.
expouse period.
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Alamar blue assay S 0183t 4. hoyamushi )
= 5 20709 AR SRk 5 1159 3
Hde B30T (Fig. 2). A hoyamushiol] 733t A5
a5 Bl 3eHE-2 hydrogen peroxide, bronopol,
amphotericin B]%5.01 Z+2} 0.62, 4.23, 8.16 pg/ml 9]

24hr-ECso42  d9th  Benzalkonium

i= ]

chloride,
bithionol, formalin, chlorine dioxide, ketoconazole-2 10
<24hr-ECs5p<25 pg/mlo]$1 o™ quinine, povidone
iodine, chloramine T= 50<24hr-ECsp<<200 ug/mlo|]
ot Uz igta Al s El ol dsans
HolA| ettt

o8¢ 43a% B}
o183 4. hoyamushi®] Y81}
o= F 20749] Al SRk 5 1152 shkEollA]
/e Bk (Fig. 2). 4 hoyamushiol 733k
S HQl SRES
bronopol, chlorine dioxide, bithionol©]$3.0 ZF2}0.32,

0.73, 1.24, 3.76, 7.37 1g/ml 2] 24hr-ECsp7S A

nm= w1

iy

hydrogen peroxide, formalin,

Benzalkonium chloride, chloramine T, ketoconazole,
amphotericin B2 10 <24hr-ECsp<25 pg/mlo] g} om
quinine, povidone iodine-2 25<24hr-ECs)=<100 /g/ml
Otk UHA| ShokE Al EE=HolA dsa
IS HolA| Ak

Alamar blue assay@} @] 73 A| 4 o] A5 A3} v

Alamar blue assay 2} T3 Al Al s=r 9
oA 1152] setzoll el 4. hoyamushioll L=<
130 amphotericin BE- A|£J3t & a3
A &n|7 A5 o] alamar blue assayRrh © S
hECo RS BT T 270] ECxgh 1] (alamar
blue assay/ microscopic counting)®| x}o]+= amphotericin
B, hydrogen peroxide, povidone iodine, benzalkonium
chloride= <2%1.©™ quinine, ketoconazole, bithionol,
chloramine T, chlorine dioxide, bronopol>- <50|$ith

Formalin& 26322 7} 2 H|9] 2}o|& Bt

jug

3EO 2 A, hoyamushi 2]
AR QT (Park et al,, 2013).
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Fig. 2. In vitro 24hr-anti-protozoal efficacy of test drugs. Data are mean + S.D. Ineffective drugs are not shown. Part of
microscopic data quoted from Park et al. (2013)
[ ] Alamar blue reduction assay, B Microscopic counting
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2-yl)-2,5-diphenyl! tetrazolium bromide) assay, alamar
blue assay 0] AREE|o] Ytk 1 F- alamar blue
syl THE 270l v]a) Algio] Zikalo) AE
o Z4€ 0121 kL st A oA
o] Tseleh HOlH FRAE Al B30l
7% & Tt AEAlelA =4S B7Isket o]
L5371 Qi) B A= A hoyamushi7 | alamar blueS
A= Ao sl Lotkly] $felf ARFER
%o Holgre SAsIom AR R w2 AR
AE 7= B892 DAoL viYF 24417 30
S/BH|7} 3.9 : 12 LFERTh Hamid ef al. (2004)=
QI7ke] ZRFA-EHAIZEQ] HepG2 A 225 2x10 cells/well
off 2F &7} 10%7} =|A| alamar blueS gL SAIZE
HjQF 52| §/BH|7} 26 : 10]2} HA15}%] O Réz et
al. (1997)= 5x10° cells/well&] HXZ= Trypanosoma
brucei rhodesiense®} T. b. gambiense®] & 5% 10%
7} =7 alamar blue: 1L 247 HjF £-2f SBH|7}
27H15 1,3 ¢ lojeka Barsiglch AlgabEol
ge A9Hel W ol Ao 4
hoyamushi’= MAZES: WiORS o Bk v
SBHIE A0 o= 4. hoyamushi7} 252 alamar
blue¥hS SHA7]= A o2 wehETh Alamar blue
£ olg3te] A hopamushi®] A% EHE B3]
Aoz 24 24A17F o2 Hijekrzte] Badh A
o2 AYZPET

Alamar blue assaye} S| ZATHS 0|85} 4.
hoyamushi©|| Tt 2052} Stz gt 2447t -
AIE 7R 23 1159 siek=ol dis] avs
How, 7 SN KrolA 7Rt AsaiE Kol
+ ofehE @datAl ¢l amphotericn B, AFpA]| B
21A| Q] formalin, hydrogen peroxide, bithionol, 7|E}
OFE-0] benzalkonium chloride, bronopol & LFERSITH

(24hr-EC50=<20 pgml). o|& 3IHEL Leishmania

donovani (amphotericin B), Ichthyobodo spp. (formalin,
hydrogen peroxide, bithionol), Neoparamoeba spp.
(bithionol),
chloride), Ichthyophthirius multifilliis (bronopol) -¢f
Abz=g a7l Qlokal B 1% Q] 0 (Saha ef al., 1986;
Ostland et al., 1995; Russo et al., 2007; Florent et al.,
2007, 2010, Hirazawa et al., 2003; shinn et al., 2012),
Qs ol S4kgolokE o R Bofs et
= o wAle] 2e Amo] 47 22z A7t
S5k in vivo ZA0A 2] T} SelE] o]
We] $7149 Q77 Bas Rolck

Alamar blue assay @} &1| 73 A5~ 9] 24hr-ECso 4t
= Hlas) H Aan) Qs tivEe] ekekEel
4] alamar blue assayol] B|3l] Hn|7ZAl=Ro] o W=
24hr-ECsp 412 ¥tk Mansour and Bickle (2010)=
FEAsto] whE dul S} alamar blue assay
£ o]-85}o] Schistosoma mansoni2] 7L7F AZ=g
vl H7}5} AT alamar blue assay”} & 0|7 A4
of vls @ vzt ke Aokt Hasigick 2
&I+ R amphotericin BE- A7t R FASRbE
oA An|Z A5 o] alamar blue assay WU} T W
24hr-ECsogt= At 0|9} 22 Z3l:= alamar blue
assay7} BA0] ARSYEH whgol Qe A==
resorufin®] ol ofsl| F7hE= 7R Hol7| wZo]
2} AJZF= e} Formalino]] T3l alamar blue assay @} &
78 AlR 9] 24h-ECsoft 2] HI= 263 1 12 TRE A
HjaEel Hlg) 2 Aol moon, ofs el
2HA| 2] formalin©] alamar blue2] THo]] FakS n|
A =T gro] SRS A2 AZE L formalin
of| alamar blueS F7}38-S )] formalin®] 214 alamar
blue S FHIA|7|= FARS TR Z] QIQLTY (data not
shown).
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A. hoyamushi= v|9FA| 7o) wle} 2|42 © 2 alamar
blueS FHAAF 21 in vitroo)| 4] alamar blue assay2}
o)A A4 H-E H]uslo] amphotericn B, formalin,
hydrogen peroxide, bithionol, benzalkonium chloride,
bronopol©] A. hoyamushiol] 733t A=g 17} Q=

o SISt = 20 5. dptee] Sl
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SRS Syst B PO AAsA,
PomalinH 2 T Z4oA] 2 Ho]S Kol 33}
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