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Anti-scuticociliate effects of a combined treatment
with formalin and blue LED

Mun-Gyeong Kang, Ju-Yeop Lee, Yoonhang Lee and Do-Hyung Kim'

Department of aquatic life medicine, college of Fisheries Science,
Pukyong National University, 45, Yongso-ro, Nam-Gu, Busan, South Korea

Scuticociliatosis caused by Miamiensis avidus is a very important parasitic disease in olive flounder
farming industry. The aim of this study was to determine effect of combined treatment with blue
LED (light-emitting diode) illumination and formalin on olive flounder (Paralichthys olivaceus) in-
fected with M. avidus. Different intensity of 405 nm LED (20, 40, and 60 pmol-m™s™) was illuminated
on 2.2x10* cells/well of M. avidus in a 24 well microplate for 24 h. Also, 2.4x10* cells/well of
M. avidus were exposed to varying combinations of 60 umol'm?'s” of 405 nm LED and serial 10-fold
dilutions of formalin (from 10 to 100 ppm) for 15, 30, 45, and 60 min. Surviving M. avidus were
counted using a hemocytometer. For in vivo test, flounder acclimatized at 11-12 practical salinity
unit (psu) were challenged with 2x10°¢ cells/ml of M. avidus by immersion method for 1 h. Then,
fish were moved and divided into four groups; “F” group, treated with formalin at 50 ppm; “L” group,
treated with 60 umol-m™s” of 405 nm LED; “C” group, treated with combination of the two methods;
and the control group. After treatment for 30 min, fish were transferred to new tanks (salinity=11-12
psu) and observed for 3 weeks. As a result, illumination of 405 nm LED at 60 umol'm™s" killed
100% of M. avidus after 12 h, while 67% and 90% of the scuticociliate died at 20 and 40 pmol-m?s™,
respectively, after 24 h exposure. One hundred percent of M. avidus was killed at 90, 80, 80 and
70 ppm after exposure to formalin for 15, 30, 45 and 60 min, respectively. However, combined method
(e.g., 60 pmol-m>-s" of 405 nm-LED plus 50 ppm formalin) killed the parasite within 30 min. From
in vivo test, similarly, survival rates of fish challenged with M. avidus were 100%, 43%, 29% and
0% in the C, F, L, and control groups, respectively. Results obtained in this study demonstrates that
the combined treatment method has clear synergistic effect on scuticociliatosis in fish.
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7F wl%- E2 A& YES T (Jung et al., 2012;
Jee et al., 2014; Kang et al., 2015; Kim et al., 2020).
e XA BAE 22 Fh(scuticociliate)
2001), Pseudo-
cohnilembus persalinus (Kim et al., 2004), Miamien-

%2 Uronema marinum (Jee et al.,

sis avidus (syn. Philasterides dicentrarchi) (Jung et
al., 2007), Paranophrys marina (Kang et al., 2021)7}
Z Y o] A (Song et al., 2009)° A M. avi-
dus7V U. marinum®} P. persalinus 2T} ‘g x| ol T
70‘51 BUAS Bt BuoA & ¢ g%
ol wret WAl AFol7t S Ao ® AT
2FE 7SS Aofshr] 98] HakstarA(Lee et
al., 2017), &3-Id =53 AA(Jung et al,
2018) 59 A=Ae} WAl (Kang et al., 2014; Lamas
et al,, 2008) A7} =3 vl7}F o) ofA FI
Q) A} e BEG Aotk A @
A A ARAAE 2B AT FAE Sl
2 g 28Hs T2 ARRSAL 9L
E=gAAAE WA, BAE] 2 o7l of
o]l AR F e ez s7bE Ao g
A 9] L)H 71 S (. g Ichthyobodo sp. , scuticoci-
liates) TAIS 919 5414 TEwelo] Gk gy
< 100~200 ppm2] & AR B2t AR5 % uk
HOE 34U 2+ A ’:qu(NIFs 2016) 3=
ST YR G bl ASAY =
U Ao R QA T EHIF A
FTEE AMgStE AETF i A o]13]'(860 et
al., 2018). AHA 22 200 ppm ©] e BE
© =2FHIS] AFER AR Ao maA oy

HAloll Agk 2E# 25 FH(Song et al., 2006).
T, FAEA A T ERE wEd 2229

Lzt AEIA L] T2 24 %%LELE MATA 4
Fe HH GAFQ 24 =9 A T A
A B ZAYA 9L Mz ATHEDA, 1995;
Lalonde, 2015). :Lait'i o8 FHE 1T o,

TR g TETY AMEL s Rls
Al SF EHS FFoF Sk g 22|

r

o AA A7F FH vF o FALH L

a5 HA FEo HES 18T o HHE X
A7F e AA oItk (Lee, 2007).

g tho] 2 =(light emitting diode; LED)=
Zolm 2bE Y FA B W o 2] &}
A0 a3 o JJr%bl e &g
= &Ho] )\Tﬂr(Zhang et al,, 2014). 53] 400 nm
9] w4-& 717 A LEDE A}-2] A (ultraviolet
ray; UV)REE #-3ll31A & 284 TH(Kleinpenning et
al,, 2010), "] =] A4S AL = ATHRoh et
al, 2016). ©]7] o2 AFE T3l FA LEDO &gk
oAy Al A A E3e AFHATMa-
clean et al., 2009; Murdoch et al., 2012; Roh et al.,

2016). E3F, H A LEDO| AFR O & AFE| 7} ¢l
A ade %QZH A& a3E &21% \F ATHRoh
et al, 2018a). I EE B AT ol A= 405 nm LED
o} &4 X2 g A AMES] 2FE TS
of o3 7+ s E AN & YeA G5t
TEE AAstaA T

?rum

I
¥ oo it

= YO o ox

B

2 g0l AHZE LED =F

E AT A AFES EgTho] @ =(light-emitting
diode, LED) 32 R4 g w LED-3] &1
< ATAIE o A A F -2 405 nme] LED7} AHE-
= Aok Fde 120719 /18 LEDE T4 5o Q)
o, AEH-E 250 pmol'm >s' A} FHF 4
< Roh et al. (2018)2] ®WH 3} 20| Laboratory Radi-
ometer (Biospherical Instruments Inc., USA)S ©] &
3t 4% & B2 ote FHFS AMESATH
g e 2=x2H A&7 A28 (Withlight Co.

Ltd, Korea)S ©|& 3t o™, 11 A3= Fig. 19
LHER AT
M LEDS| HEEH AJEIFIE MT 2t

B ATl A-8-3F Miamiensis avidus<= 2% P2Y1
Bl 2] (2% proteose peptone, 1% yeast extract, 1.17%
9] sodium chloride, 10% fetal bovin serum)ll 15°Col
A 747 vl Yt} Hemocytometer (MARIENFELD,
Germany)Z A3 M. avidusE 2.2 x 10* cells/well
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Fig. 1 LED wavelength range of 405 nm LED.

EEZ 24 well plateo] HE3 ¥ 405 nm LED9]

3k AW =2 20, 40, 60 pmol'm*sH) O =
Lo A =& AR HRZTE LEDY =& A7)
| ekl Aol FAT) 05, 1, 2, 3, 6, 12, 24A1XHA)
o ~2FE7IEY A#FS 15 ml tubeE % T 8000
g 5% 2o E AAEY F 4S5 990 ulE HE
310 Wl & =FE 72 suspensions 0.25% trypan
blue®} 1:19] HIE&E Gt 4o} Qe F& AT

st

oz G

N

ZEUTIaL M L ED HEYO| 75 st el

In vitro 285 A8l T4 22O olnt
d, ST FF)S T F5(10-100 ppm)
2 A3t 24 well plateo] EF3FF T} o] %, §°
g L2 A3 M avidusES EF8H F 57}
2.4 x 10* cells/wello] B =2 3ttt 948 405
nm LED (60 umol-m™>s™)oll =& A7l ¥ 15, 30,
45, 60E-A o 10 ul o] 2 E]7}5 suspension Z F
S 1.5 nl tubeZE 7T} 8000g 5& Ao Z U4
8 & A5 990 plE ML 10 plo] 2FE7}h
% suspension®| PBSE 10 ul 713t o) Aol &
AolE M. avidus% < AF3t I ALES o
9} o] A=A
8] & M. avidus count

%7 M. avidus count

A & (%) =(1— )><100

In vivo A3-& 98, & 28vle|(H AF = 42+
599 WAE 2 20°Ce AEFE7F 11-12 psu
2 Z2AE oA 157L3L X AAT. o1F |
X E 2 % 106 cells/mle] M. avidusol 1A+ 5<%+ 3
A AANAT A5 a2 FE 95t skt

S

=
o~
T

=7} 37kA o] Aelel Z 7obele] YA E &
A AgstAh el 2229 50 ppm (forma-
lin-treated group), 60 umol- m™>s"'¢] 405 nm LED
(LED-treated group), 18] ©] 5 71X 2] W&
(Combined LED- and formalin-treated group)©] X3t
Aok ZF IS 3023t AP AR F 47 A=
v FEE A A Al §LT ST 231
E: 11-12 psu, 5521 20°C) 2.2 353t FAHH A
= #EEA

SHEM

405 nm LED®| 3= X~FE|7HS A7 &4
HolH =& A= SPSS v20.0 (IBM, NY, USA)
ol 4] one-way analysis of variance(ANOVA) test=
323t AFEHA AL Duncan's multiple range
test S o] 83t ATH (p<0.05). T8 L2TY
3} 405 nm LED®| & Aol 2|3t 2FE 7+ A
7 1A g A =&F Z 3= SPSS v20.0(IBM,
NY, USA)ol A student’s T-test BF'H S o] &3l &
A Frolds AAAT (p<0.05).

2 I

J MLED(405 nm)°ll =& M. avidust= =T
of mla} 1 47} A A At o, A 24
b olFolls BE B FRIA ol vl
oAl HAE YERIAT (Fig. 2). YobrF A%t
E2 G JEFHOE E3k0 1, 405 nm LED 60
umol-m?s'9] F&F FIHAE 1241 =F Al M.
avidus7} 25 ZJ AT, 202 40 pmol-m™*-s” FF
T A= 24413 =& Foll 7 67%(RE T
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Fig. 2. Viable M. avidus counts after
exposure to various intensity of 405
nm LED. Ambient light: control, 20
pmol-m?-s™ : 20 pumol-m?-s™ of 405
nm LED, 40 pmol-m?>s™: 40 pmol-
m?-s" of 405 nm LED, 60 pmol-m™

o
> S—a s': 60 pmol'm™s™ of 405 nm LED.
05 1 2 3 6 12 24
Hours post exposure (hpe)
m : Formalin treatment
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i_.: Lowest concentration with reduction rate of more than 90%
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Fig. 3. Reduction rate of M. avidus after exposure to various combinations of 60 pmol'm?-s' 405 nm LED with
serial dilutions of formalin (from 10 to 100 ppm) and treatment of serial dilutions of formalin only (from 10 to
100 ppm) for (15 minutes, (A), 30 minutes (B), 45 minutes (C) and 60 minutes (D). *, Significant difference, P <
0.05. **, Significant difference, P <0.01 and ***, Significant difference, P <0.001.

LED ®ol Z+Z} 15, 30, 45, 60+
e Z+7F 70, 50, 50, 40 ppm 2
olx4d M. avidus?7} 405 nm LED

=Ed o z2 Y% 2HNA F4-E =223} 405 nm LED
A o=}k o o= A Al AzHEe] FE ZITHTable 1).
ol &5 += ZZbe] AZES AZEHNE nFojiEgE He
43 T&% Aol @ zrgo] dojd A& Ve
T Aok Yol H-E A g In vivo 438 Z3}, 405 nm LEDS} XE2LHES
2224 + 405 nm LED)©| o= g e A & 2FEbel A AEE o
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Table 1. Reduction rate (%) of M. avidus according to exposure time of various concentrations of formalin (10
to 100 ppm) with 405 nm LED (60 pmol-m™s™)

Concentration of Time to treatment
. Groups : : : .
formalin 15 min 30 min 45 min 60 min
Control LED 4.64 20.08 23.77 40.16
(0 ppm)
10 oom 10 ppm 7.1 10.11 10.11 16.94
PP LED+10ppm 15.57 21.04 3825 48.91
20 oom 20 ppm 11.75 15.3 2131 29.23
PP LED+20ppm 29.51 45.9 60.38 73.22
30 ppm 224 25.96 33.88 44.81
30 ppm
LED+30ppm 50 54.92 73.77 87.16
40 ppm 35.52 44.54 55.19 63.93
40 ppm
LED-+40ppm 61.75 64.48 86.61 97.81
50 oom 50 ppm 40.44 55.74 64.75 72.95
PP LED+50ppm 73.77 100 100 100
60 oo 60 ppm 61.48 66.67 76.23 92.35
PP LED-+60ppm 83.06 100 100 100
70 ppm 79.51 89.07 94.81 100
70 ppm LED+70ppm 100 100 100 100
80 ppm 97.81 100 100 98.36
80
ppm LED+80ppm 100 100 100 100
90 ppm 100 100 100 100
90 ppm LED+90ppm 100 100 100 100
100 ppm 100 100 100 100
1
00 ppm LED+100ppm 100 100 100 100
29] 2 HAES Fig. 40 YERAAT #4148 o 4

A T8 AHNA 48 =TI 405
m LED ¥H& Hg 7= 100% =8-S Bl vk
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Fig. 4. Cumulative survival rate (%)
of olive flounder after M. avidus im-
mersion challenge; Formalin-treated
group (formalin at 50 ppm), LED-
treated group (60 pmol-m?-s" of 405
nm LED), Combined LED- and for-
malin-treated group (Formalin at 50
ppm+60 pmol-m?-s™ of 405 nm LED)
and Control group.

60

Survival rate (%)

—i—Formalin-treated group
20 —+—LED-treated group

—X-Combined LED- and formalin-treated group

-e—Control group
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Days post challenge (dpc)
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