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Nicotine is a component of tobacco products and is one
of the most commonly abused substances that leads to
addiction. Therefore, the present study was performed to
investigate the behavioral pattern and toxicity by nicotine
exposure in planarians. Basically, planarians were exposed
to different concentration of nicotine for 5 min. To in-
vestigate detoxification effect, planarians were exposed
to nicotine for 5 min, and treated glycyrrhizin for 5 min,
then motility and seizure-like behavior were observed
for 5 min. As a result, the motility of nicotine-exposed
planarians decreased approximately more than 50% com-
pared to freshwater control. However, the motility of
glycyrrhizin-exposed planarians recovered than nicotine-
exposed planarians. In the assessment of seizure-like be-
havioral pattern, planarians exposed to nicotine showed
head-bop or c-like type rather than screw-like or snake-like
patterns. However, planarians exposed to glycyrrhizin
showed no seizure-like behavior. To examine the oxidative
stress response, planarians were cultured in fresh water
containing 1 mM nicotine for 1 day. Planarians were ho-
mogenized and extracted to assay the contents of reactive
oxygen species (ROS), lipid hydroperoxides (LH), gluta-
thione (GSH), catalase (CAT), and superoxide dismutase
(SOD). The result showed that a significantly higher level
of ROS, LH indicated in planarians exposed to nicotine,
on the other hand, glycyrrhizin-exposed planarians were
significantly decreased ROS, LH levels. In conclusion,
the motility decreased when planarians were exposed to
nicotine, in a dose-dependent manner, whereas seizure-
like behavior increased. Nicotine induced behavioral dis-
turbances and cell toxicity in planarians were recovered
by glycyrrhizin, suggesting a candidate substance for
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nicotine addiction treatment.

Key words: planarian, nicotine, seizure-like behavior,
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Fig. 1. Representative photographs of the planarians seizure-like
behaviors. Seizure-like behavior was classified by 4 types (A)
snake-like, (B) screw-like, (C) c-like, and (D) head-bop in
nicotine exposed planarian.
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EatLta|of MEO] AEIH AEY|A(oxidative stress) HI2
£FS flet ¥E A

Z3}2]ol= 100 mM potassium phosphate buffer(pH 7.0)
£ o]&3lo] #ZSHhomogenization)dtal, 4CO|A 5& 9t
16,000 x goflA] @42 shglct. 11 & FS5ARhe FHoto]
coomassie(Bradford) protein assay kit(Thermo, Rockford, IL,
USA)E ol&d @l =5 SAstl, $UT 5=& 3
Hato] Ago] AF8BIsATt

Catalase assay(CAT)

TAESIG AR S| G A (catalase) 2] S =517 Yo},
FH|E YZof IS AH0.)E EolE & 5% potassium
dichromate®} acetic acid(1:3 ratio) -EY O 2 HF-3-& FFA]7|
AL, 100ToA 1083 7HESHAL 20l M 4]3E £, micro-
plate reader(BioTek Instruments, Inc. Winooski, VT, USA)E
AF&5] 570 nmof| A 3g8HU & (absorbance) S =753 L.

Superoxide dismutase assay(SOD)

Z 22 X E(chloroform), 100% OfJgrL, AZo] &E35t= A

= 4CoA 58 B9t 1,500 x g2 AR E T &, S
ArZAM3t 0.052 M sodium pyrophosphate buffer(pH 8.3),
186 uM phenazine methosulfate(PMS), 300 xM nitroblue
tetrazolium(NBT), 780 uM nicotinamide adenine dinucleotide
(NADH) reduced disodium saltZ ©]8&3}o] 30ToA 90%
HRS-S A7l &, acetic acidZ2 HF32 £H5}9ch 1 o2
n-butanolS& F715 & &, 4CoJA 1082 B9 1,500 x gi

4] BElZ 3§, butanol &%+ £2]5F0] microplate reader

£ 0]835}9 560 nmof|A] st U (absorbance)E =745}
At
Lipid hydroperoxides assay(LH)

A o] ot A2 &4 vHES ZRlstr] flshe,

WS A]9FQl FOX reagent(4 mM butylated hydroxytoluene
[BHT], 250 xM ferrous ammonium sulfate hexahydrate, 100
#M xylenol orange)ES 90% methanold} 10% sulfuric acid
(250 mM)ol| 591 & 2H|" MEF EFsto] A04 30

59§32 AlZ T} HES &, microplate readerS ©]-2-9]
01 560 nmoJ|A] absorbance?] Fst WEE =A35}9 ).

Reactive oxygen species(ROS) £H

PHULE Y 22 2] Yool ZuE HE
1 uM carboxy-DCFDA(Invitrogen, Eugene, OR, USA)&
37CoA 208 B9t ¥RSAIZl &, multimode microplate
reader(Spark™ 10M, Tekan, Minnedorf, Switzerland)Z ©]
235}0] 485 nm(excitation)2} 520 nm(emission) TFTH o A]
34 7F=(fluorescence intensity)S Z35FA T

Glutathione assay

FHH AE3} 5% trichloroacetic acid(TCA) &9 tube
of ¥3 4ol& F 4CAA 5& &% 1,500 x g ¥ =2
£ 59t 1 o2 A3} 300 mM potassium phosphate
buffer(pH 7.0), 10 mM 5,5’-dithiobis-2-nitrobenzoic acid
(DTNB)E 41°]& %, microplate readerE ©]-85}9] 412 nm
of49] F3at Wi (absorbance)E 75t

A Ol

o
=1 x< T
v
—

Ofm

HI

A o 7%

A Mean + SEM.C.& UEJ 1o, ZF fo|H
AL GraphPad PRISMS software(San Diego, CA,
USA)E 0] 83} one-way ANOVA EA35}11, Tukey test@}
Dunnett testZ FHA3}F], p<0.05, “p<0.01, *"p<0.001 FL

£ fo4o] U o wust

>,
et

i)

o
of

Results and Discussion
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Table 1).
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Table 1. Effect of nicotine on number of seizure like behavior in planarian

Seizure like behavior

Nicotine (#M)

C-like Screw-like Snake-like Head-bop
0 00 0+0 0+0 0+0
10 02 + 02 0+0 0+0 14 + 09
20 0.1 + 0.1 0+0 0+0 0.3 + 03
50 04 + 0.1 0.5+ 02 0+0 13 + 04
100 1.5+ 02 0+0 0+0 0.7 + 04
200 2.0 £ 0.8 14 + 07 0.1+ 0.1 3.7 £ 1.2
500 1.6 = 0.77 1.6 + 0.7 0+0 2.0 + 0.6
1,000 42 £ 20 12 +12 0+0 22+ 16

Data were represented by Mean + S.E.M. of 4 times replicates.

Means within same columns are significantly different at "p<0.05, “p<0.01 and “"p<0.001.
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Fig. 2. Effect of nicotine on motility of planarian. Number of
the motility (A) was counted in planarians after exposing of
different concentrations of nicotine. Data were presented by
Mean + SE.M. of 4 times replicates. ““p<0.001 indicate
significant differences.
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Fig. 4. Effects of glycyrrhizin on motility and seizure-like behavior in nicotine-exposed planarians. The motility (A) and seizure-like
behavior (B) were counted in group of fresh water (W/O), nicotine or glycyrrhizin after nicotine treatment, respectively. Data were

presented by Mean + S.E.M. of 4 times replicates.

*p<0.05 and *p<0.01 indicate significant differences.
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Bt F7F wigetitt. O & A2o] A15hE AEH A Hhg 2] 15(3.87)0l Blste] =A vehgth v FA4 |9
2 ZAVSH7] 5t0] catalase(CAT), superoxide dismutase A= QI R] kQkTh(Fig. 5B). ARt 9st AlzZ&
(SOD), LH, ROS 9 glutathione(GSH) assayE 27t AA|5} A} RI(LH) AdolAe YFgrto] A SehuE]ofof A
Hch(Fig. 5). 1 A}, FASEARSTA(CAT) E400A FARE EA Yehd Y] ogt SeptE]ore] Akt
£ Uzgs ZEAEzlo] AR g2 dlRAH(W/0)% A AEH AT WSk, ol ZE ARl 9fsto] AstH
U3d k& & FEAgRe] A" EghtEor 1Eo] AL AL 5 AATHP<0.01, p<0.001; Fig. 5C). upzt7}A|
2.687F 2.299] £2|& Hold, YI® T A 1E5(1.94) 2 G4LT B RAIAE Yadd] =28 St
of Hlste] Fo4 YA =2 S AT F AT (p<0.05, ofollA A Uehkow, 2l zlof gt Ajx f E/d4t
p<0.001; Fig. 5A). SOD &4 B|ZAE thRZ(5.81)3 U &% AA EFE & & UNTH(p<0.001; Fig. 5D). 1t
I =3 T FEAYA AP 1E6.06)°] YIH @A A GSH £49A= 1F 7t Ao|7h YettA] gkSlth(Fig. SE).
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Fig. 5. Measurement of oxidative stress in planarians after incubation in fresh water (W/O), nicotine or glycyrrhizin after nicotine
treatment. The level of (A) catalase (CAT) activity, (B) superoxide dismutase (SOD) activity, (C) lipid hydroperoxides (LH), (D)
reactive oxygen species (ROS), and (E) glutathione (GSH) were measured after each treatment. Data were presented by Mean =+

S.E.M. of 3 times replicates. "p<0.05, “*p<0.01 and *’p<0.001 indicate significant differences.
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