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ABSTRACT Chemically derived pesticides have been used to prevent biological damage to domestic cultural property.
However, their use is gradually being restricted due to the harmful effects on the human body and environment. Therefore,
there is a growing interest in the search for new antifungal biopharmaceuticals whose safety has been confirmed by toxicity
evaluation through animal experiments. This paper presents methods of toxicity evaluation of natural biocides using
Sprague-Dawley rats and New Zealand White (NZW) rabbits. Safety of the natural biocide extract of Asarum sieboldii
was evaluated using single-dose oral and dermal toxicity tests in Sprague-Dawley rats, and eye and skin irritation tests
in NZW rabbits. The extract has proven antimicrobial and insecticidal activities against wood-rotting fungi and termites.
After single oral administration to rats, the LDs, values were determined to be over 4,000 and 2,000 mg/kg for males and
females, respectively. After single dermal administration to rats, the LDsj values exceeded 10,000 mg/kg for both males
and females. The extract was identified to be non-irritant to the rabbit eye, and only slightly irritant to the rabbit skin.
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In this study, we confirmed the safety of the 4 sieboldii extract through animal testing. Due to the harmfulness of humidifier

disinfectants, focus is on the safety of chemical pesticides, and toxicity evaluation is suggested as the basic method for

hazard evaluation.
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T SoR WEsit W FEAUYS Hsiel
Methyl bromide2} Ethylene oxide Z71A5 0|83 555
¢ it = BET S WAE ARt Cultural Heritage
Administration, 1985). &= 2= 34 A% U Akt oF
AE A&t F271 BskaL o] FHordt &l 3
A Agshe Zo] ofBR FUT A A7} 7Hs
stgon, A & A7 wE L2 FHske] oFx)eh A
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Substances that Deplete the Ozone Layer)'of| 2]73}4] tjj 7]
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2005, A=A 2015ERE ARgo] FREEZ A
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Institute of Cultural Heritage, 2014).
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AR EIE YRl gl n, E7fu|of tsfAl= 4 mg/mL &
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AJ&of| Sprague-Dawley#] EH QA FA(Specific Pathogen-
Free)?| 557 H ¢ AFE cjdEnto| e 2R E £
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Q) B2 AHo] BT, ST D WA
New Zealand WhiteNZW)A] 10578 A AE7|E <3}
717tE AA Aol ARE-8HE T

2.2.1. 3| A1EH SHAR

3] AT AlAEe] A2 AFA B A 1527
AN AT ES H2ud AEEL o2 Y
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Table 1. Summary of experimental units and dosage in rats for single oral toxicity

Number of animals

Group Dose Volume of dose
(mg/kg) (mL/kg) Male Female
Gl 0 10 5 5
G2 1,000 10 5 5
G3 2,000 10 5 5
G4 3,000 10 5 5
G5 4,000 10 5 5
G6 5,000 10 5 5
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Table 2. Summary of experimental units and dosage in rats for single dermal toxicity

Group Dose Volume of dose Number of animals
(mg/kg) (mL/kg) Male Female
Gl 0 5 5
G2 10,000 10 5 5
Table 3. Summary of experimental units and dosage in rabbits for eye irritation test
Group Number of Animals Volume of dose (mL/kg)
Gl Unwashed 6 0.1
G2 Washed 3 0.1
o AFE 71Eo R ST BFolE SEE B2 Fod A AR BEEA| ¢hot, 10,000 mgkge] T
g d3& ?*}71(3 mL)* ol-&ste] ol &3] A B L AIFEE TS A3 TH(Table 2).

AAstgieh BE FEZ T Aol oF 16X7 ol S5+
A FH AZIHA Zé*—l*l?li, o] & ok 4X|ZF Zof A}
2E F9stgch

Eolg3 AL ofHAFSZ 10,000, 5,000, 4,000,
3,000, 2,000 2 1,000 mg/kgS ¢+ Z+ 1uta]e| @3] AL
E051 A3}, 10,000 2 5,000 mg/kg S A ¢4 2 14,
4,000 2 2,000 mg/kg LRl A A 18] ApdE7F 22
=St uheba], & A1 o] B8Rk Apdo] IEE A
£7<1 5,000 mgkgS T-EFO 2 A3}, 2,000, 3,000
9 4,000 mgkege 243 1,2 9 302 HAs}A, 1,000
mg/kgS AEFoZ @7“]3}0“‘4’ fzole AEEE F
o] 21} =3t Hefo] B A S Fod st TH(Table 1).
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23 5 o ALY 0.1 mLE $ote] 2
apguio] 13] Ak}, 302 F 20 mLe] Al 4le FAjol
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A G FAFR O 2 12T AIRHE AAIBke] A|QE ti=ete
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2.3.2. MOl X AlRQ| 1A S QIR EIt

Q7 TS Fof 1,2,3,4 9 720] ZHek, T4 W
Auto] g5l S<2F 9 Slit lamp (Kowa SL-15, KOWA Co.,
Ltd., Japan)2 325}, ‘Draize ] QFHH 9] SH(Draize,
1959y o] webd H7Fska 7| S skgich. B4 Fol 5 244
HEA 1)l EF2 A AFAE ol-&-sto] Zratol 4t
9] §-5o thsiA TSI Fof THef ety Rio]
ZE 7] 7] 2ol A S TR

US4 Wb WEAPER A 2 LY
AL A FAEAEQ Individual Index of Ocular
Irritation(LLO.L)S T34, 7+ A#E 4B g2 ut
]2 Y= Zh(Mean Index of Ocular Irritation(M.1.O.1)2
FEEE Fol £ 1,2, 3,49 9D 749 MLO.LY| gk
2l Index of Acute Ocular Irritation(1.A.O.1)& -5},
LA.OL 9 Day 7 L1LO.L 59 3t 2 Guillote] ‘oFgutr}
= %7}E(Guillot, 1982) o]l wetA bdet A=/9] H=
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2.33. LR X5 AlRQ miRdts 3 mie XS4 Eot

78S F7he AR EE Fo] F 24, 48, 217000 &
i 7hagAd 9 25RO dslid wEska, g
‘Draize 2] u]¥4+-g- H7}3E (Draize, 1959) ¢ whehA FH7}
3} tHTable 4).

Y5 254 Bk AIFER Y] 12 R A=A Primary
skin Irritation Index, P.LL)E F5to] A=9] A= & H7|5)
Aok, 13 HRARARE Fo] 24 8 724\7b0] ulakz
@ 2} 9o 93 bRy W REAe) BaHs
£ PSRRI )R Lol A&t 1 4

Animal ID 1101 1102 1103 1104 1105 1106
Head A| B B | A A| B B A A | B B | A
Tail Al B B| A A| B B A A| B B| A

A : Intact B : Abraded

Figure 1. Administration position of test substance for skin irritation test.
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Table 4. Evaluation of skin irritation of erythema and edema

Skin reaction

Erythema and eschar formation Edema Score
No erythema No edema 0
Very-slight erythema Very-slight edema 1
Well-defined erythema Slight edema(edge of area well defined by definite raising) 2
Moderate to severe erythema Moderate edema(raised approximately 1 mm) 3
Severe erythema(beet redness) to slight ~ Severe edema(raised more than 1 mm and extending beyond the 4

eschar formation

area of exposure)

Table 5. Primary irritation index(P.I.1.) according to Draize method

Classification

Primary skin irritation index(P.L.1.)

Practically non-irritation
Slightly irritation
Moderately irritation

Severe irritation

0.0-0.5
0.6-2.0
2.1-5.0
5.1-8.0

Wi

|25, oo ‘HRBAIAHE ] BF o met =S =
B25}9THTable 5).

it

AR kg 240 3

g :
B A
i W el 44
191 :
24, EH Hal

@3] AR AR Y FAA = AP A dojrl
AF A= SAS(version 9.2, SAS Institute Inc., USA)S
ARg3to] AABEATL Bartlett tests A5t FEAMIS
AT AHF 4= 0.05). T AT 7F FEAR] -
One-way analysis of variance(ANOVA)S A A|5to] 724
(Frela: 5%)0] TEEH Dunnett's t-test®] ThHHAES
ALASRATH R 252 92 0.05 H 0.01),

98] Fuse] BAAHL) FARL w3l AFE
SAAE Y i FYsHA ol Fo{F 2H, Folded-F H4
HE AMgste] T4 AT AIHHoeE: 0.05), 5

7= o] Student t-testS AAISI Fod& =<l
SFRATHR- &= %5 0.05 H 0.01).

QP ATA AT T3 ATFADL 2 AN o]
A B3 % 23] g BES Foka, EASHA
a4 AXIBA) pgiet.

3. 7aﬂjl_|. al Xt

3.1. HMSeis

@3] FFRo o AFHIH= =3 AFEZ 3,000 E
5,000 mg/kg Fojto A Fof & 13t 3Y o] =t} vl
Al 94 Qe Alsdart FEREE v 17t 5
ok AR A HEE FololA 2T} v Al 3943 §L
£ ASHsks WA FdTH(Table 6). =34 T
AFHI= AIFEE Folof 7]Ag Ao 2 wetdrt

@3] AT AN AEE A Be FEOlA
F7Fetglen, WE7)7 F< ¢4 10,000 mgkg Fooll
A 223l A o4 e AlsHste BEEA &
QFtH(Table 7).

QHEEF AR AP AL 7 29| BE 520
Al F7Feten, BHtAlF S7HES HIAIE 0.21 kg, Al
A 0.23 kgol itk TR AFAHZE 0.07 kg FtA|
%5 27l%e nah



Table 6. Mean body weights in rats after single oral administration of Asarum sieboldii extract

Sex Dose Days after dosing Gain
(mg/kg) 0 3 7 14 0~14
0 155.3+£7.0 196.9+10.7 240.1+15.7 303.8+£22.9 148.6+16.4
1,000 156.9+7.2 196.249.0 234.7+10.4 300.0+12.4 143.049.8
2,000 156.446.1 195.446.5 236.6+11.8 302.5£17.6 146.1+13.2
Male 3,000 152.545.6 182.746.3 227.246.1 295.548.9 143.0+£10.5
4,000 156.6+5.5 187.31£6.2 231.6+6.4 302.2+10.5 148.14+4.1
5,000 154.5+£2.4 174.6+10.1" 219.0+11.2 293.8+15.4 139.8+13.4
0 128.944.1 158.1+£5.0 179.748.5 210.2+14.0 81.3+13.1
1,000 124.7+5.3 156.4+8.1 174.1£12.3 205.0+18.1 80.3+£14.9
Female 2,000 130.6+5.9 159.6+8.6 181.4+10.2 211.8+13.8 80.1+10.5
3,000 127.34£2.2 151.3+11.0 178.6+4.3 205.549.6 77.3£10.9
4,000 125.843.3 151.448.5 171.3£6.5 195.5+£7.3 68.6+5.9
5,000 129.34£5.9 162.7+3.8 178.4+4.8 197.2+12.4 63.1+13.1
Significantly different from control by Dunnett's t-test: *p<0.01.
Table 7. Mean body weights in rats after single dermal administration of Asarum sieboldii extract
Sex Dose Days after dosing Gain
(mg/kg) 0 3 7 14 0~14
0 178.3+11.2 206.3+11.1 243.8+11.9 306.9£16.9 128.7+£7.5
Male 10,000 181.1£7.9 202.149.5 241.1£10.2 309.0£12.0 127.948.7
Female 0 142.248.3 159.9+11.6 172.5£13.6 196.9+18.3 54.7+11.4
10,000 145.9+10.1 159.5+12.9 181.2+15.6 206.9£19.6 61.0£10.9

W3] HEe] AP A thE2 ¢4 1,000 me/kg
SolZol At olahazlo] TATA Y9k, 2,000 myke
Solzo| ] Rolged 24 28, GRAN 10l B
59l BFo] BAHY O, Kol F 19 ol 55 o]y

T2 WEEA FTE AT FEEA @2 A

321 B8 77 ¥ Fus0] S8 Tt Z
ABBY S ©E) FPEC NP2 S5 AF
9] 5,000 mgkg FotZel A Fol F 6417 127k A

SFFAL, A 4,000 mg/kg FoATAA Fof T 6417t ZF
13, 3,000 mgkg FoAoA Fof 3 1] 22, 5,000
mg/kg FolZo A Fof T 1d0f 28] 9 Fo £ 3U0f 12
7F AFgskgitH(Table 8). 2| =/4-87F5 A43H7] Hsted
o] Ao AFgRE A7 BEE T8-S 3t
AR o drldde) duel LA &R 4,000
mg/kg 7323} 3,000 mg/kg Foitofl A AFGTHA 7 Y
ShRT. @3] Au] Fo Al ME o HlE=T % 10,000
mg/kg T o) A A= BEER] h3ITh(Table 9).

3,000 mg/kgT} 4,000 mg/kgol| A B Z A7t B3]
A 3Fo] Z+ 187 HEEH LY, 1D o] 5 7E BA4H
Q) WES ehiich. APz B 47 5,000 meke
Fojt 93 3,000 mgkg, 5,000 mgkg FoiTof A £
S 27 53, LR, A5Y L ALH 25 As
7h wEESGlom, Bo] 3 QDo) AR A, W
&, BB 091} Q19| 2gio] B AL Asial
THTable 10).

@3] AR AIEY w7

B9, 5 22 o
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Table 8. Mortality and LDs, values in male and female rats after single oral administration of Asarum sieboldii extract

Dose Days after treatment LDso
(mg/kg) 6 8 14 (mg/kg)

Sex

—_
S
—_
—
—
[\
—
W

0 mg/kg
1,000 mg/kg
2,000 mg/kg
3,000 mg/kg
4,000 mg/kg

0
0
0
0 >4,000
0
0

5000 mgkg 1
0
0
0
0
1
0

Male mg/ke

0 mg/kg
1,000 mg/kg
2,000 mg/kg
3,000 mg/kg
4,000 mg/kg
5,000 mg/kg

>2,000

Female mg/kg

N O DO O OO0 O O O © o
S O O O O Ol O O O o ol
—_ 0 O O O Ol O O O o OoO|w
S O O O O Ol O O O o ol
S O O O O Ol O O O o olwn
S O O O O Ol o o o o o
S O O O O Ol O o o o ol
S O O O O Ol O o o o o
O O O O O Ol O o o o o|lv
S O O O O Ol O o o o o
S O O O O Ol O o o o o
S O O O O Ol O o o o o
SO O O O O Ol O o o o o
SO O O O O Ol O o o o o

Table 9. Mortality in male and female rats after single dermal administration of Asarum sieboldii extract

Sex Dose Days after treatment Mortality
(mg/kg) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 (deaditotal)
0 mg/kg 0 0 0 0 0 0 00 0 0 0O O 0 0 0 0%
Male 10,000 mg/kg 0 0 0 0 0 0 00 0 0 0 O 0 0 0 0%
0 mg/kg 0 0 0 0 0 0 00 0 0 0 O 0 0 0 0%(@©S5
Female
10,000 mg/kg 0 0 0 0 0 0 00 0 0 0O O 0 0 0 0%
Table 10. Incidence of clinical signs in rats after single oral administration of Asarum sieboldii extract
. . Dose (mg/kg)
Sex Clinical signs
0 1,000 2,000 3,000 4,000 5,000
Appears normal 5/5° 5/5 3/5 4/5 4/5 3/5
Irregular respiration 0/5 0/5 2/5 1/5 1/5 2/5
Male Decrease in locomotor activity 0/5 0/5 0/5 0/5 0/5 0/5
Prone position 0/5 0/5 0/5 0/5 0/5 2/5
Salivation 0/5 0/5 0/5 0/5 0/5 2/5
Lacrimation 0/5 0/5 0/5 0/5 0/5 2/5
Appears normal 5/5% 5/5 4/5 3/5 4/5 2/5
Irregular respiration 0/5 0/5 1/5 2/5 1/5 3/5
Female Decrease in locomotor activity 0/5 0/5 0/5 0/5 0/5 0/5
Prone position 0/5 0/5 0/5 2/5 0/5 3/5
Salivation 0/5 0/5 0/5 2/5 0/5 3/5
Lacrimation 0/5 0/5 0/5 2/5 0/5 0/5

"Number of animals with the sign/ Number of animals examined.



Table 11. Summary of clinical signs in rabbits after eye irritation test of Asarum sieboldii extract

Day for eye irritation test

Test grou Clinical signs

group & 0 1 2 3 4 5 6 7
No. of animals 6 6 6 6 6 6 6 6

Unwashed *
NOA 6 6 6 6 6 6 6 6
No. of animals 3 3 3 3 3 3 3 3

Washed .
NOA 3 3 3 3 3 3 3 3

"NOA: No observable abnormality

Table 12. Summary of eye irritation scores in rabbits after eye irritation test of Asarum sieboldii extract

M.LO.L"
Test group . — s
(Conc.”) No. of animals Intervals(Day ) LA.OL
1 2 3 4
Unwashed(100%) 6 0 0 0 0 0
Washed(100%) 3 0 0 0

igonc.: Concentration
. .M.LO.L: Mean index of ocular irritaion
Day: Observation after application
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I.A.O.1.: Index of acute ocular irritation(The maximum value of M.I.O.1. during the observation time)
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Table 13. Summary of skin irritation scores in rabbits after skin irritation test of Asarum sieboldii extract

Score of erythema and eschar/edema

) ) Intervals(Hours*)
Appliedarea  Animal ID
24 (48) 72
Intact Abraded Intact Abraded Intact Abraded
1101 2/0 2/0 (1/0) (1/0) 1/0 1/0
1102 2/0 2/0 (1/0) (1/0) 1/0 1/0
1103 2/0 2/0 (1/0) (1/0) 1/0 1/0
100% 1104 2/0 2/0 170 1/0) 1/0 1/0
test 1105 2/0 2/0 170 1/70) 1/0 1/0
substance 1106 2/0 2/0 (1/0) (1/0) 1/0 1/0
Total score 12 12 (6) (6) 6 6
Mean score 4.0 (2.0) 2.0
PIL” 1.5
1101 0/0 0/0 0/0) 0/0) 0/0 0/0
1102 0/0 0/0 0/0) 0/0) 0/0 0/0
1103 0/0 0/0 0/0) 0/0) 0/0 0/0
1104 0/0 0/0 (0/0) (0/0) 0/0 0/0
gtlgl 1105 0/0 0/0 (0/0) (0/0) 0/0 0/0
1106 0/0 0/0 (0/0) (0/0) 0/0 0/0
Total score 0 0 0) 0) 0 0
Mean score 0.0 (0.0) 0.0
PIL” 0.0

Hours Observation after application
“P.LL: Primary skin irritation index
( )= Total values not used for calculation of P.I.I.

Table 14. Result of acute toxicity tests against extract made by Asarum sieboldii

Studies Test Animals Result
LDsy" > 4,000 mg/kg (male)

Single oral toxicity SPF rats (SD) LDs > 2,000 mg/kg (femalc)
Single dermal toxicity SPF rats (SD) LDso > 10,000 mg/kg (male/female)
Eye irritation Rabbit (NZW) AOL" 00
Skin irritation Rabbit (NZW) PLL™ 15

"LDso: Lethal dose 50%, *A.O.L: Acute ocular irritation index, ' P.LL: Primary skin irritation index
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