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ABSTRACT

Background: Lycoris radiata has various bioactive properties. However, some alkaloids exhibit
neurotoxic and cytotoxic effects, and pose potential risks. These toxic compounds can have harm-
ful effects on the body when consumed in excessive amounts, and may induce genetic mutations
through cytotoxicity. Therefore, this study was conducted to determine whether the water extract of
L. radiata exhibits acute toxicity and mutagenic effects.

Methods and Results: In an acute toxicity test conducted at a maximum concentration of 2,000 mg/kg,
no signs of morbidity or death, and no clinical symptoms were observed. Furthermore, a bacterial
reverse mutation test was performed with a maximum dose of 5,000 pg/plate, resulting in negative
outcomes for all strains.

Conclusion : The approximate lethal dose could not be determined, and there was no indication of
mutagenicity. The lethal dose is estimated to be > 2,000 mg/kg, and mutagenicity does not appear to
occur up to 5,000 pg/plate. Further experiments involving increased concentrations or changes in
extraction solvents and methods are required to better understand the toxic response.
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7HIT), B3 lycorine®] 1A norbelladine® H5-S 3} o AAk (L] dEEE 99) 1.7 kg S 952 AFS)
= @Al nuclear factor kappa B 9% #d &9 Ak AAkS FEEHA Alsle] F23e] B 10 9] ZASG
cyclooxygenasesﬂ WS Ao R S e Rtk & UK & @RFE7] (COSMOS 660, Kyungseo E&P,
42 A At} (Bastida et al, 2006; Matsuura and Felt-Neto, Incheon Korea)Z ©|-&3lo] 105C, 3 A|7ke] 2Ao= 3 3
2015; Ji et al, 2017, Cahlikova et al, 2020). Galanthamine W =319
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F= & U8 IFHAES7] (NVC-2200, Eyela, Tokyo,
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70C A0 =2 TAANZ I SA7A%7 (LYOPH-PRIDE
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213 3 9] Sprague-dawley (SD) rat &, & 2zt
Z} 20 vl E ¢ﬂ dE ufo]Q (Seongnam, Korea)ollA T+
ato] ARGSRTh. A Al 7 F9 rate] B ATl A o
71 161 g — 183 g 73S 229 g - 261 g WA=
10% °lH¢] E%%X}i Aes =2l F 1579 7+ w3t &
e AR dut S AT WSt °l”°l fE 5= A
Foll AHg-s ﬂc}

AREE] 3 AREEE 252 21.0C - 242C, %
47.0% - 73.0%, 71315 15 ﬁ — 20 AR, YT 12 Al
ZF 2= 150 lux - 300 lux, &% 60 dB °]3}, =Euo}
EXE 20 ppm °lF HES FASNT. e MY
Ag] F Ao A= GAFE, ALRE pelletd LHA}

(PMI LabDiet 5053, PMI Nutrition International, St
Louis, MO, USA)E A-+443 A1FTh

dAT=S NS, A8T, T8F, ALEFTOR
hrol 5% 4 212 5ok A el Aak
9] TS Organisation for Economic Cooperation and
Development (OECD) 71°o]= 2}013} of2] FASAAIE A+
= sl 500 (A-&H), 1,000 (FEH), 2,000 mgkg (L&
FHoz A8t (OECD, 2001; Kim, 2014; Cho et
al, 2024; Jo et al, 2024). FANZL 10 m/kg o= A2
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FHEA 7+ F AAS P F A E BD
vacutainer glass blood collection tube with K3 EDTA (Thermo

fisher scientific, Waltham, MA, USAY] ©o} RBC (red blood
cell), HGB (hemoglobin), HCT (hematocrit), MCV (mean
corpuscular volume), MCH (mean corpuscular hemoglobin),

3.

MCHC (mean corpuscular hemoglobin concentration), PLT
(platelet), RET, WBC (white blood cell), NEU (neutrophil),
LYM (lymphocyte), MONO (monocyte), EOS (eosinophil),
BASO (basophil)& IDEXX Procyte DX gematology analyzer
(IDEXX, Westbrook, ME, USA)S AR&&le] 243130t}

SO MSISIR] 2

TAEE W7F Y T AR @ T AFE e #4971
(AU480, Beckman coulter Inc, Brea, CA, USA)E ©]-&3}o]
AST (aspartate aminotransferase), ALT (alanine aminotransferase),
ALP (alkaline phosphatase), GGT (gammaglutamyl trasferase),
T BIL (total bilirubin), T CHO (total cholesterol), TG (triglyceride),
BUN (blood urea nitrogen), CREA (creatinine), TP (total protein),
ALB (albumin), IP (inorganic phosphorus), Ca (calcium), A G
(albumin/globulin ratio)s =743}
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5. Y0124 HIt

o45= B|&EHY Q7 dFA Salmonella typhimurium
TA98 (Lot No. 5508D, Moltox, Boone, NC, USA), TA100
(Lot No. 5506D, Moltox, Boone, NC, USA), TA1535 (Lot
No. 5504D, Moltox, Boone, NC, USA), 2 TA1537 (Lot No.
5503D, Moltox, Boone, NC, USA)¥ EHET 214 45
Q1 Escherichia coli WP2 uwrA (Lot No. 5473D, Moltox,
Boone, NC, USA)S AHE-3IAt

A 2 AE 7F 28] S95 ARSI S9 (Lot
No. 4230, Moltox, Boone, NC, USA)l| Cofactor (Lot No.
999901, Oriental Yeast Co., Ltd., Tokyo, Japan)S 3713l
AzAle] TREgol et 899 AFFES} %7t HES
Al F AHg-stach

o4 YEBAe N B TYAQ B35S S
Ao sodium azide (SA), 2-nitrofluorene (2-NF),
2-aminoanthracene (2-AA), 9-aminoacridine (9-AA), benzo[a]

=1 o)
—JX—EXE]T:
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pyrene (B[a]p), 4-nitroquinoline 1-oxide (4-NQO)YE A3}
o Ak & FEEY AP FEv 6 W ST (4.88,
19.5, 78.1, 313, 1,250 2 5,000 £/plate)o.2 21T,

A e i ALt & FEE 100 w0k tiA 247
o] el wet thal 244 28 Al 89 mix 500 s, TIAF
SA HAE Al QIHEE (pH 7.4) 500 45 EFEaL
7 g 100 £ & A ATk A $ 37C JRHY7]
o 20 &7+ A sATE (Tejs, 2008).

v 8 T TA98, TA100, TA1535 ¥ TA1537 o=
o= ds|2Ede] X3 top agar 2 M &, WP2 uvrd= E
Exo] ¥3HE top agar 2 M S 4Jo] minimal glucose agar
plate (21-40S21, Moltox, Boone, NC, USA)l +=3+ Tl
37CelA 48 AIZF F3t vigsidt. 71223845 (background
lawn)®] o) 7 B 2o I oJF= AvE (E-200,
Nikon, Tokyo, JapanyS ©]&3sl] #ZsI A, EHEAH]
“ (Colonyy= &<+ Al

FHH e tiAt A fr, Fob BARlel TAIS, TA100
TE= WP2 uvrd #5704 4 izl Hls) 2w o)X,
TA1535 H== TAI537 @504 3 ¥l o HEFEdRe] &
7} 2748 o) pdom WAAT (Levy, ef al, 2019). A
g2 OECD 7ho| =211 TG4AT1, 2Fe) ozl o]k
F 59 SANENE (@A A2022-18%) 2 Ames A
(Maron and Ames, 1983)2 33lo] 4=3)3}9 c}.

6. SAX]

e AT, E7 ¢ E A} volEe W+t + FFW
2} (means = standard deviation)o-Z FA|5}1SH SPSS &
AZZ 3 (Statistical Package for the Social Science, ver
25, IBM Corp., Amonk, NY, USA)S |83l one-way analysis
of variance (ANOVA)YE AI$ ¥ Duncan’s Mutiple Range
Test (DMRDNE AL HF & 7 78S 5% T<olA
AZ3A (p < 0.05).

zn o oz
1. BMS =t
Yo At B FERS B AR F vk AL
25 A% A 717 B b BE 54 AT A A
7 wAEl gsith AR SRS AFE 248 A7 &4

==

zxa, A2 B F55 500 mgkg, 1,000 mgkg, 2,000
mgkg o2 Zhzb 718 39701 + 258 g, 3847 + 387 g
3757 £ 134 g, 3622 £ 550 golH, &2 2409 + 102 g,
2419 + 90 g 2428 + 143 g 2405 + 76 g0 & A=A}
(Table 1).
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Table 1. Summary of Body weights(g) changes over 14 days after oral administration of water extract from Lycoris radiata.

Sex Dose (mg/kg) Day 0 Day 1 Day 3 Day 7 Day 14

0 259.7%5.12 291.0%7.5% 265.0+8.9% 337.6%=16.0° 397.1x25.8%
500 253.7+13.4° 283.8+18.2° 258.0+17.2° 327.7£26.1° 384.7+38.7¢
Male 1,000 251.6+10.5° 275.8+11.4° 245.0+£7.9% 316.3+8.4% 375.7+£13.4°
2,000 255.6%+10.2° 289.0=15.9° 293.9+26.8" 337.6%+26.8° 362.2+55.0°
0 193.6x7.0° 210.4%5.6% 219.0%9.1% 227.0%9.6% 240.9+10.2°

Female 500 188.0+4.7° 208.2+7.3% 219.0£3.1¢ 220.3+9.0° 241.9£9.0°
1,000 191.5+11.0° 206.8+9.9° 226.5+10.7¢ 232.8+13.7¢ 242.8+14.3°

2,000 186.6+8.8° 205.6%+8.5% 216.9+8.8" 225.3+9.0° 240.5%7.6%

Body weights of rats during the first 14 days of life. Body weight was exhibited by means =+ SD (standard deviation) (n = 5). Significance between
groups by one-way ANOVA with Duncan’s Multiple Range Test (DMRT, 'p < 0.05).

I 717 el tiztel] vlste] 10% o] AF T3S v
ERAY QI=AQ ke HaslA] e SAd0go]
He £92 WAL (maximum tolerated dose)O =
oz, olgf3t Huu g3 MY 54 F sl
ARe Wrrsketl 88 7|2 AEE ARET (Van ef dl,
2022).
ik B FE2ETY 2] AT ER1g Ax, AT
Sl 10% o= VRl o S E HaER] eagiet. o]
23t A7z Mk B FEEY HdgE82 2,000 mgkg
8 AJT FHAE
HEOIL 7ol=
. OECDeIA = sFet=d ]
=4 37E 4 < AABEAL 9lem, o] 7t
ol=eRloHE HIFEEE 2,000 mgkg && AL )
ol T& EX MM 9] Aol Bl olf7t U
749 ole]FH o=z 2,000 mgkg oo FEelAe] AlF
Skl k. 3 OECDE] F454

=R=3
el
2ol 2,000 mgkg o]l 734 oM Ed=w EHsl

[e)

=
2_1

e E8) A

B AFeM = 2,000 mgkg o] FE7A] EAgHRgo] #EER]
erol WA HopAdge] SRS FAH o2 A )
= A= AL lot Hi -8t vkrxIAkEol 2,000
mg/kg o)dolehs e Bl BlwA
Sachi=

kAL = B
st A3, e
ok, AL A ALt
MATE o vke] & &
SRISHAT} (Table 2).

= ol og)] a3k ujof wio} Aule] 953 A5
ol &3lA 2AE 4 9™ (James and Heywood,
1979), A=2] 3t 9152 10% HIE= D=
2 4HA U} (Lee et al, 1993).

orde Eolgtal
A7, A, A, BF
Tz=|A] kot
2,000 mgkg FolgollA
Fago] f=dE AS

=
[€)

o~

T I A

2 A3 ya Fuge] 952 Ad s AL
o, A Frelidel fltks A (p = 05014 4it =
FZE 2,000 ngkg T 13 93] JIFS FA) =

o= Az,

Table 2. Necropsy findings in oral administration of water extract of Lycoris radiata.

Dose (mg/kg) Substance Sex Number of animals Necropsy findings external
0 Vehicle Male 5 No gross f?nd?ngs (5)
Female 5 No gross findings (5)
500 WLRY Male 5 No gross ffndfngs (5)
Female 5 No gross findings (5)
Male 5 No gross findings (5)
1,000 WLR "

Female 5 No gross findings (5)
Male 5 . No gross ﬁndings 4)

2,000 WLR Bilateral epididymis atrophy (1)
Female 5 No gross findings (5)

PWLR; water extract from Lycoris radiata. Summarize the necropsy findings for both the control and treatment groups. The table shows the

specific pathological findings observed in each group.
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M=

w954 B7F A3 2,000 mgkg 7HA] QPR Zloz Holw,
AP RAIZE LAY SRR 9d9k7] wiEell W XARE (lethal

dose 50, LDso} 2,000 mg/kg oL 7oz setw o),

ol

N

O MoISHA 2A
ol y3lelzr BAe Ao 3o e a2, Ty
shsdite] A WSt dEE 4 kY
ZF 719 715 2 diAF AdElel dist FRE AlFSic
4 3 AFS o] IS B9 A9 GGT 727 &
71 500, 1,000, 2,000 mg/kg, LA 2,000 mgkg FoiTtol|A]
=4 thE2 vlaste] foFQl lolE B (p < 0.05).
GGTE gy o® 71 A Bl APdel E3star 2dH o
715S st 7HEgke] A7 de] ARgEY. ke z 7
AsS Adalr] 98l ALP, AST, ALT X9t ¥ajate]
@it} (Kim, 2009; Vroon and Israili, 1990).
GGT X9 oAl Wstz 7Hd3s Adsr] 93l
ALP, AST, ALT 73& tZ23) ¥lagh A3t f294Q1 2jo]
7F JER A ettt B8 GGT S=x17F A2 W9l oluiel A
S RIS} (Petterino and Argentino-Storino, 2006). w2k
A1 GGT A Wsh= A4 {9 oldle] wslolm] A4t
E FEE J¥o= 1] offrial AT (Table 3).
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(George and Parker, 2003).

S AQFT DY d7EA A, A 2,000 mgkg
FolwollA PLTE FA7F #24<l zolE BT (p <
0.05). PLT #x|¢] Wish= I AAF 24, ohdst 64 2
gh ks, 7 T ok aRlel 9s Wt (Sff er al,
1990). TRt 2 AJRe] PLT °31= Bare A He] ol
2|2 (Petterino and Argentino-Storino, 2006), A4t & F
ZE9 dFoE H] ofHrial AET (Table 4).
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4. BlOJ21Y 2}

ol 94 B71E 918 colony A1 A AIFE Sal
FEE BANA o) gl B 4% FYsky 2
M VA colonySo] HAHLE. ol v} 6 3 - 8
sle] X Rl AoIutL vehdrh S PR %

e e BAE ARl A A9EFO) opIAL 24
o ol Hlglobt AbEakAY el AHSS
e (Fig. 1).

B)

Fig. 1. Normal and abnormal background lawn of Salmonella typhimurium on agar plates. (A)(B) The images show a normal
background lawn of Salmonella typhimurium TA1535. In the case of a normal background lawn, it shows a dense and uniform
rowth. (C)(D) The images show an abnormal background lawn of Salmonella typhimurium TA1535. An abnormal background

awn exhibits irregular or uneven growth patterns, which may include areas of sparse growth. scale bar 0.25 mm.
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Table 5. Results of mutagenicity evaluation through bacterial reverse mutation test of water extract from Lycoris radiata.

Colony/plate
Strain Substance Dose (ug/plate) Without S9 With S9
Means=SD Ratio Means=SD Ratio™
D.W? 0 141 [1.0] 21x4 [1.0]
4.88 14+3 [1.0] 25+2 [1.2]
19.5 17+4 [1.2] 25+4 [1.2]
WLR? 78.1 15+2 [1.0] 25+6 [1.2]
TA98" 313 141 [1.0] 240 [1.1]
1,250 133 [0.9] 249 [1.1]
5,000 19+4 [1.3] 27+8 [1.3]
2-NF¥ 0.5 895 [6.3] -
B(a)P? 1.0 - 98+4 [4.7]
D.W 0 86=8 [1.0] 731 [1.0]
4.88 82+4 [1.0] 67+2 [0.9]
19.5 873 [1.0] 745 [1.0]
, WLR 78.1 87+8 [1.0] 76+6 [1.0]
TA100? 313 840 [1.0] 682 [0.9]
1,250 86=4 [1.0] 733 [1.0]
5,000 821 [0.9] 77+1 [1.1]
SATO 2.0 1925 [2.2] -
2-AATD 2.0 - 586+8 [8.1]
D.W 0 112 [1.0] 13+4 [1.0]
4.88 91 [0.8] 121 [1.0]
19.5 111 [1.0] 16+2 [1.2]
WLR 78.1 81 [0.7] 15+1 [1.4]
TA1535% 313 102 [0.9] 15+0 [1.1]
1,250 11+1 [1.0] 11+1 [1.4]
5,000 101 [0.9] 15+1 [1.2]
SA 2.0 220+7 [21.0] -
2-AA 2.0 - 147+6 [11.8]
D.W 0 9=+1 [1.0] 8+0 [1.0]
4.88 81 [0.9] 81 [1.0]
19.5 71 [0.8] 101 [1.2]
WLR 78.1 9=+1 [1.0] 11+1 [1.4]
TA1537% 313 81 [0.9] 91 [1.1]
1,250 7+1 [0.8] 12+2 [1.4]
5,000 742 [0.8] 12+4 [1.4]
9AAT 80.0 181+7 [21.3] -
2-AA 2.0 - 170+12 [21.2]
D.W 0 24=+3 [1.0] 33+4 [1.0]
4.88 24+1 [1.0] 332 [1.0]
19.5 243 [1.0] 32+8 [1.0]
WLR 78.1 19+1 [0.8] 331 [1.0]
WP2 uvrA® 313 244 [1.0] 34x6 [1.0]
1,250 22+3 [0.9] 33+3 [1.0]
5,000 21=+2 [0.9] 29+1 [0.9]
4-NQO™ 1.0 239+4 [9.9] -
2-AA 2.0 - 508+6 [15.4]

"TA98; Salmonella typhimurium TA98, “TA100; S. typhimurium TA100, TA1535; S. typhimurium TA1535, “TA1537; S. typhimurium TA1537,
YWP2 uvrA; Escherichia coli WP2 uvrA, “DW; distilled water, ”WILR; water extract from Lycoris radiata. - SD (standard deviation), ¥2-NF; 2-nitro-
fluorene, ?BlalP; benzolalpyrene, '”SA; sodium azide, 'V2-AA; 2-aminoanthracene, '?9-AA; 9-amincoacridine, P4-NQO; 4-Nitroquinoline 1-
oxide, "¥Ratio; indicates the percentage of the mean value compared to the negative control value. Means + standard deviation (SD), (n = 5).
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