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Repeated Dose Toxicity Test Using Rats of Deep Sea Mineral Extract
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Abstract — Due to the deficiency of minerals in the soil due to continuous cultivation and losses in the processing
of food, minerals, one of the five nutrients, are lacking due to insufficient supply to modern people. Activated min-
erals extracted from deep seawater can not only consume high concentrations of minerals, but can also be used for
various purposes to provide high-quality minerals to modern people. In order to promote the use of deep seawater
minerals as a mineral supplement for healthy foods and to create high added value, it is most important to secure
safety through scientific verification. To ensure safety, the animal toxicity test was conducted by the GLP organiza-
tion according to the guidelines prescribed by the Ministry of Food and Drug Safety. As a preliminary test, the sin-
gle-dose toxicity test was conducted for rodents and non-rodents to ensure safety. Through the 4-week repeated-
dose toxicity test, the dose determination and testing of the 13-week repeated-dose toxicity test were conducted and
adverse reactions were confirmed.
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GLP(Good Laboratory Practice) 915 7] #ol| A 18] & o] oF gl T}

(NIFDS[2019]). # ATrollX= skl nulgFEErklE
%) Sprague-Dawley o] 13 57t WEE 7 Foia193S uj, A
dEdo] AwEel] o 247, F5d FNOAEL; No
Observed Adverse Effect Level) 52 542 ARSI

o, AE 3 IS AA rhdlgds FEIINS
o, Az v EFEES sl A Al 2015-1123 3l%F
A5 nEEEE] 49, darE, Ax 7e7E, At
gl AT ol Agtel, n|eSEE2] FRE Table 17} 2T}
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LA ekl on, Ad
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=4l tigt =4S Frleketl del ARE AL QLo Fsh Al
@ 7\3AEst onw B A1ge] A8EER Ausigich. Ak
o= AT T nlEFZEEIIER)Y Sprague-Dawley
Y= ol 5t 4 T K ROl SHSA wisE Bk 8 5
ATt ofefl 3% 13 F WHEEAAF 9] 87O F 5,000 mg/kg/
day & ATLFEL sjo] ek Zo] At BrkEglct. A
HZ AR BHFARTE Fofshe vix, AlEEE 1,250,
2,500 2 5,000 mg/kg/day Foidhe AT, 8T YW 185
Fow Ageleith AHg FEFE 7} FolE MR 9% 2t
22 A3 TH(Table 23%). #27 s
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ABEAE AAALE JSI] §7100 WL, FHAE F7151o]

TSR ZARBIAOH, 22 A2 g2 aaetad
#] Inductively Coupled Plasma Spectrometer, ICP(USA)= —’Fffﬂ

Table 2. Rat gender, number of animals, age and weight range
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Table 1. Deep seawater magnesium salt information
8% ¥ T vlEFEE (FvlE9)
55k AsputdlF + Akl + Absek ]
A 2017306216, 20173 11€10%, 2017 112144 (33])
A 2 3076.5649 g, 791.89 g, 5820.88 g
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Az 201691 042
A7 Axd =z 3d
S 79%
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T At FENEA T4
ATA FAAH Ax ud
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o] A gl oA ERIANES T3] 125 mg/ml 2 500 mg/ml
ZAE dist #AEES RIS, A 4 AT A2 24 A7

A2 8 U7 F3E FRIskI %‘: A Fol7iAlA E
Fol 13 Fxfol| 242 ‘Fﬂ ZAE \‘416“ FZoA 3 3] AES
sto] S8Rl & F-ell A AAEIGIT
AlgE AR Uﬂﬁﬂ =52 7 /\]- Charles River Rat and
Mouse 18%(5L79, LabDiet, USA Lot No.: JUN16171, JUN12173,
JUL04173, JUL10173)E G NE nlo| @ 2HE FFto} 2}
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AL EFA ), £ 7H"] T 513 9 el 74]'5*% A}
2] (GF-2000, AND, Koreay2 AM-sto] S35t Fo

atel] it 7} 5 whe]e] el thste] SRbow o] ol ‘d’xe
g B o)z ol o]l AREA| (=20l 19 Hetel: Egvloln] s
Alcon a Novartis company, #7]°l|, Lot No.: 16B04DN)E 435}
o] TF3IFE T Thy, SPAARIZIE 2R, S3F3A 9
S SISt Tl 13 -zriPC’ﬂ TF 7t 5 ekl FEel Al
A $0F 3 ARRE o] k) W F (i F oF 24 AR )E
F7I8te] mslehiA 7](CLINITEK Advantus, SIEMENS, Germany)
T AR AABIGITE A AFH Fells Fol W AlEHOlE A
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siQlth. B AlE 55 AY Aol sk ek 12 AkE o))
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Pharmaceuticals Ltd., Lot No.: N0106B17)2E vk sk

Hoiglols] FAPIE ol gate] At Be AP sas
odow AE 5 A (EDTA- 2Kt & ZHQ wFHe g,
ol o} & FES ANrE NE X 7|(ADVIA 120, SIEMENS,

Germany)% 73131t} S 3 A R= 238 I ©F 1.0 mL= 3.2%
sodium citrate T+ tubeol] ¥, ¥72](3,000 rpm, 10 &, 4 °C)
35 2 AQF ko] FAZEEA7](CA 620, SYSMEX, Japan)=
ettt e Al 5SS tio = oF 1 mLe AEste]
FeAZE Sl TR B Ad2olA] HA 90 7 o) WAL
%@v‘i—al (3,000 rpm, 10 3, 4 °C)ete] EHS welate] ofelie}
-5 YAAIsler B417] (HITACHI 7180, HITACHI, Japan)

EARE) 6H 2] 7](EasyLyte® PLUS Na/K/Cl ANALYZER, Medica
Corporation, U.S.A)E S0t TS 935 QS 24
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ol tietel 19 23](1 d 23] od 9 o) NS ¥ U E B BE A 9 24 Sekew BEsISith thx,
ZHBIGITE, S Fo7IRbeet s FEol tislo] Fof 1 d5E n8s W APGEES] 79k F4 Al odado] v
Table 3. Rat breeding environment
TEANS =4 |
AR AT AR A AR AH(W 180 x L 400 < H 200 mm)
A %?717& 2nte] o] &} / AR A}
7178 19k o] 3} / AFS AL
2= 20.07 ~23.37 °C
AdEE 40.06 ~ 56.31%
A 203] o] /AIZE
57 12X17+(Am 8 ~ Pm 8)
zE 150 ~ 300 Ix
A ARFAE E ol 7] 18] o] /27, FH 18] o4/ 15 wE
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Table 4. Test group and dosage

b o] % (mg/kg/day) o] ME(mL/kg) p= e
Gl O =3 0 10 10 (1101 ~ 1110) 10 (2101 ~2110)
G2 AgF 1,250 10 10 (1201 ~ 1210) 10 (2201 ~ 2210)
G3 F4% 2,500 10 10 (1301 ~ 1310) 10 (2301 ~ 2310)
G4 & 5,000 10 10 (1401 ~ 1410) 10 (2401 ~ 2410)

7] B -9l tiste] 27 Eefol=E AlFegich Bzl v
B 3 (parametric multiple comparison procedures)®] 73-$-ofl+=

Levene test & 52HdS 7% &, one-way ANOVA test = -
A& FRlatalom, AR A THEARID 7 -9-ol+&= Scheffe
multiple range test 5, ©]-24FQ1 991 Dunnett’s T3-testE ©]

g3jo] tate] GO WRelslT) BAE BAe gow
ﬂal AHEE AL 9= B 371191 SPSS(IBM SPSS Statistics,
ver. 24)2 ol8310] AAIE|L o, P<0.05 Q) A EAHOR
SJstka Wyl

B AIgolME Fold s Slsl 4 F wHe

Al Azt 318821 5,000 mgkgelld AlFEZ e 2]t HAJF5Ae]
k=] A] 9ko} 5,000 mgkgS T-E-FA O 7 7SIl 2,500 mgkgs
TEFT 1YL 1,250 mgkgE AEFHT O SIS g
H| WS 9181 viZrte SR A on, Al Yl Foige
Table 4} o] A7gsl3ict.

1 ] ARy Ol RIS
Folrol = Fol 3 24 UHFE LF- 7RAelA ‘%‘i(soft stool)O]
WAL, 30 YFH Fo| TR *]W}X] 78] B= 7oA A
o] #FHIt. TE&F FolwelM= Fol F 9 AFH AF- Al

oA Aol ¥EEQIAL, 11 UH-E —roﬂ TR A B A
A1 AT} A (mucous stool)o] TEEFOH, Fol & 57 UF-
B 7ol T8 A7 G5 Al AApt S E S "’% F
oArelM= Fol - 2 AFH A B JhAelA ARt oA

o] WAL, 53 UHE] Fo] TR AZRA] LK TRA A AL

(diarrhea), 3HE5-2] 2% (soiled perineal region), o= AAFH2] &
7H(increase of water consumption), 2] S-%-7(anorexia), °F¢
(emaciation), 72 (refusal to feed), - (no stool), L35} (ptosis), A}
HEe-0] A5k (decrease of locomotor activity), 72131 J5-912] T
2] (staining around mouth)°] F-2 0 & =T} A A&
2 Tl Fof £ 24 URE AR AAIA AR (soft stool)
o] THAE|S, 36 AFH Fol T2 A A2 B A
Anlo] | T8 Folrole Fol £ 10 Y58 IF
A Ao FFE G, 12 LFE Fo T2 AR BE N
Aol Al A @"—qtﬁ(mucous stool)o] TGl o, Fo] & 57
AHE] Fo F ]77]';(] A5 FNAOA AP A= 31g
B —Eroq:f%ﬂ*ﬁ_ Fol £ 244y 714 BE JRAelA et A
o] AT, 54 AFE] Fol TR AR AF- AN A
A}, BHELELS] ©0do] HEA 0 7 b aiDP(Table 53%).

3.12 AlF

A B AT, PR FolI F 57 3189 Folzo
Fol F 5 e T o) f2141l % 29)
o, g1 g Folol %ol F 3 7 that o] 2]

= (p<0.05)7}F =

I

S| c‘>_]

3.1.3 AlE A=
AbEan 2 Ak NHEA Fol7I3h F £ RE Fol
W th oin] oA Ql Az B odgto, f
04?011*1 7ol F- 259 6 7l 2
4 AQ1 A (p<0.05)y7F ¥ T

3,14 QHTEEA AL/ 32 AL
AEER %%o%w Z BE FolpolA qhuela AL U 327

AR AT} o)

Table 5. Major clinical symptoms in the 13-week repeated dose toxicity study

T o] F(mg/kg/day) 4 7
Gl o2t 0 SR
G2 A-SHT 1,250 o
G3 FEET 2,500 AR, AW, AR oA AAE g
G4 g 5,000 AW, o, AL sHER-0) @4, = AT S7EAFEANAIE A (A 20k, oA 2utE])
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FoyslelA] AAL A, ARELD Fo7 IRt 5 53 SEF T
ofrol|A] 1P} ClellA] 242} dlizer o] 1214191 S7H(p<0.05)9t 7+
2(p<0.05)7} TZE At A 8 FolrtellA ALP, IP, 18]
I A/G ratio®lA] Tz oiH] {231 F7H(p<0.05)7F =]
Tk o T8 FolarellA TP} CaollA] 22t thzs tiv] <]
ARl A (p<0.05)7}F & 0, 185 Fofrelx] ALPS} IPE
Oz tie] 2129 F7Hp<0.05)7F 18] 3L TP} Cat Tl
] F-2 581 7 (p<0.05)7F B2E QL)
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4 A, 47l 18 FAT 1 vk 9, Ao,
&, A%, A%, 1E|an vl sERe] wEE o, 11 9] Al
Ftolrls SolA]l Fazde] WA ok

WA FRLZ, x2ToA = AgeA] 1HdA) Al (interstitial
nephritis)©] 1/10 #lellA] #2911, Zhellx] <HbaAd (fatty change)]
2/10 oA =t 1-&Frell A= WelA AT A EZ AL
(epithelial cells necrosis)”} 1/10 |4, Aol A=) A 22 A}
(epithelial cells necrosis)’} 1/10 #|llA, Ao x]of| A Abst] Al 3£ 3]
Al(epithelial cells necrosis)?} 2/10 @lellA], 7ol 3] A 3EA}
(epithelial cells necrosis)”} 2/10 & ollA], 27l A 73] A 32| A}F
(epithelial cells necrosis)”} 1/10 oA, §] el A 23] A LI A}
(epithelial cells necrosis)7} 1/10 #l|A 2= 1, 7Hl| A <5
WA (fatty change )°] 1/10 ol 2= i)

AL, 2Tl E deollA 2 2] B S (alveolar wall
thickness)7} 1/10 #ellA] A= a188Folx = AdolA A
3| M| 3£ 3| Al (epithelial cells necrosis)’} 1/10 F oA, o] 2]l A

AT AIEZ} A (epithelial cells necrosis)?| 1/10 @A, S84 3
S M| 33| A H(epithelial cells necrosis)’} 2/10 oA, 3-gellA] 4]
M3 X (epithelial cells necrosis)’} 1/10 oA, Z7ollA] 23] Al
)X} epithelial cells necrosis)’} 1/10 oA FHEE L, ITHollA]
o] A& (mononuclear cells infiltration)o] 1/10 #elA] B2
&1t HoA #H3EH ] B (alveolar wall thickness)”} 2/10
oA Tt

ALAYZ 0 7 s Wsto] AL, 9

T A0 R AIPEA Fols) Tt
o} 283 S ST ndEFEEY 959
735, HEXATEH(LDSO0, lethal dose for 50% kill)
#tol 3,000 mg/kg/day & FARbe W) AlFEZAL] 18R] 5,000
mg/kg/dayelx] TS APINA] = LA PN gl givkar
SR SRl

AlRbe wulRFEES] fal S 87T Al st ok
29 45 5,000 mg/kg/dayelld] A HAS BlomE 3
S5 2Pl AlLlska, 1 v AFH 5] 2,500 mg/kg/day=
AREE1O], 2,500 mg/kg/day + 6.17(rat] AI5°) = 405.2 mg/kg/day
olH, RBAAIT 105 & 3HA 3§52 405.2 mgkg/day + 10 =
40.52 mg/kg/daye|H, $=131 HHAlFE 60 kg 7102 31 A1
RS 40.52 * 60 kg = 24312 mg/dayC 2 AFY EQItt. 715 A A
#3138} 22 WHO(World Health Organization)2} EPA(Environmental
Protection Agency) Bl = 715 27 Al ARESE 255 o] 8319

TH(Table 631%).
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Table 6. Safety indexes considered in risk assessment of hazardous substances of mineral extracts

— ——
g TR NAF e

dd HEHFH AP AF &

= ST A oI Bk e
K #4999 (mg/day) (mgkg-day) Raty LT (mg/kg-day) (mg/2)
a4 A AT 2,500 NOAEL 6.17 10 4052 2,431




o) AbsLeleh, o9 A Eitelel 2 W, A5 £zl

AREL AU UMRFRECEYE Sprague Davley
ol 13 Tk 9 A7) S90S u) FEARHNOAELYS 9
% 2,500 mg/kg/day O FA3HA A4 O}Oﬂu} olyst AN=S
ulgow skl nlgFE R TEAY e 4% 5 9
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