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Acute Oral Toxicity of Phlorotannins in Beagle Dogs

Hyejin Yang , Minseok Yoon, Jiyoung Kim and Suengmok Cho*

Korea Food Research Institute, Seongnam 463-746, Korea

Phlorotannins, the major constituent in brown algae, possess various biological activities; however, there is little
information their toxicological effects. To assess the safety of phlorotannins, we investigated the acute oral toxicity
of a high-purity phlorotannin preparation (PRT; total phlorotannin content 90%) in beagle dogs. Six beagle dogs (3
males, 3 females) were assigned randomly to three experimental groups. PRT was administered at oral doses of 250,
500, and 750 mg/kg by capsule. Vomiting by male and female beagles was observed with 500 and 750 mg/kg on the
first day. In addition, one beagle given 750 mg/kg had soft stool and diarrhea on days 3 and 13. No deaths or abnormal
clinical signs were observed during the experiment. All groups showed similar body weight gain and food consump-
tion. Our acute toxicity study showed that PRT did not cause any toxicological effects in beagle dogs.
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AxFe LHEe ofAloF A w7FEol A 17He] Al o
T o|gE o] gkon, 7|5/ AE H oJoFEe YRR AN EAL
QITH(Smit, 2004; Le et al., 2009; Hwang et al., 2010). 2=+
& #H=(phenol)&, 7F2E|=0] = (carotenoid)A] A4, H 2
H(terpene)+ L thd-F(polysaccharide) 5-2] thofFst &S
gHrokal 9l 53], phlorotannin©] 2 2] 4 &= #li5/d okgh
AR Y EA ] 78 A2y 420l th(Shibataetal.,
2004; Wang et al., 2009).

Phlorotannin2 phloroglucinol& 7] G2 sl SEHA|
2 ol Gk, ZAKgallic acid)o|u Z2H(flavone)=
I Q= S EHls it 24 2% th=rK(Shibata
et al., 2002; Shibata et al., 2004). A 7HA] TfoFst 2270
Al 2F 1507F4] 2] phlorotannin AJ&-5°] =2]%|%l=t(Isaza
Martinez & Torres Castaneda, 2013) ¥RH& 02 dieckol,
eckol, bieckol, eckstolonol 2! triphlorethol A 5-2] A&E-=0] 31
on, o] % dieckolo] 7F & H|5-& AA|SFL QITH(Cho et
al., 2012a). A& o2 22 % 5 Ecklonia 2] phlorotannin

gtefo] =2 Ho|u(Yoon et al., 2008), £3|, 7el(Ecklonia
cava)?] phlorotannin g5F-2 t}2 2270 H|s}e] jj-9- =2
Ao g & A QIth(Heo et al., 2003).

Z|oll, e el o =8 513/d2E<1 phlorotanninf] ¥+
3F oL X 1o wk= 1 gFAFSKH Zou et al., 2008), 349 5(Kim et
al., 2009), &(Nagayama et al., 2002), &= 27](Shim et
al., 2009), A1 A & 2.5 2-8(Yoon et al,, 2008) 2 7]l =
Z(Myung et al., 2005) 9] TRt A5o] Hilwil glom,
Cho et al. (2012a, 2012b)-> 712 phlorotannin®] GABA
receptor agonist= 2}8-5lo] HFZA aE UERHTH= o
72 B sk E3k Kimetal. (2014)2 FA4S2A|E o] &
gt 313 phlorotannin A3 of] tigt A5 R sl e
Cho et al. (2014)2 Zrefj 2 g & 9 A A st 13+ phloro-
tannin A A|&-°] 7]<& phlorotannin 2.t} 571 4~HS2 Gk
£ Uehdiths 55 Baskqlch

HhHofl, AZ|7HA] phlorotannin®] A 2|2/ of that A= &
Hs] R =L QUAIRE, QA ol thigt Atz vl mlH]ek A
“go]tt. Phlorotanning: 4|t 2] Yu 2 ARG

HeliA = Fgell gt A77F B3] o] FAoF SRR of2
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7HA] 11 2] phlorotannin®] et QF/g S A3t Akl = =3l
TEn, i A9-52 AARE e Ao A+
SFA7IL Rl W phirotanning Th4Ro.2 QEEAS A
319 tH(Hwang et al., 2008).

wheba] B Ao M A2R AR RE 25 9 AAE
215+ phlorotannin & A|&(high-purity phlorotannin prepara-
tion; PRT)Z 7|54 AlFd 82 ARE817| 913t o B7k=
SaM MRS ol 8T A ST AFFER e
AREE] L Q1= v 2 (beagle dog)S ThANC. &2 wha] 7 FE o
S4AES ANE,

Mz H U

NEER

PRT (lot no. SD-GT-E-004):= Z- 2731 el & 52 4 AA|
3t A02 Gof| 29 t) (Chenogwon-gun, Korea)ol| 4] ol A1
2ol A Ag 9l B<5ste] Aol AMg-SHIEE PRTE] 5 phlo-
rotannin $FF-2 90% (905 mg phloroglucinol equivalents/g,
w/w)o]al tjarA el A FAEL dieckol (57.26 mg/g)o|H,
I 8 AR S ZE eckol (3.99 mg/g), eckstolonol (6.62
mg/g), triphlorethol-A (8.40 mg/g) 5-¢| g5 Qlck(Fig. 1).
Al

AZOOREQPHA TA] A 2013-405 “H]JAFAIHTE] 7]
Z” 9 OECD Principles of Good Laboratory Practice (1997)
ENV/MV/CHEM/(98)170| whe} =34 =] §lr}, A& 0] of&<hd
A Bl OECDo|A= BRI FE o] 83t W] S4A19] 9
7B, 2] 5 242 o5 3t gl 4npe|d drgstear

A= o] QUARE, HIH X 75 o83t HEFo] AR 7
ol 5= Lt AR g ofl sl geket A o] whz gl A
srojtt. wehA HE oA HZ S o] 83 Tl Ro =4
AfS e dofl= 7 8= o 2nfeld XYk W
Wil = 850 2 oF= 1ute| 4] 218Y31= DE (dose escalation)
Ha ARg-SH=H 2 Aol A= DEY S of-8-5to] 54418
sl

AldA & A=t

AAEES RS 78S FAIste] AGAAE B
A5 57114 €l B2 6] (male 3uHe]; female 30H])S 54
A 556 (Seoul, Korea)ol A -FQlato] oF 25271 <=3kA|%1
T 17135 ARk WEsto] AlF Tt fle A7 v
=7 47h2](male 2712]; female 27Ha])E Adste] Aol A
Stk ARt F AR 25 23130, s
= 55+ 15%, 171314 10-203]/h, ZH A7} 12 h (lights on at
8:00) W =% 150-300 Lux®] Z=75}o]| o]Foj%H o, 9712
|94 Al FEARSS 35 A =3 = STk Al E A}
2w 1QFE7|HAH(121°C, 20 min)E Ha A E B E
F-E 2859t

H| 242 AH I A A ARS/AHW 895 X L 795 X H 765
mm)°] go] £3}717F 9 Fof 7|7 Fet 1k ARSsE
o, ARl AlEH S Y FEHSE 714 7HA14
HytEE Fapsto] Adsiglnh AbRE G7HE of 18 Felut
(Sungnam, Korea)ol| A AJ4lsH= A o5a8 AR S g1
o} 1% 300 g4 Alghgo] 3t¢l om, S A ohpE AFel A A=t
7] D u| Mo TG 2 255 & EHE o] 8ot A4 F o
& skt

jus)

ot
D4

A
750
3 2
5 5 g
£ £ 0 |5 w
250 1 - & 12 8
3 2 |° g
7 “A g INVE:
0 L\jl d
0 ' 1'0 ' 2'0 ' 3'0 ' 4'0 ' 5'0 ' 6I0
Minute
B
PRT Dieckol Eckol .
Sample Eckstolonol (mg/! Triphlorethol-A (mg/
P (mg/ PGE g) (mglg) (mglg) (malg) P (mg'e)
PRT 905+12.7 57.26+2.4 3.99+1.8 6.62+1.2 8.40+3.8

Fig. 1. Chromatograms of PRT (A), for phlorotannins analysis at 230 nm and quantification results of dieckol, eckol, eckstolonol, and
triphlorethol-A contents (B).
Each data is mean of three measurements + SD. PRT, high-purity phloratannin preparation
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2 g2 2 PRTE 500,

Q= 7} 1mfe]of] Fo
ot A}, AP EI AlSHERY o] 42 I E|A] oFolT. 514
7k, 1,000 mg/kg o< =713}, 2,000 mg/kg Folt of4= &
ol A ATHEA el E7F HEE I 4712 AakE Rt
gsto] 12} Fojo] Bojgke 250 ¢ 500 mg/kg o2 A 5}o]
A Agstslon, 12 Fof 500 mg/kg Fol ol
A AEEA Aol FFEZF IEE QT wheka] ZhA| 2folof] 2]
3t & o5 wthsly| 9lste] 22 Foo] Fojaks 500
750 mg/kg O & AAEIG Tt 2Tt A AdolA] L&, U
WA 9 AlS SR o] o] REAE]R] ¢kol 2 A A

PRT= AHAA R S5 O 25 5= AlSol WA A=

3} 5 A rEo]-8 Aeel 74<(11 size, Torpac Inc., Japan)o| &
st 2A|sHA. e B2 Fof A slut AAAIR
SAPEAS ST Aas o7 11A] o]dd 14, 7¢ F
Ao & F 23] T3] Fofqlrt. Fo] G AlR=AIHEE F

A

=
A7 B RE 8o tfafol | 13] o4 SAkwd
LA 24550
[e]

o
=, Fo] 3 6AZ7HA] vl AlZkateh ksl 72 Fof A&
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>
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stool, vomiting, diarrhea®] A=& 7|535}% 0™ AR {5
Bt
2) ME ¥ A=yFE

= FEo) thete] 13} Fo Alofl= 1,4 2 747 9] Al5-&
S50, 23} o] Alofl= 1,4, 7 9 159A19) A5 574
oAk, AR A7 300 g AT oIS sl ) 2a)

i

ol

52
RUS

7

®
4

22} 0] A& 7|0 R ISURE WA7|te] SR Fof B
A= 5= tj3l pentobarbital (45 mg/kg, Hanlim Pharm. Co.
Ltd., Seoul, Korea)S A Fojsto] n}A]7] & ofol=ul
(Axillary vein & artery)2 Athsl= HHH 0 &2 BlEslo] oFehA}
AZ 2 goHA o7 e A7) AT Be Al &
oA FQEA] o 7| 7F WAREA| ot 1y B 22| st
2 HAR= AAISHA] 9kt

SAXz

05§ ABER] 94 242 1kl o] thie] ozl 2

PRTE ¢4 HIZ4 242 19ke] 4 250 9 500 mgkgo] 5=
2 12} 8] A HFolet Ak, 250 mekg Foi ol A= ke
O AFZARS LFER Z] 2EQEAINE, 500 mg/kg Foi ol A AlE &
] AJAFe] QA1 A Q] JLE (vomiting)7} 470l 4] o oF 24]7F
, AFLo A ol oF 3AI7E Sof] TAE K Table 2). 0],
SO HETHE oA YR Al SRt AP s E S
1% 2] 9FoFTH(Table 3).

12} Fofgh HIZ A 4ute] S tiif o Fojses Eo 500
2 750 mg/kg®] s 2 22 T3] A LEoiste] 1597 5497
o} FEY Aol ol wEgt A3}, Fo] oF 2417t 3o

N

O o

e

Table 1. Experimental groups for acute oral administration of beagle dogs

p.o. Groups Sex Animal no. Animal per dose Dosage (mg/kg)
Male 1 1
G1 250
. Female 3 1
First
Male 2 1
G2 500
Female 4 1
Male 1 1
G1 500
Female 3 1
Second
Male 2 1
G2 750
Female 4 1

p.o., post-oral injection.
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Table 2. Effect of the acute oral administration of PRT on the clinical signs of beagle dogs
Number of animals with the sign /
number of animals examined
p.o. Days Clinical signs
Dosage (mg/kg)
250 500 750
1 Normal 2/2 0/2 )
Vomiting 0/2 22
2 Normal 2/2 2/2 -
3 Normal 2/2 2/2 -
First 4 Normal 2/2 2/2 -
5 Normal 2/2 2/2 -
6 Normal 2/2 2/2 -
7 Normal 2/2 2/2 -
1 Normal ) 0/2 0/2
Vomiting 2/2 2/2
2 Normal - 2/2 2/2
3 Normal ) 2/2 12
Soft stool 0/2 1/2
4 Normal - 2/2 2/2
5 Normal - 2/2 2/2
6 Normal - 2/2 2/2
7 Normal - 2/2 2/2
Second 8 Normal - 212 212
9 Normal - 2/2 2/2
10 Normal - 2/2 2/2
1 Normal - 2/2 2/2
12 Normal - 2/2 2/2
13 Normal ) 2/2 1/2
Diarrhea 0/2 12
14 Normal - 2/2 2/2
15 Normal - 2/2 2/2
p.o., post-oral injection; PRT, high-purity phlorotannin preparation.
Table 3. Effect of the acute oral administration of PRT on the mortality of beagle dogs
Dosage Days after treatment Final LD,,
(mg/kg) 1 2 3 4 5 6 7 8-15  mortality  (mg/kg)
250 0 0 0 0 0 0 0 - 0/2
500 0 0 0 0 0 0 0 0 0/2
750 0 0 0 0 0 0 0 0/2 > 750

PRT, high-purity phlorotannin preparation.

500 % 750 mg/kg Fol<t o= RO A AEEA Aol A
z o] g7} ﬂﬂQO*E}(Table 2). T35, Fof F 394 750 mg/
kg Folat Gl A AR(soft stool)o] =11, 13U A 750
mg/kg Folat 704 AAAKdiarrhea)7} =9l oL, o=
H12 S o] 83t AFolA AAAHA HEE 5= e XJE%‘;
o} Addo] FREE 15Y7H] APdsE2 WA e

A2 o AFE e A] g2 A 08 Kol ulZ2 e qlo]

A1¢] PRT] LD, valuei= 750 mg/kgS *3]sh= A 0.2 et
%] %I TH(Table 3).
HEZHst

250 2 500 mg/kg 55 2] 13} PRT o 231} 500 2 750 mg/
3519] 234 PRT Folit W% Ag7170 79 3 152050k

ohE A% 31 ol AT BT A gpetor] Pl A4
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Table 4. Effect of the acute oral administration of PRT on the body weight of beagle dogs

Body weight (k
p.o. Groups Sex Animal no. y weight (kg) -
[Dosage (mg/kg)] 1 4 7 15 Gain
Male 1 7.38 7.54 7.80 - 0.42
G1 (250)
First Female 3 6.30 6.40 6.76 - 0.46
irs
Male 2 7.76 8.02 8.24 - 0.48
G2 (500)
Female 4 6.64 6.78 6.96 - 0.32
&1 (500) Male 1 7.80 7.88 8.12 8.06 0.26
Female 3 6.59 6.88 7.18 7.10 0.51
Second Male
G2 (750) 2 8.20 8.28 8.48 8.52 0.32
Female 4 7.00 7.18 7.44 7.32 0.32
p.0., post-oral injection; PRT, high-purity phlorotannin preparation.
Table 5. Effect of the acute oral administration of PRT on the autopsy findings of beagle dogs
Autopsy findings Frequenc
Group Sex Animal no. - psy g — g Y -
[Dosage (mg/kg)] Location Gross findings Death Survivors
Male 1 No gross findings 0 1
G1 (250—500) .
Female 3 No gross findings 0 1
Male 2 No gross findings 0 1
G2 (500-750) gross finding
Female 4 No gross findings 0 1

PRT, high-purity phlorotannin preparation.

o] TE= 13

A= SItH(Table 4).
A7

I:I&'.

=
ot A3}, Fofate] HE WA A7IOIA el e
e FofR IR BFolHQl 22 WA gt
(Table 5), <2 Agdof| AR&-E PRTO] tht of w3k o] e W

¥4 g9l

o

A A A 0 2= e Zo] 3t o] FFIHA H
A ol g3t AlEoILt YOkE el Bt A7k s o]
Al

20]2) 31 ¢Jth(Kim et al., 2009). ©]OFE & 71h*§ =N
W517] s YA o] At A oA A FES ]85}

HAE HLstoloF shztl] AlFSJoFReAA 9 "okt F
O ZAARAZIET ollA AAISh= Al of whet 2 s *a]
A E|ojof gt} B3], AlEojokEobd A A7 5A1E A

AHelgg £0] "y] QA I e o uet EA A} g}
A HFEolok s, 7] 22 0 & Tl R o] SAAIR (A, H
A2, 135 HHEEo] EAAF(AAR) U SHEA AT (E
A SAHIAIH, FAA O] IAIH, 2BAF S ¢
% 7]2(Good Laboratory Practice, GLP)|| u}2} x4 H 7|3
o A} OECD A A1 8 A 3(Toxicity Test Guideline)ol| 2] 7|5}

o] Al 8fjof stth(Park et al., 2010; Park and Cho, 2011; Kang
etal., 2013).

AR F DR AR Al EES AdsEol ©
S5 FRS Wl 717 Woll vehuhs 545 24 9 oFAle
2 A= Al S Ootn, T F ol sES
TSR QAL 115 3 F AR, EHE I FS E7] 0]9] 9
HIAX 7S AASIAL Sl=t] dutd oz A Fole SHETE
H A2 Fol A= 71 E @A 7H whol ARg-staL Slck. 53], B2
AE =AM R0l AT Al FE A ARt A ol E ] A
§E|3 9o FRIAH7| 2RI S o] glo] A @A
o] a4 & F7tol| F-8-5HA o]-§-H L ItK(Song et al., 2005).
E AN FE o] 43 BalRo] ERAYeIAE AAFE T
1 19§ T AAsjel 4T LD,2
Aok uhe, 0 A 55 o] 83t thalo] EAIA T 5ol

= 7} igololZl] AR Rofat 4 glon R R
A A o] Fol AR HhE Fo] SAAIF0] SRS Slat
A2 e, A3 5ol A UEhix] oHs Sold HA4o]
B 5 Esto] BAE FH5Ao] 97 the] AxIFe} 3
7 = Elz Alo] AnkH o],

o|F% ojopEolLt A5 A%
TN sl 5 S A7

F9 WS flelAd= A
ES 8y ofof 5}
ARk, A 20959 7Hef o] Ae]24gd 4d+=<3] phlorotannin--
ThoFsl o LE we Ale|gkAdo] FHE (Kang et al., 2010) 4t
S B At =9] Ao, AR7HA] GLPY|
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ol A OECD S/ A1 A of| whe} Al =48] A=
AR Aol wheba] 2 A5to A<= phlorotannin®] QH
A BW71e] Ygko & PRTE H|Z7 o] DE (dose escalation)
< ol-gsto] @3] AR kS o Uehuhe 954
A FRY TAE AL floke] Ao oA o =
AAE7to| =gkl ufet GLP7| o 2 5 e EAAIE-S =3
skeich

A%1E24 PRTE 250 2 500 mg/kg®] =2} 500 2 750 mg/
kgo| 2 Z}7F 1ute] 9 of Hl=7dol| 12} 5L 22} Foq gt &
Z7F 79 W 15GT AuSA AN, A S E RS

O O> ~Tda
TS SAAE 5 A FEEZ PRT 500 2 750 mgkg &
(e}
| kel

T > ofN

o Froll A Ik A E A 34 AIAR] E= AIE
2700 ogh Wiz, ANE 0 A it Slo] 4 FoR 4
A FEE 4o, 53] 24 tE= tEFF UER
Qlste] 544 glo] Arle el Ao SJalA f
7]1% $FcH(Ahn et al., 2001; Henrik et al., 2003). TE3F, 2 A1
ol A= AAIA G o5, AlFHe R A4 o)
o] ubE| ] alst]o] WAIZS S4kgo) ofat Ao] oyl Al
A=4 AF9 Ut WA 5o S22l B/ ok wste A
=23}

o]Are] AxtE Hol PRTE] H|Z A DE (dose escalation)t
& o) 43t th] Z7E0] SAAIFOIAIE 500 2 750 meke o]
Ao 3% 48% AFEA] B2l Ao o) 7t
o| Z AN FESAIZF Y5 BEE Ao, HiE Fojdto|
A ARG o= e ke R] ehgkom AREAQL @l ol Al
= o}l o] A3o] S| A QT ERHEEO| ALE 27 A
oM 7} 7)0] BAakalel wish TaE A este. ek
PRT] M2 A 24 2 AFES 750 mg/kg S AF3lt Ao
gheh e, o] QA 882kl 500 mg/day B} 90 H) L
S (A 60kg 715) 02 2 A5 &5t PRT+= EUHHE =
go] = ehRt Al A o7 A E )

Al AL

A A=A AT AE0131402)3 F47] Y7 (GO19
81)2] YO = 4=y =|g] o, o]of A= FH T},
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