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Dioscorea batatas Decne Glycoprotein Prevents Ecotoxicological
Effects of Bisphenol A in Gastrointestinal Epithelial Cells and
Improves Fecal Malodor and Feed Efficiency in Mice

Do—Wan Kim, Moon—Ki Park, Tae Hoon Kim”, Sei—Jung Lee”

Department of Pharmaceutical Engineering, Daegu Haany University, Gyeongsan 38610, Korea
U FoodyWorm Inc., Choenju 28118, Korea

Abstract

As a herbal supplement, Dioscorea batatas Decne (DBD) presents potent antioxidant activity and diverse health benefits. In the
present study, functions of a 30 kDa glycoprotein isolated from DBD (hereafter, DBD glycoprotein) in the regulation of feed efficiency
and fecal malodor in mice were explored. DBD glycoprotein produced protective effect against cytotoxicity induced by the
ecotoxicological endocrine-disrupting substance bisphenol A in gastrointestinal epithelial HT-29 cells. To investigate its potential roles
in the regulation of feed efficiency and fecal malodor, mice were administered an oral injection of DBD glycoprotein for 2 weeks.
Compared with the control values, the weight of internal organs (liver, heart, kidney, and spleen) and levels of glutamate pyruvate
transaminase, glutamate oxaloacetate transaminase, and lactic dehydrogenase were not significantly changed during DBD glycoprotein
administration for 2 weeks. Interestingly, DBD glycoprotein improved feed efficiency and reduced hydrogen sulfide concentration
without altering the ammonia level in mouse feces. Collectively, these results indicate that DBD glycoprotein is a functional agent that
exerts gastrointestinal protective effects against ecotoxicological substances, improves feed efficiency, and reduces fecal malodor.
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AR P ARGE|AL Qlrt. 58] fefuet 2
T A7 REOIA AR ERE V1S 28 2 58l
cjofgh SefaE o 2 hE fefE ol Hlaks A7}
E=50] Qltfal RuE}ic) (Cho et al., 2016; Xu et
al., 2018).

ShA 715 AbRO] AFE F3l ehdEellA Ak
BYAE A o) ARBSHA e, o] F BieE
FolA 71=9] Aol S2ER] ghal ubdE =82 AL
S7gol oA waL AgE o] Iasd S frlE=
THEo] Itk G A 910 (Mackie et al., 1998; Cho,
2014), F=2] A4, 17 9 Aol Fake miXck
HE|lek (Kim, 2003). o213k a7k 9l o5 e] &
FE= I AT AAL dEuolammonia, NHs)
9 gl A%ie] Fslaihydrogen sulfide, HaS)
5o0] 910 (Zahn et al., 2001; Otto et al., 2003), Z|<t
A3 A A K(volatile fatty acid)2] 7 t)712F £
= 38 o L B4R Ul riERA d|et
2-7709) i FEl= Aiko A o]t A4k
=& eRkEe| et o ® e o A= &
/d SR 9 287 v e 5] FHE R
A¥BIC) (Narkis and Henfeld-Furie, 1978). T3 215
59 3 shiel ghmilole] 39 715e) £57] A2k
W 715 5140 s 27 AoR BaE
owm ozt FEEEE 715 AES A5
L= aglo] 2 Byl ofujz} QI FuI5e) F2L 435}
of 414 9 AlulHoR 47k ol oprIat 4 9)
o} (Wang et al., 2019). 53] 2}paa0] 29 At 4
e T D e LR E TN
u Hof| Ag=rElo] A4, o] A AgFnhe] 52
NI A glom, (Park, 2001) S5l4=4=0] 73
3715t Yert 27] gzl SAF Es AR B
ol Z2] QoA oA EEEE TRt FE B A

= 59 S UL BArEQlY) (Ra, 2004).
weba] 5= A AskE WIS | fIsiA A
Aol glaL, AR JA7HIEA SAlEEC] =& =4
= TR A AEeA Zods A7 FEs] ZdE AL
QJc} (Madane et al., 2019).

Dioscorea batatas Decne (DBD, thi= #|e} AAF
& TRt ARS A=msk=t] AME o] from i,
AAAAE VA7 1= A= DA 1Tk (Choi et al.,

2004). EQF 2T Aol mh= A Azl gt
FHT AE 7ML iAo ® B E Itk (Byeon et
al., 2018). £3] u}of&= tannin, saponin, polyphenols
o] ko] /e, 21 5 polyphenol= %23t g4t}
IS vhEkoR T 27 TP Sickn e
ek (Kwon, 2010). olef ket Asle] 4
polyphenolo] ER5to] Fsh £3] 2t 71 9]
thal H %Ak (Mirondo and Barringer, 2016). w2}
A ket FEs 7R nhe e elE AR A Al
£2 w55 AT 5 90w, o|Ag Higo s A
o] A& Y FE=RH uidE EHO| Aol ARE-
4 UL AT 55 vk F2 Hebd Pehi
(DBD glycoprotein)= F-g%&o] 1z, Thilal Fgof
o]213} polyphenolo] Z3H=|o] lojx] Zheqt kst
FIE YSPBh, GRS Al2ET 9 HY7s 24
g uiEe R ule] 75 ofahg Aok Jlow
A )k (Lee and Lim, 2008a; Kim et al., 2020).
wehA], 2 Aol niE e w2l 30 kDa wigt
9IS 2310} G ATNE W EsS Belal ol
0= kg0 ok A7 9 4o] ol nlAk g

EEALT !

2. Mz 3 Uy

2.1 Ny

H A3o] ARgE AleF % Dulbecco’s Modified
Eagle’s Medium (DMEM) H|jZ]|, 4 €o}&*(Fetal
Bovine Serum, FBS), Phosphate Buffered Solution
(PBS), penicillin 2! streptomycin+= GE Healthcare
(Log an, UT, USA)ZHE FU5tHoH, trypsine
GIBCO-BRL (Grand Island, NY, USA)oJlA] 13}
3, AR AR 7L (I 99% o) FEg
v SigmaAt ] FIsto] AgSIict

2.2, Of PTHHE 2a] 3 Hy|

nls AR U Aol Falste] e =
712 22t 99% olfek&ol] 5L HAI5te] 84l 55t
ek 550] T O v FEES 54 Axsl0] 43}
5 Atk doltl S SRR Tl SiAA
THH21S- 80% ammonium sulfate A]2Fo 2 A AJ7]
5

3, AAES pore sizeZ} MWCO 6,000-8,00021 =4
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uR920] Ao] £& % oRFAel nlAE 5%

HEETlSpectra/por, CAL, USA)S o|83}0] 4T 2] 20
mM Tris-HCI (pH 7.4) Mol 12A)7F F443191.0.H
EAAZTE o]83to] HAFRAIA crude extractS o]
70T Hykslglek 52 ZARAR] sample
polyacrylamide gel (15% SDS)of|4] 7|95 3}
w23t &, viERE EejE JehiES Schiff's
reagent= FAIS}0], AEd G A Solstar, 11 &
X} markers} ul 1] SIS

2.3. M=k

A Ah) AIEMT-29  cells)= American Type
Culture Collection (ATCC, Manassas, VA, USA)9]|
A FRRI5191 0, DMEM medium®f 10% FBS2} 100
U/ml penicillin 2 100 mg/ml streptomycing 313t
,37%C.2] 5% CO, M7 IolA] Heyalsich

2.4, MTT 24

A ) Ao o EEke] 7 S B o)
FIN A A Ao ol Geia) vl Ans AS 4
23t &, 3-(4,5-dimethylthiazol-2-y1)-2,5 diphenyl
tetrazolium bromide (MTT)E- *|2]5}al CO A ZH||%F
710l 2417 2F vyl vok - WAE Aol
formazen Z7%L TH51a1 A|3EE PBS buffers o8
sl 3¥ AA3ITE 200 pl9] dimethyl sulfoxide
(DMSO)E A2lsfaL formazans 2Hs] S3lAX1 3,
100 p12 96-well clear bottom plateso] ©]-83f 570
nmapgell ) 24515

25 Aol g8 ¥ ZXME =4 =4

APTES AT 6572 ICR 7 vgL(n=T)E

FHHES 10 mgkgo] T2 A

Folli= PBSE Foisi3ilth 25
8- oFEEo] U E(sonde needle)

e
§3l0] AT o slgom, ve] A 5718
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Aole Aol INRE 142t 24slo] Alo]
& 7ol olgaloic). £ Agle] e, e e
T 2 aEA IE SR 2 Atk
st EE5A1E 82 ¢)¥3](Institutional Animal Care

and Use Committee, IACUC)S] %<1 (DHU2019
-125)2 ol AJgslit. Alo] B& (%)= [(FARA
A <100102 ARSI 150Aje] vhess

ether 2 H1{3h 5 EOkS QlobmE A @He] o
25131 4T oA 5,000xg = 155 = kel
S Aol AAgSIgIT. v Fere] uh o
A S5 ATHE Soliy] 13l = ste] 4712k 4%

=
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2.6. GPT, GOT 2! LDH &X

ok~ EoWO] Glutamate Pyruvate Transaminase
(GPT), Glutamate Oxaloacetate Transaminase (GOT)
= Reitman Frankel ¥ (Reitman and Frankel, 1957)9]]
O3} A%l Asan Set GPT ¥ GOT kit (Asanpharm,
Dajeon, Korea) 2 Z75}%1 2™, lactate dehydrogenase
(LDH)+= LDH kit (Thermo Scientific, Hudson, NH,
USA)E ol-§5to] S4513it) GPT W GOT| S4<
Sl 212t 500 419] 71291 243 37CHA 10571 7}
2913, 100 £9] BHL H7151] o] B AL o]
ol 500 (2] gAY AJoHS: Z7Fsf Aol 2047t WA
Zict. 5 ml9] sodium hydroxide solutiong 715t &,
microplate reader (SPARK, Seestrasse, Méannedorf,
Switzerland)E ©|-83} 505 nmoj|A] 1 S F=5 =75}

A}

2.7, geled U L0l 52 &£

1447k 5 4510]] A slo] v dE)= 1g9] =5
$3I510Jammonia (NH3)2} hydrogen sulfide (H2S)2]
Br2 2SI NH, S50 49, Z4%ro] 9]
7} 0.2 mg/L o}4F 2 mg/L v|7Ee] Ammonia Test kit
(Model NI-SA, HACH, USA)E AM519.9H, 10 ml
9] 3x} ZFo 83171 A|R] reagent powder
(ammonia salicylate)E 37Fsto] 3827 WESAIFTE o
7]o]l ammonia cyanurate reagent powderS H75}10]
10327t B RESAIZAAL, Alofo] Ao & W3t 3 color
comparator boxo]| go] ZaES- 243513 HoS 5=
= 3757 918l AlES 200 m19] 33} 5570l B3fiAl
3. Alka-Seltzer A]°FJ] Sodium bicarbonate 7} pH
E ZZ35}o, lonic/Free S25 H2SE A A S2]=]
H,S7} test kitol] SL9Fel SPAk1e] AJofgolet 57t 1t
SAALE 4% 0] W97l 0.1 mg/L o4} 5.0 mg/L
u|gkelHydrogen Sulfide Test kit (Model HS-C,
HACH, USA)E A}85to] S735151ck

L
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2.8, 72|

HE A S 24 35] oA} HEESg on, Al AT
means + S.E.2 X&5I9ct G204 2fol= SPSS 16
software (IBM Corp, Armonk, NY, USA)2] Student’s
test 2! one-way analysis of variance (ANOVA) o]&
3}o] P-values < 0.059] ZHES §-0)AQl Axf2 1185}
ik

3. Zut & n¥

3.1 F MO M=oiM of YLMEol SHAFSHEE
et MZES St

v AHls A7} Q53 A Al A|SE(HT-29 cells) =
goll oA uf Gkl o) AliZ HE avs gobhy]
I3} tetrazolium salt®} mitochondrial succinate
dehydrogenase ] HF-3-0 & A& = A|3E A2220] X
¢! formazan 9] Q& Z2451= 3-(4,5-dimethylthiazol
-2-y1)-2,5 diphenyltetrazolium bromide (MTT) A&
< AT Fig. 1A0]4 B vle} o], cloget 5
LO] H|AwlE A 24AKF B9 A Adu] Alszol A2lst
& ff 100 % 200 uM 9] Fieof| A AL AgE-go] 2F2}
63 2 61,3983 0141 0.2 7hseh A1 21t 4 9
ok IR AR mE A RS 24 e
100 uM] B3l AS 6, 12 W 2441 59T A2
& u) 24A71004] AE AERO] folEom v
70 BI1% 4+ 9)Irk Fig 1B). W25z AS] A4
= SRS Aoleh AR 9 G BAE 2B
$J8], mh2E] 30 kDa BhEEIPAS Hefsigick. ofe)
S e e gl ghio) 217} 61% 9 39% B
e e A)sze} sEREA TRt e
aES Hol5lt} (Lee and Lim, 2008a,b; Kim et
al., 2020). Su|EA= o} G 100 pg/mlS H]A
ks At 24AI7F 529t oA Aefslgle o chzwla H]
S8t o R A AZABESS 90.1%= FAA7]
= ans E"i?‘ii‘:l(ﬁg 1C). 2| Halof| w=w H
AHlE A9 9 EAAE(ROS, Reactive Oxygen
Species)S AAISIO] APE APE7 | §dl= Aoz
A ¢lom (Bindhumol et al., 2003), 4 Akio)|
71%1510] FE i vdE oS e HE "
U A= 2P 53EEE BaE gt (DeLuca

HeE - olAlF
A
1004
|2
>E * *
=0
5 0
0 =
= o:l 50
= =
S
©°E
=3
0
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B
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©
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=
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Fig. 1. Effect of DBD glycoprotein on the level of MTT

activity induced by BPA in HT-29 cells (A) Dose
responses of viability in HT-29 cells treated with
BPA for 24 h are shown. Data represent means +
SE. n = 3. P < 0.05 versus 0 gM. (B) Time
responses of viability in HT-29 cells treated with
BPA are shown. n = 3. “P < 0.01 versus 0 h. Data
represent means = S.E. n = 3. "P < 0.05 versus 0 h.
(C) Cells were co-treated with BPA and DBD
glycoprotein for 24 h. Cell viability was determined
by MTT assay. Data represent means + S.E. n = 3.
P < 0.05 versus control. *P < 0.05 versus BPA
alone.
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Table 1. Effect of DBD glycoprotein on internal organ weights in mice

Group / (g) Liver Heart Kidney (Left) Kidney (Right) Spleen
Control 1.836 + 0.009 0.171 £ 0.001 0.256 + 0.004 0.253 + 0.004 0.115+0.001
DBD glycoprotein
1.930 = 0.004 0.169 + 0.001 0.266 + 0.002 0.261 +0.003 0.115+0.001
(10 mg/kg)
Values are mean + S.E.n=7
Table 2. Effect of DBD glycoprotein on serum GPT, GOT and LDH in mice
Group GPT (IU/L) GOT (IU/L) LDH (%)
Control 4.61+0.15 14.83 £1.57 100.0 +0.32
DBD glycoprotein
5.68+1.24 15.65+0.30 99.91+0.29
(10 mg/kg)

Values are mean £ S.E.n=7

et al., 2018). T3t v|AdlE AL} SARRE 3-S5
o] EHY|o]E(Bis(2-ethylhexyl) phthalate)E SFAJAL
S B 49 A A 7108 GrEsto] Al A

ZaAZIcka W e u} (Ma et al., 2018).
oo} 7o A= u} YrilAL. st gkl Lo
uperom B3 4aE e ulkals A} AlksH: S
A2 oAlslo] A AN B elo] ks AL

Aol S48 v} Gekailo] A4S gotur)
918l ko BES B9 lare BAAEABS 4
Y53t Table 19414 H= v} Zo], 10 mg/kg2] b}
S-S 257 mheof] 73 ol Shgle w, 2AA|
32 =/ 0= QIR FA|O) WSk} are = 1k A, 2
32, 8] FA= PBSHRE A2t thewlat} Blush
of ojie] Aolg Kol pllrk 53] mE vhyg
3golo] 70 vl 4710] K2k otz 9 o]
S]] sie). ofefet 2k o} Pekie] AT
oft uk92o] ofufgt WA oot AAE Bk

UERA) 98-8 AIARHCE T10] Table 204] B v

o} 7o), Aol Gl v} Pehae] AT Se
= grislr| 8, nkes mele 884 Glutamate

Pyruvate Transaminase (GPT), Glutamate Oxaloacetate

f

[e)

%’Lx

£

Transaminase (GOT) % lactate dehydrogenase
(LDH)9] 48 7o g =251tk 10 mg/kgo]
o} e S 077 uk9 o] A Fofslol u), 22
M2 =407 918k GPT, GOT W LDH &2 ZH7,
5.68 = 0.15 TU/L, 15.65 + 0.30 IU/L, & 99.91 +
0.28%= PBSYRS: Z|2]ot =} v|wslo] S-0)2 Q]
zlo|& HolZ| ¢kt GPT, GOT W LDHE= A4
o &4 3 8% sk BRI ol A7) Sadt
G il glos), 53] GPT o GOTE: 2 244
°ﬂ /0] k& 7, EFelxe] EAdo] Srsh= A
BHyEQch (Ozakl et al., 1997). ujabA], v} Gk
Z‘E AAE 7ol Ed=A  AuNEs skl 5
=9 7] 9 2Nz 4 BankE 7R 7] whke
of| iRt Al 7l =A 21 7RsdE AR

o K

_1

3.3. Ot SErzlo| oA Ao] &8 A SAZ| O/X|

u} bl o] Fm0] gk thafell nAl= F%
sloku] 9Js, A% 7|7HE0k AEe] Z7lke &ol A
Fro Lhivo] 4Kt Alo] fgo] ois) ZAlsleick
Table 30J|4] Hi= v} 0] 10 mg/kg 2] v Ghalals:
257 upgo] 9t Frof 313l w) WSk = A et
ZAH(Body weight gain}& Tiwa} Hlwae
1.66 g/dayTts Z7I5190, Ao Ho Alo] AF=F
(Food intake)2 4.3 g/dayWlss ASto] Alo] a8

NI
Off

lo

[‘
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Table 3. Eftect of DBD glycoprotein on food efficiency in mice

mg/kg®] T} el LS 2571 0] 1S ), vl

Body weight gain (g/day) Food intake (g/day) Feed efficiency ratio (%)
Control 9.00 £ 0.06 80.09+0.11 11.43.+0.09
DBD glycoprotein
10.66 +0.18 75.79+0.14 14.06 £ 0.16*
(10 mg/kg)
Values are mean + SE.n=7
P <0.01 versus control.
(Feed efficiency ratio)©] thz=tol| B]3} 2.63%%H= A
o] FJol7} LHz A Skl 3 4 Qi e H2 <l
- - - 1.57=3 control mm DBD glycoprotein
Tl 715 Aol ofulieAte: F71elS o Shyt
we] AAS A K171, A Al Al ol5el 8 of = 10]
& 2dsto] Pt 2 TN A SR g .
7)= Ao g 2%tk (Goodband et al., 2014). we} % 0.5 *
A ole} e ATH= 61% Pt 39%0] TRz 74
ol gherao] Z1%e] A BaL WskAlA HAt 3 00
Qs o188 B YANA] RS FIN7| T, 4] AR 15 9 14 Day
AR R SRS S 4= S ARt B
3.4, D} QEI-H_‘HQN D}-?-ﬁ B gf-’l_‘-lxpn"o'" D|i|E .ﬁi’-f 37 [J Control EE DBD glycoprotein
o gebaae] 77 Sofrl np9ao] e oS
B0 VIS PIAEA| dolEr] f18f, Aol7hALdE E 21
1497 & 49 HAEE Bug sl Yol s
[w]
(hydrogen sulfide, H,S) ¥ X UJolammonia, NHs) S 1.
o] w8 25190t} Fig. 2404 Hi= Hle} 7o) 10
0
1 5 9 14 Day

2 Fr HoS 51 52 Alto] Adof| whet 32t 2+
aslo] AeER Aol dizgtol Bl 0.53 + 0.04
ppm7H) §o1212) TS WXL NH, | 5120 9]
oA SelHel Wisp} A oIsch Fieael
QrRLjohz disEAe] ol EARA 2L AFelel 5
571 A9 2 HAAAE &4 AIA 715 S
AlZIckar H1%]QQc) (Cheng et al., 2014). &3}4=49]
gtol| Qloja], oAyt Eofl o
3§37} L] whel], o3 - 180T o]t wio]
2eke TRARRE E8lo] AAstolof st &

== =1

=2 = [e]
s S

= test kit=A] Z|TTof] Hatof w2 gl A,
20C9] BoA 4.1 gL7kA] gafEcty BaEQict
(Duan et al., 2007). 1} G 0] 74-9- polyphenol 0]

Fig. 2. DBD glycoprotein reduces the level of hydrogen sulfide
(H,S) and ammonia (NH3) in mice The concentration of
H>S (A) and NH; (B) in mouse treated with DBD
glycoprotein for 14 days is shown. Data represent means
+S.E.n=7."P<0.05 versus control.

ShElo] Qlon] oz MO ofi2 AT
234G Selo) Ik LelA itk 1 vlofs
tannin®] t}FO 2 ZAYs}al Q) 0w, tannin-2 73215t 3}
Aleh AE vpgko g, oAl thAb Hik= Aol
e tiate] 71sA o s Gl HauEgiet (Liu
et al., 2005; Fan et al., 2013). weba] o]e} e Anj=
nigetEo] 24 v deke] thgh Alo] aatr} ninjslod,
FEUONHs)of| Tt 45| AVEE Holx] 3t Zlos
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uR920] Ao] £& % oRFAel nlAE 5%

Al =T (McSweeney et al., 2001). 3407 nf ot
T o] 79 NH; o tfsto] &3] avks HolA| 35
A4E Alo] agat tiEe] EU o EER] Folpao]
FEE A = AR akE 7R Qe AR
Qi) Egh R A uf Gehi e HoS of
Aol gt el 2] Q1 7ig e AR AAA A ] 1 7R
‘& AN

FEHOR, 9o 2 AT uf PElEe g
shele) AmAES: Alofstn, F2e) 7] 9 Al %
4 7T 7A17) Qromin 71%e] ZA sk 8l 013
#grol f550] 9l BofeiL ofet 2 9tk

248

>

DBD+= o] £5k= gai) ofefallaolE= #et
A & vt AS A mshEt] ARE] e B
e W HAHAE WA= oFAI= AREE] O] it ]
< A Aol HAf A ek 5ol
Hofu} A Al AFEE Alofskglom, 2 Aol k= vt
ZHE =% 30 kDad &4 JthMz(DBD
glycoprotein)o| Bt M8} AvtE Bigo e G
SRR UefRl v Al A(Bisphenol A)7} =3 A|
32 APEE Alofsls sEke 7HAIAL itk olHRt 2HE
sfEol gt Alojants 71Xl vf geh s 1497
npe-2o Tt Fofgh A}, o R QIRh 14|19 s}
7h el =0 iR 7)Y FA L 2N 54
T AAFEX|ARR] Glutamate Pyruvate Transaminase
(GPT), Glutamate Oxaloacetate Transaminase (GOT)
4 lactate dehydrogenase (LDH) &N Wl& =52
ozttt Hlasto] §-002]Q1 ZjolE Hox] ¢kglrt. o]
et /g o m ko] 5E0] Jofa o889
A= AE 2ARE 23}, sEA0] 8-S S7MIA
A, o] Als RO R §o)H9) AF SIS
Chefigieh. Ak} o ke B ok 2 €2
E2 2 o427 hydrogen sulfide (H,S)9] H==5 G214
O aAA ool thgt aFEels 7HAIAL Uit
weba] olefet AuE FReh, v GehEe Al
sl 282 dAlehL, FEe A7 H =
Aol =4 BTRE 7HAA] gkom, FEO] Ao] s
HSol gt 45| avHE SXI5le] FE50] dds 540

=

]

o wd N

o

- ook 2ok gl

Al 2

O] =i FHSFAES] Yo R FHAE 7S
710 -85S | /A Y] A1 Y-S
o} 2=30] &35Lo] (No. 321095021CG000).
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