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ABSTRACT

Humulus japonicus is an ornamental plant in the Cannabaceae family. Although the mode of action of Humulus

japonicus is not fully understood, a strong relationship was

observed between anti-inflammatory and anticancer in

some types of cells. Recent studies also have shown that Humulus japonicus possesses anti-inflammatory activities and

may significantly improve antioxidant potential in Raw 264.7

macrophage cells. Thus, the aim of this study was eva-

luated the effect of Humulus japonicus extract on sperm motility and subsequent preimplantation developmental com-
petence of the bovine embryos. After in vitro maturation, the oocytes with sperms were exposed in in vitro fertilization

(IVF) medium supplemented with Humulus japonicus extract

(0.01, 0.05, 0.1 pg/mL, respectively) for 1 day. In our

results, exposure of IVF medium to Humulus japonicus extract did not affect sperm motility and percentage of pene-

trated oocytes but ROS intensity was significantly decreased

by 0.01 pg/mL compared with other groups (p< 0.05).

Moreover, treatment with 0.01 pg/mL of Humulus japonicus extract was higher the frequency of blastocyst formation
than the any other groups (p<0.05). Otherwise, treatment with 0.01 ug/mL of Humulus japonicus extract not increased
the total cell number but reduced apoptotic-positive nuclei number. In conclusion, our results indicate that supple-
mentation of Humulus japonicus extract in IVF medium may have important implications for improving early embryo-

nic development in bovine embryos.
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2006; Zheng} Dean 2007). 53], Egbdgk A€
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Zarg] ®2eke] 7hA7E glof o] & o]&ste] thE EAel
2ol zgt). dEe FFF

2 AR T A 7 , S
B2 s WEAY, ojmAgol dom, s 54, &
det g zltel] digk gt 28 5o oFE] ol
UTHPark 5, 2000). T3t AF =] G558 H
H3Ag, Fikstag 4 gdadt so] ¥
(Yu -5, 2007), HZ7HA] olefgh =40l Efis
xo g4 9wl nxE G g <
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25 AxEs sl ROSE 94 53212 4 7] o
ol Alelrdt e oF o ks wxa, A3AdE ROS
< A, @A aga ik 2 Axe] A s
HPAZD o2 Qlste] HEIZEgo} &4, % ¥e &
of, ATP A< Z18]al AlE APES o 71t (Takahashi,
2012). 2S4S = s S superoxi-
de dismutase, catalase %! glutathione reductase 52| &
2 AL ¢4 dkakA|(Duh 5, 1999)2 phenolid 3}
3=, tocopherol#, ascorbic acid, carotenoid, glutathio-
ne % opu|x=t 5o HAFAEAZE )2 (Osbornt
Akoh, 2003), &4 @4FshA|Q] butylated hydroxyanisloe
¢} butylated hydroxy toruene &< SHdAdel djgh =¢
o] A|7|=o], FGUg AFolut AHgFo] AR 14
3] A= ATk YenT Hsieh, 1998). Wb HAZAZR
B 2F3lukS- 2 radical®] WHEAS AT = A= 4t
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ch Korea(Yongin, Korea)ollAl T-9J33ict. A} A< j
A= TCM-199(GIbco-BRL, Grand Island, NY, USA) &
ool 10% Fetal Bovine Serum(FBS; Hyclon, Logan, UT,
USA), 0.6 mM cysteine, 10 IU/mL pregnant mare’s se-
rum gonadotropin(PMSG), 10 ng/mL [ -mercaptoetha-
nol, 10 ng/mL EGF, 1 ng/mL 17 B-estradiol, 10 IU/mL
human chorionic gonadotropin (hCG), 25 ng/mL gen-
tamycings F7Fste] ARESIITE A9 viAE= 114
mM Na(l, 3.2 mM KCl, 0.4 mM NaH,PO, - H,O, 2 mM
CaCl; - 2H,O, 0.5 mM MgCl, - 6H,O, 25 mM NaHCO;,
10 mM sodium lactate® /3% Fert-TALP &Hof| 0.2
mM sodium pyruvate, 6 mg/mL BSA, 25 ng/mL gen-
tamycin¥} 25 pg/mL heparin, 2 mM penicillamine, 0.1
mM hypotaurine, 0.05 mM epinephrine (PHE)E %d7}g+
T ARgERlTh A ] Al wiA= = 5 32
7= 03% BSA7F 71l CRl-aas AME-SFRIaL, 74
T 4947 5-E3= BSA 4] 10% FBS7F A 7Hel CRl-aa &
ool 4917k F7} whasisint.

xR =84 FIt

AApe] A Hrhe HE FEAES AYegE
wjzlefl gtel A 385C 2} 5% CO 73 el A 24
AZE FF vk & AA #w|H kel A markler chamber
S o]g3le] Ittt Markler chambero] 10 pLe]
2]

Z

2
fhe Wik 107kl Sl A AgAp gl Aolsls A
o
T

oY=, o4 3 WY

LE5AA Fgt & dAE 75 pg/mL potassium
penicillin G7} 37Fe Ae] 2l glrell o] 25-30T 2=
FEHE PR ettt AR eukE dAhe
o 37T A= 39 o) AHT H, FEo
Z7de] 3~6 mm HEH= A 18 AloJA FAREO
2 FA R S48 & AA dAnA tellA g
< Igeksith 3l9E GETS Tyrode's lactate(TL)-
Hepes -8 0% 33] A|H 3 57 AeAs wjgox 33]
ol MAzk3ek. ALl vk 50 L A2 el 10~15
M| wEes Yol 385TC 29 5% CO, Z73}olA
24A17F Ft stk e dsro] ghnd dETS F
A8 wjgFdol 3 Al 5 FAE vk A~%@44 plL)
of 10714 &A%, 4% 2o AAHE 2x10%/mLe]
T TLE= 9o} 25 pg/mL heparin?t PHES 37 3
7}k 5 3857, 5% CO, &7l A 22417 59t 785
Freskth T3 Ae)ey F= 5 16~18 AR A
2 OgA A o ftg <18y 918kl 0.1% orcein A
A S stk AoleAo] drd FATS U
AEE AAT F 3 mg/mL BSA7} 371d CRl-aa %
Hol Mzt om, AL &< 50 pL &4 10~15
M &7 385C, 5% CO, F71atollA] 48417 vl et 5
FAT] v A=E A3tk o] F 10% FBS7F 7t
%l CRl-aa &4 96A13F 57} vibS AAGE 5 winka
FHEE Al BAE e FEE] A AdeA
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Aol F FAES 3gstar F2 Al 10 mM
dichlorohydrofluorescein diacetate(DCHFDA)E % 713}
o] FAA7)a, v 20 F wiAE FFEAn % (Olym-
pus, Japan) .2 FAFEI 715E 3 oW A= Ima-
ge ] software(National Institutes of Health, Bethesda,
MD)& 413131 th

TUNEL =4

TUNEL kit In Situ Cell Death Detection Kit(Roche
Diagnostics GmbH, Mannheim, Germany)-o/] Fluorescent
117 2 ARSIl on, £33 1:.99 H|&E 31X
k. ALTA = i 6dA ik wiNEE 0.1% po-
lyvinylpyrrolidone(PVA)°] # 7}l dPBS(Gibco Life Te-
chnologies Co., Grand Island, NY, USA) &<lo= 33]
AJHgE - 4% paraformaldehyde”} 7l dPBS 8ol
ZIXAA 4TCoNA A7 2A-AA AL 2 A-E vEbLE PVA-
dPBS & o= 33] AlH3e] 0.1% Triton X-1000] 7t
¥ dPBS &°fell thA] HAAIA 4Tl 3021 37 B
#eteh 18]a PVA-APBS §9o2 33] Al#3ste TU-
NEL kitE =gk &ool JXAIA 39T, 5% CO, vl
71914 1A1ZF vk ¥ PVA-dPBS &0 = 33] A3
% DAPIZ} #7F# 10 uL mounting medium &= 317
s &4 P33 77 (Olympus, Tokyo, Japan) 2.
2 o] WA A greob AlEARE FE AT

Y HA
A 1 A A7l E e FE AEEe 0,
0.01, 0.05 28)3L 0.1 pg/mL & Alsto] Gabe] &
43 wjA oA o] ROS W AEE :
A 2. AQFA A7l AP E FE2AS A7 v =

0
EE
LI

= AF Sl FAL FEF T 16~18 A7
0.1% orcein AL Faste] A4 % thgR} 54 ol
= e,

A9 3, A5 Aol B E FEe] el Fx
= AE wold FAL FEG F2dAd] Yese o
QI8hglom, 797 WIWE 4 £3k TUNEL ¥4 5
wjgbze] A4 $E2 skl

SAXE

I AgolAe] 7t Al P AT 43] o W 4
Aty AP Aol gk BAEE AL yltestS
o]-gste] 2Aekel o, SigmaPlot 2001 programs: ©]-§-
sto] frolaks AT

2 1

2 19 g5y ¥ AHeled <y I e UM 2
HY=Z F&Y M2 &3

AL)4A e P FENS M A9, GA
o] $EAE Zhzte] Aol tlETy) HlSzEkdA| v
(Fig. 1), ROS Aol 9lo}Ai= 0.01 pg/ml &% A2l
o] A97t it FosAl A debsthFig. 2
p<0.05). ¥, Z}7te] sns Agste] £ P B
gk A}, g2 fARE S BSItH(Table 1).

Ae)eA iAo A E FE2 AT winkEE o]
g2 Table 29F 2th 0.01 pg/mL %2 ikl
A HEEe dlEat ) vl A, winE R o] Al
F 2R fFoletA A A E A hp<0.05). 17
01 pg/mL Aol A o] da-E(76.843.9%) 7 wiukE
WA -8-(25.7+1.4%) = T Z75(85.743.9%, 35.5+1.8%) K.t}
oJsHAl SHA LERE T (p<0.05).

Motility (%)

Con 0.01 0.05 0.1

Humulus Japonicus (ug/ml)

Motility (%) = Live sperms/Total sperms X 100

Fig. 1. Effect of Humulus japonicus extract on motility of bovine sperm in IVF medium.
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Table 1. Effect of various concentrations of Humulus japonicus extract supplemented with fertilization medium on bovine oocytes fertilization
parameter

Group No. of oocytes % of pronuclear formation % of oocytes % of polyspermic
(ng/mL) examined MII 1PN PN 3PN penetrated oocytes
0 20 10.0 10.0 60.0 20.0 90.0 33.3
0.01 20 10.0 10.0 70.0 10.0 90.0 22
0.05 20 10.0 10.0 60.0 20.0 90.0 33.3
0.1 20 20.0 10.0 50.0 20.0 80.0 375
Table 2. Effect of various concentrations of Humulus japonicus extract WZ o] = AEZFE g AALE wjelze] aAR
during in vitro fertilization on development of bovine embryos o} ot} 3 3abgE 0.05 01 n g/mL EE ==
o o o o Aeiitol ] AN wukEe] AEAEARe] glolA
Group b O No(wor e OO0 £ ool A At W] ainn £ ek,
(ug/mL) examined embryos cleaved produced shA| ek, gk = 0.01 ng/mL FE= Aol A Ake
MEES] F AE i Srbsela, AEAPEASE
0 84 72 (85.7+3.9) 30 (35.5+1.8) S AeES wolZ=oT)
0.01 86 73 (85.3+3.4)" 34 (39.6+1.1)°
0.05 80 66 (82.5+2.0)" 24 (30.1+2.0)° _
o At
=
0.1 78 60 (76.8+3.9)° 19 (25.7+1.4)

Data are the means+SD. Values with different superscripts within a

column differ significantly (p<0.05). 2 AT E & AYed 3 5 e FEE
o H7bell mE Ao BAE, dApel o] A Fdt
_ _ ZEAFA e okARS- ZALSFITE AxpA o2 A

= A K SIALE 20l = = AKX 1 0t =2 o oe %) = 11— puAR = e}
xljgll'r-lél A' Btz &Y 7“|E|0" ool YAE +HE Z=ZTo] Al o] T EA47) Qo= AL Folsk
=25 =4 L T Aden, Aoy Ao HegowA A i
Aol Al S = FE Aol s Aite 2 sy} wir] o) A4 sEe] dgES gl
whEe] WA $5S ke AT Fig 39 Ok 3 & . oleld AR IR FE Rl EAsh:
= 005 0.1 pg/mlL & F& AejroA ke o BA T sk 2EY2E e BAY] 3w

A B

a0

60

(pixels /xperm)
&

ROS level

[
=

Con 0.01 0.05 0.1

Humulus Japonicus (pug'ml)

Fig. 2. Fluorescence microscopy images of ROS expression in bovine sperms. Fluorescence microscopy imaging of intracellular ROS expression
(A) and ROS relative intensity (B). Data are the meantSD. Statistically significant differences are indicated by asterisks (p<0.05).



A9 goln BAFE FEA

DAPI/

119

fol
i

No. of total nuelei

Con 0.01 0.05 0.1

Humulus Japonicus {ng/ml)

Apoptosis (%o)
T

tn
|

Con 001 005 01
Humulus Japonicus (ng/ml)

Fig. 3. Comparison of epifluorescent images on apoptotic index in bovine blastocysts derived from Humulus japonicus extract treated groups.
The chromatin contentis stained by DAPI (blue), fragmented DNA is labeled by the TUNEL reaction (green), and colocalization with DAPI
appears sky-blue. Data are the mean+SD. Statistically significant differences are indicated by asterisks (p<0.05). Scale bars=100 pm.

A3l vl doR o SHHh

Ak ow Ao HAelA FHTE A
g2 Akstd 2Bzl w=EE i, A Yol ROS
A SR (Kitagawa 5, 2004). EAAEARE  free
radical& 71 AbAE ojw|she, W AstAl= lipid pe-
roxide, lipid peroxy radical, peroxynitrite 5©] 3%
th #dhkae 29 A4S wal o, 99 &
23} wkgrdo] ol Asl AXEU ot xd EA}
= B80ly, FAAHEE S DNAC: 4bshE &4
< YoM, Ax4or mEFZE=L o} fission/fusion dy-
namicoll GIS Fo ATP 23, 54T 2 x| 17
A AFAFES Ao 71t Guerin 5, 2001). 3, Ak3hE
2EY s J4 A ALl e g vA,

= 5 Al
AJujt oA ALEH AEHAE Fol: Fo] A9
TAT AL A oA FaE Q10 E 1A FH R
3. ItHOlson #} Seidel, 2000; Oris £} Leese, 2001).
olF Ee AFAEe] ROSZF AAFe} 2 A4
Ao 22 F&FS HX 2, AYuF B ROSE

AAGE ol AR 753 SH AT Tt
58S ATk B thDeleuze?t Goudet, 2010;
Takahashi, 2012). 3= F=dL Hlsd =S &
frefal, et 7xot BARS 7HAa e BEE T
dxlol 9loem, #s4 3§H=2] phenolic hydroxyl”]7}
el e AdEAtete] Ads F8 datsl, @
R At SO Aeles e Aew A A
(Choi -5, 2003). 53k o)X dATeMe St ol 7
Aol =€ ek dvkar BasklthJung -5, 2004).
AE7|he] SPtRco|=eh @2 B2 4hEhA 2E
25 AAsH] A% T a3 FAStA R o] ¥, Al Luj
Gl A 4hst ~EYAREE DNA £48 98 F
ATHL B A TKRice-Evans &, 1996). whehA] 2 At
ANM= Aol 5 2 v el qlojA gkt
Q= FEd9 ais Flsy] fste] Aol 234
et A sk S w FENE A A, A9
T4 Aol A Ao Aol 5EE TS WA
eTthe AS ERIskSthFig. 1). Whde, 3Hd = =
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59F ROS o7 ¢l3fe] A EAbEHO]
ATkl Ha1% 9l tH(Tatemoto 5, 2000). 53l,
Aze] 9F 8 AEY et nEZE=go} 9
=4 N¥APES wilE 4 v Bax Qlti(Herrera
5, 2001). ol¢h= iAo ®, AQujet wiHlel FikshA
7= Aba A ~Ew s dubo g Qs Aakd A
oA A¥APES £ 4 Arhes Hart JAKLiv 5
2003; Uhm 5, 2007). webA], B Ao A9
14 Fot dE FEAS MUtk AJakE wiwkE
o]-g5to] DAPI/TUNEL 245 F3alo] dA| AE 59}
AFAFE A2 BsthFig 3). e FE
001 pg/mL * el DAPI/TUNEL &£41& A8 4
3, A ME e SR oW, AXANE A gz
ol HlE vt Al YEhes S Bo 3l thFig.
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