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Effects of Curcumin from Turmeric Supplementation in Freezing Buffer

on Sperm Motilities and Reactive Oxygen Species Generation

Eun-Joo Lee and Dae-Young Kim'

Department of Life Sciences, College of Bio-Nano Technology, Gachon University Seongnam 13120, Republic of Korea

ABSTRACT

In this experiment, we determined the effect of curcumin supplementation in freezing buffer for miniature pig sperm

cryopreservation. Each ejaculate was diluted with modified Modena B extender and mixed with lactose-egg yolk (LEY
extender, 80% v/v lactose solution [310 mM], 20% v/v egg yolk, and100 pg/mL kanamycin sulfate) and LEY-glycerol

Orvus ES Paste (LEYGO, 89.5% v/v LEY, 5% v/v glycerol,

1.5% v/v Orvus ES Paste), 100 mM trehalose

supplemented with 0, 10, 50, 100, and 500 uM of curcumin from turmeric, respectively. Following equilibration, the

0.5 mL French straws were frozen and plunged into LN, tank for 7 days at least. Sperm parameter and oxidative

byproducts were determined by the computer assisted sperm motility analysis (CASA) and fluorescence-activated cell

sorting (FACS) as compared with each groups.Supplementation of curcumin had no effect on sperm motility, progressive

motility and curvilinear velocity. However, average-path velocity and straight-line velocity were significantly higher in 10
UM curcumin group (100.9+£8.8 um/s, 61.7£2.9 pm/s, respectively) than control group (77.8+3.9 pm/s, 46.4+3.0 pum/s,

respectively) (p < 0.05). In addition, the level of the O2 radical and H202 were comparatively decreased in curcumin

groups by evaluation of ethidium and DCF fluorescence. According to the results, curcumin can improve sperm kinetic

variables and alleviate ROS induced cryoinjury to pig sperm.

(Keywords: Antioxidant; Curcumin; Miniature pig sperm; Reactive oxygen species; Sperm parameter)
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Atk (Alvarez <} Storey, 1992). &
WOl A HE SFHAAS HebslA gt
FHOE Axe] &7, DNA &7
3S Z# 3o}t (Kaneko 5, 2006; Fraser <+
Strzezek, 2007; Rosato®} Iaffaldano, 2013). 3+ F43 &%
Wl & WAEE A4 (reactive oxygen species,
ROS)Y S7IE T4 &3 § =Y 54, A&, +8%
g g Az 71%5S A AT (Aitken 5, 2012).
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= AW MTEZ Jth (Amidi 5, 2016). FAF3HA =
Aol Arst BAE A A, Ao AEete Ad AkstE
= Aol et Ves AT F UEE vt
(Mortazavi %, 2014). ©] % Curcumin (Cp1H200s, MW368.38)
< A A EQ] ey EFdA FE JELE it
st 54, ¥9%. FA, FHtelE AR Weo] olgdrt
(Duvoix =, 2005). 3+ 218le] |3t DNA £4HS o7 8l
free-radical 22 58 o] HoAUt (Joe &, 2004). 1213 2F3}

I’H oot

[

2EY 2o 2 EFH & HAE curcumin®] F4tsl a9z A
A4S e g due A7 B E v Y (Tvrda 5,
2016).

meba 7 AFAAM = rURA] A FEEEY AZ A

ASLA| 24 curcumin & H7VF g8 & A AEA
chstEAe] A mA = g thste] Yol v} SFTh

0

1. AR Al

Equex STM (Nova Chemical Sales, Inc. Scituate, MA,
USA)S A$)3}3l, Sigma-Aldrich Chemical company (St.
Louis, MO, USA)ell A ) 3}tk

2. HAMo| xfiZ|

2 Aol o] &g A oxﬂ PWGHIUHIAE &7
sto] F 13 A F sk Xé < Ay AL 7E 34
AZ 1:1 &R A3 H, 17CE B 2uksidch 23834

1

2 gt g A X]'—‘?’——. JH] (CASA, Hamilton Thorne,
Inc., HTM-HELOS, Beverly, MA, USA)Z o] &3} A z}9|
SEAL 80% o1YT AN &F 70% o] FAwe A
Watol 1 Yo ALgIATh

3 MMt SEZLEN

718 31249421 modified Modena B (mMB: 6 g glucose, 0.45 g
EDTA, 1.38 g sodium citrate, 0.2 g sodium bicarbonate, 1 g
Tris base, 0.5 g citric acid, 0.01 g cysteine, 0.8 g BSA and
0.06 g kanamycin sulfate; pH 7) & AME-st oM, 12 FZE A
lactose-egg yolk (LEY extender: 80% v/v lactose solution [310
mM] and 20% v/v egg yolk, 100 ng/mL kanamycin sulfate) <}
23 AN LEY-glyserol-Orvus-ES-Paste (LEYGO: 89.5% v/v
LEY; 5% v/v glycerol; 1.5% v/v OrvusESPate [OEP]; 100 mM
trehalose; and 0, 10, 50, 100, 500 M of curcumin)& AH&-3}%1
ol Curcumin &2, A 2 FEL2 71E9 =x HAE Wit

tt (Lee 5, 2014).

4 X HA EEEE

A 12 g4 E vy A Z9 L thAl mMB £l 1:37)]
EZ A3t 39, 24T E FHE ARV E o] &34
400 x g2 105-7F YA2e) a9k 429 oo wel mMB
sx o2 UAE4S537IA AAERoH, A4 F A= $7t
1x10’/mLe] %5 G5 LEY &l 345dth YA-LEY

Sl dazel ﬂz}ﬂOi SEE BF0 4T HES
%‘Z A FHTh 183 curcumin < 0, 10, 50, 100, 500 M 9] =%

2 zZtzt H7iek LEYGOS 1:1 v &2 &3tk A
-LEYGOEEEN S 0.5 mL A A straw (FHK, Fujihira Industry
Co., Japan)dl] o], AAALZRE < 5cm 9 ]7\1 AA A&
o] W2 SEZF AW F 1AZF H LNE A Yol g7

Stk o1F GAEEA ArRs A dFdo] A H A& st

At

5. 34 HXA HAO FBol2t HXAte 235d At

Ao 54 HA= CASAR SA3I . 35S $13l
AREH GAstraws 50T F2Fx0 F7F 1025 55 §
3] & 15 mL FalconFEZ ZAth 37CE vg =YY% 10
mL mMBe®l| 8]43}o] 13,000 rpmell A 5EZF AR st
0)E A= mMBE H7lske] H2 ARAEE7} 5x107/mLo)
FEE 3319 37CE dE3 Lejas o] =(Leja Products
BV., Nieuw Vennep, Netherlands)oll =} g4 2 nLE Hof
= F1R7 AA F, CASARAE o&sd 54

=
°©
e}

b

i'

(motility), A AFFH2] ©]F5 S =(VAP, average path velocity),
AR 5 AR v &(progressive motility), &} FH2] &
AT o]FE&XE(VSL, straight-line velocity), A FH-2] o]
o W& ¢ M= 77 E)(ALH, lateral amplitude), 4 AH+H-
9] o] FE A 29 o] F L (VCL, curvilinear velocity), 12|32 3]
ZA(LIN, linearity)E #+2-3F

6. ThX| AKX LY MeSEA SME =AM

T4 A BE UE A3 curcumin 27HA] FFANHE &
o] &-3lo] FA X H4]7)(FACS, 500 series, Beckman, Coulter,
Inc., FL, USA)Z APg st G=to] o} Ak Y 4tst B9 &
Z43tth FE=EZ Yo-Pro-1 iodide (Yo-Pro-1; Molecular
Probes Inc.) 0.05 pM<} Hydroethidine (HE; Molrcular Probes Inc.,
Eugene, OR, USA)= 4 1M F7}sled 25ColA] 408 5 WH-&
AlA A2 W O; radical®] & F7get=l ARS8, Propidium
Todide (PI; Sigma-Aldrich) 0.75 uM<} 2°,7-dichlorodihydrofluorescein
diacetate (H,DCFDA;MolecularProbesInc.)< 200 uM 3 7}3fl 3
7CAA 102 & H3AA B2 W H00 Fe SH =
AHg- 3t T
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7. SAXE

2 Aol AHEE BE AR
(R Development Core Team)= ©]-&
deH, FAE T 2 A8 #%

)

| T2
& AR5

P<0.05°] T}

rlr

>

A= R
& E4k 2
S|

Fol%

1 of

rr

2 1

1. CASAE 0|8%t DL X] Xt 254 AA
A HAe] FAREN AZX Al curcumin®] FH7H7 A=A}
4

ol
o] $EAd nXE QL Table 13} Fig. 1914 A=A &%

o] %5

A (Motility)= 2T 40.0£4.2%X.t} curcumin 10 uM (50.4
43.5%), curcumin 100 UM (47.0+4.2%)o1 4 E& LEA4S B
Atk AR % Az 8] & (progressive motility)S tHE
T (22.0£2.8%) E.TF curcumin 10 pM (31.7+4.9%)3} curcumin
100 uM (30.5+4.9%)91 4 E=2 +54S HAth T3 AT
F-o] o] 54 (VAP, average-path velocity), A F5-<] &4
A AZ o]F4 % (VSL, straight-line velocity), A AF%-2] ©]
FARY o]F&% (VCL, curvilinear velocity)2] 739, tiZ2-
(77.8+3.9 um/s, 46.4+£3.0 pm/s, 153.3+8.8 um/s)E.t} curcumin
10 uM (100.9+£8.8 pm/s, 61.7£2.9 um/s, 185.7+12.5 pm/s)oll A
e s mE AR ZAEAT (p < 0.05).

Control

Curcumin 10pM Curcumin 50pM

Curcumin 100pM

B Motility
M Progressive motility
mVAP

VSL

VCL

Curcumin 500uM

Fig. 1. Effects of curcumin supplementation in freezing buffer on miniature pig sperm motility and kinetic variables (means = S.E.).
**Means within a same group with no superscript letter in common differ (p < 0.05).
VAP (Average-path velocity), VSL (Straight-line velocity) and VCL (Curvilinear velocity).

Table 1. Mean (x S.E.) sperm motility and kinetic variables of miniature pig sperm supplemented with different concentration of curcumin

for cryopreservation at -196C.

Sperm Motility Progressive VAP VSL VCL
Treatment (%) mc();.l )1 v (um/s) (um/s) (um/s)
Control 40.0 + 4.2 220 + 2.8 77.8 + 3.9™ 46.4 + 3.0° 1533 + 838
Curcumin 10pM 504 + 3.5 31.7 + 4.9 100.9 + 8.8° 61.7 + 2.9° 185.7 + 12.5
Curcumin 50;M 400 + 2.8 245 + 3.5 95.6 + 42" 565 + 4.5% 1842 = 4.7
Curcumin 100pM 47.0 + 4.2 30.5 + 4.9 83.6 + 4.2% 504 + 1.5° 1621 = 25
Curcumin 500uM 395 + 6.4 20.5 + 3.5 77.8 + 4.2° 45.1 + 3.4° 1552 = 2.6
p Value - - 0.0257 0.00197 -

® Different superscripts within the same column demonstrate significant differences (p < 0.05)

- : No significant difference.

VAP (Average-path velocity), VSL (Straight-line velocity) and VCL (Curvilinear velocity).
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2. RME 24718 o[&%t 0L X ALY &5t=E

Curcuming 713t 2] JH4E Yo-Pro-13 HES.Z
ste] FAIEZ 24712 0,7 & AT (Table 2, Fig. 2).
A W] 0,7 FAI= V2g ol AT AlE HEE & 5 3l
th v2ggel A= MEL MEL Ul (45.8+1.0%),
curcumin 10 uM (43.5+0.9%), curcumin 50 pM (43.7£2.1%),
curcumin 100 pM (45.0+1.1%), curcumin 500 uM (45.7+0.7%)
AEPo] AAHOE YrIuT Fe

=
En
ez}

=

d
AL
AY

Z curcuming 3 7}3sk
%28 B9

T3k curcuming 3 7FeF S A A NS PI9F H,DCFDAE o
skl FAZEZA7E AE W] HO0, %S &Rl (Fig.
3, Table 2). HO0,7F ol X318 AZELS F2 V3 F9el 9
28] Ark V3 P9 AE HLL UERF (4.1£1.01%),
curcumin 10 pM (2.7£0.5%), curcumin 50 pM (3.0+0.6%),
curcumin 100 pM (3.2+£1.02%), curcumin 500 uM (3 2+0.2%)
A7re AF o]l xR 92 FAE U
AE o] 2.7+0.5%

2 curcuming
el ow, 53] curcuming 10 pM 37}t
Z AY ¢ FAE EA

—

MRS,
B AFdM = EFolA FET curcumin® H 717t mlUE

A B} FARZ U= AR AFe
e 4 gl A Skl & &4 °‘7ﬂ = 2
45 Z4AA71A B (Lin 5, 2004; Aisen %, 2005). %
Sl A St AAEE Fgarne o8 FAE S0
AL 2 4#A ) (Gadea 5, 2004; Amidi 5, 2016).
i3 = AR MEE] A ks WA EE A 7
43} 715 S 5A S (Bucak &, 2007). ©

3l
(o]
52§30 ¥ YA AEEL BT, AR $54 ®

L

& KAANA FAANY TE&4E =AUvh (Chatterjee $F
Gagnon, 2001; Fraser <}Strzezek, 2007).

HIZoe AR 54 3l F 7S MAATNILA FE
A Az Al FakstAlE H7bske A7 AP = AT (Joe
%, 2004; Duvoix 5, 2005; Mortazavi 5, 2014). &} A L=}
eSO 7lE ROSE U ATFE FAASHIEE
-tocopherol, taurine, hypotaurine 2 trehalose 5°] &4 A
(Bucak &, 2007). 283 A 34ksHE2A Q] curcumin®] Hiol
LAk Autel A F F5S vy QIth Curcumin < 3F42HE,
gt zg, B Ak 5 O %S 7RI 9o (Leu
©tMaa, 2002), Akstol] oJgh M EEF &4 DNA &4 oAlstH
free-radical®] Y-S JA = 2Hgo] A=A (Joe T,
2004; Duvoix &, 2005).

2 AF AFAACASAE T3 AR 54 HAM
AAAME curcuming H7He AFFoNA 2 ¥t
5 B MRl FHOE (p < 0.05) =A JEET
(Table 1). frA3E %“7]—2— o] &3l H:HAGA W AtstEA &
A A= curcuming H7He AP FNE x4 v st
o 0,” 9 H,0, (Table 2) X7} @A YER curcumin®]
free-radical & Al Ast=dl E347}F Jvhes AL HoFth

Curcuming H7Feh Ao A Ed4kao] B Fdel 3l
oA Hy0,9] Aol $hst=ld A3E BH, HA AAe] 5
AAl v A= fadel oA O, BoeE H.0,9 gaFe] ¢
Fa3% A0 E Bk AFe AAANXH0= BAS] &
TAY HATS I3 HNEZFS dAGTY ST
(Aitken 5, 1993; Griveau &, 1995).

2 A A vy A e FE A Az o] kst
A ZA curcuming FAEE ] H7}sle i”-ﬂ*‘ e
T4 g3 FAAM BEE HAle] 54, ARF
sted Jze] Al 43 715S MAANHS FleATh

Table 2. ROS evaluation of ethidium and DCF fluorescence in frozen-thawed boar sperm of control and curcumin.

Viable sperm MFI of

MFI of

Viable sperm

. . - o Lo . . . MFI of MFI of
Sperm Treatment with a high O ethidium/total ethidium/viable with a high )
DCF/total sperm DCF/viable sperm
(%) sperm sperm H,0,(%)

Control 458 = 0.6 139.7 = 15.2 162.5 = 19.2 41 + 0.6 741 £ 5.9 914 + 6.0
Curcumin 10pM 435 £ 0.5 151.3 + 234 169.0 + 27.4 2.7 +£ 0.3 663 £ 2.0 825+ 2.1
Curcumin 50pM 437 £ 1.2 1063 £ 9.2 1159 + 13.1 3.0 £ 03 692 £ 3.8 848 £ 42
Curcumin 100pM  45.0 £ 0.6 1443 + 12.5 159.6 + 16.6 32 £ 0.6 87.8 £ 11.5 104.6 + 11.1
Curcumin 500pM  45.7 £ 0.4 152.0 = 3.5 1724 £ 9.7 33 £ 0.1 685 + 0.8 850 £ 1.4

p Value - -

- : No significant difference.
MFI: mean fluorescence intensity.
DCF: 2', 7'—dichlorofluorescein.
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Fig. 2. Effect of ROS on O," content of miniature pig sperm. Flow
cytometric 2-D dot plots of sperm labeled with Yo-Pro-1/HE
fluorescence in control and curcumin treated groups.

V1 region represents viable sperm with a low intracellular O, radical,
V2 region represents viable sperm with a high intracellular O, radical
and the upper quadrants Dead and Moribund region represent dead
sperm, in the process of programmed cell death of sperm.
Yo-Pro-1/HE fluorescence — measure O, radical of sperm, Yo-Pro-1:
FL1Log, HE: FL3 Log

100 uM

FL3 Log

Curcumin
500 pM

V3

o

FL1 Log

Fig. 3. Effect of ROS on intracellular H,O, radical content of miniature
pig sperm. Flow cytometric 2-D dot plots of sperm labeled with
PI/H,DCFDA fluorescence in control and curcumin treated groups.
V1 and V2 region represent viable sperm with a low intracellular
H,O, radical, V3 region represents viable sperm with a high
intracellular H,O, radical and the upper quadrants Dead region
represents dead sperm.

PI/H,DCFDA fluorescence — measure H,O, of sperm, PIl: FL1Log,
H,DCFDA: FL3 Log
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&l 2o
2 52 AL Bt 53], curcumine 10 pMe] TEE

2 HAAFH olF&E (VAP, average-path
velocity)7} 100.9 + 8.8 um/s, FAF FH-2] A AT o]F&HE
(VSL, straight-line velocity)7} 61.742.9 ym/sZ 2] 221 }-0]
= YePA T (p < 0.05). L3 free-radical 227 %3-S curcumin

=
< 10 uM9] FE2 FH7FSH AFFAA ¥ d Z&o] =4

FAHE ©1% 7] 14§ vlUsA ] thgate] o
Zo 223 o8 Roln, A4
Aol therg A7HA B garsiAl g

AZE Ao Az

=
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