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Abstract This work investigated the effects of A//ium ampeloprasum extract (AME)
on testosterone synthesis in TM3 Leydig cells under hydrogen peroxide (H,O2)-
induced oxidative stress. AME showed no increment of cell proliferation in the
oxidatively stressed cells. Testosterone level lowered when the cells were treated
with H,O,, but increased in the presence of AME. To determine the effect of AME
on the testosterone biosynthetic pathway, we examined the expression level of the
proteins involved in the synthesis or degradation of testosterone. The protein
expression levels of CYP11A1, 38-HSD2 and 178-HSD3 (which are involved in
testosterone synthesis) were decreased by H;O; but increased by the AME
treatment. Furthermore, the protein expression levels of 5e-reductase?2 and
aromatase (which are involved in testosterone degradation) were increased by
H;O, but decreased by the AME treatment. In conclusion, AME increased the
testosterone level by increasing the expression of testosterone synthetase and
decreasing the expression of the testosterone converting enzyme in TM3 Leydig
cells under H;Oz-induced oxidative stress. These results indicated that AME can
alleviate andropause syndrome by restoring testosterone.
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1. M2
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3041 o]F FAHTEES HAEAHES EH|F2 wjd oF 1-2% H[EE FAastal, 404
o|& 1 $50] A F4sH HrhDecaroli®t Rochira, 2017). HAEAHZL 49
Leydig AlZolA AG=H F2 B4, 45T 4 T4TF 571 6= 2480k= 2220l =4
2HE
family 11 subfamily A member I(CYP11A1)°l 2J5l pregnenolonel@ #2t=H 34-
hydroxysteroid dehydrogenase 2(33-HSD2)°ll 2J3l pregnenolone< progesterone®.

=2 steroidogenic acute regulatory protein(StAR protein)¥ cytochrome P450

2, cytochrome P450 family 17 subfamily A member 1(CYP17A1)2 progesterone=
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androstenedione 2.2 A= TdAE £AHO0ZE AA,
#5207 178-hydroxysteroid dehydrogenase 3(17
B-HSD3)ol| ofsf HAEAHECE =, o2} wirf
2 Sg-reductase2 ¥ aromataser HAEAHEZES
dihydrotestosterone(DHT)#} A AEZ &2 Mg |
ABRAHES ZAAZItHHaider, 1996; Payne®} Hales,
2004; Rasmussen®} Ekstrand, 2014). =3} 2J3t Leydig
Az ZAaRgE ofet 4sHd AEFAE Y AHES
pregnenolone2 2 H3IA|7]= P450scc?} StAR Tz
UAE JAsto] HFH 0 R HAEAHE S AaA
7le A0E A qlon, dA Adre F8 94U &
shtE 0JAZ) 1 9ItH(Chang &, 2008; Choe &, 2016;
Luo &, 1996; Tsai & 2003). HAEAHE Haes HA
74d719] 4 YRl A-gotm ot A4 S
FkSattler 5, 2011). 7HIA] wheh th2A] Yehtr|
SHAIRE 7|1 5A, A" Ast, 25T A4, AHITE,
AW 57F 9 HgE U A, 7198 A, g9 A
IRt HEY, &% T HdR SAECl UEUA "ot
(Luo &5, 1996; Schubert¥ Jockenhovel, 2005). °]¥
A A7) e ok Ay} A HAEAHE
o] ZHashH AAAHA WAYsE] wjFo] XIggo] Lear ot
£ Aoy oA Ba7IAE Sl T3l YeAl=
LAGE, ol Al 78] FAEAR1 FZ 7R A1A A,
AIA, AR ARl HolA 419 AS BASHA AstAZIA |
tHBhasin 5, 2006; Nieschlag &, 2006; Singh, 2013).
oahA HIAEAEH RS B8 S7HAA EA Bd7] S4
= A AIZ17] 't B2 A7 BaEar Qlot 3Rl

HE< A4 E3oks o Id A+
o] FHAT, 8IS A& AP, AHA vl

Z
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Zo] A7|E]2 YHDecaroli®t Rochira,
2017; Jakiel 5, 2015). Wb B4 Bd7] S S
93 A7 H o0& HAEAHES ABAsH o] SE
H AAE A9 g 4do] tiFEHI Ut

I (Allium ampeloprasum)s F5%(Allium
genus)©l| &ol= AR, tRaA9E Qlwo| Bakxw 2k 104)
71 A F5vhs, HEuks, great-headed ks, 84Ut
£ 2= EYAT leekol © 717h2 AEO|tHBrewster,

oX,
=
r
rst
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2008; Figliuolo &, 2001; Youn &, 2015). o8 A+E
S|4 scopoletin, scordinin, alliin, allicin 53 22
E4Z gaotal low, o, I, A} ek, AN
L 23R, FHAHE $A Aok, €4 2 71HA A
557 A% A= 5 22 Aol BilEl §lof
ot FofollA &g 7Hs/gol s AA=L QlthHam
5, 2016; Hughes®} Lawson, 1991; Kim, 2017; Kim¥}
Kim, 2015; Lee &, 2020: Lu &, 2011; Moreno &,
2006; Rahini-Madiseh &, 2017; Rattanachaikunsopon¥};
Phumkhachorn, 2009; Tavakkoli &, 2015). 3F9 o
RO U A 7R S5, QUAEE =4, 51t
= Azl Bt AFE0] RES AA|skaL lon
goll Bt A+ FE5¢ Ao Cho 5, 2020; Kim
5, 2019; Kwon 5, 2018; Youn 5, 2015). wehi] £
Aol A= TM3 Leydig AlEoJA Z7]Ens FEE0|
HAEAHE FHE S7THE o A=AE Festo] d4
7] S MAE R 71548 AAEA &8 THsEe
AESHAH

=

§

N

Hu)
oS r

lo

2. Mg % diH

2.1. 27205 =5 HEX

7 uREE YAoA AulE AS sAIAE A
o ZQiH|(F)2HE AlZHrol Ao ARSI A7) 2wt

2 AAE AASHY 32 EE AFT o2 A A
At Z7180ks 100 goll 70% AlgtE 300 mLE 7}skal
oA 15797 JAFE5H0T. FE2AL2 filter paper
(Advantec, Tokyo, Japan)Z ojZ}sl1l 34 FUs=7]
(Tokyo Rikakikai, Tokyo, Japan)& o]-8&s}o] 5=3I3ct.
525 2252 544%7|Ushin Lab, Dongducheon,
Korea)E ©]&sto] 2 AHZ A|xstaL -20To]| Es}
o Ao AMESIRlT. Z7|nks FEE2 4.7 g2 99

I oF 4.7%9 FEE AEEHAT

2.2, MEHSF
TM3 Leydig A= A E523Y(Seoul, Korea)ollAl
Fofdtol Adlof ARES}ATE. 10% Fetal bovine serum

(FBS)Z} 1% antibiotics(100 units/mL penicillin and
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100 pg/mL streptomycin)& 7kt Dulbecco’s modified
Eagle medium(DMEM) #jA]E A&t 37C, 5% CO;
ZA0)M sigstg o, AE Y7t 70-80%7t E S o
trypsin-EDTAE o|-&sto] At viFst AR&stoith. A
9—};‘4 AEHAE fEst] Ao ARE B3t 24417

5 AEGAS ZT5H= serum free HIR| A 4A17F &

o iR F 2B SEEE Mo} 2712 24417
sloRd 5 A L S SAst] UP] A8,

2.3. MTT assay

F7uks FEE9 x5S B7] 98l TM3 Leydig
AZE 1x10° cells/well =2 96-well plateso] &
Stof 24A12F viFstltt. Z7|enks ST THRleA
of o3t A& FE& HIE gRlsty] {8, 100 M it
SkpAS E3HSl= serum free HiA|OIA 4A17F B9t BjoF
T FEES TR 4ot F7EE 24A17F Hi st
At vl & wiAE AASHL 2442 welloll 0.5 mg/mL
MTTI[3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl-tet
razoliumbromide] €& 100 xL¥ A5ttt 37T
A 4AIZE 5RL HjgRt & HiXIE AlASKL A/43H formazan
< 100 xL DMSOO] =9& & microplate reader
(Molecular Devices, Sunnyvale, CA, USA)E o]|-&5}o]
540 nmolA S FEE 7okl AlE BEES ¥ SIS

rsﬁ
Nl

2.4. Testosterone 2 &

F7|8uks FEE0°] testosterone A0 U|A= FIF
< gQlsk7] 98l ELISAE ol-&stol Zelsiqltt. T™M3
Leydig AEZ 5% 10° cells/well 5= 6-well plates©]
EF3E 3 100 oM HAIseAE 23k
Ao A 4AIZE B3 HigE &, FEEE SEHEE 345t
Z7}2 24A7F 8 F5leh. Testosterone %2 ELISA
kit(MyBioSource, San Diego, CA, USA)E AR&3lo] A
ZAY] manualoll @t S35k

serum free Hf

2.5. Testosterone E&Z} 2of #2 gL 24 =&
7k FEE0| HAEAHE 4 E Edfof ¥

°] 33-HSD2, 178-HSD3, aromatase, 5a-

F&= U] 93f ELISAS

o= a4
reductase2 E4Jo] 0|X+=

792

o]-gsto] &Ittt TM3 Leydig /\ﬂiTE% 5%10° cells/
well 5E2 6-well plateso]] 53 & 100 uM TAESke

AF XISh= serum free HIR|OA 4AIZF FQF Hj Rt
T FEES sTHEE J4sto] F7FE 24A7F Hi St
t}. 38-HSD2, 178-HSD3, aromatase, 5e-reductase2
=72 ELISA kit(MyBioSource, San Diego, CA, USA)
£ AR8ote] AXARY] manualol web S35k

2.6. Western blot assay

FEE A4 A7 B & TM3 Leydig Al E
£ 3|45t PBSE AlAst & RIPA buffer(50 mM
Tris-HCI, pH 8.0, 150 mM NaCl, 1% NP-40, 0.5%
nadeoxycholate, 0.1% SDS)E A5}l 2087t 4TI
A &3JA1ATE 12,000 rpm, 4ToA 2087 YA1E5}
o] ASNES 3|43l BCA assay kit(Thermofisher,
Waltham, MA, USA)E ol-&sto] TiidS kot
20 pg/mLe TS 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis(SDS-PAGE)llA4]
A7195stdt. A719s & @HEAE polyvinylidene
fluoride(PVDF) membrane(Roche Diagnostics GmbH,
Mannheim, Germany)ll 147} &<t HoJA]7]|1L, everyblot
blocking buffer(Bio-Rad, Hercules, CA, USA)E ©|-&
sto] A0 A4 10% 59 blockingstith. 1A} antibody
£ 1:1,0002.2 3|45t 4ToAM SHEHRE 57 HESAIZ L
H TBSTE membranes 33 A& &, 24} antibodys
1:1,000-1:2,5002.2 3]4{3to] A2oflA 2417t REGAIR
t}. ¥h3o] Y membrane TBSTZ 33] A& %
enhanced chemiluminescent substrate(Thermofisher,
Waltham, MA, USA)9 HFSA|A membrane©] 4%
protein bandE image reader(Microchemi 4.2, DNR,
Neve Yamin, 92 &%l & ¥d HLE B4

2.7. A2/

33] o]} WHEsto] AAlstion, Addy}
< B4 A2Hmean+SD)E YEFHATE Z+ Zxjo]
gt fold A5 SPSS BAZZIHE o]g A5
T}, One-way analysis of variation(ANOVA)& ©]-8
o {4 oJRE gRIgt &, p<0.05 =14 Dunnett's

o,

41

E‘:‘ i

H‘:)f Flo
N [,
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ttest® olg3tel EBAsn

3. 21 ¥ 1%

3.1. 2705 =29 MESE

F7)Euks 2&80] TM3 Leydig AE9] AX B&&
o HA= FFE FRIotArt. FEES 0-700 pg/mlL &
T2 24A7F Aot © 700 pg/mlL olstellAs 54
< Holx| ¢gkgton, 1,000 xg/mLE AZotAS o FA
2 tiH] 92.77%, 2,000 pg/mLE A5 W F4
I 4] 70.63%9] AlE AZLS Ui sholsyitt
(Fig. 1). o] IS vigo@ NEEAS Uehfr] g2
T 9 UolA o A¥E Al

3.2 V205 =529 HE HSS

Qoks 2Ed 20| g Zerks 58S AT BT
52 gobiy] 98] HAIBHEAE AT BB
of AEEHE A5 8 HER0, 50, 100, 200,
300, 500 MDE AT 24417F F AZ HERS 374
Stk 24417 F ARG Rel2Y AE JERE T
A o] 22 99.61, 99.70, 69.27, 53.62, 49.07,
38.35%% Lehglom, olF AL IAkA 100 uME
A7) sER BYSACHFig. 2A). TM3 Leydig A%
100 uM9] B2 4417F 59 A2l 5 27lejoh

T FEEe §EEE AL 24470 & AlE BEe

(A)
120 |
100
2 g}
2
S e | .
g .
S 40t b
20 | I
0 . . . . . .
H,0,(100pM) - 10 50 100 200 300 500

Cell viability (%)

0
AME(ug/mL) - 50 100 200 300 500 700

1,000 2,000

Fig. 1. Effect of Allium ampeloprasum extract on cell viability
in TM3 Leydig cells. Cells were treated with various
concentrations of extract for 24 hours. After 24 hours, cell
viability was assessed using the MTT assay. Values are
expressed as meanzSD (n=3). p{0.05 vs. untreated cells.

SIS ERIstA. 24417 & Al B2 F9Ist 23
FAe diy] Ilskes s A2 68.61%% AlE
AEEo] HAASIPAT, A7k 252 300, 400,
500 pg/mLE AHFgt FolAl= 70.31, 69.70, 70.07%=
HothFig. 2(B). WA A7leuks 252 ABHY A
EHAE T2 TM3 Leydig A9 Al AJE&9] Z7to]
£ 9T AR Y= AeE Yy

3.3. FV/Ells FE20| HAEAHE Y40 0/7x/= F&f

Aok AEAAL HARAHES FAAACEA
X 79719 79 99 F S oAX T k. FAeke

- 300 400 500
+ + + +

Cell viability (%)

0
AME(pg/mL) -
H,0,(100uM) -

Fig. 2. Effect of Allium ampeloprasum extract (AME) on cell viability in H,0,~treated TM3 Leydig cells. (A) Cells were treated with
various concentrations of HyO, for 24 hours. (B) Cells were treated with 100 uM H,0; for 4 hours, and then treated with AME
for 24 hours. After 24 hours, the cell viability was assessed using the MTT assay. Values are expressed as meantSD (n=3). (A)
"p{0.05 vs. untreated cells, (B) 'p<0.05 vs. H,0, only treated cells.
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A5 A3t in vitro BE A4 ASHE AEF A 9
o) SYAHES pregnenolonel & H3FA7]E= P450scc
o} StAR Tl Wo] A e, HFH 0 HAEAHE
a7t Yeh= 202 B1E1 It(Chang 5, 2008;
Choe &, 2016; Tsai & 2003). A8ty AEHATL G

H TM3 Leydig AlZol|4 Z7]2jnks +580] BIAEAEE
AY7goll M= YIS ot ] Ao TakRRA(100 pMyE
4A7F B9 ARt ), Z7)Evs 55300, 400, 500
pg/ml)yE FEEE 2447 52t A3t & viRlE A5t
HAEAHE e S FAZIA= 27.90
pg/mLE UEFRAIRE, Bislea o Aol HAE
2HE gl 10.81 pg/mLE 61.25% HA3IAct 272
s 225 AYois 2 sEdE=E 15.09, 18.64,
21.12 pg/mLE YEFgom diles o A tiH|
EIAEAEE o] 139.57, 172.41, 195.35% 5715
tHFig. 3). ol#gt A= I7)Enks FE2°] TM3 Al
A HAEAEEO] B S/ o e HolFa 9l
on HIAEAHE B4 Aotz QI J 47l 4 A
o 2= & 7 Ue M= &8 75T AoE AdHh

l

(@)

3.4. AV20fs F==50] HAEAHZE &2 Zof 22
BAY OjFl= g

Bl AEAHE Mo #ost= 178-HSD32 38-HSD2
+ testosterone YAATA Z715Y o9t I 71K o]

30
325 |
E
o
220
Q
s
15
ko
[
o
® 10 +
Q
-
5 -
0
AME(pg/mL) _ 300
H,0,(100pM) -

Fig. 3. Effect of Allium ampeloprasum extract (AME) on total
testosterone in H;O,-treated TM3 Leydig cells. Cells were
treated with 100 uM H20; for 4 hours, and then treated with
AME for 24 hours. After 24 hours, testosterone production was
assessed using the ELISA. Values are expressed as meantSD
(n=3). "p¢0.05 vs. H;0; only treated cells.
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gttt 178-HSD3S DHEAE androstendiol® Z3HA]7]
1!, androstenediones testosteronel.@ AZRA|7|= &
Aol 38-HSD2+=
Z2kA)7]1L, androstendiololA] testosterone2Z 7%k
A7 "40]tiByund Choung, 2019). AlSHa AEH|
27F =¥ TM3 Leydig AlZ2olA Z7)ejnks F&&0°
HIAEAHE ] Bofsts B4 v|A = JaFs
Yot 7] Y BASKEA(100 pM)S 4A17F B9t A e
g Z7)Euks $2E(300, 400, 500 pg/ml)E FEEE
Aefstal 24A17F 52t A et F HiRE A5t Z45190
tHFig. 4). 178-HSD39] 7ol FAZolAE 13.02
pg/mLE YEHAIRE TASRA T AEolA= 5.07
pg/mLE 61.01% A5ttt Z7|guts 255 e
o ME 7 FEER 5.20, 6.80, 8.72 pg/mLE FHAtsR:
= A2 tiH] 178-HSD37F 242+ 102.55, 130.60,
128.31% S7Fstgitt. 38-HSD29] A%, FA LA =
10.60 pg/mLE YEFHAIRE, Hibslea ths A 2gtof A
£ 3.65 pg/mLE 65% HAastAct. A7lEus 55 A
goA= 7 FEERE 4.91, 5.93, 7.09 pg/mL=E, Ak}
S4 G5 A2E oib] 34-HSD27F 242 134.62, 162.55,
194.41% 715t BpAtoleea A2of ofs] HAEAH)
£ ol Bofshs 4S9 7T UEiES ERI5H3 2
o, I7euks FEE0] -‘}‘]'ﬂ“r o o5 TAaE HAE
AHE 0] Bofots BAES S7HIA HAEAHE
o] AA e 771 AL woE
EIAEAEE tiAgolA Se-reductaset androstenedione
< androstanedione 2.2 {3S oty HAEAHZES
dihydrotestosterone &2 A3}l aromatases EﬂZ:E
AHES estradiol2 Z3sto] HAEAHES A4 5%
£ ZAAA 71t Khazalitt Mahmoudi, 2019; Rasmussen
T} Ekstrand, 2014). A AEG A7 G =% TM3 Leydig
AZAM Z7Euks FE&°] HAEAHE o3l
oot BAaof v JFE dot 7] Ysf BHitskea
(100 £M)E 4AIZF B¢t A9t ¥, Z7)enks F2&
(300, 400, 500 pg/mL)}& FEEZ At 2447t 5
Qb Aot & wixE AT A5 tH(Fig. 5). Se-
Reductase®] Z-9oll=, FAFEAAE 85.96 pg/mLE
UERRARE, piteleds T A2t A= 123.79 pg/mL

pregenolones progesteronel &
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Fig. 4. Effect of Allium ampeloprasum extract (AME) on testosterone synthesis enzyme activity in H,O,-treated TM3 Leydig cells.
Cells were treated with 100 uM H.0; for 4 hours, and then treated with AME for 24 hours. efter 24 hours, (A) 178-HSD3 and
(B) 38-HSD2 activity was assessed using the ELISA. Values are expressed as meantSD (n=3). p{0.05 vs. H20, only treated cells.

(A)

120

.

100 | x
E .
S}
[
8
b 60
=
®
2 o4 f
(=3
0n

20 |

0 1 L 1 1
AME(pg/mL) . 300 400 500
H,0,(100uM) - + + + +

(8)
500

400

300

200

100 I
0

AME(pg/mL) -
H,0,(100pM) - + + + +

Aromatase (pg/mL)

Fig. 5. Effect of Allium ampeloprasum extract (AME) on testosterone degradation activity in H,O,-treated TM3 Leydig cells. Cells
were treated with 100 uM H.0, for 4 hours, and then treated with AME for 24 hours. After 24 hours, (A) ba-reductase2 and (B)
aromatase activity was assessed using the ELISA. Values are expressed as mean+SD (n=3). p<0.05 vs. H.0, only treated cells.

2 144.10% S7Fetolth. Z7)ejnks 28 AHedoli+=
ZF 5= E 119.80, 107.94, 96.50 pg/mLzE ISt
= X2l Y] 5¢-reductase’} 22 3.20, 12.78,

22.03% 743t Aromatase?] Ao, B2
A& 179.61 pg/mLE YEPHAT, FAasEA T A

T AE 487.11 pg/mLE 271.19% Z718%ct. Z7]2
s &5 AAE 4 s2EE 400.33, 320.16,
253.91 pg/mLZ, FAEslpA T A2t tiH] aromatase
7V 27y 17.81, 34.27, 47.87% ASHAT

Byun 5(2019)2 IHASkpAo] o3t HIAEAHE 3

https://www.ekosfop.or.kr

CEZCRRCRLE FCESE R INPE DR E:
o) BASGAL, el 248 o ALEAAE U4

fEsto] AEAHE
£ A7 Az} fApt
ot 38E
£l St Atk =] Sl A HARAHE U
X BASS F7H1Z B ol Akska AEd A of
o ZAEIE Harahe HAAA T
s<no] o) 24 B HAREAHEO] GHS ZAH
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3.5, HIAEAHZ 23 CHYZ Efso) 0/x/= &

Y 2HE2 CYP11A19) 938} pregnenoloneC & &
=™, pregnenolone< endoplasmic reticulumOZ
o]s3to CYP17A1, 38-HSD, 178-HSD 53 &2 HA
EAHE F4 840 ot EofEHA HAEAHEC] &
A€t Z7)ejvks 5E0°] TM3 Leydig AlZoA HAE
AHE M B E 549 {4 I #dle] mA= g
T ERIgE A, Akskea o= Ao o) CYP11AL,
38-HSD, 178-HSD &do] FA= v 242} 65.37,
89.19, 49.51% 'T&o] TAsIA T Z7|ejvks 28
SEEE AToIE u, TASkes s AT o]
CYPI1A1& 125.22, 176.20, 233.93%, 38-HSD+=
233.97, 521.12, 571.98%, 178-HSD+ 82.54, 105.37,
136.50% #&o] F7FotArh(Fig. 6(A)).

5a-Reductase2 ¥ aromataset HAEAHZES &
Sto] DHTS} estradiol2 A%zttt I7)2vks 38
TM3 Leydig A|ZoA HAEAHE o2t THEH 549
FAA EE WHelo] mA= YT FRIsH] el HAEA
B2 Aol A BIAEAHE B3 84% A85k= Sa-

Sl

o]

(A)
AME(ug/mL) - - 300 400 500

H,0,(100pM) - + + + +
— —
cypiial P
——
17p-HsD3 | —— —

3p-HSD2 ~ R —— —

B-actin l I

. mCYP11A1

1 T = 17B-HSD3
- 3p-HSD2
o

-

808
o *
3 * e L
o
c 0.6 P
3 T T
2
s i
204
2
= I
k]
£ o02

0
AME(ugimL) - ) 300 400 500
H,0,(100uM) - + + + +

reductase, aromatase®] TAFS RISt A3}, FA T
2ol Hlel] TpatSleA T A Z47F 493.08, 312.72%
Tdo] F7tekith. A7 nks FEE2 s8R APt
AT o, FAEeA B AT tiH] Se-reductase=
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Fig. 6. Effect of Allium ampeloprasum extract (AME) on protein expression of (A) testosterone synthesis enzyme and (B)
testosterone degradation enzyme in H,O,-treated TM3 Leydig cells. Cells were treated with 100 uM H,O, for 4 hours, and then
treated with AME for 24 hours. After 24 hours, protein expression was assessed using the western blot. Values are expressed

as meantSD (n=3). p¢0.05 vs. H,0, only treated cells.
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A} Y Ao BaH oF BN Trlnts &
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