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Butea superba Roxb. (BS) has been used in Thai men as an aphrodisiac, and prevent erectile dysfunction.
Nevertheless, the active ingredients, dosages, have not been cleared. Hence, this study was to investigate
the effect of compounds from the BS on the reproductive parameters of male mice.

The results revealed that BS was extracted to afford biochanin A, genistein, which were the first
report on BS, and daidzein. The mice were treated by daidzein, genistein alone and in combination. The
results showed that the sperm number and motility, cholesterol, and testosterone level of all isoflavones
treated groups were significantly higher than controls (p<0.01). Obviously, daidzein plus genistein
exhibited a synergistic effect, which is also the first report, resulted in significantly displayed higher levels
of these parameters compared to others.

So, the synergistic activity of these isoflavones may useful in improving libido, erectile capacity,

and assist infertility of poor spermatozoa in men.
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y o ¢ A ] =
IWAHBY LWd’EJTIﬂLMUﬂﬁGl%,mﬁQLﬂﬁZHLWEJQEJEJNL@]EJ’J

a A

2.2 uHAININ VP IINGALNY

Y 9

v
@ @ < [ @ @ [l a @
“ri’)ﬁﬂﬂl’é]ﬂﬂ’ﬂl!ﬂ?ﬂl,m\iuuﬂﬂl,ﬂ‘]JiHﬂﬂ\?‘ﬂ’)ﬂl%ﬁlﬂiWﬂiuﬂiZL‘ﬂﬁVlﬂEl mamwmﬁwuﬂﬁuu

"léi]}%‘ﬂﬂ"li qIu L@ﬂaﬂym’ﬂﬂﬂﬁ@\iﬂ”lﬂ’d1ﬂwuﬁ Iﬂfl Dr.Paul J Grote Nlﬂfﬂﬁ%1ﬂ11uﬂ1iWﬁﬁ]uLﬂﬂﬁﬂHm
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Y = Y 1 9 LY A Y Y o
Wﬁﬁﬂl‘lu ung. Iﬂﬂlfﬂﬂ‘ﬂﬂ‘ﬂ@I'J’E)f]"lﬂ*ﬂ']ﬂﬁﬂWﬁ'iﬂ!lliJﬂﬁqx‘l!ﬂW”l ﬁ?ﬂ???kﬂﬁﬂllﬂ\‘]QﬂaNﬂlWﬁ361ﬂ!m$ﬂ1

a A Y 9

{ @ QEII Y ' IS
Trudalumeuigumngil 60 essiaaiBod nasniudregiaudan lavzgnuaiiiumg

U U

2.3 a5l

2.3.1 Mmazaig

A A

@ o a 1% I % ) @
dazaredunidnl¥lumsadauaz 191 ud1%§ 115y Thin-Layer Chromatography 112
o & 0 o v a A Hq v
Column chromatography Huiilunsasssuauazthunauneumslyau asmiioug 1lsdunsa

9 v A 4 o o [ J
AINTUAUATICHLALINTAT1YTY HPLC ﬂ\‘]@]ﬂllﬂﬁ:

Ethyl acetate Carlo Erba
Hexane Carlo Erba
Methanol Carlo Erba
Dichloromethane Carlo Erba
Chloroform Carlo Erba
Acetone Carlo Erba
Acetone-d, Aldrich
Chloroform-d, Aldrich
Methanol-d, Aldrich

A A Qqyve o aw
24 !ﬂﬁﬂﬂuﬂﬂi‘ﬂﬁ‘lﬁﬁﬂﬂ1i?%ﬂ

Rotary evaporator Buchi
Heating bath: Buchi heating bath B-490
Rotavapor: Buchi rotavapor R-200

Controller: Buchi vacuum controller V-800

UV/VIS Spectrophometer series CARY 1E Varian
UV-Cabinet I1 Camag
FT-IR Spectrophotometer Model Nicolet

NMR Spectrometer INOVA 300 Varian
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Foya UV aiansu'l@a1naseq Varian CARY 1E UV-Vis aitlnTns T Tafles, FT-IR gniiuiin
&101A304 Nicolet aitlnTns T Indmod 'H-NMR waz "C-NMR alansugniiufind ein3od Varian
INOVA 300 NMR alnlnsiiimes luaisazate acetone-d, dwiiuarsdszaen 1, lums
CDCI+CD,0D Waud5ua1515znou 2, chemical shifts gnuaaaluwiiie O (ppm) #1450 solvent
signals, N7 ﬁq aiendnyaivessslsznon 3 1814 Liquid Chromatography-Mass Spectrometry (LC-
MS), 6400 Series Triple Quadrupole B.05.00 (B5027.0), quadrupole mass spectrometer aﬂgﬁﬁﬁﬂ
electrospray ionization (ESI) turbo ion interface Tﬂmﬁﬂuﬁumsmmgm upaalnInsiwes (mass
spectrometer) Qﬂﬁuﬁﬂé’]}’(]ﬂméﬂﬂ Hewlett Packard 5989 HP mass spectrometer, aeauti lasunTans il
(Column Chromatography) 1#7i1n13naastlagneduiisiadaniaa (silica gel 60 Art 7734 1@z 9385)

waz Taain3og Preparative Thin Layer Chromatography (PTLC) silica gel GF254
2.5 msadams misenuazmsigaiiiendnyaions

ITMIaNAnNUATOUA, mm&ﬂuazmsﬁqﬂﬁmné’nya‘im{lﬁ'ﬁmﬂmam]m Cherdshewasart et
al. (2007) 1iag Kayano et al. (2012) (Cherdshewasart et al., 2007; Kayano et al., 2012) Iﬂ&lf‘ﬁqﬂﬁ’a WNIT

NIATOUAS (B. superba : 2 Nlanil) gnanaoe9aoiiodd1oienIUean1uL Soxhlet 12 ¥2Tug

1
I [

v v 9
ﬂ'JTJLﬂ?@HﬂQV]Qﬂﬁﬂﬂllgqﬂgﬂ'i@QWTUﬂjgﬂ’]yﬂﬁﬂQ (Whatman ﬂﬁ\j‘ﬁ 1) ﬁa\‘]ﬁ]']ﬂuu‘ﬁ']ﬁ']ﬁllﬂw']uﬂ'ﬁ
) 9 Y P4 v A v < g’ A = :’ 9y Y
53!“8@]3%1@3a']ﬂﬂ'lﬂclﬁﬂj’luﬂugﬂullﬂﬁ'li 30.5 ﬂf.illllaﬂ‘lgmzLﬂuun%anﬁummlﬂlm BEEGAIIRANE

E4
[ @ 4 A Aaa o 4 o w
uUoa (25 NIY) ‘ﬂ%gﬂlLﬂﬂﬂ@ﬂTﬂﬂﬂ@ﬁNu chromatography ¥UAFANUIN ﬂﬂﬁi\luﬁﬂﬂﬂﬁgf#NGﬂNﬁTﬂﬂ

U

Y
v

Y s a £ o Ayy o q Y Y Y o

ae  1aniwy, Aao 1sWoiw, 0xd launazmmiuea Fwandui Idiuazgni Ididudunnuandu
[ [ [ 4 1] Y]

au'ld asanareulweny (0.5 n5w), asanalunasTswesu (1.6 nsw), msadaluezdlau (7.4

N5Y) tazasana lumunIuea (8.6 NSN)

9
[ [ 4 A Aaa [ 4 1
a1sanaeed lauazgnuon laoldnoauil chromatography ¥AFANUIA ADANIITYNYL DE1S

1 4 a ~ J v
Aoiloadeanyu-a2% lau (1:1), 8@ lay, aao lsesu-wnmuea (1:1) uazunIuea nauanyy

:/} <] o Yy 9 9 dg/ = A o Ao o 1 o [
uu%zaﬂLﬂ‘]Juaz‘I/nGlmsummﬂme%:Mﬁ’gusmaﬂ%ummﬂiy 493U (Frl 1.7 034, Fr.2 1.8 N, Fr.3 1.1

U

N5W, Fr.4 2.0 NN 1ae Fr.5 4.0 N54)
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1 % @ 3 1 ana 9 o Y] o y 1
drveaurandy 1(1.0 A5N) WHIgnuend IuFaN19a 60 APANN AOANUNYNY¥EDE1S
1 d' Y = = a a
ADLLDIAUTNIYY, 1:4 1IN -DLF 1A, 2:3 1INFU-0LT TAN, 3:2 LENYU-DF 1Y, 4:1 1FNIFU-DL Y
- 0 w o & < c vy 9 A 9 (a v
Tau, nazezd Iaumudny ouransutivazgninusrusmmazi Iiduduiu auldUsnasiosas
[ Y
wazuvlandun ldnanuasaunnadu (Fr. 1-1 2.8 WA, Fr. 1-2 81.2 ¥A., Fr. 1-3 59.5 W, Fr. 1-4 126.5 A,

Fr.1-5 53.2 un. uag Fr.1-6 54.8 un.)

uvlandu 12 (81.2 wn.) vzgnuonlasliaeduil 60 chromatography Ffiadanuaa gnit1ln
P ¥

U??m%mnﬁuiﬂﬂmﬂ% preparative thin layer chromatography (PTLC) (t8nt5U: ozF lau 2:1) awld
¢ v

douandu (A 57.6 un., B 9.4 n5u) ulandu A (5.76 un.) gni ldusgniuniiuale PTLC Taeld

Q

(%

) a = o & U A £ o Y =2 9 4
Wiazgareriadernudeez laasi 1 .11 wn) Fezgninldidundndlenas Tslosumaumm
4 a =4 > I [
woarie ¥ Idensusans 1 (18.1 un.) Fa Junsdivaossou

4
Y A Q‘{ =

uvlangu 1-5 (53.2 un.) gninliusgnsunaiu Taens1d PTLC (anasu: ozFlau 1:1) iie 19

q

¢ 2 =
I8e15u5gns 2 (8.5 un.) Fudumadun

1 @ [ qgj 1 v Jd A aa v J I
daveaunandy 5 (2.0 niN) Huazgnuenaaluaeduisiaganiva 60 ADANUHYNYLBEN
1 4 o a Qd‘ g o Y 2
Aotilosdae lanwu-ozd Tau (1:1) gnihIduSaniunndudie TLC Tasldhazaedernudans 19
A a 4 @ 4 ~ 9 Yo Aa ag
a131lszneui 3 myngaliendnuaivesaslszneuiiuen1d TddutunsamITves Shaw er al.
(2013) (Shaw et al., 2013) na11lasd31/Ae LC-MS, 6400 Series Triple Quadrupole B.05.00 (B5027.0),
o a C4 @ 4
quadrupole mass spectrometer equipped ESI turbo ion interface gﬂumﬂ%”lumiwqﬂmaﬂaﬂummm
A = [ A a J o A
asilsznovin 3 TasmsnlSeufieunuasuiasgn TasiuudeanlnInsimesgnduiiuns laald
a d a a a o a
positive ion detection mode mmmﬁwmmﬂsmmgmmswﬂﬂm% multiple-reaction monitoring

a 0 v ad
(MRM) Tag2tA512 13900 U A5 precursor-to-product ion pair

v d axl o A
2.6 aAINAADINALITAUUUNIT

9
Q/

v
o o a o o o o o
lasimsnaaesluvesny ludmadnanuadiduaa Taeliongiszum 130 Ju, 1hwiin 30-40 n3w,
2 Yo dy A v ad Yo va
G]f\‘]llﬂi‘ﬂﬂ'l‘ilﬁf]\iﬂ@'lﬂWiﬁﬁ'Jﬂﬂﬁﬁ]\?, und ﬂi%lﬁlﬂ‘ﬁll‘i/]ﬂ IﬂEl')‘ﬁﬂ'liﬂ1§'1/]@ﬁ’f)\1hlﬂiﬂﬂ'15@1§hﬁﬁ']ﬂ

) o v o w o o A awv
LL‘L!’JVHQZ‘T"IWTUﬂTﬁ@)LLaLlﬁgﬂTii%ﬁﬁﬁﬂﬂaﬂ\ﬂﬂﬂﬂmgﬂiﬁJﬂTiﬂTﬂ”}J@leﬁﬂTii%ﬁ@?Lﬁ@ﬂWiﬁﬂHT?%ﬂ
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und. (ACUC), lueyanamai 13/2555, urineaoma luladgsui3 uaz Idduiumsaunul jia

vosann g l51)

4 ] [ J J o J 1 1
vy ludgnutiseemilu 5 ngunquaz 10 A Tasuaazngy nouns 1%e1s (Pre-treatment) WY

E4
%

1 = < a [ ] 9 A o = =) [ 1 [

mwmiuﬂqmfuzgﬂmzmaﬂmwn LLﬁ%LﬂU@q%Iﬂﬂﬂ’ﬁN'W]ﬂ"]fﬂ\iVI@QLWE]H'IT]JL‘]JS?JTJL‘V]EJ‘UﬂiJﬂTViEN

¥ O &

M5 1715 (Post-treatment) NYYNIAYIAIYFATDIMT casein-based open formula purified diet Tao
4

p11m15tiadl 1ud estrogenic isoflavones genistein, daidzein 130 glycitein (Fielden et al., 2003) Tuwag

Y
52ez1a1013NA009 nauusn 1dsumstlewiniudning 0.1 ua.(Sigma, St Louis, MO, USA) Nniu
H 1 Y

Tasmsldersdrenflouermnsasgnizimiz nquitdesldsumsfloudrniniudnnine 0.1 wa.

Y . d' [ [ Y Y d' 1 d! 9

UINAY sildenafil N 10.00 mg/kg BW/IU NNIU Tﬂﬂﬂ?ialﬁ’E)TVTTﬁﬂ’lﬂﬂﬂﬂu’OWW'liﬁﬂ’s;fﬂiZLW"lg %914

3| 1 oA = Y Yo 1 9 - '
LﬂUﬂﬁjiJﬂ’J‘UﬂiJll‘U‘U‘U’Jﬂ UAZ NQUN U o Lag ¥ Ul@‘liﬂ'ﬂW‘l’ﬂiNWU‘ﬂNﬂ?ﬂﬂ’JﬂVIﬂﬂuﬂWﬁWﬁax‘]q

~

Y
Y 1 Vo S o S Y o o o Y
NITINL “lmmﬂqu‘n ?71 daidzein, genistein LAY daidzein WEUNU genistein Tuihduan na Tag

YUIAVBIEI5AD 1.0, 1.0 and 0.2 + 0.2 mg/kg BWAU mud1dy Tasvuianisnaaesi 4siuuiunnn
Y

4
A Y . . Ja o o o
M50 UHNHV0S Pinmongkholgul (2001) #agN13NAA0Y Pilot study VOIAUSHIVY LS UINUN

4 o o 5 o A c?/’ o
woany ludezgniiuiininniunaeaszoznaimsnanes Fansnaneslaguiiunisaaoang 40 u

E4

a [ § A @ o Y 9 . .
ANNBDNU LﬁaﬁuﬁﬂizﬂznmmﬁSlﬁﬁﬁﬂl!ﬂﬂ@i]%gﬂlhﬁWﬂJM Iﬂﬂm11ﬂﬁaﬂ@38 Sodium thiopental

] o]
Y
(Y A

o ~ 9 <3 A [ = a <3 A
U DIYITNHNDINTIVADY ﬂnﬂmmuaw@mma%ﬁ@um”lﬂ ANDAIULADALALDYIYNINUIIVIININD

U

= o 4 a Y o o
L‘]J%EJ‘UW]EJ“]Jiﬂ‘L!'J‘L! LLﬁ%ﬂTiLﬂﬁ’E]uUlﬂTU@\i@?ﬁ] ABDIATIIANDIDN uaziz@maaﬂmumﬁmﬁmahuﬂu

Aou lasuas luunaz@ (Cherdshewasart et al., 2008; Sharma et al., 2013)
2.7 nindmasMafSaumeuilszansmnvesnsana

2.7.1 Snnurazmsindeuivesiiegd

a

NMINAFOUNIIANOUNVDIDAD IANIMINITNI15UDI Sharma et al., (2013) (Sharma et al., 2013)Taa 1%
qa3

9

4 A o ad A A aw
NSAADUN (%) = (mmu@qwmaauﬂ /’EJQ’%VN‘W?J@) x 100
T3 a @ @ gl o @ a g}
NDNUDFIYNAALAS TIUTHUN ﬂ”IiLHJ'J'LlfI’EJEJG]’J’(’)ﬁilﬂﬂm%ﬂllIﬂﬂﬁgﬁ"lfl(lulﬂlﬂa@ 0.85% 1

u Q Y

b4
a IS

a 1A Yo S W 9 & o A :JI o
ya. ammmu"lmumimmﬂm”lmﬂunm 24 mim‘nqmmm 4 AU ALEYE INUUUININTOI

Q U


https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi_kenqsJXMAhXKmZQKHRYtDHAQFggaMAA&url=http%3A%2F%2Fwww.swedenabroad.com%2FSelectImageX%2F28005%2FEUHR.pdf&usg=AFQjCNH05w5Kzi2wodCXO8M9IpvKBIZ99w&sig2=Yll6pqjQibiEvBnmlz1Nag&bvm=bv.119745492,d.dGo
https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi_kenqsJXMAhXKmZQKHRYtDHAQFggaMAA&url=http%3A%2F%2Fwww.swedenabroad.com%2FSelectImageX%2F28005%2FEUHR.pdf&usg=AFQjCNH05w5Kzi2wodCXO8M9IpvKBIZ99w&sig2=Yll6pqjQibiEvBnmlz1Nag&bvm=bv.119745492,d.dGo
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Y Y
AudInsosaosty uaziit 111iud10g3lu Makler counting chamber 1nUUOGIgNdONAIT
4 {o o
hematoxylin 118 eosin agATINAOUNBIANADIRANITIANT (CH-2, Olympus, Japan) Ni189Ue18 100X

@

Qd’d a a 1A d o J % =1 9
aganiivnaznsialng (lifu 200 rad aedad 1 62) vzgniiuiin1i
[y e
2.7.2 52AUIBS INMNANDAINBTTU

o @ a a
anududuvesses lnumanodne Isuvesrygnialasldimaiia radioimmunoassay A135v04
4 &7 o 9 a A 4 1T W a J A
panmsouie lanuazanaale laniadmes mduilse@nsszrinnmsnadevvesnislasunilas

I o Y] o
WU 7% d 50805 IV NAN AN aNe 15 (Sharma et al., 2013)

a 3 a A
2.7.3 ﬂ]i?!ﬂﬁ'lzﬁiﬁ?’iﬂ?‘ﬂﬂ] ﬁ'l3!ﬂfﬂu!aﬂﬂ!!ﬁ%ﬂ@!ﬁﬁ!ﬂﬂﬁﬂﬁ

=

< 1 o [ o v A 4

oagninuneutaznaims lasuas dmsvimszinomamesealuaeuiievesnisnaaoazll
3 o 1 A ] o o = o & A 9
ManuAIedIten lasziulavdsnmsaneaay (dmos) 13a1 9.00-10.00 AM Faudoagn 19

a a A y ~ ~ I = < { 4
Usziiiumalatiainet deagniluniieai 1,000xg iunar 30 wiinaziny 130 20 esruaaiFemive

a o A a o a a L4

1¥1umsasizy lanaIner el luideauazaoaaimosoa  IAgAUNUNITATIVIATIZH A
d' [ wad’ 9 a va a [} = =
1A50903295zUuda ludanveslgianisves IsanerviauniInerdomalulaggsuis

(Cherdshewasart et al., 2008)

v

(Y] o d o O
2.7.4 Wi’lﬂﬁz‘ﬂ‘ﬂﬂ'ﬂﬂ?ﬂ33&”WH§!!Q$H1ﬁHﬂﬂ?

9
Y ~ @

9 [ A a Y 9 Y 1
GI,HGIEJHTHEJGUENiﬁJ%L’Jaﬂ‘ﬂ’(ffﬁﬁﬂﬂ@]WNV]EJﬁ‘lJWEJll’JﬂE]uWu1u‘HLI«1Qﬂ AVHPNIUANINIA HDSAIDYN

<3 ) a d o W Y Qy 4 Y] v ¢ o oy a
ﬂQﬂuTJJ”I'JLﬂ5131’?’038’33ﬁ?ﬂﬂ]uiﬂﬂﬂ”lﬁ@]ﬂﬂ)'ulﬁﬂ LLﬁZi%UU@'Qﬂ?%ﬁUWUﬁ‘ (UNg, MaoAUIDYI,

L)
Y Y i1

Y
vaoaiiogd, guilFouazAougNHuIN) QNAABDNINBATIVADUHAVDIA1TADDTBIZINAITIU LAz

@ o

Y Y E
WS aM U0 IeIzManiu aaeavulseumeuiimiineJeazmariiduins luudazngu lag
Y

winvesnynaassnnagniiuiin 1Amniuaaenszeza1n13nAa0 (Sharma et al., 2013)
a ad a d aa
2.8 MIAINGNT HATMTAATIZHMIADA

oaj o < ' { a 4 1 {
éﬁ’auamwumzgﬂmmumﬂummﬁmammﬁ + ﬂ’ﬂﬂJﬂﬁ1ﬂ!ﬂﬁfJuN1ﬁij§1u"UfNﬂHﬂaﬂ

k)

4
(S.E.M) Mifuiamsiasugninuseninasnauaosdin 1a lagn1sduiaa Fractional Effective

Concentration Index (FECI) ¥83n13 1481553001 (¥4 A1 FECI Y89 SHEY genistein 1ag daidzein
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ANUINDIN Fractional Effective Concentration (FEC) 493 genistein 19001 FEC daidzein 1989 FEC

. . Y Yy 9 . . A a a = J aa =
genistein 18010 Annduduves genistein Audasdszaniamlasiniuana NN anaod19il

Wod Ry serienounasnas IdsuaIs (statistical significant difference; SSD) lUeIHEY / A1

19U UUDY genistein fuaaalszaninnlaoiinuuanaianeadaedivediny YITNINNDULAY

[

Yo .. .. . A qoua A . . v
‘Hﬂﬁﬂiﬂﬁﬁ (statistical significant difference; SSD) ma%mam luvaiz? FEC daidzein h1$<'>]Fﬂ1‘ﬂ

Y 9 . oA Y 9 L. oA A4 qu
AUV UUUUDN daidzein NUTAI SSD Glu’d'liﬂﬁﬂ / ANUUNUUVDY genistein NILTAI SSD Lllf)clflf

18829); A1811All FECI Yo9ensway = FEC genistein + FEC daidzein 1o FECI voaensway ia1tios

[

1 1 = a <o 4 1 1 [l a v @ 4 1 % o

111 1.0 azFen NGNS ugNnFnuy, 1o FECI (AU 1.0 udaai "luﬁﬂ;]ﬁmwu‘ﬁﬁxmnmmzm
] H v

(no interaction) 1@ WoA1 FECI 110N 1.0 YIFN assznevaesasaedIuiy (antagonism)

(Wagner and Ulrich-Merzenich, 2009)

Y Y

o o @ v do o o v W J 1
umuﬂmmzﬁuwu‘qﬁuwwmazumuﬂmmmﬂquﬂmﬂmgazﬂ@ﬂ%ﬂaaq Qﬂlﬂ%ﬂﬂlﬁﬂﬂ

7 9 @ =)

ANuLANA1ILAnae i e ltediayn1sdnanse lu TaoldnisuSeuifieuuuy ANOVA
(Armstrong et al., 2002; Van Breukelen, 2006) A1NLANA19U04 laviaane @15l luiden

ADIAdIAOT0A INaNomNe 15U oasIMInsyaulauazmsiniiziegd svninguAsULAYHAY

Y

M3 18503 gnfuanTae paired student’s -zest MINHUANUUANA NN Tod1ynTe Tiszrinangu
gnfSeuiiey Tagls ANCOVA Tagld Tukey HSD Tunlouiiion post hoc Tagh p <0.01 (Borm et al.,

2007; Van Breukelen, 2006; Winkens et al., 2007) A29nH3A20nNANA1AY Tunaaznguudana

o w

ANUUANANNUBINUNIAAYNNADATTN WAL

g9
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wamsvanazenilsarwamsian

3.1 JassaanazilSunamesasana

4
=

asananeludiuveesdIaugnuenlag column chromatography and PTLC 91 laa15usgns 3
/13 enswiausnldun 5,7-dihydroxy-4'-methoxyisoflavone (compound 1) 1HUHITIRIMA0I80Y (18.1
mg, 0.0009% yields from dried powder). MIAATILH A8 UV-Vis spectrum HeAN absorption bands
()\,max) ﬁ 260 and 325 nm. MIAATIZH 18 IR spectrum of compound 1 L& mﬁajﬂ strong absorption band
at 1651 cm’' “f’ﬂﬂﬂﬂﬂﬂﬂ”l‘ﬁ (X,B—unsaturated carbonyl carbon (I8¢ broad stripe of the hydroxyl group
521374 3100 and 3400 cm’ A2 aromatic phenyl group 1 1622 and 1609 cm™. M5 IATIZHIAY mass
spectrum 111A4 molecular fon peak 7l m/z 284 [M'] 1ag EIMS taasigas lmana'ldun ¢, H,0,. M3
A312% lag 'H-NMR spectrum U89 compound 1 LLHAAY 4 signals U aromatic protons ﬁ 0 6.28 ppm
(1H, d, J = 2.10 Hz), 6.40 ppm (1H, d, J = 2.10 Hz) d1%5UA WU H-6 and H-8 1 A ring, 11ag a
doublet signal at 07.53 ppm (2H, d, J = 8.40 Hz) d1%SUA MW H-2" and H-6" 11a doublet signal at ")
6.98 ppm (2H, d, J = 8.40 Hz) d5udumis H-3' and H-5" 14 B ring. dufiilu aromatic ¥eq 'H-
NMR spectrum UD3 compound 1 USUONDY characteristic resonance U84 H-2 Y04 isoflavone ﬁ 0 8.15
ppm (1H, s). wamﬁmswﬁmdwf‘:ﬂmaﬂﬁﬁﬂymwm isoflavone (1Q1¢ three singlet signals ﬁ 6 12.99
ppm (proton signal disclosed downfield shift) L8 9.60 ppm UaUonda hydroxyl groups ﬁ H-5 and H-7,
11azN154 methoxy group @”lﬁmﬂmi‘ﬁﬁ singlet signal i O 3.83 ppm.

MIAATILH "C-NMR spectrum U89 compound 1 uaaaliifiuge 14 carbon signals U®N 15 skeletal
carbon atoms (flavonoid characteristic). @13 ‘f:lfl 1 carbonyl group ‘ﬁﬂi ¥NOUAY the most downfield shift
at O 180.94 ppm, one methoxy carbon signal at 0 54.97 ppm, seven methine carbon on five signals at )
153.83 ppm (C-2), 130.46 ppm (C-2', C-6), 113.91 ppm (C-3', C-5), 99.28 (C-6) and 93.90 (C-8), and
seven quaternary carbon signals at 0 164.37 ppm (C-7), 163.31 ppm (C-5), 160.08 ppm (C-4"), 158.42
ppm (C-9), 123.58 ppm (C-1"), 123.20 ppm (C-3), and 105.58 ppm (C-10). M3AATILH IA8 'H-NMR
182 "C-NMR chemical shifts 499 compound 1 siauaaslumsiadi 1. dinfFeudienar 'H-NMR and “C-

NMR chemical shifts Y93 compound 1 AUA191AMIANYH 1149113904 biochanin A WU compound 1

Taun 5,7-dihydr0xy-4'-methoxyisoﬂavone %38 biochanin A. (Talukdar et al., 2000) (3 17 3).
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©13 5,7,4'-trihydroxyisoflavone (compound 2) ﬁ"lﬁgﬂummu%ﬁ 417 (0.0085 g, 0.0004% yields from
dried powder). M5AT 12¥H 18 UV-Vis spectrum LA absorption bands (kmax) i 254 and 369 nm. M3
A3z 1Ay IR spectrum Y83 compound 2 LAY absorption band UYDN a hydroxyl group ‘ﬁ 3000-3500
cm’ LA strong absorption band ﬁ 1659 cm’' Uﬂﬁﬂﬁ (X,B—unsaturated carbonyl carbon.

MINATIZN 1A 'H-NMR spectrum U4 compound 2 e aal¥ifiuda four signals YD aromatic
protons 71 O 6.28 ppm (1H, d, J = 2.10 Hz) ua% 6.37 ppm (1H, d, J = 2.10 Hz) dm3usumis H-6 1ias
H-8 1 A ring, ttagfi O 7.53 ppm (2H, d, J = 8.70 Hz) dmiusumiis H-2' waz H-6', 1az a doublet
signal ﬁ 0 6.89 ppm (2H, d, J = 8.70 Hz) dmsudwnus 53" vag 15" lu B ring. dauﬁgﬂu aromatic
INMIAATIZH 1Ag 'H-NMR spectrum U3 compound 2 ﬁﬁiﬁ’ﬂymz resonance 913U H-2 104
isoflavone 171 07.92 ppm (1H, ).

MIAATILH I "C-NMR spectrum U®J compound 2 ﬂﬂ%ﬁi 13 carbon signals @1151 15 skeletal
carbon atoms (flavonoid characteristic). #111W19U03 downfield carbon signal i O 181.24 ppm, ﬁﬂ%ﬁx‘i
ARERY carbonyl carbon (C-4), 7 methine carbon signals ﬁ 0 153.23 ppm (C-2), 130.37 ppm (C-2', C-6’),
115.57 ppm (C-3 ' C-5"), 99.46 (C-6) Lag 94.18 (C-8), 1ag 7 quaternary carbon signals ﬁ 0 164.57 ppm
(C-7), 162.49 ppm (C-5), 158.56 ppm (C-4"), 157.47 ppm (C-9), 123.86 ppm (C-1"), 122.18 ppm (C-3),
1ag 105.54 ppm (C-10).

MAA512¥ TAY mass spectrum Y94 compound 2 HAAT molecular ion peak A m/z 270 [M] Hazgag
TuanaanmsnsIeH lae EIMS 1dun ¢, H, 0,

a o 1 @ A
NMIIATIZH 1Ag 'H-NMR 1ag "C-NMR 1 chemical shifts Y94 compound 2 fattaadlua1sad 1.

{ a 4 :JI 1
e Nns 1z Indoyaninuand) compound 2 laun 5.7.4"-trihydroxyisoflavone 1130 genistein 19g

Y H
~

1 a Jd ~ Y Ay ' J A
ayammﬁ"lﬁgmmawmﬂiﬂumtmﬂuﬁﬁmumi’gﬁ]wﬁumauwﬂﬁﬁué’a (Zhao et al., 2009) (gﬂ‘n

e

3).
A Ay Y [ Yy . . 1< 3 A
a15n 3 Aldnnmseanaldun 7,4'-Dihydroxyisoflavone (compound 3) tTUUDUUVITVI (0.425 g,
2
0.02 % yields from dried powder). a15tuazasnaigiuldgninninizlae HPLC-ESI-MS/MS
aa Idioeu luasi 1 uaz 2 udd @139 3 (compound 3) ldgnulSeuiieuaT retention time (RT) uag
4 '
ion fragments 11 daidzein standard. WU compounds 3 K8 daidzein standard 1A RT 9 6.93
[ Y 9

minutes (g‘ﬂﬁ 2) KA positive ion AN m/z 253.10 [M+]. %@Qﬁlﬂﬂ”lﬂﬁﬂ%’ﬂ compound 3 Ao daidzein (:Jj‘ﬂ

1 3).
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-20

44.536 - biocar

-40

-60

29.057 - ginis
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Y a 7 P
g‘l.l‘ﬁ 1 UEAINAINNITAUATIEN V‘lﬁWIUuﬂﬂﬂgﬂlwﬂfﬂWﬂi']ﬂsUﬂﬂ Butea superba uﬁmﬂﬂvlmmgmmm

genistein LAY biochanin A 1a87% HPLC
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xTD; -ES| EIC (253.0000) Scan Frag=380.0V: Dail. stde
11 1
6
5.
44
3
2
§ L
0

x101

1.75.
15-
1.25-

0.75-
0.5-
0.25-

1

1 2 3 4 5 6 _7 8 9 10 11 12 13 14 15 16 17 18 19
Counts (%) vs. Acquisiton Tm e (min)

ESIEIC(253.0000)S Frag=380 0V
( }Scan Frag Cpd.3

7 8 9 10 11 12 13 14 15 16 17 18 19
Counts (%) vs. Acquisition Time (min)

H a 4
gﬂﬁ 2 n51nsI1ZH MRM chromatograms U®J A, Dai. Std. = Daidzein standard;

B, Cpd.3 = Compound 3.
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M3199 1 1uaada1 'H-NMR 1ag “C-NMR chemical shifts v04a15152n01 1,2 uag 3 dalu

acetone-d,, @IUNEY CDCL, + CD,0D iag DMSO aud a1l

Atom 'H (J in Hz) of compound B“C (@ in Hz) of
position compound
1 2 3 1 2 3

2 8.15 (3) 7.92 (5) 8.30 (5) 153.82 15323 15336

3 - - - 123.20 122.18 123.04

4 - - - 180.94 181.24 179.82

5 12.99 (s) - - 163.31 162.49 135.56

5-OH 6.28(d,J=21) - - 99.28 - -

6 9.60 (s) 6.28(d,J=2.1) 6.95 (d, 16437 9946  112.24
8.7, 1.6)

7 - - - 164.57 165.24

7-OH 6.40(d,J=21) - - 93.90 - -

8 ; 6.37(d,J=2.1) 6.90 (d, 15842 9419  99.80
1.6)

9 - - - 105.58 157.47 157.2

10 12.99 (s) - - 153.82 10554 114.76

' - - - 153.82 123.86 126.62

o 753(d,J=84) 7.35(d,J=87) 7.40 (d, 12320 13037 130.14
8.4)

3 6.98(d,J=84) 6.89(d,J=87) 6.94 (d, 180.94 11557 115.02
8.4)

4' - - - 163.31 15856 157.56

40H - i i ; i i

4“OCH; 3.83(3) i i 5497 - i

5 6.98(d,J=84) 6.89(d,J=87) 6.94 (d, 11391 11557 115.04
8.4)

6 753(d,J=84) 7.35(d,J=87) 7.40 (d, 13046 130.37 130.18

8.4)
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5

1: Rl = (:1H3ﬁ R: = OH
2: Rl :Hq R::()H
3: Rl :H, R::—

31 3 Tassadevesmsana 1, 2, uas 3.

3.2 HAARIIHINAIYNABDY

9
v

9
pansiaszdimiindivynaassiulilinnuuanarsedreiidedidgludasinig

QU

o J 1

v v [
Wiy TaNduinsszrengy Taginomiminyesaiueeanyi 1A ua15 Sildenafil, Diadzein,
. . d’ . . . 4 4 = ' A Ao da/
Genistein (A87°) 118g Diadzein WAU Genistein DN UNJUAILAN (p <0.01) (:JJ‘IJ‘VI 4) WaN1599U
A0ANADINLNIUIVUDI Cherdshewasart 118zAME (Cherdshewasart et al., 2008) NNUIHYN 1ATUH
9 2
ANAATOLAY (Butea superb) YUIA 150 1az 200 Wn./nn.si1miindd/3u dulidinnuuanaisedial

% v

Y i1
Woday lumsiadanmsniyay Ialasihmiindmynaaouiemoununguaiugy

9
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35
v Sil(10.0)
=== == Dai(l0)
’g - = - Gen(1.0)
g 331 —— mmAm= == Dai(0.2)=Gen(0.2)
=
=
D 32 4
)
s T At Ams/ms?
3 7 A
o 314 .
@ - - 1
PPNl =
30 - v L 1
29 T T T T T T T T T T T T T 1

Day

g‘lj‘ﬁ 4 WAUDIATANAVINITINVYD Butea superba 1aun Diadzein, Genistein L?;EJ’JG], Diadzein W&l
Genistein (18 Sildenafil @ii’)ii%ﬁﬂh‘lfilé‘l’lﬂﬁ@ﬁ (N54) Con = Control, Sil(10.0) = Sildenafil ﬁ 10 mg/Kg
BW/day, Dai(1.0) = Daidzein ﬁ 1.0 mg/Kg BW/day, Gen(1.0) = Genistein ﬁ 1.0 mg/Kg BW/day,
Dai(0.2)+Gen(0.2) = Daidzein 0.2 mg/Kg BW/day W&l Genistein 0.2 mg/Kg BW/day nﬂﬂzju"lé’%'ums

I Y] = =\ 1 1 [ 9 9
Wunan 40 Ju ffeuwnsuanuuanaeseniengy Iagls ANCOVA uagls Tukey HSD lumis

[

nageuszAUANUIANANeENTsd Ay Tuudazngulae * = p <0.01

3.3 HaARIHIUNAZANHAUENITUFIUINGI VDI

UN 5 uAAINAYDIATT sildenafil, daidzein, 1A% genistein A8 1A daizein WAUN genistein 71O

~

i
o ad Ay 1 o @ a J Yo QS:
%WH’JuﬁﬂJ‘ill (x100,000 n/ml) VN YUNA[D Waﬂﬁ’Jﬁ]ElW‘]J’J1ﬂ1u’Juﬁ’Jqu%1uﬂﬁqu1/] ATUTITN
[ v d‘

v ' 4
@euagkay ImsinduedniivedAyioiiousznienoutaznaININAgel (p<0.01) eniu
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NYUAILAN wenINRHAMS IS oNUT enynaned 15U daidzein Wty genistein ¥ 1# 1190
aﬁmﬂﬁuqqqmﬁmﬁﬂuﬁun@:uﬁ'u (p<0.01) TagliA1 FECI 50U 0.4 HaMINAADUEIINLNIUIY
agvoangu lasuaisnaaeunnngn Segeninguaiunuedniitiodiynana (p<0.01) anbue
mﬁmgm?wm&uENﬁaq%ﬁ”lﬁ'%’umiwﬂﬁa‘uma'wﬁiwaiﬁiﬁué’wmzﬂnﬁuazﬁEﬁwmuqﬂﬂdmzﬁu

Ay (lilduaasnin) HaSWEmaT donndeatunaITEves Manosroi, et al BagAMe (Manosroi et
al., 2006) ‘ﬁ‘wu’haq?]“lu‘wHLWﬁéﬁ‘Iﬁ’ﬁ’umsaﬁwmm1ﬂ51ﬂﬂ’;1mﬂ§‘auﬂﬂuﬂ§u1m 1,250 ¥n/NNAY
qqeﬁuﬂimtjmmmuﬂizmm 16% é'fqﬁwamﬁ%ﬂﬂ'auwﬁwf‘jﬁwuiﬁmmaqﬁ, anulasmameiag
GIJHWPU?NmiLL%Qﬁ’J"UENE)EJJfJ’JzLWﬁﬂJ@QWHﬁblg]}%Uﬁﬁﬁﬁﬂﬁ81U%1ﬂﬁ3ﬂ313lﬂ?6llﬂﬂﬂlu1ﬂ 0.5 uag 5

[

' Y )
w/ua/ Y niuediiiedayneadailioeununguAIuAY (Pinmongkholgul, 2001).

o
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400 —
] | EEE pre-treated level
350 -] | =S post-treated level |
= ] | E==8 ANCOVA adjusted post-treated level
E i
£ 300 4
=] ] % b
8 J
;250
=4 1 &
2 ] *k hc hC
= 200 -
%Y .
L] 4
0 ]
E 45p
z : d
£ 100 i
[ 4
L ]
@ 50 ] 2 -
] 2 ;
0

o o )l ™= )
N \® N oo™ e
99“@3
groups

UM 5 HaVeIETANANINTINUDI Butea superba AN Diadzein, Genistein 19079, Diadzein Wary
Genistein 410¢ Sildenafil ssieﬁ‘imauaq%mawuflwﬁ Con = Control, Sil(10.0) = Sildenafil 91 10 mg/Kg
BW/day, Dai(1.0) = Daidzein 91 1.0 mg/Kg BW/day, Gen(1.0) = Genistein #1 1.0 mg/Kg BW/day,

Dai(0.2)+Gen(0.2) = Daidzein 0.2 mg/Kg BW/day 593 Genistein 0.2 mg/Kg BW/day AUUANANOE1

tisddgyszrinnounaznasminageu luuaazngugnilseuiionTasld paired Student t-test f
9

* a 4 1 1 1
p<0.05; ** p<0.01 MINATIZHANULANAINTEHINNGUIY TFMInadouUD ANCOVA uaz 14

Tukey HSD lumisnageuszaunnuuanatednidsdingluudazngulag ddnysnuanaany

IS Y

HAAIANUUANAIDE NN AYNADA p <0.01
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1 d‘ d’ a
3.4 #aABdNIINABUNVDIBGD

WaUDINT sildenafil, daidzein, genistein Lat’J’J“] 118 daizein HEUNY genistein Ao msmﬁeuﬁﬁuamq%

A o

1 3 Y ] 1
Yorynaass gninaualugli 6 wamsnaasanun Imsmuiuvesmsindeunediiisdianylu

g

nonguilenlJoufiousyriteneunaznainis Idsuans endungualuay (p<0.05 Lag p<0.01)

~

Y ) H ]
wenanil mmasunvesogd lunguit lASuUa1swan daidzein g genistein WuNTsINsmaoU 112

=} = % A S

{ u’/‘ 09/’ J [ v d =
qﬁqmmmaummmuqmwmimmﬂqu‘w ﬁi‘ﬂ Sildenafil (p<0.01) @uLﬂHNﬁNWﬂ'lﬂﬂWﬁ@@ﬂf]‘ﬂ‘ﬁ

Q

¢ v '
IIUGNTNUYDITITNIAD Iﬂﬂﬂll@g]}iﬂﬂﬂW FECI (N1 0.4 NaN1TNAADIIINDUIN mimﬁau”lmmm

Y
a o o ' 1

a J { o a v v W S o 1 ]
o lungui 185U Sildenafil wu1a 10.00 Taaniu/nn.aimiind/u ndigeniinguatay ua

QU

[

' o I Ao o Y g v A P . . . . a
UANANNUBY NN UYITINDY (p>0.01) ﬂTﬁﬂUW‘]JuVIWGLﬁ!i"IL“B@Ulﬂ'J"I daidzein H9g genistein 819UVNUIN
o W A A a & A < Y Y 1 o
ﬁ'lﬂiLJGlUﬂ'lfiLWIIﬂ'l'ilﬂa@uulﬂﬂellf]\‘l@qfl] GINWﬁﬂ'lﬁ'%ﬂﬁ@‘ﬂﬂ'lﬁl,ﬂﬁ@uqﬂﬁﬂﬁﬂﬂﬂﬁﬂﬁﬂﬂwaﬁﬂﬁnuﬂu
a v 7 1 dyo Y A P2 . . . . A cﬂj o A
279 WﬁﬁW‘ﬁlWﬁWHﬂTiﬂlﬁ“ﬂfﬂklﬂ’N daidzein 8% genistein ﬁ"llﬂiﬂLWMﬂﬁﬂ?ﬂ?ﬂlmgﬂWilﬂﬁﬂuqﬁ'}

YDIDYD
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100 4 *x% d
1 | M pre-treated level :
] | ¥## post-treated level "
1 | B ANCOVA adjusted post-treated level s
80 *
] -
— 1 * Cd o :
3= ] d :
> :
° ] 3 :
E : :
S $ $
@ ] % <
=1 ] + -
N 3 $
. * .
20 - : :
] + -
. + -
] + *
] + »
] - -
] + -
02 * 2
o™ o
o o

groups

gﬂ‘ﬁ 6 WAYRIETANAVINT NV Butea superba 1&un Diadzein, Genistein Lﬁmq, Diadzein WE'U
Genistein 1182 Sildenafil #on1T1AADUAVDID VO MY 1 Con = Control, Sil(10.0) = Sildenafil # 10
mg/Kg BW/day, Dai(1.0) = Daidzein 1.0 mg/Kg BW/day, Gen(1.0) = Genistein 7110 mg/Kg BW/day,

Dai(0.2)+Gen(0.2) = Daidzein 0.2 mg/Kg BW/day 591 Genistein 0.2 mg/Kg BW/day AUUANANOE

]
ISTCY (%

tisddgyszrinnounaznasmanageulunaaznqugnilSeuifieuTaoly paired Student t-test f

9

9
p<0.05; ** p<0.01 miamswzﬁmmummﬁzm*Nﬂqm‘i’u T¥msnageuuuy ANCOVA uaz ¥

v o

Tukey HSD lumisnaaeuszaunnuuanaednidsdingyluuaazngulaes d19ny3nuana1eny

HAAIANUUANANDE NI IAYNNEDA p <0.01
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3.5 wameganIBINIAMansvesriaona3190gd

[ 1 a J a < { 1 a 1
HAVEIATANAADYANIBINIAMAASYBINARATS190gd dwsninldnngUi 7 1egivesngu

k4
1asvasianuaiingz U5 s aan TAYes spermatids  11AZNTZVIUNTAS 1WOFIVINNIINGY

9 P4 F
[

E4
AIUAY ﬂ'§$‘U’JuﬂTﬁm’ﬂ1ﬁq\‘l%uﬁﬂﬂiZ‘Uluﬂ'ﬁLﬁ]iﬂlﬂl@Q spermatid (102 1UIU spermatid f‘l'ﬁfﬁ]}uW‘Uﬁ

E4

S ' . . | Y A A qguo 4 o
1 daidzein Ll81¥ genistein T]LLEJﬂ]’lﬂi]'lﬂﬂ’)'l’JLﬂiE]LLﬂQ LllE]GlGIf‘VNLﬂEJ’JG] UAZHNAUNU 115D

v Y
WU

NUIIUIUDF AL HAIUINTVOIDD

51U 7 amaeTaseaieluszauganmavesnasadumzyenyann lasua1saiannnuaso
1A daidzein, genistein Laﬂ’m HaEHaNNUILAY sildenafil; a = Control, b = Sildenafil 1 10.00 mg/kg
BW/day, ¢ = Daidzein 710 mg/Kg BW/day, d = Genistein 7 1.0 mg/kg BW/day, e = Daidzein 0.2

4 1
mg/Kg BW/day Wil Genistein 0.2 mg/Kg BW/day N TW01852AUaMANHNALAAINNIGue18 100

1 4
w1, sana =10 lulaswes
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Y] -
3.6 HANBIZAUIDS INUIMANDAIND T HIAZABIAAIND IO

= Yo o Y . . L. A Y '
Waﬂ1§ﬂﬂy']ﬂ1ivlﬂﬁﬂﬁ’]iﬁﬂﬂﬂ’]ﬂﬂ'ﬂjllﬂﬂ Ulﬂllﬂ daidzein, genistein Luaﬁlsﬁlﬂﬂqulagw/ﬁi]ﬂ@

Pz Y o A 3 o
aaﬂilumfﬁnaﬁmaisuuazﬂmaﬁmesaa ]l@l,!ﬁﬂﬂﬂﬁgﬂ‘ﬂ 8 uay 9 Nami‘vmam%mumaaﬂuu

]
1 =

maneame Tsuiimsiiuduediaivod nnnquilasuarsnadouioouszninnouLaznas

9

[ 1 o @ I
ns 1a5uens endunguaiuau (p<0.01) Tus mmmmﬂuwﬂﬂaw‘lmumima@uﬁﬁmua@ﬂmu

Mano@ne 1sUgINNNGUAIUANBENTBAIATY (p<O. o1) BallninfuasansEning daidzein uas

A 1 v A =

J -2 o A o '
genistein WUNUARY FECI 191101 0.4 wﬂﬁ’ﬁﬂmwmﬁummaaﬂuumﬁmﬁmaiiumqmmm

0/ 9 oJ A

gan memﬂuwﬂamuq (p<0.01) HAMIIVBTINUNTLAVFS Inumaneaime Isu GLmaw
&5 Sildenafil 71 10 Fadnsu/nn.Su i luandfuesiafifod s onngui 145V daidzein 0619

v 1
1Re7 (p>0.10) WAM3IVeTHADANADINDIIBIIUNITIVGVO Saraiva et al (Saraiva et al., 2009) NINHY

d

‘I/Iﬂﬁ@\i‘ﬂllﬂi‘ﬂ Sildenafil ‘W‘]J’Ni]i ﬂ‘U'VILWJJGU‘LlGU’ENﬁﬂﬁiuum’ﬁ'ﬂ@ﬁmﬂiiuﬂfﬂ\i HedfAwy LiJ’E)L‘VIfJ’]Jﬂ‘]J
1 [ =) 1 . ~ Y A = 1 . .
NAUAIUAY LAZGINWUDNI Leydig cells nlnssadrenlaonlal U vesicular smooth endoplasmic
reticulum, large vacuoles, enlarged discontinue cristaes of mitochondria and vesicles of whorled
. &2 @ o A ' A @ ~ s 9 ' =

membranes at the periphery FuduanyuLMNIZNUTAIN L%aﬁ%‘ﬂaﬁﬁm&liﬂﬁlﬂgﬂﬂ‘i%ﬁ]u fJEJ'NVI,iﬂ

AINI1PIIUN15IVYUDI Cherdshewasart et al WU wuﬁ"151'%”1Jmimsaﬁ’ﬂwammnmnm?aum

U

a Y =\ o o tﬁy v a A Yo
U5 150 waz 200 wn./Nn/Au UseAVEes luumanadme 1suanad Tﬂﬂ‘UUﬂUﬂﬁMTQ‘!ﬁﬁ%VlﬂiU
b4
(Cherdshewasart et al., 2008) W'ﬁfﬂi%%ﬁli3ﬁlﬂﬂ@Lﬁ’m‘ﬂf]if]ﬁ‘W“]J’NiZ@Q{Uﬂ@mﬁLW@i@aﬁﬂWﬁﬁ%u@ﬂNﬁ

e ﬂ?ﬂ‘ﬁﬁ\iﬂ”lillﬂi‘ﬂﬁﬁ LiJ?JmEJ’Uﬂ”]Jﬂ?JuﬂﬁnlﬂSUﬁTﬂu‘ﬂﬂﬂﬁﬂJEJﬂL’JuﬂaiJﬂ’JUﬂ‘JJ (»p<0.01) LﬁJﬁJ

b4
v A

MOUNAYDITITADIZAUADIATINDTOATENINNGULAD Ve NITDFosd1auINgega U drgad eil

daidzein W&W genistein > genistein LaEJ’JG”] =~ Sildenafil > daidzein L?]EJ’JG] > ﬂ@:llﬂ?“]JﬂiJ (p<0.01) (g‘ﬂﬁ 9)

a

[ v Y
MAstveIRNUTNTUNTYTETNTA N (FECD) 91 0.4 U9¥NasHauves daidzein 1ag genistein 13

J b4 ' 1
PANYNTLATUNUDYINYALIU Wc‘lf‘niﬁﬂ‘hﬂﬁﬁ@ﬂﬂ%ﬂﬁﬂﬂﬂﬁﬁﬂﬂﬁl@ﬁ Manasathien (2001) ﬁ’JWWHﬁ

[ [ A @ IS @ 4 1 o
lléliu’ﬁ’]iﬁﬂﬂwﬂ']ﬂﬂ']ﬂlﬂﬂ'lu’f]an@\‘]ﬂ'J']'Jlﬂ%!ﬂllﬂ\iﬂeUu']ﬂ 50 UN./Ua./ U lﬂulﬂa’l 3 ﬁﬂﬂ'lw NUIN

o o eJ

F
= ]
Glﬁ’maamumumﬁlwaﬁiuua AITNIS @‘U"Uf]\‘]ﬂ’E)mf:’fl,‘ﬂf]if)ﬁﬁ\iﬂ’ﬂﬂﬁllﬂ’)ﬂﬂll@ﬂ1ﬂ HYTIN
av 1 ' J . . 4
(Manasathien, 2001) il”lﬂWﬁﬂﬁ’mﬂﬂ@u%ﬁﬂﬁlﬂl%%ﬁﬁ Leydig ﬁﬁJﬁﬂQﬂﬂigﬁgquﬂﬂ Sildenafil Lﬁ’ﬂ

4 a L [ o o
18 Leydig gNNIZAY 9ZHAA DS INUINATIE 15U Iunanodne 15u 803 luumanoaime 15y

a 1

wnIzAUMIa3 e, duaSumansyaulanienennuaznstinuvesdIogd duasumsasgy

q
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1 A o o L. < A o A 2
GUfNL“]faQﬂNG]11!53‘]J‘1Jﬁ‘]JWU§LWﬁ“NfJ (Martini et al., 2006) L‘IJLWW]iTUﬂHﬂ'J']8@313Jumﬁ‘ﬂ@ﬁ!fl/]’013u

Y
v 9

o ¢ v o

FUATICUIINTITAIAUADATINDTDA (Maqdasy et al., 2013; Midzak et al., 2009) FITUMIAUWY
1 dy I Q‘ 1 dyl d' Q‘ d? 1 d’w 1 dy 1 1 zé 9 [

a1t 1 uasuasn ﬂmaﬁmmeamwmuiuﬂ’qumumiﬂﬂﬁﬂummu dananoiiloaliszay

. 4
803 I aNnoaIne 1sugaay
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1600 -
{ | M pre-treated level xx d
—_ ] | EEES post-treated level
= 1400 7 | E=E=2 ANCOVA adjusted post-treated level
= i
£ 1200 ]
2 1000
@ ]
= ]
o 800
S i
3 i
m N
o 600
] |
w J
£ 400
E ] d
& 200 ]
w 1 i
g 4 l.. ki
o™ ®

groups

g‘lj‘?'l 8 WAVDIFTANAVINT 1NV Butea superba hlgfl,!,ﬂ' Diadzein, Genistein L?]'EJ’JG], Diadzein WEU
Genistein 148% Sildenafil @ieszﬁmmaaﬁuumﬁﬂaﬁmaiiumawﬂwﬁ Con = Control, Sil(10.0) =
Sildenafil ﬁ 10 mg/Kg BW/day, Dai(1.0) = Daidzein ﬁ 1.0 mg/Kg BW/day, Gen(1.0) = Genistein ﬁ 1.0
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A15199 2 HAYBIANTANAINIINVD Butea superba MR Diadzein, Genistein 1873, Diadzein WAy

v S e v w2 o o @ .
Genistein A% Sildenafil ﬂeumuﬂﬁuwmmmmmzﬁuwuﬁf%wuﬂm Con = Control, Sil(10.0) =

Sildenafil 71 10 mg/Kg BW/day, Dai(1.0) = Daidzein 1.0 mg/Kg BW/day, Gen(1.0) = Genistein 71.0

mg/Kg BW/day, Dai(0.2)+Gen(0.2) = Daidzein 0.2 mg/Kg BW/day 394 Genistein 0.2 mg/Kg BW/day

9
o

1 { 1 1 1 a o aa
%’eyjagmmﬂﬂummﬁﬂ + SEM (n = 10) ﬂ’J'liJ!mﬂﬁ'Nigﬁ’J'Nﬂ@uﬂWﬁﬂ!ﬂiTgﬁuuﬂgﬂl%}ﬁﬂﬁfni

nadoulang ANCOVA wazld Tukey HSD lumsnagouszauanuuanaedaltiodinaylundas

NN AIONHINUANANNULFAIANUUANANDINNTHTNYNITDA p<0.01

Reproductive Con Sil(10.00) Dai(1.0) Gen(1.0) Dai(0.2)+Gen(0.2)
organ (g)

Testis 0.18£0.023" 0.30£0.045° 0.29+0.014° 0.25+0.008" 0.24+0.013%

Epididymis 0.08£0.002° 0.08+0.01° 0.09+0.01° 0.16+0.003* 0.14+0.007%

Vas deferens 0.03+0.004 0.02+0.003 0.03+0.003 0.03+0.004  0.02+0.004

Seminal vesicle (0 12+0.004° 0.13+0.004° 0.12+0.005° 0.31+0.001*° 0.30+0.022°

Prostate gland  0.06+0.005* 0.04+0.005" 0.06+0.003° 0.02+0.002° 0.02+0.002
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A15199 3 HAVOIETANAINITINUBY Butea superba WUA Diadzein, Genistein (9829, Diadzein WAy
Genistein 1ag Sildenafil Ao miinduinivese oz drgueanylud Con = Control, Sil(10.0) =
Sildenafil 71 10 mg/Kg BW/day, Dai(1.0) = Daidzein # 1.0 mg/Kg BW/day, Gen(1.0) = Genistein 91 1.0

mg/Kg BW/day, Dai(0.2)+Gen(0.2) = Daidzein 0.2 mg/Kg BW/day 39U Genistein 0.2 mg/Kg BW/day

1 { 1 ' 1 a 4 an
Joyagnuaasluaunde = SEM (n = 10) ANUMANATZHINNgUMSIRTIzHIuaz 1datans

naaoulas ANCOVA uazld Tukey HSD lumsnaaeyuszduanuuanasedaiisdidaluudas

o

A o v

NN AIBNHINUANANAULAAIANNUANANDI WU AYNNADA p<0.01

o

Vital organ

Con Sil(10.00) Dai(1.0) Gen(1.0) Dai(0.2)+Gen(0.2)
(g/100gBW)
Heart 0.140.002 0.1320.003 0.14+0.003 0.1320.010 0.15+0.011
Liver 1.74£0.005 1.7120.022 1.76+0.005 1.7040.05 1.73£0.017
Spleen 0.05£0.005° 0.04£0.003° 0.07+0.007"™ 0.11£0.025" 0.12+0.007"
Lung 0.19:0.01" 0.17+0.02" 0.21+0.004" 0.16£0.012" 0.16£0.011"
Kidney 0.8+0.06 0.6£0.01 0.7320.003 0.59:£0.048 0.63+0.026

Stomach 1.04+0.06" 1.1940.008" 1.09+0.06" 0.70+0.109" 0.72+0.089™
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9 v
Sildenafil 11a¥ Daidzein WUAINIINGUAIVANBINTUTIAY (p<0.01) AIUAIN TaRAING WAL
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M9 4 HAVDIAITARADINTINUDY Burea superba VAUA Diadzein, Genistein L?itnq, Diadzein W& Genistein 122 Sildenafil @0 TaiaIneazarsnil ludon
GUEJ\‘]‘VI‘L!VI,?JGI? Con = Control, Sil(10.0) = Sildenafil ﬁ 10 mg/Kg BW/day, Dai(1.0) = Daidzein ﬁ 1.0 mg/Kg BW/day, Gen(1.0) = Genistein ﬁ 1.0 mg/Kg BW/day,
Dai(0.2)+Gen(0.2) = Daidzein 0.2 mg/Kg BW/day 394 Genistein 0.2 mg/Kg BW/day menaammmiummaﬂ + SEM (n = 10) mmummqammuamﬂm
iw‘}’i’J'Nﬂ'E]‘L!LLfIw‘ViE‘Nfﬂi‘V]ﬂﬁ@‘UGlull,ﬁawﬂallﬂﬂlﬂiﬂﬂl‘ﬂEllliﬂﬁlclﬂf paired Student t-test ﬁ **p<0.01 ﬂ’J'llleﬂGn\ﬁ ‘Vi’ﬂ\ﬂﬂﬁllﬂ'lﬁ?]!ﬂﬁ? ‘Vi‘L!‘Ll“l] 1%ﬁﬂ@]ﬂ1§

QJ o

nadoulag ANCOVA uagld Tukey HSD lumisnadgeuszauanuuanaedaiivedinalundazngu S NBITUANAI T ULAAIANLANA190819T]

HodAyneana p<0.01

Con Sil(10.0) Dai(1.0) Gen(1.0) Dai(0.2)+Gen(0.2)
Parameter
Pre-test Pos-test Pre-test Pos-test Pre-test Pos-test Pre-test Pos-test Pre-test Pos-test
Cholesterol (mg%) 116.4+6.2 123.849.9 86.046.4 130.849.2 88.4+3.42 134+15.6  108+4.04  142.2+13.1 112+17.64 155.2+15.82"
RBC (x10°/uL) 8.3£0.2 7.540.3 9.0£0.3 7.7+0.2 8.1419 8.141.02  9.23+0.34 8.14+0.10 9.50+0.11 8.7140.54
Hemoglobin (/dL) 14.240.5 12.8+0.5° 17.4+0.2 14.12027 14.7+0.4 12.840.5°  14.840.80  13.8+40.20° 15.84+0.20 14.4+0.67"
Hematoczit (%) 42.0+14 37.8+1.5 49.8+0.5 42.040.8" 44.2+1.0 37.8423  45.6+2.15 39.8+0.58 50.2+1.20 44.043.86
WBC (10°/uL) 9.3+1.3 7.841.3 8.741.3 6.8+1.7 7.3£0.9 6.940.5 7.34+1.85 6.08+0.78 10.120.46 8.80+0.71
PMN (%) 15.244.0 17.6£3.7" 13.8+1.9 15.041.4" 11.4+1.7 9.6£1.4°  540+1.60  13.40+2.42"° 4.80+0.86 9.40+1.43" "
84.6+4.0 84.8+4.3 85.4+1.9 82.8+4.3 88.6+1.7 942418  90.2+2.87 84.0+2.70 95.240.86 91.242.13

Lymphocyte (%)
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Parameter Con Sil(10.0) Dai(1.0) Gen(1.0) Dai(0.2)+Gen(0.2)
Pre-test Pos-test Pre-test Pos-test Pre-test Pos-test Pre-test Pos-test Pre-test Pos-test
Platelet (x10" /uL) 821.4+21.7 793+32.5 820.4+21.7 792+32.5 821.5421.7 | 792+32.5 636+19 826.6£50.08 | 912242271 | 859.8+17.04
MCV (L) 50.0+0.6 50.2+0.3 52.5+0.6 51.2+0.7 54.1+0.2 51.2+0.3 49.1£0.53 48.96+0.65 51.7+0.85 50.5+1.24
MCH (pg/cell) 17.0+0.05 17.5+0.2 18.3+0.1 18+0.3 16.6+1.3 17.8+0.3 16.2+0.27 16.6+0.18 16.5+0.20 16.88+0.21
MCHC (g/dL) 34.1£0.09 34.0+0.18 34.8+0.2 35.1+0.3 31.1£0.6 34.7+0.6 33.0£0.37 34.0£0.52 31.9+0.35 33.60.51
RDW (%) 23.8+3.0 21.9+2.3 16.0£0.8 16.8+1.0 14.6+0.2 18.0+1.3 21.8+2.48 18.5+0.64 16.6+0.60 17.540.79
MPYV (L) 5.86+0.3 6.96+0.2" 5.2+0.1 5.6+0.1% 6.2+0.03 5.8+0.1° 6.82+0.11 7.224024™ | 6.60+0.13 6.9+0.40™
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ABSTRACT ARTICLE HISTORY
Butea superba Roxb. (BS) has been used in Thai men as an aphrodisiac, Received 6 January 2016

and prevent erectile dysfunction. Nevertheless, the active ingredients, Accepted 23 March 2016
dosages, have not been cleared. Hence, this study was to investigate
the effect of compounds from the BS on the reproductive parameters
of male mice. The resglts.reveal.ed that BS was extracted to afford biochanin A: genistein;
biochanin A and genistein, which were first reported on BS, and daidzein; sperm number;
daidzein. The mice were treated by daidzein and genistein alone testosterone; synergistic
and in combination. The results showed that the sperm number and effect

motility, cholesterol and testosterone level of all isoflavones-treated

groups were significantly higher than controls (p < 0.01). Obviously,

daidzein plus genistein exhibited a synergistic effect, which is also

the first report, and resulted in significantly displayed higher levels of

these parameters compared to others. So, the synergistic activity of

these isoflavones may be useful in improving libido, erectile capacity

and assist infertility of poor spermatozoa in men.
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1. Introduction

The Butea superba Roxb. (BS) herb has been employed as traditional herbal medicines, for
rejuvenation, improve sexual performance, or prevent erectile dysfunction function, in
Southeast Asian Nations since ancient times. The tubers of BS extract that contained
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carbohydrates showed the highest immuno-stimulating activity in vitro (Burana-Osot et al.
2010). The results of long-term treatment in rats and mice with tuberous roots of BS extract
exhibited that significantly increased the sperm concentration and delayed the decreased
motility with time (Tocharus et al. 2005), although, the effect of the tuberous roots of the BS
extract on orchidectomized mature albino rats showed no androgenic and aphrodisiac activ-
ities (Smitasiri et al. 1992 ). Alternatively, low serum total testosterone may be a co-morbid
feature and could also exacerbate risk factor for Dementia of the Alzheimer’s Type in men
(Hogervorst et al. 2004). Whereas, Wistar-Unilever male rats received the soy isoflavone mix-
ture that contain 45% genistein, 23% daidzein and 4% glycitein exhibited no significant
effects on sperm count sperm production, or sperm morphology in any group (Faqi et al.
2004). Although, many of the experiments were carried out on the tuberous roots of BS crude
extract, however, the active ingredients, dosages, duration of these compounds have not
been cleared . Moreover, up to date, the in vivo results are still ambiguous whether the effect
of the tuberous roots of BS extract increases cholesterol, testosterone on male mice or not.

2. Results and discussion
2.1. Structural elucidation and quantity of extract compounds

The crude acetone extracted was isolated by column chromatography and PTLC to pass on
compound 1 (cp1), compound 2 (cp2) and compound 3 (cp3). The UV-vis spectrum showed
absorption bands (A, ) at 260 and 325 nm (cp1), 254 and 369 nm (cp2), and 303, 259, 249
and 238 nm (cp3). The IR spectrum of compounds 1-3 show both a strong absorption band
at 1651 cm™' (cp1), 1659 cm™' (cp2), and 1634, 1462 and 1389 cm™' (cp3) designating the
presence of an a,3-unsaturated carbonyl carbon and a broad stripe of the hydroxyl group
between 3400-3100 cm~' (cp1),3500-3000 cm~' (cp2) and 3600-3550 cm™' (cp3). The mass
spectrum showed the molecular ion peak at m/z 284 [M*](cp1), 270 [M*](cp2) and 254 [M*]
(cp3), and its molecular formula was determined as C, H,,0,(cp1), C,;H,,0,(cp2) and

C,sH,,0,(cp3) by EIMS.The 'H and "*C NMR chemical shifts value of compounds 1-3 is shown
in Table S1. Based on the above spectral data, characteristics and comparison of the 'H and
13C NMR chemical shifts of these compounds with published data, the structure of com-
pounds 1-3 were identified as of biochanin A, genistein and daidzein, respectively (Figure 1;

Talukdar et al. 2000; Zhao et al. 2009; Singh et al. 2014).

HO o)

OR;

1: RIICH}\ RZZOH
2:R,=H. R, = OH
3: Rl:H.RZZ—

Figure 1. The structure of compounds 1-3.
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2.2. Sperm count and morphology

The results of sperm count demonstrated the synergistic activity of daidzein plus genistein
at FIC index 0.4 showing significantly higher and the highest sperm number than others
(p <0.01) (Figure S1). The morphology of these sperms was revealed to be normal (Figure
S3). Obviuosly, these findings provide evidence that this combination clearly increases sperm
number.

2.3. Sperm motility

The results exhibited that there were significant increases in sperm motility of all post-treated
groups compared to pre-treatment except for control (p < 0.05 and p < 0.01). Apart from
this, the highest motility level was found in the combination of daidzein and genistein-treated
group compared to others (p < 0.01) as a result of synergy effect of these compounds with
FICindex 0.4 (Figure S2). Clearly, these results imply that the combination undoubtedly rises
sperm motility.

2.4. Histology of seminiferous tubules

It can be seen from Figure S3 that the spermatogenesis of all treated groups had more
maturation of spermatids than the control .

2.5. Testosterone and cholesterol level

The results of these tested agents on testosterone and cholesterol exhibited that there were
significant increases in testosterone and cholesterol level of all post-treated groups com-
pared to pre-treatment except for the control (p < 0.01). Also, the synergistic activity of
daidzein plus genistein observed with FIC index at 0.4 resulted in a significant great increase
in testosterone and cholesterol level compared to other groups (p < 0.01) (Figures S5 and
S6). Our findings provide the first evidence that this combination clearly enhances testos-
terone and cholesterol level.

2.6. Selected reproductive organs and body weight

The relative testis and seminal vesicle weight of genistein alone and combined with daidzein-
treated groups were significantly heavier than others (p < 0.01) (Table S2).

3. Conclusion

The present work demonstrated that the tuberous roots of BS were isolated to afford bio-
chanin A, genistein and daidzein. Interestingly, biochanin A and genistein were first reported
on BS.

Our results found that using daidzein and genistein alone or in combination caused a
significantly higher sperm number and motility, testosterone and cholesterol level than the
controls (p < 0.01). Also, these parameters of the combination-treated group were signifi-
cantly highest compared to other groups due to the synergistic activity. These findings
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provide evidence that cholesterol increased in these treated groups. As a consequence,
testosterone also increased. For this reason, the daidzein and genistein isolated from BS used
either alone or combined provide evidence that these would be useful to increase testos-
terone level in AD patients, improve libido and erectile function in hypogonadal males and
assisted infertility technology to improve sperm quality of poor quality spermatozoa in men
after safety level is investigated.

Supplementary material

The experimental section, Tables (51-52), and Figures (S1-S5) are available in the supplementary data.
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Abstract
Butea superba Roxb. (BS) has been used in Thai men as an aphrodisiac, and prevent
erectile dysfunction. Nevertheless, the active ingredients, dosages, have not been
cleared. Hence, this study was to investigate the effect of compounds from the BS on
the reproductive parameters of male mice.

The results revealed that BS was extracted to afford biochanin A, genistein, which
were the first report on BS, and daidzein. The mice were treated by daidzein, genistein
alone and in combination. The results showed that the sperm number and motility,
cholesterol, and testosterone level of all isoflavones treated groups were significantly
higher than controls (p<0.01). Obviously, daidzein plus genistein exhibited a synergistic
effect, which is also the first report, resulted in significantly displayed higher levels of
these parameters compared to others.

So, the synergistic activity of these isoflavones may useful in improving libido,

erectile capacity, and assist infertility of poor spermatozoa in men.

Keywords: Butea superba Roxb; biochanin A; genistein; daidzein; sperm number;

testosterone; synergistic effect
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1. Experimental

1.1 Instrumentation

The UV spectra were obtained with Varian CARY 1E UV-Vis spectrophotometer. The
FT-IR spectra were recorded on Nicolet spectrophotometer. The *H-NMR and **C-
NMR spectra were recorded on Varian INOVA 300 NMR spectrometer in acetone-ds
solution for compound 1, CDCI;+CD3;OD mixture for compound 2, the chemical shifts
are expressed in & (ppm) concerning the solvent signals. The Liquid Chromatography-
Mass Spectrometry (LC-MS), 6400 Series Triple Quadrupole B.05.00 (B5027.0),
quadrupole mass spectrometer equipped with the electrospray ionization (ESI) turbo ion
interface was used to identify compound 3 in comparison with the standard compound.
The mass spectrometer was recorded on Hewlett Packard 5989 HP mass spectrometer.
Column chromatography was performed on silica gel 60 Art 7734 and 9385 and
Preparative Thin Layer Chromatography (PTLC) silica gel GF254.

1.2 Plant materials

Extract preparation. Fresh tuberous roots of BS were collected from Chiang Rai
province, Thailand. The plant specimens were authenticated by Associate Professor
Yuthana Smitasiri who has many experiences in working with this plant and
identification was done in comparison with the voucher specimen no. BCU 1046. The
specimen was deposited at Forest Herbarium, National Park, Wildlife, and Plant
Conservation Department, Ministry of Natural Resources and Environment, Thailand.
The tuberous roots were washed thoroughly and dried in an oven at 60 'C for 72 hours.
The dried samples were ground to a fine powder.

1.3 Extraction, isolation, and identification

The methods of BS extraction, isolation and identification were modified from
Cherdshewasart et al. (2007) and Kayano et al. (2012) (Cherdshewasart et al. 2007,
Kayano et al. 2012). Briefly, dried powdered tuber roots of B. superba (2 kg) were
extracted continuously with ethanol by Soxhlet extraction for 12 hours. The ethanol
extracted was evaporated under reduced pressure to pass on the ethanol crude extract
(30.5 g). The ethanol extract (25.0 g) was separated by silica gel column
chromatography. The column was eluted sequentially with hexane, chloroform, acetone,
and methanol. All fractions were concentrated to give hexane crude extract (0.5 g),
chloroform crude extract (1.6 g), acetone crude extract (7.4 g), and methanol crude
extract (8.6 g).



The acetone crude extract was subjected to silica gel column chromatography.
The column was eluted successively with hexane-acetone (1:1), acetone, chloroform-
methanol (1:1), and methanol. Every fraction was concentrated to a small volume to
give four major fractions (Fr.1 1.7 g, Fr.2 1.8 g, Fr.3 1.1 g, Fr.4 2.0 gand Fr.5 4.0 g).

A portion of fraction 1 (1.0 g) was chromatographed on silica gel 60 column. The
column was eluted successively with hexane, 1:4 hexane-acetone, 2:3 hexane-acetone,
3:2 hexane-acetone, 4:1 hexane-acetone, and acetone respectively. Every fraction was
collected and concentrated to a small volume to give six fractions (Fr. -1 2.8 mg, Fr. |-2
81.2 mg, Fr. 1-359.5 mg, Fr. |-4 126.5 mg, Fr. I-5 53.2 mg and Fr.1-6 54.8 mg).

Fraction 1-2 (81.2 mg) was further purified by preparative thin layer
chromatography (hexane: acetone 2:1) to afford two fractions (A 57.6 mg, B 9.4 g).
Fraction A (57.6 mg) was further purified by preparative thin layer chromatography
using the same developer solvent to give the crude compound 1 (21.1 mg) which was
recrystallized from chloroform-methanol mixed solvent to obtain pure compound 1
(18.1 mg) as a light yellow powder.

Fraction I-5 (53.2 mg) was further purified by preparative thin layer
chromatography (hexane: acetone I: 1) to give pure compound 2 (8.5 mg) as a white
powder.

A portion of fraction 5 (2.0 g) was chromatographed on silica gel 60 column. The
column was successively eluted with a serial dilution of hexane:acetone, 1:1, separated
by monitoring with TLC till compound 3 was collected. Structural identification of the
isolated compounds was carried out following the method of Shaw et al. (2013) (Shaw
et al. 2013) with a minor modification. Briefly, the LC-MS, 6400 Series Triple
Quadrupole B.05.00 (B5027.0), quadrupole mass spectrometer equipped ESI turbo ion
interface was performed to identify compound 3 in comparison with the standard
compound. The mass spectrometer was completed in the positive ion detection mode.
The analysis was quantified by multiple-reaction monitoring (MRM) mode performing
with the precursor-to-product ion pair.

1.4 Experimental animals and procedures
Fifty adult male mice, aged about 130 days, weighing 30-40 g, were obtained from the
National Laboratory Animal Centre, Thailand. The experimental protocol was approved

in accordance with guidelines for the care and use of laboratory animal by animal care



and use committee (ACUC), Permit No. 13/2555, the Suranaree University of
Technology, which was conducted in accordance with European community guidelines.
Mice were divided into five groups with 10 animals each. Before treatment (pre-
treatment), all mice in these groups were collected blood and sperm for comparison
with after treatment (post-treatment). These mice were fed with a diet that was a casein-
based open formula purified diet with non-detectable levels of the estrogenic
isoflavones genistein, daidzein or glycitein (Fielden et al. 2003). During the treatment
period, the first group was treated by daily gavage with 0.1 ml of corn oil (Sigma, St
Louis, MO, USA). The second group was treated by daily gavage with 0.1 ml of corn
oil, plus sildenafil, a positive control, at 10.00 mg/kg BW/day. The third, fourth and
fifth groups were orally gavaged with daidzein, genistein, and daidzein plus genistein in
corn oil for a nominal dose of 1.0, 1.0 and 0.2 + 0.2 mg/kg BW/day respectively. The
animal’s weight was recorded daily throughout the experimental period. The
experimentation was performed throughout 40 consecutive days. At the end of the
treatment period, all mice were sacrificed under thiopental sodium anaesthesia and
subjected to necropsy. The blood and sperm were collected to compare sperm motility,
sperm number, cholesterol, and testosterone level with pre-treatment in each mouse
(Cherdshewasart et al. 2008, Sharma et al. 2013).
1.5 Sperm motility and sperm count assays
Sperm motility was done following the method of Sharma et al., (2013) (Sharma et al.
2013).
Motility (%) = (number of motile spermatozoa / total number of spermatozoa) X 100
The cauda epididymis was cut and weighed. A cell suspension was prepared by
macerating the cauda in 1.0 ml of 0.85% saline. The cell suspension was kept for 24
hours at four °C. The suspension was then filtered through a double gauze layer, and an
aliquot of the sample was used for sperm count in an Makler counting chamber. An
aliquot of the epididymis sperm suspension was smeared, stained with haematoxylin
and Essen, and then examined under a light microscope (CH-2, Olympus, Japan) at a
magnification of 100X. The head and tail abnormalities (200 sperms per animal) were

recorded.
1.6 Serum testosterone assay

Concentrations of mice testosterone were measured by radioimmunoassay techniques of

the World Health Organization and extracted with diethyl ether. The intra-assay



coefficients of variation were 7% for testosterone and reagents obtained from the
National Hormone and Pituitary Program (Sharma et al. 2013).
1.7 Cholesterol analysis
Blood was collected for cholesterol analysis before and after treatment. At the end of
the experiment, blood samples were collected by cardiac puncture under thiopental
sodium anesthesia from 9.00 to 10.00 a.m. and blood serum was prepared by
centrifugation at 1,000xg for 30 minutes and kept at —20 °C for cholesterol analysis.
The assays were performed with an automated analysis system at the service laboratory
of Suranaree University of Technology Hospital (Cherdshewasart et al. 2008).
1.8 Effect on reproductive organs and body weight
At the end of treatment period as described previously, all mice were sacrificed and
subjected to necropsy. The reproductive organs (testis, epididymis, vas deferens,
seminal vesicle and prostate gland) were removed to examine relative organ weight and
histopathology of seminiferous tubules was studied. These relative organ weights in
each group were compared. The animal’s weight was recorded every day throughout the
experimental period (Sharma et al. 2013).
1.9 Synergy and Statistical Analysis
All data are presented as the mean + S.E.M. The interaction between the two agents was
estimated by calculating the fractional inhibitory concentration of the combination
(FIC) index. The FIC of each agent was calculated by dividing the concentration of the
compound present in that treated group in combination where post-treated group
showed significantly higher levels (SHL) than a pre-treated group of that compound
alone to increase that measured parameter. The FIC index was calculated using the
following formula: FIC of daidzein = SHL daidzein in combination/SHL of daidzein
alone; FIC of genistein = SHL of genistein in combination/SHL of genistein alone;
hence FIC index = FIC of daidzein + FIC of genistein. When the FIC index of the
combination is less than 1.0, the combination is termed as synergistic; when FIC index
is equal 1.0, it indicates ‘no interaction’ between the agents, and a value above 1.0
indicates antagonism between the two compounds (Wagner & Ulrich-Merzenich 2009).
Significant differences between the relative selected reproductive organ weight
or body weight control and treatment groups were analysed by ANOVA (Armstrong et
al. 2002, Van Breukelen 2006). The differences of cholesterol, testosterone level,

growth rate and sperm analysis between pre- and post-treatment groups were calculated



by paired student’s t-test. Then, a significant difference between each group was
compared using ANCOVA (Borm et al. 2007, Van Breukelen 2006, Winkens et al.
2007). The Tukey’s HSD post hoc test at p<0.01, means sharing the different

superscript letters, were also considered statistically significant difference between each

group.



Table S1. The *H-NMR and **C-NMR chemical shifts value of compound 1, 2, and 3
measured in acetone-dg, CDCIl3 + CD30D mixture and DMSO respectively.

Atom 'H (J in Hz) of compound BC (3 in Hz) of
position compound
1 2 3 1 2 3
2 8.15 (5) 7.92(5) 8.30 (5) 15382 15323 153.36
3 - - - 123.20 122.18 123.04
4 - - - 180.94 181.24 179.82
5 12.99 (s) - - 163.31 162.49 135.56
50H  6.28(d,J=2.1) i i 99.28 i i
6 9.60 (s) 6.28(d,J=2.1) 6.95(,J=87  164.37 9946 112.24
1.6)
7 - - - 164.57 165.24
70H  6.40(d,J=2.1) ; i 93.90 i i
8 - 6.37 (d, J =2.1) 6.90 (d, J= 158.42 94.19 99.80
1.6)
9 - - - 105.58 15747 157.2
10 12.99 (s) | . 153.82 10554 114.76
1’ - - - 153.82 123.86 126.62
2! 753(d,J=84) 7.35(d,J=8.7) 740 (d,J= 123.20 130.37 130.14
8.4)
3 6.98(d,J=8.4) 6.89(d,J=8.7) 6.94 (d,J= 180.94 11557 115.02
8.4)
4’ - - - 163.31 158.56 157.56
4'-OH - - i - i i
4-OCHs 3.83 (s) i i 5497 - i
s 698(d,J=84) 689(d,J=87) 694(dJ= 11391 11557 115.04
8.4)
6’ 753(d,J=84) 7.35(d,J=8.7) 740 (d,J= 130.46 130.37 130.18
8.4)




Table S2. Effects of daidzein, genistein isolated from the BS alone and in combination,

and sildenafil on the reproductive organ weight of mice. Con = Control, Sil(10.0) =
Sildenafil at 10 mg/Kg BW/day, Dai(1.0) = Daidzein at 1.0 mg/Kg BW/day, Gen(1.0) =
Genistein at 1.0 mg/Kg BW/day, Dai(0.2)+Gen(0.2) = Daidzein 0.2 mg/Kg BW/day
plus Genistein 0.2 mg/Kg BW/day. Data was displayed in meantSEM (n=10). The

significant difference between each group, means sharing the different superscript

letters, was compared using ANOVA and Tukey’s HSD post hoc test at p<0.01.

Reproductive Con Sil(10.00) Dai(1.0) Gen(1.0) Dai(0.2)+Gen(0.2)
organ (g)

Testis 0.18£0.023" 0.30+0.045" 0.29+0.014° 0.25+0.008" 0.24+0.013%

Epididymis 0.08£0.002° 0.08+0.01° 0.09+0.01¢ 0.16£0.003" 0.14+0.007%

Vas deferens 0.03+0.004 0.02+0.003 0.03+0.003 0.03x0.004  0.02+0.004

Seminal vesicle 12+0.004° 0.13+0.004° 0.12+0.005° 0.31+0.001* 0.30+0.022

Prostate gland  0,06+0.005% 0.04+0.005° 0.06+0.003% 0.02+0.002* 0.02+0.002°




400

. Hl pre-treated level
150 —| | EEE post-treated level
1 | E==8 ANCOVA adjusted post-treated level

300
250
200

150

100

50

0
oo

Figure S1. Effects of daidzein, genistein isolated from the BS alone and in combination,

sperm number (x 100,000 niml)
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and sildenafil on sperm count of mice. Con = Control, Sil(10.0) = Sildenafil at 10
mg/Kg BW/day, Dai(1.0) = Daidzein at 1.0 mg/Kg BW/day, Gen(1.0) = Genistein at
1.0 mg/Kg BW/day, Dai(0.2)+Gen(0.2) = Daidzein 0.2 mg/Kg BW/day plus Genistein
0.2 mg/Kg BW/day. The significant difference between pre- and post-test in each group
was compared using paired Student t-test at ** p<0.01. A significant difference between
ANCOVA adjusted post-treated level in each group, means sharing the different

superscript letters, was compared using ANCOVA and Tukey’s HSD post hoc test at
p<0.01.
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Figure S2. Effects of daidzein, genistein isolated from the BS alone and in combination,
and sildenafil on sperm motility (%) of mice. Con = Control, Sil(10.0) = Sildenafil at 10
mg/Kg BW/day, Dai(1.0) = Daidzein at 1.0 mg/Kg BW/day, Gen(1.0) = Genistein at
1.0 mg/Kg BW/day, Dai(0.2)+Gen(0.2) = Daidzein 0.2 mg/Kg BW/day plus Genistein
0.2 mg/Kg BW/day. The significant difference between pre- and post-test in each group
was compared using paired Student t-test at “p<0.05; ** p<0.01. A significant difference
between ANCOVA adjusted post-treated level in each group, means sharing the
different superscript letters, was compared using ANCOVA and Tukey’s HSD post hoc
test at p<0.01.
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Figure S3. Micrographs of seminiferous tubules section of mice after treatment with

daidzein, genistein isolated from the BS alone and in combination, and sildenafil; a =
Control, b = Sildenafil at 10.00 mg/kg BW/day, ¢ = Daidzein at 1.0 mg/Kg BW/day, d
= Genistein at 1.0 mg/kg BW/day, e = Daidzein 0.2 mg/Kg BW/day plus Genistein 0.2
mg/Kg BW/day. All micrographs displayed at X100 magnification. Bar = 10 mm.
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Figure S4. Effects of daidzein, genistein isolated from the BS alone and in combination,
and sildenafil on the serum testosterone level of mice. Con = Control, Sil(10.0) =
Sildenafil at 10 mg/Kg BW/day, Dai(1.0) = Daidzein at 1.0 mg/Kg BW/day, Gen(1.0) =
Genistein at 1.0 mg/Kg BW/day, Dai(0.2)+Gen(0.2) = Daidzein 0.2 mg/Kg BW/day
plus Genistein 0.2 mg/Kg BW/day. The significant difference between pre- and post-
test in each group was compared using paired Student t-test at ™ p<0.01. A significant
difference between ANCOVA adjusted post-treated level in each group, means sharing
the different superscript letters, was compared using ANCOVA and Tukey’s HSD post
hoc test at p<0.01.
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Figure S5. Effects of daidzein, genistein isolated from the BS alone and in combination,
and sildenafil on cholesterol (mg%) of mice. Con = Control, Sil(10.0) = Sildenafil at 10
mg/Kg BW/day, Dai(1.0) = Daidzein at 1.0 mg/Kg BW/day, Gen(1.0) = Genistein at
1.0 mg/Kg BW/day, Dai(0.2)+Gen(0.2) = Daidzein 0.2 mg/Kg BW/day plus Genistein
0.2 mg/Kg BW/day. The significant difference between pre- and post-test in each group
was compared using paired Student t-test at ™ p<0.01. A significant difference between
ANCOVA adjusted post-treated level in each group, means sharing the different
superscript letters, was compared using ANCOVA and Tukey’s HSD post hoc test at
p<0.01.
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