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ABSTRACT

Metabolites profiling provides insights information of the body functions under
specific physiological as well as pathological condition. This study was aimed to investigate
changes of serum metabolites in long term ovariectomized rats and after received treatment
with Curcuma comosa Roxb. C. comosa has traditionally been used to relief unpleasant
menopausal symptoms and exhibits varieties of pharmacological activities such as anti-
inflammation, estrogenic-like action, lipid lowering, and sparing bone loss in the
ovariectomized animals (OVX). To understanding on how C. comosa promotes health in
menopausal women, we investigated its modulating effect on metabolites profiles in serum of
the 12-week ovariectomized rats. The OVX rats were treated with C. comosa phytoestrogen,
DPHD (50 pg/kgBW, sc), C. comosa ethanol extract (500 mg/kgBW) and powder (1000 and
2000 mg/kgBW), respectively, compared to that of 17p-estradiol (E2, 10 pg/kgBW) for 12
weeks. The metabolite profiles in serum and urine of the OVX rats of both untargeted and
targeted were analyzed by using chromatography coupled to mass spectrometry analytical
platforms (LC-MS and GC-MS), with multivariate data analysis (PCA, PLS-DA, and OPLS-
DA). These potential bioinformatics tools allow us to search biomarkers of the disturbance.
There were 143 metabolites changes in OVX group compared to sham in which 92 were
increased and 51 were decreased. By using untargeted, levels of five classes of lipids
(ceramide, ceramide-1-phosphate, sphingomyelin, 1-O-alkenyl-lysophosphatidyl
ethanolamine, and lysophosphatidyl ethanolamine) were elevated in the OV X rats compared
to those in the SHAM whereas those of monoacylglycerol and triacylglycerol were decreased.
E, treatment reversed only the levels of ceramides, whereas treatments with DPHD, C.
comosa extract or powder could return the levels of all upregulated lipids back to SHAM
control. The profound increases in serum levels of lysophosphatidyl cholines (lysoPCs), and
arachidonic acid which are bioactive lipid mediators received much attention as play key roles
in many pathological processes. Treatments with components of C. comosa all decreased
level of those metabolites to the levels of sham.

In conclusions, the findings suggest the beneficial effects of C. comosa on preventing
the increases in phospholipid metabolites in the OVX rats, which may be the cause of
metabolic disturbance under estrogen deficiency. Overall, the results demonstrate the power
of metabolomics in discovering disease-relevant biomarkers, as well as evaluating the
effectiveness of treatment by C. comosa phytoestrogen and mixtures of compounds as utilized
in Thai traditional medicine, thereby providing its modern scientific supports.

KEY WORDS: Curcuma comosa/ ovariectomized rats/ Metabolomics/phospholipids
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msv‘i’mumam"’mﬁ%ﬁ'@maam:mumm%’wmemungﬂ (bone  turnover)  Usznaualy
osteocalcin Lae tartrate resistant acid phosphatase (TRAP) ‘idmmma;ﬂvlﬁdﬁms DPHD ‘ﬁILLUﬂ
ldanniugnuagn Lﬂuaﬁﬁﬁﬁ'ﬂmmwﬁa:ﬁﬂﬂw‘"wmLﬁ"aﬂaaﬁ'uma:m:gﬂIﬂs’auﬁaluam%i’u

nuaUseidanladaly (Tantikanlayaporn et al. 2013b)

v 1 b nf @ A ] { ] d
@’JEJ’J’]“Eﬂ&I(ﬂQﬂﬁE]‘YIﬁ‘Y]NLﬂﬁ"lj’l“nf;l’mmﬂaf_l’]d ﬁa’]1]’]5ﬂ1.|55|,7naqﬂqiiwﬁﬂﬂizaﬂﬁﬁuG]lu
Ao o A vt ' v o @ o A A
ﬁ@i')ﬂ“u@ﬂjﬁﬂqL@auvl‘(ﬂaﬂ%a"lﬂaﬂqﬂ VL@ILLﬂ NN NLRU a@ﬁ:@udeﬂNuluLaa@ BRIREREN SO

YBINTHIRRDALAEA a@ma:m:g}ﬂiﬂiama wWWaanulalunsvinau ﬂdd?%“ﬁ@ﬂ@gﬂl%‘ﬁ’]dﬂﬂ ]

v
a o =

a (Y a . a% ' o
lunsTduidsaziniimaduamualadng  (metabolomics)  andnwanizasiuinuagnuaz

o @ A

mimﬂmwvlﬁmniﬁwﬁ'ﬂmgﬂ I ﬂi%%kbwmaaaﬁﬁ‘haaamazwiaoaaﬂuma RlATLAUAILNITAATI

[

19 A5 st dunitaluuuiniam I ed2AneLBIseuL (systems biology) G9azidunsuszaiiuug



swrivainInausuaslunwsn  linunesesnadodailivlfifiannzwiasseilaweslas
nluszyze (long term estrogen deficiency) \Ju disease model TaINNIFANEN L IN1TIA
ﬂs:Lﬁuwaﬂszwuﬁﬂmﬁ@mnﬂﬁwuﬂawaaaﬁ%ﬂmaqamm@Lﬁﬂﬁammuavlaﬁ (metabolite)
1u6'f’j%“'aJLLa:ﬂ”aa’m°namkb WRIAN TN IS AN B NN T NI gaslunealasian Lazas
ANTIUTNNAYN Fymnainznumaaswulasvassnamue larlwdsuandalasuamsanion
Tnaagn maasuuasvasasiumue lariluannazens 9aansnn arsazsianlfiduaaiiasane
Fanw (biomarker) lumsviwsmsiialsa LLNZﬂG%N@‘]JENﬂ’]i§ﬂB’]Iiﬂﬁ’JEJE‘IS:I‘%VLWTj’mfﬂNGIQT]
dannznizgnlusengld T,@ﬂ‘ﬁwaﬁ"l,ﬁmﬂﬂﬂiﬁﬂﬂﬂﬂ%ﬁﬂ’]%:ﬁﬂﬂgm'nufl,uﬂa"l,ﬂmaamrm
LﬁaammﬂmiwiaaaaﬂumaaI@iLauLLazwamaamﬁﬂmmao’j’lwﬁ'ﬂmgﬂ lugaIiunua

Uszndanle

2. Janiszavavaslasensivy

o

A & o 1 4 o _Aada . % =~
lassmyIseidunisiiieadatinisidenne  Metabolomics N lEAn¥NT waznaln

v

nsl nid a 6 1 U £ a ni
nmIsangnizasssnnayuintinefddayansinmeaaseguds lavazldayulnangade
v 1 ar = = > dq/
VL@LLm’mmﬂmgﬂ ioazdunai
21, Anwnalfsuudasnad metabolites Tunyfiaasala (in vivo experiment) 1ilu
A =1 = Qs a
J2YLLIRN 3 L(ﬂamﬂmumyummhmﬂm
Ai = a a ] £> [ s A
22. Lwaﬂﬂmﬂixamwamaommmmgﬂlumﬁﬂmma:‘lwﬂmaa@gd LATANL
ﬂs:@ﬂiﬂama lu%hl,ﬁ@‘f@{av[‘iilﬂmw:nm 3 WanTeuiiisununwulng

Qo Q€ o =) {
23, wWisuiisuranugniuaszesluunnaigIu estrogen wazinmMlinaziannanane

v
o

o A a Aa o
WJuar e aﬁﬂ']ﬁLﬂ@]Iﬁﬂ‘ﬂﬁJﬂ’n@Jﬁ]’]LW'lZ

3.1 NMILATBNEITNNIINBNAAYN
' o o va ' A o ° o o ' A o
INuTNNAYN ml@@mmﬂLmaaﬂgﬂwmmamuwau,au ynIauaslan wedunlsle
ANNITUWTUINUUAIIULT WA LRZTOUAILATIUNIIUIA #60-80  FIWRVIRNARLIUNLTYINAT
FNaeLaanagas Ethanol 95 % 31434 3 A3 32LhE solvent aanMulaAINNABRITRNAAINED
ladfiunsvin finger print Lﬁf;l‘i_lﬁ"i_lmimmig”lu Diarylheptanoid (DPHD) W3081JASPP 049

nniutnuagn Alflunsdnsidaaioulas  aadma gudry aedned ams

ANLNANFNT URIINLIRUTINATLAD



o 6 { { ] a 1
3.2 ﬂ"liﬁﬂi&l’]‘l%ﬁﬁ?ﬂﬂaﬂdﬁL‘Viﬁﬂ')%"lslﬁlﬂﬂﬂ'l')zﬂix@lﬂ‘[ﬂi\‘lﬂ'l\‘l

Usznaudiongudngg 7 ngy nguas 7-8 62 aadh

NN 1. navaruaudn@ (Sham operated control, SHAM)

9 9

n

22D

-]
2
=».

. ﬂsiumuqmﬁéf@‘?avhi (Ovariectomized control, OVX)

9

. mjuﬁ ia39lauasld3uans 17[3-estradiol 7@ 10 ug/kgBW (E2, s.c.)
ﬁ > Qs

wfisasslauazldsUs1s ASPP 049 211@ 50 mg/kgBW (DPHD, s.c.)

)

2D oD LD
s
=

)

. N

-] -

2D 2D oD
2 2

=y, Sp

22

=

3

Fed
=h.

] ]
2D 5. LD.

2
=Sh.

a31luazldTuasanadnudnuagn aua 500 mg/kgBW (EXT, p.o.)

€
€

=

uiaa3slduasldTunsiugnuagn A 1000 mg/kgBW (P1000, p.o.)

o o

aslduazldsunsiudnuagn su1a 2000 mg/kgBW (P2000, p.o.)

2
=h
N o oA W N

)
-}

é’mfmaamnmﬁusml,'j”uﬂa;umquﬂnﬁ QﬂLVIﬁf;l’s‘ﬁ;’llﬁlﬁ@ﬂ’]’)zﬂizﬂﬂiﬂidu’]d@hF;I
@ o 1 oq/' U dll o 1 a o o =}
NNI9a39 18 aNNIRAIT Lwamaaam's:Isﬂﬂs:gﬂiﬂiauwoluamiawmﬂizﬁnmauua:gomq
WAINIIAATI 1 FUAW Wmimaaumﬂdm‘*ﬁ'ﬂm@nﬁalﬁ’aaﬂumaﬂmmmaLﬁmLﬂunm
=3 d 1 § s g v ! wgw

3 1fau (12 dlansd) Fengunlasuaeilaneslasiauiiazlfidunguaiuquuan (positive control)
T3N3 Aae NI T U R DU 899N RINAIVIRATNAAIANATY 12 FUa1r 1w
fUMWN 6 war 12 ey alaiiudatnaiaauazlaannzsinadtaewruinistlaswnlasuad

813 metabolites lulAaauaIFA I NAAIGa 11

OVvX Daily Treatment for 6 and 12 weeks
l ¢ v ¢
I | | | I | I | I
v v v v v v v v v
-2 -1 0 1 4 6l 8 10 12 W%k

Blood and urine sample collection
Week 6: Blood and Urine
Week 12: Blood, Urine and Organs

WHBEHI-1 LEASTINANTINNTAAI M MTIRaNInagaud1es waznmsiiuaatnaian Uagnie

LAZAIBITAN )



33, myanzdmaaswudaspesansaniue larludsanuulddivwans
(untargeted metabolomics) TagA5 LC-MS
3.3.1. MILATNGIE19T TN
fmaessusagaieinmyieesasumuelafauiigminesawliugy want EJ
et al., 2006) laadnmsiasuuasidntias eait
1) ¥msanaznauldsawluiiodedsa 100 lulasaasenaunmuaaugiiiv (ice cool
methanol) U5anas 400 'lulasdas A trimipramine ifuansanasgiumsly (internal standard;
50 ng/mL) yhmstusatnadan vortex mixer w1t 10 5w a'mifuﬁm”’;aﬂwald"l,ﬂuﬁl,lml,ﬁoﬁ -
20 BIALTAEE W1tk 1 T2 18
2) e liwendianus 15,000%g wa 10 wift aniudiessazane

gla USues 450 laulasRaslanaoanarauahanulnay  LasIsRea a8 LRI LA

]
=)

Vl,uiml,auﬂqmwnuﬁvlmﬁu 30 AIFALTALDIR
3) RzaUaLNDW (residue) AIUFNINZANUNEN water/acetonitrile (80:20 viv) Uunas
100 lula3aas annwutinenatneansls micro-volume insert 11 2.0 mL vial 4aa288191U50195 10

laulasdasdiensvidromaiia LC-MS NITIuInwazaiay (Positive/Negative ionization mode)

3.3.2. NYIATERETINNIVD Lariaa8 LC-MS
My nssarngedsalasldinefin Le-MS nmazfildmansousnansamivalarile
ﬁamjwﬁﬁ% (polar) ﬂ@jwﬁﬂ%muﬂma (mid-polar) LLa:ﬂﬁjwmsﬁﬁmwmﬁumz’aﬁazl (less polar) lag
52UU LC-MS AldTannzasit
1) 32UU HPLC (LC: Ultimate 3000, Dionex) 1¥naantt wiia Luna C18, 100 mm x
2.1 mm , 3 um d188a1tMa2ad Mobile Phase 0.300 dAaddnsdaurfi (mL/min) las mobile
phase A ﬁiﬁﬂummzmﬂ 5 mM ammonium acetate luanTazay 0.1% (v/v) formic acid LLaz
mobile phase B WJuansazans 0.1% (v/v) formic acid 11 acetonitrile NMIUENFITINMUB FAHIAE
LC 15ueua88A @I U8 mobile phase B @8 mobile phase A 1% 5% (vAv) W1t 2 W17 91nTi
Andwdudasdinues mobile phase B 1w 80% (viv) melwan 15 wifi uaz 95% (viv)
moluam 25 wifl uazAISATIEIW 95% (v/v) mobile phase B #l3dasn 5 wifi vauidwan
YHa&% 30 wift
2) uuuuamlalasiiinas (Mass Spectrometer; MS) tunfia Quadrupole Time-of-
Flight Mass Spectrometer (QTOF-MS, micrOTOF-Q I, Bruker) ¥nnNILaTz# bluaanis

& o

AATTRUILIN (Positive mode) LRI (Negative mode) luai9318815 50-1500 ANaH (Da)



o

laufindaasangg va9 MS @3t Aa ESI capillary voltage -500 V, end plate offset -4500 V,
dry gas flow 8.0 L/min, nebulizer pressure at 30 psi LLaz drying temperature at 200 °c lau
MIAAFITAZAEY sodium formate AMNTNTH 10 mM wavimsUsuifisunelu (internal

calibration) AN auammamﬂw;nm”aasiw

3.3.3. mywarzvideyalaglzlsunsa Xcms
myiaseilasldlusunsy XeMs Taodaunaunisiiaesk LC-MS Data waz XCMS
processing a3

1) Calibrate LC-MS data (Internal Calibration) zasnnlasanlauwnsy lasldansazais
10 mM Sodium formate Lﬁaﬂg‘ﬂmma@iaﬂizﬁl (mass-to-charge ratio; m/z)l%ﬂﬁﬁ’nmm’mﬁ
waiwen (accurate mass) V‘hmimﬁyu"LWﬁiagaﬁuﬁLﬂummqaLﬁmaoméaa Lc-Ms 74 (D,
Bruker Daltonics) Iﬁlﬂumwaqa .mzXML laslgldsunsu CompassXport (Bruker Daltonics)

2) EiGVLWE\i(ﬂ'aQa mzXML @ 1Usunsu XCMS twevin Normalization VBINNTBNAUAL
maieuiisudayauadinguaiugy (SHAM) uazngunasadend (OVX, E2, DPHD, EXT,
P1000 uaz P2000) #19aya metabolites ion intensity Aldannlusunsu XCMS i@ Imenns
Wasuulad (fold change) ¥i1n1Y normalize LLazLﬂ%'smLﬁyumnﬂ?{muﬂawaaﬁagamnq’wms
Nanes

3) fsaen m/z Ml isotopic ion lktwaaLRes protonated/adducted molecular ion
(M+H]+#138 [M+NH4]+ I@zlrm@m?aaa‘umw:ugﬂ@TaaﬁnﬂiﬂmmuﬁlﬂumiﬂizmaNamaom%iaa
LC-MS (Compass data analysis, Bruker Daltonics) mmfuﬁdﬁﬁ metabolite m/z features AWK
suumualarilugiudoys METLIN  (http:/metlin.scripps.edu/metabo_search_alt2.php) %38
HMDB  (http://www.hmdb.ca/spectra/spectra/ms/ search) a‘%“wu”ty%sw%amw%a metabolite
feature  (ion) ﬁﬁmwLmﬂ@mimﬁm%mjumuquﬂmﬁﬁ'mgmuqué’w%’ﬂﬂ wwoldiiuas
@ﬁ%ﬁ”@ﬂﬁ%’ﬂmﬁ’sﬂmimmg'ml,l,azd'mﬁ'ﬂmﬁﬂ

3.3.4. NMINATERIWBEUTHAF13A28 LC-MS/MS

inlasauiiisntasiugnirznsasaasluwealasanildunainmiieeieis  LC-MS
FINTAATIEHEE  LC-MS/MS Lﬁaﬁuﬂ'ummgﬂﬁmmmmi laslt3is3anziony  LC
WA AWIUM IR TERa8 LC-MS Ainsna liludnadn mmgmaumadmsﬁﬂﬁ’lmaqamaami

wanaIMEmaia MS/MS lEns3tazsi iy Multiple Reaction Monitoring (MRM) lagianzas

\ian lesaundainmsriliuanaidis MS/MS lusnens precursor ion wazliauniisvasnns



wenanaf miz 0.5 laalEwaaun1Imn (collision energy) 20 Volt uaz 40 Volt ¥nnsiiudaya

429 mass range 50-1500 Da lun1s@asatinaudazass

a 6 { I3 Y . . [y a
3.4 Maarzinmsiaswulasvasarsiuniva landsaanlosin (lipids) Tudsuare35n13

atlaanduuulaifiilvang (untargeted lipidomics) laginaia LC-MS

3.41. msanalusinandsa

fmsnalagulaseaulasnisannanisninisnsewliud(Saghatelian, Trauger et
al. 2004) @9il T T3W 100 pL MBeaedaEITazaNY 1% NaCl 900 wL ansiwinlUanass
RIRTANONRNVDIARGLIWETH (2 mL) uazlumuea (1 mL) wtuasinldmnssfiaang
2500xg gaennil 4 °C 1ulaan 5 Wil MU TRENTAEANEBUNTE (Buand) uaziinluszinee
Mazansnelaialulasiau Lﬁum”’;aai'loﬁqmwnuﬁ -20 °C

Aowrmssianzsiaisiasas liquid chromatography (LC)-mass spectrometer (MS) 0
synazanglunsalsvesulsinas 160 pL tRedassazanafilausanas 50 pL whlulu LC-Ms
dald

3.4.2. NIINATIZH LVNWA28I5 LC-MS

a

MMTIATIEA UMD LC-MS anu3snin e uliual(Vinayavekhin, Mahipant

¥ &

et al. 2015) a3t Maieerudadu 2 Tnua lawn mz’sll’m (positive mode) LL@?:“D%G‘]J (negative
mode) M3itaTziluduuanldaasusl Luna C5 (5 um, 4.6 x 50 mm) uas guard column 97N
Phenomenex lag mobile phase A Usznausiniin 95% (VIV)) LN W8 5% (v/iv) 8% mobile
phase B U3znauaag isopropanol 60% (VIV) LN uas 35% (viv)/ ‘L{’l 5% (v/v) 1at) mobile phase
Yage9m5adl 0.1% (viv) formic acid waz 5 mM ammonium formate luasfilszney Ms3taeH
slumzmﬂ"ﬁﬂaé'uﬁ Gemini C18 (5 um, 4.6 x 50 mm) L8z guard column 370 Phenomenex lagla
mobile phase A LLa¥ mobile phase B mﬁauslmlz’m’m uAlt 0.1% (v/v) sodium hydroxide 5178
a9AdsznauLEsuLN® 0.1% (v/v) formic acid Was 5 mM ammonium formate

MINATZRRITAE LC 1B1anIau 60 wfidaniatnd lag mobile phase LSu@UaNN 0%

B ¥ 5 w1l MudasnmTina 0.1 mL/min 3NUUAUUEAEIM mobile phase 1% 20% B WAz

=

! A o & Y o . a '
Aog g IRNFasIwI lUande 100% B lwiaan 45 wfi @288asnnT ke 0.4 mL/min Alazviee
FARIUAINTA 100% B w1 8 W17l d8aa NI IAa 0.5 mL/min AawlIUsasI%h %B 1w 0 uaz

Usaslwnawin 7 w19 er8aa31n1TAa 0.5 mL/min



maenedan MS lwiniiaesang a3il end plate offset 7i -500 V, capillary voltage
1 4000 V, nebulizer pressure 11 3.0 bar, dry gas 1 8.0 L/min, dry temp 1 200 °C, collision RF 9
150.0 Vpp Lﬁuﬁayasl,umo mass range 100-1500 Da wazld 10 mM sodium formate D

calibrant

3.4.3. NM3NATIWTaYaIN LC-MS areIbnmsadladnduuulafiidmane
(untargeted lipidomics)
idayalasnlnuniunldivnnieias LC-MS  aniesied  laolfldsunsn XCMS
ldsunsn XCMS azfmsdumaia (peak) va4loaaudnig ludradnsudazdiatng ihandudnu
wazvhnalanzidIanuedlossudnig ndunwy dayafildaananainlisunsy XCMS (XCMS
output file) ﬂi:nauﬁ’mmma@iaﬂizﬁg (m/z) @1 retention time WAzA1 integrated mass ion
intensity 283udaz laaauluarataudazaiagng
< o o AN ¢ a & | a | ' A ) '
nnuwthdayaf ldandenziiliooifioylessudag lungy ovx inunungu sham
A o A A @ (% ' o A o g A
lagdinsaansadlesauiineidainuan1iznsadgasiumaalasias audawluadit (n) losaud
. A o . . z &
gamsIun1IAsuulas mass ion intensity ludaatng 2 ng (fold change) Adud 2.0 1wl

g o v

(1) HOEAYNIEAG @2835n13 Student's t-test b p < 0.05 (A) mass ion intensity (MSII) U8s

| AA a | A \ @ = " e Ao V] o A A Adq o
ﬂ@&m&lﬂi&l’]m&l’mﬂ’n yaaedunas 5000 counts Gﬁdﬂizu’IMﬂﬂ@nij@Wva@m’mLﬂia\ma“nl“ﬁ

INUW T leaawRaN ke TIRaUANaTI llasuN INLNIUN LaTUAINIATEd  LC-MS  1Waraa

lalalny (isotope) w3aAHaLINGI4 (false positive) aan b

3.4.4. NMIILATLRENTAIY LC-MS/MS

inlasanfiiisatasiuannenissgaslanealasaui ldanrnisianzsias LC-
MsMS Tanld585a=ians LC wwdsanwiumaenesilagudas Le-Ms Ananliludredn
fuiuaauDad MS/MS 1Emsiiazsiluuuy auto MSMS lasianzaslasauiidasnmsvin MS/MS
Tus18m73 precursor ion 1EANuNT98INTUBNT Mm/z £0.5 FAUATIWIN precursor ion buldaz
500137 3 lonawn uszéwivlosaudisl MS/MS 3 muaasuug azlifnsvin msms lusn 0.30
WMl (active exclusion) WAINUWNNTTU (collision energy) NIFRNIRINEIRTL miz Aiensrin eait
30 V §1%3U m/z 500.00, 45 V §1%3U m/z 1000.00 Waz 60 V #1931 m/z 2000.00 lasdnlaaaud
A m/z agjixmw@hﬁ %67 1ea7n linear interpolation wa96n miz LLQ$W5@G’]%ﬂ’]5°ﬁ%ﬁ1ﬂ§ﬁ§!@
\iutayaludas mass range 50-1500 Da Tunsaadiatnsudazass fasazaeasansana

lsin 50 pL wialdasaza1sanaIgn 500-625 pmol



3.4.5. NMINATIZARANIIINBIAILETS E,, DPHD Uaza13qNAR3 0N IMINaINgn
o dl n:i £Z s 1 dl v Y v = = a a
W legaunineItasnuan1zwsadsgesluniaalasiaui ledsduundIouisudlsonm
1 d‘ ] s Rt U dl s A Q =} 1 L v
lungumny ovx NlailaTuas AungulldsumsE, DPHD wiasnsananiawsiudnuagn lauld
AaanaIumTiUasuulad mass ion intensity (fold change) Waz Student's t-test (p < 0.05) i

Ao o @ aa A A &
ﬂ']iiz:l!ﬂﬁ’]lllluﬂa’]ﬂtyﬂ’maﬂ@“ﬂaﬁﬂ’]iLﬂﬂﬂuLLﬂﬂﬁﬁﬂul"ﬂuuG']

a ¢ { ¢
3.5  menzinsdaswudassasdarsiunualarnuuuiiivang (targeted

metabolomics) Tudsulaginaia GC-MS

3.5.1. NSLAIYNADLNNTIN
mMaarzralatedsulaslminaia GC-MS 1iWa®1813 metabolite Ma193zin1TLURL WL A
el lgnuIndazilaginaia LC-MS ¢ laon1iiasauaiatnaine M wn133tasey adea b
o a s 1 dwl a U & a
1) finmsanaznaulusauagedsy 50 lulasaasdroiunmuaatids Y5unas 400
laulasdas AU -20 ssesaGos win 1 Talus nnvuinluddu (Centrifuge) NaINLS?
15,000 x g Jaudaw il uwan 10 Wil JiassazasawladSunas 400 lulasdaslanaaa
maaumﬁ@ﬁmmammzszmm‘i”sasmslﬁl,l,ﬁaaﬁm”’aULLﬁ”aVLuImmuﬁqmmgﬁvlmﬁu 30 ade
=1
LTRLTYR
2) [az|geznan (residue) AT N-Methyl-N-(trimethylsilyl) trifluoroacetamide
(MSTFA) U3anas 50 lulasAas antuidradwlagoungmnnd 70 aseniaaifos Wuiia 30
W Lﬁaﬁwagw”ufms (Derivatisation) Lazting@38e19l& micro-volume insert 14 2.0 mL vial 4@

arat9tSuas 2 Tulasdasnnevalamaiia GC-MS

3.5.2. N13ILATIENRENIA2Y GC-MS

32UU Gas Chromatograph (Model 7890A, Agilent) Itnaaust Capillary T#@ DB-5MS
TWIAAINETT 15 AT LFUENEUENaNd 0.25 dadwas uazanunuwizasldn 0.25 lulanuas
Towldufadiaon (He) 1du Carrier gas dhosanivwazasuia 1 mL/min gunniizasdIuiass
280 avmiaaiBua ganpiivasgaunasuil (Oven) (u 80 asroados win 1 wif AN
aufis 200 asmaLEos lusan 15 asaaadoadomd win 3 Wil uastANdwEn 20 a9em
LoaLTaRGawI Aud 330 adawaldus 1Wwian 6.5 wifl INdwIaIenziun 25 wif

ssupuNasdalasdiaas (Mass Spectrometer) LJunfia Single Quadrupole Mass

Spectrometer (5975C MSD, Agilent) lagld Electron lonization (El) mode Yinn1I&WAK (Scan
9



mode) IAFNIATLA 40 fi9 600 Aaau lasyinIdiuguiaTasdauans Perfluorotributylamine

(PFTBA) lagldlnua Autotune (Atune.m) ABUANTAATIEHAIDENS

3.5.3. N13ILAIILY GC-MS data

MR GC-MS data lawlglisunsy MSD Chemstation Data Analysis (Agilent
Technologies) lagnmadIoufiay spectrum &13 unknown AU NIST library (2011) wagltms
WNATIWLUSBUITBUNASINUTY (Retention time) YT integrate amAuiildRalasld lan
14 characteristic ion a9a31Le awnfuﬁﬁagamaaﬂlugﬂLL'U'UVLMT .csv (comma separate

value) uavimsitanesilaglalysunsy Microsoft excel da 'l

3.6 mﬁLm'lzﬁffaﬂamsmﬁ'ﬂw,l,ﬂaawaommualaﬁtmanﬁmih (multivariate data
analysis)

ﬁ’]ﬂﬁiﬁLﬂiﬂzﬁfﬁ]HQLL‘UUW‘Q@T’JLLUiﬁ’JEJIﬂiLLﬂiﬂJ SIMCA 14 (Umetrics, Umea, Sweden)
Vot "l@‘i’ﬁﬁaHaﬁvl,ﬁmnms’il,m’]:ﬁ@hzl LC-MS uazldsunsy XCMS waludaunnuasinay Af
msﬁﬂﬁaglj'manmal,l,a:ﬂ%'umu Pareto variance W83 a1¥N1IA1 score plot @283 PCA Lag

OPLS-DA Lﬁaﬁ‘i’nmﬂﬂéjmamﬁazha@ia"lﬂ

3.7 MIATNERHANEDALAzNITUUTHA
HANIITBUEAIAIEAT mean + SEM lasdayaudaznguazyhnisdanziainnuulstnudie
student's t-tets #38 One-way ANOVA (p<0.05) W&3¥INNIIATIIROUIZALANUANAIITERING

mimiavl,ﬂéﬁm:@”uﬂaml,%aﬁuﬁ 95%

10



4. WAN132Y
5.
4.1 uanan19tUagwulasuaInInnI NIy
= d' 1 @ 1 o o '
ﬁnﬂmiﬂnmmmﬂasJuLLﬂawaaa’mumua"laﬂmwmwawwmﬂm LLNZWI{IW]@]NVL%J
d' o 1 > o 6 ) o R ?,’ %
w"l,m‘uaaﬂwuLaaI@sLauLLazawumﬂmgﬂLﬂunm 12 gUanA I@ummsuumqmmw LRZINALN

(> 5 o 1 ? v o o ] A X
mmaaam’j‘maamﬂaﬂmﬁma@mimaaa wmwm%unmmaaa@'j’maamﬂnqu PNNTUARDA

v
A o

mnesad laslawiznungaiiaasild  (Ovx) Simsindiduannfigadiaiununynduind
(Sham) m3laTuaeslanealasiau (E2) dwadumaduimindinnndaisls  nynguf

ldsuzaslumeslanautidinindadinimundudnd  myldiudusnuagn (DPHD, EXT,

2
o o

P1000 & P2000) fNamumMItANnEnaInIaas9 1 lalsunn I@wkmajuﬁﬁﬂmuﬂ 2
geniwunaudnadnias

(3 1 £ = A Aﬁl’y =3 v o

drudusnuagnians phytoestrogens fNiaangnilauvvaailumaslasiau 39lavi

Agﬂ/ [ :/ L= 1 Z’ L= { L= Qs 1

nmIaTIgaugnidIndnniminuamagn  wudhninuagnuasmunaaisly Ovx)
A 12 dlandaaasatnaann nsldzasluwealasian (E2) dnaifinsiiazasuagnlunydais
lagsunn dhninuegnuesnpiadu 2 whaesihninuegnuudnd (SHAM)  snsandtugn
uAan (DPHD) fnatAninminuaduagn Mnunginiuaannulnd  a1Ianauazrainwsnuagn

(EXT, P1000 waz P2000) ﬁwaLﬁuﬁmﬁfnmgﬂvl,ﬁwimhmﬂ@
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(ﬂ'li'l\‘l‘ﬁ 1. LLﬁ(ﬂx‘]ﬂWiLl]?lIU%LL‘IJﬂﬁﬁqﬁﬁﬂﬂyﬁmQGWHLLTﬂLﬁaLéwﬂﬁiﬂ@]ﬂa\ﬂl’ﬂzﬁl 12 gﬂ@n‘ﬁ(‘ﬂa\‘]ﬂ’ﬁ
N~
Body weights (g)
Treatments
Initial Final Gain
SHAM (n =7) 203.1 + 3.6 2779+ 124 74.8 + 9.8
OVX (n=17) 2104 + 4.9 355.9 + 11.5** 1454 + 11.0**
E2(n=7) 2054 + 3.8 251.0+5.2 457 + 3.7
DPHD (n =7) 207.3 + 3.8 306.8 £+ 5.3 995+19
EXT (n = 6) 2141 + 4.4 2910+ 7.3 769 + 8.2
P1000 (n = 8) 208.3 + 1.6 3074 £ 51 99.1 +6.3
P2000 (n =7) 205.6 + 3.7 303.1 + 8.6 975+ 8.6
Body weight
400F
350F -~ SHAM
- OVX
-+ E2
T 3000 — DPHD
= EXT
S - P1000
°§ 250l —— P2000
e
o
m
201
1004
O T 2 3 4 5 6 7 8 9 10 u 12 13 1
Time (weeks)
gﬂﬁ 1 m’mlLLa@amsLﬂﬁwuﬂmﬁmﬁfﬂéfwaavkaaa@ 12 FUARVEINIINARDILFAI IALHAK

miLﬂﬁwu,ﬂmﬁmﬁﬂ@”’mam%ﬁﬁ@%ﬂﬂi (OVX) %}}@T@%’d"lﬂiﬁvl,ﬁ%'umil,aaimwu (E2)
LLamEm”@%'qvlﬂiﬁvleﬁ'umﬁtmﬂjm"ﬁ'ﬂmgﬂ (DPHD, EXT, P1000 Wz P2000) HgUALNY
Un@ (SHAM)

SHAM = ﬂa&lmllﬂ&lﬂﬂm (Sham operated control)

ovx = ﬂﬂ&lﬂ’)‘l_lﬂ&m@l(ﬂi{]vl"ﬂ (Ovariectomized control)

E2 = ﬂaummavlmawvlmumﬂ?f) estradiolya 10 pg/kgBW, s.c.
DPHD = ﬂau@]mavlml,l,a.,"lmums ASPP 049 211@ 50 mg/kgBW, s.c.

EXT = ﬂaummﬂmLLavamumianmmmnmaﬂ 211a 500 mg/kgBW, p.o.
P1000 = ﬂaw‘ﬂ@l(ﬂi\‘ivlﬂlLLEI‘“VL@‘SUN\‘]’J’]WEHSJQEIH?JW]@ 1000 mg/kgBW, p.o.
P2000 = ﬂaumma"lml,mw"l,mum’nwmmaﬂmm@ 2000 mg/kgBw, p.o.
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Uterine weight (Relative)
2.5' *

Uterine (g/kg BW)

e

A
o
]

SN
o
1

w
?

20+

Abdominal Fat (g/kg BW)

;sﬂ‘ﬁ 2. usastomsasuulasues (a) BWIANARN WA (b) YSunaulasinluzasrias mam@ﬁé’@
39la (ovx) ﬁkmvﬂiﬁvlﬂﬁ"lﬁ%'uaaﬂwmaaimwu (E2) wialasumInniugnuagn
(DPHD, EXT, P1000 38 P2000) lisunungunyind (SHAM) drfugaatdn means +
SEM. * P < 0.05; ** P < 0.01 LﬁaLﬁUUﬁ'wHﬁ@T@‘?d"bﬂ

4.2 wadamalasunlasuasainieinailuian

Idnsnmafouwudasvasdmatuadludsu wudmunguaaivll (ovx) Huauluaiu
Cholesterol tAndwlu Fadu118 + 2.3 mg% LﬁaLﬁﬂuﬁ‘uukbﬂﬂﬁﬁaﬁmLﬁ']ﬁu 83 + 7.8 mg%
wazifelasugoslanaalasian (E2) 3260 Cholesterol aaadidnias 1Ju100 + 2.0 mg% WUNgY
ﬁ"L@T%’umsmndmfﬂmQﬂ (DPHD, EXT, P1000 uaz P2000) §f1 Cholesterol anad Lijaifinumy
%Hm”@%‘a"lﬂi anadldu 69 + 4.6, 33 £ 3.3, 85 + 9.2 Uaz 51 + 7.5 mg% ANE1AL

seeuluie  Triglyceride  widaadimaasuulasedetunmsilaswissmossza
cholesterol ﬂfemﬁaﬁ]:Lﬁm‘fulmkm&jm‘?@%’avlﬂ (OVX) Lfial,ﬁﬂuﬁ’ummﬂﬁ wazdlszauaaadianiay
We'lasuaasluwaslasan (E2) wazldsuansandtudnuagn (DPHD, P1000 waz P2000)
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miﬁm:nNmJadmﬂﬁa’ml'm’j’mfﬂmgﬂ wargaslumaalasiawiduszoziiaiuin 3
\Raudaszautanbrianaulaun Alkaline phosphatase (ALP), Aspartate aminotransferase (AST)
wazlaw bl Alanine aminotransferase (ALT) wazNInauaadla Creatinine, Blood urea nitrogen
(BUN) waz Uric acid nﬂ@i’mgﬂummsﬁﬂﬂa waRIIMIIERTIRTMaasna L dua WY 3

A P o | A A o @
LAaw daudsaans vL;J;JNﬂLl]aﬂuLLﬂaﬂﬂqTﬂ’N’]umﬂﬁ(ﬂ'ﬂLLﬂ:VL@I

4.3 wanan1siaswudasnelaraiIngn
ni Y o = v 1 o 1
v 3 ldhnsEnswsveinmildasnniudnuagnuazaeilaueslasiaudanis
wisnudasarmslafiainenveddaifonriiadnesg Asdaiiaaw1a (White blood cells; WBCs)
& A o a . A : A
\JaLiaauad (Red blood cells; RBCs) Flalnaiu (Hemoglobin; HGB) wazdang wuinlidnns
ni [l a o o o aa 1 a A 1 ni v 1 o
wWisnulasadadiveidnnesiddedinelafiainevamulunguiildasanniuinuagn
léiur mssiatesuen (EXT) @13 ASPP 049 (DPHD) wyiutnuagnii 1000 mg/kg BW (P1000)
] > n{ dll = s a 1 1 ni o
UWAZHITIUTNNARNA 2000 mgkg BW (P2000) illaifloununydnd sununguildsuaailun
' 4 ) ad
laalasiawn (E2) didn RBC uaz WBC 1ilu 6.67 + 0.12 uaz 1.03 £ 0.07 aandiilaifioununuln@gs

JANUVINNDY 7.82 £ 0.19 WAy 1.74 + 0.35 ANAAL
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@391 2. usasdmeiadvasasdne gludiungndunasesndaily (OVX) nyaaislinlaiu

saealasiau (E2) uazwudaidlafldivansaniuinuagn (DPHD, EXT, P1000

Wag P2000) WisuNUWUUNG (SHAM)

Treatments
Parameters
SHAM ovX E2 DPHD EXT P1000 P2000
ALP (U/L) 52+18 | 57+34 | 44+22 | 68+21 | 73+15 | 62+17 | 71+1.8
122 + 123 + 135 + 113 + 137 +
AST (U/L) 143 + 8.8 | 129 + 3.8
1.5 9.4 15.2 7.7 14.9
ALT (U/L) 41+35 | 43+20 | 49+17 | 38+1.8 | 54+9.0 | 50+6.2 | 54 +6.5
BUN (mg/dL) | 20+1.6 | 19+04 | 20+1.2 | 20+15 | 18+14 | 177+05 | 15+ 0.7
Creatinine 0.37 + 0.38 + 0.35 + 0.36 + 0.32 + 0.32 + 0.31 +
(mg/dL) 0.03 0.02 0.01 0.01 0.01 0.02 0.02
Uric acid 09+ 1.5+ 1.0 + 1.2 + 0.8 + 0.7 + 0.7 +
(mg/dL) 0.13 0.21 0.25 0.22 0.08 0.04 0.04
Triglyceride | o7 . 36 | 50434 | 45440 | 43+44 | 5821 | 32+ 1.0 | 44 6.3
(mg/dL)
100 +
Cholesterol | o3, 78 | 118+ 2.3 69+46 | 33+33 | 85+92 | 51+75
(mg/dL) 20
54.0 + 51.6 + 57.1 + 56.0 + 56.0 + 54.0 + 48.9 +
Urea/Creatinine
3.2 3.3 2.7 4.1 3.8 4.5 35

duaasidudn means + SEM. IINNY 6-8 A,
SHAM = nguauauln@ (Sham operated control)
ovX = ﬂaumumw@mﬂm (Ovariectomized control),E2 = ﬂam@]ma"lmmﬂ%mi 17[3
estradiol 1@ 10 ug/kgBW, s.c., DPHD = aasilaudalians ASPP 049 ama 50 mg/kgBW,
s.c., EXT = ﬂau‘nmmﬂmLLaﬂ%miﬁm(ﬂLa‘.ﬁﬂuaamu‘*ﬁﬂw@aﬂ 2U1Q 500 mg/kgBW, p.o.; P1000
= ﬂa&m@]mﬂ"nLLa’ﬂ%ml’m"Hﬂ&lﬂaﬂ AUIA1000 mg/kgBW, p o.; P2000 = ﬂauﬂ@md"lml,mlﬁm
m‘vﬂmu@aﬂ AU1a 2000 mg/kng p.o.
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{ 1 [ a 1 1
@I’Ii’l\‘lﬁ 3 Llﬁﬂdﬂﬂt&lﬂlaaﬂﬁ%ﬂ@nd ) 1%ﬂ§N7]ﬂ'él'él\‘]

Treatments (mean+SEM.)

Parameters SHAM | OVX E2 DPHD | EXT P1000 | P2000
WBC 174+ 190+ [1.03% |223% [170% [155% [1.78%
(10°/cumm) 0.35 0.24 0.07 0.37 0.18 0.12 0.17
RBC 782t 780+ [667% |755%+ |740% |7.49% |807%
(10%cumm) 0.19 0.09 0.12 0.17 0.18 0.17 0.09
1406+ |14.16% [1245% [13.70% [1354% [1375+ |14.50+
HGB (g/dL) 0.26 0.15 0.20 0.24 0.22 0.22 0.11
4323+ |4187+ [3665+ |4067+ |4049+ [4158+ [4450¢
HCT (%) 0.98 1.08 0.88 1.33 1.4 0.87 0.71
5584+ |5371+ |5496+ |[5385+ |54.65% |5556% |5517+
MCV (fL) 0.88 1.25 0.64 0.75 0.67 0.68 0.74
18.03+ |1823+ |1869+ |1818% |1830+ |18.39+ |17.99%
MCH (pg) 0.20 0.15 0.10 0.25 0.20 0.42 0.19
3260+ |3406+ |3401+ [3377+ [3357+ [3311+ |[3263¢
MCHC (g/dL) | 0.81 0.82 0.46 0.82 0.66 0.47 0.57
1336+ |13.30% [1230% [1240% [1218% [11.71% [13.31+
RDW (%) 0.76 0.57 0.66 0.96 0.96 0.75 0.68

PLT (10°/cumm) | 687 +44 | 670+35 | 664 +19 |721+27 | 67017 | 718+ 18 | 667 + 82

7.69 + 8.30 + 7.01 7.68 7.60 941+ 8.27 +

MPV (fL) 0.09 0.62 0.65 0.13 0.15 0.76 0.62

PIt Smear Increase Increase Increase Increase Increase Increase Increase
Neutrophils

(%) 18+ 3 16 + 4 21+5 23+ 4 19 + 1 18 £+ 1 17 £ 2

Lymphocyte(%) | 80 + 3 77+3 73+3 71+5 77 £ 1 79 £+ 1 81+2

Monocyte (%) 120 4+2 4 +1 4 +1 3x1 120 21
Eosinophils

(%) 120 21 120 2*1 120 220 120
Basophil (%) 00 00 11 120 120 120 020

ﬂ’W]LLa@GLﬁ% means + SEM. ﬁ]’]ﬂ%% 6-8 A

ﬂ’mLLamLﬁu means + SEM. 3IN%Y 6-8 @7, SHAM = ﬂa&lmumlllﬂ(ﬂ .(Sham operated control)

OVX = nguaiuquiidnsaly (Ovariectomized control)E2 = ngufaassliudalims 170-
estradiol °uun@1 10 pg/kgBW s.c., DPHD = AA39 MILAAENT ASPP 049 ¥uw1a 50 mg/kgBW,
s.C., EXT = ﬂﬂ&l‘ﬂ(ﬂ(ﬂi{ivlﬂlLLa’lSL%ﬁ’liﬁﬂ(ﬂL@‘ﬁ’]uﬂﬂ’)’]u“ﬁﬂwﬂﬂﬂ P19 500 mg/kgBW p.o.; P1000
= ﬂa&m@](ﬂix‘]vl,“ﬂLLE\]’JI%NG’J’]%"Hﬂ&J(ﬂaﬂ W19 1000 mg/kgBW, p o.; P2000 = ﬂauw@m\‘ivlfml,msl%m
’J’]%"Hﬂ&l(ﬂaﬂ 219 2000 mg/kng p.o.
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ALT (UIL)

ALT

AST (UIL)

200+

150- ]

=

o

o
1

50+

AST

317 3. usA9093zALVaY Alanine Aminotransferase (ALT) Waz Aspartate Aminotransferase

(AST) ludsunungunasasnaaisly (OVX) nudaiilinlaiuasiealasiau (E2) uazny

é’@favlﬂiﬁ"l,ﬁ{uaﬁmﬂdm‘*ﬁ'ﬂmﬁﬂ (DPHD, EXT, P1000 Wz P2000) Llsununuing

(SHAM) @nfiuaaatili means + SEM.

BUN(mg/dL)

Blood Urea Nitrogen

T

T

Creatinine (mg/dL)

Creatinine

317 4. ugaaliezaLVaY Blood Urea Nitrogen (BUN) uaz Creatinine ludsunungunanaindais

o (ovx) nudasilinlatuansiealasiau (E2) uaznuaaislinlasuaaniuinuagn
(DPHD, EXT, P1000 ua P2000) 1fisufiumynd (SHAM) sfuamsiilu means + SEM.
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4.4 uanamsidfsnulasanaunnininzaalanizan

Twanet 1 lévnsfnsnszasnisaastldilunm 3 @eousaz WWasandusn
mgﬂﬁalﬁaaﬂumaaIWSLaudaﬂﬂSLﬂﬁmuLLﬂaaﬂ"m’nwmLLu',u"uaaﬂs:g]ﬂ Tag3iasering
ﬂi:gﬂLf‘I@Iﬂi’a (Trabecular BMD) LLa:m:gmﬁaLLﬁ,u (Cortical BMD) F8L0309 micro-computed
tomography  (micro-CT) wuiﬂwﬁmjwﬁgﬂm‘“@ﬁﬂﬂaaﬂvﬁlaaﬁ’mﬁ@hmﬂwmuuummma
nzqnllss (Trabecular bone) a@maaﬂwaﬁﬁﬂéﬁﬂ@LﬁaLﬁyuﬁumam:@ﬂlwkmﬁjumqu lag
Waguulasan 0.39 + 0.02 g/cm3 luﬂkmajumuqu 1w 0.21 + 0.02 g/cm3 ﬁHﬂajuﬁng@%'aH
aan &% Cortical bone vl,ajﬁﬂ’]il,ﬂﬁismuﬂawaamam:gﬂ Welwoaslanealasian (E2) was
MIaa39l 1 e lUaseansnasss 3 whew wuinzasluweslasiawluawia 10 [lg/Kg
BW/day mmsnﬂaan”umil,ﬁ@m’s:ﬂi:@ﬂiﬂiamamﬂmi@”@%'o"lnivléfﬁ'@Lfﬂu AMURUIULUUNTZQN
7% Trabecular bone fd1 1w 0.467 + 0.02 gicm’ miliasniuinuagn (DPHD, EXT,
P1000 W&z P2000) LB ﬁwmjadﬁ'unn:ﬂsz@ﬂiﬂs'amavlﬁﬁ'@Lw ud ldauysnimdauzatlun
LORLATLIN mmvxmLLuuﬂi:@nIuﬁHﬁVL@T{umsmﬂ’jm"ﬁ'ﬂmgn (DPHD, EXT, P1000 ua%

P2000) ¢ 1% 0.28 + 0.01, 0.37 + 0.01, 0.29 + 0.02 uaz 0.31 + 0.02 g/em’ aN&GL Lila

Qs ] L= L= 1 ] 3
\Wisunungurgdaivlidan 0.21  0.02 glom

A. B
Trabecular BMD Cortical BMD

1.5-

—~ — l -

mE mE 1.0 -:::::.

~ L e

S = m

[a) [a)] [ecee]

= = 0.5- =

m m [ecee]
0.0+ e

gﬂﬁ 5. ULAAIIZALANRWILILL (BMD) 289n3:qntian Tibia (Tibia bone) ludiuuas
Trabecular waz Cortical mam&mj&mmaaﬁﬁm%’o"hi (OVX) %Hﬂéjw”ﬂ%'avl*’ﬂﬁ"l,ﬁ%'uaﬁ
ialasian (E2) wia ldiua1saniwusnuagn (DPHD, EXT, P1000 #3a P2000) 1lBuny
nauwunG (SHAM) dfugaatn means + SEM. ** P< 0.01 Lﬁﬂuﬁ'u%lmuquﬁm”@%
12 (ovx)
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4.5 nasanstilagwuidasnasarsiunivalanlndsa

4.5.1 MPIazRnIslasnnilasnosa1sunIua lan wssy

PNNTUATIEAANULANGAIIVES  metabolite profile ﬁ"l@i”%’umﬂﬂéjwmsmaaoLL@ia:ﬂ@:u
#®8991NN13YI LC-MS data normalization W& peak features detection lagltlisunsn XCMS
wazyNMIAeNeKa lag 135 multivariate data analysis NRIINNNTILATIZANSUENTBY disease
model (N11zda3911) nunguaugu lagld Principle component analysis (PCA) Aa9nwan
1Usunsy SIMCA 14 wWuin Metabolites profile (global metabolites) mamﬁmjwﬁ'wiaaaaﬂwu
alasian  (OVX) fmaddouudss Sanuuandisuandaaanan azmﬁ'@l,ﬁmﬁnﬂﬁkl,ﬂﬁjwﬂﬂa
(Sham) muﬁ'uamlugﬂﬁ 6 (A) lDwNIW 2 6 (two dimension, 2D) Va4 scatter score plot L&A

IWiAunsgtuuy (Pattern) wazuualily (Trend) v84ngunanss

]
=l

) Ha & o o Ao v & = .
doyavnnmididuynd1agein1s39e  uandliiinis  diseases model 1
o Aa o o1& A ~ =y =y ° 2 A
aununislagansslaidnwszoziiaivin 3 inaw wikwgananain1savznineI181 liing
! 1 [~ 3 [ [] & 1 o
msuwdsnuasluswnme  aweailumsdswudaslurats 95eaua19 9  AdueAsEAY
s 1 o 2 . " a 1
Lnanamaluwadondsnasifion1srivwaasioad uas metabolite finanaansagin
circulation
luznt 6 (B) usedlWiAuAIUUANGITEY Metabolites profile BasnunguNaalla
(OVX) uazldsuansdnagiu lduinumvguiiaasali (Ovx) nlildsumsinmn fungunudaais
linlduzeiluwealanau (E2) wialdiuminniwinuagn (DPHD, EXT uaz P2000) lu
04 1 a o et aa 1 1 =
nanmagwdsnuiugl eA. iunwuses 2 46 wodlungany ovx azfinnuudnlyiuves
global metabolites NMlunga (within group variation) fiautnaann  ilaifisuiungunyaaialifn
v ' % = ] [ ]
ldsuzaslameslasian  wia s nnhudnuegndewuanuudsdnumslunduiaandy
1 H U Qs 1 > 1 = A
lonawnznungufl ldsuasanaiuinuagn  (EXT) uaznyiusnuagn  (P2000) @sazdlinis

ﬂizfﬂ’]il‘lladﬂﬁtl;&lﬁ;aElﬂ’hﬁ‘l;lméjwﬂ’sﬂﬂuﬁ(ﬁ@{dvhi

3N 6 (C) waz JUN 7 usesldidunazasiulumatnmnnizniasseilunealaiau

% a% ' o ' . {

lonfuwalita (Trend) n13eangnizeIasnINIUTNNAINGINGN  metabolites luny OVX 1
a v o @, a A @ ) ! o

wWhswld  naudhlnddzasnygaiuguind (SHAM) lasfinavasnmsliasdniganiutauagn

' o o ! o ~ LI A o a

lddezdusssnahudnuegn  (EXT)  uazwiihudnuegniuwliunlinamionnu  lasazd

UNEIUVBINGN metabolite TawnLAw (Overlap)
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SERUM_LCMSPOS12w_XCMS_SIM
Colored according to

CA_Multiclass.M1 (PCA-X)
classes in M1

B
B:

A - -
80
60
w0 ovia | SHAMS@® @ciiniag
201 D“‘m‘o s
Qo
= q S | INEEAN
- @ovz O @<Ham3
-203 @sHami
] @ona
-0 @sHamT
60 sHams @
-80
-1003+— | — - . — - -
-150 -100 50 0 50 100
1]

2X[1] = 0.288

R2zx[2] = 0.118

Ellipse: Hotelling's T2 (35&) _

Fig. 6A. PCA-X 1/38uifiuy global metabolites profile 3z#ingngunuind (SHAM) Laz v
aa3d 1Y (OVX)

SERUM_LCMSPOS12w_XCMS_SIMCA_Multiclass.M1 (PCA-X) H:
Colored according to classes in M1 =2
3
f ] :
60 5
1 @0FHD: O
40 DPHD3  oyya e ®oua
] DPHDL .
20] oo ® .o ‘owﬂﬁwc
] PROmE3 ORI onG
] EXTL P2000%5
g '3'_ F/_n B
_ ExP2A00-7 (oREDe 1@ @822
-201 R
] EXT3 \_*;:j: KT TEXTE 2@
] - 2-7
] EXT4 22-4@ ®:s
: ® _
] £2-3 WEZE
-60
1 e S —— -
150 -100 -50 o 50 100
ti1]

2¥[1] = 0.251

Rzx[2] = 0.0771

Ellipse: Hotelling's Tz (35H) _

Fig. 6B. -PCA-X 1/3uuifiuy global metabolites profile 3z#iNNFURUAILANAATI LY (OVX)
uazwyWans6ns (E2, DPHD, EXT waz P2000)
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SERUM_LCMSPOS12w_XCMS_SIMCA_Multiclass.M1 (PCA-X) B

Colored according to Chs ID (Class) H:
A W
] SHAVIS‘ - 4
E:"_ SHAMY . 5
N SH;V.. | E
40 ;
SRS @ sHAMS
201 OVX5 H
. D'l.","{_:';. .O"ﬁ'ﬂ -
=0 Ovxo@hons__DeHy P20 Z 00
- D-'.le. E2-3 .'12_4 oou "'Pc.l_}a-l
20- ovx1@ 8- Dﬁg"j’!g*ﬁas
i e2.5(f) @=27 Fz%c}: ﬁrﬁ 1
o E2-€ EXTT
60
80 —— — — -
-150 -100 -50 0 50 100

2x[1] = 0.213

1]
R2X[2] = 0.0856

Ellipse: Hotelling's Tz (35#)

Fig.6 C .PCA-X 1/3011718iy global metabolites profile 3z#i9ngunLnG (SHAM)

WA UAN 4a3311 (OVX) LLﬂ:%k&ﬁlﬁﬁ’]i@hdﬂ (E2, DPHD, EXT uag P2000)

gﬂﬁ 6. Principle component analysis of raw data (PCA-X) score scatter plot WA global

metabolites profile Mldannunguegg wuhilanuuand s ueneazas metabolites NFIA199

DENITALI

(A) PCA-X Winuiflauszniningunydn@ (SHAM) uaz wudaivla (OVX)

(B) PCA-X il3uuifivuszninandunyaiuguaaiily (OVX) uaznyiliaszasluueslasian

LRTRNIA 9 ﬁnﬂdm"ﬁ'ﬂmgﬂ (E2, DPHD, EXT Laz P2000) WLas

(C) PCA-X WSpuifluuszwinngunudnd (SHAM) nuaiuauaaisll (OVX) uaznudli
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a ¢ { [y
4.5.2. MILAILH ﬂ’]iLﬂﬁEl%LLlla\‘nl?Jdﬁ’]imﬂ'luala‘vﬂuﬁiulmuﬁL?I]'l‘Vi&l’]El

A3 4 URAIINANNTRTUFNNNTIaIENT metabolites 1w‘f1§;u°uamkl,mjmme] v
MINATILAMLNARA GC-MS WUINRINNTAATIINLENT lara18Uszianlawn amino acids, fatty
acid, lipids, carbohydrates uazan38ug @9limansnasaldanszuui setup Wlaznafia Le-
MS “71'1%/ (Reverse Phase-LC-MS) wamﬁm‘sﬂzﬁwumsmﬁﬂuLLﬁJawaom‘s metabolites Aa18
ﬁﬁ@‘luﬂkbﬁ/@{ﬂﬁﬁaLﬁﬂﬂﬁﬂ%kbmquﬂﬂa @A cholesterol, arachidonic acid, glycerol,
glucose, palmitic acid &g tryptophan wudﬁﬁﬂﬂsLﬂﬁﬂuLLﬂaaLﬁwi'fulu%hw‘i'@%'a"lﬂi WEUALNY
Uné Tesfinsiasuuiasassns metabolites aans1ann 100.0£6.7, 100.0+ 6.9, 100.0+10.4,
100.0£16.8, 100.0+3.3 WA 100.0%£13.4 BN 198.6+11.9, 174.3+8.4, 232.3+15.4, 231.8+20.7,
162.5+13.6 WAT 174.2429.9 ANRIAU %ﬁ'@%ﬁﬂiﬁaﬁsmﬂ'ﬁﬁuﬁ'ﬂu@gﬂ WU ETRENITNT

WAL AINARY LAAIAINAYDINITINEINIZNIAITAI UL AR LATLA
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A1397 4 LEAIAIAN TN WANNNSVDIFNS metabolites Tudsnlaainaita GC-MS

Metabolite Name Treatments (Mean £ SEM)

SHAM ovX E2 DPHD EXT P1000 P2000
Amino acids
Alanine 100.0 £+ 136 | 177.4+352 | 371.0+404 | 1949 +455 | 109.7 +18.2 | 850+ 8.7 147.0 £ 36.5
Glycine 100.0 £ 18.1 | 2089 +52.6 | 264.7+36.8 | 211.5+57.6 | 93.3+ 13.7 88.8+93 139.9 +£39.3
Valine 100.0 + 14.2 143.7 £39.2 | 236.3 £26.3 166.3 + 36.3 128.7 + 164 | 93.3+8.6 157.6 + 32.7
Leucine 100.0 £ 18.0 | 1347 +37.0 | 221.3+25.7 | 158.0 +30.6 | 137.3+228 | 91477 165.7 + 34.3
Isoleucine 100.0 £ 17.7 136.2 +354 | 2145+ 25.6 161.2 + 32.0 1489 +19.2 | 920738 163.6 + 32.6
Proline 100.0 £234 | 1127 +27.1 | 326.8+48.0 | 2341 +£53.2 | 1609+ 19.2 | 137.8 +21.2 | 162.1 +48.8
Serine 100.0 £ 9.6 140.2 £294 | 256.5+30.3 | 179.7+443 | 100.1 + 125 | 105.0 + 149 | 146.0 + 30.4
Threonine 100.0 + 11. 148.7 + 38.8 | 204.4 £ 23.1 152.0 + 404 | 86.2+9.3 93.6 £ 12.2 123.5 + 26.6
Methionine 100.0 £ 18.2 | 141.8 +43.7 | 207.9+£34.9 | 82.0+23.2 40.7 £ 111 52.4 +19.5 85.0+41.5
Phenylalanine 100.0 + 9.9 151.3 + 31.0 181.8 + 20.7 1235+226 | 921+9.5 73977 123.9 + 284
Tyrosine 100.0 + 21.2 186.3 +48.8 | 183.5+17.9 113.2+325 | 589+5.9 90.7 £ 9.6 115.8 + 28.9
Tryptophan 100.0 + 134 1742 +299 | 175.0+ 174 | 820+ 17.4 48.6 + 8.0 854 +89 99.9 + 321
Fatty acids
Palmitic acid, methyl ester 100.0 £19.2 | 130.6 +18.7 | 173.6 £30.2 | 1745+172 | 164.0+214 | 708 +3.5 1523 +254
Methyl stearate 100.0 £20.9 | 146.3+20.2 | 1734 +242 | 163.1+£127 | 119.7+149 | 540+ 29 104.6 £ 18.0
Myristic acid 100.0 £ 10.3 | 169.5+20.8 | 127.8+27.5 | 1364 +10.8 | 1253+ 16.1 | 56.8 + 5.8 95.1+15.9
Palmitoleic acid 100.0 + 1.3 1722 +19.3 | 139.3 £40.9 157.4 + 18.6 1464 +19.3 | 54.0+43 107.0 £ 21.5
Palmitic acid 100.0 +£3.3 162.5+13.6 | 155.0+25.0 | 1214 +154 | 99.3+7.6 88.1+9.7 98.7+7.0
Margaric acid 100.0 £226 | 128.0+19.4 | 1242+152 | 1442 +98 100.2 + 8.8 90.4 + 11.1 104.6 £ 135
Linoleic acid 100.0 £ 5.9 167.4 +17.1 145.5 + 23.7 112.7 £ 139 | 85,5+ 10.5 705+7.8 81.7+75
Oleic acid 100.0 £ 6.5 1418 +142 | 1245247 | 1172+ 148 | 96.6 + 8.5 65.0+5.8 852+ 87

trans-13-Octadecenoic acid 100.0 £ 134 | 1249+ 125 | 1434 +40.5 | 84.2+10.6 78.7 + 14.0 73.2+ 86 69.9 + 9.2

Stearic acid 100.0 £125 | 1755+ 176 | 199.1 +25.7 | 88.5+ 13.5 572+85 103.5+13.8 | 763+7.7

Lipids

Arachidonic acid methyl ester | 100.0 + 35.5 | 163.1 £30.9 | 255.7 +52.4 | 264.5+47.7 | 206.6 +48.6 | 80.4 + 18.5 228.6 + 39.6

Arachidonic acid 100.0 £6.9 1743 £ 8.4 106.4 £ 9.3 90.2+9.1 41989 99.9 + 13.5 70.3+8.9

Myristic acid 1-monoglyceride | 100.0 + 17.7 | 94.7 + 40.7 943 +41.4 96.3 £ 30.8 63.9 £ 16.9 1172 £32.8 | 96.4 + 18.9

2-Monopalmitoylglycerol 100.0 + 7.5 160.1 £+ 155 | 177.4+£254 | 955+ 15.6 84.4£6.5 120.8 £ 12.8 | 104.1 £ 13.0

Glyceryl palmitate 100.0 + 10.1 1527 £20.5 | 15642 +£229 | 952+ 22.0 64.8 £ 6.9 1225141 | 88.4 %201

beta-Glyceryl monostearate 100.0 £12.8 | 177.0+£20.5 | 218.5+34.0 | 92.6 + 13.6 62.5+6.5 107.8 £14.9 | 79.0 £ 10.9

Glycerol monostearate 100.0 + 9.8 1574 +19.9 | 164.1 £21.9 | 98.4 + 191 61.9 + 85 104.9 £ 13.0 | 84.5+19.9
Cholesterol 100.0 + 6.7 198.6 +11.9 | 129.8+7.8 86.7 £ 12.9 51.7 £ 8.4 89.4 + 15.4 64.9 £ 5.6
Campesterol 100.0 +10.7 | 250.6 + 17.4 | 208.8 +22.0 | 85.5+ 12.2 55.3 £ 10.9 76.5 + 13.7 56.0 £ 9.9
beta-Sitosterol 100.0 £ 12.2 | 263.2+16.0 | 223.0+24.2 | 91.7 + 11.3 56.7 £ 10.8 89.3 £12.2 68.7 + 6.6

Organic acids

Lactic acid 100.0 + 119 | 143.4+135 | 1674 +19.4 | 130.2+16.3 | 1025+ 14.8 | 84.1 + 155 97.3+£229
2-Propenoic acid 100.0 £ 17.7 | 160.5+10.8 | 74.5+ 344 145.8 + 8.7 108.3 +23.1 | 89.5+17.1 104.2 + 20.9
2-Hydroxybutyric acid 100.0 £ 6.0 119.6 £32.9 | 2396+233 | 110.1+11.6 | 89.4+10.7 715+ 13.5 99.4 + 15.8
3-Hydroxybutyric acid 100.0 £10.9 | 1428 +21.8 | 93.2+ 19.6 151.9 £ 16.1 197.1£40.3 | 184.7£29.0 | 2182+ 235
4-Hydroxybutyric acid 100.0 £ 14.1 | 93.2+41.7 93.5+ 31.8 193.9£28.3 | 295.2+56.7 | 329.9£70.7 | 316.7 +70.2
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Awseszaslunealasian  (OVX)  asiumus larinRunmesnssiuad  waadhinng

cda o

a A A X A % A a =
LﬂﬂﬂuLLﬂadﬂLWNmuluﬂE@@squm ﬁ’]iLNVI"I‘]JavLQV]VIWNW(ﬂ HANINLVET SOQNANANRT

& al

A A o o ' A €w o A o =2 '
Lﬂamuuﬂaammmluﬁwmﬂm TN IAINANNNEILANHIRAT  RANuDINIT b
A A a X e oW eda o o = AV
LﬂaUmmmmwmusluﬁwmavlm RNV IRYANUWGILONHILNT WU DIRITN bal
fU1I0I0 b laea5h (ot detectable) udidusiaananninnuiseyniatduasum

eaa =,
valarindgndda bone turnover

d' v &/ v a
Pathway n&3137181383370 KEGG Pathway database (http://www.genome.jp/kegg/) LLaz
HMDB database (http://www.hmdb.ca/)
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Aa P H o o 1 o
4.5.3. MIIAILH ﬂ'lsl,ﬂﬁ ﬂ%LLﬂaﬂﬂaﬂ1ﬂN%1%%s&l Lluulﬂﬂqﬂ%ﬂ L;:h“&l']ﬂ

= d' dﬂ/‘ wa A
uaﬂmﬂmiﬂm_«nmsmaﬂuu,ﬂawaamsmmua"taﬁlwmmamhf[@zflmﬁ untargeted
metabolomics W&z targeted metabolomics laawnafin LC-MS waz GC-MS uaq Anisnlavinns
Lﬂ%’smLﬁﬂuﬁfl‘[@ﬂwﬁ{mamkﬂuﬂ@u ovx LAUNY sham ere3sn1vadladnanuyludivune
A S < e .
(untargeted lipidomics) T4¥in lalasnsana luiwludsualoaaalinasuuaziumuaaluaasnain
2 da 1 lasdSunas wazihlUienzdens LC-MS aeadnlainuesuliua(Vinayavekhin,
Mahipant et al. 2015) 35m3hazyiliaunsnanaialvdulenasdszian afign nIabuaiis
WaglWadea anwsslndda uaznfwmalsdda a1 ﬁ”ﬂ"l,@? °'m'1ﬁ|,mwzﬁ°ﬁay]ad"asf[ﬂil,mm
XCMS Lﬁ'aizqvl,aaawuadvlmu”uﬁﬁmm@m@mL%dﬂ'%mmszmwﬂéju sham ﬁ'unq'u ovx 289y
' ' v o @ aa A ' ¥ = X .
2 19 adANEE AN IEDG (p < 0.05) TIANNLANGIHEIINTOLAK lATALIWlL extracted ion
chromatogram
INMTUATIEHAINGT Db 1987 6 FUAIRRAINNNITHIAATI L Qﬁﬁ‘i’yvl,aiwumwmmﬂ@i’m
' o ' ' o ' @ A e Aa =
F2WIN9188199INAUNGN ovx AUNGU sham anniin I@ﬂuvl,aaaumaavlmuumﬂizqu’ml,wm 1
= , & Aa a A X ' ' AA a
Vl,aaawmzﬂiz@amwm 4 Vlaaaummuwuﬂimmmmu‘lwhmz!u ovx & lanannilsum
808 rinny 5 tasaunwulwinuinuas 11 laaawnwuluaiay tiasanndluauiiwiwiasuinng
A o ' wm v R o A A a & o
MILUALUULLEY T LIANAINET ;dnmmmulam:vl,mmezwamaa"l,aaaummu@a
o 1987 12 FUAIRRAINNITHINATI 1 ;ﬁﬁ]”uwumwmmﬂ@hwao"laaamzm'mﬁama
' o ' ° A £ = AA a a £ ' °
NAUNGY ovx NUNGY sham SwIniNaLn I(ﬂsm"laaaumﬂsmmmwﬁlmﬁﬂqu ovX TN

4 190auanMmINATTALIUIILINUGE 75 1aaauannIIiaTzhludnay 82 loaawndUSunn

a@aﬂu%hl,mju ovx #3171 50 lasaunwuluriuinuas 5 lasawluiiay
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ﬁnﬂﬁufiaﬁﬂmﬁzqmﬂﬁﬂmﬁmaovlaaauﬁumﬂ@mﬁ'ummﬁi@Umﬂ%ﬁagamﬂmaamam
L33 (accurate mass), mﬂﬂm%'m*mmﬂﬁﬂmwiaagmmaamu’?mﬁ:ﬁma (tandem mass
spectrum), LIANANLAY (retention time) UAZANTNAIZIU TwITuaunIaRgatiianansoinilana
o { a aA £ o ' . ° <&
dulildgevaslessunfiinmdniuludiadings ovx $wm 41 leseu lasnanuaidu
& & ' @ ' v . .
loseuludasy Gswnnnguladu 5 ngu ldud  1-O-alkenyl-lysophosphatidylethanolamine
(alkenyl-LPE), lysophosphatidylethanolamine (LPE), ceramide-1-phosphate (CerP), ceramide
(Cer) unz sphingomyelin (Cer-PC) sulasauniidianmaaasludiatangs ovx lafisuiy
a a o ) a 6 > q,uq: ;ﬁ eqz' qq//
sham mnfﬂslmmmmmswgamaﬂaﬂmﬂ@mﬁm 25 'laaau dadulaaanludinuinnivua
LLa:N’]ﬁ]’mﬂ@:&lvlmﬁuﬂizmﬂ monoacylglycerol (MAG) a2 triacylglycerol (TAG) hanaini §1HTLU
lasaudn 10 lesan maﬁu%”ﬂmmmﬁgﬁ]ﬁmﬂﬁﬂmﬁmaa"laaau"L@TﬁaLﬁmhuLLade’m Ll
4 3 o A ' @ o A Y
Lﬁaamﬂ"l,aaaummﬁl,ﬂuvl,aaaumao”lmuum"l,ummim'sunqunuvlaaaumﬁuvl,@ Fadauiln
o ' & A A o % ' ' v a A
1 GRER lasaunartiaz laudanuiAglTasnuan Iz nIadgaslunloalaTlananiuiasy NNy
Fapdslalaaulaiesinmsfnmn luinanddaly amiu aydudranmilsisadladnduunlaid

1rang maﬁﬁéfmmmmﬁgaﬁmné’nmimaavl,aaauﬁﬁ'mifmﬁuam’;:wiaaaaﬂmmaaﬂm

v v
o A

LW LANIRY 57%

% v Qs -~ 1 >
HAN1I3NHIAILETT E,, DPHD UAz@13@NANIamNIIUINangn
lugunddsurmdasunilad i lungnnznsasgaslunaalasianarnrininanlmiduar e
a AI Ada £ dl Qs o o ' 1 v = a E 1 1 n‘i/
snzUnavasrInTaIeld I@wkmvlmummmavlm (N ovx) uaasRUSINmlvaiuas o wandh
) v A [ \ X o A ~ A a [ o
lugsulndifnsnuvesnguaiuga  (sham) anndu  daildluddszdndualumssnm  da
gl’ = a e K U s =t = a a a'ld A 1
wanaih nefinddpisladaSenifsulSinaesluiundnsufosuudatluanizniasseslun
LaaImmuuaz"LeT%’urmﬂqaﬁLaﬂéi'ﬂmﬁuﬁa Iusfj‘%'mnﬂé'aashamjwﬁvl,ﬁ%'ums E,, DPHD Waz&1s
snanIeNsiuinuagnnnidunm 12 gl nmadsuimasnanvinlalasnslaisnsad
a 6 v 5 1 (= 1 1
lafind@e LC-MS @4n13NanassznitaediatauaInunga sham uaz ovx
A ' @ ' a AA a
INATWUIAINANIINARDY (ATH7A 5) wud Cer iduludunguidoinidianmuaaas
' A o @ ~ AN v A a o a A o Ao A
atnsliniAyludiuveany ovx Nldiums E, Waiisurivlsumnialdludinvemy ovx 7
v A o o . & X a o \ , X a v A
ldsuiResaatian (vehicle) i 9tk YSanawes Cer ludradnings ovx+E, iilanalndidss
nuYSuwa9 Cer Iué’aamaﬂﬁju sham GnaindusgnMzdnfdandnsunnes
o o o o A Ao ' ' v da a A X o \ !
fMTUHATBINTINHEIY DPHD Ainddawudn ngwladuniidianaudstuludiadnmnga
ovx Walfisunl sham (alkenyl-LPE, LPE, CerP, Cer Uaz Cer-PC) f1/Sunaaaadnianuannngs

ovx w1 mvaaadnazlivinwanazyinlwszauvaslodina1 bl wgsuan adu1awinAUEAIE
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Un@nany Lﬁm”mz@”uvlmﬁuluéfﬂwmzLﬁmﬁuﬁ'umiuﬁ’sasha ovx NAMIIARIIENARIANEIN
'jwuﬁ'ﬂmgn NANMUTNTUARINAANEY (WUNEXN ovx+Ext, ovx+P1000, 8z ovx+P2000) WUIINT
TNENAIURIINRN BRI ANBNAANIINNIINWIGI8  DPHD I@mﬂ‘%mmmaavlmm”umjuﬁa@aom
lﬂé"l,ﬁmﬁm:@”ﬂuam’szﬂﬂﬁﬁwﬂuéﬁashdmﬂﬁkméjm sham 1707 adglsfeny &
v Aa |a o ' ' A A o A =a '
Vlmuumﬂimmamﬂumamamn%kmqw ovx bNBLNBUNY sham TINAB MAG Wwaz TAG WU
fiResnIInsdIsaIananIUInuagntL  (Mendu ovx+Ext) MldUSinmues TAG
v A & ' o o o eV A | %
VNAWRUINNT®  UANTINENGIERIANadN WiKalag daseabuad MAG NNHANINARDY

NIRUANNAINITE 1371921l &5 DPHD LLazmswamwn'jmﬁ'ﬂmgﬂlﬁwamﬁ'ﬂmmﬁﬁagll

]
=)

TusgnzwsaszaslunaalasianlaiiduniiNewalaann Tagarundsuszauvadluin

wWasuudasdulngldnavidhganizdndld

a a a a a ' v A v a 6 a 6 (= ' ' '
AN 5 ‘.L]i&ﬂmL‘INL‘]_Jiil‘]JL‘Y]El‘]J"llE]\‘mEjiSJVL?JN%YIVL@]ﬁJﬂ’]iWEg%uLaﬂﬂﬂHm 1%@]’38&1’]07’1@1]@]’]\‘16]

Lipid class Fold™” (ovx/)
acyl chain Sham ovx+E, ovx+DPHD ovx+E500 ovx+P1000 ovx+P200

% dld a AI &’ > 1 1
vlmuumﬂimmmmusl,umam\‘mqu ovX

Alkenyl-LPE
0-16:1 10.3* 2.0 4.6* 11.6* 18.3* 12.0*
0-18:2 9.9* 2.1 5.3* 10.2* 17.0* 12.9*

LPE
16:0 50° 1.0 2.7 3.6* 8.6 5.8
18:0 9.6* 1.6 6.3* 7.0* 15.8* 9.5%
18:2 38" 0.9 2.0* 3.0* 6.1 46
18:1 8.8* 1.3 3.6* 5.1% 10.5* 7.1
204 6.1" 1.0 2.4* 3.0% 7.2 46"

CerP
d18:1/14:0 2.1° 1.4" 2.1* 53° 3.0° 3.2°

Cer
d18:1/16:0 23" 2.1* 2.1* 20" 21" 2.1*
d18:1/18:0 29" 20" 23" 38 28 28"
d18:1/20:0 37" 2.8* 2.0% 39 36 2.6*
d18:1/22:0 3.1 22" 2.0% 28 25 21"
d18:1/23:0 28" 1.9% 26" 2.7 26" 22"
d18:1/22:1 4.7" 2.8* 3.3" 54" 4.8" 37"
d18:1/23:1 4.0" 2.3" 34" 50" 4.8" 3.8"
d18:1/24:1 32" 2.0* 2.1* 26 25 1.9*
d18:1/25:1 3.3" 2.1* 33 34 3.0* 2.8*
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Lipid class Fold™ (ovx/)

acyl chain Sham ovx+E, ovx+DPHD ovx+E500 ovx+P1000 ovx+P200

Cer-PC
d18:1/16:1 2.1° 15 23" 54° 29° 33°
d18:1/18:1 2.1 1.7" 2.1* 4.7° 24* 25°
d18:1/22:0 29" 15 20° 4.0° 22° 2.7

Vlmu”uﬁﬁﬁmma@mlu@ﬁashoﬂ@:u ovx LilaIfiBuniy sham

MAG
22:0 3.1* 6.9 3.3 2.1 0.5* 1.0
24:0 4.2* 55 3.4 2.1 0.8 1.0
24:2 3.3* 6.0 3.2* 1.8 0.6 1.0
24:1 3.4* 4.8 3.1 2.0 0.7 1.2
26:4 3.9* 14.4 3.7 2.3 0.5 1.2

TAG
18:0/18:1/20:0 2.1 1.9 0.9 3.6* 1.3 2.2
18:2/20:1/20:1 2.0° 1.8 1.1 3.2* 1.2 2.2
18:2/20:0/20:1 2.4 24 0.9 4.0* 1.3 24
16:0/18:1/24:1 2.3 2.2 0.8 3.9* 1.2 2.1
16:0/18:1/24:0 2.1 1.9 0.8 3.4* 1.2 2.1
18:2/18:2/24:0 2.2 2.0 0.8 3.7 1.3 2.3
18:1/18:2/24:0 2.3 2.1 0.7 3.6* 1.2 2.0
18:1/18:1/24:0 2.2 2.1 0.6 3.3* 1.1 1.8
18:0/18:1/24:0 2.1 1.8 0.6 2.8 1.1 1.7
18:3/20:4/24:0 2.0° 1.7 0.9 2.8* 1.4 2.3*
18:2/20:4/24:0 2.0° 1.6 0.8 2.9* 1.3 2.1*
18:3/20:2/24:0 22 1.6 0.8 3.2* 1.4 2.2
18:2/20:2/24:0 2.3 1.9 0.6 3.2* 1.2 2.0
18:2/20:1/24:0 2.2 2.0 0.5* 2.9 1.0 1.7
18:1/20:1/24:0 2.2* 2.0 0.5* 2.6 0.9 1.5
18:2/20:1/26:2 2.0* 1.4 0.6 25 1.2 1.6
18:2/20:1/26:1 2.3* 1.8 0.5* 25 1.0 1.6
18:1/22:1/24:0 2.0* 1.9 0.4* 2.2 0.8 1.3
18:2/24:1/24:1 2.1* 1.8 0.5* 25 0.9 1.5

*Fold AasaaIuuadd1 MSI 1ads ﬁwulu@ﬁamamju ovx WIgUAUAT MSII Laﬁﬁlu@l”’aazhamju

6199 NIDNALNY (L)
bStudent’s t-test: *, p < 0.05; f, p < 0.01; £, p < 0.005; §, p < 0.001; N = 5-6.
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Lﬂaauvl,ﬂagixmnwa;&aﬂqu ovx UAzN§N sham uraIA TR sunas lanungIwanng
NEY E, IUMNITINBIEILET DPHD wIaasHauniuinuegn wuiayaannnnguas
U A v = v 1 1 v 1
nIuINTeINiea Salndidsanudayanngs sham u,a:maaaﬂ"l,m’mmagamﬂﬂqw ovx
BU1EANIN &5 DPHD ‘vﬁammammdmﬁ'ﬂmgﬂmmmLﬂﬁ'wuﬂadﬁ:ﬁwao"lmu”u"lﬁﬁmﬁw
vAa U L a J & s =} = s
lﬁaﬂimmaw}} ovx whlndnuannzdndunidu SesiuayunanimasaimulIouifisuszay
maa‘lmﬁumjmme] AILFAIFIUUWIUANTIIN 6 q@ﬁw wamnmﬁmmzﬁ%yja@me} RIS
N dwld laluwnisldasnisaTladnauuy S ran oW e U A a N1 I N 8T IRII’NA
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12weekPOS.M1 (OPLS-DA)

[ ]
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/ Ext-2
— ] o ovxishgfp=3 )((vatExt-G \\
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/Ceramide-1-phosphatef —— Ceramide f ——— Sphingomyelin f
(CerP) (Cer) (Cer-PC)

I

Phosphoethanolamine

Sphingolipid Sphingosine-1-phosphate

metabolism Sphingosine p
Ether lipid Glycerophospholipid Glycerolipid
metabolism metabolism metabolism
1-O-alkenyl-LPE f » | Lysophosphatidyl f 5 | Monoacylglycerol (MAG) ’
(alkenyl-LPE) ) ethanolamine (LPE) i Diacylglycerol (DAG)
plasmenylethanolamine Phosphatidylethanolamine (PE) Triacylglycerol (TAG) '

= Y o . - - -
EiJ‘n 19. AITLIUMITRIUASEA UsiUad sphingolipid, ether lipid, glycerophospholipid La2

L. v dAa |a A X A% A = o \ \
glycerolipid Qﬂﬁiﬁ:q"l,wumﬂimmwwu (ANAITUU) NIDAARY (JNAITRN) 1umam\m§u ovX

dl = Q
tlatnauny sham

4.6. NM3AzNstlaanulasvasarsiniualanlnilaainy

ﬂamazmawmﬂmjwmaauﬁuﬁmﬁu lag/le metabolic cage 1 A nauyinIINIIAINY
Tagldinarnirud lasuiinagned sz seninenistAualatslaanne NANITALATIZRAN a9 LA
maia LC-MS uazvinnisaezslaglslisunsy XCMS 1wavinn1y Normalize Toya LC-MS A
Tuaauta 2.2.5 Ua2 ﬁﬂiagaﬁaglugmmu spreadsheet (.csv file) 3Lm’1$1§mﬂmﬂm§u
(Classification) lagldsunsy SIMCA 14 (Umetrics, Sweden) WO T UNATBINITINEINNE
winszasluunaalasaulayld@ratanuy non-invasive biological fluid WUMIULBNNENBING
nliansdne g Insusnvasnguuuniuguind (SHAM) nunuagufiaasaly (OVX) delddaiam

o A a o A v a a > o o 1 = o o 1 > U ' >

I@Umuﬁ}}ﬂﬂ@lmamwLLuaIuw"lﬂluﬂﬂﬂ’mmmnuwwma"lmLLazwwmavmeamLmﬂquﬂu
npUn@ waznguinlaiuaesluwealasau (E2) waznguilediua1snniusnuagn (DPHD, EXT,

= o o o o ' { v &

P1000 &z P2000) mﬁmisﬁau'ﬂwmmagaﬂu‘lumamu WA 20 WAz 21 LEadlRlAnIINIT
Lmﬂﬁ'umaan&ngﬂnﬁﬁuww‘vﬂ%‘ﬂﬂi ﬁﬁﬂfmmﬂaaﬂmﬂﬁ'uvlsj‘*ﬁ'@Lﬁmuazﬁmsm:mwaﬁaga
=& v 4 A v . T @ ' Aa ' o A '
1N GeanvazdutausFlwidwIndaanziduaiadnindanuulssiwdaudrsuinuazinauas i
ﬁmmLL@m@hwaamim‘mua"l,aﬁ‘szmﬂmhmﬂaﬁ'a_mkm”@%?]vbﬂ 21992 lumunzNazsinanlgiums
UITHATBIN TINENAMENIBIT03 LUKLaFlATLA% Leatndl3AeN WaaNn S-plot 284 OPLS-DA
model WUINHMILURBULUAIVBIFNTINNUB FaYiUssLAN fatty amide fa arachidonoylamide 9

. . . . ! @ @ 1 A é’ A v [ %
11 amine wad arachidonic acid Wmﬁa@mlu%}}@mﬂm LLatL‘WN“Hulu%}}ﬂvl,@iun’ﬁimﬂ"m’lEI

031Ul ATLAWULAZEITIINITWTN NAYN
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URINE_LCMSPOS12w_XCMS_SIMCA_Multiclass.M1 (PCA-X) B

Colored according ta Chs ID (Class) =2
3
A 4
T @sHAM3 EXTS
] ri@, s
a0 ‘O. EXTT
: P2000.7 | E
] p1000.74@ @PLO00.L @c: 7
204 P2000.5
o 200 ] =
] @0 0004 @ B2
] @ | pion
& o @ ovaoems () Ei @__op000a XT3
T 02 ®c0ecgu @, @
o 1000
@ @ THE gl 20
4 . i a
204 SW'EﬂJ "0’./\ i ~ @ri0005
] @c22: | @u@sHAYERT: @
~pripaP10002
4 LA L= P T DM
A0 A LLL
T R e T T e S
20 -E0 -40 -20 0 20 40 )
1]
2¥[1] = 0.17% R2X[2] = 0.114 ET1 1'|:|53_:: _HE;‘I;E!'I_'_I' r]g_‘__S: T2 [85M)

gﬂﬁ 20. Principle component analysis (PCA) score scatter plot LRAIDS metabolites ‘ﬁlvl,ﬁ'
’ﬂﬂﬂﬂvaa’l’lzﬂkb PCA-X 1ipuiflousznivngunudnd (SHAM) wuauqueasily (OVX)
LLG:%Hﬁlﬁﬂ’]iaaﬂ&luLaaIﬁliLﬁ]uLLazﬁﬁi@hG6] mﬂdm‘*ﬁ'ﬂmgn (E2, DPHD, EXT, P1000 ac
P2000)

URINE_LCMSPOS12w_XCMS_SIMCA_Multiclass.M1 (PCA-X) H:
Colored according to Obs ID (Class) H:
[ E
t[1 A
: (1] @s
[ [
| W
R2X[1] = 0.175 R2X[2] = 0.114 R2X[3] = 0.0935
Ellipse: Hotelling's T2 (95%) SIMCA 14 - 5/11/2015 92036 AM (UTC+7)

zﬂﬁ 21. Principle component analysis of raw data (PCA-X) scatter 3D plot UEAIDS
metabolites ﬁ"l,ﬁﬁnmluamamkt Lﬂ%'m.ll,ﬁﬂunm’mnangmnﬁ (SHAM) %Hmuqm”m%'avlfﬂ
(OVX) LLatﬂkkﬁlﬁ/ﬁ’liaaﬂwuLaaI@ISL%uLLata’li@h\‘]‘] ﬁnﬂ'jﬁwﬁ'ﬂmgn (E2, DPHD, EXT,
P1000 W&z P2000) Wuddanuuaned1duad metabolites WUNABINFUAS uazdnIg
TauNUAUVITDNAL TN
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OVX/SHAM —
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0% Ap  mz3635307 By
o &
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1 . . -
06 04 02 0
pit)
nx[1] = 0.06% 0
DPHD/OVX Oleamide oy
\ Palmitande /
€ N |2
08 A A
A Anachidonoylamide
08 A x 0
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- 0s
i
02 |
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1
06
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—
0 A Q) Qi ¢ 0 i 04
pitl
RIX « 018
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041

044

0

081

E2/0VX Linoleamide Oleamide Dessly

Palmitamide
A s, s A'}
!Amchldmo_\'ln ide §
Unknown

Oleoy] ethylamide

#«— Arxchidonoylamide

il
RIX(1] = 0.287

[ ]

04

31N 22. S-plot usaslsiisiu Feature ID 284 ions 6149 vasanamualariludasizasny lag

MYNATIAAE LC-MS (a) iwWisuifisumudasuudasrasmaamualarisznitonyeo

Wliruwuun@ (b) wudaiiluldiuaeiluwaalanaununudasiliniugy (o) wudaivll

e3ua3 DPHD Aunudaisliaiuqu uas (d)nyaaialildivaasluuealasiauiny

a A A 4 e a A a A
1né I@‘IUY]?@]E‘T’]&IL%EIEISJ‘YIE]%U%&!&l“ll’ﬁﬂ%Lﬂ%ﬁ’ﬁLNVﬂ‘].lBVI,GVI‘Y]LWN?I% LLE\]:@@E‘T’]&]L‘HQU&J‘YI

ag}uuywa’wﬁwmﬂumimmua"laﬁﬁa@m
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A19199 6 LAAIANNLTNIWFNNNSVIFNT fatty amide TnedT LC-MS

Metabolite Name lon R.T(min) Fold Change

OVX/SHAM E2/0VX DPHD/OVX EXT/OVX

Arachidonoylamide 304.2613 20.23 0.5** 2.2* 2.0** 2.1
Linoleamide 280.2637 18.99 0.6 1.5%* 0.9 1.4*
Oleoyl ethylamide  310.3104 22.51 0.9 1.3* 1.2* 1.2
Palmitamide 256.2641 19.59 0.9 1.2* 1.2** 1.2*
Oleamide 282.2800 20.08 0.6 1.3** 1.2** 1.3**

Afuaadidu Mean + SEM. * P < 0.05: ** P <0.01

OH
(5Z,82,11Z,142)-icosa-5,8,11,14-tetraenoic acid
Chemical Formula: C5oH3,0,
Exact Mass: 304.24
Molecular Weight: 304.47
m/z: 304.24 (100.0%), 305.24 (21.6%), 306.25 (2.2%)
Elemental Analysis: C, 78.90; H, 10.59; O, 10.51

NH,

(52,82,11Z,14Z)-icosa-5,8,11,14-tetraenamide
Chemical Formula: CyoH33NO
Exact Mass: 303.26
Molecular Weight: 303.49
m/z: 303.26 (100.0%), 304.26 (21.6%), 305.26 (2.2%)
Elemental Analysis: C, 79.15; H, 10.96; N, 4.62; O, 5.27

3‘.1]‘?1 23. LRAILATIETIINNILAAEY arachidonic acid (U%) Waz arachidonoylamide (814)

mwa%“wﬁrmiﬂmﬂw ChemBioDraw Ultra14
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6. anUssuazajluanisiow

Tumsunndunuineiimldayulnslnonannarosfialunisinm lasludsuen
mgu”lwm@ia:@‘iﬁ'uﬁﬁmﬂ% maﬂs:nauﬁmagﬂwsmﬂﬂ’h 10 w0 AawHdnsUamENTIE
It ldualunmsmsunngdunnlnefonsy  wdasdiusdsznaudisasvassia 1eunasgiuln
MIGsy Mriedszanduavasdrsuuazasiudrsuidulyldonlumadinemaas e
LUANHINA PNMTVINU msﬁ]zﬂsuﬁuwaﬁﬁ'@Laumaamﬁ'ﬂmﬁam"ﬁuaguﬂwﬂmﬁ%’usﬁau
st le wanelsznalafinisnsndsadunslunwiuanliBie e inaasnmsnen
ayulng annimsdsafugnizasssudssaiadassuumshanundssssuusonti lunuise
f:ﬁﬁ'ﬂﬁavlﬁﬂs:qﬂ@ﬂﬁ% metabolomics 57889 lipidomics (ATlafing) lunsaTatadaauniny
LﬂﬁiﬂuuﬂawaaLumiu"l,aﬁﬂszLnﬂvlmu”u’l,u%%"mawgﬁgﬂ@”@%ﬁvlﬂiaaﬂvlﬂ uaziilofnssnmneae
aywlwsiudnuagn Lﬁaomnn'ﬁﬁaﬁbﬁaqﬁ%aamg]u"lwﬂmﬁ'nmgnﬁawﬁ’]ﬁ 813
Diarrylheptanoid ﬁwuslu’j'mf'ﬁ'ﬂmgﬂmmmaaﬂqwﬁ%ﬁmaaﬂuumﬂmmu Soufisnaulonas

ﬁnmma:miaﬁ'@ﬁnﬂimﬁ’ﬂmgﬂmﬁ’m’lsﬁﬂmwa@iamazwa’*aaaaﬂwul,aaimwu NNILAITIN

o Ao, aa a

Fudunsiiies MIIBNIATNIBIINLTILY (systems biology) NduiaIasdialumsdnm

Tun1 3@l TLU U809 aINN FENIN I LA TNAR DI aWN1TIL A URTINT lﬁmhlmﬂ
o & a o & 4 o A o A o A v a = v A o A X =<
‘wugmmﬂummqua:m%unwlnammnu W I As LA a9 BINala nIIdeiiumsdne
m3iduiiaseas  endogenous metabolite sLuG':E'%'mLazﬂama:maa%gﬁ%"'}aaomazwimam U
LaaImLamT,Qﬂmw‘i’@%'avhmkuwmﬁﬂmu 3 Ao m;mé’amﬂmw”m%'avlﬂiﬁﬂﬁﬁhtﬁﬁmﬁfﬂ@Tﬁﬁ
A & ' oA A A @ v o a P '
WD BatNIdathay wazdusu ol auseaulaRrms lulSu N finznszgnissuns asann
NUTNUARNNITNTANALANIHDALATHIINTUTINAGN vl#en BMD maam:gmﬁaiﬂs’a (trabecular

A o o v a X v A o Aa M 1o v a A &
bone) Naaaslunyaaialiinudulnaifoaiunylnd walivhldifannddouulasainszgnitie
bt (cortical bone) I@ﬂﬁmsaﬁ'@Lamuaamaddmﬁ'ﬂmgﬂ Iadansifouulasvasd1niag
m:@n"ﬁ'@wuﬂdﬂmi DPHD LL@ZNG’hWﬁh&J@Qﬂ NMIANEINAG AN T AT agLanIzatN9Ee @0
Law bl AST, ALT LLaxwamﬂaﬁm?wmagj’im:ﬁuﬂﬂﬁ LL&@G’hﬁ’]iﬁ]’]ﬂ’j’]WﬁhN@Qﬂvl,ajﬁ‘ﬁ‘]:}@ia Ty
uaznIasniladsuasvzuulane

=2 =i &a o o '
mﬂmiﬂﬂmmimamuﬂawmmim‘muavl,a‘n‘*nLﬂuwam:ﬂumﬁnﬂmmmﬂﬂu%k&

MmomAanzilayltianiasie 2 viafa LC-MS Warinnisaaiassunus lavinuuluanzas
3av89813 (non-targeted) Wazld GC-MS LWa¥nMInTIaIa/TUMIUB FYINNIIL (targeted)
Q' a 1 dl =4 d'
WaLinanaIwne1szname lUannmsdnesuuy  non-targeted method M TtURsuwladsues

813 metabolites 14lAaARAINITAAIINY 6 FUAA LuTaLan NTURuwulaInu laTatanniaa 12

fUavnasnnaaiall nanissidulsiaundaanaosnuwidoh lagezlsidu disease model
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lunstdbdaly lasayUfemidasily 12 dded wia 3 WWeuwuwenanwisinldifions
WRUWULURINITFNIUYDILTAR LI IINY NTALA FINALAZYNIARIT metabolite lunszuaLAani
dl a n:i 0 1 o 1 a
muddsuudas  ansfsuilasassnngueng guiudrwinann 1T T UNBNIN  fatty
acids, phosphatidyl cholines, lysophosphatidylcholines L8z amino acids LRZE1IDU WU amino
. =& & o o o o a ' ' a A A & o o .
acid smLflumsmmummumimw‘[ﬂmumae]iuiwaﬂwUmmsl,ﬂaﬂmmaameuslwkmmavlm
lag 1@wW1z  Serine NIANTW 2.1 whannnudnd wenanigadinisifsuuiaszas amino acid
TRAAUAN aTILTH tyrosine, alanine, phenylalanine, tryptophan, serine a8z threonine vIudu Tu
=y aq// p?f 1 v o v . . = n' J [} .
MIANHATIRNUIINTIREITFaS I uwarlaTIanYiN % amino acids bwLRaalANA% 1H alanine,
{ QI &/ a 1 o Qs & =) ﬁf
proline W&z glycine ﬁ'l,ww"uumﬂﬁkgﬂﬂmﬂu 3.7, 3.3 Uaz 2.6 1Y @Us1aU DIa139iangnd
ypsgaslunaalasianlunszuinnstesaaulusin  (protein  catabolism)  wNeuin lUlglunns
Fauaszilusaunsdudeld (Obayashi M. et al., 2004) #3281 AAIMNNINLTARAANITHIIRNT
6 1 d‘y v [l 3 1 dl e 1 s [} dl
e lavitaanily g amﬂsnmuluﬂqwhmvlmumsmmmmnmgﬂmmammnﬂaw
. . o, ' 2 @ . )
wUa9189 amino acids beanInaaslunlaalaTan TITNIENALEVUDAUAZHIINUTNNARNEINNTID
1 % %) . . v 1 L= = Qs =y 1 d dl dQ/
TAYINBWITLALVDY amino acids lﬁags:@ummnu%hmﬂ@mﬂmwms DPHD a9n13+Uaswuladis
AA1192LN8T8INY amino acid metabolism 8213 glycine, serine LLaz threonine metabolism LLag
JAULNYTRINLNNT lipid metabolism (Wang X. et al., 2014) %8n31N amino acids W&3 N3
\WAsUWLURIVEd primary metabolite NLA8ITBIAL fatty acid metabolism @A linoleic acid,
. . . L,oA = A o o i . ! A A o A
stearic acid, WAz palmitic acid mgmmumnﬂawuﬂmwﬂmﬂm_l amino acids NaNAdNIZAUN
l&/ { o e ] 1 e v a v Y 1 Q v
gatulununaaisle limanninwldidudn@lddipseslauweslanan  wdsanininmldans
' L% ai nq( 1 1 o va ai .
nniwusnuegn mMadasundasianainazssnarin iinadasundadlunszuiwnisves  lipid
' . . 1o o ' A = '
metabolism (Phospholipids) W14 intermediate ﬁmmyama acyl-CoA e glycerol TINWUIND
mM3Ufguulasues phospholipids Iuﬂéjll phosphatidylcholine (PC) a2 lysophosphatidylcholine
(LysoPC) Wane@a lasianizadnids LysoPC(18:0) lasnmsilasuudadvas lipids mjuﬁlwkg
aaval lusnunInsnu laesaasiuwaalasian LL@immm%'ﬂm"LﬁﬁaUa'mnﬂ'jm‘*ﬁ'ﬂmgﬂ N3
813 DPHD 8138NALaNUaaLAZHIIIUINNAYN
A i A A v o . .. . =2 A
INNNILUROULUFIVAIRNT metabolites NLNEIVDINY fatty acid LAz lipid metabolism @3
anudunsnuluszauluanaudy - Srlimunnmenusuiusveinndfouulaszasmnsiaum
> 1 Q AG' 1 > = 1
ua"l,aﬁmﬂm’;ﬂuqmmaomsmmm"mmgﬂ LazgasluwaslaTan IWNNIINEINIENTA
gaslumaalasianld hasanlunmsinwineunsiniaeawin a3 Diarylheptanoid an3Nusn
N . i .
AAANRIWINBANOND estrogenic effect lalasnu estrogen receptor (Winuthayanon W. et al.,

(7
o o

2009) A9%% WAVBIANITIINIIUTANAYN Fahazlsunasenuravedzasiunaalasianlunng
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http://jn.nutrition.org/search?author1=Mariko+Obayashi&sortspec=date&submit=Submit

inwnmznszgnldiinng uaznmzluaiulwiengs  wudimadAouudases  cholesterol,
glucose, glycerol Wa arachidonic acid #a391nlaiugasluuealasanuazasnniuinuagn &
d' a A o 1 1 = nq/’ p?{' 1 %

madsuulaaduldlufieniadoaiu lungunaseudieg lunsnsassliwudnszduves

A a & o o ' ¥ o X% ' o ™ ' . i
cholesterol Mndulunudaasily smansndesiulddrsasaniwmsnuegn Giwuin arachidonic

. A & ¥ v 1 . . o v { 9/3 .

acid TadumIinsduseInIaiaaIngy eicosanoid luimad vwinfiduldni mediators waz
regulators 1uane cellular process L% nsudediuadiian (blood cloting) NILANZAIVBILNTA

= 1y &

\Raq (platelet aggregation) N1TPARAVBINANNLIE (smooth muscle contraction) NIRINY
inflammatory cytokine wazszUUDAFUAK (immune function) luwiwidnlasldifiumualadng
A = \ A o | @
Lwaﬂm_«nNamaam'a:wsaaaaﬂmmaa‘[mmmwamaaoﬂ'}’;:ﬂizgﬂMNU’m WUTZALVA
. . . A' ; o o i A o o Ao ua: @ ,
arachidonic acid meusl,uﬁhmmﬂm (Ma, et al., 2013) TIg0aAaaINUINUITBATIN lua1uvad
P~ ' . . . o & @
anidairasnizgn §31847WI1 arachidonic acid MNNINGUHINIULITIZBNTAINTZQN MCIT3-
A . ° ' . .
E1 G904 osteoblastic cell lau¥inauunn cytosolic phospholipase A2 (cPLA2) dependent
. 4 o o Ao v A o . . .
pathway (Yoshida K. et al., 2007) <09 cPLA2 LﬂuLau"lsnﬂmmyﬁwmmﬁm’m arachidonic acid
97N phospholipid stores luwiwad MC3T3-E1 (Leis HJ. et al., 2015) ANNIANHINNTIARS
arachidonic acid ﬂ%mmgﬂummi WU arachidonic acid ﬁﬂﬁmzu’mmiaﬁ”ﬁummmmnsz@]ﬂ
% AI &’ A' . . o .
289 dermal skeleton MFEATNARBILANNINDY LaumTLAN matrix resorption luszay ontogenetic
scale (de Vrieze E., 2014)
2819 lsAeNuATIB9UIN Prostaglandin E2 (PGE2) 813 secondary metabolite ﬁgﬂﬁ%’w
11970 arachidonic acid lagiawbos cyclooxygenase 2 (COX-2) mmmm:é}um:mumméﬁd
LLammﬂm:gmvl,@i” (Yohida K. et al., 2002) asunlumsdduased mmmﬁamgﬂﬁdﬁ
arachidonic acid W&z cholesterol Ll endogenous metabolite AfanAMIEMINTaITaT I
& o ¥ . o o a o o {
alasian g9019t b1 Tidn  biomarker dwiTumaAalinluaaIionualszifaunsagaIng
AMIzWIaIFaslunarlasian IINAINTITIIN biomarker SIMIUNNIINIGILTDILUWLOF]IATLA
A ni nr . v
LLa:msmﬂwmgu"stwaammtﬁ estrogenic effect '@
amA9e lavinmsdnsn s wulasasans aiuand o Tawssadladnduuylaid
b A A a @ ) A a (% & 4 o '
whwany SadwnndSounoutzauaad launaasia e asIn nannIulassainonas bl
U A ad dwd 6 1 v )
nulassaie laglidanuanzas A5mIndvszlawinnndanisduning NIt wsasseuy
A A 1 . A v n:?l/ a & v ada
nMe31inenuulng o(Saghatelian, Trauger et al. 2004) lwaudash msaaTzia835501a
P A ° o ' v Aa ja a & ' v oV A A o
ansuuuludidhwang mlﬂwunqulmuumﬂimmmugwu‘[unqumﬂmLsJamﬂmum}
a o . o A | o @ .. . Ad v )
Un@ $1um 5 ﬂqw"lmm magiumzmumsmnLLa:amﬂvl,mm (lipid metabolism) 3 3fia28n%

ldun ether lipid (alkenyl-LPE), glycerophospholipids (LPE) waz sphingolipids (CerP, Cer Liaz
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= 4 a 1 A 1 a . .
Cer-PC) uazludundyanmanss 2 ndu Gsagluwunuaifuvas glycerolipids (MAG waz TAG)
(3U 19) anugutayalu KEGG pathway (Ogata, Goto et al. 1999) lusiuinsnfidnnuianles
dany lwaunuaddauuas sphingolipid Cer WuRNIIAIAMIUNTFIATIZH CerP uay Cer-PC lagdl
. . . . @ . o @ a o A
ceramide kinase Wa¥ sphingomyelin synthase uaaiss andey luumeidodni Cer Wwanles
Ay LPE lwiuunuafduwes glycerophospholipid lagd sphingosine, sphingosine-1-phosphate
Wwee  phosphoethanolamine  AMz3uWLINEAITNTdTasluwaalasianliinadaszauvad
. . o . . < A ja v a A (%
sphingosine lufisamy lasans sphingosine-1-phosphate ttudvSanmiasiiunitfivzarianyld
&% phosphoethanolamine &4 hiimanulag nanfsmadfswudasannan LLa:muq@ﬁm
LPE asmnansautadidu alkenyl LPE luldwnd ether lipid %32 MAG, TAG lul&uns
glycerolpid @i gun
A a A A A “ A X ] &
MmN Cer uazanislnddadug dezduiugsduluaniizniasaeilaneslasiauiu an
' A @ [ A o . . A o v a
ladunsiudanlasin daw Cer iluaiFednym (signaling molecule) ivhlwiAaaugavasszuy
P & . Aa A X o o &
WUNUBATULAZETENMTIALTAS (Yuyama, Mitsutake et al. 2014) N34 Cer WRadY vinlkioas
aanIgadua1Iennisnan 3 sila (nglas nIaludi uazninexiily) lasnsaanisdaamzians
X =2 A A4 v (% o 1 & = & \ [ &
wanht Muislddunineidasiumeisaumlolaindaddngioadas 13U mIinanIguaTes
glucose transporter 4 (GLUT4), fatty acid translocase (CD36) a8z amino acid transporter 2
o o & o ' ° o 3 o A & [y
(SNAT2) iludu msdudinsgaduasanmisainan wiliasmadiizduiugeduludia
= P’ % { o o | A
suduldlufiemadonusanimenssfinulunudaiilininouu (Ma, Zhang et al. 2011,
s = A & o o o & A
Manolagas, O'Brien et al. 2013) ¥anan#k NMINLTaFVAFITONAIIVNIALTRaae Taiduns
A v A AR & ¥ o A o A &
Janloantfives  Cer  lunsmivquinunuadBuvasaasidinudnniivialuniniugunis
AELULBzWaNINTE (apoptosis) WazALLIA@19 BK 13A8I% L1k wala oaloiues uay
. 4 a4 o S X, .
mlg\‘i(Snyder, Lee et al. 1997, Chaurasia and Summers 2015) TINTZAUVDY Cer LNNTWLTWNH
@ A (% A X = A % !
luaneousidoins MaANYwUes alkenyl-LPE Avbanlasnuan1izniadgasluniaalas
LAWNTW platelet-activating factor (PAF; 1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine) alkenyl-
LPE Jusnsnvihliiianssaazi PAF lasgiasuls arachidonyl 81310 1-alkyl-2-acylglycero
. ° (% . A < o
phosphocholine ke 1-alkyl-sn- glycero-3-phosphocholine (lyso PAF) Fuduansasauluns
FILATIZA PAF (Snyder, Lee et al. 1997) PAF ¥MwinIuaunzuinminwdiinedns g 1w
MINTEGUNAALADN uazANNGl HIUAITL PAF TUnu3-luUséiu (G-protein) 6231 PAF fiaifl
dugaidanloeszning PAF, anmizwiasaasluuiealasiau uazlianszgnwgu iwnziinsuaas

=

ﬂ'au%ﬁﬁﬁdﬂmia:mwaam:@ﬂ (bone resorption) a@aal,flu,afjwmﬂsl,uﬁ}},ﬁvl,uum%'u PAF 7
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v o o ' I " { A o a X Aa
la@sunsaasela(Hikiji, Ishii et al. 2004) MINANIIBVITIWLMNTIRNDUVRILSI U alkenyl-LPE
> 1 dl o > Qs 1 1 L dl d@/
ludratnnuunlaiunidasslidumstisaiuayunaidonload
° [ o | A & [% [% '
FNTUITALVRY LPE NLANTY Park uasamuz(Park, Lee et al. 2013) lauaadl#iinin LPE
% a & 2K 2+ 2 < v
sanInnNIzguNIRNIUTeInNNTUTU Ca- neluimad MDA-MB-231 Taiduimaduziaduu
(2 ] @ o = A % [ % A A o 6
launszduenudaiu LPA, uaz CD97 dafmdasnumsthefiuazmadindwinveuaas n1s
NARIlARNT E, luimaasiaidoinuininsuaadaanuaidiiu EROL vlilAiansaugsnisiig
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Abstract:

Curcuma comosa is an indigenous medicinal plant in Zingiberaceae family, which
contains phytoestrogens and has been widely used to relieve menopausal symptoms. To
assess its therapeutic potential, urinary metabolomes in the ovariectomy-induced osteopenia
rats (OVX) were analyzed three months after surgery using ESI-LC/MS. The results found a
total of 3708 ion features of urinary metabolites with 12 and 11 features downregulated and
upregulated in the OVX rats, respectively, when compared to those in sham controls. Using the
S-plot of OPLS-DA model, the analysis indicated a marked decrease in the levels of
arachidonoylamide in the OVX rats, which could be restored by treatments with estrogen (17,8-
estradiol) or a diarylheptanoid from C. comosa. The levels of many other fatty amides, such as
linoleamide, oleamide, oleoyl ethylamide, and palmitamide were found to be increased in the
estrogen, and C. comosa treatments compared to those in sham controls and the OVX rats.
Overall, the wuntargeted metabolomics approach suggested the use of urinary
arachidonoylamide as a putative biomarker to investigate the roles of estrogen and
phytoestrogen in preventing the functional impairments in menopauses. The specificity of such

biomarker might be worth validating further in the future.

1. Introduction low molecular weight (<1500 Da) biological
Metabolomics is an emerging omic molecules resulted from the cellular
science that aims to identify and quantify processes at any particular physiological
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state.1'2 Varieties of metabolites in biological
fluids and in tissue samples are reliably
detected by using metabolomics.3 Urine is a
non-invasive body fluid excreted by the
kidney. It contains a number of water-
soluble metabolites and biomolecules
extracted from bloodstream, which may
exhibit metabolic signatures of many
biological pathways. As urine can be
obtained in large volume with less
interference from proteins or Iipids,4 a
number of metabolomics studies have been
conducted using urine and revealed many
disease biomarkers.”"

Curcuma comosa Roxb. (C. comosa) is
a medicinal plant in Zingiberaceae family
that has been used widely to alleviate
postmenopausal symptoms in Thailand.
Diarylheptanoid, (3R)-1,7-diphenyl-(4E, 6E)-
4.6-heptadien-3-ol (DPHD), has been
identified as the major active phytoestrogen
of C. comosa.9 Many pharmacological
activities of C. comosa and its active
compound in both in vitro and in vivo
systems have been reported, which include
the positive osteogenic effect to preserve
bone mass in the ovariectomized (OVX)-
induced osteopenia in rats and lowering
hyperlipidemia in animals.m'12 The present
study aims to investigate urinary untargeted
metabolite profile in the OVX rats and
assess therapeutic potential of C. comosa

as compared to estrogen.

2. Materials and Methods
2.1 Chemicals
Acetonitrile  and methanol  were
purchased  from Merck  (Darmstadt,
Germany). Formic acid was purchased from
Fisher Scientific (Geel, Belgium). 17ﬁ-
estradiol (E2) was purchased from Sigma
Aldrich (St. Louis, MO, USA).
Phytoestrogen diarylheptanoid (1,7-diphe -
nyl-(4E,6E)-4,6-heptadien-3-ol; DPHD) and
C. comosa extract were prepared as
described.10 All

previously chemical

reagents used were of HPLC grade.

2.2 Animals and treatments

Eight week old female Sprague-Dawley
rats were supplied by the National
Laboratory Animal Centre of Thailand
(Salaya, Nakornpathom, Thailand). They
were subjected to ovariectomy and
treatments as previously describedﬂ. Seven
days following the operation, the animals
were assigned to receive daily treatments of
either estradiol (E2, 10 pg/kg BW, sc),
DPHD isolated from C. comosa (50 mg/kg
BW, sc) or C. comosa ethanol extract (500
mg/kg BW, po) for 12 weeks. The obtained
data from treatment groups were compared
to those of sham and OVX controls. Body
weights were recorded weekly throughout
experimental period. At the end of the
treatment, an overnight fasted urine sample
was collected in the standard metabolic

cage. The samples were stored at -80°C
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until analysis. The animal protocol was
approved by the Animal Care and Use
Committees, Faculty of Science, Mahidol

University.

2.3 Urine sample preparation

In preparation for metabolomic analysis,
100 pL rat urine samples were diluted with
400 pL of ice cold methanol and then
centrifuged at 15,000xg for 10 min. The
supernatant was transferred into HPLC vial,
and 10 uL of the sample was introduced
into LC-MS system for untargeted

metabolites analysis.

2.4 Liquid chromatography—mass
spectrometry analysis

The urine samples were analyzed using
LC-MS system. Metabolites were separated
on C18 (100 mm length x 2.1 mm i.d., 3
um) analytical column (phenomenex, CA,
USA). Mobile phase A composed of 5 mM
ammonium acetate in water with 0.1%
formic acid (A), and mobile phase B was
composed of acetonitrile with 0.1% formic
acid (B). The mobile phase composition
started at 5% of B and linearly increased to
80% within 15 min and 95% over 25 min.
The mass spectrometer was operated using
electrospray ionization (ESI) at the m/z

range of 50-1500 in the positive mode.

2.5 Data processing

All LC-MS data were processed using
XCMS online (xcmsonline.scripps.edu)
platform13 for peak detection and retention
time (R.T.) alignment. The data matrix was
imported to SIMCA 14 (Umetrics, Umea,
Sweden) platform for multivariate data
analyses. Metabolite features consisted of
mass-to-charge ratio (m/z) and retention
time were used for primary identification.
Subsequently, S-plot of orthogonal
projections to the latent structure with
discriminant analysis (OPLS-DA) was

conducted to discover biomarkers.

2.6 Statistical analysis

All data were expressed as means *
SEM, and statistical analyses were
performed using Student's ftest for
independent two samples, p<0.05 indicated

statistical significance.

3. Results & Discussion
3.1 Metabolomics analysis of urine
samples

During the course of the experiment, all
rats were healthy and progressively gain
body weights in a similar pattern to that
previously reported.12 For the analysis of
metabolites in urine samples, total ion
chromatograms  produced by LC-MS
analysis were subjected to peak pickup and
retention time alignment by using XCMS
software, which showed a total of 3,708 ion

features of urinary metabolites. In the next
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step, statistical analysis was performed by
comparing the metabolite profile of OVX
rats with those of sham control. The result
revealed 23 statistically significant changing
metabolite features, 12 downregulated and
11 upregulated, in the OVX rats, when
compared to those in sham control.

To determine the effect of ovariectomy
and those of estrogen, and C. comosa
phytoestrogen treatments, we conducted
multivariate data analysis using OPLS-DA
model. As shown in Figure 1, OPLS-DA
score plot discriminant analysis for the
whole data is created to visualize the
discrimination among categorized set of
metabolic data. The results showed that the
urine data of the control group (SHAM) and
the experimental disease model group
(OVX) were not different and could not be
clearly separated from each other. The
majority of endogenous metabolites in urine
of the OVX-estrogen deficiency model may
not be distinctly affected, even at the longer
period of 12 weeks of hormone depletion.
However, when comparing among the OVX
animals receiving varieties of treatments,
the separation of metabolites were
detected. The effects of treatment by DPHD
were more similar to those by E2 than
those by C. comosa ethanol extract (EXT).

To elucide potential biomarkers of
interest, the metabolite features on the S-
plot (Figure 2A-D), which contributed

strongly to the vector of the predictive

component on the upper right or lower left
quadrant, were considered as the increased
or decreased markers.16 When comparing
the OVX group to the sham control, the
highest magnitude of decrease and high
reliability in ion feature of metabolite with
m/z 304.2613 at the retention time of 20.23
min was observed, and the metabolite was
identified as arachidonoylamide.

Next, we examined the effect of
estradiol treatment in OVX rats using similar
analytical approach. In this case, protonated
ions (M+H+) at accurate m/z of 304.2613,
280.2637, 310.3104, 256.2641 and
282.2800 were found to be increased in E2-

treated rats compared to that in OVX

controls.
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Figure 1. OPLS-DA score plot discrimi-nant
analysis of data from various treatment
groups; sham control (SHAM), OVX control,
estrogen (E2) and C. comosa (DPHD and
EXT-treatments. SHAM and OVX data were
intermixing. The separation could be
observed among OVX rats receiving variety

of treatments.
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Figure 2. S-plots of the OPLS-DA model
show different relative contribution between
(A) OVX and SHAM control rats; (B)
estradiol (E2) and OVX; (C) DPHD and
OVX; and (D) E2 and SHAM, respectively.
Each point represents a metabolite feature.
The upper right and lower left features
indicate increases and decreases, which

contribute to group classification.

When searched against METLIN metabolite
database and confirmed the structural
assignment by tandem mass spectrometry
(MS/MS),14 these ions appeared to be
derived from arachidonoylamide,
linoleamide, oleoyl ethylamide, palmitamide,
and oleamide, respectively (Table 1).
Notably, E2 treatment could prevent the
lowering in arachidonoylamide in the OVX
rats and restore its levels to that of the
sham controls.

To determine whether these fatty acid
amide urinary metabolites were relevant to
other treatments in the OVX rats, the ratios
of these metabolite levels in other treatment

groups (DPHD, and EXT) to those in the
OVX group were calculated (Table 1), and

heat map view of these 5 fatty amides
metabolites in rats urine were plotted to
visualize the changes of individual
parameters (Figure 3). The results indicated
that all fatty acid amides, except for
linoleamide, were significantly increased in
the DPHD-treated rats, whereas all but not
oleoyl ethylamide were elevated in the C.
comosa ethanol extract-treated rats.
Interestingly,  arachidonoylamide  again
showed the highest increase in its level
under the treatment with DPHD (2.0-fold)
and C. comosa ethanol extract (2.1-fold).

Together, these results suggested the

potential roles of arachidonoylamide as a

promising putative biomarker for estrogen
deficiency and the evaluation of therapeutic
intervention. Arachidonoyl-amide is a fatty
acid amide of arachidonic acid, which is a
precursor for the synthesis of endogenous
prostaglandins. This compound has been
reported to be involved in the regulation of
adipogenic and lipogenic genes.w’19 It is
therefore possible that arachidonoylamide
might be associated with the regulation of
lipogenesis and bone turnover process.
However, whether this is the case in the
present study, which is a study in estrogen
deficient model,

requires further

investigation.
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Figure 3. Heat map of urinary fatty acid
amides of sham and OVX controls, and

OVX-treated rats. Each row represents a

Table 1. Relative levels of the fatty acid amides in various treatment groups measured by LC—

MS untargeted metabolomics platforms

Metabolite Name lon R.T.(min Fold Change'”
)

OVX/SHA E2/0V DPHD/OV  EXT/OV

M X X X

Arachidonoylamid  304.261  20.23 0.5** 2.2** 2.0** 2.1**

e 3

Linoleamide 280.263 18.99 0.6 1.5* 0.9 1.4*
7

Oleoyl ethylamide  310.310 22.51 0.9 1.3* 1.2* 1.2
4

Palmitamide 256.264  19.59 0.9 1.2** 1.2** 1.2*
1

Oleamide 282.280 20.08 0.6 1.3* 1.2** 1.3**
0

1Fold change represents the relative ratios of levels of the fatty acid amides in
ovariectomized (OVX) rats to those in sham-operated control (SHAM), estradiol (E2),
isolated compound from C. comosa (DPHD), or C. comosa ethanol extract (EXT) groups.

2Statistical significance determined by Student’s t test: *p < 0.05; **p < 0.01 (N = 7).
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4. Conclusion

Our metabolomics analysis suggests
the roles of the urinary fatty acid amide
arachidonoylamide as a promising putative
novel biomarker to investigate the effects of
estrogen and phytoestrogen in preventing
the functional impairments in menopauses.
This is the first report on the effects of
estrogen and phytoestrogens on urinary
metabolites in the OVX rats by using
metabolomics approach. Future study
should involve validating the specificity of

such biomarker.
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Abstract:

Curcuma comosa is an indigenous medicinal plant in Zingiberaceae family, which
contains phytoestrogens and has been widely used to relieve menopausal symptoms. To
assess its therapeutic potential, urinary metabolomes in the ovariectomy-induced osteopenia
rats (OVX) were analyzed three months after surgery using ESI-LC/MS. The study found the
total of 3708 ion features of urinary metabolites with 12 and 11 features downregulated and
upregulated in the OVX rats, respectively, when compared to those in sham controls. Using
the S-plot of OPLS-DA model, the analysis indicated a marked decrease in the levels of
arachidonoylamide in the OVX rats, which could be restored by treatments with estrogen
(17p-estradiol) or a diarylheptanoid from C. comosa. The levels of many other fatty amides,
such as linoleamide, oleamide, oleoyl ethylamide, and palmitamide were found to be
increased in the estrogen, and C. comosa treatments compared to those in sham controls and
the OVX rats. Overall, the untargeted metabolomics approach suggested the use of urinary
arachidonoylamide as a putative biomarker to investigate the roles of estrogen and
phytoestrogen in preventing the functional impairments in menopauses. The specificity of
such biomarker might be worth validating further in the future.
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Abstract:

Curcuma comosa is an indigenous medicinal plant in Zingiberaceae family, which
contains phytoestrogens and has been widely used to relieve menopausal symptoms. To
assess its therapeutic potential, urinary metabolomes in the ovariectomy-induced osteopenia
rats (OVX) were analyzed three months after surgery using ESI-LC/MS. The results found a
total of 3708 ion features of urinary metabolites with 12 and 11 features downregulated and
upregulated in the OV X rats, respectively, when compared to those in sham controls. Using
the S-plot of OPLS-DA model, the analysis indicated a marked decrease in the levels of
arachidonoylamide in the OVX rats, which could be restored by treatments with estrogen
(17p-estradiol) or a diarylheptanoid from C. comosa. The levels of many other fatty amides,
such as linoleamide, oleamide, oleoyl ethylamide, and palmitamide were found to be
increased in the estrogen, and C. comosa treatments compared to those in sham controls and
the OV X rats. Overall, the untargeted metabolomics approach suggested the use of urinary
arachidonoylamide as a putative biomarker to investigate the roles of estrogen and
phytoestrogen in preventing the functional impairments in menopauses. The specificity of
such biomarker might be worth validating further in the future.

1. Introduction
Metabolomics is an emerging-omic

using urine and revealed many disease
biomarkers.>®

science that aims to identify and quantify
low molecular weight (<1500 Da)
biological molecules resulted from the
cellular processes at any particular
physiological ~ state.?  Varieties  of
metabolites in biological fluids and in
tissue samples are reliably detected by
using metabolomics.®> Urine is a non-
invasive body fluid excreted by the kidney.
It contains a number of water-soluble
metabolites and biomolecules extracted
from Dbloodstream, which may exhibit
metabolic signatures of many biological
pathways. As urine can be obtained in
large volume with less interference from
proteins or lipids,* a number of
metabolomics studies have been conducted

Curcuma comosa Roxb. (C. comosa) is
a medicinal plant in Zingiberaceae family
that has been used widely to alleviate
postmenopausal symptoms in Thailand.
Diarylheptanoid,  (3R)-1,7-diphenyl-(4E,
6E)-4,6-heptadien-3-ol (DPHD), has been
identified as the major active
phytoestrogen of C. comosa.’ Many
pharmacological activities of C. comosa
and its active compound in both in vitro
and in vivo systems have been reported,
which include the positive osteogenic
effect to preserve bone mass in the
ovariectomized (OVX)-induced osteopenia
in rats and lowering hyperlipidemia in
animals.’®*? The present study aims to
investigate urinary untargeted metabolite
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profile in the OVX rats and assess
therapeutic potential of C. comosa as
compared to estrogen.

2. Materials and Methods
2.1 Chemicals

Acetonitrile and methanol  were
purchased from Merck (Darmstadt,
Germany). Formic acid was purchased
from Fisher Scientific (Geel, Belgium).
17p-estradiol (E2) was purchased from
Sigma Aldrich (St. Louis, MO, USA).
Phytoestrogen diarylheptanoid (1,7-diphe -
nyl-(4E,6E)-4,6-heptadien-3-ol; DPHD)
and C. comosa extract were prepared as
previously described.’® AlIl chemical
reagents used were of HPLC grade.

2.2 Animals and treatments

Eight week old female Sprague-
Dawley rats were supplied by the National
Laboratory Animal Centre of Thailand
(Salaya, Nakornpathom, Thailand). They
were subjected to ovariectomy and
treatments as previously described™.
Seven days following the operation, the
animals were assigned to receive daily
treatments of either estradiol (E2, 10 pg/kg
BW, sc), DPHD isolated from C. comosa
(50 mg/kg BW, sc) or C. comosa ethanol
extract (500 mg/kg BW, po) for 12 weeks.
The obtained data from treatment groups
were compared to those of sham and OVX
controls. Body weights were recorded
weekly throughout experimental period. At
the end of the treatment, an overnight
fasted urine sample was collected in the
standard metabolic cage. The samples
were stored at -80°C until analysis. The
animal protocol was approved by the
Animal Care and Use Committees, Faculty
of Science, Mahidol University.

2.3 Urine sample preparation

In  preparation for metabolomic
analysis, 100 pL rat urine samples were
diluted with 400 pL of ice cold methanol
and then centrifuged at 15,000xg for 10
min. The supernatant was transferred into
HPLC vial, and 10 pL of the sample was

PACCON2016 Session:

introduced into LC-MS system for
untargeted metabolites analysis.

2.4 Liquid chromatography-mass
spectrometry analysis

The urine samples were analyzed using
LC-MS system. Metabolites  were
separated on C18 (100 mm length x 2.1
mm i.d, 3 pum) analytical column
(phenomenex, CA, USA). Mobile phase A
composed of 5 mM ammonium acetate in
water with 0.1% formic acid (A), and
mobile phase B was composed of
acetonitrile with 0.1% formic acid (B). The
mobile phase composition started at 5% of
B and linearly increased to 80% within 15
min and 95% over 25 min. The mass
spectrometer ~ was  operated  using
electrospray ionization (ESI) at the m/z
range of 50—1500 in the positive mode.

2.5 Data processing

All LC-MS data were processed using
XCMS online (xcmsonline.scripps.edu)
platform® for peak detection and retention
time (R.T.) alignment. The data matrix
was imported to SIMCA 14 (Umetrics,
Umea, Sweden) platform for multivariate
data analyses.  Metabolite  features
consisted of mass-to-charge ratio (m/z) and
retention time were used for primary
identification. Subsequently, S-plot of
orthogonal projections to the latent
structure  with  discriminant  analysis
(OPLS-DA) was conducted to discover
biomarkers.

2.6 Statistical analysis

All data were expressed as means +
SEM, and statistical analyses were
performed wusing Student’s t-test for
independent  two  samples, p<0.05
indicated statistical significance.

3. Results & Discussion
3.1 Metabolomics analysis of urine
samples

During the course of the experiment,
all rats were healthy and progressively

© The 2016 Pure and Applied Chemistry International Conference (PACCON 2016)
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gain body weights in a similar pattern to
that previously reported.'? For the analysis
of metabolites in urine samples, total ion
chromatograms produced by LC-MS
analysis were subjected to peak pickup and
retention time alignment by using XCMS
software, which showed a total of 3,708
ion features of urinary metabolites. In the
next step, statistical analysis was
performed by comparing the metabolite
profile of OVX rats with those of sham
control. The result revealed 23 statistically
significant changing metabolite features,
12 downregulated and 11 upregulated, in
the OVX rats, when compared to those in
sham control.

To determine the effect of ovariectomy
and those of estrogen, and C. comosa
phytoestrogen treatments, we conducted
multivariate data analysis using OPLS-DA
model. As shown in Figure 1, OPLS-DA
score plot discriminant analysis for the
whole data is created to visualize the
discrimination among categorized set of
metabolic data. The results showed that the
urine data of the control group (SHAM)
and the experimental disease model group
(OVX) were not different and could not be
clearly separated from each other. The
majority of endogenous metabolites in
urine of the OWVX-estrogen deficiency
model may not be distinctly affected, even
at the longer period of 12 weeks of
hormone depletion. However, when
comparing among the OVX animals
receiving varieties of treatments, the
separation of metabolites were detected.
The effects of treatment by DPHD were
more similar to those by E2 than those by
C. comosa ethanol extract (EXT).

To elucide potential biomarkers of
interest, the metabolite features on the S-
plot (Figure 2A-D), which contributed
strongly to the vector of the predictive
component on the upper right or lower left
quadrant, were considered as the increased
or decreased markers.'® When comparing
the OVX group to the sham control, the
highest magnitude of decrease and high
reliability in ion feature of metabolite with

m/z  304.2613 at the retention time of
20.23 min was observed, and the
metabolite was identified as
arachidonoylamide.

Next, we examined the effect of
estradiol treatment in OVX rats using
similar analytical approach. In this case,
protonated ions (M+H™) at accurate m/z of
304.2613, 280.2637, 310.3104, 256.2641
and 282.2800 were found to be increased
in E2-treated rats compared to that in OVX
controls.
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Figure 1. OPLS-DA score plot discrimi-nant
analysis of data from various treatment groups;
sham control (SHAM), OV X control, estrogen (E2)
and C. comosa (DPHD and EXT-treatments.
SHAM and OVX data were intermixing. The
separation could be observed among OVX rats
receiving variety of treatments.

Figure 2. S-plots of the OPLS-DA model show
different relative contribution between (A) OVX
and SHAM control rats; (B) estradiol (E2) and
OVX; (C) DPHD and OVX; and (D) E2 and
SHAM, respectively. Each point represents a
metabolite feature. The upper right and lower left
features indicate increases and decreases, which
contribute to group classification.
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When  searched against METLIN
metabolite database and confirmed the
structural assignment by tandem mass

spectrometry  (MS/MS),**  these ions
appeared to  be  derived  from
arachidonoylamide, linoleamide, oleoyl

ethylamide, palmitamide, and oleamide,
respectively (Table 1). Notably, E2
treatment could prevent the lowering in
arachidonoylamide in the OVX rats and
restore its levels to that of the sham
controls.

To determine whether these fatty acid
amide urinary metabolites were relevant to
other treatments in the OV X rats, the ratios
of these metabolite levels in other
treatment groups (DPHD, and EXT) to
those in the OVX group were calculated
(Table 1), and heat map view of these 5
fatty amides metabolites in rats urine were
plotted to visualize the changes of
individual parameters (Figure 3). The
results indicated that all fatty acid amides,
except for linoleamide, were significantly
increased in the DPHD-treated rats,
whereas all but not oleoyl ethylamide were
elevated in the C. comosa ethanol extract-
treated rats. Interestingly,
arachidonoylamide again showed the
highest increase in its level under the
treatment with DPHD (2.0-fold) and C.
comosa ethanol extract (2.1-fold).

Together, these results suggested the
potential roles of arachidonoylamide as a

PACCON2016 Session:

promising putative biomarker for estrogen
deficiency and the evaluation of
therapeutic intervention. Arachidonoyl-
amide is a fatty acid amide of arachidonic
acid, which is a precursor for the synthesis
of endogenous prostaglandins.  This
compound has been reported to be
involved in the regulation of adipogenic
and lipogenic genes.®™ It is therefore
possible that arachidonoylamide might be
associated with the regulation of
lipogenesis and bone turnover process.
However, whether this is the case in the
present study, which is a study in estrogen
deficient ~ model,  requires  further

investigation.

OV

Palnitaids
Oleay! ethylamide
Linoleamid

Oleamide

Arachidonoylamide

Figure 3. Heat map of urinary fatty acid amides of
sham and OVX controls, and OVX-treated rats.
Each row represents a metabolite feature and each
column represents a sample. The Z-score scale
expressions are plotted in red-green square color
scale to indicated low to high levels of expression.

Table 1. Relative levels of the fatty acid amides in various treatment groups measured by
LC-MS untargeted metabolomics platforms

Metabolite Name ~ lon R.T.(min) Fold Change®®

OVX/SHAM E2/0VX DPHD/OVX EXT/OVX
Arachidonoylamide 304.2613 20.23 0.5** 2.2%* 2.0** 2.1**
Linoleamide 280.2637 18.99 0.6 1.56** 0.9 1.4*
Oleoyl ethylamide 310.3104 22.51 0.9 1.3* 1.2* 1.2
Palmitamide 256.2641 19.59 0.9 1.2%* 1.2%* 1.2*
Oleamide 282.2800 20.08 0.6 1.3** 1.2%* 1.3**

'Fold change represents the relative ratios of levels of the fatty acid amides in ovariectomized (OVX) rats to
those in sham-operated control (SHAM), estradiol (E2), isolated compound from C. comosa (DPHD), or C.

comosa ethanol extract (EXT) groups.

“Statistical significance determined by Student’s t test: *p < 0.05; **p < 0.01 (N = 7).
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4. Conclusion

Our metabolomics analysis suggests
the roles of the urinary fatty acid amide
arachidonoylamide as a promising putative
novel biomarker to investigate the effects
of estrogen and phytoestrogen in
preventing the functional impairments in
menopauses. This is the first report on the
effects of estrogen and phytoestrogens on
urinary metabolites in the OVX rats by
using metabolomics approach. Future
study should involve validating the
specificity of such biomarker.
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Abstract

Ethnopharmacological relevance

Curcuma comosa Roxb. (C. comosa) or Wan Chak Motluk, Zingiberaceae family, has been
used in Thai traditional medicine for the treatment of gynecological problems and
inflammation.

Aim of the study

This study aimed to investigate the therapeutic potential of C. comosa by determining the

changes in the lipid profiles in the ovariectomized rats, as a model of estrogen-deficiency-



induced hyperlipidemia, after treatment with different components of C. comosa using an
untargeted lipidomics approach.

Materials and methods

Lipids were extracted from the serum of adult female rats subjected to a sham operation
(SHAM,; control), ovariectomy (OVX), or OVX with 12-week daily doses of estrogen (174-
estradiol; E,), (3R)-1,7-diphenyl-(4E,6E)-4,6-heptadien-3-ol (DPHD; a phytoestrogen from
C. comosa), powdered C. comosa rhizomes or its crude ethanol extract. They were then
analyzed by liquid chromatography—mass spectrometry, characterized, and subjected to the
orthogonal projections to latent structures discriminant analysis statistical model to identify
tentative biomarkers.

Results

Levels of five classes of lipids (ceramide, ceramide-1-phosphate, sphingomyelin, 1-O-
alkenyl-lysophosphatidylethanolamine and lysophosphatidylethanolamine) were elevated in
the OV X rats compared to those in the SHAM rats, while the monoacylglycerols and
triacylglycerols were decreased. The E; treatment only reversed the levels of ceramides,
whereas treatments with DPHD, C. comosa extract or powder returned the levels of all
upregulated lipids back to those in the SHAM control rats.

Conclusions

The findings suggest the potential beneficial effects of C. comosa on preventing the increased
ceramide levels in OV X rats, a possible cause of metabolic disturbance under estrogen
deficiency. Overall, the results demonstrated the power of untargeted lipidomics in
discovering disease-relevant biomarkers, as well as evaluating the effectiveness of treatment
by C. comosa components (DPHD, extract or powder) as utilized in Thai traditional

medicine, and also providing scientific support for its folklore use.

Keywords: ceramide, Curcuma comosa, estrogen deficiency, lipidomics, phytoestrogen

1. Introduction

Lipidomics is a subset of metabolomics, which is used for quantitatively measuring
and comparing levels of lipidomes—the complete collection of lipids in a living system—in
response to stimuli of interest, such as diseases (Wenk, 2005). Defined by their solubility in
organic solvents, the different classes of lipids can be structurally distinct, and many have
been reported to relate to the cause of diseases (Gross and Han, 2006; Hu et al., 2009). For
example, monoalkylglycerol ether (MAGE) was found to promote both invasiveness in



cancer cells (Chiang et al., 2006) and adipocyte differentiation, which is etiologically linked
to obesity and diabetes (Homan et al., 2011). Because lipidomics provides a comprehensive
view of the overall state of living systems, it is potentially a powerful tool for evaluation of
the therapeutic effectiveness of treatment by medicines.

Estrogen plays many important regulatory functions in physiological processes in
females, such as the development and regulation of reproductive tissue functions,
management of energy, maintenance of body weight and functioning of bones. The natural
decline in the estrogen level during menopause contributes to the increased risk of several
diseases, including obesity, cardiovascular diseases and osteoporosis (Nilsson and
Gustafsson, 2002). While the administration of estrogen to women can lower the risk as well
as prevent or alleviate these symptoms, the possible carcinogenic effects of estrogen
administration have limited its long-term usage (Beral et al., 2002; Lethaby et al., 2004).
Many studies are, therefore, focused on searching for safer alternatives for post-menopausal
treatment, and in particular for phytoestrogens.

Curcuma comosa Roxb. (Zingiberaceae family) has been used in Thai traditional
medicine for the treatment of postpartum uterine bleeding, gynecological problems and
inflammation (Anonymous, 1967; Pongboonrod, 1976; Weerachayaphorn et al., 2010, 2011).
The major active compound in C. comosa rhizomes is the diarylheptanoid (3R)-1,7-diphenyl-
(4E,6E)-4,6-heptadien-3-ol (DPHD) (Suksamrarn et al., 2008), which was reported to exhibit
estrogenic-like activities at the transcriptional level similar to those of estrogen (174-
estradiol; E;) (Winuthayanon et al., 2009a, 2009b). In addition, the crude C. comosa rhizome
extract from hexane and DPHD were reported to lower plasma lipids (Piyachaturawat et al.,
1999; Prasannarong et al., 2012), to enhance the differentiation and function of both mouse
(Bhukhai et al., 2012) and human (Tantikanlayaporn et al., 2013a) osteoblastic cells via an
estrogen receptor pathway in vitro, and to prevent bone loss in estrogen-deficient
ovariectomized (OVX) rats after 12 weeks of treatment in vivo (Tantikanlayaporn et al.,
2013b). However, while these pharmacological properties rendered DPHD a promising
candidate for the treatment of estrogen-deficient postmenopausal osteoporosis in women
(Tantikanlayaporn et al., 2013b), its effects at the metabolic level and on the metabolic
pathways, which may suggest the overall state of the organism, have not been examined.

To understand the metabolic changes that result from estrogen deficiency, previous
works have applied metabolomics analysis to study the serum (Ma et al., 2011) and plasma
(Ma et al., 2013) of OV X rats compared to that of sham-operated controls. Using gas
chromatography coupled to mass spectrometry (MS), elevated levels of some unsaturated



fatty acids (octadecadienoic and arachidonic acids), amino acids (glutamic acid, leucine,
isoleucine and valine), cholesterol, homocysteine, 3-hydroxybutanoic acid, glucose and
glycerol were reported (Ma et al., 2011, 2013). On the other hand, the levels of some other
glycolytic intermediates (alanine and glyceraldehyde 3-phosphate), tricarboxylic acid cycle-
associated metabolites (citric acid and succinic acid), sugars (galactopyranose and
arabinofuranose) and an unsaturated fatty acid (docosahexaenoic acid) were decreased in the
OVX rats. While these studies comprehensively linked these metabolites to many important
metabolic pathways, knowledge about the involvement of lipids in OV X rats is still limited.
Because lipids are involved in energy storage, cellular structures, signal transduction and the
regulation of physiological processes, as well as in the formation of many chronic diseases
(Vinayavekhin et al., 2010), and because C. comosa has been demonstrated to lower lipid
levels in OV X animals (Prasannarong et al., 2012), characterization of the lipid profile may
provide a better understanding of the responses.

The present study applied a liquid chromatography (LC)-MS-based untargeted
lipidomics approach to study the lipid changes in OV X rat serum with and without treatment
with C. comosa. First, the changes in serum lipids associated with OV X rats were
characterized to identify potentially novel biomarkers and link them to metabolic pathways.
Subsequently, the levels of these specific modulated lipids were used to evaluate the
effectiveness of the treatment of OV X rats with E,, DPHD and C. comosa as either a crude

ethanol extract or powder.

2. Materials and methods
2.1. Chemicals and plant materials

The preparation of standard C. comosa extract and isolation of DPHD were conducted
as previously described (Suksamrarn et al., 2008; Tantikanlayaporn et al., 2013a). Briefly, C.
comosa rhizomes were purchased from Kampaengsaen district, Nakornpathom, Thailand. A
voucher herbarium specimen has been deposited at the Department of Plant Science, Faculty
of Science, Mahidol University, Bangkok (SCMU No. 300). They were sliced into small
pieces, dried and ground. The C. comosa extract was obtained by extracting C. comosa three
times with 3 volumes of boiled ethanol (95%) at boiling point and removing the pooled
solvent in vacuo to leave the dark brown viscous liquid. To obtain C. comosa fine powder,
the dried ground C. comosa rhizomes were simply passed through a sieve no. 80. The
composition of the C. comosa extract and C. comosa powder were evaluated by high
performance liquid chromatography (HPLC)—-ultraviolet (UV; 302 nm) fingerprints of the



major diarylheptanoids in the samples and compared with those in our records
(Supplementary Information (Sl), Fig. S1). The C. comosa extract and C. comosa powder
contained 87.5 and 21.0 mg DPHD per gram, respectively. The E, was purchased from
Sigma-Aldrich Chemical Co. (MO, USA) and was employed as a positive control.

2.2. Animal treatment and sample collection

All animal protocols were approved by the committee on Animal Care and Use,
Faculty of Science, Mahidol University (protocol no. MUSC 56-031-293). Sprague-Dawley
female rats (8 weeks old; body weight 200-220 g) were supplied by the National Laboratory
Animal Center of Thailand (Salaya, Nakornpathom, Thailand). They were housed in standard
stainless steel cages in rooms at a controlled temperature (approximately 25 + 2 °C) and
relative humidity (50-60%) under 12-h light/dark cycle with free access to food (rat pellets,
C.P. rat feed, Pokphand Animal Fed Co. Ltd., Bangkok, Thailand) and water ad libitum. The
rats were subjected to similar surgical procedures as described previously (Tantikanlayaporn
et al., 2013b). They were randomly assigned to either (i) a sham operation (SHAM, n = 6) or
bilateral ovariectomy (OVX, n = 36). The OVX rats were then randomly divided into one of
the following six groups (n = 6 each) that received: (ii) no further treatment (OVX-control);
(iii) 10 pg Eo/kg body weight (Bw), administered by subcutaneous (s.c.) injection (OVX+E,);
(iv) 50 mg DPHD/kg Bw, s.c. (OVX+DPHD); (v) 500 mg C. comosa extract/kg Bw,
intragastric (i.g.) (OVX+E500); (vi) 1000 mg C. comosa powder/kg Bw, i.g. (OVX+P1000)
and (vii) 2000 mg C. comosa powder/kg Bw, i.g. (OVX+P2000). The E; and DPHD were
initially dissolved in absolute ethanol and then diluted in olive oil to give a final injection
volume of approximately 100200 1. The extract and powder were directly suspended in 1%
carboxymethyl cellulose to the specified concentration for oral ingestion of not more than 1
ml. All treatments were given daily for 12 weeks as indicated. The treatment doses used in
this study were based on earlier observations that these doses can protect against the adverse
effects observed in OV X animals, including hyperlipidemia, impairment of vascular
relaxation and bone loss (Intapad et al., 2012; Prasannarong et al., 2012; Tantikanlayaporn et
al., 2013b). In addition, the C. comosa extract at 500 mg/kg Bw and C. comosa powder at
2000 mg/kg Bw contained an approximately equal amount of DPHD as in the DPHD dosage
(50 mg/kg Bw) used in this study. At the end of the treatment period, animals were fasted
overnight (12 h) and put under anesthesia for collecting blood samples by injecting Zoletil

100® (tiletamine HCI/ zolazepam HCI, Virbac Laboratories, Carros, France) intraperitoneally



(i.p.) at a dose of 20 mg/kg Bw following pretreatment with Xylavet® (xylazine, Thai Meiji
Pharmaceutical, Bangkok, Thailand) at 5 mg/kg Bw, i.p. Blood was collected from the
posterior vena cava and the serum, retrieved by centrifugation at 2000xg at 4 °C for 10 min,

was stored at —80 °C until analysis.

2.3. Lipid extraction and analysis

Lipid extraction was performed as previously reported (Saghatelian et al., 2004) with
modification. Briefly, a serum sample (100 ul) in a glass vial was extracted with a mixture of
chloroform (2 ml), methanol (1 ml) and 1% NaCl solution (900 pl), followed by
centrifugation at 2500%g, 4 °C for 5 min. The organic layer (bottom) was carefully
transferred to a new glass vial, dried under a stream of nitrogen, and placed at —20 °C for
storage.

For analysis, samples (50 pl in 160 pl chloroform) were quantified by LC—MS in both

the positive and negative ion modes as previously described (Vinayavekhin et al., 2015).

2.4. LC-MS untargeted data analysis

The total ion chromatograms obtained from the seven groups of samples with five to
six replicates each were analyzed in two steps. The first step involved automated data
analysis by the XCMS program (Smith et al., 2006), which identifies, matches, and quantifies
ions across all samples in the seven sample groups. As described previously (Vinayavekhin
and Saghatelian, 2009; Vinayavekhin et al., 2015), XCMS provided average mass-to-charge
ratio (m/z), retention time and integrated mass ion intensity (peak area; MSII) of each ion in
each of the LC-MS chromatograms.

In the second step, a pairwise comparison was performed between the SHAM and
OV X samples to identify ions associated with the estrogen-deficient conditions induced by
ovariectomy. Each ion in the XCMS output files was subjected to the following filters: (i)
statistical significance (t-test with p < 0.05), (ii) fold changes of > 2, and (iii) a minimum
MSII of 5,000 in the elevated samples (which was approximately at the limit of detection of
the instruments). lons that passed these criteria were then inspected manually in the

chromatograms to remove isotopic ions or any false positives on the final list.

2.5. Tandem MS experiments
Tandem MS analyses were performed on every ion on the final list as described

previously (Vinayavekhin et al., 2015). However, some parameters were modified slightly in



this study to obtain the optimal spectral data. Active exclusion was set to be released after
0.30 min. Collision energies were set at 30 V for m/z 500.00, 45 V for m/z 1000.00 and 60 V
for m/z 2000.00 with automatic interpolation from those of the two closest m/z values when
the isolated ions did not have the exact value. Data were collected using a mass range of 50—
1500 Da from lipid extracts (50 ul) or chemical standards (500-625 pmol).

2.6. Evaluation of the effects of E,, DPHD, C. comosa extract and powder treatment

The MSII’s of all ions on the final list were used for calculation of the fold changes
between the treatment groups and the non-treated OV X rats. Statistical significance of the
differences in the same ions between the groups were tested using the Student’s t-test,

accepting significance at the p < 0.05 level.

2.7. Multivariate data analysis

Multivariate data analysis was implemented using the default parameters on the
SIMCA 14 software (Umetrics, Umea, Sweden). The score plots of orthogonal projections to
latent structures discriminant analysis (OPLS-DA) model was generated on the positive- and
negative-mode MS data obtained from the XCMS program (section 2.4), which had been
centered and scaled to Pareto variance.

3. Results

In the present study, 12-week OVX rats were employed as the disease model to
evaluate the therapeutic as well as prophylactic effect of C. comosa treatment. At 12 weeks
after surgery, the average uterine weight of the OV X rats was markedly decreased compared
to that of the SHAM control rats. Treatment of the OV X rats with any of the C. comosa
components (DPHD, extract and powder) or E, caused the average uterine weights of the
OV X rats to revert to that of the SHAM control group. The changes in the OV X rats
including the body weight gain, hyperlipidemia and bone loss (data not shown), and the
improvement of these conditions after treatment were all consistent with those described

earlier (Prasannarong et al., 2012; Tantikanlayaporn et al., 2013b).

3.1. Untargeted lipidomics of ovariectomized rats

Untargeted lipidomics analysis was performed on the serum extracts of the OV X rats
compared to those of the SHAM control. Lipids in the serum were extracted with a 2:1 (v/v)
ratio of chloroform: methanol and analyzed by LC-MS using untargeted lipidomics platforms



(Vinayavekhin and Saghatelian, 2009). This allowed the detection of a broad species of lipids
from fatty acids to phospholipids, sphingolipids and glycerolipids.

To identify lipids associated with the OV X-induced estrogen-deficient conditions, the
lipid profiles of the OV X group were compared to those of the SHAM control using the
XCMS program (Smith et al., 2006). Lipid ions were marked as likely involved in the
condition only if they were upregulated or downregulated by two-fold or more with statistical
significance (p < 0.05), and if these differences could be distinctly visualized in the extracted
ion chromatograms (Fig. 1). Using these criteria, we observed obvious grouping at week-12
post-surgery in the positive and negative ion modes, leading to unbiased identification of 4
and 75 ions with increased levels, and 50 and 5 ions with decreased levels in the OVX
samples in the positive and negative ion modes, respectively (Fig. 2).

Subsequently, structural characterization of the changed ions following OV X was
attempted manually using the combination of data from the accurate mass, tandem mass
spectra and retention times (SI, Fig. S2). Structures could be assigned to 41 of the 75 OV X-
induced upregulated ions in the negative ion mode, which appeared to be in the families of 1-
O-alkenyl-lysophosphatidylethanolamine (lysoplasmalogen; alkenyl-LPE),
lysophosphatidylethanolamine (LPE), ceramide-1-phosphate (CerP), ceramide (Cer) and
sphingomyelin (Cer-PC). In addition, structures were assigned to 25 of the 50 downregulated
positive-mode ions, and were in the monoacylglycerol (MAG) and triacylglycerol (TAG)
families (Fig. 1 and Table 1, with the side chains listed in random order without
distinguishing between the sn-1 and sn-2 substituents). The characterization of Cer was also
validated by reference standards (Sl, Fig. S2). Ten other ions in total from either mode were
also fully or partially characterized. However, because these ten ions were the sole lipids in
each respective family with differential levels, they were not examined further here.
Including these 10 other ions, 57% of the OV X-associated ions were potentially identified in

this study.
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Fig. 1. Extracted ion chromatograms of representative ions from each lipid class with (A) elevated or (B)
decreased levels in the OV X samples (dashed line) compared to the SHAM controls (solid line). Abbreviations:
1-O-alkenyl-lysophosphatidylethanolamine (alkenyl-LPE), lysophosphatidylethanolamine (LPE), ceramide-1-
phosphate (CerP), ceramide (Cer), sphingomyelin (Cer-PC), monoacylglycerol (MAG) and triacylglycerol
(TAG). Chromatographs shown are representative of those seen in 5-6 independent trials.
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symbols, respectively.



Table 1. Relative level of identified lipids

Fold®® (OVX/)

';(!S:dcﬁgff lon miz (Ran) SHAM OVX+ OVX+ OVX+ OVX+ OVX+
E, DPHD E500  P1000 P2000
Lipids elevated in the OVX rats
Alkenyl-LPE
0-16:1 [M-H] 436.3 19.2  10.3* 20 46*  116* 183* 12.0*
0-18:2 [M-H] 462.3 194 99 21 5.3*  10.2* 17.0* 12.9*
LPE
16:0 [M-H] 452.3 191 5.0° 1.0 2.7  36* 8.6 5.8%
18:0 [M-HT 480.3 19.7 96* 16 6.3* 7.0 158* 95*
18:2 [M-HT 476.3 19.1  3.8° 0.9 22* 30 6.1} 46"
18:1 [M-HT 478.3 193 88* 1.3 36* 51*  105* 7.1*
20:4 [M-HT 500.3 192 6.1° 1.0 24*  30% 72 46"
CerP
d18:1/14:0 [M-H] 588.4 436 218 1.4} 214 53% 308 328
Cer
d18:1/16:0 [M-H] 536.5 463 2.3 2.1* 2.1* 2.0 217 2.1
d18:1/18:0 [M-HT 564.5 473 2.9 2.07 2.3 3.8 2.8 2.8
d18:1/20:0 [M-HT 592.6 483 3.7 28% 22 39 3.6" 2.6*
d18:1/22:0 [M-H] 620.6 493  3.1¢ 2.2 22% 28 2.5 217
d18:1/23:0 [M-HT 634.6 499 28 1.9* 26 2.7¢ 2.6" 2.2
d18:1/22:1 [M-HT 618.6 485 477 2.8*  3.3f 5.4% 4.8 3.7
d18:1/23:1 [M-HT 632.6 491 40 23" 34 50¢ 48 3.8*
d18:1/24:1 [M-HT 646.6 494  32° 20 21 26 2.5 1.9%
d18:1/25:1 [M-HT 660.6 50.0 3.3 2.1*  3.3f 3.4 3.0  28*
Cer-PC
d18:1/16:1 [M-H+62] 7615 441 21° 15" 23" 54° 295 33
d18:1/18:1 [M-H+62] 7896 455 21 a7t 218 47 24" 25
d18:1/22:0 [M-H+62] 8617 482 29 15  20° 40° 228 27
Lipids decreased in the OV X rats
MAG
22:0 [M+2Na-H]" 459.3 401  31* 6.9 33 2.1 05* 1.0
24:0 [M+2Na-H]" 4874 41.8 42 55 3.4 2.1 0.8 1.0
24:2 [M+2Na-H]" 4833 396 33* 6.0 32* 1.8 0.6 1.0
24:1 [M+2Na-H]" 4854 406 34* 48 3.1 2.0 0.7 1.2
26:4 [M+2Na-H]" 5073 39.6 39* 144 37 2.3 0.5 1.2
TAG
18:0/18:1/20:0  [M + NH,]" 934.9 494 218 1.9 0.9 36 13 2.2
18:2/20:1/20:1  [M + NH,]*® 956.8 491 208 1.8 1.1 32 12 2.2
18:2/20:0/20:1  [M +NH,]* 958.9 493 245 24 0.9 40* 13 2.4
16:0/18:1/24:1  [M + NH,]* 960.9 496 23 22 0.8 39 12 2.1
16:0/18:1/24:0  [M + NH,]" 962.9 499 217 19 0.8 34* 12 2.1
18:2/18:2/24:0  [M+ NH,]* 984.9 495 228 20 0.8 37 13 2.3
18:1/18:2/24:0 ~ [M + NH,]* 986.9 498 23 21 0.7 36 1.2 2.0
18:1/18:1/24:0  [M + NH,]* 988.9 50.1 22¢ 21 0.6 33 11 1.8
18:0/18:1/24:0  [M + NH,]* 990.9 504 21" 18 0.6 2.8 1.1 1.7
18:3/20:4/24:0  [M + NH,]* 1006.9 492  2.0° 1.7 0.9 2.8* 14 2.3*
18:2/20:4/24:0  [M + NH,]* 10089 495 20° 1.6 0.8 29* 13 2.1*
18:3/20:2/24:0  [M + NH,]" 10109 497 22 16 0.8 32 14 2.2
18:2/20:2/24:0  [M + NH,]* 10129 499 23 19 0.6 32* 1.2 2.0
18:2/20:1/24:0  [M + NH,]* 10149 502 22" 20 05* 29 1.0 1.7
18:1/20:1/24:0  [M + NH,]" 10169 506 2.2* 20 05* 26 0.9 15
18:2/20:1/26:2  [M + NH,]* 10389 502 20* 14 0.6 2.5 1.2 1.6
18:2/20:1/26:1  [M + NH,]* 10409 504 23* 1.8 05* 25 1.0 1.6
18:1/22:1/24:0  [M + NH,]* 10450 511 20* 1.9 04* 22 0.8 1.3
18:2/24:1/24:1  [M + NH,]* 1069.0 510 21* 18 05* 25 0.9 1.5

Other Lipids in the Pathway
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Fold®® (OVX/)

';(;S:dcﬁg’l‘ff lon m/z (Ran) SHAM OVX+ OVX+ OVX+ OVX+ OVX+
E, DPHD E500  P1000 P2000
DAG
34:2 [M + NH,]" 610.5 436 1.2 1.0 0.8 0.4% 1.0 0.5
36:4 [M + NH,]* 634.5 433 11 1.1 0.9 0.6" 1.2 0.7
36:3 [M + NH,]* 636.6 440 11 1.0 0.8 0.5¢ 1.2 0.6
36:2 [M + NH,]" 638.6 443 1.0 0.9 0.7 05 09 0.6
38:5 [M + NH,]" 660.6 440 1.3 1.4 0.9 0.6* 1.3 0.6
Sphingosine [M + H]* 300.1 277 1.0 1.0 0.9 0.9 1.1 0.9

Abbreviations: mass-to-charge ratio (m/z), retention time (RT), 1-O-alkenyl-lysophosphatidylethanolamine
(alkenyl-LPE), lysophosphatidylethanolamine (LPE), ceramide-1-phosphate (CerP), ceramide (Cer), sphingomyelin
(Cer-PC), monoacylglycerol (MAG), diacylglycerol (DAG) and triacylglycerol (TAG).

®Fold value represents the ratio of the average mass ion intensity of OV X and that of the indicated sample group and
vice versa (in italics).

bStudent’s t-test: *, p<0.05;F,p<0.01; §, p<0.005; §, p<0.001; N=5-6.

3.2. Effects of E;, DPHD, C. comosa extract and powder on OVX rats

Given that a potential therapeutic agent for the OV X-induced estrogen-deficient
conditions should be capable of causing the levels of lipids in the OV X group to revert to
those in the SHAM control rats, the levels of OV X-associated lipids were measured in the
serum of OV X rats after treatment with E,, DPHD, C. comosa extract and powder. The only
lipid class affected by treatment with 10 pg Eo/kg Bw (OVX+E;) was Cer, where E;
treatment returned the levels of most Cer species close to those found in the SHAM control
(Fig. 3 and Table 1). Treatment with 50 mg DPHD/kg Bw (OVX+DPHD) significantly
lowered the levels of all OV X-upregulated lipid classes (alkenyl-LPE, LPE, CerP, Cer and
Cer-PC), although it did not equalize the levels of some lipids to those of the SHAM group.
Interestingly, when the OV X rats were treated with C. comosa extract at 500 mg/kg Bw
(OVX+E500) or C. comosa powder at 2000 mg/kg Bw (OVX+P2000), which contained
almost the same amount of DPHD as that in the DPHD treatment, the levels of most lipids
were reverted to a greater extent than with DPHD alone, reaching levels that were either very
close to or slightly lower than those of the SHAM control rats. The treatment with C. comosa
powder at half of the dose (1000 mg/kg Bw; OV X+P1000) also yielded similar results.
Lastly, the only treatment that could effectively increase the amount of some species of the
OVX-downregulated lipids (MAG and TAG) was C. comosa extract, whereas the levels of
these glycerolipids were mostly unaffected by the other treatments. Together, the data suggest
the effectiveness of using DPHD, C. comosa powder or, especially, C. comosa extract for
recovering the changes in serum lipid levels that resulted from estrogen deficiency in the
OVX rats.
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Fig. 3. Serum levels of representative (A) upregulated and (B) downregulated ions from each lipid class in the
OVX rats after a 12-week daily treatment with E, (OVX+E,), DPHD (OVX+DPHD), C. comosa extract
(OVX+E500) or powder (OVX+P1000 and OV X+P2000), compared to those receiving no treatment (OVX) or
controls (SHAM). The graphs indicate the average mass ion intensities (MSII) + standard errors of the mean.
Student’s t-test (vs. OVX): *, p <0.05; +, p < 0.01; I, p <0.005; §, p <0.001; N = 5-6. Abbreviations: 1-O-
alkenyl-lysophosphatidylethanolamine (alkenyl-LPE), lysophosphatidylethanolamine (LPE), ceramide-1-
phosphate (CerP), ceramide (Cer), sphingomyelin (Cer-PC), monoacylglycerol (MAG) and triacylglycerol
(TAG).

3.3. Multivariate data analysis of the lipid profiles of all sample groups

Even though the treatments with E,, DPHD, C. comosa extract and powder were
shown to alter the levels of some lipids, only the OV X-dependent lipid classes were
investigated in the previous section, thereby providing a limited picture of these sample
groups. To obtain a broader picture, we reanalyzed the acquired lipidomics data using an
OPLS-DA statistical model to determine the similarities or differences between the sample
groups as a whole. The scores were plotted for both the positive- and negative-mode MS data
as a function of the first (PC1) and second (PC2) principal components, respectively (Fig. 4).
For the positive-mode data, the model established a goodness of fit (R?) of 0.484 and
predictability (Q?) of 0.231, explaining 53.0% of the predictive variation in the samples with
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four components and 12.1% of the orthogonal (uncorrelated) variation with one component.
Visually, the plot did not show differences between the OV X and SHAM groups. Treatments
with either E; or DPHD also did not produce any significant effects. However, when the
OVX rats were treated with C. comosa extract or powder, a metabolic shift from the SHAM
and OV X groups was evidenced, suggesting a possible influence of other compounds in C.
comosa on the overall lipid profiles of the rat serum.

For the negative-mode data, the OPLS-DA analysis gave an R? of 0.763 and Q? of
0.264, explaining 36.8% of the predictive variation in the samples with six components and
43.4% of the orthogonal variation with three components (Fig. 4). Despite the poor predictive
ability, which might result from the multi-group classification, the model demonstrated a
clear distinction between the OVX and SHAM groups on the score plot in contrast to the
results from the positive-mode MS data. Treatment with E; also indicated some metabolic
alterations from the OV X group. Interestingly, in the treatments with pure DPHD, C. comosa
extract and powder at both concentrations, the serum lipid data were all clustered towards the
right side of the plot with the SHAM samples and away from the OV X samples. These data
corroborate well with the findings that DPHD, as well as the C. comosa extract and powder,
could partially revert the metabolic levels of the estrogen-deficient OV X rats to those of the
normal state.

Next, to provide additional statistical evidence that the treatment with E,, DPHD, C.
comosa extract and powder truly shifted the negative-mode lipid profiles of the treatment
groups closer to that of the SHAM than the OV X rats, pairwise OPLS-DA analyses of the
negative-mode MS data were modeled between either OV X or SHAM as a control and the
rest of the data sets (Fig. 4). The model between OV X and the rest of the groups yielded a
strong fit and predictability (i.e., the values greater than 0.5) with R? of 0.983 and Q? of
0.657, explaining 11.1% of the predictive variation with one component and 63.1% of the
uncorrelated variation with six components. On the other hand, when the SHAM control
group was modeled against the rest of the groups, the groupings became visually more
disperse and less predictive with an R? of 0.682 and Q7 of 0.231, explaining 4.62% and
45.4% of the predictive (one component) and orthogonal (two components) variations in the
samples, respectively. The statistical models, therefore, indicated the lipid movements of all
treatment groups towards the SHAM control levels. Together, all the data suggested the
possibility for applying the untargeted lipidomics approach to evaluate the effectiveness of
treatment by C. comosa components, and that it may be extended to other traditional

medicines in the future.
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Fig. 4. Score plots of the OPLS-DA models of serum (A) positive-mode or (B-D) negative-mode mass
spectrometric data as a function of the first (PC1) and second (PC2) principal components. The analyses were
implemented either (A, B) by considering each of the seven sample groups as its own group (multi-group
classification), or by modeling (C) OVX or (D) SHAM against the six other sample groups. Each spot denotes
an independent subject: green circle, SHAM; dark blue square, OVX; red up-pointing triangle, OVX+E,; yellow
down-pointing triangle, OVX+DPHD; blue diamond, OVX+E500; purple pentagon, OVX+P1000; orange
hexagon, OV X+P2000.

4. Discussion

Herbal materials in traditional medicine contain many potentially bioactive
components, including phytochemicals. To dissect the mechanisms behind the treatments,
one appropriate approach is to focus on evaluating the system as a whole, rather than on
individual components. We, therefore, applied untargeted lipidomics strategies to evaluate
the metabolic consequences of the treatment of estrogen-deficient OV X rats with C. comosa
components (DPHD, C. comosa extract and powder).

Unlike targeted lipidomics, where only certain species of lipids are selected for
measurement, untargeted lipidomics allows an unbiased quantitation of broad classes of
known and unknown lipids alike, making it suitable for discovery of novel biological insights
(Saghatelian et al., 2004). In this study, the untargeted lipidomics analysis identified ether
lipids (alkenyl-LPE), glycerophospholipids (LPE), and sphingolipids (CerP, Cer and Cer-PC)
to be upregulated in the OV X group, whereas glycerolipids (MAG and TAG) were
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downregulated. These lipids are all connected according to the KEGG pathway database
(Ogata et al., 1999) and can be interconverted to one another via certain intermediates as
shown in Fig. 5. It is noteworthy that despite their role as key connecting metabolites, our
lipidomics data suggest that the sphingosine levels remained unaltered upon OV X (Table 1),
whereas sphingosine-1-phosphate likely existed in such a low quantity that it eluded our
detection. Being a non-lipid metabolite, phosphoethanolamine has also never been reported to
be changed in any other previous metabolomics studies (Ma et al., 2011, 2013; Zhu et al.,
2010).

Glycerolipid
Ether lipid Glycerophospholipid metabolism
metabolism metabolism

—— | Monoacylglycerol (MAG)
1-O-alkenyl-LPE Lysophosphatidyl ‘

Diacylglycerol (DAG)

(alkenyl-LPE) ethanolamine (LPE)
Triacylglycerol (TAG)
/Sphingolipid Phosphoethanolamine )
metabolism Sphingosine-1-phosphate
Sphingosine
Ceramide-1-phosphate —— Ceramide ——— Sphingomyelin
\(CerF‘) (Cer) (Cer-PC) ')

Fig. 5. Regulation of sphingolipid, ether lipid, glycerophospholipid and glycerolipid metabolism by estrogen
deprivation. The block arrows denote lipids with statistically-significant increased (upward arrows) or decreased

(downward arrows) levels under estrogen-deficient conditions.

Even though this study utilized a novel approach, it was not surprising that Cer and
other sphingolipids were upregulated in response to estrogen deficiency, since Cer is a known
modulator of cellular metabolism and nutrient homeostasis (Bikman and Summers, 2011). In
particular, Cer was found to antagonize the cellular uptake of the three major dietary
metabolites (glucose, fatty acids and amino acids) by downregulating their syntheses or their
corresponding protein transporters, such as the glucose transporter 4 (GLUT4), fatty acid
translocase (CD36) and amino acid transporter 2 (SNAT2), respectively (Bikman and
Summers, 2011). Such inhibitions should then lead to elevation in the levels of these key
nutrients in serum, which is consistent with the previous metabolomics data in the OVX and
SHAM rats mentioned above (Ma et al., 2011, 2013). In addition, such nutrient starvation
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was also shown to kill cells, linking its impact on cellular metabolism to its other function as
an inducer of apoptosis and the implications in numerous diseases, such as obesity, diabetes,
cardiovascular diseases, Alzheimer's and cancer (Chaurasia and Summers, 2015; Yuyama et
al., 2014), which have been reported to be associated with increased serum Cer levels.

Likewise, the upregulation of alkenyl-LPE can also be linked to estrogen depletion
but, in this case, via platelet-activating factor (PAF; 1-O-alkyl-2-acetyl-sn-glycero-3-
phosphocholine). As an initiator for the biosynthesis of PAF, alkenyl-LPE (or
lysoplasmalogen) assists in generating the PAF precursor, 1-alkyl-sn-glycero-3-
phosphocholine (lyso PAF), by accepting an arachidonoyl moiety from 1-alkyl-2-
arachidonoyl-glycerophosphocholine via a transacylation reaction. The lyso PAF is then
converted by acyltransferase to produce PAF (Snyder et al., 1997), which acts via a G-
protein-coupled PAF receptor to mediate various biological processes, such as platelet
activation and hypertension. The linkage between PAF, estrogen deficiency and osteoporosis
was established when bone resorption was shown to be significantly attenuated following
OVX in the PAF receptor-deficient mice (Hikiji et al., 2004). Our observation that alkenyl-
LPE was elevated in the OV X rats, therefore, supports this connection.

Because of their roles as signaling molecules, lysophosphatidic acid (LPA) and
lysophosphatidylcholine (LPC) are among the best characterized lysophospholipids, and are
known to exert their actions through G protein-coupled receptors (GPCR) (Schmitz and
Ruebsaamen, 2010). On the other hand, LPE has rarely been mentioned, so it was possible
that the observed elevation in the LPE levels in the OVX group might not have any
significant effect on its own but rather acts through other structurally-similar metabolites in
the glycerophospholipid pathway. Nevertheless, it was recently demonstrated that LPE
stimulates an increase in the intracellular Ca®* concentration in MDA-MB-231 breast cancer
cells via the LPA; and CD97 GPCRs (Park et al., 2013), which are associated with cell
migration and proliferation.

One of the discrepancies between our data and previous reports is in the comparative
levels of TAG. Using commercial kits, a 1.3-fold increase in serum TAG concentrations was
previously reported in OV X rats compared to the SHAM controls (Ma et al., 2011). In
contrast, in this LC—MS-based assay, the opposite trend of a 2.0- to 2.4-fold decrease in
serum TAG levels under estrogen-deficient conditions was noted (Table 1). This disparity
might originate from the two differences in the setup as (i) the period after ovariectomy when
serum was collected from animals (at week 6 in the previous report vs. at week 12 in this

study) and (ii) the measured TAG levels (total TAG in the previous report vs. individual
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species in this study). The relative contribution of each of these factors to the discrepancy
requires further investigation. Apart from the above literature, other works with the OV X rats
at different time points after OV X reported no significant changes in the serum total TAG
levels compared to the SHAM controls (Armamento-Villareal et al., 2005; Black et al., 1994;
Martins-Maciel et al., 2013), suggesting possible effects of experimental procedures and
treatment on the observed TAG response to ovariectomy.

Given that E; is the major estrogen secreted from the ovary, the treatment of the OVX
group with E; was expected to reverse the levels of lipids back to the “normal” state found in
the SHAM group. However, only the Cer levels were affected by the E; treatment in this
study, which likely contributed to the observed grouping in the score plot of the negative-
mode data obtained from the OPLS-DA analysis, where the OVX+E, data was clustered in-
between those of the OV X and the SHAM. While these results were unexpected, they are
consistent with a previous report that the total TAG levels remained unaltered upon treatment
of OV X rats with E; (Black et al., 1994). In addition, the amount of E; used for treatment in
this study was a pharmacological dose, based on its ability to protect bone loss
(Tantikanlayaporn et al., 2013b), and might play a role in modulating OV X-associated lipids.

The lipid profiles revealed a better response of the OV X rats treated with C. comosa
extract or powder than those treated with the pure DPHD compound. It is possible that the
observed response might arise from the fact that the C. comosa extract or powder also
contained other less-studied diarylheptanoids (Suksamrarn et al., 2008), which then asserted

an additive or synergistic effect.

5. Conclusions

In summary, using untargeted lipidomics analysis as a discovery tool, this study
identified lipids in the sphingolipid, ether lipid, glycerophospholipid and glycerolipid
metabolism pathways as novel biomarkers for estrogen-deficient conditions induced by
ovariectomy. Subsequent evaluation of the therapeutic potential of C. comosa in the OVX
rats revealed that C. comosa extract and powder gave a superior performance over E; and
DPHD in terms of both the comparative table of individual lipid species and the OPLS-DA
score plot of negative-mode data. Moreover, because Cer were the only lipids affected by the
E, treatment, it could also suggest the increased Cer levels as a potential cause of metabolic
disturbance under estrogen deprivation, an effect which was reversed by C. comosa
treatment. Future work will aim to dissect the mechanisms underlying alterations in the levels

of these lipids, especially Cer, and to determine the potential additive or synergistic effects

17



from other compounds in C. comosa. We believe that the LC—MS-based lipidomics platforms
and biomarkers presented in this work can be utilized as tools for evaluating other modern

and traditional medicines in this model organism and in general in the future.
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Abstract

Phytoestrogens have been implicated in the prevention of bone loss in postmenopausal osteoporosis. Recently, an active
phytoestrogen from Curcuma comosa Roxb, diarylheptanoid (DPHD), (3R)-1,7-diphenyl-(4E,6E)-4,6-heptadien-3-ol, was
found to strongly promote human osteoblast function in vitro. In the present study, we demonstrated the protective effect
of DPHD on ovariectomy-induced bone loss (OVX) in adult female Sprague-Dawley rats with 17-estradiol (E, 10 ug/kg Bw)
as a positive control. Treatment of OVX animals with DPHD at 25, 50, and 100 mg/kg Bw for 12 weeks markedly increased
bone mineral density (BMD) of tibial metaphysis as measured by peripheral Quantitative Computed Tomography (pQCT).
Histomorphometric analysis of bone structure indicated that DPHD treatment retarded the ovariectomy-induced
deterioration of bone microstructure. Ovariectomy resulted in a marked decrease in trabecular bone volume, number
and thickness and these changes were inhibited by DPHD treatment, similar to that seen with E,. Moreover, DPHD
decreased markers of bone turnover, including osteocalcin and tartrate resistant acid phosphatase (TRAP) activity. These
results suggest that DPHD has a bone sparing effect in ovariectomy-induced trabecular bone loss and prevents
deterioration of bone microarchitecture by suppressing the rate of bone turnover. Therefore, DPHD appears to be a
promising candidate for preserving bone mass and structure in the estrogen deficient women with a potential role in
reducing postmenopausal osteoporosis.
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protect against estrogen-associated diseases, including breast
cancers, cardiovascular diseases, and osteoporosis [8,9]. Isofla-
vones, such as genistein and daidzein the major phytoestrogens in
soybeans, are the most extensively studies phytoestrogens. These

Introduction

Osteoporosis is a serious worldwide health problem that
primarily effect middle-aged and elderly women [1,2]. It is

characterized by reduced bone mass and the deterioration of bone
microarchitecture leading to increase the risk of bone fragility and
fracture [3]. An accelerated rate of bone resorption in menopausal
and post-menopausal women is associated with reduced levels of
the hormone estrogen [4]. Recently, efforts to reduce bone loss in
menopausal osteoporosis have been focused on compounds with
the potential to preserve bone mass through inhibition of
osteoclastic bone resorption or stimulation bone formation [3].
Among therapeutic agents, estrogen is the most -effective
compound and is capable of limiting bone loss and reducing the
rate of bone fractures in postmenopausal women [6,7]. However,
long-term treatment with estrogen is limited due to its carcino-
genic risk and feminizing effects.

Phytoestrogens, non-steroidal plant-derived compounds with
estrogenic activity, have received increased interest as estrogen
alternatives to alleviate bone loss. Studies have suggested that a
diet rich in phytoestrogen may relieve menopausal symptoms and

PLOS ONE | www.plosone.org

compounds inhibit osteoclast bone resorption and suppress
osteoclast activity and survival @ witro [10,11]. In addition,
isoflavones have been identified as naturally occurring selective
estrogen receptor modulators (SERMs) and as bone-sparing agents
[12,13]. The known properties of phytoestrogens suggest that
these compounds may be alternatives to estrogen for preventing
and treating osteoporosis in postmenopausal women.

Curcuma comosa Roxb. (C. comosa), a plant in Zingiberaceae
family, has been widely used as a dietary supplement for relieving
postmenopausal symptoms in Thailand [14]. Consistent with the
presence of a phytoestrogen, hexane extract of C. comosa rhizomes
prevent bone loss in estrogen deficient mice [15]. Diarylheptanoid,
(3R)-1,7-diphenyl-(4 £,6 F)-4,6-heptadien-3-ol (hereafter DPHD), a
novel phytoestrogen isolated from C. comosa [16] has several
pharmacological properties including estrogenic-like activity
[17,18] and anti-inflammatory effects [19]. Recently, DPHD was
found to activate Wnt/B-catenin signaling and promote mouse
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preosteoblastic (MC3T3-E1) cell proliferation through the estro-
gen receptor pathway [20]. Similarly, human osteoblast cell
differentiation and function were also enhanced upon DPHD
treatment [21] suggesting that DPHD may have a beneficial effect
in preventing bone loss in patients experiencing estrogen
deficiency.

The biological activities of DPHD appear to be selective with
anabolic effects predominantly on osteoblasts. We hypothesized
that DPHD may have a beneficial effect in preventing bone loss
due to estrogen deficiency. In the present study, we investigated
the bone sparing effect of DPHD in ovariectomized-rats that
exhibit estrogen deficiency. The effect of DPHD on bone mineral
density (BMD), changes to bone microarchitecture, and biochem-
ical markers of bone turnover were determined after a 12-week
course of treatment. Our analysis provides mechanistic insight into
the beneficial effects of the phytoestrogen DPHD in reducing bone
loss in estrogen deficient rats and suggests a potential clinical use
for DPHD in menopausal women.

Materials and Methods

The animal experimental protocol was approved by the
committee on Animal Care and Use, Faculty of Science, Mahidol
University (approval protocol number: MUSC-171). All animal
experiments were performed in accordance with the guidelines of
National Laboratory Animal Center, Mahidol University.

Chemicals and Plant Materials

Preparation of phytoestrogen diarylheptanoid (3R)-1,7-diphe-
nyl-(4E,6E)-4,6-heptadien-3-ol (DPHD) from C. comosa was
performed as previously described [16,21]. Rhizomes of C. comosa
were purchased from the Kampaengsaen district, Nakhon Pathom
province, Thailand. No specific permission is required for these
activities and the field study did not involve endangered or
protected species. Briefly, rhizomes were cut into small pieces,
dried and ground to powder then extracted with n-hexane in a
Soxhlet extractor. After removal of the solvent w vacuo, a pale
brown viscous oil was obtained. The DPHD was isolated from the
hexane extract as a major component (23.9%) by repeated silica
gel column chromatography. DPHD was eluted with hexane-
dichloromethane and each step utilized an increasing quantity of
the more polar solvent. The structure of DPHD was confirmed
and the absolute stereochemistry at the 3-position was determined
to be R by nuclear magnetic resonance and mass spectroscopy, the
same as that of DPHD previously isolated [16]. The purity of the
1solated material was assessed by TLC and NMR spectroscopy
and estimated to be 99% pure. The chemical structure is shown in
Figure 1A.

17B-estradiol (Eo) and p-nitrophenyl phosphate were purchased
from Sigma-Aldrich Chemical Company (MO, USA). Methyl
methacrylate, 2-ethoxyethyl acetate and orange G were obtained
from Merck Company (Darmstadt, Germany). Haematoxylin,
fushin acid, and DePex mounting medium were purchased from
VWR International Ltd. (Poole, England). All compounds were
imitially dissolved in 5% DMSO and diluted in olive oil to the final
doses.

Animals and Treatments

Eight-week-old female Sprague-Dawley rats, weighing 200—
220 g, were supplied by the National Laboratory Animal Centre
of Thailand (Salaya, Nakornpathom, Thailand). Animals were
housed in standard stainless steel cages under controlled condi-
tions: temperature at 25+2°C, relative humidity of 50-60%, a 12-
h light/dark cycle, and allowed free access to food (rat pellets, C.P.
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rat feed, Pokphand Animal Fed Co. Ltd., Bangkok, Thailand) and
water. Rats were randomly assigned to sham-operated control and
ovariectomized (OVX) groups. In OVX animals, both sites of
ovaries, which are the primary source of endogenous estrogen,
were removed under general anesthesia using pentobarbital
sodium (50 mg/kg Bw, ip.). Animals were allowed to recover
from surgery for one week prior to use in experiments. Rats were
divided into six groups of six to eight animals each as follows: sham
operated control receiving vehicle (olive oil); OVX rats receiving
vehicle (olive oil, 1.p.); OVX rats receiving DPHD at doses of 25,
50 and 100 mg/kg Bw (i.p.); OVX rats receiving 17f-estradiol (Eo)
at a dose of 10 pg/kg Bw (s.c.) as a positive control. DPDH and E,
were daily administered for 12 weeks and body weights were
recorded weekly. All rats were given subcutaneous injections of
10 mg/kg calcein, a fluorochrome bone marker, on Day 7 and
Day 1 before animals were sacrificed. At the end of treatments,
animals were euthanized with an overdose of sodium pentobar-
bital. Serum was collected and stored at —70°C until use and the
uterus was removed and weighed. Tibial bones were excised, kept
in saline-soaked gauze, covered with plastic and stored at —20°C
prior to analysis.

Measurement of Bone Mineral Density (BMD)

The bone mineral density of left tibia was measured ex vivo by
peripheral Quantitative Computed Tomography (pQCT; XCT
Research SA™, Stratec Medizintechnik GmbH., Germany)
according to a previously protocol [22]. In brief, both the
trabecular and cortical bone density were scanned in cross-
sectional plane at metaphyseal sites of tibias. Proximal tibial
metaphysis was measured 2 mm below the growth plate. All bones
were scanned at 0.5 mm intervals using a voxel size of
0.09 mm x0.09 mmx0.09 mm. The trabecular bone was deter-
mined using contour mode 2 and peel mode 2 with a threshold
value of 720 mg/cm®. The cortical bone was determined using
separation mode 2 with a threshold value of 900 mg/cm®. All
parameters were analyzed using XCT-5.50E software (Stratec
Medizintechnik GmbH., Germany).

Bone Histomorphometric Analysis

All bone histomorphometries were conducted at the proximal
metaphyseal region of the right tibia. The adhering tissues and
bone marrow were removed from tibias followed by fixation for 3
days in 70% (vol/vol) ethanol, as previously described [23]. Bones
were then dehydrated in 95, and 100% (vol/vol) ethanol for 3 and
2 days, respectively, followed by embedding and undecalcification
in methyl methacrylate resin at 42°C for 48 h. To obtain 7 um
and 12 wm thick sections, the embedded tibia was cut in
longitudinal section using a microtome (model RM2255; Leica,
Nussloch, Germany). The region of tibial studied was the
secondary spongiosa, the trabecular part of proximal tibia, at 1—
2 mm distal to the epiphysial plate and extending to 6 mm. The
7 wm sections were deplasticified in 2-ethoxyethyl acetate and
stained with Goldner’s trichrome then analyzed under bright field
microscopy. The structural variables were examined using the
histology section and parameters measured include trabecular
bone volume, normalized by tissue volume BV/TV, %),
trabecular number (Th.N, mm ™), trabecular thickness (Th.Th,
um) and trabecular separation (Th.Sp, um). The 12 pum sections of
proximal tibia were left unstained to determine the mineral
apposition rate (MAR), an index of osteoblastic activity, calculated
by dividing the mean distance between double labels of the calcein
with time interval between the administration of the two labels.
Bone formation rate (BFR/TV) is another dynamic parameter
that is an index of bone turnover in general and bone formation in
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Figure 1. Estrogenic activity of DPHD compared to E,. Structure of the phytoestrogen diarylheptanoid DPHD, (3R)-1,7-diphenyl-(4E,6E)-4,6-
heptadien-3-ol, isolated from the rhizome of C. comosa (A). Effects of DPHD on body weight (B) and uterine weight (C) of sham-operated and
ovariectomized (OVX) rats receiving vehicle and various doses of DPHD (25, 50 and 100 mg/kg Bw) or 17p- estradlol (E3, 10 ng/kg Bw) for 12 weeks.
Results are expressed as the mean * SEM, n=6-8. **p<0.01, significantly different from sham rats. 'p<<0.05 and ""p<0.01, significantly different from

OVX rats.
doi:10.1371/journal.pone.0078739.g001

particular and allows for the determination of the age of bone [24].
All slides were analyzed under a light/fluorescent microscope
using a computer assisted Osteomeasure system (Osteometric,
Atlanta, GA), software version 4.1. Bone histomorphometric
parameters were reported according to the American Society for
Bone and Mineral Research Nomenclature Committee [25].

Serum Bone Biomarkers Assay

Tartrate-resistant acid phosphatase (TRAP) activity, a bone
resorption marker, was determined by using microplate assay
method. 4-nitrophenyl phosphate (4-NPP) was used as the
substrate according to the procedure of Lau ef al. with modification
[26]. Serum was incubated for 30 min at 37°C with a substrate
solution consisting of 7.6 umol/L 4-NPP in 100 wmol/L sodium
acetate buffer containing 50 pumol/L sodium tartrate (pH 5.5).
1 umol/L NaOH was added to stop the reaction and the
absorbance at 405 nm was monitored to detect product formation.
Serum osteocalcin concentration, a bone turnover marker, was
measured using an enzyme immunoassay (EIA) kit specific for rat
osteocalcin (Biomedical Technology, Staughton, IN, USA).

Statistical Analysis

All data are expressed as means = SEM and were analyzed
using one-way analysis of variance (ANOVA) and Newman-Keuls
post-hoc test using SPSS for Windows, Version 17.0 (Chicago, IL,
USA). A non parametric Wilcoxon-type test for trend (Cuzick’s
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Test for Trend) was employed for evaluation of the trend across
the groups. Differences were considered statistical significant at
p<0.05.

Results

Effects of Ovariectomy and DPHD Treatment on Body
Weight and Uterine Weight

All rats exhibited an increase in body weight during the 12
weeks of treatment, particularly in OVX rats. As shown in
Figure 1B, at the end of experiment, the body weight gain was
consistently highest in OVX control. However, the increases in
body weights of OVX rats was suppressed by treatment with E
(10 pg/kg Bw) to levels similar to the sham controls. Treatments of
OVX rats with DPHD at doses of 50 and 100 mg/kg BW also
significantly decreased body weight compared to OVX controls.
However, the effect of DPHD on body weight was not as
pronounced as that seen with E (Figure 1B). These results indicate
that DPHD partially suppressed body weight gain in OVX rats.
The uterine weights of OVX rats was also changed but in this case
a significant decrease was observed when compared to sham
controls (p<0.01). Uterine weight was increased in OVX rats
following treatment with estrogen and DPHD, though a significant
increase was only observed at 100 mg/kg Bw of DPHD (p<<0.01)
(Figure 1C).
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Effects of DPHD on ex vivo Bone Mineral Density (BMD)

Both total and trabecular bone mineral density (BMD) of tibial
metaphysis were markedly decreased in OVX rats (at 12 weeks)
compared to those of sham controls (Figure 2A and 2B,
respectively). Eo treatment (10 pg/kg Bw) effectively prevented
the decreases in total and trabecular BMD. Treatments with
DPHD at doses of 25, 50, and 100 mg/kg Bw also prevented the
decrease in total and trabecular BMD compared to the OVX
group given the vehicle control. Similar to the effect observed for
body weight, treatment with DPDH did not restore BMD to the
level seen in the sham-operated group. Interestingly, DPHD had
no effect on the cortical BMD of tibial metaphysis though a
protective effect was observed with Ey (Figure 2C). These findings
suggest that DPHD predominantly only protects against trabec-
ular bone loss, while Ey effectively prevents the loss of both
trabecular and cortical bones.

Effects of DPHD on Bone cross Sectional Area and
Thickness

In Table 1, the total, trabecular and cortical bone cross sectional
areas (CSA) of tibia are shown. In OVX rats, total and trabecular
CSA of tibia were increased by 12% and 20%, respectively,
compared to sham controls. Treatment with Ey, and DPHD at
doses of 50 and 100 mg/kg Bw prevented the increases in cross
sectional area. However, there was no significant change in
cortical area and thickness.

Effects of DPHD on Trabecular Bone Microarchitectural
Changes

Both static and dynamic changes in histomorphometry of the
proximal tibial metaphysis were evaluated. The growth plate and
spongiosa region of the proximal tibia of sham, OVX,
OVX+DPHD (100 mg/kg Bw), and OVX+LE, (10 ug/kg Bw)
rats are shown in Figure 3A. Compared to the sham rats, a
decrease in trabecular bone and connectivity was observed in
OVX rats indicating that ovariectomy resulted in the deterioration
of trabecular bone microstructure. However, treatment with Ey
completely protected against this deterioration with partial
protection observed with DPHD treatment. Ovariectomy also
induced a marked decrease in the trabecular bone volume (BV/
TV) compared to that of the sham rats (73% reduction) (Figure 3C)
and again treatment with Ey completely restored trabecular bone
volume to levels seen in the sham controls. All doses of DPHD
significantly increased BV/'TV (Figure 3C) and trabecular number
(Th.N) (p<<0.05) (Figure 3D) in OVX rats but these values were
reduced compared to the sham and E, treated animals. DPHD
treatment also increased trabecular thickness (I'b. Th) in OVX rats
but significant difference was not observed at low dose of DPHD
(25 mg/Kg Bw)-treated group (Figure 3E). Trabecular separation
(Th.Sp), another important structural index for static micro-
structural changes of bone, was markedly increased in OVX rats
compared to sham controls. E; treatment was capable of
significantly decreasing the separation of bone to the level seen
in the sham controls. The Th.Sp in animals treated with DPHD
was also significantly reduced but were significantly higher than
that for the sham control group (Figure 3F). These results suggest
that DPHD treatment improved the connectivity of trabecular
bone in the ovariectomized rats though to a lesser degree than
treatment with Eo.

The dynamic bone histomophometry was assessed using
fluorescence microscopy to monitor the uptake of calcein, a
fluorochrome bone marker (Figure 3B). Bone formation and
mineralization, expressed as mineral apposition rate (MAR), were
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Figure 2. DPHD increases ex vivo bone mineral density (BMD),
as measured by pQCT. Total (A), trabecular (B), and cortical (C) BMD
of tibial metaphysis from sham-operated and ovariectomized (OVX) rats
receiving vehicle, DPHD (25, 50 and 100 mg/kg Bw) or 17B-estradiol (E;,
10 ug/kg Bw) for 12 weeks. Results are expressed as mean * SEM,
n=6—8. **p<0.01, significantly different from sham rats. "'p<<0.05 and
p<0.01, significantly different from OVX rats.
doi:10.1371/journal.pone.0078739.g002

determined by the distance between two fluorochrome markers
given at different days and divided by the number of days between
administrations. This index reflects the activity of osteoblasts.
Compared to sham animals, MAR in OVX rats was significantly
increased from 2.89%0.2 to 3.98*0.1, indicating that ovariectomy
caused an increase in new bone formation leading to increase bone
turnover (Figure 3G).

Treatments with Ey or DPHD at doses of 50, and 100 mg/kg
BW significantly decreased MAR to levels seen in the sham
controls. Bone formation rate (BFR), an index of bone turnover
provides the best correlation with the serum bone turnover
markers [24], and the bone formation rate per total volume (BFR/
TV) was significantly increased after ovariectomy (Figure 3H).
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Table 1. Effect of DPHD on bone area and thickness

of OVX rats.

Bone Sparing Effect of Curcuma comosa in OVX Rats

Groups/Parameters Total CSA (mm?) Trebecular CSA (mm?) Cortical CSA (mm?) Cortical thickness (mm)
Sham 14.61+0.38 7.89%+0.30 6.21+0.14 0.68+0.011
OVX + Vehicle 16.50*+0.50* 9.51+0.49* 6.41+0.11 0.70%+0.010
OVX + DPHD (25 mg/kg) 16.15+0.42* 9.03+0.40* 6.45+0.12 0.70%+0.005
OVX + DPHD (50 mg/kg) 14.99+0.39" 8.36+0.15" 6.02+0.12 0.69+0.006
OVX + DPHD (100 mg/kg) 14.72+0.44" 8.12+0.39" 591+0.13 0.690.005
OVX + E; (10 ng/kg) 14.73+0.48" 7.82+0.51% 5.97+0.10 0.68+0.007

*p<<0.05, significantly different from sham rats.
fp<0.05, significantly different from OVX rats.
doi:10.1371/journal.pone.0078739.t001

Similar to MAR, the increase in BFR/TV in OVX animals was
effectively prevented by treatment with either Eo or DPHD. The
reduction of MAR and BFR in DPHD treated rats indicated that
DPHD was capable of decreasing bone turnover rate in a similar
manner as Eo.

Effects of DPHD Treatment on Biochemical Bone

Turnover Markers

To evaluate the effect of Eo and DPHD treatments on bone
turnover in OVX rats, we measured the serum osteocalcin
concentration and tartrate-resistant acid phosphatase activity. As
shown in Figure 4A, the serum osteocalcin concentration in OVX
rats was significantly higher than that in sham animals and DPHD
treatment of OVX rats significantly reduced the serum osteocalcin
concentration. These results indicate that DPHD prevents the
ovariectomy-induced increase of bone turnover in rats. The TRAP
activity of osteoclast, an index of bone resorption, was 25% higher
in OVX rats compared to the sham group and DPHD treatment
restored TRAP activity to level similar to those of Sham and Eo-
treated groups (Figure 4B). Since the decreases in bone turnover
and resorption markers are related to the suppression of bone
formation rate, these results suggest that DPHD decreased the
bone turnover rate by suppressing osteoclast activity in OVX rats.

Discussion

The present study has demonstrated for the first time of the
bone sparing effect of a novel diarylheptanoid phytoestrogen
(DPHD) isolated from C. comosa. In ovariectomy-induced osteo-
penia (OVX), a deterioration in trabecular bone microarchitecture
(12 weeks after ovariectomy) clearly led to the loss of bone mass in
rats. Treatments with DPHD effectively prevented the trabecular
bone loss and improved bone microstructure. Moreover, markers
of bone turnover, including osteocalcin and TRAP activity, were
decreased in DPHD treated animals. These results suggest that
DPHD provides a protective effect against OVX-induced bone
loss that is associated with decreased bone turnover through
suppressing bone resorption.

The integrity of skeletal is maintained through a bone
remodeling process that balances bone formation and bone
resorption [4] and estrogen plays an important role in the
maintenance of bone mass [27]. The rapid decline of estrogens in
postmenopausal women results in an imbalance in the bone
remodeling process leading to osteoporosis [28]. Mornitoring of
BMD is important for diagnosis and the treatment of osteoporosis
as decreased bone mass is a major characteristic of this disease. In
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Total, trabecular, and cortical cross sectional area (CSA) and cortical thickness were measured from sham-operated and ovariectomized (OVX) rats receiving vehicle,
DPHD (25, 50 and 100 mg/kg Bw) or 17B-estradiol (E;, 10 pg/kg Bw) for 12 weeks. Data are expressed as mean *= SEM, n=6—8.

this study, decreased BMD in OVX rats, determined using pQC'T
was observed only in the metaphysic of the tibia, which has a
greater proportion of trabecular bone in the proximal end.
Trabecular bone, a sponge-like bone found at the ends of long
bones and vertebrae, contains osteoblasts and osteoclast on its
surface and is more active in bone turnover and bone remodeling
compared to cortical bone [29,30]. Indeed, our analysis of OVX
rats showed only loss of trabecular BMD. This finding is consistent
with previous studies that report the loss of bone in adult OVX
rats was more prominent in trabecular than cortical bone [31].
However the loss of trabecular BMD in OVX rats was attenuated
by DPHD treatment. Consistent with reports that estrogen
decreases periosteal bone formation and radial growth [32],
OVX rats displayed an increase in cross sectional bone area
indicating that radial growth was increased. Similar to estrogen,
treatment with DPHD prevent the increase in bone area in OVX
animals. The improvement in bone measurements following
DPHD treatment may be partly attributed to its estrogenic like
activity, as evidenced by increased uterine weight in DPHD
exposed animals (Figure 1C) and our earlier study on uterotropic
activity of DPHD [17,18].

A rapid reduction in trabecular bone volume is known to occur
following ovariectomy and is associated with an increase in bone
turnover rate resulting from an excessive osteoclast activity [33].
Our analysis of the destruction of bone microarchitecture, another
important characteristic of osteoporosis, evaluated using bone
histomorphometry is consistent with an increased rate of bone
turnover in OVX rats. Ovariectomy also markedly decreased
static indices, including trabecular bone volume, thickness, and
number with an increase in trabecular separation. In addition to
direct effects on bone morphology, monitoring changes in
circulating bone biochemical markers can also reveal the status
of bone remodeling process [34]. These markers include
osteocalcin, an osteoblast-specific bone formation marker, and
tartrate-resistant acid phosphatase (TRAP) activity, an osteoclast-
specific bone resorption marker [34,35]. A dramatic increase in
serum osteocalcin and TRAP activity was observed 12 weeks
following ovariectomy, confirming that bone loss was due to an
increase in bone turnover rate. DPHD reduced these markers of
bone turnover in OVX rats suggesting that DPHD prevented
trabecular bone loss and micro-architecture deterioration by
suppressing the rate of bone turnover either by decreasing bone
resorption or increasing bone formation.

DPHD at doses of 25 and 50 mg/kg BW preserved bone mass
in OVX rats without showing an uterotrophic effect. These results
indicate that the beneficial effect of DPHD on bone is not limited
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Figure 3. Reversal of OVX induced bone microarchitectural changes by DPHD treatment. Representative 2D images of the proximal tibial
metaphysic (trabecular structure) of sham operated and OVX rats receiving vehicle, DPHD (DPHD 100 mg/kg Bw and 17-estradiol (E;, 10 ug/kg Bw)
for 12 weeks. Samples were stained with Goldner’s trichrome for bright-field microscopy at a magnification of 2X showing the following: epiphysis,
epiphyseal plate (EP), trabecular bone (Tb), and cortical bone (Cor) (A). Fluorescence micrographs (calcein labeling) (B). Static parameters: trabecular
bone volume normalized by tissue volume (BV/TV, %) (C), trabecular number (Tb.N, mm ") (D), trabecular thickness (Tb.Th, um) (E), and trabecular
separation (Tb.Sp, um) (F). Dynamic parameters: mineral apposition rate (MAR) (G) and bone formation rate (BFR) (H). Data are expressed as the mean

+ SEM, n=6—8. **p<0.01 significantly different from sham rats and 'p<0.05 and "'p<0.01, significantly different from OVX rats.

doi:10.1371/journal.pone.0078739.9g003

to its estrogenic property but also mediate through other biological
effects of DPHD, such as an anti-inflammatory activity [19].
Inflammation is one of the causal factors of osteoporosis and
several cytokines, such as IL-1, M-CSF and RANKL, are involved
in the pathogenesis of osteoporosis. The role of these cytokines is to
activate osteoclast differentiation and bone resorption [36].
RANKL, a TNF family member, is synthesized by the osteoblast
and is an essential cytokines for activation of osteoclast formation,
function, and survival [37]. The interaction of RANKL and
RANK stimulates the osteoclastogenesis, the coupling process
between the osteoblast and osteoclast to control bone remodeling
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[38]. Inhibiting the interaction of RANKL and RANK may have
benefits in the treatment of osteoporosis and DPHD treatment
reduces mRNA level of RANKL produced by osteoblast cells
during differentiation [21]. The inhibitory effect of DPHD on
RANKL may in turn attenuate the interaction of RANKL and
RANK and subsequently reduce the downstream inflammatory
cytokine induced osteoclastogenesis and bone resorption. Estrogen
deficiency in OVX rats is associated with the local disturbance of
cytokines in bone marrow, leading to an increase in osteoclast
numbers that ultimately penetrate trabecular bone and cause deep
resorption cavities [39]. Consequentially, trabecular bones are lost
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Figure 4. Effects of DPHD on biochemical bone turnover markers. Serum osteocalcin levels (A) and TRAP activity (B) of sham-operated and
ovariectomized (OVX) rats receiving the indicated doses of DPHD (25, 50 and 100 mg/kg Bw) or 17f-estradiol (E,, 10 ug/kg Bw) for 12 weeks. Results
are expressed as the mean *£ SEM, n=6—8. **p<<0.01 significantly different from sham rats and "p<0.05 and TTp<0.01, significantly different from

OVX rats.
doi:10.1371/journal.pone.0078739.9g004

and the remaining bones are less dense, thinner, and widely
separated [40]. Changes in cytokine levels in OVX rats may be
attenuated by DPHD treatment. If this is the case, then it suggests
that DPHD may suppress osteoclast activity. The inhibitory effect
of DPHD on both RANKL mRNA expression and interaction of
RANKL and RANK in osteoblast cells may in part account for
attenuation of bone turnover and preserving bone mass after
ovariectomy [21]. Pharmacokinetic analysis indicates that the
amount of DPHD used in treatment of OVX rats in the present
study would provide an effective concentration in the range similar
to that reported in the @ vitro study [21,40]. However, the response
of cytokines to DPHD treatment in OVX rats has not been
investigated and any effect of DPHD on osteoclast cells and the
inflammatory system remains to be elucidated.

In conclusion, this is the first report on the effect of DPHD on
bone turnover and protection of trabecular bone loss in OVX rats.
Our results indicate that the novel phytoestrogen, DPHD, exhibits
low uterotrophic activity and has potential in clinical applications
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