[ Downloaded from tumj.tums.ac.ir on 2024-09-10 ]

sogro dlis /\T/\LT/\T'g&m;IYaJLuE;VﬁaJJJ;IHTm/;dw‘_&z_};-f\,lca&d/qfﬁxaqﬁd/q@ Il ]]VI'

Sonpe Wlio 19,06 (1350 (815 (Il S galie

WAVNYO oS0l ATFRUNN0 i WWAVAENA Sl WAV sl s 04&

ol O35 5 0l 53 ok s Jalse mspe 513 30 o 1) Oler sy ST s 5d (sl

b3 5,10 Ol e 3 (ol (6353551 013 50 (5L L3 03 1S Slidon 355 L ool 0 &5 Sl
VoYs Jlo gl 3l o e 8 a5 OIS b 5 e 5 01 K255 31 Y0 Y+ Jle Nature s o
Yool 3 b me sl cpl Jan s Omics 3 5,0 (g5l Oy 4 oS Pl Culg 5o S cdias 4l
o Jle Ve Sl e S I slse 2 00l a8 I s il i 8 eSed e sels e e
3,5 oo o dalia | L;JL_A”K;A)H;)\)A Syt bl (Sl S Cpdd 5 S5 oS Sloy 33,5 a0
S e Slacs sl o linsOlis o 358 o i lid L plte 0355 @i 4 53 ) b 5 Sl (ol 035l
e 3345 ol plandisn G s Lo g5 oS il Al o S Sl fdos 5 4 S ple By, .l
53 5ol Ol e as i3 g 5 e I el e e sl L T3 bl Aile (S350 5m 315e A5
3,8 o B s 35 5s ff"-_“. shss 5 cble (sl se oS o idhan I Jsldte sla el )l L;..AGL& )-:JUT
Dl eslad 5550 59,0 Ols e Hase 25 55 dliwle S Coul Ghad ) &)}ﬁwuulwéw%
ELpe STy W é}_?")w;ﬂcit_ﬂ Slomedy o 5 452 612 L;);JIJL_{@AL:ﬁ}A Slaesls bl 5 5,8 o
i G bl s besleiy el G5, 6ol bl Ols e el g e bl O luls
Slesleal U ooladllae 51 (63 sdome sldad g .ol 5350 Ols o aseld S o GLA Slawdly 5l eslanal 35

Alastls y Ols 0 (65900 wey 53 andllas 4y W SKo g silie (gla 5,

e b ety Sl (O3 e (S5 5b0 s SRS bl Lol

Shs oSeodale 5 oS (oS s slaae) 3 L

"l Olps Ml BT il
&Lﬂ\) ooy ICMJAL}) >
el S il e s

TN S sruals

e Sy Ao 50 =)
Sler Sy psle oo slocs ol ol
el s s 5 = A
o S sl bl oDl ST ol -
Ol g
Lol oo s MALS atSE gy odsid 00, S =0
Ol O ¢ s g oS> ¢y )15
Ay g Aon il i 50
oS> o lin 5 212 0l g2 2l
el Sy s Sy o5l
S s 5 Sadlples i S0 =0
Sl ke ol g lio gl ol g
Ll i s
L33y 0 Ol D1 e
S A sl (S ke g slag st
Ll

YV = YYERYeYe i odls

E-mail: k.gilany@ari.ir

e el o2 Al e dils e e b 655,00 Oless 5 el Gl s

Ghuark sl Ml L pSadpbe Slides o

Feoma bl S s elanl g ol S
Y JKE) el ok sl 015 e (555,L0

@by ol oAl ol pns S e ) JSS

OF 53 68 e 05 15 (U505 S55) JsS0n (bt

10 sgd 534S Al (55500 IS daz s 5170 5

Oloys 53 iy 3l Tl e s Wl e el a)lse
Olaym ol b odlaly 5o ehsa ol Gz «($55,L0
D o5 013 0 (65 55L0 by o S 4l ol il 05
A e s edale S n Pl LIS e &S ol ety
il (bt Ol pea wtlal cline b Ol se ol 238
Slagsts 5l eslinul 553 o (sduaid (Idiopathic) Sl i b

AFA G AP+ T o)las VD 0,30 ) FUF i o3 g ity gl olCiilsy o iy 0y aleo


https://tumj.tums.ac.ir/article-1-8573-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-09-10 ]

AN Dbl Glase sl silifadia uSe s slie

bl g 0l o ae (93,58 oS5 Slp oBss Olgea el
Ses 5 6308 ol 5 el 0 O 51 S5 1 g 6 65l
L N R APl o ST P S SN SV R
TS R O TS PGP R T
Slekss Gl o AT Ol il e OT Sltal 5 s J L
O Slas goms o5 a3 S K 5o (S5IS) ek 4 S5
Lpdo sbml (S g s S ool
L bodpbe by 3 clea TS o sl "r}JﬁLu"
38w s b posat @ plardisn Gl e Sl 15 Ol se
) il slasslen sl pais gla S5l Ol pea Lol
wilS gams b ol G0 b Gl adple # sl
o Ol S eSS 5 CgaS L LU s il M|
(Metabolome mapping) Niﬁl:.a Gols paid a3l il
b3, (Metabolic fingerprinting) S ple (o KKl
Ledda g 5 4525 5 (Metabolic footprinting) S sl
Cogon V dsd= > oS (Metabolic target analysis) KJ sl

TLleds 0313 s 5 eatse

N
S g
S

BN pbdcaa) ol Jool Al ol 2 655 4 R NS
(SN S53)

Tehran Univ Med J (TUMJ) 2018 March;75(12):860-8

http://tumj.tums.ac.ir

et (el s p Sy e 4 O 1 Sledlbl 0L
el o3l DLy XS o Jes il & ed e 53 obr
85 31 e Ol o Kool il el S 5 Silad b
s e DL s b3 Shas 5 o dlie o s i)
Sledd a4ty s 5 SUple s Jolize o 2oled ‘c
Lodpbe Ky o oo pls s o 0l 1 2 ple Slbls )|
* il e oeu 3l e gotiasolis oVlasl &S b5 hitean

ab 5 sl sbadpbe 4 olis spmse 04 s S S
Sl sl pled e a5l e slie IS [ sbay 53 gr o
S s b3 o S5 5055 Gladyl B Ls Lledd m5 s el
Al I sl 5 el sbadad dans le LS 5 lals
SIS Sl sl Sl bkl b b LS5l
Wile 5A mbe plplssl Kpde M R 5 S
e lie s Glate ba L L 5 S5 sladd o s
g @ S bl Slasr s SLS 5 cpl 4 STt o)
by 4t slacdpbie ( Blie 53 Ll plassls s 5 e
S Sy Olgea JL 5 il e g m s
S U S sbar Lshs e LA S 5 s
2 Soars s Sl (Sl sl s adsl slacd sl
Lo SR (Jlie o S e IS0 Jie e
wils B 5 aeS s Ay 3 et sba 4l glasd e
b g 4 S o W 1y il oS el gl i s aiil
ir LOT L a3 e Lams 5 Slssrse o (S581 OMals s
5l lames b ed gl G (Biomarker) gao; KL aces
Bl oS ol ey Il sl nl b S slacd sk
S andlas sy 5 Ll b [zme DS b 5 (Sole
sy S adsl e 3l ol pn Sl S S
Suil s pamis e sl e BBl 4 s e
Sras e ls e 55k SCae b B s e sl L2
ol iy ol il ol bl sliewdige 5 olewd LT, o
Ll s s s Gl KL AS 5 oS slaanlis O
Ml 0l e (5506 5 e

Sl gl 5l i b ol s ol Sn e s
53 88 el Oloy Al 5o S Dlule s bacdl dadshe


https://tumj.tums.ac.ir/article-1-8573-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-09-10 ]

OblSas 5 L 5] i sl AY

ST ol el o sl 5IS] el (55 0 O3 e
g GRIE s e S st SO Sl el W e
(Seminal plasma) s dLA Sledly 5o Je O5.s) L;Lzm')f
poe il o SIS (Bl i 3 I L ol e
JoLE U e mle Gl o gl STl dales
sy DL 4 O e b SUSS S8 6 Sk

" |

S

S aenls Olas aly ol s (K05 gandlas L3 opl 0558l
Testicular sperm extraction (TESE) o5 S ;5 5510t Jsles pe
Kandar « ) »os 3 ol 2ie jles Cuie TESE 4 G e
o mle Gl > 3585 W5 s bl & OLSGes
sl & sl 3l s gslas] ol S el S
Ol peis O3l 0L 4 3B Lol Jl ol b izstls () Ke
De Tuliis ™. L% 2 GLA ooy 53 e pbe ol a5 LB
Lsls OLES 1y 13 s5le ool 53 A8y s 5554y 5 A 55 O, K0
Sl ol 3,18 el ool S 25 b e bLI glls oS
BE r}j}.‘bﬁ CE__« BE b d@;-j: J.»G jwv'; &ﬁb)}.&.ﬂi Qh}«a
Olalllas bl 5 pl &S ks o Ol 5oL Ol e boaslis
4 0k Ohley s mle slondly o S P plie o KK
pde (slasdlae L3 (ol pOs 3l el 43 8 Dy o Son il g5 ]
tlie 53 Sonpplys sl 3131 2o mle slasdly 53 ROS Jslas
s S sdalia 555k Ol e L

bS5 SlSY (ol gl S cl ol 0L Slallles
3 ol sl M Ol 3 e e ey S L s
Gokuas Ol oS ol atl x5 dald o5 S Pl ol 3L sl
Siba &S rags s Tewd o5 LROS Jlasl s
3l o pwsil 53 pleze Sdabe YU ol 43 S ol
JSTLI P S s (Non-obstructive azoospermia, NOA)
i Gl plats s sl SLES Ul pea Ll e ke
L;I)IJ _)L:..“.J PLY ‘hjtg 4“)'9 oslaiul )90 NOA QjLL..a 6L"°))§
Iy Ols 5o (6595LE 50 8e 51700 550> NOA &S | > (sl Copanl
52 Fislml lls 5l S b Sl M sk e el
Sl el U Jb 5 o gl sl Sl &l b
(Oligoasthenoteratozoospermia, OAT) Lo sl 55 551 5 j:,.ﬂ I

Sl pdsilie 53 s se il mes Sl bl g g5
Ay ST S 4SS LS o 5 e 4 s e 0L
gl amlie 5 Hpam e opl ol s Sl
o elial s GG S e axe ) el eSS
ik gl By 05 S 0w IS sba Sl e tass
ol Lgd o ghuald ()5 b i 5 ()8 oo
Lol LSS cpl 5l oS 5o 53 eslizad 3550 GlagnilSe s 13
s il S 5 oS Gilal sl 51 ules 5 Uiy slyls Iy
33 LSS ol U5 5 eSSl st Y sl S s
A e aslyl S s gilie lallas

g GIUT o (sl foie SLSESS L agrlse 5o LS
T oSl badaly 50 ST g5 STl Ll 5 S
G glacd sl g5 O Sl il el se A e SRl sl
(Targeted  Lwdds Sojso & Llg o poSKogd plie andllas)
(Untargeted metabolomics) Ltwbdis & L 5 metabolomics)
53 anllle Gl Sl s Lo 5 s 5 I35 (pd i e
S 3 aSepl e Olgea il i 1 Sl IS (S0 sl
L, Mass spectrometry (MS) | Cosl g oS s slie andllas
Cda 4 les 48 eslad Nuclear magnetic resonance (NMR)
G5 Sl (Slaims 3515 Sy 5305 ol jad S0 e 5 LT
JHlr xS L o W sl Comles Sups Sl e
SOl Jb 350 350 s Uast (80310 3 ol Ko (6 5Lwoslel
g5 Slr Rasdes (el S Ol 08 NMR eSS s
5 ol Gl e de s 30 sy pled slajbsle
ool odal 3 g5t S 5l S e S 5168 ) (Ll
Liquid  glapiw 53 5 Sole w0 )l s
!z o58L Jwsly chromatography/mass spectrometry (LC/MS)
33 03 besly s bl ol iy Sl LS 5 plubs
e Dl el @ Sl s ol Ssline LS ke b
W, s

Jé ba S - dsls phe amd 3 adldenST 2l
Gu 33 UAQ\J:MQL;';}“ s (Reactive oxygen species, ROS) (5.5
S50 o sn oS 555 g3 5la ol (o 55 4 e Nl g5 a e
Gl bl s Sadplie andllae s 338 e Ol

AFA GAF+ T o)lais VD 5,55 I FAF Wbl ol (K psle olCils o S5 0aSCiilsy alona


https://tumj.tums.ac.ir/article-1-8573-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-09-10 ]

A Dbl Glase sl silifadia uSe s slie

TP PR SR S T I PRE

i

o3l

JLQJQY)MAS‘(VSJ)QJAQ)‘}QQ}D S g S gad 53 el Uy e silie ru:;n_}atsdww

Aen O Ol

Gl S s ke K gl sl plad ol 5 LIS Ll

Metabolome ¢ 5l 5

pale ol patds

Metabolome mapping

R TC G PR AR YK HESPCIRT AU L N SO I JRCOPR TS

S5 goee S by SileS 45 0l i 3l e sl 5l e (@3l e fnd 5 sl

Ly ol

4 g5 Slaeslas b s ol (slasi gui 31 6 sai IS R obl bl 05y Vgamo 5 e IS el 5 a0

Lot s 6 S5 b 5 (il Sl

b 55 a8 b Sl edd i 5 slacdslie 51 IS0 i) 35 50 S Jshe ol o dlie lsime Jdo 5 4o

Metabolomics
Sl by,
Metabolic profiling

oS siln /S plon (6Kl

Metabolic/Metabolomics
fingerprinting

S ) ey SV SI sl b3,

o e Sl lme ol ¢ g3 Sn Sla 53 Jlie Ol sy ol 4 525 5 5o Sk GILbI Lamee Metabolic

sl CiS Jaes

by n wsmi gl paste S plie la 1815 b Las o o slie 51 855 oS 5 (AS Lo 5 452

< el b bl gl

Oloys S 63,8 5 U S 058 o o Jdod 5 4 anglie Ol siea Ysane Liada o ST plte Jlsn omnd

it & L5 e 5 el i e 51 (S 05,8 Jold 5 555 b o250 o e 51 05,5 & L ol Al o

Sy e dder e sl

footprinting/Exometabolomics

Ladda Jdow 9 4 o0
o el Seng) siee
Target analysis metabolic/Metabolit

Profiling untargeted metabolic

S5 S b5 S5 585 G e 4 0l (s K 50 S it iy 4 ily (Sl ks o (603 S e

Metabonomics

e o 5 4 a3 saalllan s Lol s S el NMR
Lien S5l el DY (glyls a5 (ol 3l s 6y S
S sl 3l cdkaes (055551 5) &gﬁ\jj sladl hls a5 gl 3l
Lol (aals 05,5) Jl s Seo ol ssso, 5 530 5 Ls OAT
53 DS 5 Dl (S fssied S Tl a3l )
RlR0sB) el S et s 8 4 s ool g3l Ols 5
« Glycerophospholipids (GPC) <l 5 lSY 4 Ol e el
b S5l Lol 5 dald 05 S L (o Sty olis sy
S 51 eslimal b oaS s TNl e el 55T gnldl slaes S
Fourier transform infrared spectroscopy = Jeslw )
o el hav )3 (6 Sakar Sl oS A2 esls OLE (FTIR)

Tals gy Sl 3330555 5 ($3Madl o il 53T Ol 0

Tehran Univ Med J (TUMJ) 2018 March;75(12):860-8

http://tumj.tums.ac.ir

Sk o S Ol W5 e ol sde Jld s e lssT L
om ety bl s w8 S 55 LU Ol s gdS
e 35l s Wap e 63, 5dese Pt L gslast il
Gob Sl el 0535 S lSe 8 o 3 s eS| e
Slady g5 5 glady, SO DNA s el sl 2158
Loalaly L3 sped al) Ol oS 603 mdy M e
Tl sl esls LS sty 4 anls .IQ“IJJ)JL;'-AGLA
SIS e K Ulgsa o mle glendly S il (s3L5 ke
SGS oS e ol ealiad 50 O e (oL s S
Sl pleld sl e b sl S S Slallas s
ook 5l eslinad b O)\Ses s Hamamah Lo 5 s eslanal o


https://tumj.tums.ac.ir/article-1-8573-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-09-10 ]

OblSas 5 L 5] i sl

Mg

R P S P T - IP PRI WE S P PYC S S PRES

bl e il

LU2

Wl (5 LSSl Sl S8 b
Slrlshs 5 ooy b Jold (s
ol @V jaass 4 5l s Casl e
Sl a3l 4y ol W Sy
23S s sy Sy by b
g5 03 el iy plsilio 553 sladd
Sl S MRI oy ST 0l 5l ol
1A ealinal 5550 065 (Slails (ganlllas
436 5 ol Sl (S 30) 2,5
FOWPERE N
Gz 2k 0les @ 5L s a3 08
oS Sl (s gt ST 5 3Lty
B L O
Lile) Gla oSG 5l o slaesls
IOl el 5 e g of e (LacSad
Coslom JalS a2 55 5 gl iz 2
S ke glacll- S Ol oy
oS ()l 50 e 53 5 IS S sl
Laesls
5 Rl sleae ¢l YL 0L 4 5L
oS Slr oo ety silagrie 4 3L U
SS 5 Gl el Gl e DS S
Sl Vo IS5 02 5 Sl LG
g (silegiie il )l b LS 5 T
b sl W s o e 2
5 oo s 3bueslel ((s3lugiie
P sagies gl el LSS
ol s
@ e (Gl lsEs 5 edamy Jles b
Ol Gk JB e slaes S s s ojle
Sy 4 Sl gl pluls s LS
Sz a3l S, GioleS e

.auw'o;)s

ealial &30l 3 s 5 sbas 5 0 b B o)

Sl il o S slerd bl 5 X p
Ll 5 p ol i 5 @ s 5,5 e )
4 3L Os 5 s 505 (S3luelol bl 35

e 5SS Sl o dy e (:lau‘l Silwie

St 51 e o35 e B slacds olSaus 50 4 4y
S s 058 (Sl il o sty DS 5 o
LSS s (ol oslizad JB slaes LS 5
Cl | il Ol Tandem mass spectrometry (MS/MS)
bsS Coson ols 3 LS 5l bl el
JB s Sy 5 SIS 5l S sl s L
LI gleaie 4 5L ialeS el eslinad
Skl bies oSl ST o Sl
Als O gele 1
3 (b o5 5) I3 DS 5 sl s Sl
53 60bS 5 ol gl BT e bl ol e
Time-of- A5le 333 a3l a1 & 0350 5ees &0y 50
lek:..»\ LG flight (TOF) mass spectrometry
S Doz o3 olisl da o8, Sl Ui b plaesls
Sl sl S B MS/MS (gla sy ISCaT & 03
Ry vAljB alal olS 5ol ol
Sop e 5 Gold GLLLULS & jeme ol
el 51 B N (5 S
ealial &30l 3 s 5 sbay 5 0 b g5 0l
Sl gl o S e sl 5 X p
Lol ol 3 5ee (555 L DA ) S e 13
sbes 015 e el Ao ule sl S lalis sl
V0D g el 5 a5 5 e3linel € pmd 3 ki
Sl 3 4 a5 oo Sl 2SS S (a6
4 0L Oady (el g amiear Gl S5 e
Aol b e il Gl ol 3l

Azes oslizad B

NMR

LC/MS

GC/MS

FTIR NIR
Raman

Nuclear magnetic resonance (NMR), Liquid chromatography/mass spectrometry (LC/MS), Gas chromatography mass spectrometry (GC/MS), Fourier transform infrared
spectroscopy (FTIR), Near-infrared spectroscopy (NIR), Raman spectroscopy (Raman)

AFA GAF+ T 0)lais VD 5,55 I FAF Wbl oy (K sl olCils o S5 oAl alons


https://tumj.tums.ac.ir/article-1-8573-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-09-10 ]

Ao Dbl Glase sl silifadia uSe s slie

35 ek &S Jals OLES Lol il e b s laud Sl
bokase ool obml 5o ) ege A8 (Sl o s
55 b Sldlas S| &S epl 545 b .S s Wl Ols,e s KYDS
slisle OpSt s ol O e o500 poSKeas plie b adail
Ol e s bl b Bl s pSedplie g5, SUI Sl
el 0 ?l’-”.\

4 LC/MS (g 5ts 31 eslizal L 0L, 5 Zhang axdlls s
et 5 0l 4ty oo 3351 Ol 0 5130 o P gl LT
el 53l 51 s S sdalie Sl plie Ve s 1) (o Kai
Joe s sl s 5 Al s e s Skl el (S
oMl e b s LB Bl &S A sdalie (a5l 5l
s ls S o 53 S

sl p sl Jiujﬂ);mé\ﬁwwﬂ Oty 55
SR (s a2 B L3S el S ol go 5 550LU Ol e
Olas w3l Lol .jls m gosl ey sl Sl 5 x|
5Ll 33 S 4 Ll e 45 L (603 ol &SI ol
0 Lol (plpossl S S b dals 3l 51 Sonemsis0 5
Gl i a5 dtls (63,8 s LTV 6 same glalid
3 S ARkl 5 G5 Cande 5 L ege $3,Ses
o el @ el TS e Ll 55 5Ll > S| T
Sk B4 5SS ) oS5 aes S S
38 D5 (oS5 5 S Sl S ey
SSes b Sl ol sl s S 4 Lasil Cgr Ll e 4
w1y So 53505 $03000 ol 5 S glasl s, o
HaS jasids s

4 5 45 Sl Omics 53 dr ity Glaine ) Sen o olo
GRS dale ) ety Sl Bl ey o
ookt xliial 03SU o (s b el en 4 mle SIS Sl S
ale bl 3l odd plals slacd plie slass is5 cpl
oS plie 4ol 3gms boes e Gl 1 Tasgle sl 5 e
5y e SR S ¢l Je 5SS Ol
bl ol Gl saay 3 Of OB e linle Ll sl
35 paasie 5ol 5 el 331 Ol clew LIS el 3 sl e
Al peSe I i (4

Tehran Univ Med J (TUMJ) 2018 March;75(12):860-8

http://tumj.tums.ac.ir

sl Sas 6 Gladlas op S 3l ol

S s S TN Ll 4 e o S el (ol 8
Jlon Gmnd S5 S eslinal b ODbey (pl e mle sledly
Sl (ol pramer T S abia b S sl
Gy 45 ol POyOl s Sl S sl 5 oS5
ol e TESE s SIS gemter glp gAS
Oblas Sl e mle sladly S slie (Kt L L cpl 0553
L amlis 53 Sote TESE (samms L (s3ldl b gn el 531 4 Sls
Sple KKl ST o Al el Oli (ie TESE
S Sl S Olpsa é e Gl ot Dl Ll
S Ulpea oo C?L" ey slad) 9 ladllas s sl
b ol & Ve Olle 53 O3 p S50 s S e
Ssbar e &8 Wsls 0Lz Lol s 8415 eslizal 5550 ol
Sl ot 58 daited sied s el dadil s lS 4 oikes
ol 53 slad S50 Lol ijls s oS L Slazas 5 o
55 UTP 5 GTP, CTP 5o ile S plie siaze slaoes b |,
Olasply Sla e 45 ol OF (godins 0L &S izl b3l
LS o Olb ol 4 Y Olles s el Ses
T O NMR e il 51 eslizad b 0l Kes 5 Jayaraman
by cde booabl @ Se Obla o mb ledl
Mt ks ol b b Gl dals sl3l Syl
550kl Oblen tidls sgms anlllas ol 3 &S (gu0LL slaes S
Wby Sopmsizns  sbbl oo e bl
sy 53 F 5 5 a3l e s3 sel (Son g5 S
Ll 02 g55 o8 dsls QLS 1) sl ot & OBy 5
=S5 Sles S b s Sobpdl (5L G e gla LS
ol Wil DS 5 51 2 e b e a5 51 6 5 e
S 6855 andllae 3L g 5 35S 8 Dl S (Y
bt b Sl e mle slawdl it s iz S50«
(Kidney-Yin =~ SL-alS 2 ppbin S5s gl Kooy plee
£\ Cwdly &S sses eslal deficiency syndrome, KYDS)
s 4 sl e TS Ll | e S b
dale 5 e L& A b opdll Spbe
e plie 5 S 52 S5 Aol 5 (Sl gyl sladnl s


https://tumj.tums.ac.ir/article-1-8573-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-09-10 ]

Agharezaee N, et al. A

References

10.

12.

14.

15.

16.

17.

18.

Kovac JR, Pastuszak AW, Lamb DJ. The use of genomics,
proteomics, and metabolomics in identifying biomarkers of male
infertility. Fertil Steril 2013;99(4):998-1007.

Downes A, Elfick A. Raman spectroscopy and related techniques
in biomedicine. Sensors (Basel, Switzerland) 2010;10(3):1871-89.
Goodacre R, Vaidyanathan S, Dunn WB, Harrigan GG, Kell DB.
Metabolomics by numbers: acquiring and understanding global
metabolite data. Trends Biotechnol 2004;22(5):245-52.
Villas-Béas SG, Roessner U, Hansen M, Smedsgaard J, Nielsen J.

Metabolome Analysis: An Introduction. New Jersey, NJ: John
Wiley and Sons, Inc.; 2006.

Hollywood K, Brison DR, Goodacre R. Metabolomics: current
technologies and future trends. Proteomics 2006;6(17):4716-23.
Villas-Bbas SG, Roessner U, Hansen M, Smedsgaard J, Nielsen J.
Sampling and sample preparation. Metabolome Analysis: An
Introduction. New Jersey, NJ: John Wiley and Sons, Inc.; 2006. P.
39-82.

Villas-Bbas SG, Roessner U, Hansen M, Smedsgaard J, Nielsen J.
The chemical challenge of the metabolome. Metabolome Analysis:
An Introduction. New Jersey, NJ: John Wiley and Sons, Inc.;
2006. P. 15-38.

Deepinder F, Chowdary HT, Agarwal A. Role of metabolomic
analysis of biomarkers in the management of male infertility.
Expert Rev Mol Diagn 2007;7(4):351-8.

Oliver SG, Winson MK, Kell DB, Baganz F. Systematic
functional analysis of the yeast genome. Trends Biotechnol
1998;16(9):373-8.

Shulaev V. Metabolomics technology and bioinformatics. Brief
Bioinform 2006;7(2):128-39.

. Viant MR, Rosenblum ES, Tieerdema RS. NMR-based

metabolomics: a powerful approach for characterizing the effects
of environmental stressors on organism health. Environ Sci
Technol 2003;37(21):4982-9.

Denkert C, Budczies J, Kind T, Weichert W, Tablack P, Sehouli J,
et al. Mass spectrometry-based metabolic profiling reveals
different metabolite patterns in invasive ovarian carcinomas and
ovarian borderline tumors. Cancer Res 2006;66(22):10795-804.

. Fiehn O. Metabolomics: the link between genotypes and

phenotypes. Plant Mol Biol 2002;48(1-2):155-71.

Qi Y, Song Y, Gu H, Fan G, Chai Y. Global metabolic profiling
using ultra-performance liquid chromatography/quadrupole time-
of-flight mass spectrometry. Methods Mol Biol 2014;1198:15-27.
Fernie AR, Trethewey RN, Krotzky AJ, Willmitzer L. Metabolite
profiling: from diagnostics to systems biology. Nat Rev Mol Cell
Biol 2004;5(9):763-9.

Kell DB. Metabolomics and systems biology: making sense of the
soup. Curr Opin Microbiol 2004;7(3):296-307.

Botros L, Sakkas D, Seli E. Metabolomics and its application for
non-invasive embryo assessment in IVF. Mol Hum Reprod
2008;14(12):679-90.

Lenz EM, Bright J, Knight R, Wilson ID, Major H. Cyclosporin
A-induced changes in endogenous metabolites in rat urine: a
metabonomic investigation using high field 1H NMR
spectroscopy, HPLC-TOF/MS and chemometrics. J Pharm
Biomed Anal 2004;35(3):599-608.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

. Williams RE, Lenz EM, Lowden JS, Rantalainen M, Wilson ID.

The metabonomics of aging and development in the rat: an
investigation into the effect of age on the profile of endogenous
metabolites in the urine of male rats using 1H NMR and HPLC-
TOF MS. Mol Biosyst 2005;1(2):166-75.

Sharma RK, Agarwal A. Role of reactive oxygen species in male
infertility. Urology 1996;48(6):835-50.

Jafarzadeh N, Mani-Varnosfaderani A, Minai-Tehrani A, Savadi-
Shiraz E, Sadeghi MR, Gilany K. Metabolomics fingerprinting of
seminal plasma from unexplained infertile men: a need for novel
diagnostic biomarkers. Mol Reprod Dev 2015;82(3):150.

Gilany K, Jafarzadeh N, Mani-Varnosfaderani A, Darbandi M,
Minai-Tehrani A, Amini M. Metabolic fingerprinting of seminal
plasma from non-obstructive azoospermia patients: positive TESE
versus negative TESE. J Reprod Infertil 2018;19(2). [In press]
Kand’ar R, Drabkova P, Myslikova K, Hampl R. Determination of
retinol and a-tocopherol in human seminal plasma using an HPLC
with UV detection. Andrologia 2014;46(5):472-8.

De Iuliis GN, Wingate JK, Koppers AJ, McLaughlin EA, Aitken
RJ. Definitive evidence for the nonmitochondrial production of
superoxide anion by human spermatozoa. J Clin Endocrinol Metab
2006;91(5):1968-75.

Gilany K, Moazeni-Pourasil RS, Jafarzadeh N, Savadi-Shiraz E.
Metabolomics fingerprinting of the human seminal plasma of
asthenozoospermic patients. Mol Reprod Dev 2014;81(1):84-6.
Hamamah S, Seguin F, Barthelemy C, Akoka S, Le Pape A,
Lansac J, et al. 1H nuclear magnetic resonance studies of seminal
plasma from fertile and infertile men. J Reprod Fertil
1993;97(1):51-5.

Costabile RA, Spevak M. Characterization of patients presenting
with male factor infertility in an equal access, no cost medical
system. Urology 2001;58(6):1021-4.

Mostafa T, Anis TH, El-Nashar A, Imam H, Othman IA.
Varicocelectomy reduces reactive oxygen species levels and
increases antioxidant activity of seminal plasma from infertile men
with varicocele. Int J Androl 2001;24(5):261-5.

Saleh RA, Agarwal A. Oxidative stress and male infertility: from
research bench to clinical practice. J Androl 2002;23(6):737-52.
Wang X, Sharma RK, Sikka SC, Thomas AJ Jr, Falcone T,
Agarwal A. Oxidative stress is associated with increased apoptosis
leading to spermatozoa DNA damage in patients with male factor
infertility. Fertil Steril 2003;80(3):531-5.

Smith R, Kaune H, Parodi D, Madariaga M, Rios R, Morales I, et
al. Increased sperm DNA damage in patients with varicocele:
relationship with seminal oxidative stress. Hum Reprod
2006;21(4):986-93.

Mostafa T, Anis T, Imam H, El-Nashar AR, Osman IA. Seminal
reactive oxygen species-antioxidant relationship in fertile males

with and without varicocele. Andrologia 2009;41(2):125-9.
Gilany K, Pouracil RS, Sadeghi MR. Fourier transform infrared

spectroscopy: a potential technique for noninvasive detection of
spermatogenesis. Avicenna J Med Biotechnol 2014;6(1):47-52.

Gilany K, Mani-Vamosfaderani A, Minai-Tehrani A, Mirzajani F,
Ghassempour A, Sadeghi MR, et al. Untargeted metabolomic profiling of

AFA GAF+ T o)lais VD 5,55 I FAF Wbl ol (K psle olCils o S5 0aSCiilsy alona


https://tumj.tums.ac.ir/article-1-8573-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-09-10 ]

AV

35.

36.

37.

Metabolomics: a bird’s eye view of infertile men

seminal plasma in nonobstructive azoospermia men: A noninvasive
detection of spermatogenesis. Biomed Chromatogr 2017;31(8).

Gilany K. Metabolomics study of human seminal plasma of
infertile male. Metabolomics 2017;7(2 Suppl).

da Silva BF, Del Giudice PT, Spaine DM, Gozzo FC, Lo Turco
EG, Bertolla RP. Metabolomics of male infertility:
characterization of seminal plasma lipid fingerprints in men with
spinal cord injury. Fertil Steril 2011;96(3):S233.

Jayaraman V, Ghosh S, Sengupta A, Srivastava S, Sonawat HM,
Narayan PK. Identification of biochemical differences between
different forms of male infertility by nuclear magnetic resonance
(NMR) spectroscopy. J Assist Reprod Genet 2014;31(9):1195-204.

Tehran Univ Med J (TUMJ) 2018 March;75(12):860-8

http://tumj.tums.ac.ir

38.

39.

40.

41.

Chen X, Hu C, Dai J, Chen L. Metabolomics analysis of seminal
plasma in infertile males with kidney-yang deficiency: a
preliminary study. Evid Based Complement Alternat Med
2015;2015:892930.

Zhang J, Huang Z, Chen M, Xia Y, Martin FL, Hang W, et al.
Urinary metabolome identifies signatures of oligozoospermic
infertile men. Fertil Steril 2014;102(1):44-53.

Dunn WB. Current trends and future requirements for the mass
spectrometric investigation of microbial, mammalian and plant
metabolomes. Phys Biol 2008;5(1):011001.

Zhang J, Mu X, Xia Y, Martin FL, Hang W, Liu L, et al. Metabolomic
analysis reveals a unique urinary pattern in normozoospermic infertile
men. J Proteome Res 2014;13(6):3088-99.


https://tumj.tums.ac.ir/article-1-8573-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-09-10 ]

I [ ] ] VI l Tehran University Medical Journal, March 2018; Vol. 75, No. 12: 860-868

Review Article

Metabolomics: a bird’s eye view of infertile men: review article

Niloofar Agharezaee M.Sc.!?
Rezvan Marzbani M.Sc.?
Hassan Rezadoost Ph.D.3
Saeideh Zamani Koukhaloo
M.Sc.!

Babak Arjmand M.D., Ph.D.4?
Kambiz Gilany Ph.D.""

1- Reproductive Biotechnology
Research Center, Avicenna
Research Institute, Academic
Center for Education, Culture and
Research (ACECR), Tehran, Iran.
2- Tehran Medical Sciences
Branch, Islamic Azad University,
Tehran, Iran.

3- Department of Phytochemistry,
Medicinal Plants and Drugs
Research Institute, Shahid Beheshti
University, Tehran, Iran.

4- Cell Therapy and Regenerative
Medicine Research Center,
Endocrinology and Metabolism
Molecular Cellular Sciences
Institute, Tehran University of
Medical Sciences, Tehran, Iran.
5- Metabolomics and Genomics
Research Center, Endocrinology
and Metabolomis Molecular
Cellular Sciences Institute, Tehran
University of Medical Sciences,
Tehran, Iran.

1‘Con'esponding author: Avicenna
Research Institute, Academic Center for
Education, Culture and Research
(ACECR), Evin Ave., Tehran, Iran.
Tel: +98- 21- 22432020

E-mail: k.gilany@ari.ir

Abstract Received: 02 Jul. 2017 Revised: 09 Jul. 2017 Accepted: 04 Feb. 2018 Available online: 14 Feb. 2018

Infertility influences an estimated 20% of couples worldwide. The factors that can
affect the fertility potential are equally distributed between men and women. Despite
extensive research in male infertility, the etiology in majority of infertile men is
unknown. In 2010, there was an opinion published in Nature asking a selection of
leading researchers and policy-makers about what their future focuses will be in 2020.
Metabolomics was mentioned as the leading omics technology by them. The word
metabolomics has been defined almost 20 years ago. However, the clinical
metabolomics history goes back to more than 1,000 years ago. The great Persian
physician and philosopher Avicenna observed an individual urine changes during
illness. Today, the color or smell changes are known to be caused by metabolites
deregulation indicating metabolic diseases. Metabolomics approach is a systematic
analysis of the unique pattern followed by a specific biochemical pathway that uses a
biological material, e.g. spermatozoa or human seminal plasma. For the diagnosis of
infertile men, the typical parameters of semen analysis are: sperm motility, sperm
morphology, concentration and count. Human seminal plasma is a valuable biological
source which was not used in the diagnosis of infertile men, unfortunately. To the best
of our knowledge, there is no parameter for analysis of the human seminal plasma.
Thus, the need for a novel parameter to diagnose infertile men is urgently needed. We
recommend the use of seminal plasma in order to diagnose infertile men according to
our previous research. Only a handful studies have used metabolomics approaches in
the male infertility. In this study, we summarize the current research and our
contribution to the field of male infertility and metabolomics. One of our main
contributions has been to use metabolic profiling of seminal plasma from non-
obstructive azoospermia to find 36 potentials biomarkers for detection of
spermatogenesis. A search in the PubMed using keywords “metabolomics” and
“infertility” shows only 59 publications. This demonstrates how newborn the
metabolomics in its application for male infertility is. In this review article we have
tried to have a comprehensive and specific approach to male infertility from a

metabolomics perspective and related techniques.

Keywords: biomarker, male infertility, metabolomics, seminal plasma.
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