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9 . Surface Enhanced Raman Spectroscopy (SERS)
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3. Gas coloring

4. High pressure liquid inkjet

5. Mass spectrometer



V¥ e Alwgay (oo &8 0guy Gloly (ST ObO, Shgy 4 159 1 Slge (2 Lwbds yg03]

A =AY Gl g o/ Vo 3l o SluS 5 sl as,o PA -
asils ool o/ 00 5l i Giolesl 9,90 Slge 3l a0
YA 09 a8 B0 A g, (ol jo eais o ley S g e
9 055 (i Bam b 5 (VoVF) e 5T1sS
Gl Sl oyl 5o Sell 355,051 0 sl oz ol
S PlegyS b (2l aslr bz 5 b by
ails plxl |y (glasllas ¢ 0 y> riwca b b ol por ciolo
Sl sladiges (55) » Jelodign o Budod (l 5o &5
40 Sl VO 5 0y 8550 Y 5l oadispslaex
02) 28,5 aloxil Slig oyl oo
Js¥0se b ol b i b o, S,
SrSodz ek 8 liwgs o6, S
4z STl (698 Sl 08 518 50 STl sl oo 2l
Sl 5 el e oanlice BB 55 s 5 5o Sl o
sl s, ) osSles el b S
oS 5o s oolitul loelKiylejl 4o mle 3 Ssleg,S
st Llo 1) ey Sonn ¥ 850l b 3 it Ul
wlolis 1o ol oblys SERS b, 45 Jlo o (Y+)
Oeizer g ol LV sl 4 s g, ol
s b oyen 15 Ty il i s,
B2 alol 1) 5 JUT cpl daBo A yo wilgs o ool o>
aS el 4l £ 090> 0 3T ey SERS g, 0 Ll
WS ole | Slasyee (he) SRS SR Exose
S0 4 Cend SERS ) slosyip 4 az i b cnl e
L pbeaises o Kb oUly wile pguye slaslU]
9 Sy ) sl g lade¥ge (ol clale
Glooje> 13 by, cnl 2p)l5 ol ok s izen
Olgse aboz 5l el 4l (S (5538 5 pole il

Slllas (gilugyls yo plly b 05 A

3. Louci Nowakowa
4, Gova

285w Sl I Slacgaze ) Gloreds aBlsse ool
Obely b addgi 4y ;08 g 09l 0 a8 )5 L5 jo AL
lols lp a5 col albu olge sl 0 84 pass
load (b Sdx OIS mhaw (59, &5 alasSse
S 6y 2 (V) LlKee 5 Sl .(V0) el wido
5 TS5y & eles g ddz il jsld ansis )
STy elol e ol po o (ansas Gl (e
Gz ()5 sloysl 5 39S e slag wle YUK
Sl jebay wilgs o gy pl sl las il aS wis )5
lolids lp 5 ololis gole 5l 5 5l (paiz
OLen Joul L(VF) ogd oolatwl Ll ol o o
S (BFgleg,S STl ogs Glid jo (V)))
Slp Ay Gamdn oz miwab L ooes
oolaiwl luSigge Julge 5l gloopnd ol o seis
(Jsaliglles gl (raion T (b, onl 4o g WS
9 O3 rmgyilyg ] SelnS 53,8 ¢ Joinlils g janl 25
Sy ad ol ololid &S jsbar S 5,0 VY
ooy J5 b eslinnl el 55 Glyea (59,000
aS o oolo lid g 09 ddBs A g, cpl Ho 0uid 0
obj e &)y 9 Al oman g5l Sl oS S
Sl wple o Gun dlge jaseis ol Ailgs oo
V) wisu d9 (Sigdon slagle Olyeds odummy
L1y SR (VVP) oLSe 5Tl5sS 15 (qusg) (puizean
JLed b eldlgsd mbe (Bl Sgileg,S ol (2Ll o
slp RNl plped o (riwcinb Lol e YL
N9 Olge S 5V e ol sl Lo slas al,
30 g dlge Voo Bgy cpl joaS wssls alowl ol o
ool sialeyl cdale ol a5 0 ools aseid |l ol diges
FA Gl aS 09 yid oo ;00,5560 g ) 020 3g0> 0
1. Inou

2. Gas Chromatography - Mass Spectrometry (GC-
MS/MS)



1P 5l ) 8 louds 00 590 ()39 30 Sy o 9 (S5elg2 38 (S gy &y i \-F

o (Wl g,
@l daslr g col g pmiaad 53 5l pol> Slagh
sl Jlo YO B Y s olilaiss cgmyp 9590
ol Om 3l A5 wisg (B8 olmlydT plil gsludn,
sl > giluins dle Jlo aw PBloas a5 145 Y7 ol
Slerd 5 148> O ypoa gl Sl ed yo g aails
aS W obil g ] Lged (lgieds didg 03,5 &S L
Syas gy olge a5 Wiog JS555 Wl 51,4 YE
AN g el SBl 025 09,5 plgrear 5 W3S o
Aalo 5 codled Buwe Job jo a5 Wogs Slhilusay 51 Koo
osliul (ool (slyg s Slse b JoSe 1 Slod 350
GRRg3 4S 5 WA QBRI S 09,5 Glgrsay 53 5 03
ol g9 l5e o gogasl 09)5 laylene in,S oS 55
pae lad > giladyy dmle Jle 4w JBlas mils
Sibe el (gslem @ Ml pas (JSUl g s Jlasil
S (5Hpeys 3 Sl g 605 ( By e b slags Lo
dge Bras oyge y3 Ghme Joalligius I e oges]
WD oo ) Bdon wil B ) s S (oo S99
dredan gladsS by, wlol oS Nges B,
laolal ples (o 5l &5 Sygecns 285 el
Olrlydl Gliel S5 b iy bl s o (g5luday
a1y ploolil (ol 5 adlpo ci o ailn ¢ 5) (S0
Om 3l g WS I8 Glod g sl Ojen
e o5 @leelRaly K85, Slais 50 slacllal,
lolid s )5 oo oolaiwl syl > 10 159500 Slge
50 S o Al Jlo aw a5 SLS Wl oo 5l g o
5 Ol @IS el p g asls ) Sliles
5 ol eyl Glions Slse IS
Medaa (6 S digad (bl W3S (oo B s (g g
olil Hlan jo g wiad bl o, 09,5 leica

plo (Jy il 1) 15g 0 olge B pas diglus a5 Sliladoy

milidirany e Slinsls 5 (5 5 BT ) o Jarmaions s
S50 J5 (V) 05 0 )lil eyl g T olge )y g anllla
5 o o bag)ls Dby g by das o ol op)l8
2 el Al Sz g ly ) (805,59 S g ansis
slaghs, wile dlge alulid glaghy, ple LS
il ) ooliiul (SIS gileg Sl 5 Xaxdl o gleord
Slp Sl 1o 95 5 03lall3er Ll 5 Sl Sl el
Sl S aiged 4 5l bt ololid by by, digas
STl el pilog sl 58 Gloj k5 51 5 0,0 gl 3
S 3 el 43008 5 & e Sl (el wiile LB,
3 S leg,S b g X dedl asle S (slaig, ;500
)1 350N 5 e «eod0S b Sl 4
al)l olelis sly Ul Bl sl 5 a5 s bl
(OT)) conl S [l 9 Jo JB el 00
G54 5 plale] sasys G (laghy cnl 5
wile alisys Slge o cenl b3l (e gy S
g a1, giteliSs 5 sls il g st
@lolid wsd oo Spae Ghiluisy ppara (LSS5,
9 B30 paid 50 wazr (chy,y 8L Jlis 4y 5 w8
obly (Sasty sl eolaul b S olge gy
5 o Slaghy, OMSAe aF Ceul (xhaw aidlbosge
A0l plwl BB lesgs jaiS jo g annlas 1y (LS o500
Ol e Bl and Saloul Glias aSil 4 4z b
o2 51 goad ax8 F oayol g arily scoliab L..>)4>.> 3,50
Gl joliteds (pizmen g Ceul 009 (2355958 039
e e ooy <8500 5l 6 S el 9 WS slaa o
gty )85 55 Sigd slapiulesl mbs (aseis
s cpl Jlisay cudlo)]n 1y Bime g po slahs,
olely (SaSTy Sls,y g, 5l eolatwl b wilssy a5 ail
Somgd @lolid )3 Sl plsear (ol &Ll

&S L,i.,{Lo)'TS [



V-0 e Alwgay (oo &8 0guy Gloly (ST ObO, Shgy 4 159 1 Slge (2 Lwbds yg03]

L oyl oliws dlwgas Logamdw 4> 0 Y Kol
Srae sbag)ls 4 bsyje il gl FYVIA oo Jsbo
Loosle (nl dasuine goo Jobo g 05 ats Ghgh (ol 5o
o 3 2lelis Origin pro Y« VA l58ls 5 51 oolazu!
Slsxs Slse Loy obel, b g ad Ll
Slom s pasede (93l 573 5 (g ginnd (glg,al
S plS o a baype lacsy (0,5 (aie 5 (o) 2
sloaises 5l ol b aghy (nl 5o (Bras slag)ld
Sl gy 5 56Tz Ghegly ol 5o OLICSS 58 5>
el o820 51 eolil L ladiges ol s bgs e (slocSey
NPle s 5l ekl b Jols slacinlo 5 ol angd 5553
slcad by ob Jud=s g ow,, Origin pro Y-\A
5 dmlio alls slag)ls 4 by pe el 5T I ol
OS5 95 Sladiges ;o (Bras lag)ls 392
1545 sl U5 b illas Jlow s b s,
oM @lydgil (gol> Jalora ailoads ools isles aslol
5 98 o S8 SIS s sastalesl slelone ples
ol 45 0 s ool LT T badigas ales I s
(YY) ¢l SERS iS5 ylen
opesl 3 sl ey bl Jelodisaizs sl
Slosls @555 (g (b 5l Olisebsl (sl Shagg s
dglio gl Cpiomon Al oolitul o Soge;l 4 by e
095 5 g Slge 0aS B a0 09,5 53 SlaS s
sloosls duslio lp 9 a8l,S5 by Jelos 51 J s
plo s oolil Jis (5 o3el 5l 055 93 o
gl ;o SPSSyr ey b 5l s5lel sla o
ool slacinls pizen 2,8 ploil P< [+ 0 (5 foline
5 oy Origin pro 2018 133ls 5 51 eslacwl b el

Ll sled Jo3 bdiog )l 1) pol tegs lajlre
JrS 05,5 Sl ailldbsgls & g0 haghy j0 &S 0
5 Ll 5l (gl soge;] ol ) my i bl
on adlllae 3,559, 9 SBlaal 5,L,0 3o Slresgs &)
05,5 S5 1, lalST 35 dalicilis, 5 Lo Soges]
oBlails DS dpaS’ )3yl Gdiod Jligngp wizen
IRTBZMED.REC.1399 oS’ L 3,5 Sop psle

4 8lge Bpae g5 ulul p (225 095 SlaSoges]

2 A5 Lol el Bolal O jgods 0,800l 09,5 A
VO) GLass 599 595 00 2 )0 anlocSy 8,90 SG )3 09,5
5 Oorsd Oslo il Sl Slge I ()5 e
Sae Gl o 58S 05,5 5 W0 S s0 GuyF 1y bl S
555 Al 5l Gm S sed Bran golse S
09,5 5 sty 095 lagogesl 5l s> Hged Hyas
o Gilolaz g Goei ile Gl g g 0D w85 JuS
Obely (il otalojl @ (Jeloisan sz sl 09>
g, ool b lodigas colSile}] o b Sl ol
5 byl e asbels)l ol (SasTy ol
obely rmwcads 6l 5L 0 50 Joloee .ol ooy e seis
Slr LSS5 5l eadiags s> slaaised 5 SERS
225w 1) s 10 Qlely b (i
@ly g 0d U coadonis shaie O quiow O 50 digel
Jslowo 3l oo ) s aiges SERS isls _mies S
36k gol> Jalore waiuls oS 5 Wb &l 346 (g9l
sad glls SERS  wcal (o colaiwl 9,50 Wb
olSitg S50 Laugs o5 331 iaglh VooF e (o Sbe
ple (s5)ls diges Tal jo gy ouls ags Ll olge 4l
3 oaanes Gg3LuliSS 5 (g s (gl il (LallS)

Gls 0 e g od oolel mle ebas wilsgls

1. Raman spectrum



VX Hles o) 8,5Louds O 8590 (0359 30 Cu poho 9 (S59990 38 (S B9y &y il |24

G239 Bl 5 (35 8 i sl it ) b SogesT &l drog Ll 5l eslitul b s Soges] sly S5
(P>+140) 058 o oamlice yf5lusay Judos 4 Lo mmls 5 Blaul 5 oSl g0

» R PR 43‘)| \ Jﬁ..\? ) \))‘..\;L..w‘ :\.Q|)S.| uu)b)|5

J S g 0SS pan slrog )5 (gl puitio b ally j0 anl ST il ylg Judoxd 49 bgs po gl ) Jgu

Jeli s SAISS B a0 09,5
ol JrS 095 = — - L
Sig 09!yl 093kl €99 s N
<JFYY YZIAY £ £/#4 YVIYO £ O/F- YYAY £ Y/Y? YZIVY £ f/4- (JLw) (w
NiNgd VYYD« £ ONY \VEIL- £ FIVY \YAIYY £ ¥/pV YVa/be £ ONY (o gilw) 0
AR\ AMOA £ AN MIYE £ Vb7 AY/VY £ AIYY AYIYY £ V7. (p5¢S) 039
SI$AY DIV * \/5- NEERRZ BI-Y £ \/FA BIVR £ V/AA 39 Al
(JW)
iloads il K0 50 ooliiasl 3,50 03ls 5 Sl digas oS K55 ost cbdises Bl 5l Jols dib
g_§9l-> 4)}4).) uLo‘) )O ‘s &S.:.) sOJai';djb‘ )L)}o.'s )O )55..\.A b‘}AAS@b&w))ﬁj..boﬁJ 00)55 g_BJ..a.o |)5).~.| o|5.A

s> 450 SERS 3l Jol> b b caiogs 00,5 B pas

o w18l AT Logde 5 Cewl 00l odud solo
= 5 g Rl O] nesdle s i BI¥5 1Y sl fogas o ol (slacinds 5 dumlic colgs

a5 ol Sgpuin g0l ol b anslie ,0 SERS (il o

ol ;9 SERS g, 09 jelcaibise line 4yl oy dasiin S S, e g el 5 S>o5 loges
L] Aoy dasive s_i.g ..\.m\)kso QLAM) |) @J‘M sole

=\.‘| .byfo QLO‘) :\.m.:lJLA l.a J&m Q”‘ )o OM@L@J&S/)))

Testosterone
Raman L 2 2854 nm
— SERS 2854 nm — e
pure W ! il
— . N
=0 '[«"mwr'-‘sﬂv’:'\%/\;-«i-’ﬂ Yy
n
0.5 c
= o
4 -
(1] -2
b= 4] 1000 2000 3000 4000
=
3 Raman shift (cm™)
2
c
a
b
0.0 1 c

—— 1 -~ 1 -~ 1 -~ 1 - 1 1 1 1 1
2760 2780 2800 2820 2840 2860 2880 2900 2920 2940
Raman shift (cm™)

S Dgod g 0y yw gt 9l sAIges ol y 9 SERS b cui s C g b @ oo ) Hloges



VP 5l ) 8 louds 00 590 (339 30 o p 0 9 (S5elg2 38 (S gy &y i AR\

Sab L) Ko pj ghe SERS iy, 5l Jol>
Oeze 5 ke bely b b aslie po (IYFFAARNA

Intensity (a.u.)

el St SalS S| Eges il

b 5l ol il o) g ) logei b Gillas
bole ol Wgad Ll o dasie So bl
Sad b VALY daseine SO cads lely jo g yimgind

b )3 Cpizmed 5 Cewl odalie LB - /VFFFAOY

Dexamethasone
Raman 644 nMm 1S 6d4 nm
SERS = | '
pure E‘.O

y

=os]{ @&
I

0.0

Intensi

o 1000 2000 3000 4000

Raman Sifts (cm™)

N

T T T T
560 580 600 620

T T T T T T
640 660 680 700 720 740

Raman Sifts (ecm™)

Sy aiged g (y93Lwl 350 gol> saiges !y s SERS cub cui yasC g b @ s Y Hloged

b 0 s

Dgd oo oddlin (+/+1V)-FOFY)

Sad b Sy oy ghe SERS g, 5l Jel>

b g ole o,

Gl b awglis o +/+-3Y0FAYY

05 peelaise ;Sily a5 ol St JalS ST Egas

Intensity (a.u.)

hdel b o g ¥ jloged 4 axg b
WS Gged b b avsolie (rizen g (bl (il
L oestel3Ss sole gol> Ligai bl jo aaseie Sy

Sb Eged oad b eld 0 PP ca ol

Nandrolone

0.50

] Raman 989 nm e 20T eeonm
0.45 - SERS S s |

. | pure © ||

0.40 - =T 1 |

1 = os qu ITI,JP";' i
0.35 - $Sool M S MY "’i"“”\\*'ﬁ'/“%
0.30 - Eras _—

| 0 1000 2000 3000 400
0.25 Raman shift (cm™)
0.20

0.00 +

-0.05

iR _/\_/ o
0.10 \/\
0.05 -%

N

T Ll = Ll ol T ~ Ll Ll ) T v T N ] v T
900 920 940 960 980 1000 1020 1040 1060 1080
Raman shift (cm™)

S Dged g oyed juili g9l> saiged !y s SERS cub cui yasC g b @ gomw Y Hloges



VPV 5l o) 8 louds VD 890 ()59 50 o 0 9 S5l ;8 Wb idg s & pld VoA

095l (g umgind (6139, 0130 SERS g 5o
A5l 08l Lt 5 o BT (7Y +) s b gl yil g
Sye O35 5% Ol 5 (sstel 5 g i gins
obely Fassly by by, 5l oesliiad L sluda,
el lolis 15 (SERS) oo 23l 551
Ol (F Jga) baools s T 5031 s (oo
09,5 b J,u5 05,5 slaools jo (5 lolime glas aS slo

P<140) 0,1 9459 005 puao

el jl Jolo il (w5 1 jlogei b Billas

b (350,00 Bole ool &iges oylel, o daseine Sy elol,
el samlice LB A datie S cad ol
St 2 g SERS g, 5l Jolo il o iz
5 oole ploly b b anglie ,o +/NOFAFAA s b
Sl VBT 5 o b S Bges el eien
30 SERS g, (o9 jalcaibss Silo a5 ol sgpies

«093Ll 350 41 0398 Aiged g S sadiges (o S (F (3905] 9 SLigg L (y905T 41 bgryo s Y Jgao

09 rw g § (y9lg,uil

fano (5 (3903 =L Lo cyg03] _ B
_ Jmo F (903 29 9703L0 0963 5 Il Gl 5 (uSilee 09,5

Sig t Df Sig
SVFA [ F £- VAV YAIY SIS S puo

vy YigEOf 093biely
“IAY e R/ AYIVALAVD J s
SAYY fe A £ NSAYOARYYD oS

feeyE Yiov VE = "
-/aY SIYA £+ Y- EYYO0: - - Jys O9layil
SNAY SOY EEVEELYVAVD SIS S puo

ey VARSI ¢ .
NN oY £/ FVOAFAD - - J s 09 P giand

b o H/YPFAARNY o b oaslae jo sole L, (Or Y

bole puizmed Cuwl oo oL, SERS I Jol>
Gk ) il o bl QAR Sy o 45 gl il
1o INOFAFAN S b g VBV -5) sl b cole
3 Oyl sole g ais oL, SERS I Jol> b
5 eole o, b mab 45 ab bl PFF S,
Cowl 03¢ S SERS b, cads ol b oawslie
Sl (+[-A¥OFAYA Llie Lo +/-))-505T)
obly dlio b g (nl 5o oab pledS )5 dasuie
Songe 5o ookl 5)50 80l 5§ SU diges 4 bgoye
ol sl Eigas lel o daeie Say g Wloads ol
Sz 5 b Gl O pregdle g 0 0w oy frangins

el D50 g0l loly b avslie ;0 SERS (ol (o

OLwlFS Bras asil agh opl Sae

0> Sldiged Sl eoliul b (s, 0l 5 g tegis
4«2l SERS 5 ol (omisciil (59, b o555,
O35 09 sladiges pll, b &5 )90
Gpae a5 S50 b oad,So olgs 50LSGpas
A deslie Slge (gol> aiges SERS (oo b caio S s
Glolixe ilial as ols ylis Wools 51 ol gl

5 275 09,5 losls Julodg ;2 5l Jol> wo)s (o
Sozg daraslis Jlalidl (nl g o)ls 0s2g J S 098
09,5 laogel (g5 Agad ;o s 50 (sligy lge
Lol logai 5 bools Lulowigay 526 obol s sl o2
YAOY S jo g ymmgind B0l b, iwial

Gl )5 +IYFEPADF Cud b jlaie ol a5 wi obbes



1.4 e Alwgay (oo &8 0guy Gloly (ST ObO, Shgy 4 159 1 Slge (2 Lwbds yg03]

J55 PrdsSSl plel) oSS n3y et (lionty 2SI
b sl oo RJBLS tyrosi nase bl lawg as
olid (V-V+) oKer 9 Ko uien (YO) &o,S
nanorods@meta sossls J1 slacsg > as aisls
slyp SERS &Y ;5 clscas ailg o (MOFS) S
IS o5 5 Sz sladsse meins canieis
(YF) Wl ool

FONP) O 5 55 6503 Gy Gl )
Ol o S Gle 5 S 03l (sl SERS g
ol oot g S0l e ]S cale s ,S ool
[ &8 SIS 5ks,S 5l ednlcwwsa polie b b,
2oy ¥ ogls prw plod 55y » 07 b
b 5L (YVP) LSes g gwgn (YY) il
Gl o,k casslS ol 3l dlauly L (SERS) b,
@ azg b Sy aeul 005 o5 5 mpe lelid
S5 i) ) g0 eizen (YA) Wo,S solawl ¢ oo
S ool Culs Laeis sl Sl Addllas
Obely (il g an5aeS Jo JB o) miocil
Bgos F1 51 Lmady ol 5o ol 28,5 alowil 1ol bans b
L bolse (sl cdbgls YV 5 ubs Jlow Yo) 1l
oS Lo BB b, mrecil S dag o8 &l 3gl
Bogazma b g Wb oo S5 (6 egil YAD dguls )5 Lasgs
6)50)‘..\4‘ (FWHM) i Cﬁ"cﬁ 9 Cm'l YV’—Y’ M uz.Ja
(YY) o

b L (VA7) )Sen 5 idugs) Giegh
caoldl oSS L e paw o adLlay )l ol
Tl bl i slaail s aS sls L e glo s
Sl 00 w&{u UP £~ ‘5]5.0.’.‘0 uLO‘);Q.»_bC\JM
QOY) o)y Slgoran pol> yiogh bl b bbaisly ol as

&l bl il a5 o Gl @l Jles
P9y b g Sl colin jlons (JsSUge LSl olulis
bl WJsge (LAl g (A5 z Gl pulS B s
& r 0 Sl pdo el la 990 ()8 (> g (owin
Ol 0929 JeUge JLsle s Gl a5 5 lse
Ll (28,5 )18 coadind Gl puls b » 4SS L ol
bug o8 Sl 55 wyn 1) JsSse S0 0
St lgo Ceday by g e B0gele (miwinl
b Gy sladsSge baazmy Jbole aiiee alie
Sl e, b sl (s LB el il
WS (oo )] dalar > S 5d Ao )0 5 1) (5Bl
(YY)
Alowin 30 LGagh sl 805 50 S92 Sagh
5 099, (g rmgind ligs Slge aiis 5 (b,
shoslanal b sluday 050 LI8559 (8L ) (gslelSs
ol (o &BLogue Glel, (SoSTn Sbsy b,
2 pol BeioS (Sl )3 plyin &5 (S Sl
5 Sigd 8557 )0 S dunlie | loazdly 5 olizal ]
b g Dlaiod gl ddgaoe jloas b diies (29
gy S eslial baSh wiasee plas pol gy
Slge 316 ke Ol or (e &Blgae (el (SasST
Oy s dzn ol 530,85 Ll | 52y slaJeSdse
e sy w3 4 SERS g, L (Y- 1)) oS 5
slos Vo slewdly diged ;0 (8958 5 (S59S wiile (593
Lol Jelodon o5 5 98 Brae com il sl ou
OhSes 5 Sbgs (izmen (V) aley oyl
Olgeas |, Fe304.TIO2.Ag &il)dg,Se (YY)
i ais glp 2dbl B SERS sle i
5 Sy (V) wio)s (b Sludl pp 0 055
S pasis ¢lp SERS K G (V419) ) Sen

STy bl 2 o lasens Sy SN S



1P 5l ) 8 louds 00 590 ()39 30 S o 9 (S5elg2 ;8 (S gy &y i ",

oz 2lolis 3 SERS g, VL oUly Jdoa

g by OYe s @ arg by sy sl JsSdse
Loobly sl (ioled jo by, (ol Ulg (rizeen
o Slgi oo by, cul a5 bl 5l g SYL c8s g s
Iy 2 ke slods¥ge Iime &j900 00 g S ek
5 plold oYU zaog g Ll LT, o 5o Hlais ;g0
obely (;..\.Slf W;n...b @).’a SHY) as S
Slane p sblse (uwab sbo by, Ko 4 S
Slp Jloasl (SsSs el Bosay alex ] 51 as o)l
bl oS i SO Ol aST > el (59 g Slalllao
Loz ol=) jo QT ),.,Ls A 40 g 09, 0 sl ans
JoSas Ol ) Ll olge 51 saliel Gise a5yl g (95
:\.:....J‘ )Laﬁ u.a‘ ﬁ03>LC ASGA ‘..L.a 6‘());5 W.Q.Q‘ s..\.bdkso
b oiws [0 (2058 me (lsiedr oS ()5
el o s Y U /Y 0905 50 g oo oolaiul ol
o5 02> b g oy ke Sladises b Ol oo ;00 &jleay
G092 eyt 5 digad silwoskel 4y 5l pae (o]
Sl oS w5 ,500 5Ll 5 (5155 WSS
00553 el (FaiS]y ovimcinbs 5l ealital Colyl 5
Ol (gl 5T sloo )5 51 gz olal 55, 52 5 e

D98 (B9,

& 35 A
OLBS559 55 Bged Jelodisnn o gl cnl 5o
Slge &S (29,5 9 03,5 o0 B yan Iy Slge a5 (55lusn
Obely el lie a8 0l 25,1033, od B pan 19 5

wole loly b & jgods sudicns el b andllas )|

Loolyen YU jLad b mle (SIS g3leg S g 5l eolazul
oS )0 )G s S gd Cund 0y (el
S5 Oloy Spo Jdoar ey e ¥ 5l 4 )y DS
T929 9 S g9 aseis slp ialbesl sl
B 5ileg,S oy, 4 S Ban slaco Ul &dlogg
21y (Kimge dlge b Hlews S zsbaw (ol G
S Sy S e ol el g3 dilide cladigas
3 oolaiwl b Jaoxe yebods 159,00 dlgo pusi ol ol
Lo ) pais o Jlsa 5 el (g,
ol slecosgaze (Jl (pl Lo yS oo plmil (5, 9l8
0,509, GBS (pl [0 09d oo by pe diged ool
S 51 a5 oS 0 1)1 el ) (s g e o
SERS el 5 iulsil 1256 55 5 Mo 3536 (o308
6@&3) )‘ 6)L..m.a l.: Ml&o )\) A—S‘SA o\)La...w‘
JUPS PO RRT PUE FRRPVIIR B JUPS RC PR W
Sole alex 3l soby sllie 35 oy jemlS sl
slalas B3 5 (Lo anl eaiiene J oS cosliiul
s plid 1) polasle gla S eny 5l L6
(YN)
o duslis pae yol> Gudod slacosgama 5l (SO
olydl g, 5l Jels esls L wea s b,
5955 el polie g 45 09d o0 Slpiian (nlplo
5l eswlcwwsas slacols L SERS oy,  Siwon
slorin izmed 048 duslio ELISA 5 v slacs
L o346 51 SERS i jo ST wlidios ,0 0gb oo
o g oy b 5l Jre caliZe olge b lajlislugil
Sk Pl 4 arg b ger gt eslin
» stzF Ol @l Gl e slo,lslugil

.\))5—‘ Cewddy u..\.a 5o aliseo 6@3)‘\) g_;fli‘b)



") e Alwgay (oo &8 0guy Gloly (ST ObO, Shgy 4 159 1 Slge (2 Lwbds yg03]

3 olFse soha ol A jo a8 5 ls 352y Sy g0
o 5l o2 dilbwgs g Jdls o> g (Aol Sl
s bl 1, bl sl il plol 5550
25 SxSolr (555 ol po LA

&Lw (2,

OB dmgh G (28l (B)5 S allie (ol o

Y RURYE

s :...3)1‘*.&.’.
Lo g axils &5 0 )b ol j3 a8 LS ales |

3l 55 54 25 ol ol 5o

el Bl 51 bl gl S il a8 ols lis sl
Ul 5 ol mls ol den g il (g loline iglis
ol aS 8l 5y sl Slge auseis )0 SERS g, VL
09031 o2l 3 SERS (35 951 suelcise slino oy 5ol
51 oolinl b gl sgae oSl el 55 ULy
or JB ol ol g 3510 3929 (38 Dglite sl inn
A Ghagh ool glaaidl 4 azgi b (izmen ol
S exSslr sl Rl (o9, SERS (b5, o) e
LS Glpeas ool BB 800 ladiges o i
orws el olSal by, ol dawg b ooliin

by 5 e O Glgeas Jo BB g S

References

1.

. Bloodworth AJ, Petroczi A, Bailey R, Pearce G, McNamee MJ.

Barkoukis V, Brooke L, Ntoumanis N, Smith B, Gucciardi DF. The role of the athletes’
entourage on attitudes to doping. Journal of sports sciences. 2019 Nov 2;37(21):2483-91

. Petroczi A. Attitudes and doping: a structural equation analysis of the relationship between

athletes' attitudes, sport orientation and doping behaviour. Substance abuse treatment,
prevention, and policy. 2007 Dec;2(1):1-5.

Doping and
supplementation: the attitudes of talented young athletes. Scandinavian journal of medicine
& science in sports. 2012 Apr;22(2):293-301.

. Rajendran, S., Drug information. A textbook of clinical pharmacy, 2004. 1.
. Pasharavesh L, Ramandi M, Khoshboo S, Rezaee M, Rezvani SA, Abbasi MR, Mikaeeli A.

Prevalence of doping agents' abuse and male bodybuilders' knowledge about their side
effects in Kermanshah gymnasiums (2004). Journal of Kermanshah University of Medical
Sciences. 2008 Mar 20;11(4).

. Kabiri S, Cochran JK, Stewart BJ, Sharepour M, Rahmati MM, Shadmanfaat SM. Doping

among professional athletes in Iran: A test of Akers’s social learning theory. International
journal of offender therapy and comparative criminology. 2018 Apr;62(5):1384-410.

. Agency, W.A.-D., World anti-doping code. 2003: World Anti-Doping Agency.
. Dimeo, P., A history of drug use in sport: 1876-1976: Beyond good and evil. 2008:

Routledge.

. Garthe, I. and R.J. Maughan, Athletes and supplements: prevalence and perspectives.

International journal of sport nutrition and exercise metabolism, 2018. 28(2): p. 126-138.

10. Choi K, Boyac1 E, Kim J, Seale B, Barrera-Arbelaez L, Pawliszyn J, Wheeler AR. A digital

microfluidic interface between solid-phase microextraction and liquid chromatography-
mass spectrometry. Journal of Chromatography A. 2016 Apr 29;1444:1-7.



1P 5l ) 8 Louds 00 590 ()39 30 w0 9 (S5elg2 ;8 (S gy &y i "y

11. Badoud F, Guillarme D, Boccard J, Grata E, Saugy M, Rudaz S, Veuthey JL. Analytical
aspects in doping control: challenges and perspectives. Forensic Science International. 2011
Dec 10;213(1-3):49-61.

12. Kwok WH, Choi TL, Tsoi YY, Leung GN, Wan TS. Screening of over 100 drugs in horse
urine using automated on-line solid-phase extraction coupled to liquid chromatography-high
resolution mass spectrometry for doping control. Journal of Chromatography A. 2017 Mar
24;1490:89-101.

13. Hassanain, W.A., F.L. Theiss, and E.L. Izake, Label-free identification of Erythropoietin
isoforms by surface enhanced Raman spectroscopy. Talanta, 2022. 236: p. 122879.

14. Li C, Huang Y, Li X, Zhang Y, Chen Q, Ye Z, Algarni Z, Bell SE, Xu Y. Towards practical
and sustainable SERS: A review of recent developments in the construction of
multifunctional enhancing substrates. Journal of Materials Chemistry C. 2021;9(35):11517-
52.

15. Cailletaud J, De Bleye C, Dumont E, Sacré PY, Netchacovitch L, Gut Y, Boiret M, Ginot
YM, Hubert P, Ziemons E. Critical review of surface-enhanced Raman spectroscopy
applications in the pharmaceutical field. Journal of pharmaceutical and biomedical analysis.
2018 Jan 5;147:458-72.

16. Wang H, Lu Q, Liu Y, Li H, Zhang Y, Yao S. A dual-signal readout sensor for highly
sensitive detection of iodide ions in urine based on catalase-like reaction of iodide ions and
N-doped C-dots. Sensors and Actuators B: Chemical. 2017 Oct 1;250:429-35.

17. Roohbakhsh H, Ahmadi S, Jafari M, farkhari N, Esmaeilzadeh aghdam M. Surface
enhanced Raman spectroscopy of blood serum by drop coating deposition technique. ICOP
& ICPET _ INPC _ ICOFS 2016; 22 :564-567

18. Novékova L, Desfontaine V, Ponzetto F, Nicoli R, Saugy M, Veuthey JL, Guillarme D.
Fast and sensitive supercritical fluid chromatography—tandem mass spectrometry multi-
class screening method for the determination of doping agents in urine. Analytica chimica
acta. 2016 Apr 7;915:102-10.

19. Guo F, Shao J, Liu Q, Shi JB, Jiang GB. Automated and sensitive determination of four
anabolic androgenic steroids in urine by online turbulent flow solid-phase extraction
coupled with liquid chromatography—tandem mass spectrometry: A novel approach for
clinical monitoring and doping control. Talanta. 2014 Jul 1;125:432-8.

20. Thevis M, Thomas A, Pop V, Schénzer W. Ultrahigh pressure liquid chromatography-
(tandem) mass spectrometry in human sports drug testing: Possibilities and limitations.
Journal of Chromatography A. 2013 May 31;1292:38-50.

21. Muntean CM, Dina NE, Bratu I, Félamas A, Nifu S, Halmagyi A, Coste A. Effects of
femtosecond UV laser pulses on the structure and surface dynamics of medicinal plants
DNA, monitored by surface-enhanced Raman spectroscopy. Journal of Molecular Structure.
2021 Sep 5;1239:130482.



Ny e Alwgay (oo &8 0guy Gloly (ST ObO, Shgy 4 159 1 Slge (2 Lwbds yg03]

22. lzquierdo-Lorenzo |, Sdnchez-Cortés S, Garcia-Ramos JV. Adsorption of beta-adrenergic
agonists used in sport doping on metal nanoparticles: a detection study based on surface-
enhanced Raman scattering. Langmuir. 2010 Sep 21;26(18):14663-70.

23. Masterson AN, Hati S, Ren G, Liyanage T, Manicke NE, Goodpaster JV, Sardar R.
Enhancing nonfouling and sensitivity of surface-enhanced Raman scattering substrates for
potent drug analysis in blood plasma via fabrication of a flexible plasmonic patch.
Analytical Chemistry. 2021 Jan 12;93(4):2578-88.

24. Du Y, Liu H, Chen Y, Tian Y, Zhang X, Gu C, Jiang T, Zhou J. Recyclable label-free
SERS-based immunoassay of PSA in human serum mediated by enhanced photocatalysis
arising from Ag nanoparticles and external magnetic field. Applied Surface Science. 2020
Oct 30;528:146953.

25. Wang L, Gan ZF, Guo D, Xia HL, Patrice FT, Hafez ME, Li DW. Electrochemistry-
regulated recyclable SERS sensor for sensitive and selective detection of tyrosinase activity.
Analytical chemistry. 2019 Mar 27;91(10):6507-13.

26. Ding Q, Wang J, Chen X, Liu H, Li Q, Wang Y, Yang S. Quantitative and sensitive SERS
platform with analyte enrichment and filtration function. Nano Letters. 2020 Aug
31;20(10):7304-12.

27. Zou Y, Huang M, Wang K, Song B, Wang Y, Chen J, Liu X, Li X, Lin L, Huang G. Urine
surface-enhanced Raman spectroscopy for non-invasive diabetic detection based on a
portable Raman spectrometer. Laser Physics Letters. 2016 May 12;13(6):065604.

28.Hsu PH, Chiang HK. Surface-enhanced Raman spectroscopy for quantitative measurement
of lactic acid at physiological concentration in human serum. Journal of Raman
Spectroscopy. 2010 Dec;41(12):1610-4.

29. Virkler K, Lednev IK. Raman spectroscopic signature of blood and its potential application
to forensic body fluid identification. Analytical and bioanalytical chemistry. 2010
Jan;396:525-34.



VPV 5l o) 8 louds VD 8590 ()59 50 o 0 9 S5l ;8 S idg Gy & pld ¥

Detection of Ergogenic Substances by Surface Enhanced Raman
Spectroscopy Method by Nanoparticles in Professional Male
Bodybuilders

Roghaieh Fakhrpour*! - karim Salehzadeh? - kobra Sohbati davodkhani 3

1. Assistant Professor, Department of Sport Sciences, Faculty of Educational Sciences and Psychology,
Azarbaijan Shahid Madani University, Tabriz, Iran 2. Assistant Professor, Department of Sport Sciences,
Faculty of Educational Sciences and Psychology, Azarbaijan Shahid Madani University, Tabriz, Iran
3. MSc in Exercise Physiology, Department of Sport Sciences, Faculty of Educational Sciences and
Psychology, Azarbaijan Shahid Madani University, Tabriz, Iran.

(Received:2022/05/26;Accepted:2022/08/15)

Abstract

The aim of this study was to test the Surface Enhanced Raman Spectroscopy (SERS)
method to identify doping in professional male bodybuilders who had used nandrolone,
testosterone and dexamethasone. In this quasi-experimental study, 36 bodybuilder men
aged from 20 to 35 years who had at least three years of professional exercise experience
were selected and divided in ergogenic substance users and the control groups. After a
one-month period of testosterone, nandrolone and dexamethasone injection, their blood
samples were tracked and analyzed in the laboratory using the Surface Enhanced Raman
Spectroscopy method with very high accuracy. Independent T-test was used to compare
the ergogenic substances levels among training and control groups. Also Raman Spectra
were analyzed by using origin pro 2018 software. Results showed that the substances
had a significant increase in comparison to the recorded spectrum as the initial improved
normal Raman spectrum after using SERS analysis. Raman spectrum statistically
increased the intensity of Raman peaks at the level of (P<0.05). Testosterone,
nandrolone and dexamethasone ergogenic substances were identified in details in the
blood of male bodybuilders using fine-grained Surface Enhanced Raman Spectroscopy
method.Results: Raman spectroscopy is a powerful diagnostic method which detects
details and molecules of small materials with a very high accuracy. Along with other
methods of identifying materials, the usage of Raman spectroscopy is important and
beneficial. It is suggested to use this method in order to identify doping, as a method of
doping testing in domestic competitions to save costs and time.

Keywords
Ergogenic Substances, Surface Enhanced Raman Spectroscopy, Professional
Bodybuilders
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