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Title of Diploma ThesidDevelopment UHPLERIS/MS method and sample preparation
procedure for the determination of steroid compoundsrat plasm

The diploma thesis deals with the development of the UHMBIMS method for the

analysis of 37 sterogin plasmaandoptimizationof samplepreparationusingPPR

The analtes include structurallyvery similar substances witldifferent numbers of
hydroxyl or ketonic functional groupsomeric and mutuallysobaric compounds. Since
these substances cleave water molecules very egsigcursor ions withone m/z for
different substances can eund in the MSspectrum. Fothese reasons, careful and
detailed characterization of the precursomjbsequent scanning of the product ions,

and selection of additional SRM transitionsre essential.

Separation of critical compounds witthe same m/z for precursor ions waf
importance. The optimization started with thecreening of 7 columnsgsing gadient
elution of themobile phaseACN/0.1% FA in the range of 598% ACNBased on the
results, anoptimization of the mobile phasgradient wagperformed The GrtecsC18
column wa optimal Most of theanalytes eluted in a gradient of 3§ 60 % ACN. The

duration of theanalysis was 18 minutes withminute column equilibration.

Subsequently, th@rotein precipitationwas optimized. The MODDB&ftwarewas used

to design and evaluatihe experiment. The following factors were testede type and

volume of the precipitatig agent time of precipitation and of centrifugation.

Il OSU2YAUNRES Ay | @2tdzyS 2F wmnnn >t LISNJ
precipitating agent. The prgutation time was 10 minutes and the precipitatvas
OSYiUNRFdzZZSR TF2NJ p Y ARPUkF@ally, Verification of ¢tertainy R M n

validation parameters was demonstrated.

Key words:steroids, UHPLE®IS / MS, proteirmprecipitation, plasmapptimization
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ZLINjN1f I RA Ke@oNRARYN &dGFOA2yI NYN Ft1S 2S5 . 91
aLk2t S6y 2 anioANI BoSHESIEYt aS 2 aArftAl1l3ast 1 SaNO
Yaai14sz O080dz@8 NDKFEA D] 2d2)BGF 6 N2 BSdz 4 LIVSOHK
2R2ty24ad 9R@1¥uynnn t{L

Et0 CHz-Cl‘\lz QOEt OEt
i

x4 w0
&l A Et0 B0 OF
o 0 0 =1 EtO ~Sil - 2'"8'.—0Et
/ L / <3 |deo-Fon + ol cH, 8
Sl —~51—0 ._PSil-_ho Et EtO OEt
OEt
EtD OEt "
Polyethoxysilane (BPEOS) Tetraethoxysilane Bis{triethoxysilyljethane
{TEOS) (BTEE)

hoNY3StuukturaBEH t 8 0 A Od LisouSE &e@f BPgRYWS Yaadle O
aAf | y2 O Ppravandadlgisy & o

51 f ONY eliodNBRY Ik @SHLIrgedl Surface Hybritichnologez 1 G SN 2 €
THEt20Syl yI (O8d&Kly gdupd&enRl F &Y P6 YN Vil dAB YR dz 3
¢Fid2 G(GSOKy2ft23AS &S @gelyl6dz2S R206NRdz NBLN
kolon, stabilitou VOA N1 SY NRBIT al Kdz LI | @SfYA NBOKT
Y20Af yNOK FtINod /{1 (2f2ye LlaljeddzeN G 1S
a t 2ning[§ 14].
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Unbonded BEH Particle Apply Controlled Surface Charge Bond and End Cap

Start with the rugged, ultra-efficient, Add reproducible low-level Functionalize with appropriate
ethylene bridged hybrid (BEH) particle charge to particle surface bonded phase chemistry

h 6 N} 4: G3H technologied a i A OS . 913X 28S2NO LI INOK 28§
ytozagy o

odMPo d Y2 IiDRWE WIiNGzOMGS o

Vi St 2 LINI Opnkolang L& y@e dzBMNBT yNYA A LR INDOK23S
¢Sai20lyS Y12t RFBNBIayNMR 6+ aG§AO0OSYA @e dzONDI
i1 f208y2dz yI GSOKy2f23AA .91 6A /{1l o +08
6t a0A0OSYA 2a2dz 2R FTANXE 2 ILRPONDK2PE RRILK P
6t aGAOSYA 2a2dz 2 RutNBIY kbler9 K | @é NR § @ & D / ¥ly K M}5 (
bifenylovou, fenylovou, fenyhexylovou, fluoro a fluordenylovou skupinou. Souhrn
6Saili20dl yée OK {jgicha/MstnéstndRjé SobrgzénTedulce2 I LINjSKE SR
a0 OA2yI NYNOK Ft 1 p[8,2X51416220NF 1 Sy yI hoNY T ] dz
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BEH C18 Ascentis Express F5

I
BEH Fenyl Hexyl E O F
£

Kinetex Bifenyl

BEH Shield RP18
H
Q AN P e e e @ Q
P

-ﬁ I

CSH C18 Kinetex PFP

W\WW\

CSH Fenyl Hexyl
Cortecs C18

; | @/\/\/\/\/\/\/\/\/\

CSH Fluoro Fenyl

hoNI TtSHSHIYSR (SaiG20yeOK adlFOA2yt NYNOK Fit1
FHT N YSES LIR2NBT YNYA 6+HatAO0OSYAd az2RNY (12t S61
technologh ® %St Sy S 1 NHzKe LU2yd NIONK 2adiS QL822NaB,INBYNNY AT + &t
14,16- 20].
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Tabulka2:t njSKf SR

(84i20ye OK it

2887, 18828 0K Gt ady2aiaAa

BEH C18 BEH FenyHexyl BEH Shield RP18 BEH C18 CSH C18 CSH FemHiexyl
Yyl 61 F ACQUITY UPLC ACQUITY UPLC ACQUITY UPLC ACQUITY UPLC ACQUITY UPLC ACQUITY UPLC
t 27T NBON dzKf N1 § 18% 15 % 17 % 18 % 15 % 14 %
Bonding technology N/A FenytHexyl Shield RP18 N/A N/A FenyiHexyl
Ligand C18 Fenyl C18 C18 C18 Fenyl
+yAldnyN LINAYSN 21mm 2,1 mm 2,1 mm 2,1 mm 2,1 mm 2,1 mm
5SSt 12f2yeée 100 mm 100 mm 100 mm 150 mm 100 mm 100 mm
+StAl2al 6+ta0GAMIT >Y MET >Y MET >Y MET >Y MET >Y MET >Y
{ dzo a i NI i | @0 NARYN | @0 NARYN | @0 NARYN |l @0 NARYN Il @0 NARYN | @0 NARYN
+StA12a0G LIS NA |[mon ) MO ) Mo ) MO ) Mo ) MO )
Plocha povrchu 185 m2/g 185 m2/g 185 m2/g 185 m2/g 185 n¥/g 185 n¥/g
Rozsah pH 1-12 1-12 2-11 1-12 1-11 1-11
[ AYAGYN GSLX 20Gyn ¢/ kcn ¢ pn c/lknp ¢/ yn cl/kcn yn clkecn cyn c/lknp cyn c/lknp c
pH
al EAYLf YN Gf I 1| 18000 psi (1240 bar) 18000 psi (1240 bar) 18000 psi (1240 bar) 18000 psi (1240 bar) 18000 psi (1240 bar) 18000 psi (1240 bar)
+é8NRoOS Waters Waters Waters Waters Waters Waters
CSH Fluoréenyl Ascentis Express F5 Kinetex Bifenyl Kinetex PFP Cortecs UPLC C18
Byl 61l ACQUITY UPLC Ascentis Kinetex Kinetex Cortecs
t 2T NBEGN dzKf N1 § 10% 5,5 % 11 % 9 % 6,6 %
Bonding technology FluoroFenyl N/A N/A N/A N/A
Ligand PFP/Fluore~enyl Pentafluorofenylpropyl  Bifenyl PFP C18
+yAlnyN LINAYSN 21mm 2,1 mm 2,1 mm 2,1 mm 2,1 mm
5St1F 12t2ye 100 mm 100 mm 100 mm 100 mm 150 mm
+StAl2al0 6+t&GAMIT >Y HET >Y MET >Y MZIT >Y MIc >Y
{ dzo a G NI i | @0 NARYN t 2 ONOK2 @S t 2ONDOK23S t 2O0NDK20S t 2BNDOK23S
+SftA12a0 LB NA |[mon ) bn ) Mnan ) Man ) bn )
Plocha povrchu 185 nt/g 135 n#/g 200 n?/g 200 n?/g 100 nt#/g
Rozsah pH 1-8 2-9 1,58,5 1,58,5 2-8
[AYAGYN GSLX 204G yn ¢/ knp ccn c/knn c/ NA N/A np c/knp ¢
pH
al EAYI £y N Gf 1| 18000 psi (1240 bar) 9000 psi (600 bar) 1000 bar 1000 bar 18000 psi (1240 bar)
+éNRoOS Waters Supelco Phenomedex Phenomedex Waters




320 | Y2Uy2alGy N &aLISTONRBRYSINRS

|l Y2Gy2al0yN ALISTONRYSGNRS 2SS OAGE ABNDB Sy H ST ¢
Y2fS{dz 20S KY22Guy2aildA | Llrajeddz2S ad NHzl G dzN.

GSG2 GSOKyAle 2SS LISYGSRSYN Y2ftS{dAg yI A2
G§SOKyAle@d bt at SRyS 2a2dz Az2zyide yloem?Afl RS I

AaSLI NRIGYy Iyt @1+ 02Nz T+ LA&a20SyN YI3IySiaod] SK:
12Y0AYlI OS® bl T4+ OSRSE852 dz2 RBARYBRSOEASYR2Y (&
YNRBYS A2y(20SK2 1T RNRB2SI Fyltealt 2Nz I RS

RIft ON vy %I#6a@ &{iyAS 233 2 O | ded Omikudi e A SYWA | 6 | AaAliy?
KY2idy2aidyN &aLISTINRYSGONARS @eé dzONO! @S alLkre
1TFHLIfAY20t OKNRBYFG23aINI FAS @ [{/LI2 3SYLK 2lyR@K i 2
dzY2 OAd#2 3 Al GAGYN | 1Oy iA(atadso@ye | RARYVAAS
a selektivitoy 3, 21 - 24).

3210 L2YAT I 8YyN GSOKYyA{le@

L2YyAT 6y N GSOKyAle RPIRNYS vz Qalid@iN (RENR S/ S
¢ ONRS A2YyATFOYNI G&OKY INRE a bRt 2082 FNI IYSyidl
Charakteristick YI + & (i dzL&XSS (eNeR y 2429 L (AR yIAl $ MBS 239 J12228SdyN)
GeéNI 1 yz2dz TN DERBYROA SEYS¥F2 dzLIMNR 12y 201 yS> R
LINLI Ry [B,29.Rdz] i &

+S AL eSSy 3122 dZONGEF 2N YST11S A2yAT I 6y N GSOK
61t LOYS NBeBIaGSast ST GNP & LINB 2ISHY oY A DTS NAKES
tlaku (APC)l afotoionizacel I | G Y2 & F S WRRD)E 8 BBNYX M day N (G SOK)
LINE BFIRNT + 1 £ F RS OKFNI {1 GSNYz af 2dz8y8y AiySALISY S
stabilityl G S 1, OooN& BESA .l G NYO2 LINB Yy NI 12Y2ft S dzf + Ny
v OS TYNYSYS 1'tL G(GSOKyAleész LINB +ylteldz gea
LISLWIIARAYE asS a2doNSIOSo{fU aP8BY TMALDLINGNG 2 Yy 2
RNHzK2dz 8GN ydz 9{L A2yAT I OS ySyN ORBRWINTIGSC
od APCl a APPIrcPt + GYVa OGN Y21 S| dzf DWddkO AKIYS (yyS2 4@ NS C
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dz8SRSYS A2y XTI WOAYONBHESOBDPN| &2t S dzf 202dz KY2i
dzEM 2SRy 2t AP 0K (SOKYyA]l 1dz0dz2Sd t NP 0A2Y?2
veé dzON G (i 8 5¢@ & R Stychnib & to sice ESI a MALB| 25).

velké biomolekuly, MALDI ~—
syntetické polymery /_/
— ESI
7]
o]
e
e
@]
£
=
(O
=
9 &
2 “ APCI
Q@
o]
=
malé organické a \
anorganické ionty
nepolarni polarita Velmi polarni
hoNl1GS4aoSNI A2yAT F6yN GSOKYAle yIF T+1tFRS

[25].

lonizace elektrosprejem

ESES yS26l aiSar dzONZR YR &ASYIRIVAT ¥ & y@IT #iBOKyYa$§
LI2Y2ON | 2 daak@rolSLIDE RREyYy 2 yI LISGIN R24&1 Kdz2 NO)
1TFLAEENE 28 LInjAgGt RSy 1Yt Odz2NON LX eyod =+t A
YIoAGEOK (1 FLAGST® t2aldzllye 61 2RILIVEY Dldz2NY | NI
ki I KdzOli2 @t yN LR ONDOK2OSK2 yio022Sd YREO R2:
YIT eglrysS wl et SA K208 & 2f dif Y2AYiakly OR2SE REER#z 23 S Ry
1FLAGLE yI yS122 NpOBSy ARORET INWING §J8 02 Ry NK 2
T yAlf SLIRMGRIE 0SS 28 GSyid2 LINRBOSa 2LJ 12
1OFTAY2S1dzf t NYNOK A2y i&4dd ¢lF1id2 OIyAalfts
Fy I f & [25-23 Nz
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cone
(counterelectrode)

) Taylor
spray needle tip cone

multiply
charged droplet

+
+ solvent "" *y Cou\omb\c
i ——
:' evaporation exp\osmn
the “Rayleigh”

limit is reached ana lyte

analyte muihply ions
molecule charged droplet

+.+ +

+ve power -ve
supply

h 6 N 7: Methanismus E$27].

3221 Y2 Gy adyeN tHi 2 NB

lylfeltiz2BRdBaAAdZNRKYDNY 240y NKRR GNISH (NRITYES ]
A2y G4 LR RS LRAEENERA OK ddziekekddud SNt Sy N LINR 6 N
Gl 1dzdz yI T4+ 1t RSdz@S RBWTabdez[3/282%K LINRA y OA LJA

Tabuka3: w21 RSt Sy N Fyltailt d2NA yI 1[B2EMWRS Fala

CelAltEYN LINAYOALI aSLI NF !'yIEtelt dz2NJ

wl LA @Sy N RNIIEY SISOk SNZy al 3y S (303150 N2
St STGANROLISY LR A FyFEelt S

hR AOYyt ailloAftAll 23a0Aft1F YO RNHzZLIs f 8% &
aiSey2aYSNyYysSKz | @geaz2127F

ORf AOyt R2ol fSidz A2ydé LyFfeltG2NE F
hRf AOyt FTNB1BSyOS KI NX2y Orbitrap

22 NLIOS SySNBAS L2yd20t O&lfs
5 ySY St S13GNR O] S rezonance
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| Y2y 286y RTHHG2NRE 2a2dz LRLAA2Otye yS12fA]
a0K2 Ll 2adANR Iyt X @dbdobiadnwta S & INR é OisrSyN L2 2 N
RFEf ON LI MIKeST NN SYNS NI LI2 LA &aAdz2S YNNHz a OK:
hmotnostm/z. | Y2 (i y 2 & (i yopND NEESaEsafchbdpom/z YA OS |y L f &1t i
zaznamenat] A Y St Ny N R pop¥uleOR 61 SIZFT BE K& I KdNIKENRY 2
28 2RST O fAYSENYNO® 5 & SGRigehiesN jakoiNkeY S i NB Y
TFTYyFYSyt oWR Ny dziif$ (IN2 RR al (| 3/ &0 = NDISINA 2 @GN
iSO [2829].}

Tabulka4: Paramety2 SRy 2 (i f A @@ OK | yR&E2I + G2NAD t njSAT I (

i ¢ s, . Mzrozsah w2l t A 020 MA [ AYSENYN R
bybtelti 0 K2 NJ N f schopnost (ppm) Rychlost rozsah
Q 2000- 3000 3000- 5000 bNT 1 { GnjSK 10°-10°
IT 4000- 6000 4000- (20000) bNT 1 {dnSK 10¢- 105 (105
TOF 10000- 1000000  10000- 100000 1-5 teazl 10¢-1C°
(300000)
QTOF 10000- 20000 20000- 75000 1-5 teazi 10-1¢
h Nb A G NI f 4000-6000 100000- 1000000 <1 b NT 1+ 10
FFICR 4000- 10000 750000-20000000 <1 bNT 1+ 10

t 2Rt S NRTfAOSYN RSENYS Fylfelti2NR R2 R@?
NET ft AOSYNY® lylLfelti2NE & @eaz2léyY NRBIfAOS
& dzYt NY NY LIZAUgNIIAR SN a@NIHANIGIdEING/NA & G A OSd  t 2 dzON
19FEAGEOGAGYN yltelSo tylLtelti2NeE & yNI{2
LI a4 2&42dz 0edzONGH[0E O |ylLtel S 1 GFEyaAadGlt dAac
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Y@ RNHzLIs f

YOI RNHzLIs | 28 2 SREYNG yf 2 & (SyeNBrdzONyH fy &S12tON2 NA ¢
6tienA 12020S (e6Sz yI (1GSNB 2S5 gtz2afyz2 fF
YI R@2dz LINPGAf SKf 0K (G@6NOK oef2 yIFLSIN a
GFr1S Geaz212FNB{GSYyS6yN ai0nNRIFGS yIFLISGND t NJ
& NAMYBnA NAT yeOK K2Ry2i(t OK &a0S2y aaNYI3ANIESK ?
211 YOATZ LA RB$SLERARG 2 A 3y ii/BLIBKPNGEAN SLIZ SERiy
GNF2ST02NAA | LINRB2R2dz RttS O 1 RSGS1G2NH
geoAa2N asS ylI 23%RysS 1 Geé6N | 9dF RNHzZI f dz

ions with unstable trajectory

Q . :
ons a . : . } ions with stable trajectory
i s " —— - ~ » to detector
rom ion source (#)
@ —

h 6 NI & {SQ K S vadrups|u [31].

¢CNR2AGE | O RNIWSset6 I 8 8 S 2AS R IR 8zO0 NYF 2y/TlieyCeKka G i INYO R
Fylrfelt RANMBRRAz 0288 S| ONRHOHBADHY 2RI A D + & dzON D!
19 yGAGE GpPYNRE yasel SoinN 1 G RNHzLIE Hj§ (i H LIF B ¢
Tdzy { OA KY2(Gy2aid WRAK nfBRY N&TYH G 2FNByd] OA 12 AT
12f AT YN LX &y O0RdzaA N1 I | NEémbinab szNBYRKA NS yINYF {Ad2
St STGNRO| & OK| 9328 NIYO R 2YO K} iriNAZL YN I K ALK 20 Netlyl dz f &z
v%ge OSYN @yAidnyN SYySNAAS @GSRS 1S FNIXIYSyal
R2 (nSGNK2RN OO R [aHags £ &d $
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odbHdPod af{ Tt+tTylyYe

t2Y20ON KY2(Gy2alGdyNOK Iyl telt id2NALWNAIOISRSS T (NS
2S YSASYSYONRI anizklz BSR¢#zZi R206dz [yl teleéx yIi
OStl120éeY A2y lcheend ALINNERSY Jeat SRl am/zLl2dd S |

YAOSY®SRSOt SK2 Tt+TylYdz OKNRYI(G23aNIY @e3as,
YIT égiNG 12y14820 NHz2 8 y B, 1.2 y (i 2 & LINE dzR

adOSYS T Nalld c GeLA 1 M$skdy & amjistal{f AR YSNYz &2]
miz vOSt SY NRBIT alFKdzz (GSNE OKOSYS &adddzR20I Go
AYF2NXYIOS 2 RISV ORGYNYGded T yaFSVe k@Qydia

1Yy GAlGlE GAGNBYNY I | @F & WIEIS S detzRriizG Bio Koigy |

Rt £ S LINPSRNIORD SROKUYIT N 1 FNIFIIAYSYlHlFOA A2y
a{ka/f Y5IR3S Y LINP Rzl i R@3 OKS A2QPG&AGH GAOBYN
LINE Rdz] 12 9@ OK A2y 0iSOK @GiyAaAlfeoOK FNIIYSyil
hoR20§1SS iz LINBS | dzNI |2 Ajpdgdrdoinkicio ARJIRIE | &zNJ 2 NB gé OK A
1 0SNB LJ2 &nygradukt D @AGNIG A Gy NS L2 LINfNLIF RS A 1 DI
LINB {1 dzNJ 2 NBOKX (1 UGSNB @ellil dz2N dBNBG (B NaA YISYA
L2 YRQMydz vy Sdziandtt2yROKR T&INB viidz 25 (G 1G0SO Y20y
spodobnou strukturouSSt S1 GA Gy N 1T+ 1 Waye ONEZEBO& t SRR DD
LINjSYSydz LINB{ dzNJ 2 NYz y I LINRRdzl B3%eée Az2yda 1T

Tabulka5: ¢ & LJ& &K YRyl4y s@ikiromptrii[3].

IONTOWY'| Q, [ Q, [* Qj | —*|DETECTOR

ZDROI
MS1 CID MS 2

MS sken skenuje - - kvalitativni analyza

SIM fixni m/z - - kvantitativni analyza

Sken produktovych iontd fixni m/z + skenuje kvalitativni analyza

Sken prekurzorovych iontd skenuje + fixni m/z kvalitativni analyza

Sken neutrélnich ztrat skenuje + skenuje kvalitativni, kvantitativni analyza
SRM fixni m/z + fixni m/z kvantitativni analyza
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33.Teoriek VI f @G AY
331.{ GSNRPARYN K2N¥2yeé

t nfjA Qeaft20SyN at20F agdldSNRBARAG a4S Yy2KeéeyY @
iStSayzdz gel2yyz2aid 1 geddecN@Sa2rm@HadGly¥SS2 N
Lyl o2ft A0V ARGEI A RSt S a8 gealeddzesS OStt nj
2SRyt &8 1 S2YS\Slposhg i @il k0 OKSNOA20/1e & { LIS G 1
0A2f23aA0]1 SK2 HERYKEZEBSES ORBR {iRRIdz LRKf I Oy N
(androgeny, estrogenygestagey) a K2 N 2 y 4  y(miRerapkodikoiy a

glukokortikoid). { 1 SNRPARY N K2N¥2ye& 2a&a2dz aeyidSiail 2 gt
I NBOYNK2 nS6A0GS NRIT Y3B,B8ye R2 YNaildl 2S2i0¢

332.{ (i NXHzl GdzNI &0G§SNRBRARA

+ OSOKy @ at(t SiNi2&a &R iy KIdXAN yYSK nj S 20 YSylsye dz &
cyklopentanofenanthredzz G SO 21 y I 6 2 @I y SKraktur@ gohau s@ 2 y I Y
a1ftRt 1TSS 60Gén dzKt 202 RN| 2 #65CGK hl|oNEtDASE] 21 y |
1 Ndzk@aG5 25 desdbBeenjraisiny Y Sy S ¢ NWR& 2!dz 6ée G o1t «
vdza LJ2 njttafsicigN ! LInjN N2 Ry N O Kansidnad BERniBRRB4y1Ldhj S 9t + Rt

12

13 17

hoNIGBIEF RYN a0 Sgemn[38y N 4 G Nzl § dzNJ
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t 2addzllyéeyY NBukS godah@tNANY Ot YS aft 20AGS20N &
212 LINPfIRR f ON NBRSANEOREWPRY N &G NHzl (G dzNB 32
methylovou skupinu poloze 13vznikneestran (C18% 9 & NI y LInjSRa il @dze
OSVWaAR Kt | Oy N ey Rofud je naSa i NI y  y I dhethyloy | R £ (
skupimvLli2 f 21 S wmandrdsira(CY ST + 1 f F R LINE Ydz0Aa| S LR
I YRNRIASye&od 5 f ONavandyobtaiiR 4 + LN Y2 SalipkegmbrdfCRLR 1+ Y S
111t FgBstagahya glukokortikoid$s)]

CH;

Androstan Pregnan

h 6 N 10:Stfuktura gonanu, estranu, androstanu a pregnanu

3.3.3. Steroidogeneze

t N2OSa LInjSYSyeé OX2{C9\8 158INENA Referbiddgenézk @  a S

| K2f SAGSNRt YA&OSE 2y yiSNaLpa iNIyg2aies] GF 1 28
vi ARA1SY (St Ss LkewirAadetytkdendud ysi SIDHO] S YS T f 2
T 0e1fSYyN {N®RaDNDPSEYHZ3G | O f Sy dz
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Cholesterol

h & N 11:Sfrukturacholesterol- LINBS 1 dzNJ 2 Nz a0 SNR A R4 @

{ 0SNRPAR23ISYy NATS yBIRE O NIRILISOK (1t B$RY 2 NROB&O
ONEBE (104 NEK Yy I Rt SROAY &B1231 216 NINGGR2 | v/ N B & NJOF + 1
h o N} 131 Minerab]l 2 NIiA 1 2AR& @l yAlltaeN @S a2 ON O
glomerulsa VY I @+ 1T dz2NON ONBEUDYES { ENBAXIxRBISRDBE I X1 =
fra1e 1TSS &ldzLAye 3Jtdzl212NIA12ARAD +S QGyAl

52dza SREUDN RAnSYN 2a2dz e BYIIBREp NOK Yy BNE B
20R2aRE ®O0y 2 a iNRA T WENIK f UBFSSS v
Cholesterol

l 1 2 24 29 22

—— | 170H-Preg | —»  DHEA | —— | Androstendion I—* I Testosteron

)

DHEAS @ 25

ZONA RETICULARIS

3 13 14
Progesteron | ——» | 11-Deoxykortikosteron I e |Kortikosteron —» 18-Hydroxykortikosteron

|

Aldosteron

ZONA GLOMERULOSA 21

13 14
| 11-Deoxykortikosteron I — | Kortikosteron |

ZONA FASCICULATA
vo2 4 19

170H-Preg | —* I 17-OHP I — | 11-Deoxykortizol | — | Kortizol |

hoNII2ENR OSA &i SNEAR2y3SRTSS RO AN @ KEE] | | 2LNNI NG Sy 2
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hoN} I3t NEOSa &iSNEAREXKS Y ZyN QUESNBITSV) S0 AZDNK CBN
LJ2 dz@rb dte¥oidogenezitt K S AINI Iy dzf s T yNOK o6dzz {t OK | Y2RI
v S&@ RA 32 gé Qiravendrdld36].0 K &

ododnd WSRy20GfAPS aldaAye aidSNRBARA
3.3.4.1. Androgeny

| yYRNRISye 2a2dz YdzO&as S Y Q02AK ¢ thjfeBiNsRraa 2 2 v &

dihydrotestosterotd b St 1 S GF 1S 2L1YSy 2 dzi RSK&RNERS
androstend-RA 2y ST 1 GSNB LX YN NRf A Yj§ithdddNB R dz] G &

212062 | yRNR3IF37A39.2S GSYSn yd#f 2 @i

A B A sz

¢Sai2aiGSNRy > KifrORFN SWRNRAS y 3 & \8BRIII 22081 YA

dzz L ¥ XOTSYS 11 1 YNy @y NRGNGBNT G8SyBElyEicEN ¥ YON & (
aeyisie (2K2G2 K2NX2ydz 285 T2yl NBGAOdzZ I N
h 6 NI 12Tdstosteron sep RNt N y I @ég@22Ak RNHzZK2Gy e OK LJk
GSRe NA&(dzvzaikdl e AIX O] QR A N2 OKE dzZLISY Nd ¢ Said2ad
T yI6lyyeldp 2t A012dz F 1 GAGAG2dzZ LRRNEN 4S8 gel vyl
regulaci osy hypotalamu§ & LJ2-Fadlel [Androgen @& NI 1T yS2ONW | Y RNE
g 6Kenf je dihydrotestosteronp + 1 YiS Rl 2 & G S NB yLd3 NI SEY POK @ |
L2 Y2 ON 85 & ¥Wz36,187, 89

(@]

"LINT S @S &0 NHz| G dAnjSa NfyRN® JISY Ao 2ASARG IS K2 g ¢
Iyl 62t A0 eVIKA @dIlSNPYA RASG 2 A dAiIRY & SBS OF | Y RN
a8y (ST dz WRREIES RYWEDP R2 06 S (1BN2 dzh dé dzQj dtayis OF S |
podpor N SNEGNR LR ST dzd 54t SOAGS 28 GF1S T YNYA
ALR NI 200A 1S 13®aqOSyN gejzyyzaidr o
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