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Determination of blood ergosterol in stroke-prone spontaneously hypertensive rat
by liquid chromatography-tandem mass spectrometry and precision assessment

based on ISO 11843-7.
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APRTEMEME &L CHEET S LY. BHEORKEBO —21F, ToMEOEEETH
D, BEETCHEAINTALAEDOERLS 10 TILEWL EAET 5 & H#HHl =
nTWnWg 29 FEHE, HRARRAEOEEO T — % X—2AD—>Th 5 LIPID
MAPS (Z1% 2023 4 3 ARER TR 4 7 7 TU LA R BE I TS 59,
LIPID MAPS O H THEEIC DS 28 %217 5 LIPID MAPS structure database
(LMSD) X, lEEAZ 8 >0 A7 Y —ITHhEEL, TIZ, AL 7T A, BT
TA, BALEMDOIEICHEMCHELTVWDS. EEREIT I =7 7 AT LICH
BHEOLONLEBEO S DO F THEAL, WHALFEHNR/BEIIZHEZETH D
— ), M—27 72 ANO{LEWE LoEEOBEPEIZIEFICE L, 72, EERKNT
DILEMBOGFEENRKRESERDED, EBESWEOHBIZOILFENICT v
vy chsn .

27— /VEEIX, LMSDD 8 SOEEIT IV —D 1 >ThHV, BIfEE TIC
13600 EE DILAMMBFESIN TS, AT —LREEIXZS DDA AL 7 TR
IZHEINTEBY, ATmr—/L (1601 fE), A7 A K (362ff), EaxT A
K (761 ff), JHHEE (811 F), A7 v A FAGMEK (233 ) AR INALTVD.
FEEER DO AT o — VX, Z< OEMOERBEO TERERK S E L THHINT
BY, AYWOENI L > TEIZHHT HAT e — 38725 (Figure 1). B
JaTix, avATue—AnEIZHHAINDG. EYMITIEZR- AT r— LT
Mz, hovX2Fa—)L, AT 47 ~vATa—)L, 753 HATau—LiYDH
BoEMHRFHINTEBY, b3 ATe— L ERKBIND Y . HHE
OMfTIX, =T XATr—AREZHHAIATHS 9. F£RX7e—F, %
KEKELT3IODOREBRLE I DOLEENLRS ASDELEZAL, ARICE R
X ENEEL TR, MEHOEE, MELHEKT 2 KRB0, BT M$H O
REAFIFE A DONMNBERENERD . HFAT o — Vi, MRESR TIZe Fox iz
MRS, XM EMicm T s X ocim L CIRE —EHEAER L TEY, Mg
BEOMEE EBEOHRICEFRICEETH L.
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Figure 1 Basic skeleton of sterol lipid and typical sterol structure.

AT = ANEGTLHIGHRED DIV P AT BV IENSH L. v b A
T u—ViEL, FREKRLSEBEEXOBEMEEERBRE CTH D, ABC(ATP
binding cassette) N 7 VAR —F —DH 7 7 7 I U —D ABCG5 X|¥ ABCG8 D i
BFEEANFERTHLZ En@mESN TS 101D SFEOBRFRNFENLS
sl iam%&f@/L17m~»mf$%@ffbfwék%z%nfw
% 10,

L AT =L RO AT a— LRI O IX % Figure 2 | :/%a“ =
M, BEPOLERLEAT e =L, INEOAT o — VlgEy /N7 g
Niemann-Pick C1-like intracellular cholesterol transporter 1 (NPCIL1) (Z X - T/h
B ERMRANICIRYIAEND. MEEICHEIS N2 L AT 72— LE acyl-
coenzyme A:cholesterol acyltransferase-2 (IZC X > T AT fban, A4 uIrmnm
YIENRNy =TI NTY oNEA~NERIRESND. —F, —BHBANIZERYAEN
ThE AT v — ik, MO ABCGS5/8 #/r L CTIHFEAKE~L RIS, v b
AT w—)VIEBH T, BEFERICES < ABCGS/8 DR BLCHEEE DK T IS
LFoT, AT o — A RnalATFa— L ERBEORINKEEKZ LD, b oEY
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AT7Ta—)VRENRBEEICHENT S, ZOKE, B-V MAT =L EDRY A
Ta— R, MBI ERVITEE L, RE - BEAESEEE O EBIRE R %
FlEE 3. Y AT — VIGEDET LVEIYIZIE, ABCGS XX G8 ® / v 7
7 R LRGSR MEEMET > M (SHRSP) W2 H 6 TW5D.
SHRSP (X, 7/ LfRHTIC X > T ABCGS X TN ABCG8 D iifn A RNHER SN T
B W, BHHATe—LREEFAMNTDLIEMFTRENER TS, ZhbD0ET
NEVIE, BAE, BERIRLEF IS, a LA F I RARE0EYIT XL D HER
BUDHFELZWY AT v — Ve kLT, & O REfif A 016 9% 15 B & oF
T HBEICE TCHLEREREHEZRZLTWVS.

Lymph/Blood

Small

mtestine [ Cholesterol

f\t

]
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Phytosterol Phytosterol

Figure 2 Difference between cholesterol and phytosterol in terms of intestinal
absorption and biliary secretion. ABCG5/8, A complex of ATP binding cassette co-
transporters G5 and G8; ACAT2, acetylcoenzyme-A cholesterol acyl transferase 2;
CM, chylomicron; NPC1L1, Niemann Pick C1-like 1 protein.

KEESIZ, VP AT e — VEOETFTAEWICBIT Ao LT RATo — L%
R+ 5 HMT, SHRSP ICEm = /L RAT o — &% 2 BEAML, 5=/ o2
Fo—)VMEDOFELRLZ. L2rL, mLId32ATo— LASOMmPEEXES
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AT = VIZEBINTAREECNZ, BEEFOT 79D AT 08— LORINO |
S, BNMEE~ORER Y, HEOWMEEEZ RS LD, FEM2EmICLER
EBRERIIGEOLNAL TR, RO EPPAL»ZANE, =2 2T — )L
DRI OWTEAAELY bFEMICHERm L, RKEBEOBEMBIZERLZ B2 0ND.
FZTARMETIE, Y M RAT e — VIlJEE T LVEMICRBIT D AT o — LR EHEM
D—B L LT, SHRSP BT Hxz v adxFu— Lo fEiELEZF0RBYWNT
TUNAT =V ThDHI EEEBNITHHAMATIE L T 2 & EEE &5 iE O R
I iz L.

TN AZTr—=LEZORBHOMPENEICET ST, HFiEwmo T RE oD
OIS IE 7L, EFEOEBERMEIZIKRD 3 DICWRESND. BT, 1992 4
CHEHJI B, MY FrvLAE#H LI AT e — Va2 EEROKEE L7 Wistar 7 v
FOMBEFICHAEEEZRF >R AHBLL, Z0oaWo s FEITIZ VI RXT
72— XEd 2 /30T EERLE O KRIZ, 2011 I Zhao © X, Sprague
Dawley 7 v MCHE#HZ LV TAT o — L 2 HEROKES L, KKRJEILFA 4+
& (APCI) MS % LC IZ8if¢ L7 LC-MS I X D & & 1T\, i A B - 1 h f%
FOR « #EPEECOWTHRE LEZ . £/, 2016 412 Zhang H 1%, T/ X
T a—)V%& &G ieJ /K1 % Sprague Dawley 7 v MICH[EIZ OHK 5 L, HPLC-UV
ko TEREL, MPRE-REMHBELHRELZ D, —F, RFETEAL TV
HY MNATR = VMEOET VEWICEBIT D LT AT g — Lo i #) eIz B
TOHOREFINETCHELELRAV. AT 0 —VEHEOEENHOIT— LT v AL
F—RiEHAI7u~ 777 14— (GC) THYH, ke L TIRIEEEK SN
TWb., —JF, BEM, 175, RHBOZLERMAEDE R ARERRIKEK 7~
N7 7 40— (LC) X, MSZ#MlAHDLEDL Z EIZL>TGC &KL TIHEW
mEOILEY (F2ZIEATao— LT 2T ARLHAERREOREY) 2 —E DN
THRIETDZENARTHY, ZOEENRET Vv VO E S5 IRE DTk
ELTHEHESINTWD., KRR, WHS W2 EHKRE I e~ N7 77 4 —
(UHPLC) & m&E CHRE O N AR ¥ 7 L E &5 (MS/MS) % Fll H
LT, otz b3 L.

MS/MS I%, IWH S5 UV i & iExt aic, ®iESthmIc B oE M7
EERT L, LT REBEREONRT A —FNE L, KiELIZIZTZ L O
U Y —A%28ET 5. OB T, UHPLC-MS/MS IZ X 5 2 YV v RIEE D8R AL
DOUHLBEEEZREZ LI 0D, BEFMIZER LAV IV MEALL. — K&
CHIEREX, W—Y > 7 ic o0 TR LHEZITV, FEFmickd -4
XHEHEfR 2= (RSD) 72 K ZHHEE L LCHMIND. EF, 107~ 7T A
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IANTWD. FUMI Bl ic 55 < Beas O R BEREAMN (X I1SO 11843-7 IZH M s THE
v, ISO 11843-7 78 UHPLC-MS/MS O f £GPl (2@ H T & if, m#EbicE T 5
U Y =20l EBR IR TE S, 22T, 1SO11843-7 (2 K 2% K 3T fi ©
UHPLC-MS/MS ~®DJiE H O /] FIZ DWW T, EBRMIZHLNIZT DHZ LTl -,

PLEXMS, AR#FFETIE SHRSP IZEB T 5 =)L 3 A2 T7 v — Lo il F1 &) fE % 1B B 7
BRREEDIIEORE LIS 21T\, ®IZ UHPLC-MS/MS O 3F Al @ %h (b
ZFHBWELTUTO3IEONREZRY -7z,

B 1 ETIE, T AITARATa =LA EORT T VD ATa— VO EKEEBRIKEEE
LT

B 2FETIE, SHRSP O = VT AT B — VKRN T T VAT — /L% ER
Al HE 72 UHPLC-MS/MS IZ L b @& E E &1L 2% L7z, H®IZ, SHRSP I[CHKFH
E T L IR T e — VOB 2T, MPREHEZ RO .

%3 #CIE, MERG (ISO 11843-7) (243 < UHPLC-MS/MS O % 3l % 4T -
7. 25T, ISO 11843- 7BV THRRLIN TN ARWNWT VX VMBS Y 7Y v
THEEREERF L, T D52 UHPLC-MS/MS O EEAM I M IE T B LIS
Mz L.



% 13E Ergosterol-di & O brassicasterol-di D & X

IR D in vivo TORBHELZ EEMICH L NI LIZWEA, £E
WICHEIET H5NRERMELEMEERSLEMEEZXNT L2 ENREE LY. — KT,
ZNDEXBIT DI, FMEEZR LA E2 R U, B &0 X3 TE
WMEIZCEDERERZITY . BESHT T, (LA ORRIR 1% *H (EKFHE), 13C,
BN EORERMETELR LIZILEMZRHT L Z 2% 0.

ABFFETIE, MEDOHE VL FPRMBRFTORENS, =T XT o — LD
LT TN AT =L THDLEVIRMEN T, ZORMICKSE, = )b
AT —/)LORERMAEEREICMZ, 77 V0 AT 0 — V0% E RN EEHR
BOLHETLZZEIC L. £7, BAWRERZ LI AT a0 — )L O %R ERA M E
W72V AT —VORERMAKERMEOFRHOTHIZO>WTHRFLEZ.
Table 1 TSN TWVWAMATFTE — LD EKZEFZEOMER L RS, EASE
DEEMBEIZERBL, ZAITATr— LD TMNO _EHFEENELINTLHBE L,
I T HDREHO T Z AT — )L EBE L. WFEE2LET DL, B O]
(T ATHE—)V) LB (TTVDATE =)L) THEFOR —EHTZ2EH L
bR ERShoTz. LEN- THilkD EAKFZEEILAIL, SHRSP 12 ##
H#ombiREERBEEZ BT 2ERICIFHTET VW ES 2.

T I AT a— )L ORERNKEHRIKEZ SHRSP ~& 59725 2 L 2B ET 5 &,
DR b lgDEBENLETH-T-. —F, TRGORFEHEAMIZIV 7T A
A= Thy, LEEEAFTHICEMEIEOAANEEST L. 22T, L%
BAEL, =V I AT —LORERMEGHRIEZ LRBRF L. 2O/RE, HFE

Table 1 Comparison of commercially available deuterium-labelled ergosterol and

its corresponding reduced form of brassicasterol.

Ergosterol Not available Not available
Ergosterol-ds Ergosterol-d,
Toronto Research Chemicals Inc,| Medical isotopes Inc.
Brassicasterol Not available Not available
HO
Brassicasterol-dj Brassicasterol-dj

Toronto Research Chemicals Inc. | Toronto Research Chemicals Inc.
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WO N ITZT =L EHEMEL L, MR EIC L EE O BKEEREE S
FRATREZR HIENR B D Z N o7= ). KETIE, ZORKEICESE, Ko
DB S %Mz, BEAKFZEH LT AT 13—/ (ergosterol-dy) O % 7=,
FZ, ergosterol-dy D EAKFEFH OB IZXINT 2 EKBER T 7 VAT o —
NOPFHBIZOLIMOVMAR, FEFROT I VAT r - LV EHEDE LT D
brassicasterol-d; I OW T H R . KAECHEKREZMHIF LI L TERNMEEZRILED
D+ 1 % Figure 3 (277 .

Ergosterol-d, Brassicasterol-d;

Figure 3 Structure of target compounds.



1—2 ZEBRME - ik

ARBEBTITILUTOREZHA V., 2T AT 10—/ (>95.0%), 4-7 = =)L -1,2,4-
N T YU »35-0 A (PTAD, >97%), BEAKFLATHET MU UL (590%) 1%
Sigma Aldrich #:8d, /mmr s m Ay Y =7 A (PCC,>98.0%) IFH kAL L
EMAESHE, 7o) P (K 60-100 A vy =), ELFaT—r—7 4A 1%
FTHITAT A, Uraa A X (599.5%), BT A4 MIBEEAFEHENS
B, KRBT L (599.5%), WilE~ 7 X2 U A (>98.0%), WilE)T MU o A
(>99.0%), b7+ b U 7 5 (>99.5%), 7 & b v (>99.5%), Eifit — F /L (>99.5%),
VIF LT —T )L (>99.5%) A X J— )L (>99.8%), ~F ¥ (>96.0%), 7/ 1
RV (>99.0%), ¥ L (>80%), 1.8- 7T H b7 a[54.01V T H-7-=
(DBU, >98.0%) & L7 A v afudeidEaz v, Hibt ) va (I00)
KF# (>99.0%) X F v X fbFHBER W, 77V AT —b (>98.3%) (X
<R ER W . E 7 v a kb A (EKFELE 99.8%, TMS 0.03 vol%Us i)
!X Acros Organics fE 8 % 72,

K s g A X7 kL ('"H-NMR, 400 MHz) % Bruker =% ® Avance™ NI HD
NanoBay QLB EBELZH W THIE L. N EEBTE 7 oo R L AICEEN
Lok (§=726ppm) ZHA Wiz, AL A7 kL (BC-NMR, 125
MHz) X, HAE KSR D INM-ECZ600R/M1 FT NMR % ik & e ng 45 (& %
AWTHIE L., @ &0 (HRMS) (21X ESI A A Ji M OV AT B i 7Y
Bt EE2 -7V L b T 7 0 YRS D 6530 QTOF % H W\ 7=.



1—3 Ergosterol-di ® & ik

1—3—1 Ergosterol-d, ® & % £

MBZES O#HE VESBZIC, GRIEEZLE L T Scheme 1 ® FIETEKEITH 2
EE L. WESIE, 3O Rux v ofiibs va— 2 ARENHS PCC ~
EH LKL, PTAD Oifi# % 2 TRENL | TRICHAMLEZATHDL. £F
RIZOWTIE, SV TLAT—NVDLEOERICE > THRIAEL 2R, 7T LR
TN TOEREAT ST,

PTAD PCC, CaCOs
acetone CH,Cl,
ergosterol PTAD-protected- PTAD-
ergosterol ergostanone

NaBD4, CeC13 HO f DBU

—_—
thanol =0 1
methano O)\N Xylene

PTAD-
ergosterol-d,;

ergosterol-d;

Scheme 1 Synthesis of ergosterol-d;.



1—3—2 4-7=x2=1124+ )TV 35T H L REHEALITRATT—NLDOE

acetone

rt, 40 h

Figure 4 Conversion of ergosterol to PTAD-protected ergosterol.

T ITATHR—LE, AT — )LD BRIZST-VZUHEEEREOLYD, HAKHE
BEHEZTHRICHRETILERND S, 5.7-V = OF#IZIT PTAD Z /-, =
b3 AT v — Lo PTAD-protected-ergosterol ~ @ & % FIH 2 Figure 4 (2~ .
T F AT r—) (10.8 ¢, 27.2mmol) 7 &~ (456mL) IZH&MRLT-. =
TRAT R —IVOEKRIZTE b (273 mL) 2% L7 PTAD 5.1 g # /0 %, =&
T40 h#BHLEZ. KIGIREMEKTIZ = F L, B F LT 3 mIHHH L=,
et~ F Vg a G bt, fafMBEKCHRE L, BAMEBE~ 7 X UL THBEISE
e, AL, APIZEZBETICES, K S EEZBRE LR, HAR
KELTPTADR#E o VT AT v — L OMAERY (16.15g) &&=, HAEKDIX
REMOFETERO TRICED -,

'H-NMR (400 MHz, CDCl;) & 7.40 (m, 4H, Ph), 7.29 (m, 1H, Ph), 6.38 (d, 1H, J
=8.4 Hz, H6), 6.21 (d, 1H, J =8.3 Hz, H7), 5.19 (m, 2H, H22 and 23), 4.43 (m, 1H,
H3), 3.15 (dd, 1H, J =13.8, 13.9 Hz, H4e), 1.02 (d, 3H, J =6.6 Hz, H21), 0.95 (s, 3H,
H19), 0.89 (d, 3H, J =6.8 Hz, H28), 0.81 (m, 6H, H26 and 27), 0.79 (s, 3H, H18).
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1—3—3 4-7x2=1-124-F U7V Vv 35-VF L R#ETLITRT O LDEK

PCC, CaCO,
_—

CH,C,
rt,2h

Figure 5 Conversion of PTAD-protected ergosterol to PTAD-ergostanone

3afiDOKFHEEKEZE~ERT H-D, —F 3o Fax ok x1T
W, A=kl Ll BRROOoFRETHEHAHLTWEY s - XARAEKICELDE
FexvEopbd REOHME, BEROLBENHMETH SH. 4T PCC Bk
ERICHEDFEED 70V U ~OWEEZFME L, BEICAERY % BEETE 7 2.
PTAD fRi#E =V I A T v v O &K FIE% Figure 51Z/°3. PTAD fRi# = /L I 27
72— L (16.15¢g,28.34mmol) (¥ 7 v X% (800mL) IZEMLT-. £ Dk,
REEH NV T A (9.09g) , ELFaT7——74A (11.7¢g) M4 CTHELLE
%, PCCI183gx %, BET2h#B LSS, RINBOEWKIT EfEIc~
n YT, FREBIZVIITZSLVEREE LD AICBL PCCE27r ) UuE~%
HE3IW, F0t%k, VEF L T—T7 /L1500 mL &£ 7 v rkb A 2500 mL & B
L, WEEMAZITV PTADfR#Ex- /LT 25 1 (14.7 g, 25.1 mmol) % 91%®D Y
RTHT-.

'"H-NMR (400 MHz, CDCI3) & 7.39 (m, 4H, Ph), 7.28 (m, 1H, Ph), 6.57 (d, 1H, J
=8.2 Hz, H6), 6.23 (d, 1H, J =8.3 Hz, H7), 5.20 (m, 2H, 22 and 23), 3.58 (d, 1H, J
=18.5 Hz, H4e), 2.78 (d, 1H, J =18.5 Hz, H4a), 1.08 (s, 3H, H19), 1.01 (d, 3H, J =6.6
Hz, H21), 0.90 (d, 3H, J =6.8 Hz, H28), 0.88 (s, 3H, H18), 0.83 (m, 6H, H26 and 27)
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1—3—4 4-7 =2=)v-124-8U 7 VU -35-7 A {ri# ergosterol-di D& ik

NaBD,, CeCl;
_
methanol

0°C, 30 min

Figure 6 Conversion of PTAD-ergostanone to PTAD-ergosterol-d;

PTAD fR#E = /L I X7 v 25 PTAD {Ri# ergosterol-d; ~®D & K FIH % Figure
6 \Z/~"9 . PTAD fR#E /L 2 A5 1 (14.7g,25.7mmol) & A % /7 — /L (900 mL)
WL, EAFBATVET MY UL (2.15g) v Y U A (111 LAKRY

(19.1g) Z/Mx, 0°C FT30mint@ ¥ L7, KINEEWEKTIZF L, 7
naARLLAT3EMMEBELEZ. Z7oaofRsLABBLOREF CEREZEL, a ik
BALIZE R X k% FfF> PTAD f&i# ergosterol-di # Z LIRAM NG L NLTZ. 5%
BE VDTN T A~ NI T 7 4 —THEL, BALICE RrX a2
PTAD f#%7# ergosterol-d; (3.36 g,5.71 mmol) %% 23% CHE=. YU WX Nh T
Lorm~ 7T 74— KD0mix, BEMICER-TF L (A) -~F ¥ (B)
REW, B DM 60%DA Y 27 F77 4y 7He L, BHER 220 nm T1T -
7.

'"H-NMR (400 MHz, CDCI3) & 7.38 (m, 4H, Ph), 7.27 (m, 1H, Ph), 6.38 (d, 1H, J
=8.3 Hz, H6), 6.22 (d, 1H, J =8.3 Hz, H7), 5.19 (m, 2H, H22 and 23), 3.15 (d, 1H, J
=14.0 Hz, H4e), 1.02 (d, 3H, J =6.6 Hz, H21), 0.96 (s, 3H, H19), 0.88 (d, 3H, J =6.8
Hz, H28), 0.80 (m, 6H, H26 and 27), 0.79 (s, 3H, H18)

12



1—3—5 Ergosterol-di ® & ik

xylene
150°C,2h

Y

Figure 7 Conversion of PTAD-ergosterol-d; to ergosterol-d,

PTAD %7 ergosterol-d, 7> 5 ergosterol-di ~® & % FJIA Z Figure 7 {2/~ 7 .
PTAD {3 ergosterol-d; (3.36 g, 4.16 mmol) % ¥ L > (100 mL) [Z&EfiE L,
DBU 3.10 g # iM%, 150°C T 2 R #HE#E L7z, ISHE OIRMK 2 WE T THIE S
t, ergosterol-d\ # B WIRAWE G-, BEEZ VDTNV T LI~ N T T
74— TCHE L%, ~F U THESZITY, ergosterol-di (FEKFZALFE 92%,
1.74 g, 4.38 mmol) % IR 74.6% TH=. YV AFXF NV T AT~ NI T 7 14—
R Do Ex, BEMICEHER-F L (A) -~FH o (B) BEHKE L, BOMK
W S0%DA Y777 4y 7EMEL, BEEE 254 nm Tiro 7.

"H-NMR (400 MHz, CDCl3) & 5.53 (dd, 1H, J =5.6, 5.6 Hz, H6), 5.34 (m, 1H, H7),
5.16 (m, 2H, H22 and 23), 2.44 (dd, 1H, J =2.2, 2.2 Hz, H4e), 2.29 (d, 1H, J =0.48 Hz,

H4a), 0.99 (s, 3H, H19), 0.89 (d, 3H, J =6.8 Hz, H28), 0.80 (m, 6H, H26 and 27), 0.59
(s, 3H, H18).
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1—3—6 FEHR LB

MBELORE LG AF —L L, KIEOEGKAF — L% Figure§ 1277 . 24
HOIX, =T RATa— L EHEYE L LT 6 LT ergosterol-di O & ik % 2 ik
L7. PTAD IC X 2 1R#EDHBICY a — v XREEAZHEH L TEBY, 7o LEKOL
HNEMECTH D H L PTAD OFifRi#EIC 3 TRZ2ETHIHRICKEORINH D &
ERl. ERO2PEIEOVWTHREEZERL, ik R2akAF—22WlET L2
EMTE . BEMICE, REonEHLTWEY a — 2 ARIEIZHO>WT PCC
ERERELLTIERAL, SLIZPCCOEEEZ 7RI VNVIZEEND T RV
VAL EIEDL LI Lo THEICT P2 HBEELZ. S 512, PTAD @ Mifk
#%Z DBU E IS SHDZLICE-TC, 3TREELTCVWERIGTELZ 1 TRICHE
ML, BIR#ET DI L. RIS, BRAEDLDOHIELE KR THR LA K
MR DU % i U 72 #5 R % Table2 IC/” 3. PTAD fR#E = L T AT 1 UV DH KT
X, INFEE 80% 156 91%ICk#ET HZ LN TE 7. £72, PTAD & 7# ergosterol-
d\ 7> 5 ergosterol-di ~D A TIE, 3 T TILER 54%0 5 1 LT 81% I KiEIZ
KETDHLENTE .

14



Cr. waste liquid
processing is

complicated
%
_ NaBD,
_PTAD ‘@ Jones _Jones reagent .@ CeCly
Tacetone HO A +0 acctone O NN‘FO MeOH
N /N
Ph O Ph

TBDMSCI %,
imidazole @ DIBAL ’“/ .
DMSO e~ toluene ‘
w0 FO TBDMSOT;
N
(8] Ph

ergosterol-d;

Simple isolation of product of
PCC oxidation using florisil

pcc NaBD,
oa .@ oo
acefone N Toncn 2Cly T Meol

N
ergosterol O Ph 0 'ph

HO™ 5

ergosterol-d,
Figure 8 (A)The existing method for ergosterol-d; synthesis by Matsunori??, (B) The
current method for synthesis. Balloons indicate the difference between existing scheme

and our scheme.
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Table 2 Comparison of yields for each step in the synthesis of ergosterol-d; by

the existing method and the current method.

yield (%)

Existing method Current method
STEP2 80 91
STEP4 81 n
STEPS 70 - 54 80
STEP6 96 _J
Ergosterol to Ergosterol-di 9.5 16.1
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1—4 Brassicasterol-d; ® & %

1—4—1 Brassicasterol-di ® & iR I

TIZVANAT R =L, EBEORBICKLE S 50 mg Z HEEICARK L Z.
BARMIZ X, ergosterol-di DAMAFT — L EBSHEIL, 77V AT — L&EFE
ELT2IRET3affDOKFZEHKFEIZER L 7-. Brassicasterol-d, ® & K FIE %
Scheme 2 IZ7/R 7.

PCC, CaCO;
——
CH,Cl,

NaBD,, CeCl,
—_———

methanol

Scheme 2 Synthesis of brassicasterol-d;
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1—4—2 75V HATarDOEK

PCC, CaCO;

B —
CH,Cl,
rt,1h

Figure 9 Conversion of brassicasterol to brassicasterone

TIOHAT U= NS T TN AT o ~DEKFIEE Figure 9 (Z7-T. 7
TV AT r—)L (100 mg, 0.251 mmol) ¥ 7 mu A %> (8 mL) IZIAfEL,
REEH N T A (20mg) EEFELF 2T ——7 4A (96 mg), PCC (170 mg)
ZMz=RWT1IhBHRLE., EBIC70 UYL, TRICYI DX VEREBLED
TACRISHDOEK, Y/ana AKX 20mL, YEF LT —7 )L 30 mL % iEK
L, #BREZEINR L. 2O OBEKZBIETCTRMEL, 77 Y0 A7 1 (18.1
mg, 0.0456 mmol) % X F 18.2% CTH/m. 77 VD AT oy ORENEELD D
Rino e, B 100mg DT T AT e — v EFEEE LT, EROTIE
EEOIKL, 77V B ATy (87.5mg, 0.221 mmol) ZUE 87.9% TH7=. &
FFCT7 7Y AT v 105.6 mg (0.266 mmol) 245D 2 &N TE .

"H-NMR (400 MHz, CDCl;) & 5.26 (m, 1H, H6), 5.12 (m, 2H, H22 and 23), 3.22 (d,
1H, J =16.4 Hz, H4e), 2.45 (d, 1H, J =16.4 Hz, H4a), 0.94 (s, 3H, H19), 0.85 (d, 3H,
J =6.8 Hz), 0.77 (m, 6H, H26 and 27), 0.65 (s, 3H, H18).
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1—4—3 Brassicasterol-d; ® & Jik

NaBD,, CeCl,
R

methanol
0°C, 45 min

Figure 10 Conversion of brassicasterone to brassicasterol-d;

7T VAT a s h) b brassicasterol-di D A K T % Figure 10 (IZ/R 3. 7T ¥
A7 m (105.6mg,0.266 mmol) % A % / —/L (10mL) 2% ML, HEHAKFEI
RUFEFRMU LA (26 mg) EHEAEY UL (1) LAY (235 mg) =Mz,
OCTFCT45Sminf#F L7z, Kt E KT/ = F L, 874 N BT AHICEL, 7
mrALLATHE L. i ZRIERELZE, VDTSNV T om< T
77 4 —%4T\W,3B LI Ka % k% £F D brassicasterol-d; (/K F L FE 99%,
62.8 mg, 0.157 mmol) % X3 59.0% /7. vV BTSNV T hrsa~w NI T 7 40—
XA mEIX, BEFEICTE N (A) -~FH 2 (B) IBAEWKEZ MV, 0-100 53 D
W, BOE AN 95%, 100-110 3 DO, BDOEEN 0%E 7D AT v 7 U A XEH
L, MHEE 220 nm Tir-7=.

"H-NMR (400 MHz, CDCl3) § 5.35 (m, 1H, H6), 5.20 (m, 2H, H22 and 23), 2.24 (m,
2H, H4a and 4e), 0.92 (m, 3H, H19), 0.82 (m, 6H, H26 and 27), 0.69 (s, 3H, H18). 3C-
NMR (125 MHz, CDCl3) 8= 12.2, 17.7, 19.5, 19.7, 20.0, 21.0, 21.2, 24.4, 28.6, 31.6,
32.0,33.2,36.6,37.3,39.8,40.2,42.3,42.3,42.9, 50.2, 56.1, 56.9, 121.8, 131.8, 135.9,
140.8. HRMS (ESI-TOF) Calcd for C28H46 [M-D-OH+H]": 382.3600, Found: 382.3631.
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1—5 /5

Ergosterol-d; &, =V I AT v — LA HBEME L LT 3afiOKFLEHKEIS
BLCHHLEZ, 9, = 1Lazxguo— LD 57- U HEEOREOD,
PTAD % )i &, PTAD RV I X T v — L& G L7, RIZ, PCC & MW,
3o Fed ez VvR=rE~LiRELE. 0%, EAKFLFTVFET b
VU LAZRIGEIYE, 3affiCEKFELZE ALK PTAD fRi# ergosterol-di & A % L
72. WIZ, DBU Z T PTAD % i f%## L, ergosterol-d\ 14 7-. KJ& A F — A
Z2TREMLEZEZA, =T AT —)1108g ZHEME & L T ergosterol-
di1.74 g /o, EBENEEZMUERED 9.5%00 5 16.1%I28k#F T 7.

Brassicasterol-d; (X, 7 7 Y 7 A7 v — )L 200 mg #HEWHWEH L L T
brassicasterol-d; % 62.8 mg (E & ILHE 31%) A T 7.
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% 2% SHRSPICBIFAEARZEHZR L IR F 0 — L0 PEEEORFT

T )T AT 1 — /) (ergosta-5,7,22-trien-3B-ol) L, BERIZ 2 2D _HEAH &
Mgz 1 >0 “HEREAEHETSH. TAITRAFr— L, E¥ I D2 ORIEKE
ELTHLNATEY, KB tR EOEINBBIFITL > TBENBMHEL, B4 3
VD2ICEMEINS B3, F, AT RTu— LT ERNTHAEMER 29,
PUBERIBE A 20, BLRIRAER D, I AER PR EOIEREZRT Z LA
SNTEBY, ZOEYEEPER SN TWND 3,

ARFIETIE, Y FPAT R = VIEET VEIY O SHRSP ICB T 5= /L3 XTF
g—OMPEEEZRD, BIZZORFHEBEL TWDMF T TN AT r—
NEERT DL, CORMNOREDIC, 1ETET Yy h~OREERICHDREDOMN
AT a— )LD EKFZEHIAK (ergosterol-d; & brassicasterol-d;) Ak L7-. A&
T X SHRSP o ZF Br (2 4t 32 &, UHPLC-MS/MS (2 & % ergosterol-di & O
brassicasterol-d, O & & & E ®RIEZ I T 5. UHPLC & MS/MS O A » % —7 =
AALERT DA A HELTE, WHEZEBEL, =L 7 heX 7L —AF
J(ESD) ¢45%. avAyua—J)L, TAITATR—)L, TIVHATR—)L
EDAT =L, 5FRNIC1O50E FafxvELrFLR2WnwD, ESITOA
F AN BPELS, BN T TN EHELERRNETH D 3. 22T, B Nne
FUEREAENE T OFEERAZIT o T, ®mEEAE K - 7. 55880 RIEIL,
E e X v EERIESHELZEERICSEDLHIE W, avA7e— L FFxF T ¥ —
EREDEERICI-s T P v ELBbL, IR =VEERIEESHE D FHIES
NI ENH DA EIEY P 9 ergosterol-d, & brassicasterol-d, D K FE EIE L,
HOoFBEEIEDODILED DA F ML RIZHONWTERE LR, BBFofE kit
ETIEAKBELEOMAERKICDRBE L TWVWDHIEEZLNDL. 2D OHIRERE
MIICHRFT L, ERICELTIE, AT7u— &b al ry@Bo X7 Lk~ LFEEKL
L, MS/MS IZ Lo MEED LA AKX 5. EIT, Mi§~® ergosterol-d, &
brassicasterol-di D MEIINER R 217\, MiGFORTAFEL N T 5. 0 ET,
SHRSP ~ ® ergosterol-dy O 0 & 5 FEBR 217, BEMICHE ML L, @MH o
ergosterol-d, & brassicasterol-d, # E & T 5. 5 O 4L 25 M & -FER AR 0 6,
PK R A—F&ZHHLZAVIRXRTr— Lo PBEICEL THERT .
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2—2 EBRME - ik

2—2—1 ¥

ABETIIUTORELZH W, FEEE (399.5%), 4-YAF LTI /BT Vv
(>99%), 7 hZ7E R 772 (>99.5%), FUZF L7 I (>99.0%), 7 v B
BV L (399.0%), A X/ —)b (398.0%) L& L7 A4 v AFn il S pk o vk 8l &
Hwi=. 6-7 b= L A% J — Lt Steraloids ft® 2 H w7, 7k +b=hrU L
(>99.9%) (X Honeywell A2 H /=, U Y 2- VKRB (B2 U B,
>99%), 2-A F)v-6-= s B ZEFEBEEAKY (>98%) IR bk T¥EKAS1 R %
7=, KL, @Btk g E RFUGOHA (7 RNV T v 7 EEAERD) 10Xk » T

Bl (>18.2MQ) D& HWT-.

2—2—2 UHPLC-MS/MS IZ & % ergosterol-d; & ¥ brassicasterol-d; @ & &

I ETHMLCHEKBEMRAEZMESRYWE L LT UHPLC-MS/MS (X 5 #
B E mIE O 1T 7. UHPLC-MS/MS ¥ A7 A%, UHPLC #iZHR v 7
(quaternary solvent manager), 4 — k% > 77 — (sample manager), ODS » 7 A
(Acquity UPLC BEH C18, 150X2.1 mm, i.d., 1.7 pm, Waters), 5 7 L4 — 7
(column heater) 2> 5 fffk & 4L 5 Acquity UPLC™ H-class System, MS/MS #1Z A
FrEx v ha XS v —AF 4 (ESI) A F &7 5 Xevo TQD H &4y
etz AaabE7z Waters O & O % W72

B A, 0.1%BEM &/ A %/ — L /0. 1%BFEE & A KB (95/5,viv) Z W,
0.4 mL/min O TEWR L. # 7 L2REIXS0C, HAEFT2 ulLITHRE L.
MS SefFiE, Bl A it & 1000 L/h, BB T ZRE 500C, Fv &7 U —8
J£ 3.00 kV, = — > A& 50 L/hIZFRE L. ¥ A7 A% Masslynx ver.4d.1 V
ZhU =7 THIELE, MS 7 e~ b7 T LIE ESI RV T 47 A A E—RT
MRM (Multiple Reaction Monitoring) £— FTlE L. EEIZIFIMS 7 r~ |
77 A bEovY—7 mEEERMN L THBATLZ.

M i% # @ ergosterol-d; & OV brassicasterol-d; @ € &I IZWNERERELE 2 Hvy, KN
MEEEWE (IS) LLTe6rbavxy /) —rzfEllLE. HlapolEXsz
Figure 11 (Z/R 7.
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Ergosterol-d, Brassicasterol-d; 6-Ketocholestanol (IS)

Figure 11 Structures of ergosterol-d;, brassicasterol-d; and 6-ketocholestanol (IS).

2—2—3 SHRSP ~® ergosterol-d; ® & 1 # 5 K& O £k 1

1t ®> SHRSP (SHRSP/Izm) (9 # ) X, SHR R AT T VILFEMEE DO L O %,

AR SLCHZEBUTCAFTLE. 7v biE, EE (2321C) ROWHKE (ST, F
Al 7 BE~F % 7THE) 2 —EOFRM T T, e (CE-2, BAZ L7 HASHH) &
OCKZHHICERTE2 L2 ICMELE. EBRTIE, 7> h& 16 BRI
et, WEZMEL (21445 g), /N— LHICEME L 72 ergosterol-di (40 mg/mL)
Z 100mg/ kg PHETY T2 HWTHAKREG L (n = 4). 2 b —210D
SHRSP (ZiZ/R— A A% HEH L= (2.5 mL 23— 2Ajli/kg, n=2). ROKE5#%
1, 2, 3, 4, 5, 6, 8, 10, 12, 18, 24 K O 36 K¢ (2 ifn /1 2 B ) & H o il v >
7 ($01mL) ZEHIR"SGER L. Jy bz LT AT —LOKRERL
B ORI FRIX, Zhao 5 DAFFRICE SV THRE L7 17D, 36 K%, ¥ X T T v
N% 150 mg/kg DX XLV E X — )LOREPENESICE > TEEISL 7. EH
Ef%, 2> ha—/L SHRSP ® Bk 6 ik (/X— A& 5% 36 Kifd) %82
UU v hAEEBRLZ. 2B 2> b —/ b SHRSP O IfiE% &b T, HEMRIE
BT M AN R EBR 22 Sl Wb b —/L SHRSP F—/LfiiE & LT L 7-.
MFEREOFHIT, FMKF2—7 %K ETI305H A F2—hK1L, 1200X
g T4C, 30 ML BEL 72, MG EHEX-20C CHASE L, F8E KT 5 FE THh
fFLc. B ERIT, KUK RFEYERE B S OKZ (#P17-16, #P21-78)
Y, RMEEBEROHA RT A4 IZHERLL THEE L -,
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2—2—4 ImiERE O Fij LB

2—2—4—1 KEHKLOCHEMEIEER O 7= 0 7 o fk AL B

2 hr—/ L SHRSP F— Vi 1%, MEHRLCRMENABRO~ MY v 7 X
ELTHERALE. RERTIOLFEFRICEENLIETICLDE~ MY v 7 2GR EEE
L, ~bU v 7 RAIRMEEAREEI % W THEV 72, Ergosterol-d, 2 O brassicasterol-
di DA Z 7 — )VIEEEKRIL, EHNAELENIROEEL K/NRICT 57201
oL, 20CCHfF L. BEEROER FIRIT, # VR LAEAZTTV, RSD 2 20%
UTeERDAERRLL.

AR Y 7L, BEF R E @ ergosterol-d; & OY brassicasterol-d, D A % / —
VIR (0.002, 0.004, 0.02, 0.04, 0.2, 0.4, 0.8 ng/mL) 100 uL 2% 7 A A & v V(T
Mz, 70C, EHEXAJ FCRBGEI G, BERICRL2FETCHRELLEER, &4 7
AAE w2, 3 hr—J)b SHRSP ' — L ifi{E % 10uL ¥ 2K M L. 77 v~
L, HIZAAEyYiIZay hue—/L SHRSP — Vil % 10uL WML 7= H D
ZMA L7, W2, 1.33 mol/L KOH A ¥ /7 — V¥R 150 pL & 0.4 ug/mL 6-7 b
IV AKX ) — )V (IS) AKX J — VWK S0ul Mz 72%, 45C T 60 ol A > % =
~N— kL 7%.

2—2—4—2 SHRSP I H# k& > fb AL B

Ergosterol-d; & G- R ERIZ I 1T 5 & £ ML FF 450 SHRSP o M yF Bk id, 1] E Al
B L-Z-boaEALE. MERE 10 L 27 22 vV ICB L. RIZ,
1.33 mol/L KOH #* % J — )V % 150 pL, 0.4 pg/mL ® 6-7 h a3 LA X ) — )L
(IS) A% ) — ViK% S0 uL WML, 45CT 60 554 > Fa2—F L7,

2—2—4—3 AT uo—)VEEOHMEY

JEZ #if (21X, Bligh-Dyer & *OCE T OB EZ M2 7= ik 2 Wiz, JeiTwF%E
WO FETIE RO R B EETRENAB L, WXL R o 20,
WA Mz CTREBKEZBEICT 22810k -T, EAE, TEHME, TR
B2, THOSEROBENKIBICKESNRTZ. ZOBRFFICESIEAT o —

24



Ao, oAb LEREBHICEEE 15 ul, A X/ —JL 800 uL, 7 o kb A
500 uL, 7K 400 uL Z M %, 30 A VT » 7 A L7, HIZ 7 v adk/b A 500ul,
K 500 uL Z A0z, 1450Xg, 20CIC T SminELOBELAZ. Z0%, 7 ook
LM (FF) ZF LW T AAE Yy IZB L, KEX U RXIEM (E - FH)
X 1000 uL D7 v ARV AZRM L. KEEX U RXI7EMEZ 30 A LVT v
7 A LT, 1450Xg, 20C T 5 min B Lo HEZITo72. THEZEIIL, O
nrRLLAMEEGDELL., ZoMMEREEZRK[M T, 710CTHREBEI .

2—2—4—4 FHHEKREIS K O LB

a2 7 VHEERIE, REZ50FEDVOLBIEE L.

FHERACOSE, FERTICEETHEZ S FERERE AL L 2RI 7
NFa—TNTHIESED., FERAEREOFAK L, =2V U8 25mg, 2-AF
J-6-= F R ZEEBRBEAKY 20mg, 4-VAF LTI VTV 10mgaT MT ¢k
Ko~ 1500 pL IZEfE L 40°C T 10min £ > F =X— L7z, @B LM
WDONST=H T ARBRE I, FEK R 150pL, NV =F L7 I 20uL, 7
78 Re>772200ul 2z, FE T60min B L. KISKTH%, NIGKE
FERKW N, 70C TARERE I, RIiC, BEME OO, Bligh-Dyer i% 40
THIH L7, EBREICE, AEZEIEZRABHICA X 7 —11000pL, 7 2ok
2 400 uL, K S00pL 2%, 30 VAR LT v 7 A LT, AT v 7 A LEERK
27 v AR 500 ul, 7K 500 uL A0 % 721, 1450Xg, 20°C T 5 min 1= 0 57 B
L7z, 7Bl AM(FH) Z2HLWT ARy YIZEL, E&25%0 ~, 70C
THLE L7721, BEMH 100 uL 1T L. ZO0®EE 022 um DR U T 7 7
A v x=F L (PTFE) A7 Lo 7 4 VX — % @i S TH 5 UHPLC-MS/MS
VAT AIZHEANLTE.

T A RAT m— )b & FICEEERAE ORISR 2 Figure 12 12773, =) U@
X, 4-VAFAT I EY VD RKISITHEWV T 2- A F-6-= 1% 5B EK
MERKIGL, Eal gL 2-2AF-6-= b ZEEFBOEETHEL KT 5.
ZO®%, HHEFHKEAT e — ke oe Fex e EL, val sEx
AT NMEAT e = VERRT HEEZIOND.

25



2-methyl-6-nitrobenzoic anhydride

o 5 S) (MNBA)

A NO,(O) O~ NO,
SN N O

N
picolinic acid ‘ ~ —_—
(PA) Z
N

(0]
o
4-dimethylamino pyridine = | 0:
~N
©)
F ) .o
» | NTD Ergosterol-d,
N P QP
I‘H@
PA-MNBA
(0)
=4
e ‘
~ N

Ergosterol-d; picolinylester

Figure 12 Derivatization reaction of ergosterol-d; to form picolinyl ester.
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2—2—4—5 EPBEAT A - OHMH
Ergosterol-d; O Ifi W7 2 & #i B O fE AT 1%, 2—2—2 1233 X, ifL{& + @ Ergosterol-

dREZEHLEEZ, FHPWoMPREEMBKELZ 1-a X=X FET VK
SUWTHEMNT L7z, fENTIZIX, Excel 365 (Microsoft) & fl V72,
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2—3 MiRLBEH
2—3—1 UHPLC-MS/MS IZ & % ergosterol-d; % O® brassicasterol-di @ 15 & £ & &

UHPLC-ESI-MS/MS ORI E &MEX, IV W —H—A A4, T bA 4,
a—VEIE, 2V VarzxAF—72 LD MRM &M% Kb L.

TV = —AF O TIE, FMENSEZDEOEREERZHIL, 71 —
AoVl variBlilloTHIELRE. MS X, BIRA A E=X U 7 (SIM)
EF—RFIREL, AT7r—bEal B A7 LVOoRENRIS>OTY I —H—
A F v ([M+H]*, [M+Na]*, [M+K]*) I2OWTSIMZ e~ 275 L&2HELT-
£ SIM 7 e~ N7 7508 — 7 HBEAEEEKLRZEZ A, Ergosterol-di,
brassicasterol-d; & H {2, [M+Na]™>[M+K]">[M+H]" (MIZKE AT 2 — /LD =2
Voo 2T )0) OIRIZE— 27 mENAREL, T MY U AL T AN+ D i K
DY — 7 k%5 %x7-. LC-MS/MS Tl¥, B [M+H]"%2 7V h—H—A4 F L L
TERTLZZENZ V. LML, KR T B2 HESRYEIL, [MHH]' &
g U C[M+Nal"™ @ v 7 F )V O EE R 10 fFEm0WkERER -7, Thix, va
UUE e NarA A OB MMERE L, oV U EHEE BB DI MK EFE
T 5 Na' A A DA MUTERR, 7T UBENRKEICEZEEINTZEEZOND.
FoT, AT —nobtal) VAT AVOTIV = —A4F & LT
[M+Na]"Z #&R L 7=

WIS, a—rBEEORMNZITo72. SEIRDY H - 2 E TIEHEEHE A D O ESI
FYET7V—,AF ML LB OEANNRELLTEY, b ra—IlE
JEAZFIMT 522 LK oT, A A VPNEEFEHHICHEAEND., a—VEELY
30~65V O#H THRE L7 R, ergosterol-d; 1% 35V, brassicasterol-d; (% 45V,
6-7 ha L 2AZ ) —=AE50VICBEBWWTRbEWSY 7T LERLIE.

a7 M AOREICE, TV —H—A4F 2 ([M+Na]") K=V vz
vEE (5~55V) ZFREL, Yu¥ I M A EARY L LIy ATZ Y N
T AhEMEL. Figure 13 I~ A7 0~ 7 F 5 EO[M+Na]*® v — 27 7 5 i
LIex AAXRT MRS Ao 7Y I —H%—A 4 (ergosterol-dy ® &=
v B = A 7 )b : ergosterol-d; PE; brassicasterol-dy ® £ =2 U Vg~ X 7 )L .
brassicasterol-d; PE; 6-%7 h 2 L A X% /) — L O v a2l B XT )L : 6-
ketocholestanol PE) (2B W TH, 2V g VEEN SV T, [M+Na]"PAix KD
VI TFNES X, a7 P A UIRIEFEEAEAER LTV RN ERS o
a2 Ya UEE 15V TlE, m/z 146 @ [Picolinic acid + Na]*2" H Bl L, ergosterol-
di PE TR KOV T F Vv a2z, 2 vayEEE25V E3S VT, 3594
TIZEB W T, [Picolinic acid + Na]l" oA A Ll L TR b K& R ¥ 7L
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% H. %2 72 . [Picolinic acid + Na]'lZ3 &2 TO AT v — /Lt al VB AT Vb4
KT D7, AT7e— @REET Ry, AT e — V@B RO LBREZITO BB T,
AU Va rEEAVLESSV THBREINTE mz146 UND THR A A 2T n s
J hAF L ETDHMSMS 7~ T T AEHIWTHZ., Lo L, [Picolinicacid
tNal'2 7 X7 hAF 350X b BBREDE W, LAEWIT & ORMY
7MS/MS 7 m~ N7 T AEGDHZEITH Koo, £D7®, [Picolinic acid
tNal'z2 7 a7 A F IR ETHIEEL, 2V ¥ a EHEIX, ergosterol-d;
L 15V, brassicasterol-d; X 20V, 6-7 ha LA X /) —)Lix25VveE L. LED
M2 5 MRM e ff & -7 L 7= (Table 3) .
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Figure 13 MS spectra at different collision energies (5 to 55 V). The spectra were
extracted from the product ion scan chromatograms of sterol picolinyl esters. Left
column; ergosterol-d, picolinyl ester (ergosterol-d; PE); middle column;
brassicasterol-d; picolinyl ester (brassicasterol-di PE); right column; 6-

ketocholestanol picolinyl ester (6-ketocholestanol PE).
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Table 3 Multiple reaction monitoring transitions of ergosterol-d;, brassicasterol-

di and 6-ketocholestanol

Precursor Product ion
Sterol
ion [Picolinic Cone Collision
Sterol picolinyl
[M+Nal*, acid+Na]™, energy(V) energy(V)
ester [M]
m/z m/z
Ergosterol-di C34H4¢DNO,; 525.36 146.02 35 15
Brassicasterol-d: C34H4sDNO, 527.37 146.02 45 20
6-Ketocholestanol C33H49NO3 530.40 146.02 50 25

LC &£ffic >\ Tix, BEIH LB UIZEOMAEDLEEZ MRM 7 a2~ K7 J A
DE—7HEZS LICHBRF L. 2HEOBEME (7 F= KU /LK (95:5,
viv) ROV A K 7 — vk (95:5, viv)) & 4 FEFEOBR ITHE (0.1%EEEE, 0.1%X
fz, 10 mmol/L HifA7 =7 A, 10mmol/L ¥E7 v E=7L) ®o9bH, 0.1%
Hifg & & e A % 7 — 1V /01%HEERE &2 & 2o 7K (95:5, v/v) 28 F % ergosterol-d, PE
KON brassicasterol-di PE® MRM 7 n~< N7 A0 —7 HENRKD K& oz
7-%, BEIAHLE L CEINLE. BT LI2DOWTIL, brassicasterol-d; PE O ' — 7
ZMiE~ MY vy 7 2 ChRT LMo —7 L @S 57®, ODS 77 LDH T
HH G B £ O BV 150 mm @ Acquity UPLC® BEH C18 column % fif i L 7=.
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2—3—2 FREMR L OUIN A G B

Figure 14 (2, 77 v 7 (22> hv— )L SHRSP 7 — LV Ifli&E IC NIEEHEY 'E (1IS)
DHZEEPWML T OHEILE) © MRM 7 v~ k27 Z A (Figure 14A~C), iIf ViZ
ergosterol-d;, brassicasterol-di X N IS # A/ XA 7 LT L HILE LIz hr—
)V SHRSP 7 — V1 i#% (Figure 14D~F) ® MRM 7 v~ h 7 7 LA%&ER$. 7T
721X, ergosterol-di\ PE 2% S92 B — 7 X8l S 72> 7= (Figure 14A KO
A4 vy b). —J, ergosterol-di & A/NA 7 L7zIfiGicix, 1 KOWHERE—2
D #lE S L7z (Figure 14D). Z #uLiZ % L brassicasterol-d; PE (2 B L TI%,
brassicasterol-di1 % A /XA 7 LMy ICB W TH L I/ — 72 (Figure 14E) &
Al U & FFIF[ I, brassicasterol-di & A /84 7 L TWRWT T 7128 WTH/ME
e — 7 BNEH 7z (Figure 14B KA >y h). ZO/WE—271F, 77 A
B EN O SR EZ A T L T % brassicasterol-d) PE & 395 2 &I N T
ol BCORKMGFMAELITN 11%THY, 77PN AT 1 =i 28 D KA
R 2 BT 52 La2BETDL, 40707 TV AT o — L (GFHRELK 112)
D 9 B 151X, brassicasterol-dy PE EZIER U m/z D7) I —H—A % %/E
DL TFRIND. 22T, BRERLICHKRT 27 7Y AT v — /L) SHRSP
MiEFICHFEL, DI BLRFRF LN BCILBHBRINTZT IV AT r— b
DR ENTEEBER L. EECELTE, 2oy 7 Fries~ ) v 7 2AHkeE
EFL, 2> br—)L SHRSP 7 — LI I§ T ergosterol-d; & brassicasterol-d, % #s
MUTHER (P v 7 ZAREREMEIEIND) ZERT D2 EICLE. IS
BIL CTIX,ISOAZIRMLT 7 Z 7 (Figure 14C) & ergosterol-di, brassicasterol-
di F VIS & A4 7 LT-1fiE (Figure 14F) T, 1ZIER L ¥ 7 F V58 E O B 72
v—7s % hz 7.
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Figure 14 Multiple reaction monitoring chromatograms of ergosterol-d; picolinyl
ester (PE), brassicasterol-d, PE, and 6-ketocholestanol PE in the presence of the
pooled control SHRSP serum. Ten microliters of the pooled control SHRSP serum
were spiked with (D-F) or without (A-C) ergosterol-d; (4 pg/mL in the serum) and
brassicasterol-d; (4 pg/mL in the serum), and further added with (A-F) 6-
ketocholestanol (2 pg/mL in the serum). Then, the samples were derivatized to
picolinyl esters according to the experimental section (2-2-4). A 2 pL sample of
the solution was injected into the UHPLC-ESI-MS/MS to obtain the MRM
chromatograms. (A, D) MRM chromatogram of m/z 525.36—146.02 for ergosterol-
dy PE. (B, E) MRM chromatogram of m/z 527.37—146.02 for brassicasterol-d; PE.
(C, F) MRM chromatogram of m/z 530.40—146.02 for 6-ketocholestanol PE. In A
and B, each inset indicates an expanded chromatogram of a boxed area. LC
conditions used were: column, Acquity UPLC® BEH C18 (2.1 mm i.d. x 150 mm,
1.7 pm); column temperature, 50°C; flow rate, 0.4 mL/min; mobile phase 0.1%
acetic acid in methanol/0.1% acetic acid in H,O (95/5, v/v). MS conditions used
were: ion mode, ESI positive; source gas temperature, 150°C; drying gas
temperature, 500°C; capillary voltage, 3.0 kV. MRM conditions are shown in Table
3.

33



Figure 15 |2, ergosterol-d;, brassicasterol-d; X (N IS % =2 > ks @ — /L SHRSP 7' —
JVMEIZ AN 7 LTHERR L TeER A AT, E& FRORHIZIE, RERO &K
KIEELL T O > TV OBEZITV, E— 7 HfEO RSD 28 20% LA F O % E L 7=
VT ANRGELNTE R EIEIR L. € > T ergosterol-d; & UY brassicasterol-d; @
EEMRAIT, 4 0.04 pg/mL TV 0.02 pg/mL ERELE. IRELEERR
RilzBF b7 v~ 27 7 L% Figure 16 IZ/7 7. BMEHROFEHE, BlmEH, FHE
fR %% Table3 (278§ . AKJEIE, SHRSP MiEH O =/ T AT 1w — L RJE O E &I
HHWRZERELHBEEZAT2LEZ L.
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Figure 15 Calibration curves of ergosterol-d; (e) and brassicasterol-d; (A)

based on the peak area ratio to IS (6-ketocholestanol). The linearity and range of
each curve were shown in Table 4. The corresponding chromatograms for the
concentration point of 4 ug/mL ergosterol-d; and brassicasterol-d; were shown in
Figure 14D and Figure 14E, respectively. Figure 16A and Figure 16B shows the
chromatograms of 0.04 pg/mL ergosterol-d1 and 0.02 pg/mL brassicasterol-di,

respectively.
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Figure 16 Multiple reaction monitoring chromatograms of the lower limit of
quantification (LLOQ). (A) 0.04 ug/mL ergosterol-d; in the presence of the pooled
control SHRSP serum. (B) 0.02 pg/mL brrasicasterol-d; in the presence of the
pooled control SHRSP serum. The inset indicates an expanded chromatogram of a

boxed area. Sample preparation and LC-MS conditions were same as Figure 14.

Table 4 Linear range and correlation coefficient of calibration curves.?®

Sterol Range, png/mL Linear regression r
equation
Ergosterol-d; 0.04 - 8 y = 0.4008x + 0.996
(6 points) 0.0205
Brassicasterol-d; 0.02 -8 y = 0.6505x + 0.983
(7 points) 0.1846

SThe calibration curve in the presence of the pooled control SHRSP serum was obtained
by injecting six or seven different concentrations of sterols and 6-ketocholestanol (IS)
into the UHPLC-ESI-MS/MS after sample preparation. The concentration points in the
serum were 0.04, 0.2, 0.4, 2.0, 4.0 and 8.0 pg/mL for ergosterol-d; and 0.02, 0.04, 0.2,
0.4, 2.0, 4.0 and 8.0 pg/mL for brassicasterol-d;, respectively. These values were
obtained from a calculation based on a procedure that 100 pL of the methanol solution

of a known concentration of ergosterol-d; and brassicasterol-d; (0.002, 0.004, 0.02,

35



0.04, 0.2, 0.4 and 0.8 pg/mL) was added to 10 puL of the pooled control SHRSP serum
as described in the sample preparation section. A linear regression equation was
calculated based on the ratio of the peak area of each sterol and that of the IS. The

correlation coefficient is shown as r.

Table 5 (Z IR MBI GBR O # 2R 279, = > b v —/L SHRSP 7 — LML i ~ & I
£ (4 pg/mL), HEE (2 pg/mL) K KR E (0.4 png/mL) O ergosterol-d; &
brassicasterol-dy Z# A /XA 7 L7z & T OREIZEIL 95.6~119%D#iPHICH > 7-. F
7Z, RSDIX 7T5%RIMETHY, MmEERMENATRETHL Z EBRENTL. ISD
VI NVIEREREFAEFOY - HBENG L.

Table 5 Recovery of ergosterol-d; and brassicasterol-d; from SHRSP serum®.

Sterol Amount Serum Recovery, RSD, %
spiked, ng concentration, % (n=6)
pg/mL

Ergosterol-d; 40 4 96.9 4.0
20 2 111 5.5

4 0.4 104 5.9

Brassicasterol-d; 40 4 95.6 5.4
20 2 116 6.1

4 0.4 119 7.5

“For the recovery test, the pooled control SHRSP serum (10 pL) was spiked with 40,
20, 4 ng of sterols in a glass tube and saponified, extracted, derivatized, dissolved in
100 pL of the mobile phase, and injected into the UHPLC-ESI-MS/MS as described in

the experimental section.
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2—3—3 Ergosterol-d, #& 0 & 5% @O ergosterol-d; 2 (¥ brassicasterol-d; O Ifi. # &)

Lo
il

SHRSP ~#% [ & 5 L 7= ergosterol-di & = OR#HM & & %2 54 %5 brassicasterol-
dy O I PR E ORI AL 2 X D 72 $ 12, SHRSP (T ergosterol-di Z 100 mg/kg @
METRAZELE L, RIFMICHED L, EA2HRE L2, 420 L =l
Vg AT vk L 721, ergosterol-d; M ON brassicasterol-di Z E & L7=. &5 6 I
1% @ SHRSP i D RFM R/ v~ 27 T A% Figure 17 IZ7~7 . Ergosterol-d;
PE (Figure 17A), brassicasterol-d; PE (Figure 17B) }& " 6-ketocholestanol PE (Figure
17C) DENZEF DY —7 @A+ 5 Z & 723 T& 7. 6-ketocholestanol PE ® MRM
s 77 ATIE, BLFEHAORRLIY TN Lo TRMEY — 7 OREITE
kAR bl Zhoid, NEMEIELEMORB LS L7 Ergosterol-di & A 73—
LMo EREET L EB XN,
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Figure 17 Multiple reaction monitoring chromatograms of ergosterol-d; picolinyl
ester (PE)(A), brassicasterol-d; PE (B), and 6-ketocholestanol PE (C) in SHRSP

serum after 6 h of 100 mg/kg ergosterol-d; administration.
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Ergosterol-d; Z# #& 1 # 5 L 7= SHRSP (2 ¥ F 5 ergosterol-d, O I H7 Ji# FE - [ dh
f % Figure 18 IR T, l-2 28— K 2 ¥ hEFAICHKES L ergosterol-di D W
BAE (PK) /XT A — X% Table 6 IZF &dic. —fkiT, M2E <0 i £ 12 B
% FEBRTIlX, SHRSP O kuigzxt e & L T Wistar Kyoto 27 v F (WKY) DWW
2. L»AL, WKY (T SHRSP & [A£RIZ ABCG5 & U ABCG8 |2 #1528 # 2 i#
%mﬁénfxw,v%x%m—wmﬁ®%7w%@ﬂ%&Lfﬁ@ﬁiﬁw.
% Z T,ABCGS5 & ' ABCGS8 IZE x££ % @ 72\ Sprague Dawley 7 » K 492 100
mgkg DTV I AT — L EROEKELG LI 'DE PK/NT A —F OE % kT
HZ L2 L72. SHRSP @ tmax 1E, 7.0 FFfi] Tod - 7225, Sprague Dawley 7 v b T
X 8.0 FFfll T&H - 7=, ¥ (£12) 1X, SHRSP Tix 2.26 Ffffl T& - 7= 7%, Sprague
Dawley 7 v b Tl 5.9 Bfff] TH o 72. — )5, Cmax & SHRSP T 0.552 pg/mL,
Sprague Dawley 7 > ~ T 2.27 ug/mL & #H&E I THB Y, Sprague Dawley 7 v K
73 SHRSP & B L T4 fifm W R & 72 o7z,

I ofES X, SHRSP & Sprague Dawley 7 v b D A7 17 — LA D E W IZ
E5bDLEX B 5. SHRSP IE, ABCGS (N ABCGS ICHEIBZ FAERNH Y,
BB ERMEICEY AENEMM AT o — A RNBEECREARD (HWITES
NAOEENETLTWD) 20, BELLBENL OHEY AT v —vodEit 5 R
EXNTWDL. T, W ATo— L EBELLAEDOEEAZ LD LT R
7 a—/LiL, ABCGS5/G8 "#HE L T\ 5 Sprague Dawley 7 » k & Lbig L C, I
WIREITEYD EAT25EF 20615, LML, SHRSP @ ergosterol-di @ Cumax 13
Sprague Dawley 7 v F X0 K< 20, PHREEIKMOMEZ R L. ZHIiCE
HALE OFERENTOBNMEIZ X2 M, G BN T ofm s -o R, 7o
Bz rya~Ofit, VURNENLME~Om@mE, Mk~0 oA & ofBH T
® SHRSP & Sprague Dawley 7 >~ b OE WA, HOMEAICK M X 7= 5E
ReEEBZIDOND.

in vitro DHFIETIE, b MEMEEMREICBY AT AT = LT 7T- Tk KR
ALVATR—NVELHBRBICL > TT IV ATE = LIZE LTINS Z &ER®E
ERTWD . KXo 7T, SHRSP IZEB W T HH 4 Ok TR O KIG N E & T
LAREMERDH L. b LEE EEMRERNICEWT, 7-7 8 FrRa LA T r — Vi
MREOEBIZR D2z NV IATE—=ARE N UNEE~OE@EFEENEGV), v
T 7-7e Frab AT — L BIBAOELELGVREOHEAT, 77UV A
TR NEBEBIZEINDSZ T AT RATE— LRI L, SHRSP THIN S b = /v
TR 7w — )DL Sprague Dawley 7 v MIZHE L THLR WD THIVIE, Crax
DENVEZHHATELARMELZHD. LU, TDOAD=ALEZMRAT L7221,
MRAED Y, T TEMFHNRT 7o —FILLD2ERLIRFANRMLETH D.
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Figure 18 A mean (+ standard error, SE) serum concentration—time profile of

(=)

ergosterol-d; in the serum of the SHRSP that were administered a single oral dose
of 100 mg/kg of ergosterol-d; (n = 4, solid line). The control (n=2) were below the
quantitation limit at all time points. A 10 uL serum sample for the pharmacokinetic
study was mixed with 50 pL of 0.4 pg/mL 6-ketocholestanol in methanol for the IS
and we further added 150 pL of 1.33 mol/L KOH in methanol. The subsequent
preparation of the serum is described in the experimental section. The LC and MS

conditions were the same as in Figure 14.

Table 6 Pharmacokinetic (PK) parameters of ergosterol-d;

Pharmacokinetic parameter Mean = SE (n = 4)
AUCo36 1 3.88+1.06 pg h mL!
Crmax 0.552+0.138 pg mL"!
ti2 2.26+0.45 h

fmax 7.0£ 0.6 h
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K IZ, ergosterol-d, #& 1 % 5-% @ SHRSP @ brassicasterol-d; O I H 2 B - ] fh
# % Figure 19 (2777 . Brassicasterol-d; i J£ 1%, ergosterol-di D 1 5%, 18
il & CHREMMEAFAIIIC ES L, D% 36 Kl & THRA 2D L7z, Figure 18 &
Figure 19 # & 7= 7 7 7 % Figure 20 |Z7~5 3. Brassicasterol-d; @ 2> 17 @
W I 3K B 1 Ergosterol O WIGEHEE L D K& <, — MR EMOER G IR & I3 R
Y, BE LG I B R Y O W ENE N LN o,
Brassicasterol-di @ #ix & IfiL i & £ 1T ergosterol-di D 3 TH VYV, 2 E TOEMEM
7R H L 292N %2, SHRSP I F % brassicasterol ® AL IZE L CE &M 2 iR %
/D ENTE. HIIL O 'OTIEL, Wistar 58 7 v MR DOK 10 55 D
| DBSEHR= LV ITAT e —LVOREIREGZITY, =LA AT a—LOR#YD
B IEVEDS 12 BpH ~24 BFR ISP TR RO D b b 2T ez LIz, L
L, ARWF7E T S 4L 7 brassicasterol-dy O I H i BE-FF fE b ¢ & Hede 42 &, B
REORA » FEPRD L EEMNRERITIRNECH D, £/, WD O HY
BHEEOHEM AT o —)v (B-Y AT a—)b, BoRXRATa—)b, AT 4T~
AT B —JV) D tmx %, Sprague Dawley 7 v kT 0.128 /n 5 72 FEfij L iX 5 o &
WD ENRINTND 3440 EFHEU L TVWTS, = ad X7 r—/b
T TV ATHE = ORI, REEMHIIBZEORR-TEY, EdD L 51
M ERRE EZHAGDODE TRV ELEZOLNLD.
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Figure 19 A mean (+ standard error, SE) serum concentration—time profile of
brassicasterol-d; in the serum of SHRSP that were administered a single oral dose

of 100 mg/kg of ergosterol-d; (n =4, O) or palm oil alone (n =2, @).
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Figure 20 A mean (£ standard error, SE) serum concentration—time profile of
ergosterol-d, (orange closed triangle) and brassicasterol-d; (green closed circle) in
the serum of SHRSP that were administered a single oral dose of 100 mg/kg of

ergosterol-d;.
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2—4 /R

AETIEH, val g X7 VFE KL UHPLC-MS/MS Z#lZ& bHE T
SHRSP IfiLiE ' @ ergosterol-d; }z O brassicasterol-d; @ & & E ®iLE =B L1z,
RKiE, PEOMIFERE (10 uL) 2> 5 ergosterol-d; & U brassicasterol-d; & % 41
ZIE & FIR 0.02 pg/mL, 0.04 pg/mL THIEARE CTH Y, EBEREIMWICE T 5 MF
BREOEERICEMH TR ik TH o 72. IRIT, ergosterol-dy 2 SHRSP IZ# 0 & 5
L, SHRSP O ifi. # ergosterol-di D & £ D REFEE AL Z BT L, — 3 0 i Eh e
TA =X G DH LN TE . [AFFIZ, brassicasterol-d, DML F IR EHERE 2 KD 5
TENTE, ZOR RN, brassicasterol-d, (£ SHRSP (Z#% O & 5 L 7= ergosterol-
di OB TH D Z & &2 F %L =, Brassicasterol-dy @ H K I F1 2 £ 1% ergosterol-
diD3ETHDY, ergosterol-d E EZR L MFEBEL RT Z RN RINT.
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ZDN—=AT A ) 4 ADMERGGHIRZEER NS, /4 XOEREHERE (SD) & T H
TOMHAELE 2 5. FUMI Bl T EBREEEEEO ED 2 HESK O 5 5 1SO
11843 part 7 (ISO 11843-7:2018, "Methodology based on stochastic properties of
instrumental noise") IZIN#FHE I N TEB Y, FUMIE@mic L ~TEHE SN~/ A4 XD SD
X, Y= mEEREoFBRPONVITHREBRFRORHIZHMATES. Lo T,
I1SO11843-7 2.2 %, —mMo 7o~ 7 L20ENLGHNE -7 OHESLH I
O RSD Z MR ICHEET D22 DR AR TH D.

BIMEE TIZ, ISO 11843-7T I C XD MWEFMMIX, WA/ u~x 7774 —HEND
#r (GC-MS), UVt EmERAK s v~ 777 +— (HPLC-UV), EXxALFMHH

miEEAk s e~ N/ F 7 ¢ — (HPLC-ECD), 7~ZREIEHRHFEHEEKZ o~ k
77 7 4 — (HPLC-RI) O EEFHAT~mH S 41T 5% 069, UHPLC-MS/MS O f§
JEREM> MRM 7 v~ 77 ADOE— 7 HFEO RSD O FEIZ 1SO 11843-7 % i
ATCENnEIDIL, FEEEINLTWARWV. S L 1SO11843-7 T UHPLC-MS/MS
D K5 BE A 28 T & HiE, UHPLC-MS/MS ¥ AT LA DN Y F — 3 g VI ERFER
R, MO HBEREDO) Y —RE2WLT LN TE 5.

% Z CARETIL, I1SO11843-7 7%, UHPLC- MS/MS ¥ AT LIZHIT 5 HE DK
EFMIC#EH CEA2 2R3, 28TV oI RATR—LEE D
Voo 27 VviFEA L2l g X7 k=)L 325 v — /) (Erg-PE)
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ZHERLELTHWY, MRM 7 a2~ F 7 2 A0OWE%#1T->7-. RIZ, 1SO 11843-
TICBWTERZINTWRWT —ZDOTFT VXNV T VT HER S %

ML, 262 ISO11843-7 12 X 5 UHPLC-MS/MS @ ¥ B 2 lc K IE T % 2 %

B 52~ L7-.
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3—2 EBME - Sk

3—2—1 valrvigoXsFafb=)L3 A7 17— ,L® UHPLC-MS/MS

UHPLC-MS/MS O f§ EFEAfiIX, 2V =X 7 k=LA77 12—/ (Erg-

PE) Z#HlExt4 & L C# » 7. UHPLC-MS/MS ¥ A7 A%, UHPLC ¥fi2HK v 7
(quaternary solvent manager), 4 — k¥ > 7 7 — (sample manager), ODS 7 7 A
(Acquity UPLC BEH C18, 150X2.1 mm, i.d., 1.7 um, Waters), 57 7 AA4 — 7
(column heater) 2> 5 # Ak & 4L 5 Acquity UPLC™ H-class System, MS/MS i
FrRE=L 7 AT L —AF 4 b (ESI) £ A& 7T 5 Xevo TQD & & 45
Mat2 A8 btE7- Waters o b o 2 FH v 7=,

BEhf I, A% 7 — L-K-FEEE (950:50: 1, v/v/v) RiE%Z A\, 0.4 mL/min
D TER L. 7 JREIL 50°C, AT 2 ul T E L 7. Erg-PE ® MS
1% Intellistart® ¥ 7 b v = 7 (Waters ) % W CThiE 72 MRM &1 % & H
L, YU —Y—A L% m/z 52426, 70X A F 2% m/z 14595, a— >
BEAZ 82V, ayaryEELX 16 VIZHELL. MRM OH > 7Y o 7@l X
10 points/s I[Z&% E L 7.

val) v AT b= I A 7 e — /)b (Erg-PE) X, = /L2 X757 12—/ 103
mg ZHEME L LT2EDOFE (2—2—3—4) THRGSETCHAERDZHT-.
BoNEHAERMICONWTY Y I FA DT A~ NS5 7 4 —THH® L, Erg-
PE106 mg #57=. YU AW vrua~ N7 T 7 0 —IZXD0mi%, BEHFEICHRE
TFLE RV, B E 282nm Tir - 7= 4D, Erg-PE O #liE 1%, £ K B HPLC
(HPLC-PDA) TSN/ — 7 HBEME XLV, 95% L ETH D Z & ZMER L.
Erg-PE X 2-7 0N — VICHEM L, &AERE 0.1 g/L DX by 7 ZFHEL
. ZD%, TOA Ny ZHEAX =V EKDOIRE (95:5, v/iv) Tz AR
L, EERRKEZMHE L.

MORLMET, FA—REOEERKZEHEHEL, £270~< 7750
E—Z7HEM2ORSDEZRM L., BETHEHNT L2~ N7 T 40%, F—RE
DAEHEIR K & B E A | 7E L, Excel 365 (Microsoft) (2 X » CTHALEE L 7=.

pi)
=3
™
N

3—2—2 =T )3 X5 ra—/)L® UHPLC-UV

UHPL-UV OREZMIZ, = AT 2T e — L ZRlENLRE L TH-7-. =T

47



A7 w1 — /)L ® UHPLC-UV ¥ A7 A%, 7R > 7 (binary solvent manager), 4 — b
H 77 — (sample manager), ODS % 7 A (Acquity UPLC BEH C18, 150 X 2.1 mm,
i.d., 1.7 um, Waters), 7 7 A4 — 7 > (high temperature column heater) } (8 UV
% Hi %+ (tunable ultraviolet detector) 75 72 5 Waters D & @ & H 7=,

BEMIZIETE =Y V- Z 7 — L-FEE (50:50:0.1, v/v/v) BIK%Z AW,
i 0.2 mL/min TEW L7z, # 7 MREIX 30°C, HEAREIT 10 L, BHEEIX
280 nm ICRE LT, 70X NI TLADTVINT —H i@k T o500 T
Vo 7R, 2, 5, 10, 20, F 720X 40 points/s D W T NUMNIZHEE L=, Tz,
7Y THE A 20 point/s & LT, UV &GO/ A X7 4 v Z DT v b
7ML 4, 2, THZOWTNIZHEE L.

T T AT =L (>98%) 1L 2-F %) — LT L T 0.1 g/L O UEJF %
AWM L., ZhE 7 =Y M-AZ ) — L-FEEE (50:50:0.1, v/v/v) {R¥R T
R CHEEREEZMAKL L, Z0 10 uL 2 UHPLC-UV ([Z¥EA L 7=

MO LUHER, F-RECEERKELZELRIMEL, £7 0~ 77 L0
E— 7 mA»S RSD #HH L 7.

3—2—-3 Y7 hU=T

R—=2F A2 ) A RADNT —AXT ML Z2HL-00E®ET7— Y =/ # (FFT)
& 1SO-11843-7 IZ 55 < —H O MEHTIZ1E, May 2000 (ARFE T, Kk) z B
7.

F 72, UHPLC-MS/MS IZH8 W T MRM 7 v~ k7 7 A0 H&E K OB B) 12 5K
ST U HIVAERIZ T, Masslynx 4.1 (Waters) Zfifl L7=. MRM 7 a~ K7/ 7
A DFEEIZIX, Excel 365 (Microsoft) Z#fEH L 7=.
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3—3 1SO 11843-7 1T £ < ¥ J 3L Afh oo 1 22

ISO11843-7 TlE, 7 e~ N/ T L LEDODR—ATA VU EHERBETHDLIFTA
A Xe~wnraz7BRBOMTEML, /4 XAOEERFZE (Ss) Z2RELTWVD
65, 67)

Thbb, X—=Z27 40 ) A XDOHRWOIHEELTHLNICTLHHIT, X—X
TA L) ARXDNT — AT MR EZRO XL HICITH. /7~ T T 5 ED
1000 points LA L D@ LT VX VT — X 2 mE 7 — U =B L, FEHAYU—
AR ML EHDL. ZORPANRT —AZ FLZ, Eq. 1 OB GH ST — A7 |k
WERIN R T 4 v T 4 T IHT3IODODD ) A ANRNT A=K (W:HKUA A
XD SD, M~/ T7wmED SD, p: HEMBEBRK) Z2ikEd 5 9.

PR = 2 g
f_l—pz a? + 4m? f? w

Eq. 1

T, AN, a=Q-p)xt, tIEZV TV TEETHD.
WIZ,NT — AT MAITTHELNTE ) A AT A —F% Eq.2 ITfRAL T,
Sp &K DH ),

mz 1—pke —p
2 ~2 2 2
— - -2

PLEE
— —Zﬂz<ke—l - )‘

+ 2 ﬁz

Eq. 2
2T, B=(he+1)/2 , ke TR ET 5.
L7eMmo T, ¥—Z7HfEADRSDIZTEqQ.3 LVkdDbnb.
SZ
RSD? = -+ 17
Eq. 3

T, 134 — "I —OFEABRERLEDOMNFRAZD RSD TH 5.

(Y
(Y
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3—4—1 MRMZu~< 7520 —Z7HEO RSD O & H

Figure 21 /X, ¥ > 7 U > 7 3 10 points/s THlE L 7= Erg-PE (50 pg/L) O
MRM 7 o~ k27 LA T&® 5. Erg-PE OV — 7 %, fRFEFIFH 5.6 min (2 HB L,
ZOE— 7% 9.8s (=98 point), FfHME (X 3.0s (=30point) TdhH > 7. ISO
11843-71Z2HBWVWT, W, M, p D3DOD /) A ANRXTFT A —=HERET D 7-OIZHH
THNRT—AXRT MV, 70~ T T LOR—AT 4 ED 2" KA bO
W Lic T VAN T =2 amE 77—V 2 EWMTH L TWMAELTND. ZD%,
TOFEMNRT — AT FVITHEH ST — AT hL (Bql) BN ET 4
T AT IEDLNT = AXRT MAITIC L 5T, J A4 RXNT A —% (W, m, p)
DIE S D, Figure22 (FH#E) IR L7 T — A2 hJLiX, Figure2l ® 7
0~ 7T LDNR—=RAT A2 ED 1024 points DT P X NVT — X EEmik 7 —
TEHBL CHEZEMAT —AXT RV THD. Figure 22 (FB#H) 1L Figure 21 @
Hi XU —2~X7 [ (Eq. 1) 2% 7. Figure 22 127"+ X 9 (T FEH T — X
R RNV EHERANT — AR NWVIEIRGR T 4 v T 4 T R L. ZORR
FV, MRM 7 2~ c 27 5L FEOXR—2F5 A ) A X7 1SO 11843-7 T 9 #k
FWMPBTREDLZ L, AXT MAMTICEVEO R ) A AT A= RNHELR
HITEBTRINT.
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Figure 21 A MRM chromatogram of Erg-PE (50 ug/L) obtained from the LC-
MS/MS. Arrow indicates the peak of Erg-PE.
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Figure 22 The power spectrum of baseline noise obtained from a multiple
reaction monitoring (MRM) chromatogram. By Fourier transform, a real power
spectrum (light blue) was obtained from the consecutive digital data (1024
points) in the baseline. The best fit of the theoretical power spectrum based on
the Function of Mutual Information (FUMI) theory (white noise + the Markov
process) with the real power spectrum (light blue) is indicated by the orange

line.
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WIZ, BQ.2 KO EqQ.3 &% NRNTA—H2%EZRALT, MRMZ ua~ 7 7 A ED
Erg-PE ® v — 7 [Hf& ® RSD % R 7=. Figure23 (O) TIiX, Erg-PE O &K EE I
BI2EVELAE (n=6) X TRKDEZRSDEZ7T2 >y hL, 4% ® RSD @
PB%EMEXMAE =T —A"—TRLE. #OVERLAEIZLD2E—7EHFED RSD O
95%(E X[ (n=6) 1L, WA ZFHATITHE D E 18025 (5) M W xgors(5) & L. &
2, Figure 23 (21%, 1SO 11843-7 IC X > THE S N7 RSD ZE R TF v b L
7. ISO11843-7 [ X2 — 7 HFED RSD L, WTFhoOBEEICBWTYH, #YiK
LAUEICLDZ2E—27HFED RSD O I5%EEXMOFEHBENTH-T. 20 &)
5, ISO 11843-7 (F#V K LM E% EEt 3712 Erg-PE ® MRM I EIZEBIT D
UHPLC-MS/MS v 27 LADOREFMICHEH TR CH D Z BRI NI,

Figure 23 Tl¥, & & [RFIZI VKR E 8 T UHPLC-MS/MS (28 % Erg-PE
DRETa 77 A VEKRG Lz, KEEK (10, 20, 50 g g/L) TIEX—RAF A
VIARXOEBNE - HBEOEOLOXIWCKRELIEETLED, E— 7 HED
RSDIZIX EqQ.2 XN EQ3 WAL Ss B RELFETH. —FH, BEEK (#lx
ITRSD < 1%) TiL, "—RAT7 A4 /) A XADOEBEEEL T, 414 hE, <
MY w7 2R, FAEBBRENE —ZHBEOITOLOZTICEICEETLILEEZILN
5. T7bb, EQ3CBTL2INPE—7HEHMED RSDICKELS HFET L. BES
07 7 ANREYICHELN o Bl E LT, A THIA L MS/MS 1L 2
OOWNEME 2 Y P a B ARNEIIZERINLTWD D, UV EHERR E &b
L THGHED ) A AN/ Sk etEZrzonsd. £, 2O/ 4 XAD/JHE S
DEEDSMHOIA T IV I LY PORICEELTWDLEEZLNLD. 1SO
11843- 7% X4 A T I v ZJ LUV VDIRWEBIZEMNT 2BICIE, 7ae~x 77450
SINHAZMHAL, MEERMURER> D BT 2LENSD. LER->T, &iE
FEHZ B W T LC-MS/MS D AF B Rl 2 T 2 121%, A A bR D Ll
BRORMENSEHET 7D, MORLAMEZTA2LERNH L. —JF, KR
FEI 2 B T UHPLC-MS/MS D FEEE AT 217 5 %5 &, 1SO 11843-7 IZ kiuid, 1
AKDO MRM 7 a~ 7 75006 E—27HBED RSD 2 RDDHIENTXD.
Figure 23 {233 X912, 3IEICBITHLE — 7 HIED RSD (n=6) Z#ViRL
HETHEDICIE, 144 min OPERF NS E L 725, —J5, 1SO 11843-7 IZ &L 5
&, Erg-PEDO 1 A7 ma~ 7 Z A (WERM 8 min) 75, Figure 23 (ZFEfR)
AT EIDICHUMELTVWARVWRELZOLIAVWREGMHOKBE 707 7 4 LR
Boni.

DX HIT, 1SO11843-7 OIEMAIC L » T, MV LM E D FEN A [B# TX D
DT, 7~ 77 LMECESTLFEME, MERMREDY YV — R ZHE T
&, UHPLC-MS/MS OHiEFIMi# 4 b TE 5 Z &N RS hiz.
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Figure 23  Precision profiles of Erg-PE obtained from multiple reaction
monitoring (MRM) chromatograms. Open circles indicate the relative standard
deviations (RSDs) of peak areas that have been estimated by repetitive
measurements (n# = 6 each). Error bars indicate the 95% confidence bands of the
RSDs by repetitive measurements. The solid line denotes the RSDs of the peak
area estimated by ISO 11843-7 (n=1)
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3—4—2 SpDHEHICBITAILER/NROT —Z R A b (n) O

ISO11843-7 (2D &, "R—2F7 44 /) A XD SDZHHT DX, EBREIC
EoTRT—=AXRT MUVITICHWD T — 2 KRA Y NEERETLHILEND 5.
ISO 11843-7 IZ L 2 MATICHEH T 28 —2 X7 hvy, +onskodgE LT
VENLT = ENPbHELOTENIE, GEHEOH W ) A ART A =2 2HTT 5
TN TESL. L2L, UHPLC I L2ty ds, MERME OB v~ 7
T AWM R ERD D, MU R NNT — AT NN ETO OO+
REOT VAT —Z PRGN EE S D KBFSE T H W/ UHPLC-MS/MS
ICBWTHETE L 7Y v 73 XK 10 points/s T 5. fF3k, §HHE LB
RRAOMEICEY, 67U v 7EENE Y UHPLC-MS/MS @ 8123 7
MEN Db, FEES, UHPLC-UV IZEB W TIHBEIZ 1~80 points/s D> 7 U > 7 &
FRECELI LRI TWS., £ 2T, AH Tix, UHPLC-MS/MS X ¥
LW T TEETCT VX VT — X ORE N A EEZ UHPLC-UV Z W %
LI Ko THE AR ANTY = AT MV 24T 5 D ICER SN D, B /DR
DT IZENT—=F KA MITHOWTHE L. HWEOMNMIE, 3—4—1Hi & I[F
B 5k T EM L.

Figure 24A 21X, =/ T A7 17— /L ® UHPLC-UV THIE L 7= 8192 points D
R—=ZAFT AV ERLIZ. TOXR=AT A&, B 7V v 7 #HE 40 points/s TH
BLEZED, F34min DHEEZE L. 20 8192 points DX— A T A » % & &
77—V AL A, Figure24B (Fk#) THRTERAT =27 FLRHE
DT B ANT —AXT VRN ZRT 4T 4 SETHRmANY — AR
27 N V% Figure 24B (JR#R) 1Z/”R L7z, Figure24B ® X 512, EW T —A 7
FVEBERNT — AT PAVDT T 70, KW EBRBEEEICDE> TR
If T o> 72. Figure 24B O /XU — A X7 KJVENTIZ L - TR D72 Sp DA X 1.69
X10* Td - 7= (Table7). [FMALIZ, 4096, 2048, 1024, 512 points DEfE L 725
VENT =L DT — AT b VIRHT O R & % 1L Z #L Figure 24C-F 2R L T2
WTHNIZBNTHERANT — 27 b (G EBFGRNRY — A7 hL (FR#R)
D7 4T 4V TIERIEFTH o=, F72, Figure 24C-F ® /XU — A7 kLR HT
TRO LN Se DEIX, TN FH 1.68X10%, 1.69X10%, 1.68X10%, 1.93X10"
fCHoTz. 512 points DRX—RA T A4 DY — AT MNVIEHTIZ L - TRD 7=
Sg DAE1Z, 4096, 2048, 1024 points DX— A F A > L WG H DI H T h T B
N TH o7, Zhix, Figure 24F 28T Y,  0.01 Hz LLF @ & 3% $fE sk
BUDERANRT AT MR, TUVALT—ZHORBEICLYRETET, =
DOEKWEBERE GO R ) A XD Sg Thnoll-dEEZbhT-.

IO LB, 1024 points OEFGE L2 T VXA NVT — X EH W NT — X

54



N NIV AT 2 201E, UHPLC-UV VAT LADXR—ZXAF 4 L0, @ A
AINT A= L SgBELNLHI EN Do,

55



o]
2 |A $ o1mau
=
)
=
)
w
=
= : : : :
0 2000 1000 6000 8000
Data point
6
B
8
-10
-12
-14 T T T T
0001 001 0.1 1 10 100
-6

0.001 0.01 0.1 1 10 100

0.001 0.01 0.1 1 10 100

Logarithm of power spectrum density

%
E
-8
-10
-12
-14
0.001 0.01 0.1 1 10 100
6
F
-8
-10
-12
14
0.001 0.01 0.1 1 10 100
Frequency (Hz)

Figure 24 (A) Chromatographic baseline of the UHPLC-UV system and (B-F) power
spectra of the baseline. The sampling rate was set at 40 points/s to record the digital
data of the baseline. (B-F) By the fast Fourier transform, the consecutive baseline
data of (B) 8192, (C) 4096, (D) 2048, (E) 1024, and (F) 512 points transferred to
the real power spectrum, and they are shown by the zigzag line. The theoretical

power spectra based on Eq. (1) are shown by the smooth line.
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Table 7 The SDs created by baseline noise (Sg) obtained using various numbers

of data points on chromatogram by UHPC-UV.

Numbers of data points ? Measurement time (min) SB
8192 3.41 1.69X10*
4096 1.71 1.68X10*
2048 0.85 1.69X10*
1024 0.43 1.68X10*

512 0.21 1.93X10*

® Chromatographic baseline noises were recorded at sampling rate of 40 points/s.
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3—4—3 MEFFMICBT LI TV 7 HEORG

sma< NI L ERETDIEODOY T U TEEEESRET DL, 70~
NI TLDTZENT—EZDT7 7 ANKEENPRELRD, Z ORI ELAR
DRERLEARAELZLEDTLEY. ZhicxtL, Yo7V U VT HEOHKE L E <
T5E, 7a~v T 70— IRR—AT7 A4V OBRPRLS D, TDOD,
HR 7 e~ N7 7 00MBEBREMHRZE—27EEOMENRNEL D, 7o, A
WHIERII T/ v~ NV T A %215 UHPLC OB A, @Y 72 /80U — A7 k)Lfig
WMETODTZDODOT VEANLT —XHENAELTCLES. £2TC, ISO 11843-7 & 1%
HALUHEFNMICE T2 7Y v 7#HELZ B L.

Figure 25 (%, v 7 U v 7 E % 20 points/s THIE L7z T A7 — /1 (1
mg/L) ® UHPLC-UV /7 r~ N7 T LTHDH. = )VIARATu—)LDr7ua~x 77T
LDITPRFEREE 83 min ICE— 7 BBl S, ZOE—2MEIT24s ThHholzo. =)L
TIRATur—/LOE—7HMEIZX, 0.0l mg/L 25 0.5mg/L O PH TR A 72 BEARMEZ
R L7 (r=0.998). Figure25 (Jif#) WICRT L211C, FEWMART—AXRT Lk
#5729 1024 points DR L7=T VX LT — ik, REHEAE 10 min DLE X
DI L bDEH W, LER-T, Z/a~v N o620 70 0 7HE 2,
5, 10, 20, 40 points/s TREEk L 72 AIC1%, EMM AT — AT ML 2B 5HI2IE
ThENHK 8.6, 3.5, 1.7, 0.85, 043 min DX— AT A ) 4 XD ENLET
» o7
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Figure 25 Chromatogram of ergosterol at 0.1 mg/L obtained by the UHPLC-UV
system. The chromatogram was recorded at a sampling rate of 20 points/s. As
shown in the dashed box, the measurement of consecutive baseline data of 1024

points started at 10 min after the sample injection.

NI — AT MVIRHTIC X by S EEE 2, 5, 10, 20, 40 points/s
IR E L TH L L7z 1024 points DHEiKE L7=2T X LT —X0nb, Sgh Rz,
S DEMEE 0.1 mg/L /LT RAFT 0 — /LD —VHEMEEY Eq. 3 ICRALTE—7Z
MmO RSD #H I L, Figure26 () 7wy bl 7V U THEZ 2,
5, 10, 20, 40 points/s [ZF% E L 7= & &, RSD T Z N E N 2.6%, 2.3%, 2.4%, 2.1%,
29%ThH o 7=. HIZ, Figure26 (O) (Z1F, MV IERLHAE (n=6) Lo TXKD
7ZRSD%#7 > hL, %% ® RSD ® 95%FHXM %27 — N—T/RL7%Z. ISO
11843-7 12X > TRd>7= RSD X, MV IELHPEICE o TR 7 RSD D 95%1F #H
X oO#BEANTHo7=. ZOFREI D, ISO11843-7 #iEMH 4% Z &£ T, UHPLC-
UV AT LOREFMEITZA D Z &N RESNT.

F 72, Figure 26 IZ- T X 912, 95%EEXE AT oMICE LR > TWVWLHZ L& E
BT HE, MFLEY 7Y U 7HEICKITS RSD MICIFAEREZTRD LN
rnwWEEZbBNE. LR T, ISO11843-71C Xk DK E pﬂﬁi UHPLC-UV ¥
AT LY T U TEREORBEEZITITITZAD I ENRINTZ. B IRLEE
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(n=6) THHIL D SD D 95%15 X M 1%, R HE(R 2125 L T E60%D#FHIC &
DKL, 1SO 11843-7 TH L4 7= SD @ 95% CI 1%, RHEHERFZAEICA L T*
21%DHFHICH H. Lo T, I1SO11843-7 1, 1B~ 7T A5G
FEMEDE W SD MO RSD 2525 Z LN TE 5.

VTV T EHEERELS TDHE, /v NI TLAOEKET =X KA NOREN
IN{ 725720, 78~ N T L0 =7 RR—2A7 4 VOFBRBFELS RV, Sg %
RODLEEDICT D RBOTVEINT —FEH/HITITEVHERERNLE LD,
Bl 21X, 5 points/s T/ R~ N T AEZLETLIHAE, Ss 2 RODDLHT-DHD 1024
points # 135 121%, 7o~ 77 A5 L0 — 27 BROKRKZRWTHK 3.5 min ®
R=2ATA v ) AXZWMELRTNRIE bW, Xy a el nazHn
%5 HPLC VAT ATIE, BEMN20min b L7~ N7 7520 ET 5729, S
ERETHOICHDRBOER LT VINT — X ERHICHEDLIENTED.
ZHIZk L, UHPLC-UV TlX, 7 u~ b7 T A& 25 720 O H| &R A Kig 28
Sk, S 2 RODDIEZDOEF LT VXA NT — X 2ERT 57200 ERH
DEMPLEENLTWND.

T F AT a—,L®D UHPLC-UV Y AT AIZBWT, 7 U 7 #EIX 20
points/s Z & E L7-. T, 1SO11843-7 (KD HEFFM 2T H>7=2dic/ v~
N LAORERFBZEM CTED L, X=X T4 % 1 min £2E R E T IL Ss
EWRET DHIODOT —F M 1024 points fFHNH T &, =NV ITRATH—/LDE—
7 1% 480 points D7 ¥V X L7 — & (=20points/sX24s) ML DO — 7 HE
ZRODIEDICHKE R 7 e~ N7 77 2METELZELERHEBTH S.

t, L, UHPLC IZ B HfEERIC LV oY 7V v FHEZRE LT VGA,
NR— AT A )5 1024 points DT VX VT — X &G D 12 6012 W72 ) E R (15,
min) FRA TR LN D.

ts = 1024 (points) / %> 7V > 7 E (point/s) / 60 (s)

Lo T, 7u~v 7750 ERMNPEVGS, 1024 points D@ fE L 727
CHEINT =B RO T HERELS T H I L TRAAFREIC R S.
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Figure 26 Comparisons of RSDs of peak area at 0.1 mg/L ergosterol obtained
from chromatograms measured under various sampling rates. The RSDs obtained
by repetitive measurements (7 = 6) and their 95% confidence intervals are indicated
by closed circles and error bars, respectively. The RSDs obtained by the ISO
11843-7 are indicated by open squares.
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3—4—4 UHPLC-UV OFEFMICBIT D /) A4 X7 v Z QLER D 55

7~ NI TLADTVHIVIED 1 DI A4 X7 4 VHMERNSH D, UV HEH
o, M, BERFRES R Yo HPLC AOoMHBFICIELS HFH I Tn
H. Tlhhbb, JARXT 4N FUBIZL T, BELEZ Yy PAT7HABERILH
JARED ) A X EHEFEICEKBTHZENTEDH. LC-MS TlX, 7 4 /v X #EN
BEHIN TR, REBANCEH SN TV LI T VX AVLBEICHONWTIET T v 7
RNy Z7AEINTWNWDHZENRIFTEAETHS. L, lIELTEZu~ NI T A
JARXT 4 VEREPIT O TW DA, 1SO 11843-7 12 X 5 K FEFEAM IZ 35 W\ T,
R—=ZAFGAPLEYR ) A ARTA—EZREH I 2N ERAEIND. FE
¥, @ HPLC @ UV HHEICIE, R—=RAFA4 L ) A ADAL—Y 7, SN
DO ExHME LT/ AXT7 4V ZREHINT WD, A EMH L7 UHPLC-UV
VAT AICHLERHENANTEBY, 7YV HE % 20points/s & LT EE, By
NA 7 EWEE 4Hz, 2Hz, WX 1T Hz D ) A X7 4 VX ZFEE TE 5.1SO 11843-
TIWCEADREEFFM T, /AXT7 4NV FRBLIEX—2AT 4 U0 bR Sg &
WETELNEIMNEIFEEN TR Y., 22T, JAX T4V EE2EHL -
UHPLC-UV (2B W\ T, ISO 11843-7 ({23 K EFEM N EEE T RE B H L 7=,
Figure 27 (21X, 20 point/s Tl L 72 UHPLC-UV O X — X 7 A > D /T — A
7 bV R L7, Figure 27A 121, /A X7 4 WV EZWBE 2T o> THE6 0
R—=2AF AV DFEWWNT —AX7 ML Zx LT, Figure27B, C, DIZIX, £ %
nhy b A 7EME 4Hz, 2Hz, KR 1HzD /) A X7 4 )V H THUELERN—2R
FTALDFEPUNRYT —AXT MV ERLIE., A XT7 4 VB IZ X > T, Figure
27B O E WX T — 27 k)L Tl 4Hz, Figure 27C ® EHI /XD — 2~ 7 k)L Tk
2 Hz, Figure 27D O FE R[N TU —ZA X7 MLCTIE 1 Hz L0 SEEMONNY — 2~
7 NVEENBHEFICNSLSRD I ERRD L. Figure 27B-D O & E | N T —
AR M, B ANY — AR MNERNZRET 4y T 4TS ET A,
By bATEBERIVIKERMCIBWWTHEDO 7 4 v T 4 TIIERFTH - 2.
— 07, BEmNY — AT bviE, BEUMART —=ZAXT MAOT y NETEEE LD
R P TE, fREEL T e BN T — AT RV, RESREFR o SD (W i)
ZELRXTREND., JAXT4NVEOHy P T7EEKRLE, 20 RFEH 2%
BT o5&, Ay PATHEAEELDSEEM, TR20LFE AT -7 Fros
U= AT MVEEN/NSWEERBEBICBIT2EZU AT =27 by & e
NI —2AX7 MVORBEIIRHE T EE 2N 5. £ 2T, Figure 27 12" L
ToAXT NIVIRT LD, /A AXNTA—=FL Sy RODbNDHEEZ, ZTHLbHD
EEZHAWT /A X T4 VB0 ENT-Z70~ 7T A0 DY — 7 HEHED RSD %
Kb 7.
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Figure 27 Power spectra of baseline obtained by the UHPLC-UV without and with
noise filter processing. The sampling rate was set at 20 points/s to record the digital
data of the baseline (A) without and with noise filter processing of a cut-off frequency
at (B) 4 Hz, (C) 2 Hz, and (D) 1 Hz, respectively. By the fast Fourier transform, the
consecutive baseline data of 1024 points transferred to the real power spectrum, and
they are shown by a zigzag line. The theoretical power spectra based on Eq.l are
shown by the smooth line. Each cut-off frequency of the filter processing is shown

by the dotted line.
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ISO 11843-7 L # W R LM EIZ & > T, 4Hz, 2Hz, 1HzD B v b4 7 FH K
T/ARXRT 4 NVEFWME LIz~ N7 72505 0.1 mg/L =/L3I AT 82— /LD
E— 7 mA D RSD #:RK, Fi % Figure 28 |27 v » K L72. 1SO 11843-7 T:K
Do — 7 D RSD UL, # 0 &R L#HIE TRD 7= RSD D 95% ClL D#iAN TH -
7.

INLORERNL, RELES Y bATEAEK T/ AT 4 L Z BB SN
n~ M7 AZHWTY, ISO11843-7 12 X Y UHPLC-UV DR JE M NIT 2 5 =
xR LT

RSD (%)

N = A = R =

NIl 40 20 1.0
Cut-off frequency (Hz)

Figure 28 Comparisons of RSDs of the peak area at 0.1 mg/L ergosterol obtained
from chromatograms measured without and with noise filter processing at each cut-
off frequency. The RSDs obtained by repetitive measurements (n = 6) and their
95% confidence intervals are indicated by closed circles and the error bars,
respectively. The RSDs obtained by the ISO 11843-7 are indicated by open
squares with the 95% confidence intervals for RSD estimate from 41 repetitive

measurements by the error bars.
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3—4—4 TlX, 7u~ b 707X VMBI ONTHRHNL, UV BRESHO
/4X74w&mﬁ@ﬁﬁmmﬂbafIwJMMJV;of%Fﬂﬁf%é
NG hode. UV M TIE, MELFRRICEEY R ) A X T 4 NVEDT VX
NWAE ZIT O N, BESNMH CERET — 2B R0, oA T —
ZIZx L, MEBICR—ZATFTAL L ) A ADAL— 0 THE (B0 245 2
L TCS/NELAZE ESES. B, A=Y AT, BEIEHEICLD T Y
HIVALE RN Thil, EBREICL D TAL—Y UV THUEEHERNEEIND. Lo T,
ISO-11843-7 IZB T 2K EFMICB T2 AL =YV JHUHOEELZHL T D
MO TEHEHETHD.

KRSt lCBIF D2 MRM 7 e~ N7 LADEFMREZ Y, L9258, t=105
n RA Y FETHMELEZMRM 7 v~ 77 A{LHEEqQ S5O L IICEIND.

{Yt} = {Y1»Y2'Y3:Y4'Y5 "'rYn}
Eq. 5

Bl 21X, Z® MRM 7 a~ K7 Z L{Y,}% Spoints CEREN L EITHI &, A L—
P INTEMRM 7 aw 7T A{YHE, Eq 6 DX IR IND.

{Yt,} = {Y?:' Y4" YSI'YGI'Y; ""Yri—z}
Eq. 6

L7eRno T, t=3128BIT5D Y5 X Eq.6a, t=n2128 %5 Y, % Eq.6b TH
INnb.
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-
5

Eq. 6a

_ Yn—4 + Yn—3 + Yn—Z + Yn—l + Yn
5

Eq. 6b

Figure 29A ([CIZ BB FEH A2 L TW72R2 W Erg-PE® MRM 7 u~ 7 7 L%k L
7. TH % 5points THENF¥T 5 & Figure 29B 7%, 25 points THE)EH 5 &
Figure 29C IZ/ R T A L=V 7 S MRM 7 a2~ F7 7 ARG 5472, MRM
7w N TLDON—=RAT7 4 ) X FZEZNEND Figure DHFIZILR L TRL
7=. Figure 29B & Figure 29C # b5 &, BEFEH T LR A Mo RE W
B, JAZXNWELNTHY, EFRELOE—7 HIBEK T LTV, Figure 29
C Tlix, BE#HFEHIZLY, R—ZXAT7A4 2 ) A XOBENRILO MRM 7 o~ K7
Z & (Figure 29 A) ([ZH_XTH 643D 112, Erg-PE ® MRM Yt — 7 HEILH 2
D1 ko,
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Figure 29 MRM chromatograms processed (A) without and (B and C) with
moving average smoothing. Moving average smoothing is processed for (B) 5-

point and (C) 25-point windows. Expanded baselines are shown in each figure.

Erg-PE at 20 pg/L was injected into the LC-MS/MS system.
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Figure 30 121X, BEFEHZIT> TRV MRM Za~ 7 758, {To4;
H® MRM 7 a~ 277 A (20 ug/LErg-PE) Z W CH - — 27 HiED RSD %
7wy b L7, Figure 30(O) 13 v & LI &E (n=6) TRDO I E— 7 @D RSD,
Figure 30 ([J) [X 1SO 11843-7 TR D= — 7 HE D RSD %~ L7-. 3 points,
5 points, 15 points O IE CRENIEE L MRM 7 a~ K7 7 A0O84A, 1SO 11843-
7 CRODIEE—Z7EHED RSD X, HOVKLHETKDZE—27 HFED RSD O
95% 5 X [H O &PH N IZ & - 7= (Figure 30). L 2> L, 25 points O T E) Y
L7 MRM 7 e~ c7Z ADO%4E, 1SO 11843-7 TR®O - E— 7 HfE D RSD I,
BOKLEIE TCROEZE— 27 HED RSD © 95%15 48 X & o #i JH 4 12 - 7=
(Figure 30) . 25 points DO §F %, Erg-PE £ — 7 ® Y- fE I (Figure 21 T|X 30 points)
W ECTH o7, £ X0, 1SO11843-7TICHE IS HERBETN—2 T A
VIARXEEBPTHEA, BIAWT —ZARA b CEERRE) TBRHEH L
R—=Z2AT7 A4V ) AR FEHATE R ERGnolz. LA - T, 1SO 11843-7
IZ & %5 UHPLC-MS/MS O EFEMIcHB T, BEIFEY L7 MRM 7~ 7 7
LEWMATHHEAEIE, WTFT—F KA ME (B 21E, 5points D gL Erg-PE ®
E—Z@D 6 oD 1FEE) TUELEZLOZRIMLERH D Z ERHMNLE R -
7.
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Figure 30 Effects of numbers of smoothed data point windows for moving average
smoothing on RSDs of the peak area. Moving average smoothing is processed one
time. The RSDs of the peak area at 20 ug/L Erg-PE estimated by repetitive
measurements (N = 6) and ISO 11843-7 (N = 1) are indicated by open circles and
closed squares, respectively. The 95% confidence bands of the RSDs of the peak

area by repetitive measurements (N = 6) are indicated by the error bars.
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R—=Z2F AL ) A ZXDAL—T 7B OREE LT, A UHPLC-MS/MS ~
AT A (waters) 1%, BEIFEHAZBOVELITHY) ZENTES. T8bb, ALY
B T L 2B ELIIIEBEB YR EZT L0 Tl HL. UK, Tk
KAEBE L E LS O, fil 21X, Eq.6 [Zx L72{Y/} (5points O g TR E) ¥
L7czua~w 77 48) I220WT, BE Spoints DIE CEBEBIEHICL DA L—T
T ZATH) &, AL—V 7 3N MRM 7 a~ 77 A{Y"IR&GEo65. {Y'}
X, 57 ndARA L FET, E7TOLOIICEKREIND.

)= Y Y7 Y Y - Yol ad

Eq. 7
t=51C8B D Y’s (1 Eq.7a, t=n-4128BD Y2 T EqTbTRIND.
, YBHY+Yi+Y+Ys
5 = 5
Eq. 7a
v Vet VastYa st Va4V
Yn—4 = 5
Eq. 7b

Figure 29 A ® MRM 7 v~ 7 7 A% 15 points ODIE THBEH VLEH %25 5 &,
Figure 1A IR T XORAL =TV VT INTE MRM 7 u~ N7 7 A0 ELRT.
Figure 31A 7 v~ 7 J L% % 9 — & 15 points DIE CREIEY (KEB B F
%) ¥5&, B TOXOICAL—Y 7 &7 Figure 31B® MRM 7 v~ K 7
T ANE ST, Figure3IBIZ/RT MRM 7 B~ k7 J A, BEIEY % 2 [0l
ALZbDLE7%. Figure 31CI1E, MRM 7 o~ + 7 7 ACBEN ¥ % 3 46 A
L72bDOThHD. BBHVPHEICLIZAL-TV Y 7AHERBYVIERSTZ LICXY,
Figure 31B, C ® MRM 7 o~ k27 Z AL, Figure 31A O H O &g L T, ~X—
ATA ) ARNAL—T 7 X TWADH, Figure 31B, C @ Erg-PE O & — 7
I f5 1% Figure 31A O H O L IZIFR L TH - 7=
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Figure 31 MRM chromatograms processed (A) without and (B and C) with
repetitive moving average smoothing. (A) Moving average smoothing is processed
one time for the 15-point windows. The repetitive moving average smoothing is
processed (B) two and (C) three times. Expanded baselines are shown in each figure.

Erg-PE at 20 pg/L was injected into the UHPLC-MS/MS system.
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Figure32 (O) 1%, 15K A FMET2E LK 3 B OKEBRE FEE L7 MRM 7
B T ARCOE, VIR LAETRKOZRSDZ 7 v v b L7, Figure 30(0O)
TaRLAEE—Z7mMED RSD &k LI-EZ A, BEALERUEUMTH - 72
UHPLC-MS/MS O EIL, R RN —ZAF7 A4 ) A XDAL =V U T Mo T
KEBEEY THEINDIZ LTV EELXLND Z &6, Figure30 (O) T
RLTERREIRYTHD. —J, 1SO 11843-7 TREBEN LY L7~ MRM 7 1~
N T A EDOE— 7 HIED RSD 3RO 7224, TOMEITAL—T 0 JHALHE L
&w%é(ﬂwmw)Kw&fmé<tofwt.m@mnmﬁfiﬁm,mo
11843-7 12 X2 — 7 HFD RSD 1L, MYV ELBAEICLD2E— 27 EHFED RSD D
%%%ﬁ@%%k@ok.:@io_,ﬁ@%@Iw_;ofXA~9y7éh
Te_R—=AF A4 v ) A XL, ISO 11843-7 12K 3< —HOFHREOFEITICEHA TE X
WZENghole, ZTOHMBIL, REBHVFHICILIAL-—V UV ITRHBEICL->T
R=ZAFG A ) A XOBENETT 20K LT, =27 EBITIFEALEEL
RN TH D, Lo T, I1SO 11843-7 |2 & 5 UHPLC-MS/MS O ¥ J£ 3¥ Al
BA»BIE, KEBBH EHICITEATE 20T &AL Z.
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Figure 32 Effects of numbers of the repetitive moving average on RSDs of the
peak area. Moving average smoothing is processed for 15-point windows. The
RSDs of the peak area at 20 pg/L Erg-PE estimated by repetitive measurements
(N = 6) and ISO 11843-7 (N = 1) are indicated by open circles and closed
squares, respectively. The 95% confidence bands of the RSDs of the peak area

by repetitive measurements (N = 6) are indicated by the error bars.
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3—4—6 UHPLC-MS/MS OF¥EEFIZRB TS 7 a~ b7 7 b OFRELE O EE

iR IEE (NMR) R ED R OMERS SINLE M ESE 272012, HE
B DA~ 7 MAZRELTEHT H2EELEN N TOND 7Y KERY ¢ ITB W
T, t=102bn KAV FETHELZ 32D MRM 7 v~ b7 J 5{Y,}, {V.}
{ViahldZ#h 4, Eq. 8, Eq. 9, EQ. 10D Ko icKRIND.

{Yt,l} = {Y1,1; Y2,1, Y3,1; Y4,1' Y5,1 ; Yn,l}

Eq. 8

{Yt,,z} = {Yl,z: Yz,z' Y3,2: Y4,2' Ys,z ) Yn,Z}
Eq. 9

{Yt,3} = {Y1,3; Y2,3'Y3,3' Y4,3'Y5,3 Tty Yn,3}
Eq. 10

3250 MRM 7 r~ F7 7 5{Y1}, (Vo) {(Va}e®HE L7 MRM /v~ b7 35
L{Y,} ITEq 11O L HIITRKREIND.

Eq. 11

LN oT, t=112BF5HY, IXEq. lla, t=nllBF5YI0L Eq. 11b TE I
5.

_ Yi,+Y,+Y,
A B SIS ¥ R

e 3
Eq. 11a
o Vit Yo+ Y
Y, = 3
Eq. 11b
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Eq. 11 {2789 & 912, Figure33A @ 20 pg/L ® Erg-PE ® MRM 7 v~ k7 5 A
ZRIERE LI MRM 7 e~< h 7S L EBRATLHIZELICE-T(HERELEZ — Y
7T ADORRE=2), Figure 33B DAL MRM 7 v~ K7 7 ABELLTE.
W2, Figure33A O MRM 7t~ h 7 S A2 8B E LT 2KD 70~ 7 T A
CHEAET I LICE T (AL e~ N/ T A0 %=3), Figure33C O
BALE MRM 7 m~ b7 740, l@dHlE L3I RO/~ N7 7 LEMAET D
CEICEoT(HE L a~ T ADKRE =4), Figure 33D O 5 4L ¥ MRM
sua~ N7 7 L0345 7z, Figure 33B-D @ Erg-PE @ v — 7 1 f& 1%, Figure 33A
DO MRM 7 v~ 7T ALEHEBELTCIFERLCUTHIN, BELEZZe~
T ADORBOBEMIZENY, MRM 7 a~ h 7 78 EOR—RAT 42 ) 4 XOEE
MWW L TWDZEPERTE .
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original and (B-D) accumulated MRM chromatograms.

Numbers of chromatograms for accumulation: (B) 2; (C) 3; (D) 4. Expanded

baselines are shown in each figure. Erg-PE at 20 pg/L was injected into the LC-

MS/MS system.
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X, UWWNIZRD., ZZCAREITIX, BHELE LTS 1 AD I a~x N7 T
LAEOE—7HEHFEO RSD 2N EdR D L H AT 52 &%, 1SO 11843-7 12 K 5
FE R Al CSEAE AT BE 22 M it L 72, Figure 34 () (20X, ISO 11843-712 L » Tk ®
7-E—27HM?D RSD # 72 v b L7, Figure 34 (O) (21X, # v & LHAIE (n=6)
ko TRDERSDEZ T2 v FL, %% D RSD D 95%EHKXMAE=TF ——T
RLTZ. I1SO11843-7 12 XA — 27 mMED RSD X, MOV ELPEICLLI2E—2m
"D RSD @ 95%E X M WNIZH - 7= (Figure 34). F 7=, ISO 11843-7 LV X
LHAEIC L2 =27 HBED RSD IE, A Z v~ M7 T L8 OHEMITEWED L
7-. Figure34 (A) & (A) 1%, TV IR LHESL 1SO11843-712 k- T
HeE S d RSD IC1/V2, 1/V3, 122 Lt DE 7oy L. ZhbHD
FEmAICHEE SN, BEAFICL > TERMICH ESNZHEV R LAIED
RSD K O 1SO 11843-7 12X 5 RSD & K< —% L7. Z® X 52, UHPLC-MS/MS
THOLNTE MRM 7o~ M7 7 02BLAE LB OIZONTYH, 1SO 11843-7
CEOKEFNMICEA TE DI LN Do, AKBFSE TIX, UHPLC-MS/MS 125
JOMAE 7 e~ N7 T LA E W7D, Ghaoui HITKERA TV{K’@&“%?HV‘
A~ 777 40— (GC-FID) IZBWT, Z7u~ 7 LA0BAEICLV B
HIER 2w ETH L 2®E L 7. L2 L, Ghaoui biZFE 7o~ 7 7 A
ERWEBEFMICIEE -S> TRV, ZHISx L, KFZE Tk 1SO11843-7 % ik
M+ 220, BELELZMRMZ e~ K7 J A5V THE—77EHED RSD
DROLNDHZ EE R L., ZHICED, EELED 1SO 11843-7 12 & 5 K
M RFETHEELPA LTI ENTE .
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Figure 34 Effects of the numbers of accumulated MRM chromatograms on the
RSDs of the peak area. The RSDs of the peak area at 20 ug/L Erg-PE estimated by
repetitive measurements (N = 6) and the ISO 11843-7 (N = 1) are indicated by
open circles and closed squares, respectively. The 95% confidence bands of the
RSDs of the peak area by repetitive measurements are indicated by the error bars.
The values of 1/v2, 1/+/3, 1/2 of the original RSDs estimated by repetitive
measurements and the ISO 11843-7 are plotted by the open and closed triangles,

respectively.
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i%ﬁéhf%%?,é@®ﬁ%mtmmﬁMst THTIZIBT DK EREAL o 72
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R EICE AR BEKFZERLLADICOVWTARELZHBRLE. W T, =L
AT = VKR RT TV ATa— VEEa) VR AT UFHEMKLL, ILHS
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T =)D PKNTA—=HERDDH I LN TE7-. F7=, brassicasterol-d; D H »
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FFAG O F ik & LT, 1SO-11843-7 |X UHPLC-MS/MS (2 A Al GEZe = & 2 FEH L,
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ZB B M L. 1SO-11843-7 I L 2 K EEREMIIL, MEEDO~ MY v 7 X & & e
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RELFETDEEZLND.

B1ETIE, 2O EKFEER AT 12— /L (ergosterol-d; & TN brassicasterol-d;)
D A% % 1T > 7=. Ergosterol-di O & % Tlix, BEF O AL % TIT, Hio I @E 7
BREEERL, IMERICENTRER Y 7 LA —LVTOAEMENBTE . BK
TREZBOLTZ LI s TIENLEL, XEOMBHESAKICET L RFH 2
#Mi9 D Z &N T 7. Brassicasterol-di @ & ik Tl ergosterol-d; O & pRiEIZH D
X, ergosterol-d, ® B /K& O L &2 kI 9 5 brassicasterol-di # 5T 25 Z &N T
7.

% 2 B Tl¥, UHPLC-ESI-MS/MS IZ £ % ergosterol-di & O} brassicasterol-di @ &
MEEREORBICROVMAL. P AT e —LOEEERBOZDIC, X7
D—/LD3BMNOE FaFikovral) VBT AT ViEERIELEZZEIR L, 10 ul
O MAEFE 25, 0.04 ~8 ng/mL O & T i I E % 5 & fTRe 722 9 AT ik & B 3 C
. REFUVHREBEHEEBELT, RIREETCEEARETHY, +oRKEE LK
EZHF L TWiz. SHRSP ~® ergosterol-d; ® £ 1 # 5- £ 5 CTI1%, £ & % 8
T&El), 36 FEICHDYD 12 JOHIM 217\, ergosterol-d; }& U8 brassicasterol-
di OIMHPREORKREEEZEHT S22 LN TX. £/, ergosterol-d; @ I H
FE-REREh AR 22 5, SHRSP ICHBIT 2=V T AT 02— LD PKNNT A =X %1552
LT & 2. HIZ, brassicasterol-d; i A I H I B 1% ergosterol-d\ @ 3 5 ThH 5 Z
ENHIB L, AR E O IX ergosterol-di IZHEE L THRESHNTHD Z ENR S
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ni=. LL s, R#FE CTBI3 L 7= UHPLC-ESI-MS/MS I X % ergosterol-d; & OY
brassicasterol-d; ® EE&E T & EIX, SHRSP BT Ao /)L d AT a—bnb 7 T
CHAT RSO AERNEBOMFIICEAAECTCH Y, EEN KD EIREICH
TOHOHMAERTZ LN TE .

% 3 % TlX, UHPLC-MS/MS ¥ 25 A2 W T, 1SO 11843-7 12 & % k5L 3F
M2AEHAARETHL LA R L. 2B CERLEY ) VB X T Lk LA
A7 — VERENGZEELTMRMZ a~ N7 7 AE@ITLEHEE, 1 KO MRM
s~ b7 T ADLIEEFMMNAARETH D EB ooz, 1SO 11843-7 121% /
A RN EBIRT — X RA "BV TV THEE, ATICHVWO D T ¥
ZNVALER 72 B DK RN T A —H OB EOFLE N 2V, UHPLC-UV & F]H L
C UHPLC-MS/MS (ZBT DR EFMICHE Lo XTF A —FE2R"T LN TE.
ISO 11843-7 I, UHPLC-MS/MS 25T 2 M EFFMICILEREE TH H Z & B S
.

AL, REANR2AT O —LDO—DTHDLHTNITRAT BB, v NATHE—
JVIMFEIZ B W CTIEHER FIc 2 AEEEZ R LD THSH. SHRSP OEEN
TN ITATa—ANnL T TIPNATa— )L ~DEHNEZ Y, iR R E <
BRoTWAIERS o=, Y IMATFa— LVMEIZHR R EEEOEBRTH DM,
VHEBICB T A2WEOHEM~F - rmAzRitcExe3E3 2T 5. I,
AFECTMO P - FEAEEZRAT T — L OAKRIEDOBR, MIFHTAEE L 27
0 — L O E KA E O M., UHPLC-MS/MS O ¥ FEFEAl ~ D 11843-7 O iF 1%,
1600 FELL EdH D AT v — L ~DOISHERB AR TH 5. oL FR 2858,
ZHEE o T O eIk TR, RFRIC BT 2 9 iERE OWME TH bz /Iix A H
CEZON,AMEEY THE L TATE— O A T U ARNFICHRETHZ & &
MErd 5.
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Bl

ARWFIE O BT I ARG X OERICE L, Bl JHE, JHERY S LEHE
HERRKRPEZBOTEFHEOEH S BRICEERLIHFELRLET.
FERZATH ORGH X OERICH -0, LR THEEZ2HE £ LI /A HEHRE,
LA ¥ R Bh #C7E A CTREEHR L B £ .
BHAREERTALIAT O LOAERKOEKRKIZER T 7 DA TR —LDE
WRICB L TSR Z#HBTEBHY £ LT, KK RFEZHELEZHED = JH
M2, R R F LML HEHE Y ¥ — Ol a8 HE 22 128 < G
B®LET.

s/ma< b7 7 A5DISO11843-TIZHE DS MTICE L TEZ KRR 2T HZ2HY F
L 72 FUMI BLam b J8 7T O ARGE I £ IR < Rt L £ 4.
HRERRFTOEREITICBWTIXE, ZHAOTHW oL FH#H=EDOKRT
e, A, ROKRZTONIEDOH 2 2 LK N, BEEAOBERICRG XK
=

KBS, WOLBMNSFREATFZ XX TS NEREICLI D EHFHWEZLET.

82



51 F 3THR

1)
2)

3)

4)

5)

6)

7)
8)

9)

10)

11)

12)

13)

14)

15)

Yoon H., Shaw JL., Haigis MC., Greka A. Mol. Cell, 81, 3708-3730 (2021).
Castellanos DB., Martin-Jiménez CA., Rojas-Rodriguez F., Barreto GE.,
Gonzalez J. Front. Neuroendocrinol., 61, 100899 (2021).

Triebl A., Hartler J., Trotzmiiller M., C. Kofeler H. Biochim. Biophys. Acta, Mol.
Cell Biol. Lipids, 1862, 740-746 (2017).

Aimo L., Liechti R., Hyka-Nouspikel N., Niknejad A., Gleizes A., Gotz L.,
Kuznetsov D., David FPA., van der Goot FG., Riezman H., Bougueleret L.,
Xenarios ., Bridge A. Bioinformatics, 31, 2860-2866 (2015).

Sud M., Fahy E., Cotter D., Brown A., Dennis EA., Glass CK., Merrill AH, Jr.,
Murphy RC., Raetz CRH., Russell DW., Subramaniam S. Nucleic Acids Res., 35,
D527-D532 (2006).

Liebisch G., Fahy E., Aoki J., Dennis EA., Durand T., Ejsing CS., Fedorova M.,
Feussner I., Griffiths WJ., Kofeler H., Merrill AH., Murphy RC., O'Donnell VB.,
Oskolkova O., Subramaniam S., Wakelam MIJO., Spener F. J. Lipid Res., 61,
1539-1555 (2020).

Saini RK., Prasad P., Shang X., Keum Y-S. Int. J. Mol. Sci., 22, 13643 (2021).
Piironen V., Lindsay DG., Miettinen TA., Toivo J., Lampi A-M. J. Sci. Food
Agric., 80, 939-966 (2000).

Mille-Lindblom C., Von Wachenfeldt E., Tranvik LJ. J. Microbiol. Methods, 59,
253-262 (2004).

Tada H., Nomura A., Ogura M., lkewaki K., Ishigaki Y., Inagaki K., Tsukamoto
K., Dobashi K., Nakamura K., Hori M., Matsuki K., Yamashita S., Yokoyama S.,
Kawashiri M., Harada-Shiba M. J. Atheroscler. Thromb., 28, 791-801 (2021).
Berge KE., Tian H., Graf GA., Yu L., Grishin NV., Schultz J., Kwiterovich P.,
Shan B., Barnes R., Hobbs HH. Science, 290, 1771-1775 (2000).

Klett EL., Lu K., Kosters A., Vink E., Lee MH., Altenburg M., Shefer S., Batta
AK., Yu H., Chen J., Klein R., Looije N., Oude-Elferink R., Groen AK., Maeda
N., Salen G., Patel SB. BMC Med., 2, 5 (2004).

Plosch T., Bloks VW., Terasawa Y., Berdy S., Siegler K., van der Sluijs F., Kema
IP., Groen AK., Shan B., Kuipers F., Schwartz M. Gastroenterology, 126, 290-
300 (2004).

Chen J., Batta A., Zheng S., Fitzgibbon WR., Ullian ME., Yu H., Tso P., Salen
G., Patel SB. BMC Genet., 6, 1-12 (2005).

Hamada T., Kodama Y., Goto H., Yoshida T., Imaizumi K., Ikeda 1. Biosci.
Biotechnol. Biochem., 73, 361-365 (2009).

&3



16)

17)

18)

19)

20)

21)

22)
23)

24)
25)
26)
27)
28)

29)

30)

31)

32)

33)

34)

35)

36)
37)

Tsugawa N., Okano T., Takeuchi A., Kayama M., Kobayashi T. J. Nutr. Sci.
Vitaminol. (Tokyo), 38, 15-25 (1992).

Zhao YY., Cheng XL., Liu R., Ho CC., Wei F., Yan SH., Lin RC., Zhang Y., Sun
WI. J. Chromatogr. B, 879, 1945-1953 (2011).

Zhang H-y., Firempong CK., Wang Y-w., Xu W-q., Wang M-m., Cao X., Zhu Y.,
Tong S-s., Yu J-n., Xu X-m. Acta Pharmacol. Sin., 37, 834-844 (2016).

Zhang Z., Gu H., Zhao H., Liu Y., Fu S., Wang M., Zhou W., Xie Z., Yu H.,
Huang Z., Gao X. J. Proteome Res., 16, 3529-3535 (2017).

Ohtsubo T., Kageyama R., Koseki Y., Hagi J., Kotani A., Yamamoto K., Kusu F.,
Miura T., Hakamata H. Eur. J. Lipid Sci. Technol., 118, 1074-1083 (2016).
Matsumori N., Tahara K., Yamamoto H., Morooka A., Doi M., Oishi T., Murata
M. J. Am. Chem. Soc., 131, 11855-11860 (2009).

Tachibana Y. Yakugaku Zasshi, 126, 1139-1154 (2006).

Heleno SA., Diz P., Prieto MA., Barros L., Rodrigues A., Barreiro MF., Ferreira
ICFR. Food Chem., 197, 1054-1063 (2016).

Sapozhnikova Y., Byrdwell WC., Lobato A., Romig B. J. Agric. Food Chem., 62,
3034-3042 (2014).

Yokokawa H., Mitsuhashi T. Phytochemistry, 20, 1349-1351 (1981).

Havinga E. Experientia, 29, 1181-1193 (1973).

Jasinghe VJ., Perera CO., Sablani SS. J. Food Eng., 79, 864-869 (2007).
Jasinghe VIJ., Perera CO. Food Chem., 92, 541-546 (2005).

Yasukawa K., Aoki T., Takido M., Ikekawa T., Saito H., Matsuzawa T. Phytother.
Res., 8, 10-13 (1994).

Xiong M., Huang Y., Liu Y., Huang M., Song G., Ming Q., Ma X., Yang J., Deng
S., Wen Y., Shen J., Liu QH., Zhao P., Yang X. Mol. Nutr. Food Res., 62, 1-13
(2018).

Zhao YY., Xie RM., Chao X., Zhang Y., Lin RC., Sun WJ. J. Ethnopharmacol.,
126, 184-187 (2009).

Li XM., Wu QP., Xie YZ., Ding YR., Du WW., Sdiri M., Yang BB. Oncotarget,
6, 17832-17846 (2015).

Gray KC., Palacios DS., Dailey 1., Endo MM., Uno BE., Wilcock BC., Burke
MD. Proc. Natl. Acad. Sci. U. S. 4., 109, 2234-2239 (2012).

Higashi T., Ogawa S. J. Steroid Biochem. Mol. Biol., 162, 57-69 (2016).
Gachumi G., El-Aneed A. J. Agric. Food Chem., 65, 10141-10156 (2017).
Rocco A., Fanali S. J. Chromatogr. A, 1216, 7173-7178 (2009).

Ory L., Gentil E., Kumla D., Kijjoa A., Nazih E-H., Roullier C. Rapid Commun.

&4



38)

39)

40)
41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

54)
55)

Mass Spectrom., 34, e8780 (2020).

Griffiths WJ., Abdel-Khalik J., Crick PJ., Yutuc E., Wang Y. J. Steroid Biochem.
Mol. Biol., 162, 4-26 (2016).

Griffiths WJ., Hearn T., Crick PJ., Abdel-Khalik J., Dickson A., Yutuc E., Wang
Y. Chem. Phys. Lipids, 207, 69-80 (2017).

E G Bligh WID. Can. J. Zool., 48, 545-553 (1970).

Honda A., Yamashita K., Miyazaki H., Shirai M., Ikegami T., Xu G., Numazawa
M., Hara T., Matsuzaki Y. J. Lipid Res., 49, 2063-2073 (2008).

Ikeda I., Nakagiri H., Sugano M., Ohara S., Hamada T., Nonaka M., Imaizumi
K. Metabolism, 50, 1361-1368 (2001).

Coy DJ., Wooton-Kee CR., Yan B., Sabeva N., Su K., Graf G., Vore M. 4dm. J.
Physiol. Gastrointest. Liver Physiol., 299, G228-235 (2010).

Honda M., Tint GS., Honda A., Batta AK., Chen TS., Shefer S., Salen G. J. Lipid
Res., 37, 2433-2438 (1996).

Kim D., Park JB., Choi W-K., Lee SJ., Lim I., Bae SK. J. Sep. Sci., 39, 4060-
4070 (2016).

Chen X., Zhu P., Liu B., Wei L., Xu Y. J. Pharm. Biomed. Anal., 159, 490-512
(2018).

Brousseau V., Caron P., Trottier J., Di Paolo T., Milkiewicz P., Barbier O. J.
Mass Spectrom., 57, e4827 (2022).

Ohki S., Kunimatsu M., Ogawa S., Takano H., Furihata T., Shibasaki H.,
Yokokawa A. Chem. Pharm. Bull. (Tokyo), 70, 375-382 (2022).

Hirano R., Yokokawa A., Furihata T., Shibasaki H. J. Mass Spectrom., 56, €4790
(2021).

Reeder JA., Abdallah IA., Bach T., O'Sullivan CT., Xu Y., Nalbant D., An G. J.
Pharm. Biomed. Anal., 210, 114521 (2022).

Stachniuk A., Sumara A., Montowska M., Fornal E. Mass Spectrom. Rev., 40, 3-
30 (2021).

Yang HS., Edinboro L. Therapeutic Drug Monitoring of Lacosamide by LC-
MS/MS. Springer New York, New York, NY (2019).

Antovic JP., Skeppholm M., Eintrei J., Boija EE., S6derblom L., Norberg E-M.,
Oneldv L., Ronquist-Nii Y., Pohanka A., Beck O., Hjemdahl P., Malmstrom RE.
Eur. J. Clin. Pharmacol., 69, 1875-1881 (2013).

Kulyyassov A., Fresnais M., Longuespée R. PROTEOMICS, 21, 2100153 (2021).
Chen Y., Zhou Z., Yang W., Bi N., Xu J., He J., Zhang R., Wang L., Abliz Z.
Anal. Chem., 89, 6954-6962 (2017).

85



56)
57)
58)

59)
60)

61)

62)
63)

64)

65)

66)

67)

68)

69)

70)

71)
72)

Nisha A., Alka CN., Preeti K. Eur. J. Biomed. Pharm. Sci., 3, 141-147 (2016).
Day RA., Underwood AL. Quantitative analysis. (1991).

Sahu PK., Ramisetti NR., Cecchi T., Swain S., Patro CS., Panda J. J. Pharm.
Biomed. Anal., 147, 590-611 (2018).

Ganchoff J. J. Chem. Educ., 71, A310 (1994).

Hayashi Y., Matsuda R., Haishima Y., Yagami T., Nakamura A. J. Pharm. Biomed.
Anal., 28, 421-429 (2002).

Yamamoto K., Kotani A., Hayashi Y., Hakamata H. Chem. Pharm. Bull. (Tokyo),
67, 59-63 (2019).

Kotani A., Hakamata H., Hayashi Y. J. Chromatogr. A, 1621, 461077 (2020).
Kotani A., Hayashi Y., Matsuda R., Kusu F. J. Chromatogr. A, 986, 239-246
(2003).

Yomota C., Tagashira Y., Okada S., Hayashi Y., Matsuda R. Anal. Sci., 15, 549-
554 (1999).

Matsuda R., Hayashi Y., Sasaki K., Saito Y., Iwaki K., Harakawa H., Satoh M.,
Ishizuki Y., Kato T. Anal. Chem., 70, 319-327 (1998).

Kotani A., Watanabe R., Hayashi Y., Hakamata H. J. Chromatogr. A, 1673,
463075 (2022).

1SO 11843-7, Capability of detection - part 7: methodology based on stochastic
properties of instrumental noise. (ISO, Switzerland, 2018).

Hayashi Y., Matsuda R., Poe RB. Analyst, 121, 591-599 (1996).

Prakash BD., Wei YC. 4nalyst, 136, 3130-3135 (2011).

Lissac P., Berticat P., Pham Quang T. J. Macromol. Sci., Part A: Pure Appl.
Chem., 5, 901-907 (1971).

Semchyschyn DJ., Macdonald PM. Magn. Reson. Med., 43, 607-610 (2000).
Ghaoui L., Rothman LD. J. High Resolut. Chromatogr., 15, 36-39 (1992).

86



Wt FE 56 R D 95 # 35

1) Simultaneous determination of deuterium-labeled ergosterol and brassicasterol
in stroke-prone spontaneously hypertensive rats by ultra-high performance liquid
chromatography-electrospray ionization-tandem mass spectrometry.

Machida K, Koseki Y, Kotani A, Yamamoto K, Miura T, Hakamata H: Anal. Methods,
14, 4879-4885 (2022).

2) Effects of sampling rate and noise filter processing on repeatability assessment
in UHPLC with ultraviolet detection based on the ISO 11843-7.

Machida K, Watanabe R, Kotani A, Hayashi Y, Hakamata H: Anal. Sci, 38, 183-189
(2022).

3) Effects of digital processing on repeatability assessment of a multiple reaction
monitoring liquid chromatography-tandem mass spectrometry system by ISO 11843-7.
Machida K, Kotani A, Hayashi Y, Hakamata H: J. Mass Spectrom., 57, ¢e4877 (2022).

87



