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Examination of hemolysis treatment using liquid nitrogen for measurement of
Immunosuppressant concentrations by liquid chromatography-mass spectrometry.
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2) BIEHZES LUHKER

AT AZ I LC-MS/MS H 4 #0131 73 #F & > b
[DOSIMMUNE™]| % Fv>, 4 H8) LCMS Fii L H %
i CLAM™M2030 8 L ' m#pkru~ M 77 7 &
= HTEFLCMSM-8060NX (W3 4L b #raN &t Bt
BUERT) THIE L7z, BEMH, W, 77 413%
TDOSIMMUNEM* v b o3~ v, =L 7 b
OATVL—=A4F LRI 74 7TE— FTHMEIT-
726 MSOGHITSEMIE, AT T4 —=H R 30
L/ min, F5A4 7 #HA¥iwE 10 L/min, & —7F
4 V7 AE:10 L/min, £ ¥ % — 7 = — AmE:
200C, WiiAMEE 1 250C, v —bh7ay ZHE
200C CTHro 720 WEE— FIZZEGE=F Y ¥

2" (multiple reaction monitoring : MRM) TA47 V>,
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Ay 7 ARRREH) REH L7,
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T =R 250 uL 2 15 mLAZ ) 2 —F ¥ v 7
Fa— TR LER, UTIORT BT L iRk T
HIMALVER % 1T > 720 BIATHHE-80 C T 1543k L,
547 T KEgE L7z, BEidmpERicenth
15%%, 30Fs, 60F>, 300FRIE L, itk T 545 Hi
720 D%, WIS OBTE: & HED
CSAB LU TACIEE % LB L 72,

4) BHTIRE

BUTH: LM GRIERH 15F0) % v TRk
210 E5E L CHHTHEEE % 3R, ZEMRECV (%)
REH L7z FHEIE T A ) H AMESE SR S 2018
412 384T & M7z Bioanalytical Method Validation!?
H5EI1Z, CVIS% LT BIF& L7z,

5) N LTy MEDFEIZOWT
EDTA-2K L % -0 fe, M¥%EzoBEL, ~
<~ M7y MiEZBLZ30 %, 50 %, 70 %iZ%5b
EONIHEE L 720 MiRREE (RIEFRH 154Y) T
FtR, CSAB L UTACREZMEL, HATHkE
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BE B (CSAIR30M M, TACIX50MME) %
Wetii: (RIEWER 15F0) & BUFTHE: T mAL B {%,
CSA & TAC % {l7E LHBTE 2 #at L 720

7) Turnaround time D L&

BT Skl (RERM 158) ORBEH 75 »
5 GRS ¥ ToOER (Turnaround time : TAT)
R L7 12 HMICLBEOZFERIRAIZB VT
AT B L Otk (REFEH158) TRES
72 TAC & CSADTAT O iR EIEH, RERM, B
LU i L7z,

3. HWifE
1) HAEEF R ORE
(1) CsA

HAE R 5 B4, BUTE L OBREOEX
97.6 %~1108 %, [[ B 12 30F> @ 35 4 12869 %~
107.7 %, 607> D54 12878 %~116.8 %, 300Fs D
BA13951 %~1143 % TdH - 72 (Table 1),

(2) TAC

AR 15 DA, BT L OWRE O,
973 %~1148 % T » 720 FHIZIOW OB AT
91.7 %~1089 %, 60F>DH;#13933 %~1114 %,
3008 DHEE 12975 %~106.2 % T - 72 (Table 2)

SRS 1580~ 300 D HATH: & D D (2
DWTHRERITo72 8 2 A, RHMEHMICEE R
FENIFRD SN Do 727208 b B HRE R 157
DO THWAZ L& LTz,

2) HHTHRE

2IRIED T = Vidk & 10 HllE L 72,

(1) CSA

LERECVIZ, 572 %~581 % Td -7z (Table
3o

(2) TAC

BERICVIZ, 747 %~10.10 % THh -7z (Table
4),

3) AT Uy MEODBEIZOWT
AT b7y MEDEACSA B L O TACIEREIZ
AT B OW TR,
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Table 1 Comparison of dipping times in liquid nitrogen (CSA).

Comparative dipping time in liquid nitrogen (sec)

Method 15 30 60 300

Sample 1 (ng/mL) 10.57 11.14 10.73 12.35 11.43

Ratio to Comparative method (%) 105.4 101.5 116.8 108.1
Sample 2 (ng/mL) 510.30 504.42 446.08 511.33 485.17

Ratio to Comparative method (%) 98.8 87.4 100.2 95.1
Sample 3 (ng/mL) 89.69 87.51 77.98 78.71 86.17

Ratio to Comparative method (%) 97.6 86.9 87.8 96.1
Sample 4 (ng/mL) 258.27 286.08 278.02 253.08 295.09

Ratio to Comparative method (%) 110.8 107.7 98.0 114.3
Sample 5 (ng/mL) 794.16 813.08 756.87 813.96 830.97

Ratio to Comparative method (%) 102.4 95.3 102.5 104.6

Table 2 Comparison of dipping times in liquid nitrogen (TAC).

Comparative dipping time in liquid nitrogen (sec)

Method 15 30 60 300
Sample 1 (ng/mL) 11.45 12.71 12.47 12.75 12.16
Ratio to Comparative method (%) 111.0 108.9 111.4 106.2
Sample 2 (ng/mL) 3.68 4.22 3.37 3.93 3.586

Ratio to Comparative method (%) 114.8 91.7 106.9 97.5
Sample 3 (ng/mL) 8.19 7.97 8.64 8.36 8.25
Ratio to Comparative method (%) 97.3 105.5 102.1 100.7
Sample 4 (ng/mL) 5.96 6.36 6.34 5.57 6.01

Ratio to Comparative method (%) 106.6 106.2 933 100.7
Sample 5 (ng/mL) 14.78 15.31 15.04 14.90 14.83

Ratio to Comparative method (%) 103.5 101.7 100.8 100.3

XXX



Article in press

R & HEML 51851 %

Table 3 Repeatability (CSA).

(n=10)
dip in liquid nitrogen
P d ¢ Low High
for 15 seconds
average (ng/mL) 47.18 208.68
SD (ng/mL) 2.74 11.93
CV (%) 5.81 5.72

Table 4 Repeatability (TAC).

(n=10)
dip in liquid nitrogen
P d & Low High
for 15 seconds
average (ng/mL) 4.97 16.56
SD (ng/mL) 0.37 1.67
CV (%) 7.47 10.10

Table 5 Effect of hematocrit (CSA).

Hematocrit (%) Comparative method dip in liquid nitrogen Ratio to comparative
(ng/mL) for 15 seconds (ng/mL) method (%)
23.0 11.5 11.0 95.7
334 6.3 6.0 95.2
40.7 17.7 17.6 99.4
443 7.1 7.3 102.8
63.5 9.3 9.2 98.9
66.0 19.7 19.9 101.0

Table 6 Effect of hematocrit (TAC).

Hematocrit (%) Comparative method dip in liquid nitrogen Ratio to comparative
(ng/mL) for 15 seconds (ng/mL) method (%)
252 100.3 98.4 98.1
28.3 301.2 302.3 100.4
48.4 119.7 119.3 99.7
50.1 376.5 377.2 100.2
65.8 475.3 453.7 95.5
72.2 128.6 128.7 100.1

(1) CSA

A~ 7))y ME230 %~66.0 % OEHIZEBWT
HIEMAE1X95.2 %~1028 % TdH - 7> (Table 5).

(2) TAC

AT M7y ME252 %~T722 % DHFEFHIZ B W T
MEMEF213 955 %~1004 % TdH > 7> (Table 6),

4) 1HEA

Wik & BATE OB W T L 72,

(1) CSA

FHEAFREL (r) 13098, B a5 1% y=0.95%
+1025CH - 72 (Fig. 1a)o MEM D H/ME L 46
ng/mL (BLA71: ;42 ng/mL), & K 1H 13486 ng/
mL (BT : 488 ng/mL) TH -7z,
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(2) TAC

AHBEREL (r) 12097, A ik nDE L y=0.96x
+017T&H - 7z (Fig. 1b). HIEM D H/MEIX15
ng/mL (HAT# 16 ng/mL), #x KfE X145 ng/
mL (479 1561 ng/mL) TH o7,

5) Turnaround time @ Eb#

BATHE T, CSA ORJEMHIZ 3449 3170, &E
BRI 1 BR[# 1345 36F0, TAC O #4545 [H 13 34 55
TR, IR 1 BRI 34 75 40F TH o 7212wt L,
et T, CSA ORIFREIX 20405680, HFEm:
Ml 1B 34 1980, TAC ORI 17 474975,
R RIEHIE 1 B 245 T# T - 72 (Table 7).
T 72 BUATHTlE, CSAN 354947 22%, TACH
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Correlation between measured values of dipping in liquid nitrogen and comparative method.
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Table 7 Comparison of turnaround times over a month.

CSA TAC
Min Max Average Min Max Average

Comparative Method

0:34:31 1:13:36 | 0:49:22 | 0:34:07 | 1:34:40 | 0:43:30
(h:mm:ss)x2
dip in liquid nitrogen for

0:20:56 | 1:03:19 | 0:33:46 | 0:17:49 | 1:24:07 | 0:37:21
15 seconds (h:mm:ss)3

1 Turnaround Time : Time from sample arrival to result report.

32 The collection period is August 1st - 31st, 2022.(CSA ; 25 samples. TAC ; 38 samples.)

3 The collection period is February 1st —28%, 2023. (CSA ; 17 samples. TAC ; 69 samples.)

P43 30 Th o 7201k L, AL TILCSA
A F39337046%0, TACH 3717521 TH - 72

(Table 7). Hpill%E Cldi HIRE R TllE & 5 28,

Wtk 3% 72 B I ONTHDER I IZ R o 726
4. EE

AlF 2, SREEIHIF I R EIC B B,
WAk EF % V72 B AL O A7 L DWW TR L
7o MER VAR & U UL o SR Bl A i
LiE L THLNTRBY, ZoFiE, sk
12 & BARIMEREE D ATPase iGN, 21 v T A
77— RO VIRE OB, AV AREEOK
Tl LB EMEORETHL EENTVRE R,

— 5T, 80 CTHEEEMIZIT IS MREYE LW,

Z oA, JIERIEHDOREREZ & 2 EIMTELSH S

RCwB, MEC L, R
7 L SE AN DR S LB 1,
AR T IE-196 C & JFH ISR, RO

THATELZ 00, BIMAEICEHTHL EHE
Z Ol WREREY V2B IZ O W T

MEtL7ze 9, #Y 2RI O W THARz L
25, METHEHPHO 15875 300% F CHlEMEIC T
Lhrolzl ENG, HAEREMIZR b MO 158
L L7 (Table 1, 2). SUfEFREH 1570 CHIMALER L
1A ORIFFHHRMEL MR L 2R, Fo s Dinidk
HD L 2BATE 0 L8R (CSA 37 %~6.1 %,

TAC 1 42 %~73 %) & RIEOHBEEN S LN
(Table 3, 4). ZO%&MFEHNT, A~ b7 1) v b
HOFENLZOWTIHNREZ A, CSABXIUTAC
DVFHIZBWTE, MEFHHAN TN~ 2 1) v b
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WOHEE T o7z (Table 5, 6)c "< M2
)y MEOREIZOWTIE, KIS0 %hEs
FIRERIC BT, A< b2 )y MEDMRIEIZZ %
WZONTTACERE MEEEE RT I L 2HE LT
BY, ZORKRNPTACORBEY & =BT 5
TETHLEWELTVE Y, AREITHVWTWS
LC-MS/MS#:4g, HlERHE E, KEKSO L 9 7%
SR E R ORI 55, i
12, IERICHEREOEVIIELETH DD, Lizdso
T, REHRERICTIEIERWEEZ b,

W2, BATHE EBMEDO TAT Z L 728 25,

CSA X #1647, TACIXZ #6% HH # S LT w72
(Table 7). 0371l 58 % 235 0 TAC i B2l 78
ICBITATATZ IR L-EH L OMEIZL D L,
Chemiluminescent Immunoassay (CLIA) it *F
¥ 354 14F%, Affinity Chrome Mediated
Immunoassay (ACMIA) 3 F392155418 CTH

5728 K7 TRV 72 LC-MS/MSEDE# & LT,

FFN RO IIETH 5T, ESHEE s
u~ k25 7 14— (high performance liquid chro-
matography : HPLC) #R45 & B w5k % ¥ i
WIARTH L7720, BEIEO R RN 2 2R %
P52 EERDHIEZLOPRRY, Fold, B
JERHED: & TATOFIEZ i3 5 &, LC-
MS/MS#D b £ 37521 TH o720 Lo L
BATEER X, ACMIAED 204054 £ 0 vy,

1757409 THhHh -7 L72A > T, LCMS/MSik%
RV~ 7z A s A R B 2 BV AR s R &

W7 M50, TAT OFE#MEICHEHTH %75,

FREE 2 LB E T 556121, TATHREET 2
L RERTHLEND L,

$72, WE S OFHITETSH 2 ENHBFEEIZD
WL, B E LTHAREREZ N T0 5%
E, BEH R R 2 B IR L T 2 eV
FECH Y, M L7ZlEDrH#ETH 722 L b5z
FiL %% o720

5. f&&m

S PIHRNMREERE 12 B U B AR Z Vv
72 MALER T 1 0 SRR I, 1582558 & % 2
bi7ze Z OB FIIBTE: & HEME DL B D
%<, TATZAMTE L2 L SERMWIZERT
Hbo

AWEE, HBEERRIFE R AR R S OKRE (KEE
Fm 1 372-7) ART, BIEMTEE LTHEEL 2.

XXX

KL DOFEFICHE LT, FlR$ <& COIBg R
WHHEERETH) T A

X Wk
1) Ptachicinski JR, Venkataramanan R, Burckart
JG. Clinical Pharmacokinetics of Cyclosporin.
Clin Pharmacokinet. 1986;11:107-132.
2) Iwasaki K. Metabolism of tacrolimus (FK506)
and recent topics in clinical pharmacokinetics.
Drug Metab Pharmacokinet. 2007 ;22 :328-335.
3) ITHANG. 20114 7 1 AR A EE il &
FE A B R s (ASI Ltd. & CPCF Joint
Program) International quality control survey.
4 H ORAE 2011;24:568-572.
4) mEA, WHEJE, ARSI Yo u) AR
I HP g B 9 7 o0 22 B B 3 B R 1Y AT
MEIA, CLIA, ACMIA, EMIT Mo bkt #
fili 2012;47:75-81.
5) Shipkova M, Vogeser M, Ramos PA, et al.
Multi-center analytical evaluation of a novel
automated tacrolimus immunoassay. Clin
Biochem 2014 ;47:1069-1077.
6) Vogeser M, Shipkova M, Rigo-Bonnin R, et al.
Multicenter analytical evaluation of automated
electrochemiluminesence immunoassay for
cyclosporine. Ther Drug Monit 2014 ;36:640-
650.
7) SORBEE, MIRRM, M SRS Z2HE)
LCMS Hif L # %€ 1 CLAMTM-2030 % F W 72 i 4
s uax b7 774 —EE s RN A
* v b [DOSIMMUNE™ ] o feaFAM. B
& BEL 2023:48(1) :62-67.
8) Winkler M, Ringe B, Baumann J, et al. Plasma
vs whole blood for therapeutic drug monitoring
of patients receiving FK 506 for immuno-
suppression. Clin Chem 1994 :40:2247-2253.
9) Sketris I, Yatscoff R, Keown P, et al. Optimizing
the use of cyclosporine in renal transplantation.
Clin Biochem 1995;28:195-211.
10) HRER, HEERRE &1 &3> 2HH)
LCMS Hij LB 25 & CLAM % i\ 72 & & 55047 i
V2 & SR IR oD o Hp R R 22 L2 B S B BT
FHH 2021;56:15-23.

11) U.S. Department of Health and Human
Services Food and Drug Administration.
Bioanalytical Method Validation Guidance for



Article in press

Wk v~ + 777 4 =ik e 7z G PR I i B E 12 35 1 B iR s 10 & 2 LB o st

12)

13)

14)

15)

Industry, Biopharmaceutics ; U.S,, 2018

AR L SIS X A ARIER O g D ZE LIS
DWW, B L ORE ISR 23R8 19772358
61.

Kitajima H, Yamaguchi T, Kimoto E.
Hemolysis of human erythrocytes under
hydrostatic pressure is suppressed by
crosslinking of membrane proteins. ] Bio chem
1990;108:1057-1062.

Yamaguchi T, Kawamura H, Kimoto E, et al.
Effects of temperature and pH on hemoglobin
release from hydro static pressure-treated
erythrocytes. J Bio chem 1989;106:1080-1085.
N, kR —. RO B L O

(LSRR DZEAIZ O WT ILEEEIC & 5 22

Jitm 1974:;21(1) :8-15.

16)

17)

18)

19)

RPGFIH, HREHT, MELEFIIH. &
IR FEAEIC BT A 7 7 1 1) 2 AR ) 52
O FF Al -META i ) 0" ACMIA -, TDMWf 38
2009:26(2) :47-51.

Shipkova M, Svinarov D. LC-MS/MS as a tool
for TDM services: Where are we? Clin
Biochem 2016;49:1009-1023.

BEEHEF, RIEEZA, FHE FEITh
Dimension EXL20012 & % % 7 1) & ZHIED
FEBEAMET & Turnaround Time O FFAl. R
s & HEp b 2020;45(1) :53-58.

SOREEE, /AR sE ERESIE A LCMS/
MSENZ & 2 I H 502 31 i B2 o0 I 78 & AR AT
HTOMMAOER. FEHFRAT L BBk 2024;49
(2):108-111.

XXX



