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i ERIeFE A (CsA) 25 R E N % /£ TRIPLE QUAD™ 4500 MD,4000 Q TRAP #= API 3200 MD =
JREAC B R A R, ik h — & TSR FE A R RENE G REN, FiE SHZEREMNLKRAEEA R
BIREME G RE. RETR, WHEE., EHE. KRG, ARA AT REATIE, FE—ERERE=ZS
JRHEAL L e 45 R AT 4T, SR ERFeF A £ TRIPLE QUADTM 4500 MD,4000 Q TRAP #F= API 3200 MD _E ¢4
M BT 2 F1 A 3.0, 3.0 4= 4.0min, %A RIF; RIKT BFRSF A 1.7, 0.7 42 2.1 ng/ml; b B I AR AR £ 3 F
5%, EDKEH KT 90%, EBH T 5%, mr):~4t%/%[£l% 253 1 94.96% ~ 106.02%, 88.96% ~ 95.47% F= 99.14%
~107.82%; 24h # CV /£ TRIPLE QUAD™ 4500 MD #= 4000 Q TRAP £34/F 10%, & API 3200 MD £ CV ) F 5%,
Bl —dls R L Z & BN Lyt 2R 2 F R FE L (P=0.665) . &t ERFeF A e h R EN 2 £ =& ik
AL Tk 47, A28 ¥ b 7 % A TRIPLE QUAD™ 4500 MD,
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Performance Validation and Optimization Studies of the Determination of
Cyclosporine A Concentration in Blood by Three Mass Spectrometers
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Abstract: Objective To compare the performance of Cyclosporine A(CsA) in three mass spectrometers (TRIPLE QUAD™
4500MD, 4000 Q TRAP and API 3200MD), and optimize a mass spectrometer which is more suitable for the determination of
Cyclosporine A in blood. Methods Compared the methodology, lower limit of quantification, precision, accuracy, residue,
matrix effect and stability of Cyclosporine A in three mass spectrometers, and analyzed the detection results of the same batch
of clinical samples in three mass spectrometers. Results The detection time of Cyclosporine A on TRIPLE QUAD™ 4500MD,
4000 Q TRAP and API 3200MD was 3.0, 3.0 and 4.0min, respectively, with good peak type. The minimum quantitative limit
was 1.7, 0.7 and 2.1 ng/ml, respectively. The standard deviation within and between batches was less than 5%, the recovery
was more than 90%; the residue was less than 5%, the normalized matrix factor of internal standard was 94.96% ~ 106.02%,
88.96% ~ 95.47% and 99.14% ~ 107.82%,respectively. The CV of 24h was less than 10% on TRIPLE QUAD™ 4500 MD and
4000 Q TRAP, and the CV was less than 5% on API 3200 MD. There was no significant difference in the test results of the same
batch of clinical samples on three mass spectrometers ( P=0.665 ) .Conclusion Cyclosporin A can be measured on three mass
spectrometers, but TRIPLE QUADTM 4500 MD should be used in terms of compliance and detection throughput.

Keywords: cyclosporine A;HPLC-MS/MS; performance validation

412 A (cyclosporine A,CsA ) J&H 11 &
BRI G MIREREEFRIRZ K, S —Fh B ek
BEMER R HR, A PUIGIRES B L2188
M HES RV B B 25 e fE BRI R
FEH :J:E’M@ﬁﬁF#ﬁ*M‘E%hﬁEfifh ( graft
versus host reaction, GVHD ) 1% i i #3497 U, H
ARG, N AR, (HHERBITEA,
TR 25 5k, AT i 24 v B W BT H i,

EERN: L& (1984-) ,

CsA IfiL 25 ¥ B W 72 J7 vk 3£ 2 2 2 (EIA,
EMIT, MEIA, CMIA, Elecsys &%) . {5y & i
TR B T RREIk S e S U, O
B, RIS B O A T RS, BR
il 1 RAFEAS 15 AAS I XoF 11 25 e JEE ARG 0] K i o 22
K, P FE A CsA I 23 3 Hok ez 1) K
UG o PRI, AR SCHRE IR R TR 2R 45 A B B SE b
ML, SR I = GRS % ( TRIPLE

B, i, BhREEFSE 6L, FEAPE B TR, E-mail: rosiel982@163.com.

BIES: XIZ0R, U5, Besefiih, RIRTTEol, Js Aol G = e .



B R e dil 35 % 43 2020457 A J Mod Lab Med, Vol. 35, No. 4, July. 2020 119

QUAD™ 4500 MD, 4000 Q TRAP #I API 3200
MD ) b3l AT CsA i 249 B g 1 7 vk 2 1 g
TR o2, FRH CsA 24 i T 2 7 26 % B W
PO E e R e, R, B A
AT RAE AN o 38 28 1 R S B AR G I i — 20
I R —HEREA 3 BIFE = 5 B A A 45 5 =2 ]
ZERREGAGIEE L, Pk AE B O T
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1 #R5FE

1.1 Azt % WEE 2019 4F 11 24 H ~ 25 Hi%
AT b HE K i T 85 P [ 24 B A I CsA Il 2 1R 11
BRI A e MAEAS, 3L 100 £ IR MR JCHE |
JCFLEE . T I B, AR T A 4 o B AN /N T
2ml,

1.2 5K

1.2.1 {¥#%: TRIPLE QUADTM 4500 MD Ji i {X
( 3¢ [® Sciex 2% ) ) , Jasper = %K AH €4 33 1%,
4000 Q TRAP Jit % 1% ( % [# AB Sciex /A # ) ,

5 20A B S AORAR B ( HARSEAA )
API 3200 MD i ( 2£[E AB sciex A7) ) , S
Nexera Xp B S0 AR A AL ( HARSHAF )
HEERA ARG &, BOHLAE

122 & 5: ClinCal®-Calibrator (RECIPE, CHEM-
ICALS+INSTRUMENTS GmbH), ClinChek”-Control
(RECIPE, CHEMICALS+INSTRUMENTS GmbH);
CsA M52 AR G (2120 f 24 W AT CsA-d4 AR TR
K CsA ARUEW; 165 20191111, VL7955 B A YR
FABRAT) o HEAETESL (Fisher ) , 7K A B
ICZEIRAK (MBS ), Rk aigal (Fisher ) ,
2% ( AR, MREDA TECHNOLOGY INC ) .

1.3 Fik

1.3.1 {550k, (a3t Ultimate XB-C18 {4+
(4.6mm x 50mm, Spm) , FEiE 60°C; JiEE 0.8ml/
min; VizhAH: 2mmol/L ZWR%EE —0.1% W IR /KA Ik
(B) -0.1% PP EER (A) .

*x1 RERIE L L i
AL VEBUBREE (A: 0.1% FRFBEA) HERER (pl)
TRIPLE QUAD™ 4500 MD 0.01min ~ 0.5min, 50% ~ 100%; ZEF§ LSmin; ~ 2.5min, ~ 50%; 4EKF 0.5min |
4000 Q TRAP 0.01min ~ 0.5min, 50% ~ 100%; ZEF§ LSmin; ~ 2.5min, ~ 50%; 4EKF 0.5min |
API 3200 MD 0.01min ~ 0.8min, 50% ~ 100%; 4EFF 1.2min; ~ 2.8min, ~ 50%; 4EKF 1.2min 5

1.3.2 JEiE &M RATEBIE BEEHE (ESI+) ;

MRM; HiiH#E<: Medium,

*2 ZRRENNEERESH
RS it BB T (/) THET (mf) FHEHIE (v) HEFERE A (v)

TRIPLE QUAD™ 4500 MD CsA 12200 1203.0 60 3
CsA-d4 12240 1207.0 60 3

4000 () TRAP CsA 12199 1203.1 73 27
CsA-d4 12239 1207.0 90 17

API 3200 MD CsA 12027 100.2 120 120
CsA—d4 1206.7 100.2 120 120

133 HUZLBET L. AEEUUR 100p] 4210 E T 1.5ml
EP & W, SR 5 MR I A 21 40 i 24 W 100w,
CsA-d4 N H5 ¥ 300ul, % i€ 7 7% 1.0min, 13 0001/
min Z.0> 8min, B IEW 150ul T A shteeas , 7Rk
ClinCal®-Calibrator F1 ClinChek®“-Control &b ¥ J5 7%
A I

1.3.4  PERERGIE "

1.3.4.1 ke, fF LR s &0 T, B
23 420 100ul, FH 300u] A 50% HI AR bR,
FEHE “1.3.37 TR AREE; S5 HC 100ul 25 4 i in—
JEHD CsA BRI, A& TR “1.3.37 T ~bFE; 5
I 100p] B HRE S AR IR “1.3.37 TR AbHE ik
ACFR AR ARSI TR AL, X ARSI 1

SR
1.3.42 FRUEIRZE & 43907E 74 1.5ml () EP 4
HA 100p1 ClinCal®-Calibrator 4% Z2 5K HE TR
¥ “1.3.37 ACHLEHEATR, FNAL (W=1/X") f%
INTIRTELL CsA W AR5 CsA-d4 I TRIFR LA N (1)
X CsA WREE (X)) HFATZMEMIE, 15 CsA fnifrhZk .
ISR L (S/N) S 3 MR AR N T Bk B e ik
il (limit of detection, LOD ) , LIEHy{=E L
(S/N) 2k 10 PR FEAE R 5 2k ) e I i 4k (limit
of quantitation, LOQ) .
1.3.43 KB MIEMGEE: $% “1.3.37 FEih b HINE
%] ClinChek®-Control % — ¥ BESEATHI4% 6 MEAS>
M, FESE 3 K, RIS R H N A HE



120 PR IG E2aE #3548 4541 202047 A J Mod Lab Med, Vol. 35, No. 4, July. 2020

W 2 RN AR
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BRI s LRGN 2l i PP CsA 164 Jo 4 I L i
TS R SR S BLAY, A BEs N 3 vk K
) CsA ClinChek"-Control JF 441k £1) 4 Ifi ik Joi Al
W, IR “1.3.37 FESALERIMEALER, i iR
SIMAFAE R CsA M CsA-d4 (559 5 A& 41
CsA J CsA-d4 Wf5 75w B, il ad NFRIH—f i 56
J# K F (1S-normalized MF) A P-4 & R0, 144
NN .

IS-normalized MF = ( % Jfi /£ 7F T CsA I i
FU/CsA-d4 TR ) / ( FE TR ANAFEAE T CsA U [ F
CsA-d4 I F
1345 FaEPE: T CsA L2459 R I B R K it
P, HO ClinChek”™-Control f%. Hr . myvk BEAE M4
AT S IR ACE 24h 5 00T, 4°CUKAR UE 24h )5

37e5

3.0e5

20e5

Intensity,cps

M, BEAUREE IAOCRENR, HERR “1.3.37 IR T
ClinChek"-Control JFi#5 i A0 FH 21 50 o 48 10 5 1)
TR+ 15%, TR S B RS E MR A SE 30 2 lim
PRAGIN () 22K

14 it Fob UER 100 4B H CsA M2yik
ERAAMEEA, i “1.3.37 Wi R, 29—
B A CsA WeEE . fi ] SPSS 17.0 Xf —
BRI 25 S AT T 2230, DL P < 0.05 2
SEAGIEE S FER = AR S5 1 0T
FHICHESIHT

2 H#ER

21 FEFHFRLER WKL ERHLNT,
S PSR TS T4 CsA Fil CsA-d4 B
CsA 7E TRIPLE QUADTM 4500 MD, 4000 Q TRAP
F1 API 3200 MD i} 0 B [8] 43 53l o 1.95, 1.95 i
1.99min, £UIERI U, CsA-d4 5 CsA 145 —5.
TRIPLE QUADTM 4500 MD #1 4000 Q TRAP %%
K6 W00 BSF 18] & 3min; API 3200 MD % &1 46 I 5[] 2y
4min, FERPEK, AR ENE

40e4 -

2064 + 1
1

Time,min

A ZEa£Mm+ Rl

05 10 15
Time,min Time,min

B. A2 +CsA+CsA-d4

0,0’ = L
20 25 05 10 15 20 25

C. BE &M + CsA-d4

B1 AEFZER (A, B, C)

22 AWk WK 3. KW CsA 7R IEIX[A] ( 26.4
ng/ml~ 1 290 ng/ml) Py, 7E TRIPLE QUAD™ 4500
MD, 4000 Q TRAP £ API 3200 MD Jfii%{% | )£k

PEXRRL, ¥alHThr; H LoD #2518 0.5,
0.2, 0.6 ng/ml; H.LQD 235k 1.7, 0.7, 2.1 ng/

ml,

=3 AEB SIS R EMEER
e #ik BykRite
TRIPLE QUAD™ 4500 MD 1 ¥=0.001 29X-0.005 75(=0.999 4)
2 ¥=0.001 25X-0.004 03(=0.999 6) ¥=0.001 3X-0.004(R’=0.999 6)
3 Y=0.001 19X-0.003 94(r=0.999 8)
4000 () TRAP 1 Y=0.002 23X-0.00 73(r=0.999 4)
2 ¥=0.002 18X-0.005 31(r=0.999 6) ¥=0.002 3X-0.000 63(R’=0.999 0)
3 ¥=0.002 29X-0.006 34(r=0.997 8)
API 3200 MD 1 Y=0.00 18X+0.002 67(=0.999 4)
2 ¥=0.001 82X+0.002 26(r=0.999 4) ¥=0.001 8X+0.003 6(R*=0.999 4)
3 ¥=0.001 79X+0.003 63(r=0.999 5)

23 AFEE Ak HE UK 4. CsA 7E TRIPLE
QUAD™ 4500 MD, 4000 Q TRAP £ API 3200 MD
AR AR AN 22 8N (<5% ), KEERELF, 1A

WA (>90%), WER LS. Uil =& B b
(9 CsA il 77 5 KRBT I A CsA I 28 Hk i i
XA 8 R RS B2 A K
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x4 SRRENEEESERELESR
AR VI (ng/ml) ¥ngml)  AEARSD (%) HFIRSD (%) FUCR (%) HABARSD (%) HEHARSD (%)
TRIPLE QUAD™ 57 57.69 3.77 459 101.25
4500 MD 119 113.72 453 497 95.56 391 4.66
237 22333 342 3.81 94.29
4000 Q TRAP 57 58.03 1.95 4.06 101.74
119 115.44 207 3.09 96.98 263 3.03
237 2.2 263 3.03 93.74
API 3200 MD 57 58.43 2.86 2.69 102.53
119 117.89 2.68 258 99.04 217 212
237 23239 0.97 1.08 98.06

24 EG. AArmpgR REERIES, CA MD, 4000 Q TRAP F1 API 3200 MD = & J&i i {X
A N Fr CsA-d4 7 TRIPLE QUAD™ 4500 MD, |+ ) IS-normalized MF 43 51| i 94.96%~ 106.02%,
4000 Q TRAP F1 API 3200 MD =& Fii{¥ I 5% Ba 4% 88.96% ~ 95.47% F 99.14%~ 107.82%, fWfi (CV)
RBNT 5%, FF6 i E 25825 5 A YRR e i BUNT 15%, UG AR5 A 0 25 B #250
Mo BB e Ag S ) 1o, AT DLAMEERE L o AT T RE B AY JE FRRON, FE TR

BN ZE R IR 6, KUPG A, JoA i K BN P AT G v ] 24 32 5 B e A 1 AT i g ik
J I A [l 96 B CsA 7E TRIPLE QUAD™ 4500 g e

x5 =RRIENEBER
T FoRsen e (-
WETAR RiTAEmE &S IR Rl s AR 33
TRIPLE QUAD™ 4500 MD Tt SR 1440 000 - 853 000 -
01 651 25 100 26 2210 831000 0.3
ZEH 02 21 0.9 1530 02
4000 Q TRAP fi 1 SRR 3280 000 - 1230000 -
ZH 01 0 56300 0 0 1140 000 0
ZH 02 0 0 0 0
APT 3200 MD B R 1210000 - 552000 -
2101 948 23700 40 11688 487000 24
%02 404 0.2 122 0.02
6 ZERENERYEER (%) x7 ZERIEMEEMESER (n=5)
(s Bl i W RE ML ACHKE 24
QL QoM qcH (CV) s . -

(ng/ml)  fifar (%) fifs (%)

TRIPLE QUAD™4500MD 10602 9546  94.96 520

TV

4000  TRAP 9547 8896  89.68 530 TRIPLE QUAD™ 4500 MD 57 414 467
119 8.40 2.86

API 3200 MD 99.14 10376 10782 414
237 8.19 371
2.5 AMLZER K. . E R EE BRI T 4000  TRAP 57 390 421
FRUE 24h, 4°CUKFAUE 24h FoE M52 (n=5 ) , 119 591 1.03
f£ TRIPLE QUAD™ 4500 MD, 4000 Q TRAP #i 237 6.16 117

IV AN itz A\ A =2 i

API 3200 MD —. =1 ))ﬁx‘lEl /fXJ:E: E {}I]IJ FE E/J{}l?’d'f% (CV) API 3200 MD 57 2.56 2.70
BT, REAS ACORRTBUEILE AR T, TR, W s

TS PR P R AT
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26 &R A BEFLICLE 2019 4F 11 H 24 H ~25
H i PR 46 R FEAS 100 3, JF 43 HIHE = 6 BT b
PEATAGIN, Hod CsA I 25 4R FE 45 /T 100 B /5
It 58%, Z5 AT 100 I/ T 300 A9 /7 L 42%.

Hoor 200 45 3 F=0.409, P=0.665>0.05, i
TRIPLE QUAD™ 4500 MD 4 4000 Q TRAP, API
3200 MD =Rk a5 R 2: R g it 5 Lo

@i}, TRIPLE QUAD™ 4500 MD 4 4000 Q TRAP
RN 0.994 0, 4000 Q TRAP 5 API 3200 MD
FEAS 25 A ¢ 22 %00 0.996 9, TRIPLE QUAD™
4500 MD 5 API 3200 MD ¢ A%k 0.995 9, 1]
S TSR I 25 A SR, TS T E
HEAT EAREAS, (LGRS % . WK 2,

4000 Q TRAP 255 (ng/ml)
A. TRIPLE QUAD™ 4500 MD 5 4000 Q TRAP

4000 Q TRAP 255 (ng/ml)
B. 4000 Q TRAP 5 API 3200 MD

E 350 350 350

o .

< 300 | " —~ 300 300

i E =

250 & 250 | = 250

g - Z

z 200 | z)é 200 = 200

2 150 L a 150 | n 150

E = 2

g 100 ¥=1.006 5X+0.794 8 § 100 Y=1.075 5X-1.363 7 E 100 [ Y=1.087 9X-1.047 9

S 50t R=0.988 1 = S0t R=09939 = 50 R=0.992

SEE ; : ; 0 : ; . ; < & . ; .
& 0 100 200 300 0 100 200 300 400 0 100 200 300

TRIPLE QUAD ™ 4500 MD 4% ( ng/ml )
C. TRIPLE QUAD™ 4500 MD 5 API 3200 MD

B2 XS

3 iFig

CsA TERNIRZ RIS e sl s, EZH TR
JK GVHD () #pi fiayr . P HSFER R, 18
WAL, AR S U R,
T ofn 29 B 2 R TR RG I s ma gk B e
PEFEAGI, HAVET =M RS 5 CsA k&
MRS U, B CsA I 25 e B A6 I 45 SF A v
sl RIS T CsA AR PIis AR, S5
CsA IMZTHIELE R SRR EATF, X CsA MGk
JEE W T B R AR U N FE L. DAVID W.Holt
25 U0 DA B354 CsA Il 25 1 BE I 5 A 4 A
W, TR ASI AT o 5 ) R AU A B . 2002 4
WRRHN B L ZZ ARG Y CsA 12857 B I 2 AT LA
PRAE: (EMIT, ACMIA ) B 2 (A3 2 F i
2, [RIATHE R AL B, SRS CsA
ML 245 9 58 K Ak Ea # U2. 2009 4F WHO 5 Hi CsA
L2453 F35 100 5 7 e P S e R R I 9, sl At
W= T TR R IR B o b s S Y CsA
L 2453 B 35 9% R TRURE €20 % £ BB R 0 5 LA
JITth 2R ) o 53R AR 0 3t B o e A T 5 G 2 410 7 51
B I 253 BE MY 2019 4F, TR ENAYT W ML R
HPEH, WYL R YE e RO (i - R
T B 5 AR A0 v 55 £33 B R T 245 9 il 2 vk
FEI s U AR SO R B A I CsA I 25k B
ST RPN N CsA I 2 5 Wil ) 4 bs vfi i 0
ATy, 3 I R ) B RO S ) CsA, RIS
B, HAZRE=y s+, HTb
M CsA FRHAZGY)

A TARLEIA =& Y ( TRIPLE QUAD™

4500 MD, 4000 Q TRAPAPI 5 3200 MD) , AJ]
ASCAE TR] T TG0 000 B A B A A Cs AL I 24 Yk 2 15
FAAE2E 5 A SR S AU IS A R )R, — BRI
B, AW FEXT UL L =R R RS A
T CsA 1M 254k B2 EATPERESOAIE, 1L BT WIE — 7o 2
R ACE INGE A CsA I 24 v BE W, = EE O
PrifEhise, HAL HIEK %R, 508, JEBE0,
e X L T HEATIE 120, A DL R g5 R I,
API 3200 MD il [ <, BERFEEER, TR S %
190 AR AT SR W A B APT 3200 MD X
OB VR I 5 T ORAR ™A%, Hma R A Pk
N E# %, 1fii TRIPLE QUADTM 4500 MD 5 4000
Q TRAP I %L, HERER/DN, HOr B 8tasE
{E i THAS R, MANBES 2. T APT 3200
MD #iI TRIPLE QUAD™ 4500 MD ¥J 3k 1§ CFDA
HLE, AT DL G RS2 g s AG I R R 2 SR R ]
TRIPLE QUAD™ 4500 MD 5 4000 Q TRAP £ API
3200 MD A Lb, BTG G T CsA I 2454k B8 Wi, A
G BE T AR I 1) 45 SR e R 2 e 32 4% 5 15 450 dks U
CsA M7 EEFRHES, LIME ST 4 S A AL |
HEE 2 P
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