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Determination of cyclosporine A concentration in human whole blood by liquid

chromatography tandem mass spectrometry and its clinical application

ko, BHR, BEE,
W R

(R BT e o PR g0y, R HE 300191)

ZHANG Yu, CAO Ya —xin,
CHEN Yu — xuan, YANG Wei

(Tianjin Medical Device Evaluation and
Inspection Center ,Tianjin 300191 ,China)

EE ST 5Kk (1996 - ) 2, B ARG, 32 22
MEARIMS Wik R A E ST
BIEEE AR, PR LA
MP 15222288408
E — mail ; aiyul 1@ 126. com

WEBE M ek R @I - R (LC - MS/MS) T
ANEMAAMER AWEEST. i SCRCRHH EETUE & A MR H 7
B, U AEER A - d, NS, 4358 4 Kinetex C iy (3. 0 mm x 50. 0 mm,2. 6 pm,
100 A) A0 K 0. 1% HER K 78 (A) = 0. 19% FER FBEV 9 (B) 5 i o
0.55 mL - min ™" s H:3E N 40 °C o SR LIS TF 55 R 22 SR W ) ( MRMD) #5228,
AT BRI . FEIZIIEN TR SRR 5w T R R SRR
TN FFEARS B, R FMERE A WARBEE Y 119 min, BAFE S
SAHTEE] A 2.0 min, 7E 10 ~1 000 ng + mL ™" {5 B Py S8 RLAFLRPE (r =0.998 5),
SERTFBRY 100 ng - mL™' L EICR A 99.53% ~102. 83% , it A 1 <
3.58% LIRS % B <3. 24% FEAS TR E M AT, SE RN 0T A2 . S8 1%
DRSS LA, R R, AR 3 T A AR A R R A R A I
2 W e R E

SESRIR  FRAUEE B A5 VM (0% ER IR R 3 1M vk

DOI:10. 13699/j. enki. 1001 - 6821. 2026. 10. 007

& 4> %S : R969 XERFRED: A

MEHS 1001 -6821(2026)10 —1391 - 06

Abstract; Objective  To establish a high — efficiency and sensitive
liquid chromatography - tandem mass spectrometry ( LC - MS/MS)
method for the quantitative analysis of cyclosporine A in human whole
blood. Methods Protein precipitation with methanol was employed for
sample pretreatment, and cyclosporine A — d, was used as the internal
standard. Chromatographic separation was performed on a Kinetex Cq
column (3.0 mm x 50.0 mm, 2.6 pm, 100 A) with a mobile phase
consisting of 0. 1% formic acid in water ( phase A) and 0. 1% formic
acid in methanol (phase B) at a flow rate of 0.55 mL + min~'. The
column temperature was maintained at 40 “C. Quantitative detection was
carried out using electrospray ionization in positive ion mode and multiple
reaction monitoring (MRM ). The method was validated for specificity,
calibration curve and lower limit of quantitation (LLOQ) , accuracy and
precision, matrix effect, and sample stability. Results The retention
time of cyclosporine A was 1. 19 min, with a total Tun time of 2.0 min
per sample. A good linear relationship was observed in the concentration
range of 10 =1 000 ng - mL™' (7 =0.998 5), and the LLOQ was 10.0
ng + mL~". The recovery rates ranged from 99.53% to 102.83% , with

intra — batch precision <3.58% and inter — batch precision <3.24%.
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The sample stability was satisfactory, and the matrix effect was negligible. Conclusion

The established method

features short analysis time, high sensitivity, and low sample volume requirement, making it suitable for therapeutic

drug monitoring and accurate quantification of cyclosporine A in human whole blood samples.

Key words: cyclosporine A; liquid chromatography tandem mass spectrometry; blood concentration monitoring

HAIFER A(cyclosporin A, CsA ) & —Fp i PEFRAR
Z IR 2 A 5], s 4 i) T 4A I S Re) iz
WEBHETHER AT . iy a s AMAZ B
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Figure 1
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1800 ng - mL™") KE A 2 AT AL FHUS , HERE S AT, AR
PR AL T i 155 A B e 45 2R 2 I i
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Representative mass spectrum ion flow chromatograms of CsA

A ; Bovine whole blood matrix ; B: Working solution ; C; Bovine whole blood matrix plus standards; D Actual whole blood samples.
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FREMZMEE TR  CsA 7£ 10.0 ~ 1 000.0
ng - mLN, 2R M OC R R I, JLAR o il £ O R R
y=6.20x10 *x +7.23 x 10 2(r=0.9985) , % & F R
710.0 ng - mL™' o BT R BREEAS A5 168 HL 2K
F10,CV (K 1. 38% , fSHm 2K —0.95% ,

BEESEWRE ANHEFEEIAKT 3.58%,
it H) K % B2 X OR R T 3.24% , I Aw | i R 7R
99.53% ~102. 83% JEEN, WL 1,

BN $EHL 200 ng - mL ™" v B ASORPEANY
S T R B FE RO, A 4 I FN A 4 I AH B 4l T
[ MF {543 51124 0. 872 F1 0. 879 , 2B A 4 Il F1 2 4>
IMEETT X CsA (1) 85 ¥ 1k &8 2 30 36 1, 1B 22 = ¥ 75
+20% AP, UEBH TGS & A 42 I 3 o s e 4 42 i 3
A R 1R 5 7 14 AT L 220 A 4 I TR A
TR A N A B br o i 2y 1 e, Lk 2, R [R) A
FOFEZ A AR IR BRI [R]85 B A 1 TS 3 06 B T
330 S FH 2R 4 AR A N 4 I I R 1) A o
2,2 HAREREA S A BT DU e 2R 4 1 A
NI IATAE i, 2 o 5 B A 1 00 7 235 2R I [l i 52
TR EER . DL EAFA 00 B 2= B A D
N2 P AREER A B 5820 U4 2 i
N4 I ] R I AR A B AT DA YT 24 K d N4,
Sn] ik A PR RN 4R I0L T AT BB R T TR B e 5

TREM 10 G MRAEATEZ IR (10 °C ~30 C)
TARAFHE 24 h 2 C ~8 CARAFHES K. =30 °C ~ -15 C
PRAEE 2 A FIE, I 45 S 5 %00 BR 20000 7 45 SR 1Y) T

R2 P AR BbR R A 5L STbR v 25 R H A
Table 2 Comparison of standard curve equations for bovine whole

blood matrix and human whole blood matrix

Standard curve equations

Object

Bovine whole blood Human whole blood

y=0.005 18x +0.162 87, y=0.005 30x + 0. 161 46,

Cyclosporine A
r=0.998 71 r=0.998 66

R1 JLC-MS/MS JyiilliE CsA 5t 32 A 25 A [m] i

Xf ¢ K3 R, PAEY /N T 0. 05, Rn A 2R
L, D PRUEAREAS I 35K A4 RS P B 25 2R A R, R Ak
ARSI RPEPASI 5 5 AE AR b T 25 3 (10 °C ~30 °C)
METAHE24h,2C ~8 CHREAMHE3 A, -30 C ~
— 15 CORAFAE 2 DA T RIER MAEAS  CsA R
AR TR I 7E
2 FAEFNA

WO I R IR T CsA Y 4 Il AR A HE 102 £y, 42 B
“AIMREAS KR B IR 445 B IR, 22 1L.C - MS/MS
W AR MAEA CsA BT, CsA i ik
TGO, DLIEL 2, 5734 i e B 290. 05 ng - mL ™",
TR I Ny 127. 38 ~437.68 ng + mL ™',

K3 ORI R A IFR AR EEFIAS [A) 5L B AS (4 [ Y5 0k
24
Table 3 Comparison of recoveries of different CsA concentrations

and different matrix samples

Concentration(ng + mL ")

Matrix
50.0 200.0 800. 0
Measured value in bovine whole blood 47.79 186.54 795.05
Measured value in human whole blood 47.70 188.61 785.54
Recovery of CsA in bovine whole blood(% ) 95.58% 93.27% 99.38%
Recovery of CsA in human whole blood(% ) 95.40% 94.31% 98.19%
500
=, 4001
=
gl)
E 300 1 b ¢
& 200
100
6 2'0 4b 6‘0 86 l(‘)O 120
n
2102 i RAIMAEAS CsA W BE 4T 14
Figure 2  Concentration distribution of CsA in 102 clinical whole

blood samples

Table 1 Precision and recovery of CsA were determined by LC - MS/MS

Intra — day(n =10)

Inter — day(n =30)

Concentration
Measured

Relative recovery
Measured

(ng-mL™") RSD(%) RE(%) RSD(%) RE(%) (% ,x xs)
(ng-mL™" Z+s (ng - mL™" z+5)

20.0 22.15 +0.79 3.58 10.73 22.55 +0.73 3.24 12.77 102.83 £0.05

500. 0 506. 59 +6. 80 1.34 1.32 508. 82 +4. 80 0.94 1.76 102. 17 +0. 01

900. 0 927.58 +12.46 1.34 3.06 927.11 +14.75 1.59 3.01 99.53 0. 01

RSD; Relative standard deviation; RE :Relative error.
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CsA 1F g — s g S e 40 0], 7E & B B AR
J5 BUHE R SO A E B e PG AR IR 9T th kK 5
HEAEM . SR, b T AR YT A AR ] 254K
Bl )y 22 5 B 2 DL RO TE R T B BRI L I R IR T 2
%) s ( therapeutic drug monitoring, TDM) g 15 0 N
L, CsA TRl R W+ 207z, gy T m)
il 2 T 2R 6 5 R B IRIT B B R R 2 5 A
R . HEmm AR b 325 AR 25 5 12 /N i
M58 BE (Co) AR 25 J5 2 /1N I 1 i 24 e 3k i
(Co)RIE M2 Zm %, WG HMER AT
VR R I BB 2 % 33T R o
BB A2 & 25 1A Al CsA G 5 R
fig ( mycophenolate mofetil, MMF ) | ik JE #4 ( predni-
sone, Pred) =B W M Co WS H W E N
200 ~350 ng - mL™", Jf 5 AR 45 A 5 B (0] A $E S i
B

WAEEER A TR NS 4 223k 30 KA
Wyt AR AT RE T PRI 4 SR, A
P35 3 AT AT RE PR 28 SN B0 (B e o 9K S
TEWFFE P A 4 ) FPIA 35D 58 19 02 JsUE 25 Y AR
Y)Y S FPIA 005 19 I 24 ¥k B2 W I8 = T HPLC
T UK A5 A I TR ks Y R A
PE. HPLC jil i (435 A 40 25 52N 0 1, BETE UE
B E 4 i IR R A BT 25Uk B e TR
R T, (B 23207 EE R A I I ] 5, X e
Je 4 A HPLC 3% 0 & 4 1l CsA 19 ¥k B2, H B
10 min""* ;5K TUA S AT HPLC 350 7 42 1ML CsA 119 e
B, e 15 min'""’

LC —MS/MS i R FEREMEIT S T HPLC - UV,
TG AR R ORY CsA 25 W Wk I o B
LC — MS/MSANAY fie M fff ] 2 B 25 Wk B2, 38 ] [A] )
W Z2 R At AM1  AM9 (AM4N 5 3 2650 4
PR IR R A AR A 25 5 A0 B P AL
BAEHEEMME. E&FAEE TR CsA 2591
B RERS AR R B A ) AML I AMAN 15 B 24
CsA [Y5EZR, Ry CsA TEIf R A FLAE R4 S #51
E A RIELC - MS/MSH; I CsA #F A i 4b 2 J7 1 45
 EH A DL R AR A WA R, AR
PE2E . AR AHRE R LC - MS/MS 3l CsA
W12 min' SR ARKR TR Ay 4. 35 ng - mL7' o B

BhAE P A0 1 2 + B DUTE A D B b i Ak B
Jrik, CsA 1 5r Hr k(8] 5 3.5 min, %€ & T R KN
10. 4 ng - mL™" o ARBFFER T w5 RO FITE AL 3
Jiik AU S50 pL & AR A 5 250 wL & NARAY T
YR (125 ) IR 45, 1l ad P AL A HLI 50 B i, 7
PRAIE 2 3 03 280 R 114 (] I S8 =25 9 /0 R A ) 4 Tt
FITHFE o %7 1 B A Vi A A0 (8 PRAE , R R 46 2 1 Iy
Ak BR8] o A R TSI A 1 L S 0k FH PR A R
AGTARTRIAE R A AR, AR I 5 H AR A &
Wy BEAHALL , n] A RORE TE AR A A P i R P ) B ok
O ST 5 AR 22 S, o R A SR N AT
TE @ 70 B T7 1T, 2R PG A rey bR A 38 3 A I
AMLEBLT R N5 T IR B 2 o0 () It
HR TR BN AR B 46 rh o 2 05 3 B R AS 23 A JH
WLHT 2 min, € 5 FBR10. 0 ng + mL ™A Y B
Rl (5 W L (S/N) > 10, & B G 5 19 73 A R A
HE 12 HER 1

AWFFER S IFRAE T —Fh T LC - MS/MS K
Kol 4z BB R A KI5 kst bR
AP DUR B, KRR AL 1A Fir Ak 217 A ;
LA S S5, SEBE T 2 min EEPRGE ST B AT 7E T
IEYUERT B, SR A 4 U R AN A2 AR D I, D
A I RA SR A T8 A D7 58 ARSI ik B
RS R, REAE X 7 CsA S HARHE™ W, JC
FCIE 52 20 (1) sl 5 i oK, (EHG a0 8 A
ARTTHERR 138 Koo RO, i bs e AL SR A AR T
KA SALHT AL PR, B R] 2 — P FEAIR LC - MS/MS
O] ZSIATEINE
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