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BWE B8 —FHE . R B ESOR M B - Fil (HPLC - MS) 3 [F] 6l 2 A 3 kS8 BRI 22 £ R IT IR
FiE: UREBREBEI N, ILRE R EEOUEELE, AR E 6 (Ulimate XB - CN, 4.6 mm x250 mm,5 wm) #4574
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147.1) , R ABB EREITEARFEEBATRES FREET, AR KEB ERRITEAERASHHNO0.1 ~
30.0 pg - mL™'(r=0.9985)F10.4 ~12.8 g - mL™' (r=0.9994) ; BEZ BB 450.1 pg - mL ™' F10.4 pg - mL ™" ; F1yE
BRI TF 80% , 5k IR 92% ~ 114% ; B 3 H[8] RSD ¥/NF 12% , 4538 A5 b: R AEas , o] A T R 6 i 2 A I
FbOoR BB ZERCIT R, B AR AR BT 3 P S R A R BT R,
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Simultaneous HPLC — MS/ESI determination of
mildronate and levocarnitine in human plasma
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Abstract Objective:To establish a high ~ performance liquid chromatography — electrospray ionization mass spec-
trometry ( HPLC — MS/ESI) method for simultaneous determination of mildronate and levocarnitine in human plas-
ma. Methods ; Carbachol was used as the internal standard(IS). The compound and internal standard were exreact-
ed by protein precipitation using acetonitrile, The HPLC separation of the analytes was performed on a Ultimate XB

- CN (4.6 mm x250 mm,5 pum) column with a column temperature of 40 “C. The mobile phase was acetonitrile -

1
H

water( ammonium acetate :30 mmol + L™ ;formic acid:0. 08% ) (80:20,0/v). The flow rate was 1.0 mL * min~
and the postcolumn splitting ratio was 4: 1. Electrospray ionization mass spectrometry ( ESL’MS) was used for deter-
mination , with positive ion SIM detection of mildronate ([ M + H] ¥ ,m/z 147.1) ,levocarnitine([ M + H] * ,m/z
162. 1) and carbachol([M + H] *,m/z 147. 1). Results: Mildronate, levocarnitine and IS all could be retained
well and separated completely on the Ultimate XB — CN column. The calibration curves were linear in the ranges of
0.1-30.0 pg - mL ™' (r =0. 9985) for mildronate and 0.4 ~12.8 pg - mL™' (r =0.9994) for levocarnitine ; The
limits of detection(LOD) were 0. 1 pg * mL ™' for mildronate and 0. 4 pg + mL ™' for levocarnitine ; The average ex-
traction recoveries for all the two analytes were above 80% ; The methodology recoveries were 92% - 114% ;The in-
tra — day and inter — day relative standard deviations were less than 12% . Conclusion: The method is accurate and
simple for simultaneous determination of mildronate and levocarnitine in human plasma,and can be used to investi-
gate the effect of administed mildronate on the plasma concentration of levocarnitine in human.
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7R JBTT (levocamitine ) f&— ) IZFE1E F 1l
BHANHWRHREER, CAERHEUIRTER
BHER, HEABEZRE BRI RIS R K
WIEHAT B - EAk, NI F=A BB &, 3K ATP ™
HM KB B (mildronate ) 2 72 F R TT IZE 2401
Y, —Fh R ELO AR 2y , e AMOK F 3 O fULRE
BB, KEMEMH LR RITHEYE B, B
SR ARG 22 R B TT BOVRBE , T /T 1 22 R R 9T
R BB DT BR AL , 3 BR .0 LAY BE AU ARG
RREAFE N ER A R E T AL, MR B
BRHREHENL, AL BF P BERANOE
RPIEHDY , KB R N R E R RIT &Y
RSN R FHEBEREREITERRNER
e, ISR 52, M Wistar K B 301 AR A
KIBBHE , RNWFE 2R R TTRYREE T R, BHWREE
A5 KR B8O LR E R X, BlEE
AR FAOKJB B X 3K 22 R BT W, & Bl
F ST T AR B BHE AR IO 253 AE FIRLAI

KIBHRLRCITASEEIN TS ETE
AREEHER I, 052 BB A T AT A AL, A b R AR
B, HEM{UER 1 BE3CEK, i F HPLC - MS/MS 3%
W5 Mg PR E B SOR R B R RITHE
AWV, BERRBITARBED R, FE K PRER
=, ELAR PR S Bk 7T BB 82 me) Il 3% rh A2 R R 7T H3k
B B HER frft — 8. 79N SCIRIRE L
A HPLC - MS/MS ¥l & i % & F R T ik
B B T AR AR M LA K AR
H A 1 R 0L SOk iR 38 2 A HPLC - MS 3% [R] 6l 78
M3 KB A R EITHIHRE

AR SO ST —Fh R B A L P oK R B R AR
JEITHRE R HPLC - MS ¥, &7 MR, B A
F AR K JE B A L3R b 22 R TT W 5% R e F
Fo
1 {FEMLEH

2 E Waters HPLC - MS £ % ( 23% Waters 2690
Alliance separations module % =5 3% & A 6,35 (%, Mi-
cromass ZQ H, ME % 7 3% {X Al Masslynx NT Version
3.5 BB TAEN) , iR B S0 ( LA pr U8R
HMRA]) , BB L HL(IEC Centra MP4) | 75
BURS(LEENTEIVERAPERERET ),
AG285 #, ¥4t X ¥ ( %+ METTLER TOLEDO),
TDZ 4 - 1. 8 A & H 3 FER OHIL(KYPME.L
VUL RAAD) o

KT B3 KFEE LA FRAF],250 mg -

B, S 20070403 5 K B S K EREZG
FRAF, E8/HK 99.53% ; AR EIT X B i Mg
—BEHGERAE, T& 99.2% ,#5 200806102;
FEER G (AR) P EZAREY S RRE
it #t5 100361 -200301; Z i BERR &% R . X
Tedia company , (5154} ; /K A4l K
2 HEMER
2.1 HEHECH
2.1.1 REBMAERRITHBRBR WHHERK
XfHRARORIE R ZE R IBITIE R, 57 5 R 4K Bl s
WA 1.42 mg - mL™" B9 K B £ WORIVR R N
0.99 mg * mL™' WA RRITHER. BHXBESE
B, & RIS RS R BE BERK, /N R T
MIBUERE , R R A K AR BRI E
VR B X R SRR, K TR XY R RIS R RSk R
44 :150.0,37.5,7.5,1.5 pg - mL™; ERRBIT
X B A PR B R B R B 43310 281 96.0,24.0,6. 0 pg
-mL™', FIAHIT 4 CHRBEM,
2.1.2 AIRER WEFBRARFEEREE, A
SGK BRI 4 2. 48 mg - mL ™' RIS,
BAEEBOER, AZERBRIRE R 0.5 pg - mL™!
AIPIPRIEVR , IL VA K (7] B 2 I A AL B A B B T O
Mo WIRBET 4 CHREEH,
2.2 BARNBLAE NEBEAREZERERTE
B300 pL,& 1.5 mL Ep B9, IMAWNIRER(EE
REF) 1 mL, JRIER D 2 min, B 7 (120 W, 40
kHz)5 min,10000 r + min ™' B5.0> S min, BL_b 3% 10
wL FEREHT o
2.3 EESEEEN

& E 2 A H (Ultimate XB - CN,4.6
mm X250 mm,5 pm), M ZHF - 30 mmol - L 'BEm
HOKEWB (& 0.08% HER) (80:20,v/v) HFzHAH,
PG 0.45 wm PRI I8, WE 1. 0 mL
~min”' FER 40 C, BRI K 4 1, #EE 10
pLo

B & R R RS B IR E B TR
(ESI™) ¥eke B 11k, A B MW (selected
ion monitoring, SIM) 4 FE Fig[ M+ H] " :m/z
147 1(KEM) ,m/z 162. 1 ( EERIT) ,m/z 147. 1
(H#5) o ESI BB M OB E:0.45 kV; S fL
BE:25 V(AEREBIT),21 VOKER),19 V(A
PR) B E:2.0 Vi B FIRIBEE: 120 C; R
SIBE 300 C SIS0 L - b EBFKK:
500 L-h™', XEBZFEITHRRES TFEH
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ANE L EXEENAHTEYREE FREEE k :
WE 2, REBE 27 A :12.7 min (KJEH) ,10.0 SsE s L F-.—.—,—.—L-z
min( ZRJBIT),7.4 min( }HR) ; BT %43 1 B W & i f;
3, 3
?HS ﬁ ‘l:'js HO ol S ——————— ;%—v—v—
HyC—N"—NH—CHy~CH;—C—0 24,0 ch-rf—cuz—cn—cm—&—o‘ e : Rk 0000 . 0 16
CHs CH, 1 1
A B
CHy I_"—V'_'_!_LI- v—v—v—vgi;v-
Hsc—n'——cnf—wz—o—g—nnz o f 2
('l}lg r——v——v—v—JEF—v——r— ,—-‘-——.—r-l—q—,—
¢ 3 3
B REB(A) ZERRBIT(B) MNE(C) AT (;—-F*;-L—lvo—-—lvs- i e o
Fig1 The chemical structures of mildronate (A) ,levocarnitine(B) and c D e

intemnal standard( C)
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F2 BETFHEAEE
Fig2 The total ion chromatogram
1. %)@ B (mildronate) 2. Z£-F JE 7T (levocarnitine ) 3. B4R (in-
temal standard)
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Fig3 The mass scan spectra of standards in control human plasma
A. X JE it ( mildronate)  B. Z2 K /21T (levocamitine)  C. PI¥% (inter-
nal standard)

2.4 FEMERYE M0 TEGE . SELE
+xt B R E KRR AEE LA 4,
o R I 3 P LA A B T IR & AR T B L A2
FRIT R B B o

2.5 REXRBE

H4 REGEER

Fig4 Typical chromatograms

A. 75 G (i # (blank plasma) B. XF B RAE W (OKEH:5.0 pg -
mL~';AFBIT:6.4 ng * mL™') [ pure water solution of mildronate
(5.0 pg * mL™") and levocamitine(6.4 pg - mL™')] C.ZEHMm¥E
+ YR ORBRBES.0 pg - ml™  ERRITHME: 6.4 pg -
mlL ™) [ bank plasma spiked with mildronate(5. 0 g - mL™') and leve-
D. IRZ5EH3 d
FRE KRR R 6.6 pg - mL™', K BIT:5.9 pg -
mL ") a human plasma sample after 3 days of oral mildronate ( mildr-

carnitine( added concentration:6.4 pg + mL™') ]

onate:6. 6 pg - mL ™! ;levocarnitine:S. 9 pg - mL™')]
1. KA B (mildronate) 2. £ 7T (levocamnitine) 3. NiFEEJE
B4 ( carbachol , internal standard)

SrAIB2. 2. 17 BT B 69K 8 X BR L P
MEREITH BRI BERER, MA 91 Ep Eh, A
RRMRT G, BIMAAZ B MK 300 L Aok IR
A0 B Gh 3R 138 MK P OK R BRI MR 4r H) M 0.1,
0.2,0.5,1.0,2.5,5.0,10.0,20.0,30.0 pg - mL™';
ERBITHE M MERKKA 0.4,0.8,1.6,3.2,
6.4,12.8 pg - mL™' KAt RS MG 3 EhRm
AEFRIT, IR BUE QiR 300 pL, FTAHARK
“2. 27T TEERAE

PIOK B BHREE X (pg - mL™") AR , K JE
5 pRig M ERR LLE Y R AR, ER T W =
/X, e R, B EPTE(n=9):

Y =0.8050X +0.006095 r=0.9985
KIEBEHETEE N 0.1 ~30.0 pg - mL ™' BRER
FRA0.1 pg - mL™',

PAZERBITH BB IN{E X (pg » mL™") 4
bR RHEMBE R E R RITRIAGEERILAES S
HfiEEF A RBITHAREERCERNEEY
HYRIR, MERTF W=1/X, & EEE, 7 EE
Ff(n=6):
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Y=1.161X-0.2621 r=0.9988
EERITRMUEERN0.4~12.8 pg - mL™' , BIKE
ERXN0.4 pg-mL™',
2.6 HHEMEEE

SARIEC2. 11T BL i oK B R R BT
A R E B, RS B 3 IRENIR A
BV 300 WL, K/ BHWE 2504 0.2,2.5,20.0
pg e mL™  EFRRBITHEERIK S 0.4,3.2,12.8
pg * mL ™' IIAPIARRL AW 1 mL, 857, A 10 pL
BEREA AT B BE S X BRI W R K B A P A e i
ERWE(Y,,) , ZEZRBITRARERRIE(Y,) .

SrAERC2. 1. 17 BT B AR B BRI S R B TT
EMEBE R, URKHRKRT, MAAE A M
300 pL BCHE. P 3 MIRE IR A X S M,
MR 4> 9120 0.2,2.5,20.0 pg - mL7', A&
RREITHRE R IMEKRK SR 0.4,3.2,12.8 pg

mL ™", R ERZS B A 300 pL, SRREREAE S
1 BTAREARE“2. 2" BT ik REE, #HLT,
BREBMHEAN 1K, ELNE 3 d, THEKEBA
WARIEE A (Y,) PLR A F R TT A bR id i
B 52 QA AR RIT RN RIEE R LR
EZE(Y,) , A HRAMMARE#RE TR, L H AW
BRSY R L K ETHE H ) RSD, R[FE H W78
BB RRIYR T8 B (8] RSD; DASE IR B 53 e
W R THE B IR K AR B R (R, ) 1%
R, =Y,/Y, x100% it+%&, £ K Je iT &2 B = fig 26
(R)¥R, =Y/Y, x100% &S, £EBITH*
JEBEES o 3 A B N H ) 3E 5 R B K
Rk RERILE 1, ARAH, EFREIT
FKJE BB B A H (] RSD 33/8F 11% ;3R EX E ie#
BT 81% , 778k EUCRTE 94% ~111% 2 JH],

R1 BEEMOKE
Tab 1 Precision and recoveries
o bidi 4 R (precision) , RSD/ % R EIH R ik B
(compound) ( concentration ) H A (intra - day) A & (intra - day) (extraction (' methodology
/g + mL ! (n=5) (n=15) recoveries) /% recoveries ) /%
7+ BIT (levocarnitine ) 0.4° 8 1 81 106
3.2* 5 9 86 106
12.8* 4 6 88 97
K J& B ( mildronate ) 0.2 1 7 82 111
2.5 2 2 87 99
20.0 2 2 84 94

* Yk BE #3848 ( added concentration)

2.7 BEH #H26"MT HFERHME. P& 3
R BEOK B M 0 2R R TT HOIR & 0 BR LR Bes B
MK, FREREAIE 22" T FEAE, #1774 K
FREEERE( -70 ~25 C) FRIEREHR
B2 C8hMKMREHERERRKK( -70
C,30 d) , LASERRBE ) RSD 3+ 8 A K R 1T FOKJH
MR e, SAREBY, KEBR A K3 FkE
) RSD(n =5) #/hF 11%; £ RETTH A K 3
WEERY) RSD(n =5) ¥I/MF 13% , REI LR RITHIK
JoR O ML BB E P S

2.8 FEEHRE %267 T HEmEHK.
R 3 R RIR A B R R B R
FRERAR, RGN EIRS, ITIE, RE
RIS ST 0 AR AR R AR G W7 o, LA B A
FrEMRER T, GERRIT 3 Fhok BRI R A
ESESENREL/DNT 13% , FEENGY T
MR,

2.9 ZREORKEMT AMEFLERBITHRE
iR)-A1CH

2.9.1 ZE BRIEESZ,.FLKHIA,T
HEME—HRaE, F EREYELR 8k
ERERGERERE. AR 2 ARNTHAGE,S
AARSMEMFAEALR, SEEERRR 2
RREBEHAREAE, RS PEHAERE
H, RS RETHEREMNE _ERCEERR
E(1%1:

2.9.2 BEAR 8 ARAEER O BOKE K
%,—H3K(BXF7:00,15:00,23:00 iR%) , 5
K 500 mg(250 mg KL~ x2 B) ,ELERA 134, F
#1,3,5,7,9,11,12,13 d 89 18: 00 sz R 1M &L,
HAES 1 dREWMAF T QIHE, HTREE
FRITEA MK Pk B A EERE . RAEm U Bk
Il 4 mL, fF&E$HLEE, 3000 r - min "' B0 5 min, B AL
¥E Ep & -70 CIRESAFRIE,
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2.9.3 MAEWE HESCRIRE, AMERNERETM
FREEHER 4.8 g - mL™' " B 8 £ 5%
FRE RAHI MK AR EITHIWRE K (4. 66 +
0.88) pg - mL™', SXMMEEA K. REHZ
A D IRKJE B 500 mg 8K, —H 3 K, LR
13 d,74%1,3,5,7,9,11,13 d 3¢ Aok BB E 3
W (pg - mL™') 22515 9.82 +2.81,13.91 =
2.44,14.78 +3.19,18.10 + 4.33,16.66 + 3.85,
16.24 +3.63,15.97 £5. 18 ; WIEMEY R £ R RITH
YRR (pg - mL™') 43514 :5. 68 +0.73,6.27 +0. 90,
5.88 +0.81,5.85 +0.95,5.53 +0.98,5. 60 + 1. 03,
5.26 +0.67, LHFALZ K OMRKIE MBI A MK
FERBITHKRE TR, SRNE S fim, ARA
ERRITAT%2RBEY, FERALXR S, HR
HAGEYER” , BEFZ AL Z R FE—4 %A
EBRZEUKBRHFAEER ARBYNENERE
TR FEAE R, AT BB OK /B B BRI L R 2 R R 7T
WERERRABANE, BIMVEAR REANITE
TR BB TR LIRSS R . KJE B i A PRI
M3 AR RITREMABIERARH SR,

¢/ g-ml?
- @ mildronate & levocarnitine

m:}H}HH

0 2 4 6 8 10 12 t/d

BIS  wgE O MRKJERE 13 d(500 mg,t. i. d. ) RBMMZE R BT
R R (R = £ SD X))

Fig5 The consecutive 13 days oral administration of mildronate (500
mg,t.1. d. ) induced changes of mildronate and levocarnitine concentra-
tion in human plasma(x + SD was used to respresent the concentration in

human plasma)
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v/v) B, WY 550 B B AT, BRI 2 B oK,
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FrlESESENT 24 h, IR ZmMB R ERRET. B
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BFST BT 15t 8 HR , 5 1T BEAS B Y 5 . I B 7E [ ¢
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B, 2 A REETAE, EEESANRPER
MAZER R IT B HI X R S M 3%, ¥ “2. 57 B F ik
BN, HBEENE, £ E A
FEet, B Rl —iR K B T f0 BR A L3R s A i
¥ut, LERMHEARME QKRS X
AR, NTE R — iR BT B T S0 & b A B
ERBITHREAS. WEEE R, BEHTHM
PRI 9 L 38 3k E T B T B B AR o
4 i

AR SCEESE T — R R E I A L3R AR S R A
REITHE® HPLC - MS ¥, X R E R, &
FTRIEBER N 538 AR BT 5T, B8 RA
KB BEXT 3% IR R A R e TR R,
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