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Effect of cyclosporine A on the pharmacokinetics
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Abstract: The paper is aimed to investigate the effect of cyclosporine A (CyA) on the pharmacokinetics of
ginkgolide B (GB) in rats, and to look for the mechanism of the changes in pharmacokinetic behaviors of GB.
GB concentration in plasma, brain homogenate and urine samples of rats was determined by LC-MS. Effects of
CyA on plasma levels, brain distributions as well as urinary excretions after intravenous administration of GB
were evaluated. CyA coadministrated intravenously at 10 mg-kg ' or 20 mgkg ' significantly increased
AUC) 360 min (P < 0.01) and decreased total CL of GB in rats. While coadministrated CYP3A inhibitor
itraconazole (ICZ) has no appreciable effect on the pharmacokinetic behavior of GB. CyA increased the brain
uptake of GB in a dose-dependent manner. The brain distribution of GB was significantly increased at 5 min by
different doses of CyA (P < 0.001), while at 20 and 60 min only high dose of CyA could significantly increase
the levels of GB in the brain (P < 0.01 and P < 0.001). Different P-gp inhibitors CyA or verapamil (VER) or
digoxin (DGX) decreased the urinary GB excretion, the urinary excretion of GB in 0—8 h were about 34.8% (P <
0.001), 59.4% (P < 0.001) and 79.7% (P < 0.05) of the control, separately. No appreciable effect of ICZ was
observed on urinary excretion of GB. Coadministration of P-gp inhibitors CyA could significantly increase the
plasma level, accelerate the brain distribution and decrease the urinary excretion of GB.
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— PR R AR M /MNIE AR T (platelet activating factor,
PAF) f5505, TR T LY GB WA Hi % B
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(glibenclamide; IS)+ EHER4EH7IAK (verapamil, VER).
== (digoxin, DGX). /i FEM: (itraconazole, ICZ)
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2§ LC-MS-2010EV ¥AH (il i i % A (H
A B A ), A4 LC-20AD WAH%E, CBM-20A %%
2% CTO-20A F1:E46, SIL-20AC A #hHEFERE, LC-MS-
2010 IS AT, BT 0 R AR LR A AL
H B R RS  TEIRAEAE . DUZAF R 25 . HmE 55 (ESI)
B, MSD RIS . SEE OIS TAEu; 0412-1 B0HL
(LHTARSW ); XHF-1 mifamds L4kt
AL B A 7))

4 Sprague-Dawley HEPE KR, /A (240 +
20) g, bGP R- L SR B IR A F R, B
W4 R AIES: SCXK (U) 200322002

S FERALIE  EWIRE N (MR, ARSI
WELR) 50 pL, I 2.5 mol-L™' AW 10 L
o, B WAREE AR (5 pgrmL™") 10 pL, FFEAS
JE I Bk 1 mL, 3BEdRY 5 min 5, 12 000 r-min~'
B0 10 min, FEEH LIS 800 uL FELE T,

50 C &M FEAWRTE ARSI 1.0 mL iRk,
12 000 r'min~" B0 15 min, B_E3EW)S 10 pL #ERE

P

FE o

¥ S E

PEIRE RS SE (T LC-MS 617 (a3l 4T:: Hypersil
ODS (150 mm x 4.6 mm, 2.5 pum), K5 R R RF AL
AAMRAR; ot FEE-0.01%2 7K (55 45); it
B 1.0 mL-min~'; PEFEE: 10 pLo JRIG4ME: %
BT (BSD, RHEFMEE TN (SIM), GB SIM
72 [M-HT", m/z 423.10; AFRKEFIANIR SIM (1)
1L [M-H], m/z 492.10; Kill#s f 54 1.60 kV;
TSR (Ny) WE: 1.5 Lomin'; T AR
250 °C.

Pl 2 B g 40 ul, K% GB bx
HEM 10 pL, A7 HFTEW LS A024 0.05, 0.10, 0.20,
0.50, 1.0, 2.0, 5.0, 10.0 }2 20.0 pgrmL™", % “/EWkt
AL B TR VAR, DURE S TR 5 A AR I T
B2 (f) AYAKR, FEIKREE (c) AREARFRES
PEENA, #3128 GB AIARHE I EE . U A m 215
HW 40 uL, K5I GB ¥ 10 pL, 87305 ik 5 7y
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ugmL™, % “AWIRE S ALY TR 7 ik, DLRE
AT A S N ARG TR 2 B (f) SIOAARR, FF SR
FE (c) FBEAAARAES PRI, f3IN41ZRrh GB 1 AnitE
Mk B PR 40 pL, K5 NN GB ARfE#E 10 pL,
R FE 23504 0.10, 0.20, 0.50, 1.0, 2.0, 5.0, 10.0,
20.0 F150.0 pgmL™", 4% “AWFESALEL” TR J5 ik
B, DR SIETI R S A ARIETIAR Z L (f) AR
br, FERIKREE (c) ABEAARRAEL TN, 43 R
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2% FE S HERS B8 B I e e 4 “hevfith 4
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ARER” THCR 7 VAR, 1 d AR TR I ) R R e S
UG TR L3R S AL 250 3% % R b 2 EL I H A
il 85 B2 DA S HERf BE (R0 i 5 BRI (E LB R, AN
VA T PR 0T B LK o 2L 250 S R PR R S AE AN TRR
(BERMZE 1k, %L 5 d) WIlE R THEAAIE4 B
HIRE 3 B . 145 0.1, 1.0 A1 10.0 pg-mL™" X} F &
e T 20 2R B PRAGRE it U A5 5 R %o R it 33 98 )
B2 L, 19 GB #REURICR .,
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IR 10 pL J5, 2T s AR e s (70
TR THCE 0, 2, 4 F18 h), AUk EIRK:
CN IS L T-=20 °C 23 VA VRIECE 0, 3, 7, 14 d) Al
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TR J5 AR, K e 0 0 AR B AR N A A
2, THELRE R R I S IR 22 D) PR A 6T 22 S ok
PEASFE S 30 AR R B VR E . T %8R
GB HEFEIS AR e T, A 3T 10 TR IR B 43k 0.1,
1.0 AT 10.0 pg-mL ™" O IR AL RO B ShHERE 85 b
(4 °C), HIRFELE 12 h WEE4 hEFE 1R, W ELEERE
i GB K,

GB MLIE TR, 43 sl B 6 43 K Bl 11 L3
40 L, SW-HAEREEE, LD GB AW (FFIA
IK) REEE, GB WK 0.1, 1.0 AT 10.0
ug-mLfl, AR T IR N 5.0 pg~mL71, AT
LC-MS 73R R, 50 A 3 v 1 e R 3RS
W TR R 2 L VT A 2 R

GB E X RIAR B Zh 43K 30 3% it

FHBCH] RSP GBY CyA. ZERIIAK .
Hurm s PR Me kL2 T ANTE] 100 mL &, &
W 5 75 i R P A, CCE RO R R B AR O 12.5
(GB), 25.0 (CyA), 7.5 (4EHriacK), 5.0 (HMumi=r) A&
25.0 (P il HEME) mg-mL ™" (BRI 45 25 WSS 3
BV A S0 FH A 28 AR /KRR R i I FE ) 2.5 (GB),
5.0 (CyA), 1.5 (4EPrK), 1.0 (M) K 5.0 (f il
FEME) mg-mL™ PR, B S S B .
TEARFR 20 50 4. 4.0 (GB), 4.0 (CyA # &R 20.0
mg-kg '), 2.0 (CyA 4 10.0 mg-kg "), 1.0 (CyA 4 5.0
mg-kg ™), 2.0 (4EFIAK), 2.0 GhETF) K 4.0 (i
M) mLkg '

g HEPE SD KR 25 1, BEFLAY R S
2, SEIRTAA T RARK 12 ho % IRZH K R B ke
$) GB; SEE T, I, TSGR EBKES CyA, 10
min J5 R MK GB; SEH 20 IV 156 e i o S
i HEME, 10 min J& & IKIEST GB. 4257 #5: GB
10 mgkg ', CyA 2914 S mgkg ' (SLER4L 1), 10

mgkg' (EKLH ), 20 mgkg ' (LA, Fih B
M 20 mgkg ' (SEBAHIV). 45T GB Ja JFURC I, 2>
T2, 5, 10, 15, 30, 45, 60, 90, 120, 180, 240 1 360
min MR AEHRL ML . B 420 150 uL, B AF ZARE
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FATRAT o
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Sk 5 mgkg™ (MEFHEAL), 10 mgkg ' (P4l K
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R B E K5 GB; SEge 4 T, 11, M0k e ik
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FEME, 10 min J& FFFf K GB. 45247 &: GB 4 10
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(SEIALD), 20 mgkg™' (SN, dEdvmikhy 3
mg-kg ' (SEIALIV); HhmoEh 2 mgkg ! (SERALV);
T REME Sy 20 mgkg ™' (SERRAVI). 45T GB 5 Fih
WO, WS 250 L4255 0~1, 1~2,2~4,4~8 h
(IR, MEE2En# 2.5 mol-L™" HCI 100 pL ) 1.5
mL SRR, T RIBAR, B 20 Tk
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BIEALIE N H 3P87 44l it (b E
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(m/z 492.10) [FOREA IS TR] 53 531224 3.2 min A1 2.1 min
(B D)o BEHZ T RIS .

1.2 ZMSEBERREE DAWIKE (o AEAREE,
Fan TR S ARG TR L (f) AR AF 2t
[HlH, 43 GB R P ARl & BIH TR f =
2.009 9¢ — 0.020 4, * = 0.999 8 (n =9), LlEIEHE A
0.05~20.0 pg'mL ™"« FHARKI MK E K 0.05 pgmL s

1.3 HBEE. EHERRREWE MMk GB i
EIREA 0.1, 1.0 A1 10.0 pgmL "I, HA. ik
#E (RSD) /N T 10%, HERIE (RE) 7 —3.60%~
10.0%2 18] (3 1); $EEUEECE 537124 (89.0 +5.03) %,
(84.2 £ 3.1) %F1 (98.6 +9.2) %, A Wi%yknl%E HiE
/RS

14 REUHMERYEER GB K HL T
TERERER, B DLHAL 22 A8 YE 22, 2 KR, AEmd
AN, BHITHIERRIRERTE 0 A RAER ST
N, GEEERE AR AR fE=iR Rt
SR PR SE GB fERRPE S AT T AR E, A IR I

Table 1 Precision and accuracy for the analysis of GB in rat
plasma. n=3

(IEW ML pH = 7.35~7.45, igtE) FE& OREHK
FES3 514 0.1, 1.0 A1 10.0 pgrmL ") 76 WHCE 0, 2, 4
I8 hJa, i Hr ARRE SIS R 38 TR R 43 )
H 6.73 +£2.51,0.76 £ 0.24 }%2 0.06 + 0.03 pgmL™", H
RSD 73l 4 37.2%, 31.2%M% 58.2%. fEWF5T pH Xt
M3 GB e VErgmsLgrh, AN pH )M AL
(REWRE A 10.0 pgmL™") EEIRAE 0,2, 4 F18 h
S WA (1320 o e B 3 3l A 9.76 + 0.24 (pH 5.0)+
9.63 + 1.01 (pH 6.0). 8.44 + 1.87 (pH 7.0) X 6.73 +
2.51 (pH 7.4) pg'mL™", H RSD 43 %1°4 2.4%, 10.5%,
22.1%5% 37.2%. SEH 5 RK W GB IR T4 T
52, 24 pH 5.0 (50 pL 3K AE 5 A 2.5 mol- L™ HCI
10 pL) B, I RRE S RS P A G AR P R i 1) 0
BR, WL pH 5.0 EATHAE S AR E PESEIR . % BRI K
GB ¥ S 7 =3RS 8 hy R Rk 2 k. —20 C
A7 2 RN 4 CHUE 12 h 5 4 B4 fF T, L RSD 733
H 2.0%~4.8%-3.4%~12.3%- 5.3%~15.5%- 1.0%~
4.1%, VW] GB IR 5 754D € 24 T AR E -

GB M AR - AU B ), VP HL I T
BITE 90%~110%, KA LC-MS 4544 1] 250
T G K B IR 35 AR

Concentration / ug-mL™" RSD/% " s 9 oo
’ RE% 2 FNLALRFNRRIAF GB B LC-MS MEFHEFE R
Added Found Intra-day Inter-day N . o . . .
N - A GB {E i1 4057 ol U 25 0 2k R R4,
1.0 0.99 3.47 3.87 1.0 AN R 0.01~10.0 pgmL e BUFEARIRIE (¢) A
100 9.64 a3 oss e BOMKE, RERUSERUS RERSERZ L (f) U
15 000 A B C
15 000
12 5001 423.10(1.00) 10.000] 423:10(1.00) 423.10(1.00)
12 500
10 000 ! ! !
7500 10 000
7500 7500
5000
5000 5000
2 2500 2500 2500
é 0 25 4.0 0 2.5 4.0 0 25 4.0
= 8000
492.10(1.05) 8000 492.10(1.00) 492.10(1.12)
10 000 7000
7000
I I 6000 I
7500 6 000
5000 5000
5000 4000 4000
3000 3000
2500 2000 5000
0 2.5 4.0 0 25 4.0 0 2.5 4.0

Figure 1

t/ min

Typical chromatograms of ginkgolide B (GB) and glibenclamide (IS) in rat plasma by selective ion monitoring (SIM) mode.

A: Blank plasma sample; B: Blank plasma spiked with GB at 1 pg-mL™" and IS at 5 pg'mL™"; C: Plasma sample obtained at 240 min after
a single intravenous administration of 10 mg-kg™" to rat. Peaks I and II refer to GB and IS, respectively
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PRAEZVEIN] ), 15hRiE Hh Zelnl 3 7R 8 f=1.813 8¢ —
0.002 1, * =0.999 1 (n = 10). HALKIMIKSE 4 0.01
pgmL™', @ P AR 3 MR E A DR S
1) RSD ¥/ T 10%, [BIE KT 50%, 56 LY
pitt PR 20 BT 428 I K

GB TEPRH bRt 2 i et 06 R R A, Zeltkia
FEloh 0.01~50.0 ug'mL ™o DIFERHIREE (c) AREARKR,
FE AR S W AR TR Z LG (f) A PARFRIEL T
B, 15F5AE 2[R 75 FE R £=0.970 6¢ — 0.011 55,
#?=0.999 8 (n =9). IARKMIKE A 0.01 pgmL™",
s R 3 NIRRT H N H IR £ ) RSD 3
INT10%, [T 50%, 5O RE S IR 4 B
HIZK .
3 CyA ¥ GB AHZEHEN

KEREIES (10 mgkg™") GB Ja f-F- 27 1M 24
W RE - IR R 2k LI 2, 28 3P8T FEFREAT B AL FE, K
ST S GB G R N 2 8l 25 i BB 155 — ) =
B, FEAYESHNE 2. NETTLUE L, # ke
S P RARFIR CyA ¥ GB (11 259 &
KV, el I B dek A T A S v ) P i v )
KAEXT GB 2532 AT A = e g & AR A i
CyA 111 AUC-360 min 7 BT L) 1.55(P<0.001),
1.51 (P<0.001) A L.11£%, PSR E (MRT) 43¢
AEXT AL 1.31, 1.27 K& 1.07 £5, 1Migkr% CL
X435 g 5t BEAH ) 64% (P < 0.001), 67% (P < 0.001)
K 91%.
4 CyA 3 GB N9 % RS20

e ALK B b, GB 7R i i ik BRI, 2
IS GB (10 mg'kg™") 20 min S5 G EE K AL
0.24 pg'g'o Filk TAFFIET CyA nf LA N GB
PR B B 20 A (3 3). B IK4E T CyA (20 mgkg ™)
J& 5, 20 A1 60 min it GB B FE 50T IR ZEAH LE,

SrMEIN T 5.69,6.01 & 2.73 5 (P {H¥Y/N T 0.001).
HABFR ) CyA o] LABG I GB A8 i 34 1 40 A1 7K °F,
ERAELE 5 min M INEA BASEHREL (P <
0.001)o AJWitH GB ¥ J& L5 FUX S IR ) 510 24 % 2
FEAEL (Corain/Cprasma) T2 FT LA H o 0 FRCZH 4% 1) ) A5
Corain/ Cplasma T IEAHILL (0.04~0.05), 151 GB 7£ K i
Jibi i 5 r A 2 i AU RRE s Cy A TR N GB & L,
S S A Y A7 70 AR

20
» ——GB
15 —0— CyA (5 mgkg™)+GB
7, —e— CyA (10 mgkg ') +GB
g —— CyA (20 mgkg™!) +GB
& 10 —— ICZ (20 mgkg")+GB
)
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t/ min

Figure 2 Plasma concentration-time profiles of GB after

intravenous administration at a dose of 10 mg-kg™" without and
with different P-gp or CYP3A inhibitors in rats. P-gp or
CYP3A inhibitors were administered intravenously 10 min prior

to the administration of GB. CyA: Cyclosporine A; ICZ:

Itraconazole. n=15, x+s
5 A[E P-gp #IHIFIX GB 'S HEtt B9 22 Mg

KEUR# bR GB (10 mgkg ) JEAEMR T 0~
8 h MR H A HIL K 3. WL R SR, GH
AN ) P-gp #EIFIE, GB LERR H HE 2>,
HO0T HEZH GB 8 h BAHEME 7% 8 (39.32 + 8.87) %;
CyA &~ "RMEHI A D54 (13.67 £ 4.43) %,
(19.64 £2.21) % Fl (30.29 + 3.86) %; 4Kl K
(23.34 + 3.89) %, HuEF4lh (31.35 £ 2.62) %, ft

Table 2 Pharmacokinetic parameters of GB after intravenous administration at a dose of 10 mgkg ' without and with different

P-gp or CYP3A inhibitors in rats

Parameter GB GB+ Cyf?‘ GB* Cyé‘ GB + Cyi“, GB + IC%]
(5 mgkg ) (10 mgkg ) (20 mg'kg ) (20 mg'kg )
t1p0. /min 3.7+3.0 7.9+4.8 5.6+2.8 4231 28+12
t12f /min 923+27.8 82.9+13.7 120.8 £21.9 103.9 +28.8 73.8 +18.4
AUC-360 min /min-pg-mL™" 666.4+61.5 732.1 £ 68.1 100771325 1036.1+162.2™" 697.4+94.8
MRT /min 147.0 £ 45.1 157.7 £ 30.1 186.5 +49.7 193.0 +33.7 132.4 + 36.1
v, /L 0.13 £0.05 0.16 £ 0.04 0.14 £ 0.03 0.09 £ 0.02 0.18 £ 0.03
CL /mL-min”" 15115 13.7+1.2 101+ 1.4™ 9.6+1.4" 17.1+3.7
F 1% 109.9 +10.2 151.2+19.9 155.5+24.3 104.7 + 14.2

P-gp or CYP3A inhibitors were administered intravenously 10 min prior to the administration of GB.

GB

n=35, x=*s. P < 0.001 vs



Afi ST

+

i A ST T B K BLIAR  25 32 1K 5

* 637 -

Table 3  Effect of different doses of CyA on the brain distribution of GB after intravenous administration of GB (10 mgkg ™)

Brain Plasma
Time concentration concentration cbmi"/cpl"islma
/ngg /ng-mL"! fmlg
5min  GB 0.37 £0.15 7.86 +0.38 0.05 £ 0.02
GB + CyA (5 mgkg ") 1.21+£0.14™ 8.97 +0.23 0.13 +£0.02""
GB + CyA (10 mgkg™") 1.42+0.08™" 1124+ 1517 0.13+0.01"
GB + CyA (20 mgkg™") 2.09+0.22"" 11.52+1.457 0.18+0.02""
20min  GB 0.24 +0.02 5.59 +0.41 0.04 +0.01
GB + CyA (5 mg'kg ) 0.43 +0.22 6.55+0.56 0.07 +0.03
GB + CyA (10 mgkg ") 0.57+0.17 7.27+0.62° 0.08 + 0.02
GB + CyA (20 mgkg™") 1.45+0.62" 7.94+0.81" 0.18+0.08
60 min  GB 0.18 +0.02 3.90 £0.27 0.04 +0.01
GB + CyA (5 mgkg ") 0.24 +0.03 4.48 +0.40 0.06 + 0.01
GB + CyA (10 mgkg ") 0.27 +0.02 4.56+0.70 0.07 +0.01
GB + CyA (20 mgkg ") 0.48 £0.09™" 530+ 0.47 0.12+0.02""
n=3, xts. P<0.05 ""P<0.01,""P<0.001 vs each control group

RN A (37.78 +2.18) %o Siit 45 R iR s
R CyA M AERIMK IS ) 2 B AIK GB 8 h IR 2
HEtHE (P <0.001); f&HIHE CyA KHbE-EX4 GB 8 h
(1 b 2 Hl i St A B A PR BRI AR (P < 0.05); T

e 2 5 ) B A B i 2 M2 S
% ——GB A
50| —o—CyA (G mgkg)+GB

—— CyA (10 mgkg)+GB

40 —o—CyA (20 mgkg)+GB

30

20

10

0 3 6
60
——GB B
50| —s— VER (3 mgkg!)+GB
——DGX (2 mgkg!)+GB
40 ——ICZ (20 mgkg)+GB
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Figure 3 Urinary excretion-time profiles of GB after intravenous
administration at a dose of 10 mg-kg™" without or with different

P-gp or CYP3A inhibitors in rats.
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of GB. A: Cycloporine A (CyA) at different doses; B: Other
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itraconazole (ICZ).
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