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Effect of Cyclophosphamide on Busulfan Pharmacokinetics and Serum GST Activity in Beagle Dogs

YANG Qingshan, SHANG Xiaoging, DUAN Danyu, ZHANG Lifeng’(School of Pharmacy, Shanxi Medical
University, Taiyuan 030001, China)

ABSTRACT: OBJECTIVE To study the effect of cyclophosphamide(Cy) on busulfan(Bu) pharmacokinetics and glutathione
S-transferase(GST) activity. METHODS Three beagle dogs were taken for a two-cycle crossover test, and the groups were
divided into the control group and the experimental group. The control group was injected Bu alone(0.898 mg-kg™'). The
experimental group was oral Cy(14.960 mg-kg™!) for 4 consecutive days, firstly, and then injected Bu(0.898 mg-kg™"). The 2 mL
of blood samples were collected from the forelimb veins of dogs at 0.083, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8 h. The Bu
concentration was determined by HPLC, and the pharmacokinetic parameters were calculated using a non-compartment model.
The GST activity of the control group and the experimental group was measured by UV spectrophotometry and compared.
RESULTS Compared with the control group, the MRT and AUCo-t of Bu in the experimental group decreased by 25.2% and
44.5%, respectively. There was a statistically significant difference (P<0.05). The results of GST activity showed that the GST
activity in the experimental group was higher than that of the control group at each time points. CONCLUSION  GST activity
increased after pre-administration of Cy, Bu elimination accelerated, and the overall level of blood concentration decreased.
KEYWORDS: cyclophosphamide; busulfan; pharmacokinetics; glutathione S-transferase; HPLC

1 M 1 40 M F% # (hematopoietic stem  cell S-transferase , GST) Y i 1L T , FI 4 Bt H AR
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Uite, WOBAEYYUE B RN b A P450(CYP450)fR i, H & v v AR 7™ 4 23 %t
(busulfan, Bu) & I8 LI (cyclophosphamide, Cy) GST F= B eSS B 245 Bu A1 Cy B,
J& HSCT kb B i 28 17 221231 Cy AIREZ3X%F Bu W53l L5200, 1T Bu A7 2L

Bu /& — U B R IR ke 7], AR AR AR5 H 2y g 2 B OIAHOC, (R RS %
i O TE A D HOBK S KR 2 B8 [ (glutathione TR HE R RN A & kL%, i
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i 2 ST RS H RTINS T Cy
Xf Bu B2yl i BTS2 R A K
XTSI 2Ly, EH MRS A AT L R
SR Bu g Ikt Xf Bu 78 HAR K AR Pl &
JTEIAT TR, JEXT RS RAAN Cy X Bu
2580 ST GST TEPERIRERAETITSE, N
e PR B 28 B IS g dl

1 #R
1.1 {448

L-2000 {20 AH T (H A H LA F]); LSS
AT UL A3 BE T (AR A BT A AR A BR A
Al); TDZ5-WS 5 20E LG ra A S B0 =R
T RABRAT); DV215CD KB 2 E bR 51 5
A RAT]); CTISE ms R e.OHL(H A H A7
23 w]); NDK200 A ASMAT (BT KBRS A R
F]); LaboStar 2 DI BZEKHLPHT T+ BeAn 2 Al
1.2 2995

Bu(Aladdin, #t%5: L1305060; 40} =98%);
WFRS)A 1,5- 18 s — H BE R R M (B JH 22 R 1k
TRHERBRAR, #5: 2374223; 4l =98%);
Z o HE Zom A E W R B (sodium
diethyldithiocarbamatre, DDTC, i -4 k4
HIRAT, #5: 229S7Y22163; 46ifF: 99%); 1
ST Cy PRBEmERR 7] (VT3 e 25 A PR A
fit5: H32020857; #A%: H3Z 0.2g); GST itk
K7 £ (M &7 — CDNB WAL H] = GSH
MR, BMNBHEEYMEARARAF, 5.
20191010); FIEE((a ke, KEE SR L RS
BRAFD; MG, RKETRHEAL T TRAR
ol); IKAREAEK
1.3 W)

BUAEERR LbAg K 3 1, IR (1242)kg, db5T
JFOCG RGP, AP VFATIES . SCXK(AY)
2014-0012, FrAHEAEIFT S SIPME I EOK
2 FAEEHR
2.1 gkl

%4 . Diamonsil(IT) Cis (150 mmx 4.6 mm,
5um); FER: 30 C; WishAH: HEE-/K(54 : 46);
Ui : 1.0 mL-min "5 AU : 280 nm; i
25 uL,

2.2 FEFE BT

K% E 5.0 mg Bu T 100 mL &=, 20

WO E R, 1BRIMIE A 50.0 mg L' AUbRIERE &

PR 2% 2022 48 10 H 55 39 #5719 )

W, 4 CURFEDRAT, i FH A HGE & e i) Bk B oy
0.4, 0.8, 1.0, 2.0, 4.0, 8.0, 10.0, 14.0 mg-L"
() Bu £ 51X} IR Fhiss ik

KB ME 4.0 mg 1,5-% s — W LR R 1R T
100 mL &I, CIEEMIFER, R RER
40.0 mg-L' 1 1S X IR AU, 4 CUKFEIRAE,
Il FHET Z ERG B, 4.0 mg L' Y 1S X IR SRR

FREL 0.4 g¢ DDTC, M4iKAEfE, 152010 AHk
JE i) DDTC %, 0.22 um #FLIENEISIE, 4 C%
fEg5

B AR R 25 I T Bu % IR S, 43 T
HIRHe ] 0.2, 1.0, 2.5 mg L' AL S
2.3 ARSI

U 25135 200 pL, AR 50 uL, filA 500 pL
CNEEEE, IAGHEFELHIEY 100 uL DDTC
30 ‘CHF4E4L 30 min, 400 pL KK Z bR, A
3mL ZEEAEH, 2810 x g BL» 10 min, B 2T
30 C FAMK, 200 uL HFEEEE, 13760 xg B0
10 min, MZHL 25 pL JERES3HT .
24 JrRFERHE
241 LREMRE ¥ 4 . e A
200 pL+50 L AN . 25 LG 200 pL+IS X HE
YR 50 uL. 25 MG 150 uL+Bu 4 mg- L1} IR &
WL 50 pL+IS X RV 50 pL. Beagle KX fi#
M4 25)5 1 h IfiLiEFES 200 pL+IS X B8 & i W
50 uL, % “2.37 WURJrikAbs, #EFEopHT, 45R
UL 1. Bu MR BIE A 10.2 min, IS AYLE R
[6]28 16.1 min, ARSZHEG N IEPEY) B T4 .
242 PRAEML S S B R A s
150 uL, ZrBUINA 5 Bu X B8 Shs i, e i sk
k0.1, 0.2, 025, 0.5, 1.0, 2.0, 2.5, 3.5mg-L"!
LTS AR, #% “2.37 TR 7 kA PR RE 3
(n=6). L\ Bu MR AIEALPR, Bu 5 1S B HIFL EL
(RS N i S < 1 = IO = 3 77 5
Y=1.601 5X-0.135 3, R?>=0.9918, %8 Bu 7£ 0.1~
35mgLl! WEMEXRRI, €& TRN
0.1 mg'L ' (RSD=2.81%, n=6),
243 (UEHEE R S AIEC 3 FREE R TR
FEAR(0.2, 1.0, 2.5 mg-LY), #% “2.3” Wi T ki
AT, BWREEAT 6 DA, HEELE
3d, VURETTARAEINZITE Bu kB, 45503 1.
2.4.4  FEHUEISCR SRR 3 Bl B Y B RE
(0.2, 1.0, 2.5mg' L"), BMNHKE 1T 6 IMFEAR,
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t/min

t/min

E1 smxEmEerd

A-Z5 M +DDTC; B-%5 M1 +HIS+DDTC; C—25 [ IfiLi%+Bu+IS+
DDTC; DIl i ke H+IS+DDTC; 1-Bu; 2-1S; 3-DDTC,

Fig.1 HPLC chromatograms

A-blank serum+DDTC; B-blank serum+IS+DDTC; C-blank serum+Bu+
IS+DDTC; D-serum sample+IS+DDTC; 1-Bu; 2-IS; 3-DDTC.

R1 EHEMBEEEER(XLs, n=6)
Tab.1 Results of accuracy and precision (x x5, n=6)
W H AR 2
mg-L! W 5 e i/
mg-L~!

0.2 0.198+0.006  2.77 1.01

ENEIE R

W e g/
mg-L!

RSD/% RE/% RSD/% RE/%

0.207+0.009 425  3.38
1.0 1.037£0.087  8.36  3.57 1.095+0.050  4.61 8.68

2.5 2.505+£0.082 329 0.20 2.488+0.034 1.36 048

e €237 TR T BRGERE AT, DA RARFEE 4l
IR 25 LY AR SRR 0BT, K Bu [0
T R ELAEL B SR ZE RT3, 43510 91.6%,100.9%,
102.1%(n=6).

2.4.5 FUEPEIRES I 3 Bk By BT AL
0.2, 1.0, 2.5mg' L"), BMREFIT 6 MEA,
HHRRE VR, R R4 b, KEGENRE
P£(-20 'C, 30d), #REH, Bu R EN
RSD 435914 11.58%, 6.67%, 8.09%; KIHAIEHa
ETE RSD 7305914 2.77%, 8.36%, 3.29%; 3 IKi%-
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AlESE P RSD 40514 10.08%, 11.83%, 6.40%.
2.5 GEitsRor

BB Z G SPSS 22.0 4b3, Giit ik
Boxd ¢ K30k . P<0.05 Fm R EAGIHE L,
2.6 EENESE

B EERE FAg K 3 L, HEF TR A 22 X
51 AR 1 X RRAL A2, K 2~3 SR gh
2y, fRe5IvRd T, o 2 AWK 1 ONSER A,
K 2~3 FAFHRLHLA 2, KPR L2505 S o Bp ke
kS Bu, LA RN R 1K Cy HAk
YhEG, LR 4d, B4 K Cy 4424 1 h keSS
Bu. Bu #flkiEa &M Cy O ARG & 55510
0.898 mg-kg ' 1 14.960 mg-kg ' A4 25 I ZE £ 12 h,
HHK. FrAdn42i)5 T 0.083, 0.25, 0.5,
075, 1, 1.5, 2, 3, 4, 6, 8h T RHEIBHMH
JKECIL 2 mL, F 37 “CK¥EHCE 30 min BT 1L
7, 2810 x g .0 10 min, B4, % “2.37
TR 7 kA BERE 0 Hr, eI 25-RE iR, DL 2.
SCHGAH 3 h Z ) Bu WREEF e =B, X R4 6 h
ZJE 1) Bu WREEAR T 7R .

KBRS, 2258044k DAS 3.2 1153
SR, SR ER, SXTIRALE, SR
AUC., MRT #5 ETXF B4 (P<0.05), FIISLLE:
2 Bu A CISHHEE oG IR b, 25 IR 2,

F2 MBUSTZHRAF BuMAHNFSH(Xts, n=3)
Tab. 2 Pharmacokinetic parameters of Bu in control group
and experimental group(x £ s, n=3)

SR X R SR
AUCy./mg-h-L™! 3.37+0.18 1.87+0.07Y
AUCg./mg-h-L! 4.09+0.53 2.28+0.29Y
AUMC/mg-h?L! 4.41+0.28 1.84+0.05"
MRT/h 1.31+0.07 0.98+0.05"
CL/L-h"kg™! 0.224+0.03 0.40+0.05"

e SxIR4i g, YP<0.05.
Note: Compared with control group, "P<0.05.
2.7 I GST G281k

W 20 pL & 25138 , SEfE A 20 pL 357 =
(GSH %W, I AT IR ZE K BC i, 37 CKIGARTE)
F1 180 pL X5 —(CDNB %), MaEiRA) A&
340 nm AEWEOGREE, T 40 s Fl 340 s B SEROGE
AL Rl Ay, ¥RV OTA
(A, — 4)X Vg 5 x10°

eXAX Vi Xt

=230x(4, - 4,)

GST/nmol-min!-mL™! =

P E SR T2 2022 4F 10 A48 39 545 19 31



C/mg-L!

C/mg-L™!

t/h

2 MBS ZE A Bu B9 2B & (n=3)

—— X4
6 — A
L lar
=2
g 08 [
O
04
O ~
1 1 | | 1 1 | |
0 1 2 3 4 5 6 7
t/h
D 24} R
2.0 - —e— S

Clmg-L™!

A-R 1 IZG- s B-R 2 BZG-IFiliZk; C—K 3 WZy-fithk ;s D—Pa24-mfifi 2k,
Fig. 2 Serum concentration-time curve of Bu in control group and experimental group(n=3)
A-serum concentration-time curve of dog 1; B—serum concentration-time curve of dog 2; C—serum concentration-time curve of dog 3; D—mean serum

concentration-time curve.

N, Vs RNVARREAEF, 220 uL;
Vg IMAKRRMIMGE AR, 20 uLs e PRI
IRECEREL, 9.6x10°° L-nmol™'-em™; d: (ol
612, 1em; t: RVAFE], 5 min,

T 7 % FHE 2 R0 52 3 2 A 45 I ) s R 23 24
Cy %4525 1 h, Bu %25 0.083 h, Bu 4524 1 h)AYFR
GST ik, 25 B/RAEX BT, Bu 42551
GST AR LA 25 25 B 19 T 1 25284k, R 1] Bu Xf
GST WG ETTHI AR . 45 R W3 3.

®3 MNRAEMLKAELEE A GSTEE(XEs, n=3)
Tab. 3 GST activity of control group and experimental
group at different time points(x * 5, n=3)

GST i t:/nmol-min~"-mL"!

L XTI TRl
ENAEST 3.87+0.76 4.16£0.92
Cy%i#i1h - 7.3140.61D
Bu 41745 0.083 h 3.94+0.53 6.35+0.872
Bu#%iZj1h 3.96+0.70 5.21+0.11

. SEBAURGA I LA,
#, 2P<0.05,

Note: Compared with non-administration in experimental group, VP<0.05;

DP<0.05; 5%F0R4] Bu 4425 0.083 h [

compared with 0.083 h after Bu administration in control group, 2P<0.05.

LR, SREANML, ST Cy Ja5
GST IR PERA RN, ELAE Cy 45245 1 h i 310

PR 2% 2022 48 10 H 55 39 #5719 )

(P<0.05), & Cy X} GST W& HEAAE B SAEN, 3F
T —EWIITE] SC R, 76 Cy 4725 1 h I} GST i
e, W EEREIL; SCURd SR e,
7E Bu 472} 0.083 h i, 528020 GST i P i 1 K
(P<0.05), 7€ Bu 4524 1 h B}, S804 Fxt R 4H GST
TG E L,
3 i

SEU S A ST T — AT AR A K
Gtk Bu &, ZEEIMEZER, RELEXHZ
T IEAE A RARHEAT T ik2#500F, 255K
IZIT IR T T HRGT HAS R AR Bu ik 3 Bifi ol ] A5 4
MRR

S EE I R AR N Bu F Cy W2y 8l it
a5 RSl b Bu ARG, 75
B R HRRAR, IF H AUC JC W78k, ARSLhas R
Won, ST, Bu fEANA AUC, MRT #i
DN, B BRI ENE I W R R AT e B
PR 225, KRS WiE X T4 REE e 259
N AR Cy IE & —Fh IR 259, v hE
LRFEE R R, GST TR E LS R /R, Bu
X HEAR RAKIN GST 7P BB SAEH, 1 Cy
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AL GST 361k, IFAAAE—E MR DC &R , GST
TEETE Cy 25245 1 h B EIEAE, BLJS FFARREAR,
55 SCHRHGE A /D BUAR Y 0 25 AR I3 I H 5256
ZHAY GST M X IR i e &, R Cy nlgg
WSS GST WGPE, At Bu fR, 4kmin]
RERZIA Bu Y7 RURIAS RN o SR AR5 50 %k
wED, A—Er R
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