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Influence of §,7-dimethoxycoumarin
on toxicity and pharmacodynamics of
cyclophosphamide!

WAN Yao-De, ZHENG Zhen-Yuan, HUANG
Jia-Zheng, ZANG Qi-Zhong', XU IJia-Hong
(Institute of Chinese Materia Medica, Sichuen
Academy of Traditional Chinese Medicine ond
Medica, Chongging 630065, China)

ABSTRACT When {0 mg/kg of g, 7-dimethoxy-
coumarin ¢(DMOC) was given (ip) 15 min
L before sc cyclophosphamide (Cy), the LDy, /7 d of
Cy would be raised from 165+9 (100-245) to
204+4 (250-345) mg/kg (dose reduction factor
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1.78) in Wistar rat. The 7 d survival . rate of
mice intoxicated by Cy was raised to 25.7%. To
give 100 mig/(kgsd) of DMOC for 5 or 24 days,
it prevented the chronic toxicity of Cy prolonged
the life~span, elevated the 30 d survival rate of
rats intoxicated by Cy to 45.3 and 42,5%, re-
spectively. DMOC increased the WBC, weight of
thymus and body of rats and mice intoxicated
by Cy; raised colony-forming unit and reduced
high plasma corticosterone of mice intoxicated
by Cy. It also increased the RNA and DNA of
bone marrow, liver and spleéen, DMOC in com-
bination with Cy did not reduce the antitumor
etfect of Cy.

KEY WORDS coumnarins; ¢, 7-dimethoxycouma-
rin; cyclophosphamide; antidotes; survival; DNA,
RNMNA; corticosterone; colony-forming units assay

W sc FFHELENCY) Big 6,7- —HARE ST &
(DMOC) 40 mg/ (kg-d)REBAH Bmgk, B 7 d 0
15, KEWRBIEFK 1.78, Wiz Cy 3 (D)
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E#E), HCyBMBEEAES B8 5 A FiE X
45.34 42.5% & Cy 5 ig DMOC 5 —F % # {5
M, 388187 Cy ARIAAE, WBC, laRE. %
FLZh#E B FF, BR-E i) DNA, RNA; BB Cy s
Bm#EENE. FHESHE AR Cy NmsEE.

*MN FORE s.,T-"BEEFSHE HBE
Enh BEM i HERWEE 2EEE ER
B SEBAEERDE

6,7-—_HERXEFY £(6,7dimethoxycou-
 marin, DMOC) 2 \HF L EEHEH KR
 (Artemisia capillgris Thunb) g & & (Artemisia
scoparic Waldst e1 Kitaib) g5 B3 B 5 ¥ fh
FHIFBENEERF2—, DMOC BF R
RITTHREEH Y, SERXEY, AA®, W
FlEpiE, HARSERSER, S0
37 A 3£ 3% Bk ik (cyclophosphamide, Cy) SEIE
R RE R A FrBm, JIoR) Oy isT
T 4R Bt — 1~ p .

eI
_CHEO 0
B, 7-Dimethox¥coumarin

MATERIAIS

DMOC H AR FMAEN 5w H
B, AXERE R, mp 145°C, B
FK, KismEREOHEE, FAEEEK
(NS),50% B 2, — A% 400 %' 1 % 0 & % ks (gum
tragacanth, GUWMMAK, B K &5, H
4CE£F, AMRERS., O EBFE += 4
&I &, ANSEM, (BE-HIBHF. [1-
HITdR, [5-*HIR#.[5-*H]UR } [5,7-*H]
72 JBi B (corticosterone) L BT A 3B BE 43 By 1.4,
0.74, 1.6 TBq/mmol, HAFREMNER 8K
Fprigt.

FI 353 G RIMEEENHRITHER 2 8 £
262 7=, FHIRENKE0.6% TP 530% L
B LB e AT .

. TR
TERF L L. e
- STEE ray Slgit - e ¥

Wistar kB, BB/ NR. C57BL %
FhBR, BB SR,

METHODS AND RESULTS

DMOC »§ Cy 48 f£ ¥ ¢ LD,, AW K
B 100 X, {8 152+5D 148, £ & ¥,
453 104, Cr Ll g R sc 312mg/kg £ T
FER, LIT#0INShREmEI TN E
#l. HI 5 4, &84T sc Cy #7 15 min ip DMOC
40mg/kg, Cy BRBES A NBHIT X H H
REH, FHABEILEAH (K DMOC ) i
KEE, XEMBACY WBAFERHE. B
SHAREAT OHAN P SARYNS, &4
Blisc Cy GmETd, ERRCRY, &£
THRANFETBESTBINE, 4, 3, 2§11
X, MBaNe, 6, 5, 42K, Emk
BRI E SR LDy, HRWER & E XK
(dose reduction factor, DRF), ZtBL, Srghip
Cy B LDy, 2 294(285-304)mg/kg, 2 2 Cy
i) LDy, ¥ 166(144-188) mg/kg, 3 DRF ¥%
1.78, REIDMOC 2} Cy i) LD,, HI@F BF
B2 =,

A 114 R, k44, BHAFTEE,
1) 27 B ip DMOC 7K B35 40 mg/kg 15 minfg
sc Cy 500mg/kgs 2) 2T HipS HA ENS 5
scHABECyy 3) 30 RS51)A, 4)30 KR 52)
F, Hit 24 Cy By 400mg/kg, HESW &
7d, RGERNFETENESTF E X
EREAS B A 8/27, 1.1£0.34) 1/27,
0.7+0.1dy 12/30, 2.4%2.04d) 5/30, 1.4
+0.8d, ERASMHEEANFEELST B F
EZR(P<0.05), HERERET BAIHFE R,
FERE FRXE B FEEL ¥ DMOC
3 Cy B AR lEEEnEs REFNEE
HE.

DMOC 5§ Cy 1B R BHRMR & LR
ECy 5liakE WBC B M /PR ¥ i,
HE®S 180mg/kg, 475 pkig, 4K 530
mg/kg, BEKinfE, AR 7TILE, @3 %k4d

L Hedny e
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—k. Fi3Fce Cy HR K is ik 5it—
B, TRERUAFERGIdEFEE/ZH
¥, @aR(CnAmAFBRERETRA
ARER), FECRMTHFE RYGETRE
BREERE/ELEE), WBC RiET {b &
HmEEE. RERFE.

1 Mty &% £ HX Wistar Z(F5) & B 85
R, 2o83%, BREBRFEYS I 44, W
3 #4h DMOC Talh#, #AT & ki Cy &l
10-20 min, 45 ig <FEEpy DMOC, 44
ig. Cy ByRIRY ig % & 1%6t,

Tab 1, Effect of i¢ §,7-dimethoxycoumarin
{DMOC) before every time chronic toxicity of
cyclophosphamide (Cy} ig 30 mg/(ks-d) x 5(first
twice), 2+8SD. *P>0.05, “"P<0.05, ***P<{0.01
¥$ 1% gum tragacanth (Gt),

DMOC 40-d Survival Survival time of
(mg/kg) rate (%) dead rats (d)
1% Gt 20 o 24,1%6.9
50 20 22.B°* 30.0+2.2*"
100 20 3z.3*" 26.815.7°
200 16 45.3**" 27.210.9*

M Tab 1 5L ig Cy A4 5 is &~ [HE £
DMOC peit 5 Cy BB AR A FE T R AT
Ee)FHEERE, ERIAL—EmN B3 X
#.

2 &A%k KRR, R7¥KM, &
AREELE S5ke A, FTBCOERRE
10-20 min, 2Cgy:q ig DMOC 100 mg/(kg-d)
x10d #EfTHE¥Y, *THRAN ig H& 1% Gt,
EHkie Cy #2/7 6 d Brfk® —ik, It 5K,
#%, DMOC isfTH AR 6.3%, SHR
AL, RABXZR, TRESHEAFY
FRERES MY 13£4, 10£5, (P<0,05)
RETFAFMENR, R Fig 1,

Fig 1%MH. SCy BEAFEE RERS,
# ig DMOC HEEF (LR 54 % £FEH
T, &R DMOC 3} Cy @4 BB ImE —
ERBITEHA. '

81

180

1804

[y
e
<

=
2

Body weaight (g).
®
e

1% Gt+ Oy

‘ob
&

80 % 12 1% 594 90 96 40 18
Cy intoxicetion DMOC ireatment
Time (d)

Fig 1. FEffect of DMOC on body weight of rats
intoxicated by Cy. DMOC ig 100 mg/(kg-d) were
glven for 10 consecutive days atter Cy ig 30 mg/
(kg-d)y x5d. Cy were glven at different time
(1, 7, 10, 14, 184d), 60 mg/kg at d 1,

3 BiEHFE H Wistar ZE(F5) -k B, 66
K, kg 68x10g, ?7HMA, HLdoas
S3FA 24, 1) ZTEA, MEK g Cy |l 10-20

" min % [6# 1 ¥ is DMOC 100 mg/(kg-d) x

24d; 2) HRA EHigE E1% G, Cy iy
FES LATEHERE.E Cy EkEnis 40 d,
MmEHREEREACAdEERMT WBC K %, W
B WBC T4, HAeHgSLtAIr—
B, 45F 0 Tab 2, Fig2,

Tab Z. The detoxication ol chronie toxielty
of Cy ig 30 mg/(kg-d) x5 (Hrst twice) in rais
by DMOC ig 100 mg/(kg-d) x 24 d, n=3%,21 88,
"P>0.08, ***P<0.07 vs c¥,

Cy + NS DMOC +Cy
30-d survival rats 3/33 . 17/33
Survival rate (%) 9.0 51.5"**
Survival time of 19.94+3.8 21, 4+1.27

dead rats (d)

#RAH) DMOC 3575 Cy 18 KB MK
Rao A ER SHERE, B WBC RER
S BEORPER.

P 3 FERER, B9 DMOC 1
Cy B X R B e L Bt FHB.

DMOC 3 Cy 4D 4/ MR M I M
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3 901 T/T/' 1%Gt+0y
_g- B
® TH
8§ [ 12 18 24 ap
Time {4)
Fig 2. Eifect of DMOC on (A) lenkocyte num-

ber inicxicated by Cy, (B) body weight of rais
intoxicated by Cy. DMOC ig 100 mg/(kg+d) x 24
d were given 15 min before Cy Ig 30 mg/ (kg+d) x
5d (1, 7, 10, 14, 18 d), Cy gimg/kg. at d 1.
n=133 rats, ¥+S8D. *P>0.05, **+P< (.05,

*+#p.0.01 ¥s 1% Gt+Cy,

BUE3g ko N IR2E, BEEERHE
2, FE 45 N4 E., 1) ipHis DMOC 15
min j5sc Cyy 2) ip R ig % BHWAFRE sc
Cy; 3) ip = is DMOC; 4) ip sk ig LB &Y
4. &4 Cy AN 100 mg/(kg-d) x3d,
B¥ESRCHEH. MHE, A28, A3AR
4 H: SHEHIHT Kk DMOC j5 24 h 27
E, k#mkREFEE, H1kghkHE TR
(Tab 33,

5T XA, i ip =k i DMOC(E:
%3N Cy BEF44EDMRE & B9 IR
# J (P<<0.05, P<<0,01), % A DMOC 3§
Cy B4 EPRABRESRATRTHE P X
B, HERDPBREAN--Fa0MEIE, HE
BEER, LR EMES DMOC 3 Cy B
ERBROBEMEELER, XS5XME £
.

DMOC 5 Cy &34 HENTFRRE

Tab 3, Effect of DMOC on the thymus aophy
(/1 kg body wt) caused by Cy sc 100 mg/
(kgsd) x3 d in young mice (i4+3 gy, #1+SD,
*P>>0.05, ***P<0.01 vs Cy, 'P>0.05 vs NS or
1% Gt,

- DMOC Cy Thymus wt

Drug mg/kg (d) Route inter- n  (g/kg)
- val(d)

NS 3 ip 7 3.710,7
DMOC 40 3 ip 7 3.2%£0.9
Cy + NS 3 ip qd 7 1.1+0.2

DMOC +Cy 40 3 ip qd 7 1.3%0.2""
NS 7 ip 10 4.5+1.5
DMOC 80 7 ip 10 3.7+1,0
Cy+NS 7 ip 1 8 0.9%0.2

DMOC +Cy 80 7 ip 1 9 1.3+0,4""
1% Gt 7 ig ) 16 3.01+0.7
DMOC 112.5 7 ig 10 2,81 5.91
Cy+i% Gt 7 ig 2 6 1.00.4
DMOC+Cy 112.5 7 ig 2 6 1.3F¥0.47
1% Gt i ig 10 4,411.3
DMOC 225 10 ig 10 4.2+1.5
Cy+ 1% Gt 10 ig 3 10 1.5%70.7
DMOC +Cy 225 10 ig 3 10 2.8%0,5
1% Gt 10 ig 5 4,0%t1.2
DMOC 112.5 10 ig 5 4.8+0.9
Cy+1% Gt 10 ig 4 5 1.7x0.4
DMOC + Cy 112,5 10 - g 4 6 2.4%0.,8

AR169H, (KE 18.440.48) AR 80 H,
80+128, B2 A IREHT EORITEH
BITZEERERE. PHTFRTERERD -
B 180(5180), THIBMUVIDEARK
ST 256(W256), A g ind Ly 400 7 4/
0.2ml, EEFFF 2d#ATHH, FHIT K BT,
53 1) &3#iaiTHE, B8H ip DMOC(RESN)
10-30 mg/kg, 15 min J5 sc Cy 30-60 mg/kg;
2) ip DMOC j5 sc NS 10 ml/kg, 3) ip 50%
BZ B A400 J5 sc Cy,FEM 1s 4) ip 50%
WZEE400 5 sc NS, BT HEMEF 154, B
SLALFE, FBEHRA, LITSEER) RianE &
#m(Tab 4), .
ERFA, g DMOC 3| 8180, Uld4,

LI
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Tab 1. Antitumor effects of DMOC ip in
combination with Cy sc on S180, U14, W 254,
DMOC were given 15 min before Cy, £2XSD,
*P>>0.05, ***P<(0.001 vs NS,

23
Tab 5. Effect of DMOC ig 100mg/(kg.d) x64d
on plasma corticosterone in mice by Cy ig 100

mg/(kg-d) x2 d, n=10, ££SD, ***P<0.01 v
Cyy tP>0.05 vs 1%Gt,

Drug Tumor wt Inhibition
mg/{kg-d) x3d (2) rate (%)
S 180 (B=230-33)
NS 2.440,2 0.0
Cy (50 0.5+0,0""" 80.%
DMOC (10) L.7+0.1" 25,2
DMOC +Cy{10+60) 0,41+0.4""" 84.0
Uld (r=10-12)
NS 2,6+0.1 0.0
Cy (30} 1.0+0.1**" 64.8
DMOC (20) 1.9+0.2* 25.3
DMOC +Cy(20+30) 0.7+0,1%*** 72.0
W 258 {n =20 .

" NS : 3.9+2.7 0.0
Cy (2 0.23+0.0"* 99.4
DMOC (z0) 2.5+t2,7" 35,5
DMOC+Cy(30+30) 0.2%0.0"" 98.5
W2se ;MR EBRMONDHER, TEBEX £

. Cy & 3 BB HEESE0MHE A, W
HiRBAE 0% L E(P H<0.01), BHFH B E
HIIEBABIR, MASAM 1R 3 F i
HFIRLAR Cy 8%, BEHKILER (P>
0.05), HH§ DMOC X Cy LH., W ¥ Hig
miem. o '

DMOC 3} Cy B B/ iR R é

W B0, RE18.5+0.28, 3

B, SEFERF, SH 34, ZSEmki
{7, DMOC % ig 100me/(kg-d) x6d, Cy
HAigEE1%Y G, LI EFARSG WL
d 4, 7475 15 min j5 ig Cy 100 mg/(kg-d) x
2d, IEHEXHHA &R 6dHE 1% Gt+ NS,
HEHBTER G 24h sk ium, REE S #
BERGEEY W i KR (Tab 50,

o RigH, DMOC 3t Cy 3|#K KRS
EHREXCIMHERE<0.01), SEXEAL
(P>0.05), #i88 DMOC Hi5% Cy Sl )k
FEITSH{ER.

Drug Corticosterone (ug/L plasma)
1% Gt+Cy 97 +70
DMOC + Cy 33+21**"
1% Gt+ NS 133+ 19*""
1% Gt+Cy 204 +80
DMOC + Cy 134 338%**
DMOC MmN mE R S~ Re R,

{h¥E 19.210.28, RSFHH, FHs4, 1
4l ip DMOC 40 mg/(kg-d) x6y 2) #1ip %
ENS; W2 HAFKBFHRSIP S 15min sc Cy
50mg/ (kg-d) x2; 3)4lip NSx6; #& & F
FEKip A7 12h 3 #&, #J5 15 min sc[*HITdR
18Bg/kg, 2h ERREZEHE, RA8H, #
BREVRMDNA, ¥R B ekl
DNA & &, #(N{YTH DNA % A J% 4538 1 (Tab
6.

Tab B. Effect of DMOC ip 40 mg/(kg-d) x§

d en DNA metabolism of marrow and splesn in
mice by Cy s¢ 5Q mg/(ke-d) x2d, n=11-2,

ELSD, *P>0.05, ***P<0.01 vs NS+Cy
P01 vs NS, )
Drug Weight of Incorporation
DNA(ug/mg)} -~ DNA (cpm/mg)
Bone marrow ’
NS 24.0+4.5 44 660197
NS +Cy g.0+2.2ttt 12 550+ 91tt?
DMOC+Cy 10.41t3.4" 14 230+ 250"
Spisen '
NS 38.0+2.0 398971286
‘NS +Cy 22,0%5.0M 11 765+3 2574t
DMOC+Cy =23.0+4.0° 18376 :42258%"",

g #20H, DMOC gei % Cy fits/h BB
g, Bch DNA g8 A 2P <0001, #fDNA
L EE s & T Cy BHDR.

BE/AH A0, Sh4d, 24 3K,
1, 2) A5 —FrEE, 3, 4 AT54
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DMOC, E#%EA, ATRWHEWHERE, T
ERIEMAE S DNA RiEdan, F#4TE
37 2 h sc[*H] UR 18MBq/kg, Fi B
RikTY, |EXRNA(HEF DNA) & iH
DAL RNA L2 E, ®ABAZE RNA
A\ IETmE (Tab 7)),

Tab 7. Etfect of DMOC on the RNA metabo-
Hism of liver and splesn in mice by Cy., n=10,
2+8SD, *"P<0.05, **"P<0.07 vs Cy.

Drug Weight Weight of Incorporation
{mg) RNA (ug/mg) (cpm/mg)
Spleen
aas LR rua
NS 85.0+6.3 10.9-£0.5 1627+151
DMOC 80.0+49.5 11.5+90.9 1519+180
Cy 27.0%6.3  7.9%11.6 11814224

aaw -

¥
DMOC+Cy 27.0+£7.0 10.7+0.86 1583+265

Liver

L5

2445305

LEE ]

NS 10.3+0.9
8w

DMOC 10.941.2 19224477
Cy 7.8%1.5 1135+120

L LE ] LT )]

DMOC + Cy 10.2+0.8  1723+161

g Figd. DMOC 3t Cy RfG/NEE BE
ER, A RNA ZBES A EH KOy 4
#B8&EE, HDMOC 5irgRaE, H4
Arhpy LR ETERLETERZR.

DMOC #f CFU-s'*'¢g ¢ EX C 57BL /i
57 H, hE 17.4F1.28, 5044, BT3
A 155, #3H, SH5Pip NS{H
15 min sc Cy 200 mg/(kg-d) +Cy (ERAT)

Cip Bse 3 NS, 0% 3 dfea kR, F48

RRME, "Coy /R4 8GY, Hb36 R, &
BRER, BE2h5RREERE2R, &
REDBE 1R, F 16408 % & 10ml,
MR, MR A e S, R 0.2ml HHE vy
BERIER, SAK12R, B48 R By
AR, THS 9 JMUEEE, & Bouin
W EE, 1h G CFU-s, & REMME

E¥ B 1.540.2, 6,343, 11£0.4, 0
4~. FH DMOC %} Cy S| BB EER VAR
IR, HBRERN 4.2, #r-ERH I
Cy R fH/PREroRE M ITeEFH RIFNHED B £,
SR FEN.

DISCUSSION

FR L FE A sc Cy #] 15 min ip DMOC
W Cy ) LD,, R 1.78 1%, 3 sc500,
400mg/kg Cy NA 7dF BT ADEFRE.
ig DMOC 3} Cy 3[i@ A RIBEHEE T F W
WEi. ek E, 4Oy nuAsaEiSE
ig DMOC #{7ia57, WEKERACRNE & R
%, =B DMOC (i —E i Em. W,
Bl SiaT Rk, AEEEA T E L T,
DMOC %t Cy i ST PR R BER S B R
RBEBENER WOy AR, KRS
M, SMRERSRgEE, WBC, CFU-sT
WA BEOES R, HERECY S RY
3 R i, EXIRERTY, B
FE 5l i PMOC g8 42 Cy sy #tE, H 5Cy
£ 3T S R B R W R R
XSHEERx DMOCHFMaEE, RAR
ST AERR S 4T I B T o BT BCIE BT R L
MK RCREERYE, BANE G RTY
Cy & 3£ FI T b 1057 32 B BR i 22,

BROSHEF, B, BRRAGEEEN
PR 3ERE, 1 [HITAR, [*HIUR TS AE
BT DAPER T AR (5 4147 15 AR BT iR (A AR
¥. AERER DMOC 323 Cy /MR, wy CFU-
s, {E#[HITAR, [HIUR BiEs B, W
g DNA, RNA, H &3 in Cy 8 5/~
WEk, BSFma®. 7L E [ DMOCE
EEELRIIENE Cy MR Be R RAH
feFl, WsMER Cy 5¥ 24 0 W 1k
. ‘
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Population kinetic program for Michaells-
Menten elimination

LU Ming, ZHOU Huai-Wu, SONG Ji-Feng!
{Pivision of Blomathemuatics, Zhejiong Medicul
University, Hongzhou 310004, China)

ABSTRACT The microcomputer program, PKP-
HE (populaiion kinetic program for Michaelis—
Menten elimination), is presented to ecstimating
population pharmacokinetlc parameiers of drug
obeying Michaelis-Menten kinetics and predicting
individnal pharmacckinetlc parameters. A data set
consisting of §9 sieady—siale phenytoin concen-
tratlon—dosage pairs from 44 oui—patients was ana-
lyzed with the present program. Five population

Recelved 1988 Oct 19 Accepted 1080 Apr g

1 The Second Affiliated Hospital, Zhefiang Medical

University, Hangzhou 310009, Ching -

kinetic parameters and their standard deviations
were given by PKPME. The capability predicting
individual phenytoin dosage was assessed by the
retrospective analysis of data of 44 patienis and
the prospective analysis of 15 patients, A good
correlation existed between prediciing dose and
actual dose, Population correlation cocfficient
was equal! to (.99 ai P=0.905,
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