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Toxicokinetics of norcantharidin lipid microsphere for injection in Beagle’s dog
following 90 d repeated iv administration
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Abstract: Objective To evaluate the toxicokinetics and in vivo accumulation of norcantharidin lipid microsphere for injection
(NCTD-LM) in Beagle’s dogs following 90 d repeated iv administration by comparing with sodium demethylcantharidate injection
(NCTD-I). Methods An ultra high performance liquid chromatography-tandem mass spectrum method was employed to determine
the NCTD in plasma of Beagle’s dog after 1, 44, and 90 d repeated iv administration. The toxicokinetic parameters were calculated
from the plasma concentration. Results After the first iv administration of 0.8, 1.6, and 3.2 mg/kg NCTD-LM to Beagle’s dog, the
AUC,, were (2.22 £ 0.53), (4.77 £ 1.13), and (13.43 + 3.64) h-mg/L, respectively, while the ¢, were (1.37 = 0.18), (1.64 £ 0.42), and
(1.98 + 0.25) h, respectively. After the 90 d repeated iv administration of 0.8, 1.6 and 3.2 mg/kg NCTD-LM to Beagle’s dog, the AUC,_,
were (3.58 + 0.95), (11.4 + 2.0), and (23.5 + 3.9) h-mg/L, respectively, while the ¢, were (3.87 = 1.90), (5.75 + 3.29), and (5.84 +
2.45) h, respectively. For NCTD-I, the AUC,_, were (9.07 + 2.09) and (14.1 + 3.0) h-mg/L respectively after 1 and 90 d repeated iv
administration, while the #,, were (2.84 + 1.34) and (3.53 £ 1.26) h. 15 and 30 d after the end of administration, the concentration of
NCTD in plasma of Beagle’s dog in each group were all dropped below the lowest limit of quantification (LLOQ). Conclusion
NCTD displays a nonlinear elimination at the dose range of 0.8—3.2 mg/kg after iv administration of NCTD-LM to Beagle’s dog.
Over the 90 d repeated iv administration period, the plasma concentration levels, AUC,_, and ¢, for both NCTD-LM and NCTD-I
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are increased with time increasing. However, no accumulation of NCTD is observed for the both formulations.
Key words: NCTD-LM; NCTD-I; Beagle’s dog; toxicokinetics; nonlinear pharmacokinetics; UPLC-MS/MS

LW P % (norcantharidin, NCTD) /& ¥if%
SR T 2 BEES bR 1. 2 A A B, SRR
FAALL, W R R GERIAE ORI, RN
BETE A4, NCTD 2812, 28T
VT BT an i, Gl boss 4n s i >, % S
T HUR 2B RO s A U, IR
TEFEE. Sl . RIBESEZMEER
g, DLREVATEENE K 2 R Vi, JoHaE
T R PRI B93ETT « NCTD A S HEE T7K, LA
AR A —— L WA R R 40 (NCTD-D
N F IR . NCTD-1pH {H7E 8.0~10.0 I, 5 A4k
MK pH fH (7.35~7.45) MZERK, FENRAKRAH T
b, AFERON P E A R, 551 Kk R
Sits [ 25 AR B HAG BRI, 8T 5]k i e
JEAE, INEFRK IS, BN ZE . LR, 1)
HA—E RO R 25, VAYT R, IRIRHE
TERIEA 10~30 mg/d, T A ks 2k 20
mg/d, REHILERO. R, Sk SR V. DL
MAE— R E BRI TG IR A o

TSR, K lg PUERTE &) NCTD W45 25354k,
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WV iv 525 8E R (LDsy) A& NCTD-I [#)
1.5~2.0 fif; BRMRKRUZESE 28 d iv 4251 O E 2tk
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iv 45T KRG, 1E 1.35~4.05 mg/kg 7N EHLARZ
PEZyENE, 4.05 mgkg AL YT 1.5 5 IEARH
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T-UOL SR K NCTD Al 2s 24N i 2432
FFIE. HETWIE NCTD Sl 845 2 5 stk
W28l R RS, RS

AHIF R FH I =80 A ELls- i B (UPLC-
MS/MS) %, BEXTHLIHFST NCTD-LM &, Hs ik
FHE (3.2, 1.6, 0.8 mg/kg) A NCTD-I (2.4 mg/kg)
HEEE 90 d kIS T Beagle RIUEFBI2ARFAE,
FEZLNCTD AN [ 77 B AE Beagle AP 145 5 5 55
LR BR R T SR, HREtEAE T
MBI, NESIHARREIR LS5,

1 ##
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Waters = Z0BAH-HR BT, BLA Waters
ACQUITY™ B m kit CEBNHERERS, el
EHLEE) . Waters — UL AT R #S (TQD) .
Masslynx {4 T /F 3k, S2[E Waters /A 7 ; Barnstead
EASY pure” [ RE/UV #84l/KHL, FH Lowa A l;
IKA Vortex Genius 3 JEimi &ran, F2E KA 2 #];
LG10-2.4A & g0 bl, dbnt &bl
GL-20B (SR ol, B SEA /R T Es
ATl RYVKE WA, 1EE Eppendorf /A7l ;
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NCTD-LM ({lt5 20110119, #i#% 10 mg. 5mL,
RS 4EL 105.4%, fE % 83.9%). NCTD-1 (Hit*5
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RBHZRLR 22 2550 % A ils NCTD G (it
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2009-0009. FRIEMFE, HEREE 17.9~27.9 C. #H
WEERE 50.2%~82.6%, " TikEL 8~10 {X/h, 12 h
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¥ 100~200 Ix, H HEEEEK.
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25 B SRR R P R OB R VR 0.24 mg/mL
253, LI

2.1.2 NCTD X HESEIIH % A2 FE NCTD
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SEHHIKIM 2.0 mLs 7ESEIGEE 105, 120 RHUCRAE
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B0 15 min, HUMAEET-20 CLRAF.
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0.05 pg/mL IS ¥~ HEEFI 1 mol/L £hR /K %5
20 pL, ¥WHE 1 min, fNESER CME 3 mL, WRBEREY
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251 A& BTN HIEIS BT (ESD U,
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HPE 400 °C, Wi E 500 Lh, #EALKx
AR RL I 50 L/, 33 5 08 2 58 3 e
(MRMD, HT5E & IE T N5 74 : NCTD
m/z 169.02—>123.10, —ZHHEFLHE 40 V, fillfiE e =
10 eV; IS m/z256.20—166.90, —ZHEFLHEE 30V,
it FERE R 15 eV; RN 0.2 50
252 {4if4fF ACQUITY UPLC® BEH Cig tf4i#
FE (50 mmX2.1 mm, 1.7 pm), FshHIHN 0.1%H
K (A) - M (B), BAEELEMIFET: 0~1.0 min,
80%—>20% A; 1.0~2.2 min, 20% A; 2.2~2.5 min,
20%—80% A; 2.5~3.0 min, 80% A. AR E
0.2 mL/min, #1335 C, HEAEE S L.
3 4R
30 FEFER
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Fig. 1 UPLC-MS/MS of blank plasma (A), blank plasma + NCTD + IS (B), plasma sample after 5 min of iv administration of
NCTD-LM + IS (C), and plasma sample after 5 min of iv administration with NCTD-I + IS (D)
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(1) P VB R AT NCTD [l , J7:5 @i e
312 MR RFELR I Beagle RAAIMLK
200 pL, 235N NCTD F& 515 R GV 20 pL,
Bl NCTD Uik E4r 4 0.01. 0.02. 0.05.
0.1. 0.2, 0.5. 1.0. 2.0, 5.0~ 10.0. 20.0 pg/mL [f]
MAFES, % “2.47 BUEAREE, “2.57 15k
FERL . LA NCTD il B A iiAk bR (XD, NCTD
55 IS WA ELAE A DA b (YD, FIIAL (LX) &%
ANZIREATIRHIE L, SRAARUAE T R . (K
o NCTD [Whr#E g 7 #Eh Y=4.14 X—2.11; r=
0.993 8. 7F 0.01~20 pg/mL ALK ER BIT.

313 kR FR O S EIcE ok, i
Beagle RZ5 M3 200 pl, MIAJTEWKE R 0.1
pg/mL [¥) NCTD XJ f %K 20 pL, FCiilpl NCTD
JREIRE S 0.01 pg/mL M AE S CRIUBRIE 2k 4
KD, & “2.4” DU, VAT 8T 6 IMFEAR,
TR 1 H ARV M S vh S — PRI BTk .
RSD 4 9.6%, HEWIEEA (91.7+13.5) %, FHIA
7R E R R AIA 0.01 pg/mL.

3.4 RPEEESHEAESARLE K W) Beagle K2 AL
AT MBI FFTEAEE ) NCTD A RS, i
MG Ty & 3 AR (0.024 0.5+ 1.6 pg/mL)
I (QC) FEfh, % “247 Wb, &%
EIRFEIT 6 FEAMHT, S 3 d, AR HARUE
ek, KE QC FEM RIS, M QC FEM AT
ALK S R . S5 R, k. . mk
JE QC FESLHL PR (RSD) 73110 4.1%~15.4%.
2.5%~6.8%. 1.8%~112%, HI/NT 20%; Hkiakses
JE (RSD) 2354 7.6% 7.5%- 7.9%, HJ/NT 15%;
WEREE 235k (91.5+14.2) %~ (96.84+10.6) %-
(929+4.7) %~ (106.842.6) %. (101.84+2.6) %~
(111.2+2.6) %, I1E 85%~115% N, SERFIIA
W7 2 FEFUER R G K

3.5 IR RI AR (1) B Beagle K%
Ff 3 200 L, 4330 NCTD ZR 51X} i
20 L, FEHME. . m 3 ANEEIRE (0.02. 0.5,
1.6 pg/mL) FESL, % “2.47 IR, “2.57 10
JPEERER I o B — PUEIR LT 6 FEASM T, il
SIS, FHARE S T NCTD TR, (2) %L
Beagle K75 I3 200 uL, BRANIN IS ¥, 4442.47
TR AE AN FE 7 V54 E 2“4 000 r/min 540> 10 min”,
3 980N A N T R BE 1) NCTD X HE 3 RN
IS VWA 20 uL, % “2.4”7 TiJ54E “4 000 r/min 2

L 10 min” JETHDBRERAE, Wk @ik, RS
I NCTD WETH AL (HL 6 YIE P39 LAKE
— IR EE 2 P AL B 7 VR T AR 2 SR i
o & Ty mIEIREE N NCTD &R 55
ok (58.5+£3.3)% (57.6+£3.5)%F1(69.2+4.6)%.
3.6 FEFHNVIAKE R L Beagle RA¥HIMLIK
200 pL, #EAE[R “3.1.5 (2) 7 T, ids% NCTD
IS [T AL 5 HLZEIE/K 200 uL X% Beagle R74%
FIL, [A)VALEE, 75 NCTD A IS (g (H 6
YOI E PPFRMED o DU — BT IR 2 PPALBR T k06
AR Z LEVFSSE RN . 25 R WoR, NCTD JE5isk
oA (99.049.2) %~ (103.1+£2.1) %, £ 85%~
115% W, W] Beagle Kl 28 NYEPEY) IR NCTD (1)
WE FEAR T4
3.1.7 Rt R Beagle K25 ALK AL I
QC FEb, BEANREIRET 36 4. B 6 437 B =i
B 6 hJa. H-20 CELUKM TR 6 MHE. &
=20 CLAVKAE T 24, 48 F1 72 h B [ B Vil
$i “2.47 WOTIERLBE, HAERES BT, e iRa e v
FEL6 4% “2.47 WTEAER, KR EOG L
VKR B HERE S AT 24 h 5, HEREOAT, Lt
FEEfErE, 4R ER, R fF6 hj5. —20 C
LEAVKF 6T 6 AN H G 483 IR 5. 3t
FEEAEA7 24 h )5, K. . SRR QC FEfh
NCTD FHIUERGEE S>30 91.6%~111.2%. 93.3%~
109.6%+ 91.3%~110.9%. 103.5%~111.3%, ¥J7E
85%~115%. KHEAEAFEAE N NCTD I A
3.2 EFMAIRE-AE Lk

Beagle R4 il S ki 0.8+ 1.6. 3.2 mg/kg
NCTD-LM #i1 2.4 mg/kg NCTD-I J&, # I [a) i 1f1. 24
WREERP R S I TR ) ¢ R ML 2. 4525 15, 30 d
Jei s BIFESS 105, 120 KA 2941 25 FE G T2
N, ARAIE] NCTD 471
3.3 BEMFSHHITER

Fn A 2R B HE R ] DAS 2.0 3, SR
FAEBR =R (ST RIS, R
F SPSS 11.5 ¥4, SRS AEAS ¢ 15656 25 41 Hdis
BTG 22 . S5 R R 1~4.
4 g

Beagle KB XK NCTD-LM A% Hs
3 NRIEAL, A 2RIE TN 102 14, AR
F) Coax F1 AUC LLIIZI N 122 0 65 EBELE 2550
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2 Beagle A#:BkiE;E NCTD-LM 0.8 (A)- 1.6 (B)~ 3.2 (C) mg/kg #1 NCTD-I124 mg/kg D) FE1X n=8). F4 X (n=9)
FAE 90 X (n=6) RYMZIRE-AT(E £k 5]

Fig.2 Plasma concentration versus time profiles on days 1 (n = 8), days 44 (n = 8) , and days 90 (n = 6) after iv administration
of 0.8 (A), 1.6 (B), 3.2 (C) mg/kg NCTD-LM and 2.4 mg/kg NCTD-I (D)

%1 Beagle K&%:Mki#;E NCTD-LM 0.8 mg/kg ETEHF S
Table 1 Toxicokinetic parameters of NCTD after iv administration of 0.8 mg/kg NCTD-LM to Beagle’s dog

ZH AL 1d(n=8) 44 d (n=28) 90 d (n = 6)
AUC,, hmgL™" 2.224+0.53 2.95+0.77 3.584+0.95"
AUC,.,, h'mgL™" 2.24+0.53 2.994+0.78" 3.634+0.95"
MRT,,, h 1.8040.15 2644043 2.5840.75"
tin h 1.3740.18 4.07+1.89" 3.87+£1.90™
Linax h 0.83+0.14 0.9040.09 0.8340.17
CL Lh kg 0.3740.08 0.2940.08" 0.24+0.07"
v, Lkg' 0.74%0.20 1.554+0.53" 1.234+0.57
Cnax mgL™ 1.2610.40 2.12+1.61 233+1.18"

S IE 1 REE: TP<0.05 TP<0.01, T
P<0.05 "P<0.01vs paremeter of 1 d after iv administration of NCTD-LM or NCTD-I, same as below

% 2 Beagle KE#BKiEE NCTD-LM 1.6 mg/kg EMENF S
Table 2 Toxicokinetic parameters of NCTD after iv administration of 1.6 mg/kg NCTD-LM to Beagle’s dog

2 A 1d(n=28) 44 d (n=23) 90 d (n = 6)
AUC,, h'mg L™ 4.774+1.13 8.08+2.70" 11.4042.00"
AUC,., h'mgL™! 4.7941.13 8.25+2.76" 11.6042.00"
MRT,,, h 2.124+0.22 3.42+043" 3.02+0.72"
hin h 1.64+0.42 5.85+2.00" 5.75+3.29"
fax h 0.9340.10 0.73+0.23 0.8240.19
CL L-h kg™ 0.35+0.08 0.21+0.07" 0.14+0.03"
v, Lkg! 0.8240.30 1.83+0.96 1.18+0.74

Coa mgL”! 2.8240.55 3.39+1.19 4.93+1.29"
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% 3 Beagle KEPKiEE NCTD-LM 3.2 mg/kg EMENF S
Table 3 Toxicokinetic parameters of NCTD after iv administration of 3.2 mg/kg NCTD-LM to Beagle’s dog

ZH A 1d(n=238) 44 d (n=23) 90 d (n =6)
AUC,, h'mg L™ 13.40+3.60 12.4042.60 23.5043.90"
AUC,.,, h'mgL™! 13.50%3.70 12.6042.70 24.00%3.90"
MRT,, h 2.294-0.40 3.51+£031" 3.71£0.46"
i h 1.98+0.25 5.58+2.42" 5.84+2.45"
fiax h 0.91+0.11 0.90%0.09 0.92+0.20
CL L-h kg™ 0.26+0.09 0.26+0.06 0.14£0.03"
v, Lkg! 0.73+£0.23 2.01+0.70" 1.18£0.65
Cia mgL”' 6.93+1.32 4.7740.97" 8.73+131

% 4 Beagle KE2FKiEE NCTD-12.4 mg/kg RMEHMNFSH

Table 4 Toxicokinetic parameters of NCTD after iv administration of 2.4 mg/kg NCTD-I to Beagle’s dog

ZH A 1d(n=28) 44 d (n=28) 90 d (n=6)
AUC,., h'mgL™! 9.07+2.09 11.60+2.00° 14.10%3.00"
AUC,., h'mgL™! 9.14+2.09 11.60+2.10° 14.20%3.10"
MRT,,, h 2.17+0.26 2.994+0.27" 3.004+0.49"
i h 2.84+1.34 3.25+1.27 3.53+1.26
fiax h 0.85+0.04 0.9140.09 0.88+0.27
CL Lh kg™ 0.27+0.06 0.21+0.04" 0.18+0.04™
v, Lkg'! 1.1240.55 0.9540.22 0.8810.28
Cra mgL! 4.8041.20 6.051+1.67 5.7641.13

44 R, FHNFER AUC)LLIZ Ny 123 1 4; 3%
SRER I 90 Km, AN AUCHEIZy 0 1 :
3160 ML RL W NCTD 7E Beagle RAEP, £ 0.8~
3.2 mg/kg MIFIE A TGRS ) Rk, IBAh,
NCTD-LM DMK HilEGA 20, AL Beagle Rk
NZTBAT AEEAAL TEfEd], H2inpriE
s WARARAR TG B3 22 57, $7°4 NCTD DAl
SR LI ) R R E RO o M R SRR 25
FLBIAREL, RIS R EoRUINCTD IR iR A
NCTD-I 7K BRI, 7E 1.35~4.05 mg/kg 7l N3
SLINARLR LB ) 2 AE s Lin 25T R IR 0.38~
1.6 mg/kg 7l & A EIKTER 45T Beagle X NCTD-L,
W R IAEL B ) R B 25 2 Y
JAESE7 ] St iR B S B oS G T )
7K NCTD ZEANAAN 24 h JFZI4T 30%00 258 R
PUSEHEM: ig 25T/ 2 h s, I R 2 254
EEBIDCA 10%, 55 2 R 3= ZARG= bl 43
30%F1 40%; ig 25T K RS PRI ] RS 21 J 7Y 2
Y (NCTD) FHHARH =4 CAEAYKEBEAER
N EFD TP, EIRSCHERGE R R NCTD fE44k
WEZDARENERRN 3, BT HATMIEK T NCTD
N AL B2 AN ST, HAR A LTS
kRS

Beagle KL 0.8 mg/kg %2 90 d Fflkiw
NCTD-LM, £ ¢fale, Hiks:s52544, 90 d 5
W2, AUCo, AUCyps MRTo, f15. CL
Ay, WHRAEEEZES (P<0.057 0.01)0 fyaxe
Crnax B8 25 N AE TG 2 #5227 (P>0.05). CL
B 265 24 N () S SR IR OR N A, I HAEZ 25 #
W, TR SR E 24 h (WIJTUR% 25)5 25 h,
ISR 25715 0 hO [ L2494 P AR B FH 24 ek 1) 1 B
M. Beagle KLA 1.6 mg/kg 4L 90 d Ht ki
NCTD-LM, £ ¢ £, HiESE4525 44, 90 d H1E
WML, AUC~ AUCgun MRTy,. ti, Al CL
KR BEMEZER (P<0.05. 0.01), e W ETE
ZE5t (P>0.05), CL Ffigh 2 i ) B 17 S I8/ E
#., Beagle NUL 3.2 mg/kg #4: 90 d HbkiiE:
NCTD-LM, £ ¢ i, Hi#Es4525 44, 90 d 51
RGTZIMEL, MRTon t10 F Croax BT RAT BEVEZE S
(P<<0.05, 0.01), CL iy 2 i i) 2 ity S 0980
et B2 15 F130d Ja, EIZESS 105, 120 K,
K. . &=L Beagle R AR P R 2494 5 341K
ToERE MR, A2 4047 . KW NCTD-LM
LL 0.8+ 1.6 Fl 3.2 mg/kg FlHELF KL T Beagle
K90 d, HAE Beagle RAKN B ) = HFEEAT €M
Ak, PNE R LS, (ALEfE 25 AL Beagle
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Beagle K UL 2.4 mg/kg 4L 90 d Flkiii 4 1
NCTD-1, #4E4525 44, 90 d S5 HEIRG ML,
AUCg,» AUCy..« MRT,, Ml CL ¥ B BEMEZ=R
(P<<0.05. 0.01), CL g5 24 i i) fE 4 ifiy 2 I8
e JF HAEG 2 R, wi—R% 245 24 h (A]
T4 25)5 25 h, RHEZHT 0 h) 259K E
B A HI 25 I 8] ) S i 3G, B W] NCTD-I 2.4
mg/kg HELLZ5 2 90 d J5 HHBRE W kg . (HAE
15245 15 F130 d Ji7, BIFESS 1054 120 K252, Beagle
RARN B 259K BESAAG T = R, ARASIN 2 259
IAFAE . B 25— BLir () Js 29 T AR 56 4

P b 2B ) 2 S E AR R I 24 R 2 T LA
i WIER In 2 257 5 HE SRS 2510 i, NCTD
1t Beagle RARN A3 ) 2 kA2 T — @ 224k, 24
W) o SR S5 AN [ R B sk 12, L NCTD-LM 3.2
mg/kg Il NCTD-I 2.4 mg/kg 9P d5 Ay B3, ]
REBR A . OFEIES g 25, 5 NCTD AR SHAH
R A 5 7 ML R, A Beagle KA P 19 25 A 54
UigeZ 2, SEBEES AN ER, AR
HELE ;s @5 25WHEM A DGR e i AL A AN
BN, BEA LS I TR RRERC, A 450 1 A4 18 T ok
b, FEWEIS R TR @2 A AH SR K /
LUR IAFAEMIFI RN, BN R RE K, nTAE254
AREEWNEARD, FEARERIE. LS
RGN, FIR S AR HEI AT DG 1)
AR I L e 18 BAR 2R G0 0 Dy ik 2R, DR v 7)o
TELLL LGN, 2T BRI R e B R

WAMEESLS 2t iR, NCTD-LM . 1.
FELLII AR WEPIHET, {5 NCTD-I 2.4 mg/kg 74
S 1 B re T, BAE m A ek Al
NCTD-LM I 5 B P0G a1t SN, B 120 & A
S 3k
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