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Abstract: Objective Camptothecin (CPT) as a kind of poorly soluble drug was conducted micronization research. Methods CPT
micronized powder was prepared by emulsification method using emulsification machine and high pressure homogenizer. Moreover,
single factor method was utilized to optimize. Dissolution and oral bioavailability study on CPT micronized powder prepared under the
best emulsification conditions was conducted. Results The best preparation conditions were as follows: The dosage of Tween-80 as
the surfactant was 0.4%; The concentration of CPT in chloroform-methanol (8 : 2) mixed solution was 1 mg/mL; The volume ratio of
water-organic phase was 7 : 3; The homogenate speed was 7 000 r/min for 11 min. The particle size of CPT micronized powder
prepared under the optimized conditions was (165.6 + 5.3) nm. The scanning electron microscopy (SEM) results showed that CPT
micronized powder presented regular strip shape and uniform particle size. The dissolution study indicated that the solubility and
dissolution rate of CPT micronized powder was increased by 1.36 and 4.09 times compared with the raw CPT powder. The results of
oral bioavailability showed that compared with the raw CPT powder, the relative bioavailability of CPT micronized powder in mice
was increased by 2.10 times. The results of gas chromatography showed that residual solvents in CPT micronized powder accorded
with the standard of ICH. Conclusion Solubility and dissolution rate of CPT are both improved since CPT micronized powder is
prepared by emulsification method. So the oral bioavailability is also improved.
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M iR 8 R N 2 A A R e R TR R
Fo FEALR NN SR 90% LA bR SRS —
Efeh M, =M (camptothecin, CPT) &M
o [E A BL (Nyssaceae ) HH# ## Camptotheca
acuminata Decne. ZEHRINY) T 7 245 B BTG PE
PP, e H AT IR I 1 R S
(topoisomerase 1) FUFIHIFIEH . I ACHIF SR S 2 b
N N S 77 I 111/ Ay ST S 1R
2N E IR AT — 2 7R TR B B v
—JEEE,  H T EAR OO AR A EE (paclitaxel)
2R 2 AN A E R,

FWBE ) 737 KO CaoH 6N2Oy» AR 73 7 it
) 34834 BRHRAE TR, Xtk 7e Dik)E
AR BEAR R 5, 7 PR T AR IR R A
FUSY, - AR 5% i okl 3ol i 6 WK R L
THEREN, BT KR, EARH T RIME R TE/N
(I F2 3L =Mk (hydroxycamptothecine) 25 HAth =44
BT AR (3 R B LR, ARED ARl A LBt iR
TEMER R DS, Mok 4k (micronization) R fif
RE WK ZE T2 —, ks, R
RARNS TERY—. WERTIAE I, AT A I
VAT v e R TS, L IR R
AR I, H% T E ok, I
T 2T T AEse 2 T A 0 =R sk
HHAT THESUERAE ¥ A A= F EEVEAR
1 {XE5HH

MM400 B2 Wi, H AR Nikon 23 /] ; S4800
R BE (SEMD, HA Hitachi A#; Zeta PALS
RIBOCKI AL, SEEATE i 3k-15 B Ey
DML, #E[E Sigma A F]; BS110 B0 K,
18 % Sartorius 2 F]; XW-80A FEiiR &ras, ik
BIR2EACES) ", KQ-250DE R AL, Bl
IXZEAT BR A 71 ;s WGS00CY 3% 25220 556 == AL L
AR AR B HE AT R A F] ;. AH-100D 2 R
BFEHL,  bifg ATS T RGAR AR 2795 B
RO (A, 6 Waters 23 )5 JBORH €0 4% A
Diamonsil % [[]4]: Cg (250 mmX 4.6 mm, 5 pum),
R A ] 7890A-5975C Y S AR (4
1%, DB-WAX % £~ B EAE (30.0 mX 250 pm,
0.25 um), G1540N-210 FID Kyl 2%, 5[ Agilent
/yH]; Scientz-18N BUAIRTHENL, T Z AR
F A A A

SR, TR 98.5%, DU EMIEOR

HRRAT; BILALEE-80 (Tween-80, T80). ATk,
Rt THBRA R RO il K30
(PVP-K30). RHIEL4E 28 (CMC-Na). RN HE
LA 4k 22 (HPMC). JHS VP 188 (Poloxamer
188, P188), REUGENAL THIF I HEE. &
i CatalD. =&F R FralD, RS Sk
AWRAF; HElE, RKaEiRREE A2 A R A
Al; SD KR 10 X, M 220~250 g, MEME, s
IRTEBERIR s 20, WAL pE bk TA R A
BRI W LBk, S Al

2 HEESHR

2.1 BERKUERBIZ

200 RIE PR A ) 7L T AR A2 1) 5%
W 750K T80 PVP-K30. CMC-Na, HPMC. P188
L5 BRI ERA ARAEKA T, AR EUA R
0.2%, ZiMFEIRE N 3 mg/mL, KA AR AR
b (7 23D, WAh =S Pe-HlE (8 1 2), A%
A 5000 r/min, AJHITESA 7 mine 78T TTAL:
ORI, =S S I ERAR LG 8 ¢ 2 I B AR Ak
HABUF R, e . RIS
U, BRI SRASOERLEE W G T R 42
R =N, ARV 5E R BRI 3 mL
JEAFE SR EAT A . AN A IE 3 K. 45
F4nZZ 1 Pz, T80 Al HPMC N AT EA% Bl 7L, 77
AR B R . el b, IAIE B 1)
F P AT L R AT ok, R L A
KARER R, o] Logm g . AR
LI i) T8O A1 HPMC WPRiAdR /N, SRt T A
T8O i Z B RELH /N, 2k 0.005 0£0.000 1, £33
(RPRLAT ST NS~ AR £ LA T8O A R FLALH .
2.1.2 2 ISR SN B B LT BRLAR (1) 5
FRIT IR EE A 1. 20 3. 4. 5 mg/mL I,
SERIRIAR A (64.4+5.1). (135.54+19.3).

F 1 ARREEMEFEMEIZRZ R0
Table 1 Effects of different kinds of surfactants on particle
size of CPT foremilk

R SFEPRiAE/mm EZNIEN |
T80 535+ 1.7 0.005 0%0.000 1
CMC-Na 580.4£10.3 0.005 0£0.000 5
HPMC 20.6+ 3.8 0.2310%0.024 0
PVP-K30 629.5+12.2 0.005 0£0.000 4
P188 4448%11.9 0.005 0+0.000 2
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(156.1£31.8), (160.24+21.3). (213.4£27.6) nm.
PR 0P T AR 5 AR A KT AR L AR AR P R T
R, EERRFLIDRLAR KN B =R B R
FEREANTIHG R o AR BT A P TR I, AR R B
tassan, FLRR RS KRR, S8
FUAPRIARI K . F B T 2R MA, ALK
P IEIR B 7K A AT HE— 20 558, DAL
BB A LI da bR, SRR IR L e A 1
mg/mL.

2.1.3 KA WA AR Lk 2Rl ] S PR AR 1)
P KA WAL A 9 D 1.8 1 2.7 1 3,
6:4. 5:5 I8, FERAZRDHA (153.4£20.1).
(1162%54) . (423+46). (66.7+£152) .
(113.54+15.4) nm. 7K =50 - B AR LGS
FBRFLAR AR MR B . SR FLT
WA K /IR A 7K 5 = G R - FE R () A4 AR LG 1) 388
s, 1 B AR L — P 3 ki b2
WK R E IR R NFAIR A, SEEUK
K5 MAAATREL 7 ¢ 3 VE R AR AT

2.1.4  RENG MR S S FL PR AR 1) 5
M VPR A= 508 0.1% 0.2%- 0.3%-
0.4%-~ 0.5%M, PR3 50 (176.3422.1),
(1384£7.5), (99.7+12.8), (46.7+54). (135.0%
14.1) nm. T80 5 7K (1) LEAF) X 35 A A L AR A7 K /)N
HREER, HEI B T8O A4 £ ik
PRSP, 24 T80 AN 0.4%I), Riteds /A
(46.7£5.4) nm, ZJaHEEINMESA. Fik, A&
SEEGHLIE T8O AT 4K 0.4%.

2.1.5  SJRGEFR EM AL BRAR g )
I A0S =R FL AR AR K N A e R IR
Wi, A13EAR 5354 3 0004 4 000, 5000, 6000,
7 000 r/min B, “FERARSHIA (211.4445.3),
(53.942.1).(55.4+8.4), (542+4.6). (43.7+5.1)
nm. 2J3H A H 3 000 r/min #2555 4 000 r/min I+,
SERPRAR R BED N o S A AL T 4 000~7 000
r/min I, FLAPPRAREEAA BEA) I8 AR AR
o LA FLARATHBERERIEE, 4 000 r/min #k
PR m A I A

2.1.6  ASIIRIS RN S A B FL - B RAR R e 5
WA 504 34 54 74 94 11 min I, “FHRIES
WA (603+£5.1). (47.5+23), (423+45),
(37.1£3.6). (30.4%3.6) nm. B I RGN,
SEYPRIAR R 2 R ETIRN  E B PR AR B

SIS RN ET s, v RS H TS SN ()
HAMAT S, FLFLA RN S, HmRiRE
Ko BEESIZRIITMG I, AR RIG 270 RA LA,
RIARIEHEIRN o BRI, AUBRBERE = AL AU e 25 1%
I FLAAAE AT FLI RE B IEOR, OA T B I RE R
FLIRG 1) n] g 2 RO B SR 1 5 Xkl e 2 i
MU AR &, T DAAT 2RI M AN R . PRt
TEFE 11 min 7E R B4 RN ]
22 mMEFHTEREANZL RIS

I D VA AT IR AR A I
BRI TR P A 1 mg/mL KA AR R EL A 7
3. AP EE SN 7000 r/min. AJ3EIAIY 11 mine #F
BT, KA MR RS AR S
W, W MERVI RO b, R G BT T IR S
MEE, n] LUE A B S e, W 1. W
WG EWNHRA Mz, XiEHKHES A
ERINZE T SEUN . BT T 152 AT
FLIRAE RN (30.3+1.8) nm, WA 2 Fiox.
2.3 EWBAKINSEHREHE

TE I FL & B G, ST,
o} 1 s 2 S o 46l K 3L 2 v v s 38 U H R B

Fig. 1 Status of CPT foremilk under optical microscope
(10 x 20)

(') 5'0 1(')0 15'0 2(')0 25'0 3(I)O
iR /mm
2 EWHMFAMKES S
Fig. 2 Particle size distribution of CPT foremilk
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AT R R R ) R R g oy ) ok
20. 30, 40. 50. 60 MPa /% 3. 5. 7. 9. 11 K.
SIS Ry, SR e A T IR

e IR 77439004 204 304 40, 50, 60 MPa
N, SEBRiAAS SN (15.3+£1.8). (15.5+2.1),
(15.7+3.2), (159+3.6), (18.7+3.4) nm. %5
KW, AEB T2 IS OL R, BEAE ISR,
R /Mg EEAR R, (RafckIbRASE TR e, X2
B &3t mE S K G A 2 S RIEL, Rt C A
RN, FURBRTEAYS), AT S R4 LT DA
WIFLERE 38— e A KR Rk,  HUER N
(1) 38 3 50 P Aol S W BT L ) — R I Al oK
FL

YIRUREY N 34 54 7+ 94 11 kI, “FHgkE
Bl (23.3+£1.6). (20.6£2.1). (18.6%+1.4).
(193423). (20.7£4.5) nm. Z5REY, &
Bt ), BEAE S s, kAR E SRR
B iadh. th T3 sk Bas i, HUBAE RN R AR K,
KIFLIH IS/ o AR 238 R B 458
Wi BT R ) G T G . DURIARAE 4 2% 18 ik
B 15U S 20 MPa, )50 7 U0 AE At g

RIS RS AR AR R AR I N 395, (HE
FR I8 T g B B, I SRR S KB — M)
UKL AR S TG K, mT fig A th T34 5 s g ik v
s IR 22, SR P R LR TR SR AR AR
FEHER, A BRI FLA AN BEA AT 25 I B 21 i A3
R, FULTER R, R RE, Sl
PURATIE K A AT E IS
2.4 SMEHTEMFILFIAFIRIFE

FUI G, FDG B WS FL IR
A, W 3 PR, ERRAOKFL R BT AERE 1) TE
i, BRI S o A4 A3 2 =R
FLAFRIE RN N (18.7£1.3) nm, 1P 4 iR,
25 R, NERERBOHMEER

PAF A T SAT I SRR IS, e
7R RV 2 BRI T A WL SR R A3 3 s B 49 K Tk
Al ARIE AN SR I 5 A H R, TR
A), 1640 CHMIREIKF TR 2 he EAAGT
PENLH A RIN R R 48 h, RIS SEMEBRIMORY . 5Ok T
XU SR AE A 5 6 Bt Gy SRR IO T /K &=
WhEMEBHA L, BB TEGART, £
SRR AT I AT AT TR S SR

Bl 5-A BoRERREOR AR AR, R LE

B3 FRARETREMBARIVRE 10x20)
Fig. 3 Status of CPT nanoemulsion under optical microscope
(10 x 20)

2I0 4‘0 6I0 8I0 I(I)O
HifE/mm
E4 EWMBENRIANRNES 5

Fig. 4 Particle size distribution of CPT nanoemulsion

1~60 pm. HEEEEKSR, KEELHROK (K
5-B). EMEBME (B 5-C) SI/NTRLR, B
HEsm s, PR NS . T2 e
PESAE T 25 5 TR IR, M IR IR PE 45 AF T & s e,
Fr LA B ok 1 Rl Rl 20 B i3 A pH (555
B AT A () S B RS M B e — 2

Wil 6 s, ERERECR (72D Rk (4
KPS oL, = F i 3, LG
o RIS RAF, EH Rz A3k, K
WG, 2P RIRAR R/ NI R (165.5+5.3)nm,
HormiR¥sy, k7 o,
2.6 AHMR

P R RO 43 4% IE 100 t/min Al
(37.010.5) °C, #H ATk BB W TP
fif 55 I IS A i, BEPE 48 h S EX L3S 0.22 um
JEIEE HPLC Ao IS H PR 547 39 mg B
(1) 2 2L 43 S N2 500 mL 3§ H A 4 v, 76 5
10. 15, 30. 45. 60. 120. 240 min I} [a] 25 _FHURE
A S mL, PR A AR A BT B A
AV 0.22 pm JEMEERE BR 2 RN, 15 278
VHE HPLC A 25k 5 o A 4t R . Jsh Al
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B 5 EWBEEHS (A, BEE B) MEMBERHY O B
SEM #&:

Fig.5 SEM images of raw CPT (A), mannitol (B), and CPT
micronized powder (C)

Elo6 ERWEY () MEMEMY (F) EKPRISEILE
Fig. 6 Dispersion appearances of raw CPT (left) and CPT

micronized powder (right) in water

W R LHE-7K (40 60D, FABARE 1.0 mL/min,
R 254 nm, BEFERE 10 pL, AR =R
HPLC 45 5 10 7 5 W B J5t 24 T 1 R0 5 il
92.46 pg/mL, E-RIHREOR K4 218.28 pg/mL. & 8
WOR T B 2 ROk BV R, B R R i
2L, E RO R T SR R

(I) I 160 I 260 I 360 I 4(I)0
BifE/mm
7 EWERSRIES

Fig. 7 Particle size distribution of CPT micronized powder

1001
80
—a— AR CRY
x 60 —o— HATR R
® |
=
X 401
20 . .
O T T T T 1
0 50 100 150 200 250
t/min

B8 ERERGBMAEIUT IR ARH ik
Fig. 8 Dissolution profiles of raw CPT and CPT micronized

powder in simulated gastric fluid

BB R BT 7K 22, KR RESE ¥R, 45 min I
I 8.09%, TGN, B BRHOR LS H 72.48%
240 min ORIV H 93.22%, 1M JERMXCN 18.33%.
H PR ORI SR 24 T T 4.09 £
2.7 KREREIFBETM

W 10 FUKRBBENLAY Hy 2 4L, K5 K SRAE AR [ i
FEs WRRE. IREAAEN, IR L. SCRHT 12 h 28
T, HHEYOK. R E, 50ligshTHE
PRI JEURF 2 OO R RSB (SEiedlD, 24
27 50 mg/kg CROR 4 SRR SEBR T
5o SRR KU, [RIBE I T A 45 255 0.25.
0.5. 1. 2. 3. 4. 6. 8. 10, 12, 24 h Hufi 1 mL,
BT RO B0 P BRI R BRI, ik
NEVE A (B BFZ4), 3 000 r/min, 250> 10 min.
B35 100 uL T 1.5 mL S50, I FEE 300 pL,
WRIEYRZVRES) 3 min, B 10 min, 10 000 r/min 2
> 10 min, H{ L3 10 pL #3F HPLC £,

HBR R 25 RS IR R ig 45 24 5 P
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PRI TR 2k WK 9. DIRERBR RIS S, 24
VIR R SR A KR AT I TR 22245, 4 h Jim a3 e oK I
RS (1.54940.155) ng/mL; 1R =GR
JG, 0.5h Il 259K EIEE] (0.6134+0.067) ng/mL,
KM 253 JER K3 (2.73740.233) ng/mL. HRHEAH
XAEPIR B A XS, SRk A AR 8)
FIFH B Ay b 25 1) 3.10 3%, Boky A0 5 20 B
5K B A IR AE AR BE R ORH varo AN SEEHG K
DAS 2.0 AR EHR AT AL, WS AR
BB 5 24 R e R B 1) 30 ) A 2l (R 2D, 3
PR 2 A TR BB 11— SR, SO
BCEZREC 1 B, K 3%y AR AU
[, P LA R N 1R 5 S S H s AN ]

3.0
2.5 1 .
’ —=— R
] —o— RER BTN
o 204
é ]
2 157
= ]
= 1.0
A= ]
0.5
il L4 %
0- L. 2
0 s 100 15 20 25
t/h
9 EWIIR NS ST IERAH 89 M 25K E - B (8] g £
(X*£s,n=5)
Fig. 9 Blood concentration of raw CPT and CPT

micronized powder (X s, n =5)

2.8 ATI%RE

FREX 100 mg H-A B, A 500 pL 4R,
R A AN 40 min, 19 BRI BRGON CIEE. 1T ST
) PP R = G TR e b VAR, He b R R )
B 2 mg/g, =S MHEITE 7 HCh 0.06 mg/g. %I LA
b2 FPFESL 10 000 r/min FESC 5 min BEAE, AT
GC Ko K4 FERA L WITFLA7E 80 C R
FF 2 min, 2RJ5LL 15 “C/min T35 270 C,
TR FE 10 min. HEFE A RS W 28 5 B #% A
280 C. AiJEH 99.99% M ANE NS, PR
20 mL/min. SR SABGEHR 300 400
mL/min. FEAERRIEFEE R 2 uL, 73R 25 1 1.
g Rl 10 Jros, Ko A FB RIERE L
fig, FE U 1D FI—=SHFEE (U6 2D PR B )43

Fx2 EWREANEFEMSEERILAYHNFESH
Table 2

model for raw CPT and CPT micronized powder

Pharmacokinetic parameters of compartment

BESH L:¥iva HREERZ RO
fin h 3.047 —
120 h — 1.760
tip h — 2.439
V\/F Lkg"! 25 624.390 1 020.402
CL/F Lh'kg'  5829.626 1891.132
AUC,., pg L7 h! 8.433 26.108
AUC,_, pg L7 h! 8.577 26.439
K. h! 0.228 —
Ko h! — 1.853
K h! — 1.514
Ky h! — 0.339
K, h! 3.860 0.715
MRT,., h 7.782 7.513
MRT,_,, h 9.890 9.481
finax h 4.000 4.000
Crrax pgL™! 1.549 2.737

A
i
B
2 4 —

t/min

10 HE-ZSHREMBRIAR (A) REMERKY CE
ZEUER (B) B GC

Fig. 10 GC of methanol-chloroform reference substance
solution (A) and ethanol extract liquor from CPT micronized

powder (B)
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W4 1.855 min Al 3.68 min, 111 % ) SRR ACKS £
P AL Pl T 3 ) AR, 7R 10-B ik
A L T, W AR T R A ASAS IR A5
RHL o MR — TS AT 15 SR Aok FE R
=R B 0l 0.064 F10.014 mg/g.
3 itig
31 AHFEMFBEEAR

TR A IR B B R L B R R A B, HAT BN )
FEARFITE I LLAR TR, DRI B PR3 R T PR
WARERE N, [, e 0 IRAER AR T
PErr.
32 HBATIMEL

YA AL 2 T B 24 5 R 2
(International Conference on Harmonization, ICH)
I AT A = e . RISR A GC kA
DU SRR AN (KA B B o S DA ) SR ARy
e AR — b5k B B 20 0l 0.064 mg/g A 0.014
mg/g, A ICH B I SR =S %t 3 mg/g Al
0.06 mg/g MIBLEE .
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