. 54 - PEGEFS EWFLE202251 A% 3655 14 Chin J Pharmacol Toxicol, Vol 36, No 1, Jan 2022

ZEEMKEBRNFERMERNLGHE

L', FoRse™?, FEEAMT, skaOms T, XSRS, & &, 5k E,
(1. R F B EF E A B dE D 2598 BT, db 50 1008505 2. fEJL B T k2725240, Wik JEil
063210; 3. |  RIERMRFZ2A0E, | A A58 523822)

HME. B KA FT I L, HERENEZTZTARGREBR, UARZERPEDARNE, Fix @
Box-Behnken it i £ A AR SR ARG T L, FF RN Efo v le6h 782 M, i id £ T iR &
57 (DSC) Ao X HF & FATH AT (XRPD) 4 5588 JE a1 Ja b B R AL, Sl i Ak shis e K AR W 25 30 297
Th R 69 IR NI AAFIE, R REAFT T LA E A E X ERE D 5 A 30%, HFE 4% 3000 r-min, 4
L RMB R 10, AN Z T ZTARGEE o Zeta b a Y EHBE , A BENER AL EE
o HRHBRERAL, FEZZHRERLA200 MG A EHESERZE R RFERERE, L XRAK
PR (C,,,) Aot 52 25 M R B 2% T @ AR (AUC, ) ¥ B %42 % (P<0.01) , A8 £ 4 A R & 7T 35 461%, H
BENEERARBAAEETL, i HETEXAETARIRBRORALA T L TR &N E T T AL
S RARE , B ER SR B AR N A R R

E4iF. £% %, sk S, Box-Behnkeni&it; A4 A A E

hE 4 Z£S :R94; R969.1
DOI: 10.3867/j.issn.1000-3002.2022.01.008

PRI 2 — Bl E G 8, B R RN A%
OARIE>40C, R T34, Pk 4 R G %, T
B AT 3 2 2% B ) e B 45 25 5 fiE (multiple organ
dysfunction syndrome, MODS) "', #5455 & i 2
R e R 3R B IXI 5, i A8 3 R % A vy, H i T A
HNETE Tz T R i,

Z2 1 2 (curcumin) J& — it A 22 81 rp $2 A IR
M Ak G, TEDUR BT E s TR A
Wik 1 55 5 T A ARG (7880, B R R B I i A
RN, HAT WM RRTET ., kM, 28R
D270 ST B oA 1) E L TR TR 1 /10 TR
BT AR R R IR B A T R
(CEAE T, I BEAERR I IR HE prf e ™, 4 I H ik It
FAL SR BIA IR I R A2 . SR, ZE R
TR R G 4 325 OK R g AR
11 pg- L7077 1 24 1 LI R R

0 K it 1 00 5L T R g 24 0 R A R

ESWE: HEHRPH4(81573357) ; [H K H Sk El %
F4>(82073793)

YEE T : L, LR A, FENFYORE AR ZG 5t
E-mail: 941389252 @qg.com

BIRAESE : #Z ¥, E-mail: apzheng@163.com; 5k =,
E-mail: zhhui58 @ 126.com

XEkFRERD A

ME4S :1000-3002-(2022)01-0054-08

H AR PR R WAL 25 1 0] B R T TR R R
AR S0 I R B4 S eV | P BIVE 2 S S 1 i
O i DR i JEE AR TR, AR BT R RIS L 44 ok
it 245100 B B9 A TROAIE PR B A 2 T ASE E 7 L 2% o
FRE D A5 5 5% E FDAAIERY S AL B R T4 BT
JEE 2 i A A E Y 22 B R AR IR, DA 22
R AR A R L L R T B e AR R
s R BRI S %

1 HRST %

1.1 @ akFIFFEZEE

L E (5 :20201027) , BEPG42 e o A W4
ARARAH . i 80(Ht*5:20180801) , V174 25
AT FRA ]+ B AR 4 (sodium dodecyl
sulfate, SDS, it 5 : WXBC1167V) , I 5 v bkA:
R A R A VKIS R (FiE45: 20190325) , [ 24
£ Ak 2= 0 A R Al 3O kL 4 (Nano -
ZS90) , y: & Malvern 23 v ; i BE AL (DYNO®-MILL
ECM-APO5) , fe /R E AL A FR 2 7] 5 % i 56 4%
(RC806D) , Kt KKK K BHE A FRA w1 14
FEEF (HJ-3) , # M &35 R AR s 2 R T8
HL(LGJ-18C) , Jb 3t DU AR} 24 AR 5 HL25 T 1 4R



PEGEFS EWFLE202251 A% 3655 14 Chin J Pharmacol Toxicol, Vol 36, No 1, Jan 2022 . 55 -
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P50, B Ak Jr T2
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3
1.6 ZHEZNRBAEENE

43 ) % FH 74 BB 4% (scanning electron micro-
scope, SEM) Fil i I} H, 5% (transmission electron
microscope, TEM) WL£% 22 55 28 40 K i TR 2 W 1 B
AL AR . B TR RS A 4K A TR B T
SEMFES & b, AR T J5 i 4 i 4T SEM LSS ; B
IR A A SR TR AR T A I L, 3 iR
5 min J5 FHIEAC T, I 3% B9 FR 64 5 min, [k
B TR ZE NI R 100 KV Rl T TEM WSS

Tab.1 Design and result data on Box-Behnken test for optimizing formation process of curcumin nanocrystal-

line suspensions

No Stabilizer: APICm:m)

Curcumin mass percentage  Grinding speed/r-min™

Grinding time/min  Size (Y)/nm

1 1:10 10
2 1:2 10
3 1:10 30
4 1:2 30
5 1:10 20
6 1:2 20
7 1:10 20
8 1:2 20
9 3:10 10
10 3:10 30
11 3:10 10
12 3:10 30
13 3:10 20
14 3:10 20
15 3:10 20
16 3:10 20
17 3:10 20

2250 30 243.1
2250 30 2451
2250 30 244.9
2250 30 258.6
1500 30 331.1
1500 30 340.9
3000 30 206.2
3000 30 225.1
1500 30 282.4
1500 30 362.0
3000 30 212.3
3000 30 220.3
2250 30 246.4
2250 30 244.0
2250 30 249.3
2250 30 259.4
2250 30 255.1

API:active pharmaceutic ingredients of curcumin; the independent variables used to evaluate the preparation effect were the mass
ratio of the stabilizer to API, curcumin mass percentage and grinding speed. Grinding time was maintained at 30 min.
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Tab.2 Results obtained from ANOVA of Box-Behnken experiment design

Source Sum of squares df Mean square F P
Model 30845.53 9 3427.28 25.54 0.0002
A 246.42 1 246.42 1.84 0.2175
B 1323.55 1 1323.55 9.86 0.0164
(o} 25594.53 1 25594.53 190.75 <0.0001
AB 34.22 1 34.22 0.26 0.6290
AC 20.70 1 20.70 0.15 0.7062
BC 1281.64 1 1281.64 9.55 0.0176
A 14.10 1 14.10 0.11 0.7553
B 94.80 1 94.80 0.71 0.4284
C? 2257.49 1 2257.49 16.82 0.0046
Residual 939.23 7 134.18

Lack of fit 778.94 3 259.65 6.48 0.0514
Pure error 160.29 4 40.07

Cor total 31784.76 16

A: stabilizer:API(m:m); B: curcumin mass percentage; C: grinding speed.
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Fig.1 Response surface diagrams of three parameters and their interactions with particle size. See Tab.1 for the re-
sults of the 17 experiments designed. The response surface diagrams were drawn with Minitab software. A: the 3D surface (A1) and con-
tour (A2) of stabilizer: API-curcumin mass percentage; B: the 3D surface (B1) and contour (B2) of stabilizer: API-grinding speed; C:
the 3D surface (C1) and contour (C2) of curcumin mass percentage-grinding speed.
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Tab. 3 Stability of nanocrystalline suspensions at
different temperatures

Time/d 4C
Size/nm PDI Zeta potential/mV
0 209.3x2.7 0.253+0.008 -18.40+0.27
1 205.4x+1.6 0.239+0.028 -16.80+0.62
2 205.2+4.0 0.253+0.011 -16.50+0.62
3 201.6+2.8 0.234+0.028 —19.00+0.32
5 201.3+3.5 0.269+0.016 —22.60+0.90
7 197.8+4.0 0.249+0.012 —25.70+0.56
10 200.1+2.8 0.226+0.014 -15.10+0.42
15 208.7+2.5 0.293+0.014 -14.70+1.26
30 202.7+3.4 0.246+0.017 -17.90+0.21
60 196.8+2.7 0.218+0.013 -19.00+1.90
Time/d 250
Size/nm PDI Zeta potential/mV
0 209.3+2.7 0.253+0.008 —-18.40+0.27
2 204.3+2.8 0.246+0.038 -14.90+0.35
3 204.4+2.1 0.257+0.030 -19.70+0.10
4 202.2+2.1 0.251+0.008 -19.70+1.36
5 203.1+0.9 0.270+0.009 -20.90+0.57
7 200.3+5.0 0.229+0.017 —26.40+1.05
10 205.1+1.6 0.223+0.008 -20.80+0.81
15 207.5+3.1 0.307+0.024 -13.30+0.15
30 206.0+3.3 0.232+0.008 —-17.40+0.42
60 201.4+3.8 0.236+0.006 -19.30+1.53
Time/d 400
Size/nm PDI Zeta potential/mV
0 209.3+2.7 0.253+0.008 —18.40+0.27
1 203.1+1.4 0.254+0.041 -14.20+0.45
2 202.4+1.2 0.246+0.021 -19.60+0.59
3 203.1x2.0 0.236+0.007 —20.40+0.46
5 202.8+2.8 0.237+0.011 —20.60+0.96
7 203.8+1.8 0.245+0.018 —24.60+0.81
10 204.1+0.7 0.205+0.012 —28.50+1.08
15 209.7+1.5 0.258+0.045 -14.20+0.27
30 208.2+3.7 0.228+0.008 -14.20+0.61
60 210.4+4.2 0.209+0.021 -20.50+1.68

The nanocrystalline suspensions were stored at 4, 25 and
40 for two months. Size, polydiseperse index (PDI) and Zeta
potential were used to evaluate the stability. x+s, n=3.

M) o 20 KKt TR A O A7 8 D A VR 5 0 2
W AR Ak, 5 XRPD 45 A0 I, 28 W % Ak 5 i 78
FEA R A o, B8 Oy 06k b 2 I8 B 5 )
(E5).,
2.5 MENEFZEEMAK SRR RINAHAZ M
I 2 vk 5 2 N TR R A0 22 B R 40K R B
% R LR AN AR UL R 6, R L AIF S 11
LW R TEZG 3 h 2R R (81.5+£0.5)% , K 5¢

e

x5000 x10 000

x10 000

Fig.2 Scanning electron microscope (SEM) charac-
terization of curcumin nanocrystals. A,B,C and D were
the nanocrystals observed under 5000, 10 000, 10 000, and 20 000
magnifications respectively

x50 000

x10 000 _

Fig.3 Transmission electron microscope (TEM) char-
acterization of curcumin nanocrystals. A, B, C and D
were the nanocrystals observed under 10 000, 50 000, 50 000,
and 40 000 magnifications respectively.
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Fig.4 X-ray powder diffraction patterns of curcumin
nanocrystalline suspensions, APl and preparation

excipients. 1: API; 2: Tween 80; 3 and 4 were the physical
mixture of vacuum drying and freeze drying respectively; 5 and
6 were vacuum-dried and freeze-dried nanocrystals, respectively.

WM. HIER G R, BEE RS /N, 2 um,
500 nm F1200 nm 2] 22 85 25 7 HH 80R B & 30 (P<
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Fig.5 Differential scanning calorimetry (DSC) ther-
mograms of curcumin nanocrystalline suspensions,
API and preparation excipients. 1: API; 2: Tween 80; 3
and 4 were the physical mixture of vacuum drying and freeze drying,
respectively; 5 and 6 were vacuum-dried and freeze-dried nano-
crystals, respectively.
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Fig.6 In vitro dissolution curves of curcumin nano-
crystalline suspensions and API of different particle
sizes. The suspension samples of each group were added to
900 mL dissolution medium at a speed of 75 r- min™ and a
temperature of 37°C. The dissolution samples were collected
at 5, 10, 15, 20, 30, 45, 60, 90, 120 and 180 min, and the
concentration of curcumin was determined by HPLC. x+s, n=3.
**P<0.01, compared with 5 min cumulative dissolution of API;
#pP<0.01, compared with 2 ym group; 22P<0.01, compared
with 500 nm group.

0.01), 525 .2 um 500 nm F1200 nm 44k & #f
i 5 min 2 400 o (23.8+1.6)%, (521
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200 nm [} 22 Z YK A AE 5 min PIRIAT 58 4
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QYL E SR 5, G LR K 7,
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P25 S 1 A R X 22 9 2R 0k I I () A2
A W EE W, 5EEZNRB WAL, ZE R
YK TR 1) MRT, o, BB F£ 1L (P<0.05) , C,,, Al
AUC,_, 1 i 2 TH 15 (P<0.01) , 25 35 K 40K i il 571
Crnax 72 IR 25 1 7.75 A%, AH X A2 9 R B T 56
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Tab.5 Pharmacokinetic parameters of curcumin nano-
crystalline suspension and API in rats

Parameter API Nanocrystalline suspension
Cranug L™ 247467 1912+458**

Tl 2.67+1.97 2.17+0.98
AUC/ug+ L-h 2455+1137 11307+3081**

MRT ,_y/h 9.1:2.8 6.1+0.7

T,0/h 7.2+6.7 4.2+2.0

Rats were randomly divided into two groups and were ig given
200 mg-kg™ curcumin bulk drug suspension or curcumin nano-
crystalline suspension, respectively. The plasma concentra-
tions of curcumin were measured by a validated LC-MS/MS
methods. C,,,: maximum concentration; T, time of C,.;
AUC: area under the curve; MRT: mean residence time; T,,:
half-time. x+s, n=6. **P<0.01, compared with API group.

2500+ O Nanocrystalline suspension

@ API
2000+ l

o
2 15004 & \l
=
£ 10004
E1 N
5001 N4
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0 2 4 6 8 1012 14 16 18 20 22 24
Time/h

Fig.7 Plasma concentration-time curves of curcumin

nanocrystalline suspensions and API. See Tab.5 for rat
treatment. xts, n=6.
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Preparation of a curcumin nano-suspension and its
pharmacokinetics in vivo

PENG Yi-fan', WANG Rong-rong'?, ZHUANG Xiao-mei', ZHANG Wen-peng', DENG Yao-chen®,
GAO Jing', ZHANG Hui', ZHENG Ai-ping'
(1. Institute of Pharmacology and Toxicology, Academy of Military Medical Sciences, Beijing 100850, China;
2. College of Pharmacy, North China University of Science and Technology, Tangshan 063210, China;
3. College of Pharmacy, Guangdong Medical University, Dongguan 523822, China)

Abstract: OBJECTIVE To prepare a stable curcumin nanocrystalline suspension by optimizing
the formulation process to improve the dissolution and bioavailability. METHODS The formulation process
of a curcumin nanocrystal suspension was optimized through Box-Behnken response surface design,
and the stability of particle size and Zeta potential were monitored. The changes of the crystal form
before and after grinding were analyzed with differential scanning calorimetry (DSC) and X-ray powder
diffraction (XRPD). The in vitro and in vivo release characteristics of the preparations were evaluated
via dissolution in vitro and pharmacokinetics in rats. RESULTS The optimal formulation process was
determined to be as follows: the mass percentage of curcumin was 30%, the grinding speed was 3000 r-min™,
and the mass ratio of excipients to APIls was 1:10. The particle size and Zeta potential of the prepared
curcumin nanocrystals remained stable, and the crystal form did not change significantly before or after
grinding. Curcumin API that was turned into nanocrystals with a particle size of 200 nm could signifi-
cantly improve the dissolution rate. The C,,, and AUC,, in rats were significantly increased (P<0.01),
and the relative bioavailability was as high as 461%. There was no significant change in the crystal
form of curcumin before or after grinding. CONCLUSION The optimal formulation process of a curcumin
nanocrystal suspension is determined, and the properties of the prepared nanocrystals are stable,
which can significantly improve the dissolution in vitro and bioavailability in vivo.
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