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Preparation and bioavailability of curcumin/piperine solid dispersions
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Abstract: Objective Solid dispersion of curcumin and piperine compositions (CUR-PIP SD) was prepared to increase the in vitro
dissolution rate and the oral bioavailability of CUR and PIP. Methods The CUR-PIP SD was prepared by a solvent evaporation
method with dissolution rate as index. The characterization of CUR-PIP SD was evaluated by differential scanning calorimetry
(DSC), X-ray powder diffraction (XRD), and the resulting SD was evaluated by in vitro dissolution assay. UPLC-MS/MS was used
to determine the plasma concentrations of CUR and PIP in rats after ig administration. Results /n vitro dissolution experiments
showed that the dissolution rate of CUR and PIP in SD were both greatly improved compared with that of raw materials. Oral
bioavailability of CUR in the SD was 2.71 times of that of the drug substance (P < 0.05), and PIP was increased to 2.68 times (P <
0.05). Conclusion The SD prepared with PVP K30 can effectively increase the in vitro dissolution and bioavailability of CUR and
PIP.

Key words: curcumin; piperine; solid dispersion; supersaturated dissolution; bioavailability; solvent evaporation method; dissolution
rate; UPLC-MS/MS; pharmacokinetics
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[ R 7 B (SD) S F8 254 JU 2 M v M 1 ]
WAL T S PSRBT E BURAS i A
TEIE BB A A RE ] B ] 75 43 ik R 224, SD
HZGRRLE N, LR TIARSE K, B 4 AE
PR, DR T ER VA e 2 Vs R, kT
PEE AR FH R, ARSI R S A & £ R -
BAHBUGRE [ 44 2> B ik (CUR-PIP SD), AR {4
AMAE I SEEG Y CUR-PIP SD, [ L&A 77 S5k}
24 IR A S i FRUE K B Y 0 2R R
1 R

JFEIZ5 CUR (HIt'5 RO3D6S6966, i & 7 %
98%). PIP (#t5 C28M6Y1, Ji&E4%L 98%), L
WRM R AR A XIS CUR (5 110823-
201405, Jii &40 98.9%). PIP (#it5 110775-
201405, g% 98.9%), HIE A 524 s e ik 7T
B s 28 2 Bl (PVP) K30 (L5 N01-170001)
T E ESRH EAR AR PVP S630. F2 7425
4EZ (HPMC, iS5 PD403104) W H FifEF R
BARERGRAF; RNELG4%EER (HPC, #t5
431216) W) H fl it 2= 48 FigA R A =) s oK OBE (O
Praf). HEE (Eika), RiLELEE-80 (fhakdl),
EZERARTARAR: o, ik, £HE
RUARAF]; RER, iral, Eigsiedl i)
HIRAF .

SPF it SD KEL (220+20) g, WHER 5T
WL TXERLNMEHEY, hMEKIESH
SCXK (75) 2017-0001.

Waters 2695 1= RUHAH €L BE (X . Waters Acquity
UPLC TQD i & 380G AH (i — 58 DU AT 53 3% B X
#41, %kE Waters AH]; CPA225D BUHLFH 4T R
F, RS AR RS AR AR RE-2000A
W 2 RA, DL THRAUA AR AF]; Centrivap
BHHLE ORI, £ Labconco AF]; XP-6
Ty 2 — K% RN, Ei MR -FERI Z AR 200
F3 ZonHfa A, 8 E g ARG IR A A
D/Max-2500 X-5 6754, H AP w]; CL21R
RO, £ EFERCHRBHE AR CL21 R B
EIH B0l [ ThermoFisher /A ; ZRS-8GD
BReE IR RETTRRREBHARAA .
2 FAEEHER
2.1 CUR-PIP SD 53 #7550 L
2.1.1 (i Kromasil-Cig ta 34 (250 mm X
4.6mm, 5um); LAZAE-03%MERE/K (60 : 40) A

WaAH: AR 35 C: ARBUREN 1 mL/min; il
WK A 430 nm (CURD. 342 nm (PIP), FHiBIEMR
o HAMETF 9 000 AT 8 000
2.1.2 EMERFRFEH  FEEFEL CUR.PIP X R,
BT 10 mL WEM TN EEFES, 15 CUR R
BIWKE N 139.7 pg/mL, PIP A EWE N 1386
ng/mL. A% W B B IR OE R, B LARE 0. 2.
4. 8. 16+ 32, 64, 128 fi5. % “2.1.17 WiF i
FAFME, 435 AT B FE AR AR (XD, FLUg T
HOAAER (Y, ZeilbaEdi 2k, #EATZERA,
4 CUR BT FEN Y=288 741.41 X+38 441.19,
r=0.999 6, Z&MEIEHEIN 1.09~139.70 ug/mL; PIP
B A5 FE N Y=173 568.06 X+21 436.19,7=0.999 7,
LR VI N 1.08~138.60 ug/mL.
213 KEEEAEE L “2.1.27 TUNME. . mR
BN CUR (4354 2.18. 34.93. 69.85 ug/mL ).
PIP (35N 2.17. 34.65. 69.30 ug/mL) XJ & 5HiE
W e BRSNS E 6 IR, MI#F CUR
T FR ) RSD 735114 0.76%-0.52%+0.40%(n=6),
PIP UE[HI AP RSD 7514 0.52% 0.37%- 0.74%
(n=6),
214 FUEMEES  FEEHEL CUR-PIP SD &,
BT 25 mL &ifiH, MHEGER, e52%2E, #
SJRI45, 3 CUR ik N 41.39 pg/mL, PIP [
FUERIREE N 21.27 pg/mL, 3 HIE 0. 2. 4. 6. 8.
12, 24 h FEFEFEIZ “2.1.17 TUR 44300, M5
CUR & RSD A4 1.85%, PIP WEMHAHH) RSD
N 2.11%.
2.1.5 HEEMES % “2.1.47 W HEPATH &
6 R TIAI, SRJETE “2.1.17 TR ik 21k
FEo 1HE CUR -T2 53 80CH 95.08%, RSD A
0.56%; PIP [P E DN 91.76%, RSD N
0.75%.
2.1.6  MFEEGERFES alkE AR 6 iy ORI
&[] CUR-PIP SD & &, 4 Al I A5 &/ CUR. PIP
PR, TR “2.1.47 TUR J5ikeedE, & ke ml
W g R AT . CUR-PIP SD ¥ fhH CUR
(3T 53 IR (B AR N 96.56%, RSD(n=6)"N 0.36%;
PIP [P°F-3 ML ISR N 96.31%, RSD (n=6) A
0.85%.
2.2 RFFEERANE

R FREL CUR J5URL24 . PIP JEURIZG . AN[A) 44k
FIAF LB EGY SD (ST K25 10 mg), %
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(FREZGg) 2015 AERRPUERH S XC ¥ H B € i
5 kAT, DL 900 mL & 0.5% % 1L AL fg-
80 KA NE AT, WEN (37£5) C, ik
4 100 r/min, 435 5. 10+ 15. 20. 30. 45. 60 min
I EURE 6 mL, [7] B b 72 [ S A4 AR [R] S5 T BE (R8T B V%
A 3% “2.0.17 TR S & 405E .

23 HERELGIBML

231 AR#EAEMERE EFEREEY PVP K30,

PVP S630 HPC. HPMC, ¥ H # i % CUR-PIP
SD. #%25%) (CUR 5 PIP Jii &tk 2 © 1) 5# 4k (PVP
K30. PVP S630. HPC. HPMC) Fi&ltt1:3, Jn
TeK LR 15 40 °C R IRUE IE sk 28 R B 165,
T, WFEE, i 80 Hf, RIf3 SD, 1ETHEas{x
1. LA CUR-PIP SD 1" CUR. PIP [ ERUA LN
T FEAR, HEAFEA SD I, 458 WA
1. fEFH Mz, Pl PVP K30 NS &1 SD
H1 CUR J% PIP #B7E 5 min B gt CL e A 43V Y, I8
R B AR T A Bk & 1) SD, BRI+
PVP K30 Jy# At £ SD.

232 ZSERLLAINTEE L PVP K30 A%
M, iR “2.3.17 TUR 6Tk 259 (CUR 5

—-CUR
—#-CUR-PIP-PVP K30 SD
=4—CUR-PIP-S630 SD

=¥-CUR-PIP-HPMC SD

RBH%1%

—4—CUR-PIP-HPC SD

t/min

FHE A%

PIP JiitE 2: 1) H5#fktf 1:3, 1:15, 15:1
(1) SD, F4% “2.2”7 WUNFMIEIEHEE, B4
RULE 2. AN 344 (1) SD 1 CUR K& PIP
(7 R LR RL 25 . 72 5 min B, 3 NS
i) SD o CUR BV HHEE 433 9 CUR JERLZ )
5.58. 3.63. 2.39 fi%, PIP A HFE 58 PIP JE R
2411 4.95, 3.78. 3.07 fi5. KULIEFEFEL N1 3
(1) SD #AT N —2B W5t

2.4 CUR-PIP-PVP K30 SD HJFRI{E

241 XRD%#r  HUCUR F1 PIP 525 . PVP K30
LR =FHPIVEREY) (A SEAEmELL 1!
3, WENRE, 180 Hifi). Figlk 1:3 1 SD it
1708T. XRD 4fF: Cu#ll; X 5f4k; W& 40kV,
HL 40 mA; K 0.022 20 HHETEE 59402
AR ILE 3. 2 MERZ TR Z (M4 M ATH I,
TEVV IR GV PSR T LIS B 45 S AP AE . R
MAE SD W, ZfmlEHRIEA, KW SD h2iss
m RS R AE RO, B TELE LSRR
B

242 DSC 74 B “2.4.1” T RREM#ET DSC
3HT. DSC 7 b st 8 RN (FHE# R

100+ B

-e-pPIP
—&—CUR-PIP-S630 SD

804

60 - CUR-PIP-PVP K30 SD

—¥—CUR-PIP-HPMC SD

407 ——CUR-PIP-HPC SD

204

t/min

El1 FEHHHIEE SD & CUR (A). PIP(B) HIRINRHIL
Fig. 1 Dissolution curves of CUR (A) and PIP (B) in SD prepared from different carriers
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S —*—Jfifitlt 1.5 1 1SD
Bk 20
0 T T 1
0 20 40 60

t/min

1004
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g 60 = Jfil 1: 158D
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0
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&2 #5495 PVP K30 REELFIHIZHY SD &1 CUR (A) #1 PIP (B) HIRFLAH L%
Fig. 2 Dissolution curves of CUR (A) and PIP (B) in SD prepared with different ratios of drug and PVP K30
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Fig. 3 XRD diffractograms of CUR (A), PIP (B), PVP K30
(C), physical mixture (D), and CUR-PIP-PVP K30 SD (E)

10 C/min), FAFTEHEA 20~240 C, HAMAEFR
N 40 mL/min. 255 W& 4. CUR 7£ 178 CLA
PIP 7F 127 C¥Jf5— W R I AR e, 7EYER
EVFATRAEAE db iR, (FRTE SD o 2 4
W, UL 2 SD LG e TR A7 TE .
25 ERERETALINE

I (R E 2580 2015 RRPUFIF 3 XC 3 HE
e V58 k28, LA 200 mL 7 0.5% 5 hi%Y

A
--CUR
60079 .- R O
—&— CUR-PIP-PVP K30 SD
400

CUR/(ug'mL™")
o
S
(=]
1

t/h
E5 CUR(A). PIP(B) FHIZ. IR AY. CUR-PIP-PVP K30 SD RBIAFIA Hithsk
Fig. 5 Supersaturated dissolution curves of CUR (A), PIP (B), physical mixture, and CUR-PIP-PVP K30 SD

fH4 h J5 54 CUR & &R m T 5B 25 M B R
E¥); PIP 1E 1 h A 2% HUEAE , 4 234.994 ng/mL,
SRR 4 A
2.6 CUR-PIP-PVP K30 SD HIZ4zIZ 5%
2.6.1  MLIRFE S b 772 R g T

(1) Rl 5&F: Ak i Waters Acquity UPLC
BEH Cs i 45 (100 mmX2.1 mm, 1.7 pm), 3"
FE: BEH Cig ¥ WshAH N 0.4% TR /KIER -2,
BEEEVELRE . 0~1 min: 30%~70%ZfE: 1~2

fi5-80 /K NIEHIAY R, JIIALL&E CUR JiklZy. PIP
JFURL2G W BRIE A% CUR-PIP SD(HH 24T CUR 160
mg), IREN (37£0.5) C, #3#N 100 r/min. 43
AT 0.5 1. 20 4h BPEURE 2 mL, [A) R FR R S 4
A SRR B S tH A i 4% “2.1.17 TR %44
WE, g5RE S, MEFEPEZY) CUR K PIP /K
T BN, BAE 0.5 h JE 8 i 28 3 A 54
FrRETAT . YIERAYIH CUR. PIP {9 H A BTk
W, HIFARE . SD HF CUR £ 0.5 h ZRitis
TR HIGAE, v 428.448 ug/mL, 25— ELZ 18 T %,

\/—’i—}z

r T T T T T T T T 1
30 60 90 120 150 180 210
WE/C

El4 CUR (A). PIP (B). PVP K30 (C). ¥IEE&4 (D)
#1 CUR-PIP-PVP K30 SD (E) A DSC

Fig. 4 DSC curves of CUR (A), PIP (B), PVP K30 (C),
physical mixture (D), and CUR-PIP-PVP K30 SD (E)

400 -o-PIP
=R A
—&—CUR-PIP-PVP K30 SD

B

PIP/(ug'mL™")

min, 70%ZfE; 2~3 min, 70%~30%ZHE; 3~4
min, 30%ZE; R E 0.3 mL/min; #:E 40 C;
HEFEE 10 L.

(2) FigafF: BB, CUR m/z: 369.0/
176.9; PIP m/z: 286.0/200.9; #EFiMFIK m/z: 455.0/
165.0; HEFLHEIE: 32. 44. 56 V; HifERER: 22.
20, 30eV.

2.6.2  IMUKFEM RS LALE B SD KR 24 H,
BENLA A 4 2H, %18 CUR JEURLZ5 80 mg/kg )& ig
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CUR JR K2, PIP JERlZ). PR AY). CUR-PIP-
PVP K30 SD. T45Z4J5 5. 10- 20+ 30, 45. 60, 90
120, 180. 240. 360, 480. 600. 1440 min [RAE 5
Frk B 0.3 mL, B RMAELES, 5 000
r/min 2.0 6 min, 3K, B-20 CUkKFHEGIR
&M BUMIE 80 pL, NN HEE K 4E 47 MK N A
WA 10 ul, JBAT, A ZNE 1 mL, #RJE 5 min,
14 000 r/min 20> 10 min, HX 10 pL #EFE o
2.6.3 HiEEERAE

(1) FrdEmhZ: B A M2EFE S 80 uL, 435
JIN CUR J PIP WA %) B RIS 10 uL, FEoi
BAH 2 F CUR. PIP Jii &R BRI SR AE s BR
AT 10 uL HEESL, $% “2.6.27 TF MLIEAE Ak
HEPVEACERRE &, R BRI AR I,
TLSRUET AN . BL CUR Ji &R BB ALBR (XD, CUR
5N FR TR L A AR (YD, BEATZ MR 55

M, BEIMEIAGREAN Y=6X107 X40.011 5,
?=0.992 6, CUR 7E 1.275~6 375 ng/mL 215 &
R4f; DL PIP JREIRENMEALER (XD, PIP 545
(TR AR LG AR (Y, BEATERVERDASHT, 15
A RN Y=6X10"* X+0.092 5, 2=0.996 1,
PIP 7£ 1.3~650 0 ng/mL £k 145 & K if .

(2) LJEMHEL. Rl ik, = EimK
IR A XS IR A S MR ig 45T CUR-PIP-PVP
K30 SD /G Ean, FRANID 10 uL HEESL, %
“2.6.27T0 N I HRE i AR FE 7 VEACEE, £F IR
SR NI, R LA ) €l B AT bR,
FEINENI LRI, BE 2 A NIRRT
5L 6. CUR. PIP K P BRA AT L5 1 (i 2%
PR EARN, BRI A 0 IR A T3
CUR ¢ PIP [ 5E

(3) A5 BEFIUERA L . U A IR 80 L,

A o A b bk ekl
ZENAEPIS CUR PIP
B
c YRR CUR PIP
0 1 2 3 4 0 1 3 4 0 1 2 3 4

6 ZTAM¥* (A). EEMEMERMK. CUR. PIP(B) 1 CUR-PIP-PVP K30 SD ig AZ5/a MR (C) MIRILE
Fig. 6 Mass spectrograph of blank plasma (A), blank plasma added Verapamil, CUR, PIP (B), and plasma after

administration of CUR-PIP-PVP K30 SD (C)

SRIIIANE. . = 3 R EIR ) CUR. PIP VR
ERTHEVATR 10 uL, BRAIAHEESL, 4% “2.6.27
TR ML2EAE S AL BE Ty B, FRdI AR s &
JF B (CUR 32.5. 650+ 1 950 ng/mL, PIP 31.875.
637.5. 1 912.5 ng/mL) Mz (QC) Fifh, A
JREIR BT 5 FEAR T, ESE 3 #t, dsig
L, TR AR R . S5 R oK, CUR IH
IS 2 B ) RSD 43 51N 5.78%- 6.71%- 3.33%,
WA 5N 112.11%. 96.17%- 106.44%; H[a)¥5 %
BRI RSD 7358 14.26%. 5.93%. 6.88%; WERfE
SYHIN 105.92%. 112.30%. 108.65%. PIP {1H A
F555 FE ) RSD 235N 7.67%- 5.18%- 6.18%, VT
FE 5 89.45%. 93.18% 106.42%; H IAIK5 % FiE
i) RSD 4358 10.65%- 11.92%. 10.15%, #EHAE
3N 105.67%- 103.83%- 99.25%. 1% )7 1F:HE % &

FVERAE RIF, FF6& YIRS BT T E R 2K
(4) FaoEtt: FEEWEE MK 80 pL, 44l

IO Ay & 3 FBEWRE R CUR K PIP RE
X R SRV 10 pl, FC S A i 2 (CUR
32.5. 650+ 1950 ng/mL, PIP 31.875. 637.5. 1912.5
ng/mL) [ QC #dh, BNREIRE 5 4, 20T
PUR &7 FIME 12h, —20 Ci%AF 144,
—20 CEREREERR 3 K. LIRFES AN EE
Gb, L “2.6.27 TR JTIRACER, BERESHT, HERRRE
TE 85%~ 115% BN A25E , SEI0M 2 Fir A+ b A B2 35
FFEER.

2.6.4 FUdEAbER 2GR EE-R RIS R LA 7, A
DAS 3.0 i3 E, MRS58, 431
W 1. 2. HE 7ML 1 2 0%, KR ighaE,
CUR-PIP-PVP K30 SD ' CUR. PIP 4} £ 30. 110
min £ A IEEEIRE (Cra)s 27518 (2 173214
552.26). (2 277.00+469.35) ng/mL, % FE
21 4.85 1.54 fi5; RWEIRAWIN 3.16. 1.64 5.
CUR-PIP-PVP K30 SD ' CUR. PIP FIZjH] ik T
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3000+ 30001
A B -e-pIP
= =~ - EIR S
2 ﬁ ——CUR-PIP-PVP K30 SD
g 2000 —e-CUR & 2000
= YR A =
¥ ——CUR-PIP-PVP K30 SD ¥
NGt K]
= 10004 = 1000
a4
0 L) T T T T 1 0 T 1 ha
0 4 8 12 16 20 24 0 4 8 12 16 20 24
t’/h th
7 CUR (A) #1PIP (B) ByzZ5ATah%k
Fig. 7 Plasma concentration-time curves of CUR (A) and PIP (B)
#*1 TEHMET CURMAEESH (X £s,n=6)
Table 1 Pharmacokinetic parameters of CUR in different samples ( X s, n = 6)
FEdh tmax/min Crmax/(ng-mL™2) AUCq-v/(ng'min'mL™) tuz/min
CUR 52.50+20.68 448.36+ 98.52 295 469.30+ 45 625.96 462.54+162.32
YIEIR-EY) 72.50+27.52 687.29+ 46.52 443 020.78+ 22 971.36™ 722.42+ 63.60

CUR-PIP-PVP K30 SD 28.33+17.22"

2173.21+552.26™

800 130.90+279 423.26™ 967.54+ 75.35

5 CUR FRI 2t "P<0.05 “P<0.01
"P<0.05 ™P<0.01vs pure CUR

#2 AEH&GETD PIP WATNFSH (X £s,n=6)
Table 2 Pharmacokinetic parameters of PIP in different samples (X s, n = 6)

FF i tmax/min Cmax/(ng'mL™1) AUCo-/(ng-min-mL™) taz/min
PIP 195.00+96.28 1 475.74+305.53 464 212,93+ 88 392.72 253.06+123.00
YIRS 180.00+53.67 1385.324+130.27 541 715.33+135 520.60 410.49+140.40

CUR-PIP-PVP K30 SD 110.00+15.49"

2277.00+469.35™

1242 792.98+498 328.57™ 293.87+162.84"

5 PIP JFRIZ5EE:: "P<<0.05 “P<<0.01
"P<0.05 ™P <0.01vs pure PIP

A (AUCo-1) 45324 (800 130.90+279 423.26).
(1242 792.98+498 328.57) ng-min/mL, &5l 24 (1)
2.71, 2.68 fi; EYHIREYIN 1.81. 2.29 f5. WZ
& %I CUR-PIP-PVP K30 SD J iz I 8] (tmax)
A%, CmaxF2im, AUCo- tBITEIEIN (P<<0.01),
3 g

SCIGHT], % PVP K30. PVP S-630. HPC.
HPMC 2531k, %25%) (CUR 5 PIP FifEtb N 2 :
D 584413 (FiEE) RABERE& SD, &
2 F PVP K30 N#UA: SR 50 2545 84 1 L4
(1:3.1:15. 15: 1) BTk, @ RE YR
RAEFIRSNE AR AR EIN 1 1 3.

AN HSEIGRE, Hl&h SD J5, &
FHIRE T CUR K PIP fEARIRAE &1 R AE
H PIP £ 0.5 h ik BiF tHIgE 5, 4ERF 7 3.5 h 1k
MOFIRAS o EBIEANS T3 S I 1 2P 1 i 1k -+ 4y

HE, EBMAERY, WA SEm T
VRIS, EA3H K& IE B 2 Re e s, fi s
PRI [ AERFBRA, TRUEEF . CUR FERE ARG
ARt ARE, RSHEWSHEREX, A
PR R et — 2B A 5 el

KR ELRERER, HERZ5H
RAYH CUR MAEYRI I EESGIN, o F R R Ap
AN O PVP K30 Z&E/KMH A, HAMEER,
29 IR R InRT, @) PIP RS — e RERE B
CUR I8, i Eiie &b PIP (3 EA &
#, FIReRH TIUFIERA L EA AR, 5
JERLZGLE, SD 2 ANEjHI AUCo- 35 & 38 1,
ATRERIRIA: © 2917 SD R LA FELE E RS
fEAE, ZLERIAIG R, W sn, ki A F)
RS @ ik SD J&, e T aessin 1
4IRS, B PIP #IH] T CUR AU,
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