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Abstract

Objective: To improve the in vitro dissolution of the insoluble drug Ibuprofen. Methods: Using Po-
lyvinylpyrrolidone and polyethylene glycol as carriers, the dissolution of Ibuprofen solid disper-
sions prepared by the solvent method and melt method was compared, and the preparation con-
ditions were investigated and determined. Differential scanning calorimetry, powder X-ray dif-
fraction and scanning electron microscopy were used for phase identification. Results: The Ibu-
profen solid dispersions prepared by the two methods could significantly improve the in vitro
dissolution of Ibuprofen (P < 0.001, P < 0.001). Under the optimal preparation conditions, the cu-
mulative dissolution could reach more than 80% within 2 hours. However, the two are different in
speed. The cumulative dissolution of Ibuprofen solid dispersion prepared by the solvent method
and the melt method is 65.10% and 38.69% at 10 minutes. The in vitro dissolution rate is 3.60
times and 2.14 times more than the Active Pharmaceutical Ingredient. The melting method has
better dissolution effect. Conclusion: Solid dispersion technology could improve dissolution of in-
soluble drugs such as Ibuprofen.
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Hi: YRS IR AR SMNE . T5dE: AR 2GR R AIR Z B8k, HWRE
FRURE A A Rk A1) 28 A v 55 I A 2 B OV H B, RSB R E 1R % 2. B B HWMERMT. KR
XS ERAT S A AT AN T4 B T B AR A B i BUR AT AR SR . SRR WA T vk 2 RO A 55
A5 B R B R R AT ST RSN B (P < 0.001, P <0.001). FEHBERIEFMAT, 2 hpy RHEH
BEXITTIX3180% A b (B H7EHE FAZEH), 10 minfHEHBHRIE B S & AR 35 E 458k R it
W EN65.10%M138.69%, RSMA HIER R TR ZGH73.60f5M2.144%, WA HIFRIEERIE HBCRE
. ik Bl BUABOR T RS SEXEE 2 PR3 .
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1. 5|8

i i% 55 (Ibuprofen, IBU), X &% T RN, & —FIE S AR 2y, BAMMEUR. PLRSIMEHL].
SR A A T 9 A T B B R AR SORE AN T A D (2], ATTIE BB LR R, IR L CAiE
AR5 AT BB AR RO AOE R, FLIB # i R L IRIZR 254 3 9 B S, W IBU & 5 TLAE 41 44(WHO)
NS [ 2 5 W B =) (FDA) e —HEFE 1Y) LR e FIHT 2 (1 BT 1E 24 (3]

IBU FIZKIEHEAR, KR IEAREZ N 60 mg/L, HAEMRNIAHENE, WA, HIxEEE2y
(AR C BN 255750 BRI FE R R [4] e rb R 2 SR R PR LR AR AT o, 3BV AR IR, w12 R
FH o K30 DL SR AT 450 R P 58 1 38 4R (PVPP) R 58 2 — B2 (PEG6000) 24 M v 1 24 1) B [ ok 20 Bk, B
BT 2

ARSI SF RN, RANG 4 RO FR R, TURATIE . ERETEA G TS50 F I H
FE, W15 H e LR % 25 1F, R [ 4423 B (Solid Dispersion, SD)YHEATHHI 451 34T
2. R UEESHR
2.1. X%

UV-5500PC %40 e e (Lo X 3R A BRA F]); HH-4 R AR R/ HR (R MBS A R A
A]); RC806D ¥ HiEAN (KRBT R KR REHARAT); 85-1A BASIHEFEAR (IS FAEUBE R IUTA
al); BT R (R SR R AR Y r RVIE R S A TR (BRI R0 W R A PR A FD): e 8 R AR
(Ffi- BUCHI A #]); Q2000-Z /R A EHUX(FEE TA Ad]); X'PertPowder X S LRATHMX (7 2= MAGNEL 2
A]); TIGMA+X-Max20 HL T34 2 bt BE i A (F [ 22 =) A D).

2.2. M

AR ST R T4 I 6000 (REEH R AL 2 FIA IR A F]): 58 LA Be i R YT 0 2 24
m AT AR A ToK LB TN AR L.
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3. BEE4ER
3.1. TiRFIEINI T EROE

3.1.1. FENE

1) Bk

FEEFRE 0.024 g IBU T 15 ml FEM, IEETK LRI EREZNEL . UK LEENT AN
8, 7E 200~400 nm BT KN, 458K, IBU 1E 264 nm A0A 5 RIS, ik 75 19k i g v K
N 264 nm.

2) fERRHH] &

FEEFE 0.2030 g IBU T 15 mL FIAERH, D ETK ORI, K2R EMNZIELIEE
B

3) PR RS &

RS R “3.1.1.27 WUNE&W 051 1. 24 3. 4. 5. 6 mL T 15 mL (IEEM+, HIXKOE
EREZIE, 15 0.0406, 0.0812, 0.1624, 0.2436, 0.3248, 0.4000, 0.4872 mg/l F 51U X & i VAT
PATEK ZBEAE A AR IR FE SRR K 264 nm 5@ FIROGRE,  AROERE(A) A ALER, LA IBU Xt g
TR FE (C) A REAL bR, 1 FRUE I 2877 72 9: A = 1.4209C — 0.0015 (r = 0.9996), 4% - % 8] IBU 7£ 0.0406~0.4872
mg/ml 261K R REF.

4) EEMSLR

FEH R 3 ml (& 6 B E T 15 ml HE, LKLBEEHEZZIEL, HFENE. 13 IBU 1HH
AR AR 22 (RSD, relative standard deviation) A 0.91%, & B34 #1 7 vk B B R 4T

5) MWL

FEB R “3.1.1.27 TR E 4 0.5+ 3 6 mL 733 B T 15 mL &M, FALKLEEREZZIEL,
el B 3 FiA R E(0.0406+ 0.2436+ 0.4872 mg/mL) A& ISV TR 78 1 d PSR BERE S IESEHERE 3 IR,
BAFEAEH N RSD 44518 0.91%, 0.35%, 0.17%; &RM—K, E&80E 5 d, 1% . mkEH
[i] RSD 734 1.16%, 0.84%, 0.41%; 55 FKEHH A RSD #1H (A RSD R4f, & & &=lE K.

6) FmEENE

R FRE IBU MR BUARE Y T2)5 0.1 ), BT 15 ml AT, IEE KGR, JFe
BRANEL, TEWHK 264 nm AW E R, RAERAEREL RIS E.

3.1.2. {ESNEHENE

R 2015 i CHE 20 B DUBEISK, 2 MV S RSO0 e G I 0931 55 %), K RRIUAT i
7% 65 mg T A, L 900 ml /K ¥ /BT, IEEN 37°C, ¥4 100 t/min. 43 7E 5. 10, 15, 30
45, 60, 120 min £ 0.45 pum GRFLEEMEIE 6 f5 BURE 5 ml, RIRMINEARFRIK[S]. LAKAE NS AXTIR, EA5
TSI RSO AL I e O RE , T R 3

3.2. HiRFEEFSBUERFIE

3.2.1. Wi FYIERESWNEI&
FR A C T LU RS SR E Sy a AR, FEMIRA, RSRTE)E, T 80 HW, M.

3.2.2. BFIE
KB ARG SS R ALZG 0.1000 g T 25 ml FIEERLEHF, TN 10 ml To/K LBEE S BB MRT 4, 1%
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AL TT & 1 # & PVPP, Rt —EM A EREH . —ERET, KRR RS ER IR E K
BIKOE, FHEMFPRE, FiE=mT 40CHA T 24 h, BUREWTYE, i 80 Him, &,

1) ERFEEHE

BATIEZE S PVPP (&L 1:1. 1:3. LSMWHEIRAYE TRIKEIR T, #AHEE 60 min, jEZEiR
FE40°C, e BARDBUA. B = RS H B R 1.

100 =
90 —
80 =
X 70
%\E 60 —_
i
| -
@ 0]
= -
w 0 —=— IBU
20 - —— PM
4 —a— IBU:PVPP=1:1
10 = —+— IBU:PVPP=I:3
i —+— IBU:PVPP=1:5
0 L] I L) I L] I L) I L] I L] I 1
0 20 40 60 80 100 120
i [7)/min

Figure 1. Dissolution curves with different proportions of IBU by the
solvent method

B 1. BFERAEL IR IBU Bl 28U H ih ik E

AR B [ R o U AR AN A . TR 1, Al AR, AEERH R % SD
(1) ARV HH T B A L G i 2 BT, b 25k = 15 1, 2 h BDAIEH 87.60%, ELJERLZ
P T 2.48 £5, HAHLIL AR LL B SD ¥ Mg IER K. Rk, #E ik 2S5 PVPP R AEi &
Eb2 1:5.

2) ERRHARREBE

WA S5 5 PVPP (AL 1:5) Y EE & E T BB, B854 60 min, & 288 53 5128 40°C.
50°C 60°C, il & [k B, BT r=4mm SRR 4 FLE 2,

WRIG R I, e 78 R 2 5 M [ 4R 2 O (R AR A R I — N R 3R . 7R 2, 7EH A 4% 2%
PEARIE 264 T, BT 2SR EE Ty, SD I SRARA H BEA AT RRAIC, 45 3 R e 2845 FE O 40°CHill & 1) SD 1
RIS, XA REA B TR B I s WA R 78 43 0 AR AE BRI BN 025 B R e B 2, A 1R I
WA BT . BRI, #EMi%SF S PVPP s LR IRE 2 40°C.

3) B ST BRI E)

FAI 555 PVPP (JRE L 15 EIR S E T BRI, WL hiFEn 18] 4 55 E N 30 min. 60
min. 90 min, FEZZIRSEE 40°C, il WA HUAR. BT WIiARshE thas R 3.

T 7340 e BT 1] A 2 [ A 23 SO AR AT R R S R R 3R 2 — o FE 18] 3 oy, TE LR & S A AR R 26 1R T
WEIJHEFERT 1] 90 min AT 25 1¥) SD & SR B 4, PEHERS AR K 30 min, P4 REUE H AL 7%.
KGRI AR T e, AR GF M A PE R AR MR T e B RIBR A 25 5 . TRtk #f e A& 255 PVPP |
B EERE 7135 RIS 1] 90 min.
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40 =
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Figure 2. Dissolution curves with different rotary evaporation tem-
peratures of IBU by the solvent method

B2, BFIEP A ERE A AR E R IBU B R 5 845 Hih
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3.2.3. 18FhE

30
20
10

0

R HEETT %1%

\T

—=— |BU
—e— PM
—4— 30min
—v— 60min
—¢— 90min

(=]

20 40 60 80 100 120
I 8] /min

Figure 3. Dissolution curves with different magnetic stirring time of
IBU by the solvent method

B 3. BFED TR AR 1BU B BURHYS Hihsk

s R B ATIE 2T IR AR 0.1000 g ATAb 5 & [ #4A PEG6000 T 25 ml [(BEMF b, ¥EIRA G 15 248
BEY . PR KIR T, 7EH] & PR T s — e g, B BAEKOK R IRA 5 min. FTf8r=
YT 40°CHEM T 24 h, HUH AN, i 80 HIW, M.

1) EEBHEHE

KA 5 PEG6000 (R LE 1:1. 1:3. LS)WYEIRSWE TR b, & “2.2.3 07 il % [ 444 K
&, JEBRIELEE 100°C, KAL) 30 min. 7SR A B AR AN H 45 T LA 4,
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R TT 2% /%

//0

—=— [BU
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Figure 4. Dissolution curves with different proportions of IBU by the
melt method

B 4. BRGEPAEIEL IR IBU Bl 2 8Uaa H ih ik E

H1E 4 S5 R AT, R & S A R S AN R AR LU 5] ) SD SR AA H EE Y T IBU MIAHRL ) PM

XM, BEEARLLGIRNEIN, RIMRINA R R K@Y, AT SD KARANAN . Rk, #hEAisor

5 PEG6000 i E A2 1:5.
2) EEIARLEE]
B A 25 5 PEG6000 (L 1:5)MYFE S E TRt i, % “2.2.3 T il FEA - EUA, JEmEt

IRE 100°C, YAFREA A28 15 min, 30 min, 45 min. FTERBAEBOEAESME H 45 51 LK 5.

R %%

90 =

80 =

70 =

60 =

50 =

40 =

30 =

20 =

/o

10

—=— [BU
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—4— [5min
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L] I L] I L] I L] I L] I 1
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M 5] /min

Figure 5. Dissolution curves with different melting time of IBU by
the melt method

B 5. RlEP A RSRAETERY 1BU ElF 53 8RS 4

HIP 5 GRmTHL ARSI TEOUT AT RDX R 3 B AR S AT S . B AR R 1]

FIE R, 7= i) BAVE A T BT . FEXERRIS R 15 min i, SD f R BUA BRI FEXERL I Ay
30 min A 45 min I, SD #) SR LR AR R 3T BT, (EIEIE A 0.3%. B, BiEAmiEsr s

PEG6000 [1 5 £ 45 Rl 452 30 min.
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3) ZERIBRMIERE

FA 455 PEG6000 (1:5)NYIER AW E T Hedhrh, 4% “2.2.3 17 6l 4 B4R B, AR E 5 5
N 80°C, 90°C, 100°C, JARMUNFIA] 30 min. JT75 44 7 BUAAAR S v H 45 5 L 14 6.

90 =
80 =
. 70 =
2 -
% 60 -
un
B 50 =
.;E -
€ 40 —
= -
B —=— IBU
- —— PM
— —— 80°C
20 _ —— 90°C
—— 100°C
=TT 1T 1 T "1 1"
0 20 40 60 8 100 120
[ []/min
Figure 6. Dissolution curves with different melting temperatures of
IBU by the melt method

6. ERRER T REIERURE Y IBU Bl 5 BUAS 2 E

HE 6 SR, F—H&%H0T, SOEREE, e mlRREEEAEER. BIEEE
1 T, SD RARE H R S 38 ka4 H AR R R, 206 fbiE Bk 21 100°C Y, SD ) 277 H T ik 81.94%,
B RIEIEE N 17.62%. [Rlt, #EAmESF5 PEG6000 i £ A BRE (524 100°C o

3.3. RFEESBUSHIHEESR]

3.3.1. ERAFAE S DSC
7 RAGIEIS . AT SS-PVPP Y H R A WA [E AR/ B i) DSC Bl
B IFAE 77.01°CAMIEAE R AL IR B . PVPP 5401825 FIM R S (PM)EiZ A Bt B 7 —

\f

T

— SD
— PM
— IBU

L DL L L L
30 50 70 90 110 130
6/°C
Figure 7. DSC pattern of IBU, IBU-PVPP physical mixtures
and solid dispersions

B 7. %35, IERE AYMEER S BURR DSC BliE
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AN/ IN R R G, BBV £ TR s RE S IR 29 A i 7 A (EORIR > 2505 AR i R AT A 5
T E [ 73 B il Ze b, A 25 BOWRSOIAE v 2%, d el $EHY , SD i JRURHZ DA AN TS B TR BT TIEAS

3.3.2. B3R X BT854 XRD

P 8 RATIEIF A SF-PVPP Y ELIR A WA A 2 BUA 1) XRD P .

H&ISHE 6.05, 11.74, 15.88, 16.86, 18.59, 19.28, 21.29°%%A7 & H WL m G M B AT 1E, 0]
IBU VASBRTEAAELE s WIERIR AW R AT U 25 DR IE VG AN [RI R BE AUk S5 A (R A% - 130 BH A 350 20 IR AT % 25 LA
JESAR T AFELE s £ A 7 B b J8 B B A I S5 AR IE AT S 0, B R 26 TRk A, LG
E B FIEASAEAE T 8.

3.3.3. FFBFREME S SEM

9 RIH, ATIESFR 2 AR AR 45 A7 7E HOEASIE Mo Wes [ 10 R85, ARV 2F-PVPP YRR A
Vs, AR L B S AP ARAEAE s 18] 11 R, 7ELRL PVPP NEAMT SD H UG IBU &5 A7 AE, Wt
HH 25 0] R LAJG 8 TR B 43 T T3 i B 20 BOPE [ A - Wk op , IX el RS2 T IBU 5 PVP 2 EIAEERIPE R 7
TR T 25 2, AT REZ % SD I, A HUEAI(Io/K LB E e 78 B h B 25, IBU SZRI# A
A, T SRR AE R3],

T T e e e

M

—SD

— IBU

Tt rtTrtrtrtrtrt
5 10 15 20 25 30 35 40
26/degrees

Figure 8. XRD pattern of IBU, IBU-PVPP physical mixtures
and solid dispersions

& 8. M85 1R SMFE A BUFE XRD ElE

100 pm EHT =5.00kV Signal Date: 30 Apr 2019

WD = 6.5 mm Mag = 160> Time: 12:48:46

Figure 9. SEM results of IBU
B 9. fHi%I5H0 SEM 4R
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EE

EHT =5.00 kV Signal A= SE2 Date: 30 Apr 2019
WD = 6.4 mm Mag = 750% Time: 12:35:13

Figure 10. SEM results of IBU-PVPP physical mixtures
10. 38 3%-PVPP YIIRRE S48 SEM 45

4 % i
100 pm EHT = 5.0 Signal A = SE2
WD = 6.4 mm Mag = 100x Time: 12:36:21

Figure 11. SEM results of IBU-PVPP solid dispersions
11. #i%35-PVPP E{F5TEUFHI SEM £5R

4. G518

AR SR FH A AN s vk ) 4 AT S AR Uk . WA IR ER, DAAIE o, S A &880
I PR ke L B A ) 6 B ) 8 S A R T [ 4 0 U R (A S Y o 3K AT RE A H T A1 8 S5 58 4 R AE
LB, B OBETE i 1 BRI IR, AR ER R AR, AT e T U R R 3k
AR BT, $R i T YRR AR, B SGE 1A IS S5 AR AN L CR (6]

AL A S5 [ A > LR ) DSC. XRD Al SEM 2304, ATWR A, A S5 IR 2 AR AR 7
AAFAE, 0 FIREEHERL, Ry Mg Gk, R A haesoh, EiMLED, SEE R A
0o R ) 28 ] A 7 B, T BRAR 3 IR RO HERR S L, 38 R 25 ROk TR A, 8 ) 208 i R A H S
PASR R 2P (7 AR

S [ ) AR A A A R A 290 E R T JBEAIR R e = S XL A 2T Bz —, {HAZ SD
el 2 AT T Ak 5 BT AN BB . AR W BRAS E  E A BR A 7 o e ML A PR 1), b P B AR E
ENBRELEMERKT]. LB BRI A5 = IR A B B2l R, M
M-S ELG W0 Hh FEFEAR[8]. ARK SD KB FTH NV i%TE ZTRAE SD R @ MENLHI b, BRI SE. 4bJ7
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B T T LR R A EL R R TR RO 2 AL, AT B MR MR E,
SD LA BT 5 1O Rt

E&WE

K [ AR R4 (NFSC 21562014); 554 K% SRT (No.191)it+%.

SE

(1]
(2]
(3]
(4]
(3]

TR A IR AL AR AN FE[D): [ AriesC]. R B T F R KE, 2014,

. AT SRR [D]: [t 220018 3. dTdb: b BERER, 2015,

BRI, oGk, TRDE, DREUEL, ZENG AR £ A 1 SR AR B[], TR K AR, 2010, 27(1): 15-19.
Bk, KB, B0, S AR BUR R &[], hEBERZ R, 2012, 32(1): 22-26.

E XM 4y, h e NIRIEFAIEZ M. bt o B 250t iR, 2015.

TRA B BOTBORAE AR I M~ R it o B SL A [D]: [ 2 Anie 5], B EREFRIRAE, 2016.

TP, FACR, REM, YRz, BIER. FEASBUATE M0 s m R 5 R g s ot ). hE R
TolkZeiE, 2018, 49(4): 433-438.

XUE, WEE I, BRE, R, SRR, [ R EOAR PR AR e s e R R P A A (0], R B AR R 25
2011, 28(8): 710-717.
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