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Preparation and evaluation of curcumin/berberine co-loaded self-microemulsion drug delivery system

HAN Hua', LIANG Liiyuan®, JI Ke', WEI Bingqi’, REN Lingjia®, SU Jiexin’, GUAN Yanbin' (1. School of
Pharmacy, Henan University of Chinese Medicine, Zhengzhou 450040, China; 2. School of Pediatrics, Henan
University of Chinese Medicine, Zhengzhou 450040, China; 3. School of Zhongjing, Henan University of
Chinese Medicine, Zhengzhou 450040, China)

ABSTRACT OBJECTIVE To prepare curcumin/berberine co-loaded self-microemulsion drug delivery system (CUR/BER-
SMEDDS) and evaluate its physicochemical properties and in vitro anti-tumor effects. METHODS Using CUR and BER as model
drug, based on the screening of the type of oil phase, emulsifier, co emulsifier and their mass ratio, the formulation of CUR/BER-
SMEDDS were optimized by central composite design-response surface methodology, taking particle size and drug loading as
evaluation parameters, with the mass percentage of oil phase and the mass ratio of emulsifier to co emulsifier as factors, and
verification test was conducted. CUR/BER-SMEDDS prepared by optimized formulation were evaluated in terms of physicochemical
properties, in vitro dissolution and in vitro anti-tumor effects. RESULTS The optimized formulation of CUR/BER-SMEDDS
included that the oil phase was medium chain triglyceride (30.97%) , the emulsifier was polyoxyl 40 hydrogenated castor oil
(46.77%) , the co emulsifier was polyethylene glycol 400 (22.26% ), and the mass ratio of emulsifier to co emulsifier was 2.10: 1. The
validation experiments showed that mean particle size of CUR/BER-SMEDDS was (58.90+5.41) nm, the average drug loading
was (94.94 +3.87) mg/g, and the relative deviations from the predicted values were —2.90% and —0.14%, respectively. The CUR/
BER-SMEDDS prepared by optimal formulation was light yellow, clear and transparent liquid after emulsified with water, and its
particles were spherical. The results of dissolution test in vitro showed that after SMEDDS was made, the cumulative dissolution of
CUR in artificial intestinal fluid and artificial gastric fluid and that of BER in artificial intestinal fluid were significantly higher than
those of its raw material. Results of in vitro anti-tumor experiment showed that ICs values of CUR/BER-SMEDDS for PC-3 cells
and DU-145 cells were(17.38+2.84) and (20.89+1.26) wmol/L, which were all lower than those of CUR and EBR significantly
(P<<0.05).CONCLUSIONS The optimized preparation process of CUR/BER-SMEDDS is stable and feasible. The drug release of
CUR/BER-SMEDDS is more complete than that of single

drug, and has stronger anti-prostate cancer effect in vitro.
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WM, Z W2 0Bl i 22 EHLE & T
JEERY, 22# &K (curcumin, CUR ) J& M\ 32 88 J& A 4 22
B Curcuma longa L ARZE LI —F Z B LG9,
A3 A0 PR 20 B A A AR 28 RS RIS A A
G RIEHUMIEIER"Y, /NEEGH (berberine, BER ) & A E 1L
BF ZEFRERY) oy B R SR A Y, T
I AN A T A PR AT SRR
i, 5 CUR . BER L FIAH L, 9 245556 FH ] B A7 358 10 il
Jei FLIRIEE R LR R AT A A K A AT T AR
ZH AT SE 6 % B, CUR BX A BER X #i 81 i g 41 i 2 A
AR BB W VE L E A AR R 22 R AR AR
RN, G R H A2 21 T Bl

FIFH K E AR ILER UM 259 , vl A R T 25908
Y1 b 356 105 2] b7 2H 2, I T SR 24 ) % ) I e 6
M, B EL 4 25 R 8 (self-microemulsion drug deli-
very system, SMEDDS) /& i 254 . il AH  FL AL A B 2L
AT B 2H R X5 — 325 BV, T = IR AR A Kk A &
FALTE BK AL I0 A (O/W) #3471, SMEDDS 1] i i+ 3
IXEA 25 YD R A= 2 T RS PR RN
E ez e 1 45 07 Aok MeGE 25 1 IR, IR T,
A S B0 I A L e R il £ 4 2 CUR/BER )
SMEDDS (CUR/BER-SMEDDS ) L4 25 2 Fil 24 1y ) v it
FEFN A= W0 R FE 5 TR B, A S 36 X FLAE = AR 81 ik
Je 4 e PC-3 F1 DU-145 [ ARSMM SIS PE T2 2%, B 7F
PR 2 Fh 25 e ST R T T I R H o

1 ##
L1 EEME

AHIGE I G AR T6 BB 20 S8 4h-nT e
FEHCE T (6 58 A 38 AL A BR 5eAE /A 7] ) | Zatasizer
Nano ZS90 %1 4 K ki B2 73 # A% (9% [F Malvern 23 7] ) |
Tecnai G2 237 5 Hi + W 1358 (32 B FEI /A F] ) \BAS124S
VTS 53 Z — B A i RF (R 2 R Rk 22 AU (AL ) A
PR 1] H1650W 4 £ 2 i v 3 25 0o AL (T80 g YA 5
= AURIT LA PR )4
12 FEHRBSRAF

CUR J5URF25 (4115 M13GS 148382, 411 i >97%) I [
K S Y R A R F ; BER JBOR 25 (4t =
J12GS151377, 4l )& >95%) Wt H il =g . =E 28 1R H i
filg JEEMEEE (MTT) 0 A g It A= Rk A R A F
CUR XT IR (365 110825-201804 ) ¥ [ v [R5 5 24 ke
FEWFFE e, BER X 1A i (L5 RQ18R1031) Wy H L ¥ Hii 7k
YR A BRA A 21 KT 98% 5 IR W5 IR 5+ N iR
W T 2 A R A BR A B 5 R LR [ &
AT F IR 28 IR 3R & I H il TG (Labrasol ) I I+
TP AL T A FRA | s B4R O M 40 S AL B RR I (RHA40)
WAy L BTRE T 3500 (i) A BR 7 5 ik I -80 1k Yi-20 2R
C ZBEA00(PEG400) 5534 Ry 4l K Rz K o
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1.3 4HAE

NHTA i P2 40 g PC-3 . DU-145 #1 [ Hh [E B~
B i A Ak 5 A A W A5
2 FiEEHER
2.1 CUR/BER-SMEDDs 4%

Foe b J7 LA ARG AR (FLARR Bk IR A
Ji , i A B i CUR F1BER JRURH2Y (BEJR [ 2: 1) 1R %),
R 2 57K 100 mL BYHEFR T, 7 (37.0 £0.2)°CRYZK I
S R RE S EFE , BI4S CUR/BER-SMEDDS
2.2 CURFIBER &EMEF EHEL

KRS G 2 CUR A BER [ 5 12 .
221 WWWEIE RS PRI CUR X IR i 8.45 mg T
20 mL 3, INTEK SR R I T e 25 , B i g o et Wk B
h422.5 wg/mL YRR o K BRI IR B 5 mL T 50
mL I, INTE/K WA R 2 20 8, O ) o e vk 3 oy
42.25 pg/mL Y CUR X BRI, BOGIRAE 2 o K3
FRECBER X} HE & 11.93 mg F 100 mL &, oK 2
RSP R O T e 45, B B i MR B2 119.3 wg/mL ) BER
X RE GRS, 25 FH o A B WCRE AL Oy 1 T2 il 48 1
CUR/BER-SMEDDS ¥ ¥ 1.5 mL, I JC /K Z B B % 6
mL , #74 (2R 500 W, 45 % 40 kHz, T [F)#%FL 20 min, LA
12 000 r/min #5.0> 10 min, U F35 W 0.5 mL, HIE/K 4
FEZZE 5 mL, RIS AR
2.2.2 NS SR 2020 4R R E 24 i) (DY)
“OrHT TR T R ) AT e R 3 g 2
poxt RS S W TO K QBRGSO AT W4l
FCREE T L AT A K, 22 CUR . BER RYAG I
PR3k 425 352 nm. K5 AL EL CUR X B8 S AT,
43 9 FH JE UK 2 T R B¢ & 0.845., 1.690, 3.380, 4.225,
5.070.6.760,7.605 pg/mL, F 425 nm % K L0 %2 W%
BE o DAMEIERE (V)X CUR s ik B (X A T4 Mk [l
bRk Y=0.158 4X—0.013 3(R*=0.999 8) ,
CUR F&: I Jo #5 v J32 9 4 A4 V. 161 4 0.845~7.605 wg/mL,
% B B BER X BE S W, 43 30l TG K 2 s g &2
2.386.4.772.7.158.9.544 ,11.930 pg/mL, T 352 nm i K
AT E W OERE . LA YGRE (V) % BER JiH v B (X) 9847
Pk [l bRl 28 7 FE A Y=0.059 3X+0.021 6(R*=
0.999 9) , BER K I J57 £ #e F& 19 26 4 ¥ [B] oy 2.386~
11.930 pg/mL., CUR.BER% &% HEZ M Faw Pk (12
h) iR 56 i) RSD /N T 5.00% , “F Y7 A B 243 51k
99.8%~101.5% . 99.4%~104.4% (RSD #J /N F 5.00%,
n=9),
2.3 CURFIBERZEAREH R AR ERNE

H41d F % CUR A1 BER JFURF2G (BE /R HL 1: 1) BT 2
mL 08 2 IS R A S AR LA | Bh 3L Ak 5
BIRR RN 1 g, B 40 min ff 78537 , LA 10 000
r/min .0 10 min, B3, FHIC/K O B B 200 Bk
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B, 4331 F 425 352 nm AR E ROGEE  ACABRHERD
AT A S RIS EE 3K AR LR 1.
HRH Vs e o SO A L D038 24 0 Vs ik 5 R ) v H i
=g 2 28R H IR A i AH s Labrasol | i i -80 (1] & 51
TE B = (E RP AT ) \RH40 Ry 2L 4K ; PEG400 . T 7K £ B
1, 2-9 ZFE R Bh LA R A TR 225050

x1 HYERRHMNPHERE(n=3,mg/g)

B i CUR BER
it MR 121 0.66
LBE 078 035
k=R 218 107
FRB R 190 093
A Labrasol 507 5.84
1tiE-20 404 520
itH-80 500 6.84
RH40 247 205
JER I PEG400 75.29 100.64
Tkew 574 740
1,25 428 1158
[ 1.64 852
R 173 1.94

24 ZTAELFHBERERFE
241 MAH T E FLARSR Bl ELAR R 2 5 D T -80 A
PEG400, 2L 5 B FLAL R F BTt L 22 1R G, TR A
RA TR BRI IMAR S FR IR G 2L A5 751
e 1:9.2:8,3:7,4:6,5:5.6:4.,7:3.8:2.9: 1
G IEPR Y 3 min, HUIRGY) 1 g %4 2 57K 100 mL
HyBepR e, 75 (37.0 £ 0.2) CRIZK VS T g Ji i+t , 4 A
WFL . i H A RBRUEDR (R 2) HATINITEAN , 45
W3, WA 3 AL, LLrh sl =R 5 55 R HHh g
SHAHIT , B FLARRCRAR 224K 45 G i S g e BE
DL AR I = R A AR A s 45 G v R, Sl
i HR 209% ~55% I F LA BT REAE

x2 BIAUERIRER

e S min L

A 4 B T

B <G HAGRREE, 2EAE

C ] ERAGTREK

D >3 YRR TN

E >3 SUILHRAE, T B — R, —E g

*3 MESREEIAMFEREL TAEMEMET B
EIRtA: A

Ll S B I N I I P D
= A A B B B C C D D
ERMHME A A B B B C C D D
2.4.2  FUEHR [ AR B LA 20 D i =
P F PEG400 RS [ FLAH] 5 B FLAL A% Bt L 2 1R
A HURAFULR . BliAE S kiR & 2GR 4 Bl
i 1:9.2:8.3:7.4:6.5:5.6:4.7:3.8:2.9: 118 &,
2.4 WUF Jy il 4 A LI AT AP PEAN , 45
W4, 4 n]H, RHA0 9 FLILAE J1 T Labrasol #il
I i-80, PR e R RHA0 LA 7 225000 .

F4 MESREIAUFESREL TAREFEZ LTI

SEIR A b
AAmE 19 28 3T 46 5 6:4 73 §:2 9:1
RH40 A A A A B B B C C
Labrasol B B B C C D D D E
C

it4i-80 A A B B B C D D

2.4.3  BhELAER [ AR FLARR o B TR ek o
fif RHA0, H LK S A Bh L AL i e 2 LIRS,
TERGRAFLALR . B A5 IR & LA 43 9 42 o
I 1:9.2:8.3:7.4:6.5:5.6:4.7:3.8:2.9: 1 1R &,
F 241730 N ikl A EL. B AE CFLARTR]
Bl LA B o A B SR T, 224 B — Do AR R, e
REIE A A L X3 (D PR 36 ) AR A R i B 7L AR
ZER UL 1, & 1A, PEG400 T LAY 1 fL DX e it
UK, R EERE PEGA00 A Bh ZLAL RIS TS 825056 .
244 FUR 5B FLACR T eys Bl DA Hoh =
E-hiiAE , RH40 7L F], PEG400 y BhFLAL A, K 3L Ak
A5 B EAEF LA FE 301,20 1,1 LIRS TR RUR
BFUH Bl Bl A S R TR A R S i e
[1:9.2:8.3:7.4:6.5:5.6:4.7:3.8:2.9: 1 1R4, Fik
“2.4.17 TR ikl HAEL , F2.4.37 IR ikl th
—IoHHEL 5L 2. I 2 v A S 3Lk S BhFL ik
FIBTE oA 20 1B ZUARRCR AR X e fd: , B2 & 75 1 —
HREIEEIE R 3 1~ L TS 4.
2.5 CUR/BER-SMEDDS 4t A By 4%
R FH BL s T E 3500 1 54k CUR/BER-SMEDDS

HIAE T

PEG400/%
A. PEG400

JoIK B %
C. KL

B1 AREBFLFIEH =8 8RN A=THEE
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P I =BR/%
A G SRR R LA 101

rhE i = Bg/%
B. FLAH S B FLALRI R H R 211

0 25 50 75 100
R = /%
C. FLT 5 B FLAL R i E R 31 1

B2 FUFSEBAUFAERELH=EBRMANMA=TTHE

2.5.1 FARMITE KERBRALT ARIL, %
“2.2.1730F ikl R A RUS 40 51T 425,352 nm
PRI 2 WG AR AR AT 2R 1155 CUR \BER Y
i, IR A R (%) 325 (%) = (W W) X100%
(2, w2 ) T, Wk A LRI 24540 1)
)",
2.5.2 ARJTRGAL AR AT AL T B 2 O e 4
PURIAE (V) F#R 25 i (Vo) AP R8RSR FHE AT -3
7 TET 6 X5 YRR B 5 o 40 L () FLARRI S Bh L AR )
J (G BRI . AR R R & 5K L 5,
ST ZHE S 25 R R WL 6,

%5 CUR/BER-SMEDDS E ZiZitHEZ=5KE

KF A% B KFE A% B

—1414 2000 1.00:1 | 4988 270:1

-1 5.1 129:1 1414 55.00 3.00:1
0 3730 2.00:1

%6 CUR/BER-SMEDDS E ZiZitHLH 543
HEE A% B Tim - Y(mglg) || HEE 4% B T/m  Y/(mglg)
2512 12901 5354 95.88 8 3750 - 3.00:1 5875 89.47
251227001 12000 83.79 9 3750 2.00:1 5977 90.27
4988 1.29:1 4591 9793 || 10 3750 200:1 6198 94.62
4988 270:1 99.12 8293 | 11 3750 200:1 6121 9240
2000 2.00:1  136.10 8643 || 12 3750 200:1 5482 96.02
5500 2.00:1  146.90 8184 |1 13 3750 2.00:1 5850 95.60
3750 1.00:1 8494 90.57
{8 FH Design-Expert 12 #0{4:%) 3% 6 £ it 11481153
715 Y0 Y T M B4 5 Y, = 59,26+
16.874 —8.19B—3.34B+34.364°—0.463 0B’ (R*°=0.797 0) ,
¥:=90.62—4.2004—0.045 7B—0.727 54B—4.0904’—1.1508°
(R°=0.729 8), H.P/NT0.05, 20 iRy ARG 14
B s RAPTY) PRCT 0.05, R AR A TR/, B
ZELNZ ] T A A v, 5 v. 284k
fdi 1] Design-Expert 12 {122 il = 4E 2400 11 4], 25
WULE 3, HE 3RTH, YiBl A 2R A WES el NG 1
K, i 2R B B K2 080N ; Vbl R A 1938
Sed K P ws N, ik E KR B IR shi/N . A
Design-Expert 12 FFXF iR =k 205 1] 5 77 F R i
i e T 20 A AR B9 & 40 L 30.97% FLAKRI S5 Bl
FLAEFI A BT b 2.10: 153 564 T, R FNAE A 57.24
nm, 224 1 FUE 2 94.81 mg/g.,

Qg o o 4= Lo o —
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Y./(mg/g)

1.29:1" 25.12 1.29:5,12
AKiAE B.#k 2y

B3 REMHEAEN=HEREE
2.5.3 AT BYERIE  $242.5.2 R B Ak gy, BV
A Crp g H Il =R ) B 4 bk 30.97%, FLAL R
(RH40) 5 B #1671 (PEG400) 4 5t 4 bk 2.10: 1 (H0
18 = H B LA R 30.97% . 46.77% . 22.26% ) , il &
3 4lt CUR/BER-SMEDDS, | £5 H: - 247 47 15 47 (58.90 +
5.41) nm, 5 TN AEL ) AFDG D 22 4 — 2.90% , - 35 2% 24
#1(94.94 + 3.87)mg/g, 5 HUME AR R —0.14%, %
HH T A TR - R v, e T 2R (Rl T
2.6 CUR/BER-SMEDDS B 1E
2.6.1  AMAGOIE ML B 2.5.27 W F S fi ik
75 #il45#) CUR/BER-SMEDDS,, #£ 25 i N WREZ AL ; [7]
iF, BOZ & & Nk T 37 cCHAL S , /b i A R
Yett,, TS i 7 W P M ML S, 4R 8
N IR Sk B €057 B R A, Ik FLAK S IR B 0T
7 WA 7R ST T BB (R 4) T, Hfloks 2 7
BRIE

E4 CUR/BER-SMEDDS BJiESTE FRE&ER

2.6.2 CRifRilE U <2.5.27 TR fe A Ab 5 A B
CUR/BER-SMEDDS, il 7k T 37 °CFLALJG , FH ik B
A g APk Ae . S5 EoR , AR R4 R (58.90 +
5.41)nm, 25 B8 50CH 0.17 £0.03,
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2.7 CUR/BER-SMEDDS {&4Ma H 216

Fi¢ 2020 A7 R 24 3L (DU ) V5 B2 5 el 3
TE S = PRS- T Hh BB M A3 AN T
BN T (55 19% i -80) 100 mL R Hi A i,
e R 100 r/min, Y3 R (37.0+0.5)°C . G B FRBUE
“2.5.2" 11 fe Al Ak 7 B il CUR/BER-SMEDDS () ¢ 46
W (AR Nn7KFLAL) . CUR J5UEHY (BER JUE 2 45 100 mg,
3N 05 IEREFE PN A TE A B 43 T
H95.10.15.30.60.90. 120 min A BURE 5 mL ([ B %b
INAER S (A A L5 mL) , F 30 s Nt 0.22 wm fffL
R, DRV D e WO B AR A BRI 21155 CUR
BER (¥ &, 4% F X3 B EUE B (Q) : 0=
CV,+ (C1+C2V;C3+“'C”1)V><1OO%(ECEP Wi
ANIBORE B R 25 VR B 5 Vo SR tR A TSR 5 1o R IR
FEURER; w25 i) s[RI, 2kl o il R, 45 5 DL 14
5. M5, 120 min N, 7E AN T B b, BER k24
Fl CUR/BER-SMEDDS ¥ 45 i ' BER 11t 2 FH %5 1 2 4H
iT , iff CUR/BER-SMEDDS ¥ 4 ¥ ' CUR 7 2 Fhizs A
[ A SRR R W = TR 24 . 10 min B, CUR/
BER-SMEDDS ¢ 45 #i H' CUR il BER 7£ A T & *H (1)
ZFRIE R 9K 90.54% .90.71% , 15 N T B W i 2
T 1k 84.20% . 59.45% , i %) v CUR F1 BER Jt
BEZG AN T W i 8RR R R 43 5 R 51.09%
75.92% , 76 N T. 8 W i 2R 23245551 2 54.58%
54.22% , Wiz A WFLIA R B2 0 s 58 4, A B T
TRZ s ik BEATR A ) A

120 120
s 100 o fodrtd g 100 ot +
%: 80 '%"'/'"4 .......... D G s e JP_“_: 80 //
i o y »
Zoeoy f £ 601 A -
% 40l / % 0] /)
w 107§ - CUR-ATHile ~ 401 / )
jo) i -®- CUR/BER-SMEDDS- A T i o Y/ —-— B_ERA T .
O 204f —— CUR-A T ik 2 204 4 -a- CUR/BER-SMEDDS-A T il
;" -« CUR/BER-SMEDDS- A T = BERATH o
0 0 -+- CUR/BER-SMEDDS- A -1l

0 5 10 30 60 90 120 0 5 10 30 60 90 120

it [ /min 15 1] /min
A. CUR B. BER

E5 CUR.BER.CUR/BER-SMEDDS H{ksMa H fh 2k

2.8 CUR/BER-SMEDDS 3 & 5l B i85 £ A1 19 {2 5 310
HERAEE

K HIMTT AT 4 i 47 i o 723 40 g PC-3
DU-145 735l 35 5% F 1% 10% Bt 4= L34 1) RPMI 1640 1557
W, T 5%CO0.. 37 °CAAF (R N TR, 43 3O EL
AR RY PC-3 . DU-145 4fiffd, 4% 5 X 10°1~/mL 200 wL/fL
HeAh 2 96 FLEF g P, FR A i Al A 2 70%~80% 5 , 57
2 W, 4 5 AR FE ¥ 0 10,2030, 40, 50, 60
wmol/L fi¥i# 2 CUR K5 ## 7 (CUR 41) .17 % BER K5 7
(BER 41 ) .CUR HI BER 251 5 45 77 (CUR+BER 41,

TEZED 202245 33 5 20 1

W25 B8R [ 2 1) F1 CUR/BER-SMEDDS 1537 (CUR/
BER-SMEDDS 4 ) , 45 24 ¥ i 2 7% 1iif W 131 5 3 45 SR 1%
B, [R5 8 28 1 SMEDDS 2H , £ 20 4 B iR B 6 N
Lo Kigg24 ha, BFLINA 5 mg/mL MTT i85 20 pL,
FH 4 h 535 B3, LA 3 500 t/min &5 .0 10 min, fil
DMSO 150 pL &4 5 , >k HEFFR L T 490 nm 3 K ALK
W45 FL B 62 (OD)H., 113840 B A7 35 2 A1 50 i
e BE (ICs0) o 2 L A7 15 28 (% ) = (OD sy —OD sy )/
(OD sass — OD s ) X 100% (LA S 1 40 MEAE A BH 4 %
B A B FRME S X IR) . SCRBR I Ly +5 3%
7N, 2K H SPSS 16.0 F AT Ge i34 , Z 4 W] LU R H]
PAPRIR T 22500 , LA WG G L AR F LSD- K, K 7k
HEa=0.05,

2 LA 5 G 25 5 (181 6) {71 , 25 1 SMEDDS %
PC-3.DU-145 4 i it A= A7 T g5 e i, {H 200 i A AR
A HR E 80% LA I (K% ) ; CUR+BER 5 CUR/BER-
SMEDDS X} PC-3 .DU-145 2t g 3247 B S W0l 15 , HLAE
FHAT BEVER B2 i g s a3 o 1C TR (R T &R
i, 5 CUR/BER-SMEDDS 41 [t # , CUR ,BER 41 {1 2 Fif
21} B4 1Cs0 1 5835 T 185 (P<<0.05) , Bd Bl 5 84 25 [ %5
CUR/BER-SMEDDS fiig 55 A7 24 b 417 il 77 5] A ok 928 210 e
Ak,

[ CUR+BER#]

. CUR/BER-SMEDDS 41
BER4L
B CUR4L

CICUR+BER 41

. CUR/BER-SMEDDS 4]

SYBER# 80
1. EECURAL

80

60

40

MG 5/ %
AT /%
5

20

10 20 30 40 50 60 10 20 30 40 50 60
#e i/ (umol/L ) e/ (umol/L )
A. PC-3 41l B. DU-14541ijiig

E6 CUR/BER-SMEDDS X155 iR BB A RETFiE R/
2l (x+s,n=6)
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