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Optimization of prescription and preparation technology of brucine
nanostructured lipid carriers

GUAN Qing-xia, ZHANG Wei-bing, ZHANG Xi-wu, LIU Zhen-qiang, YU Xin, LI Wei-nan, HUA Xiao-dan,
WANG Rui, FENG Yu-fei, LV Shao-wa
College of Pharmacy, Heilongjiang University of Chinese Medicine, Harbin 150040, China

Abstract: Objective To optimize the prescription and preparation technology of brucine nanostructured lipid carriers (B-NLC).
Methods The method of “the solvent emulsification ultrasound” was used to prepare B-NLC. The prescription and preparation was
optimized using a single factor method combined with central composite design-response surface methodology (CCD-RSM). Results
The resultant B-NLC was transparent liquid with light blue opalescence. The optimal conditions were that the dosage of drugs was
1.28 mg, the mass concentration of poloxamer 188 was 1.08%, and the ratio of solid lipid to liquid lipid was 1.45 : 1. The obtained
NLC showed the average particle size of (136.89 + 4.23) nm with a polydispersity index of 0.289 + 0.005 and a zeta potential of
(—34.46 + 0.31) mV. The entrapment efficiency was calculated to be (68.98 +2.06)%, and the drug loading content was (1.90 + 0.06)%.
Conclusion B-NLC prepared by solvent emulsification ultrasound had a high entrapment efficiency and a narrow particle size
distribution. The method was easy and simple and can be used to optimize the prescription and preparation of B-NLC, which provides
a foundation for the further in vivo research of brucine.
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NLC) &GN 1 il G R IR B9k (solid
lipid nanoparticles, SLN) AN &5 H AT &40
R MR R R RGP NLC A U A S,
TS I 5T BRI NS 2 AR R RO ] 4 P R R PR
AR DA I 25 R T i P RS SR = 25T
3R AN &, LR LUEZE 25 )Mt ER : NLC 1)
BARIFORL AT DLEE AR N AR, LA ) 23 &R
B, HONLC BA AR [

ST -RUNE S (central composite design-
response surface methodology, CCD-RSM) &%
FHEET RN ZREER 5 KPR %, &—
Flogr A ) sese vt Uik, EANAMESRE B CCD-
RSM HEATSEBR Tt R RE NS AT H DRAIE S 56 (1K
FE, e NERZ A EAER, BA SRR
b, KERET, TN S R S S 2,
b, ARSI R A R H 545 CCD-RSM X Bk
TGN K 250 IR i 244 (brucine nanostructured lipid
carriers, B-NLC) A7 T2 AT, ADE
TR — AR N BT B T Bl
1 XFES5HH

Waters €2695-2698 =1 30 AH i H48, £ H
Waters 22 7; AB265-S 3T LR, Hi-L: Mettler
Toledo A F]; Autotune =5 & 8 75 I8 40 B A
5% [E SONICS A#l; DF-101Z fHig LBt be2%, 8
IR TH BB A F]; Zetasizer Nano-ZS90 Ok
RLEE AT, S5 SR SUAGERA IR AR ;. SB-5200D
A BAHEENL, TR Z AR AR A A .

i e, b5 110706-200505, Jii &
380 98%, HHE B A ET A AR T
B, rAral, RETFER=) W,
a, REEmILE i AGRAR SAE KT
B, £ Cargill A7) IV 188 (F68), 1&
BASF A #]; Hi S bEEER Sephadex G-50, 435538
1 000~3 000, LiHEREMRAARAR; H
BE, i, Jbal DIKMA A#l; TKLEE, 24T
2, RET ' TS TA R AR ME§RR, Aladdin
Chemistry Co., Ltd..

2 HESHR
2.1 B-NLC Hu#I&

A S0 R R FH SRR 5 A 2 A R 7 A3
iy WA FLARER A O3 b ik AR )5 R B
REER H S VIR /K ORE. BET-BviAH,
AHIFARRR) F68 /K /KA £ B-NLC, Bl
ff] B-NLC fIEEZE. K. 28685 (PDD.
Zeta AT R IR 1. B3R 1 AT RNA R FLAGIER 751
il 45 1) B-NLC b 558 75 43 Bl o Rl e 75 70 2
#1451 B-NLC R . b/, Do 9
Ab, T FLALEE P VL 4 1 B-NLC AM W i s
FE AR, TR P o ORI L A, A
Rl P 2 BRI B-NLC IR E AR o A s
95K FHA 7R AL AR P V2 46 B-NLC, BIDRS B AR EUAL
J7 R AR H U EG . WM. UREEAE, £ 60 C
KB AT FETEIUN 2 mL K ZEET, HiREE
HIE AR, & AN W BCE HUAE,
TEREI1HFE 60 CARUHE DL T KA LA I 2 & HL
) 20 mL 0.5% F68 (FXHL 0.5 g F68 ¥ 100 mL 7%
T JKIEWR, TN se B JE A M B e U 75 3
min, ZERBSITFEE 45 min, HEETKLEE, BIE
B-NLC 7B &

2.2 B-NLC &5 ILZHilk

SR TEN N E B-NLC 325 B A 3
., B B-NLC B, 0.22 pm SALIERE g, BN
FES A, F Zetasizer Nano-ZS90 ki 5 20 X
M5 B-NLC HJkif%. PDI. Zeta A7, “FAT 3 K.
DLEZis. iR, fifs. PDI. Zeta FEALNTFAY
Fabr AT BN R 22

% A RTR H G . AR IR LA 2 IR &
FPERE SRR AR, SRR 2. B
AR H BRI AL RO, ARG, B
R RE AR R, BN, (AL R A2 E AL,
P R o AR5 b A PR R ek S A
ZEANK, {H/2 PDI BRI 5, RPRE DA,
M HAEZE, HAEWMAPIEK, ARSI IEER
JH AR R R H Y i A A e

=1 AE&HIEFZES B-NLC B9800 (x+s,n=3)
Table 1 Effects of different preparation methods on B-NLC (x+s,n=3)

il £ 7 2 3 4%/% $i 1% /mm Zeta HAL/mV PDI
VTR A A 48.12+1.25 242.02+5.23 —26.48+4.45 0.254+0.003
S Rl 7 43 Bl 45.89+2.03 203.20+2.43 -19.89+3.57 0.284+0.008
T 55.35+1.21 151.02+3.43 -26.08+1.61 0.201+0.013
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=2 AFEEZERE B-NLC B9800 (x+s,n=23)
Table 2 Effects of different solid lipids on preparation of B-NLC (x t s, n =3)

Iit] 25 A o A 28 $if%/nm PDI Zeta HLA/mV B35 /% WAE Y%
PR R T i 157214128  0.205+0.031  —30.10£3.50 50.12+2.34  0.99+0.02
TG ER 123.34+2.07  0310+£0.001  —23.08+2.09  34.04+4.12  0.68+0.03
AT AR H M EE-REARER (10 D 154.0943.67  0.587+0.013  —20.01£2.12 40214234  0.79£0.04

FHEES R W DR EARER
AR EAAA R, ARNER 3. MRS
K, KRR, PDIECK, Kifd A A5,
Zeta AR/ HOMEFIMERES, KRR,
RORAER S, TRRES R, SR
M R R B =, O SR B T R E S
e o

5% F68. UPWENR. VAR A HIENRIE
PEF, SR ILEE 4. F68 SUNEEAR & HEm 7 X
RE#HZE, mHRE R, HOERE Fe8 5upk
BAH

5L F68 /45 N 0.1%. 0.5% 1.0%-
1.5% 2.0% 5 NKF, Z5H LK 5. F68 [l 7
o6t B-NLC RLAE K/ IS AR, T3k b
F68 Jii & 77 HU )34 i 2 B S0/ 5 i ss,

FE ., A RAE F68 i 1 HUN 1.0%0 7 &, ik
PRI SRR 0.8%~1.2%(Must— B4t tb

AN S KM B R0 101, 1020
1:4,1:8. 11105 4KF, 4R IE 6. AHLAH
ML R, S sANUIE R, ST EdRE
IR NLC 254, & Rt s Atk s e~
B ANAELLEIE /N, SffdR, SAE .
AR SKMELEIN 1 2 8.

e [H AR S WS R R L 4y 101,
1:20 10303000201 50K, 450K T,
[i] 5 HE PR S WAS RE L LL XS B-NLC BER 5%
YRR . MUEPRMAEAHTE 0.5~1.5 354k
AT

R SRELE A8 101041 23041
50, 1:80. 1:1205 K, &5RINEK 8. [HEZ

%3 A RERABERY B-NLC BN (¥x+s,n=3)
Table 3 Effects of different liquid lipids on preparation of B-NLC (x £ s,n=3)

VRS R FUFh 2 4% /nm PDI Zeta HLAL/mV AR/ % WA %
R 161.34+2.15 0.245+0.034 -26.21+3.13 49.12+2.31 0.97+0.03
e N NR 222.12+321 0.567+0.013 -12.31+2.22 39.98+2.03 0.7940.02
ME-AS RS (1D 202.13+3.41 0.324+0.018 -20.43+1.23 40.12+4.01 0.90+0.04
#4 FERFREFEMFIX B-NLC BIEN (Xx+s,n=3)
Table 4 Effects of different surfactants on preparation of B-NLC (x+s,n=3)

M M TR 2 Fif%mm PDI Zeta HLA7/mV (EE0A AR/ %
F68 121.2142.191 0.241+0.011 -2421+1.23 34.65+1.22 0.69+0.02
SR N 223.23+2.23 0.341+0.047 —-25.56+1.45 40.22+3.12 0.80+0.01
F68-OFMEE (1:3) 156.194+1.81 0.310+0.031 -27.89+1.23 46.13+2.17 0.9140.02

=5 F68 REREXT B-NLC HIEN (Xx+s,n=3)
Table 5 Effects of different F68 mass concentrations on preparation of B-NLC (X s,n=3)
F68 i & 53 %U/% FrfEmm PDI Zeta Hf7/mV B35 /% AR/ %
0.1 17530+1.33 0.229+0.019 —27.56+2.17 41.22+1.11 0.82+0.02
0.5 134.12+1.19 0.224+0.005 —28.56+1.93 52.11+1.02 1.024+0.03
1.0 133.31+1.18 0.219+0.049 —27.78+1.76 52.18+1.06 1.010.03
1.5 135.224+1.26 0.218+0.038 -28.31+1.93 52.05+1.33 0.99+0.02
2.0 178.23+1.21 0.348+0.023 —26.38+2.13 50.91+1.26 0.97+0.03
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*F 6 AREBHHESKMELLFIXT B-NLC BN (Xx+s5,n=3)
Table 6 Effects of different proportion of organic solvent-water on preparation of B-NLC (x s, n=3)

AU/ KA Fift/nm PDI Zeta Ff7/mV BEE/% HE/%

1:1 419.84+4.13 0.518+0.034 —28.45+1.23 28.98+3.16 0.54+0.03
1:2 361.19+4.71 0.456+0.028 —27.81£2.30 28.57%3.12 0.54+0.02
1:4 209.35+2.14 0.392+0.028 —26.78+1.82 42244213 0.80+0.01
1:8 146.32£1.26 0.184£0.034 —28.31+2.14 50.21£2.15 0.95+0.02
1:10 140.29£2.13 0.124+0.051 —2291+£2.19 40.05+2.12 0.76 £0.02
F=7 ESERSHESEREEHIS B-NLC #9820 (xts,n=3)
Effects of ratio of solid lipid to liquid lipid on preparation of B-NLC (x*s,n=3)

[ 285 A A i It Fif%/nm PDI Zeta Fif7/mV BER /% WAE%
1:1 134.51+1.23 0.231£0.004 —28.76+0.32 45.18+0.42 0.83£0.02
1:2 199.76 £3.12 0.432+0.063 —27.69+0.67 34.68+0.58 0.44+0.01
1:3 256.64+4.12 0.321£0.032 —26.3710.58 30.76+0.73 0.30£0.02
301 167.28 £2.31 0.264£0.031 —24.49+0.91 40.56+0.68 1.08 £0.02
2.1 170.38£2.19 0.258 £0.044 —25.761+0.83 39.85+0.49 0.97£0.01

ViR, BEERFHERE M, Rt RIES N
s, PDI B K, RAESMBRALIE], Zeta
HIALZWIE K, WA E, QR 2
ERD e T FiRaras, RARZRHEIK,
LREHIR, BAILETFRAMS RN 1 30,
#5204, 0.8, 1.6, 2.0. 2.4 mg 5 NI &,
SER K 9, ZiWHEN B-NLC (B E R L RER
MR, HEREILAAIFTE 0.4~1.2 g k&4
PR R B RE LT/, YR, BESER

AR LB, F68 Jii & 4> Ht B-NLC 52
K, WMCRH CCD-RSM it — ik

2.3 CCD-RSM ffi{t B-NLC &7

231 SEETE EXT TR B-NLC & FHEART)
PR R F, RIGYHE (A, FESHE
RSWASIERIEE] (B). F68 FE/S% (C) Xf
Wb ERFRPREEMECR, MOk BRIL 3 R Rk T SL
Wit ARG 5 K CBFEFO M. iRkt
M WRAE ), r=1.682, %A% &y Bl S bRl ArvElL

=8 HMSHIERELFIXN B-NLC RIS (x+s5,n=3)
Table 8 Effects of different proportion of drug and lipid on preparation of B-NLC (x £t s,n=3)

23/ g5t Fift/nm PDI Zeta F3f7/mV BEE/% HE/%
1:10 146.37+2.11 0.1194-0.003 —26.8410.87 29.07+1.34 2.03£0.05
1:30 156.34+3.18 0.214+0.009 —34.4610.22 49.78+1.23 1.44+0.04
1:50 256.71+4.24 0.374+0.023 —27.454+0.32 48.96+1.26 0.90+0.03
1:80 289.76 £3.26 0.445+0.016 —-18.54+1.16 47.84+1.42 0.57£0.03
1:120 345.26+3.65 0.438+0.013 —17.98£2.13 47.59+1.78 0.38£0.02

®9 ZHYRAEX B-NLC &M (Xts,n=3)
Table 9 Effects of dosage of drugs on preparation of B-NLC (x £ s,n=3)
ZiY) H & /mg Fi4%/nm PDI Zeta HAL/mV AL /% AR Y%
0.4 156.871t1.21 0.189%0.048 —28.671+0.98 3545+1.24 0.39£0.01
0.8 155.671£1.22 0.191£0.051 —28.941+0.66 50.21x1.11 1.10£0.02
1.6 197.55£1.76 0.218%0.074 —27.981+0.92 25224213 1.17£0.02
2.0 198.66+£2.13 0.234£0.089 —29.91+0.69 21.19%1.16 1.16x0.01
24 209.22+1.81 0.241£0.078 —30.31+0.49 18.16x1.18 1.19£0.02
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HIE 10, LLAEER (YD, ®GE (V) NN
S8, FEIRSLIR BT ARG ST S . E RS
BRI RAS P, S5 R IEE 10,

232 BMHE LITESH RA Design-Expert
V8.0.6 ¥, DL Y. Y22rilkt AL By C Xskinsy
AT Z n et 2 IR Z TR ARG . BT
LGN BEGERE . AW, KUK 2 Kk
Z A AT ENAE. ZogENE TR Y=
59.7140.57 A+6.15 B+0.29 C (R*=0.368 7, P=
0.0557), ¥,=1.5140.23 A+0.16 B+3.29X10°C
(R*=0.5563, P=0.0039). —RZIHRIETIE:
Y,=67.74+0.57 A—6.15 B+0.29 C+3.27 AB+
2.63AC—1.85A—5.77B*—4.13C* (R*=0.946 1,
P<0.0001),Y,=1.77+0.23 A+0.16 B+3.29X 10
C+0.098 AB—0.15 A’—0.14 B*—0.098 C* (R’=
0.9108, P<<0.000 1).

MILATTRER R 5 PAETT A1, k2 A A
B, A FHREER S B-NLC 4L D5 3EAT 23 Hr A1
W Y, 5 Y, Wy AR 7 Z2 A 4 R W3R 11,
12, H&E 11, 127875, Y. LAEI P<0.000 1,
ULEA BT FE )R R AR Z 10 3T v B 7 2
B. AB. AC. A’, B’. C*#REBET, 2 ¥, HE
EWMEE, ZTHEWEFEZR 3D MREEEEELE
W 1. %F v BRI AL B AB. A% B, C?
AL, 2 Y, MEEYWEE, ZEMWEE
3D AR B HEEHLE LA 1.

233 maMEif ARG ER, ALK
T P 7 A 25 o 8 o e A DX 0, FF i s AL Ty
VO, e RESHIEREN 0.92<A<1.33, 1.08<
B<1.53, 0.89<<C=<1.13. H Design-Expert V8.0.6 X
PRI RV . & e aE R, ek
RN 46 A=1.28 mg, B=1.45, C=1.08%.

R 10 LERITMKRLER

Table 10 Design and results of experiment

i oas A/mg B Cl% Y/% Yo% | RS A/mg B C/% Y/% Yo%
1 121 0.5(-1) 0.8 (-1) 44.02 1.25 11 1.47(1.682) 1.0(0) 1.0 (0) 67.56 1.95
2 12(0) 1.5(1) 12(1) 6580 1.84 | 12  0.8(0) 1.0 (0) 1.0 (0) 68.00 1.78
3 04(-1) 1.5(1) 12(1) 5409 1.17 | 13  0.8(0) 0.16 (-1.682) 1.0 (0) 41.10 1.08
4 120 1.5(1) 0.8(-1) 6090 1.72 | 14 04(-1) 0.5(-1) 1.2(1) 50.78 1.10
5 04(-1) 1.5(1) 0.8(-1) 62.00 1.37 | 15 0.8(0) 1.0 (0) 1.0 (0) 67.90 1.78
6 12() 0.5(-1) 12(1) 4710 132 16  0.8(0) 1.0 (0) 0.66 (—1.682) 54.66 1.45
7 0.13(-1.682) 1.0(0) 1.0(0) 60.00 0.78 | 17  0.8(0) 1.0 (0) 1.0 (0) 68.97 1.81
8  0.8(0) 1.0 (0) 1.0(0) 6780 1.78 | 18  0.4(-1) 0.5(-1) 0.8 (-1) 5590 1.24
9  0.8(0) 1.0 (0) 1.0(0) 6521 1.71 19  0.8(0) 1.0 (0) 1.0 (0) 68.10 1.78
10 0.8(0) 1.84 (1.682) 1.0(0) 6431 1.69 | 20 0.8(0) 1.0 (0) 1.34 (1.682)  60.00 1.56

=1 Y, HESH K12 LHEESH
Table 11 ANOVA results for B-NLC as Y; Table 12 ANOVA results for B-NLC as ¥,

HE “FHFM HEE FE PiE BEM Hzx M HiE F1H P1H BFHE

B 1340.86 8 2415 <0.0001 #KEE R 1.80 7 1750 <0.0001 #EE

A 44l 1 064 04420 0.75 15061 <0.0001 HEE

< BE e

B 516.96 1 74.49 0.000 1 tHEE 036 1 2419 00004 (5

C 1.13 1 0.16 0.694 1 N

n 1.483X10 1 001 09217
AB 85.61 1 1233 0.0049 R »
N AB  0.076 1 516  0.0423 B3

AC 55.18 1 7.95 00167 B ,

-

A2 4948 | 713 00218 F A 0.32 1 2179 0.0005 MWEZE

B’ 479.56 1 69.10 <<0.0001 MWEZE B* 028 ! 1928 00009 HEFE

e 24622 | 3548 <0.0001 G ¢ o014 1939 00098 fREH

& 76.34 11 % 0.18 12
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234 MAFERATTAE  RIERIEMAHIS B- 5%, WIS 04 T SRR 50 Fr TR0 {2 RN SE A

NLC 3 #itFE . IR IE P4 R S5 UE RN
TRMME AT b, tH A HARX R Z [RD, RD=(
DAE — SEONE )/ TRAE 1, vPAN S 7 A T R ) ]
PEo AL, KifR. SNBSS 2, ik iE A
JEE A . MESTR AR 137 14, HK 14 7]
E, SEDIE S TRONAE 2 (B R 22 R B, RD /T

C% 0.90 —

0.90

BRI, B S BT A0S TRV B TR R AF
AT DA 80 IR 52 R 36 2 TR [ R &R S
3 it

AR AR R B Fe 45 U TR B HPLC i
HE, RABRFESNER . RLIGTERF R HE L

Hate b, KPR, ESE R SESEB

- —_— - i

% .90

~—70.92 A/mg 1.0

/% Y/%

0.92

1.32
A/mg 3

E1 Y, fY,mNEE

Fig. 1 Response surface figures of ¥; and Y,

Ay
I
A [ B
!
/ !
J'rll \
1 10 100 1000 10000 —200 -100 0 100
Fi4%/mm Zeta FLA7/mV

2 B-NLC f9KIfE (A)s Zata BB{L (B) FISML (C)
Fig. 2 Particle size, Zeta potential, and appearance of B-NLC
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F13 WIFER n=3)
Table 13 Verification results (n = 3)
HEX Fift/nm PDI Zeta HLfi/mV BEE/% BHE/Y%
1 140.86 0.289 —34.76 70.98 1.85
2 137.37 0.294 —34.48 69.09 1.88
3 132.44 0.284 -34.14 66.87 1.97
T 136.89+4.23 0.2890.005 ~34.46£0.31 68.98£2.06 1.9040.06
F14 WIEER (n=3) 2012, 16(29): 5331-5335.
Table 14 Verification results (n = 3) [7] B5IR, T, BFER, F DT LHGIHZ 3%
frog T % ST/ % RD/% WFCHERE [7]. P2, 2015, 36(11): 1710-1774.
pREwe — 8981206 260 8] S/ME, DA, AR DT RS YR
e 1.9 1.900.06 45 AR [J]. RAAESIRIK, 2016, 32(6): 231-235.
[91 # 8, vhase, Bz, & PSR 0, 9K E
HfBl. F68 I Bk o b i 2 B3 bR B e, JRAAR IR SN B 6 HaCaT dHARISHE A52 M [J].
I 3 KT CCD-RSM 25 it skidk— 5 D, 2016, 47024 4340-4344
o . . . [10] fE¥RAR. B B 9K 45 1) i Jo Bk 45 25 R Ge O WF et e
o MIETIERT S, 2 Ik TIE 8T, itk (1. 26, 2013, 22(4): 93-94.
JRIBMFAENAMAEN 1.28 mg, BESHEE (1) cizerk, mmas, kmm, o 8- Sonms i
JEIIEE A 1.45, F68 BiEIKIEN 1.08%. Wik LR IENE THRG M R TT [7]. 52,
P T 25 4bJ7 25 A 46 11 B-NLC 3 #HLFF 5 25 T E A 2016, 47(19): 3401-3406.
BirAERN, U EIMSY R, [12] Vaka S R K, Shivakumar H N, Repka M A, et al.
HET, ] s 2s DeR IR AE R N 1 BSR40 A5 Formulation and evaluation of carnosic acid
(e AR AT I TR FRARS, 1 F o7 (7 2 nanoparticulate system for upregulation of neurotrophins
W MTITER KB, 240025 C NI H 9 e rota iy gy men U £ b
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