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Preparation of Borneol and Brucea Javanica Oil Nanoemulsion and Tumor Suppression Effect on
Glioma in Rats

LU Changjiang', ZHANG Rongrong®, ZHOU Jun?, LI Yingfang®, WANG Guowei, LI Fanzhu®*(1. Hangzhou Red
Cross Hospital, Hangzhou 310003, China; 2.Zhejiang Chinese Medicine University, College of Pharmaceutical Science,
Hangzhou 310053, China)

ABSTRACT: OBJECTIVE To selecte and optimize the prescription of borneol and Brucea javanica oil nanoemulsion
(BBNE), and to prepare the BBNE, then to investigate its tumor suppression effect on glioma in rats. METHODS Establishing
the GC analysis methods to determinate BBNE content by pre-column derivatization; applying the techniques of phase inversion
to prepare BBNE; selecting and optimizing the prescription of BBNE by pseudo-ternary phase diagrams; using transmission
electron microscope and laser granulometer to investigate the appearance shape, determination of particle size distribution and
Zeta potential; building glioma tumor model in rats, and investigate BBNE tumor suppression effect by the index of tumor
weight and volume. RESULTS The GC analysis method to determinate BBNE content was established successfully, the best
prescription of BBNE was oil phase IPM 35%, Brucea javanica oil (containing 1% borneol) 35%, emulsifier Cremopher RH
18% and Labrasol 12%; the appearance of nanoemulsion was round and spherical, the average particle size was (47.60+0.57)nm,
the PDI was (0.2240.01), the Zeta potential was (—1.06+0.12)mV, and the drug loading capacity was (0.424 1+£0.005 6)mg-mL™";
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tumor inhibition experiments showed that the tumor weight and volume of Saline injection group, Brucea javanica oil injection
group, Brucea javanica oil nanoemulsion group and BBNE group were (1.32+0.19), (0.84+0.08), (0.76+0.06), (0.57+0.10)g and
(72.249.4), (44.2£5.1), (42.3+4.9), (27.9£2.5)mm’, respectively, and the tumor inhibition rates were 36.49%, 42.80%, 56.94%.
CONCLUSION The prescription is very well because the BBNE has uniform particle size distribution, higher drug content
and better stability, and that BBNE has better tumor suppression effect on glioma in rat show borneol may promote Brucea
Jjavanica oil across the blood-brain barrier to improve tumor suppression effect preliminarily.

KEY WORDS: Brucea javanica oil; borneol; nanoemulsion; pseudo-ternary phase diagrams; glioma

Y RE T3 (Brucea javanica oil) Jy 75 R EHEY)
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AHI G R S NEAF il R gl oK FLAE A A
A2, WFET B 2 UK R B IR 9l 4K FL(borneol and
Brucea javanica oil nanoemulsion, BBNE). X F ¥
FVEREAT 2%, I 15 W Db = oo AH 1 7 32 40 K 3L i
FEALTT Rl T2, #0258 BBNE BAL A
X R B2 S e e U S O RS Bl v o i
BT I RIT R, KIS 4RGN
WAL S0 s
1 ##

1.1 5

GC-2010 " At i A (H A By # o )
JEM-1200EX i 5 FiL 1 W45 (H A< Hitachi 2 /);
380 ZLS WOGKLEENE X (GEF Nicomp A 7]); K
BRI S A4 S8 A7 A (H A Narishige 7 7]); Bio-RAD
680 Fh1X (3% [E Bio-RAD /A 7]); ZEISS Axiovert
200 #¢ G E WM (P8 [E Carl Zeiss A H));
Thermo Scientific Forma II CO, X% 7% 44 (3% [H
Thermo /A ); CP225D HL TR P (Ab 3t 28 2 ) i (%
AP 1)) KQS5200DE 458 7 s v a4 (R
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T A AT PR A ) HZ-92125 fEE R 2%
(LI R BT RIZA A ); DF-101S AR E T
PERF R SCT JEUE T4 ER ) ) HI-6B 2 S 3dn
PPEFENL(E IR TS A S 90 AN AR ), TGL-16B ik
B ORI B2 ) pH A (R
R -FER Z AR AR A ).
1.2 2yl

S IH T (L P 48 35 7K ELBR IRAR 24 Y B2 0
Jo, it 0110914); RS FE S (R 2
KB, fit'S: 111621-201004, #1)F =98%); vk
F L B 2 R 250 ), ik 101201);
IE &%t (£ B TEDIA RHu 5 2 A, #t5:
1203063); = A £ Tk (VT 95 7k HEAL 41 A 2 b
BT, b5 20120901); BEmiE AR (1E 2548 B4k 24
WAAR AT, 5 20100601); i SO
Btk Tk, b5 . 20090708); I % v 4t
F188(f& [H BASF 2 w], #it'5: WPWAS544C);
Cremopher RH 40(%% [§ BASF ], #it 5 :
79062488Q): Cremorpher EL (##[E BASF /], it
T+ 61623988Q); SolutolHS15 (£ [F BASF 2w,
#E5 : 27927024U); PEG400(_ Ll A s L),
fit*5: 021032); Labraso(7%: 5 GATTEFOSSE A 7],
fIt5 135760); KSR N BEAPM, Bildr T 42
WA A, #5: 47116); i B 508 40 ik (b [
Blez Bt b4 B s 5 0T)s SRS A (S Gibeo A
n]); DMEM Sl BT IR (b & v AR P B 25 50K
ABRAF])s FIHF b S LT LE 2 A R A
", b5 20120510, BUks: 10 mL-327"); oAbt
FIE R oy vl
1.3 ¥

THE Wistar K, 30 H, R T 5 (280+20)g,
&, MWL B2y K222 g sy b0 de 4, s
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200 B P AT AR iR e T AT R
AOAb 3 Uy IE &, e Cbe 10 mL, R
HI 5 mL, EAIEKLE D, HEART, A
0.5mol-L™" KOH Wl 2 mL, T 65 C/Ki2fk
25 min, JBA N 15% =AW & 2 mL, T 65 C
K R4 15 min, VK3 5 min, BNIE 4 2 mL,
PeHE% 2 min, JOHIFI NaCl ¥ 1 mL, HEWR 7%
FMH, BEZ, 0.5 g Fo/K NaySOy, IR K,
WY L, BT

2.1.2 @ik rE @ik s Stabilwax-DA(30 mX
0.25 mm, 0.25 pm); FID A illgs, SEkECEE.
250 °C; KoM gSIRAEE: 250 'C; AFiE: 170 °C; JF
WA 10 'Comin™', HZHE: 220 C, FiE
3 min; BATHE, Fids: 0.5 mL-min s FEREE:
0.5 pL.

2.1.3 O HR A U Il R R
TR B 30 mg, ¥ T 10 mL 1F Cobe, Bl 2 il
12 3.0 mg-mL~" [RIXH S 9o UK A 1 i
YK FLIE N 0.5 g Jo KA FR 4N 75 i FL 30 min.
FA RS 3 k(45 2, 2 mL)J, & 00 sk =,
HEAWT, IIAIEC%E 2 mL %if, 6l p itk
NIRRT

2,14 LIRMEFEL BOMERA S IS8 TH
K FL A I i g oK L B TR 20l i R
“2.1.17 TSR AR A B S R O SRt
2.1.5  brdE 2RI A a0 G W ) T
A OE B, BRI €217 TR AT AR A AL BE
TEARBE, 4390 il 4 R B 4 0.15, 0.30, 0.45, 0.60,
0.75 mg-mL™" [IBREEW I HERERI, FH 61K,
DU I AR A(mV-s) N AAHR, W E C(mg-mL™") Ay i
AR R 2 il bR e T 2k .

2.1.6 R RN NSRRI Ok 2 W IBURT FE G T
%W 0.7, 0.15, 0.23 mL T 10 mL &=, Ak
&P 3 AR 594 0.21,0.45,0.69 mg-mL™
(RS I SR, ARG R 2,117 TR AT AR Ak Ak
PR VEAC PSRRI 2, AR B SR E 5 IR,
B sd, WWEHAL HR . 20
P RS A, FEAH Y TSI vl R R
80%, 100%, 120% I AN [F] 5 1 2 0T L i, 3%
W “2.1.17 0 RATAEAC AL TR T v A FE J HEREDN 5
SPATIE 3 WK, THSEIEERICR .

2.1.7 R tEMES R BE A E
WNWE, T0, 2, 4,8, 12, 24 hill5E, #%
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AL BETT V2 AR B 5 BERE I, A RSD.
2.2 BBNE il
22,1 KTk 2 SCHER 1R FH A A o %
BBNE: H FLAGFUA FLALT I S A Hh 2 i 4
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YKL
222 Lty =JoHETEE AL )T BT Ll IPM
Lk A& 1%0K PR &5 sl
AR VR G4 (OS)FE R AR, 4 LA A B FLA 7 3%
—SEFEIEG 1, 302, 1 DRSNS KR
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A ) MS 5 OS [ tkfl, H Origin 8.0 #
ot = oA, PR G K T X TR (1 K/ ok
HE— ik BBNE Ak s

FEHT I PSS 50, IR kR T 5L
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223 JEA. KR Zeta WIAZIMIE BUEE
BBNE §if T4 L, & 10 min J5 38485 T,
PN 2.0% 045 45 BV 14 91 47 4% 5 min, HAA
i+, HES T BB M5 BBNE. K H O
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224 FAEMWE R EIGZRELAL T A
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TK 5% SRR R 0.9% S A AN SRR R 0
22, JEAEASRIINTE] A, e 3 pH E A ki4e,
W kasE k. BU&E & BBNE T- 3 500 r-min”' B0
1 h. 10 000 r-min”' 850> 20 min J&, WMEIEA, W
RS, MRAE O R e . BUEE BBNE % H R
5, TEBRTFBCE, 70T 1, 2, 3, 4 MHEM
LA ERAE, WK e .

2.3 BBNE X K B i o8 411988 14 FH 4025 07 9%
230 TR R B YT g )dE Wistar K
30 H, &, ABiE 280~300 g, JH 10% /K&
S M s 0 B BRI, A K BRI S A e A G 5 R
KR INRESE Y 1X10° A~-mL ™" 2 R TR 41
MO 15 pL 40 MRl S8 N K A 2R A% A
(EFIR R B /i (XIE Y, REF R AT 3 mm. 7]
Ja# 1 mm)e BB TS T 1, G T00 B Ik 4%
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FER BRI AP @ Yy, 7 DU RN BN B
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232 FWTHEEATTE  EROER IR R
A
01 234567891010 121314 0 1 2 3 4
t/min
E1 AMeEEHE

AR B s B-22 40k Fl: C-BBNE
Fig. 1 GC chromatogram
A—control of oleic acid; B-blank nanoemulsion; C-BBNE

312 ARdEEh RN Oy VAR A R R A
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R T R
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24 1, BENLSY by 4 4. BERIZL (PR3 3K BHPEAL,
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233 HRAERIVTE K RURR I S5 SIUAHE I Ak
B, HUHSERERNALILY, Ay B R HOFRRE,
SR 4% 2 SRR e, MR MR KR, R
28 353 IV S5 2 R R R L 5 AL R T %
iR AR = a2 b-m-67"(a A MIRAEAR, b AR K
)5 IR ) R =R AR 4 - A 9R0 TE — 4 2 4P
ol ) ABE R 2 P34 R T 100%

3 %R

3.0 IHFIMATAEAL GC 2T vk

3.0 LEMEHEE MBI EN . SA9KEL.
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Ak TV 5 R I s R A, FLVE TR R, e T
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Zifie

9 1001 2345678 9101121314
t/min

6 7 8

J7LL IPM JyiiAH, Cremopher RH40 4 FL ALY
Labrasol N EhFLALFA, HIALFIFBFALFIT K
N3 20 WARTTA: WAH IPM 35%. FHF
M 1%0K 1)35%- FLAL I Cremopher RH40 18%.
Labrasol 12%. ZE5% LK 2.

3.2.2 AMUJEZA BBNE 44t il i i S v s
KA, L RRERIE. KA AmEYA . kT
AHZ A5 O RE, 4R E 3. 45 1R, H
Dbl vk A B IH - O/W TG K3

3.2.3 KifE S Zeta M/ BBNE “FHkif5(47.60 £
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K 4 F1K 5.
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a b [

2 b = oA T O 2 L A6 R o B 3L AR K 5 i AE B Lkl
A-Solutol HS15 FI11E T ; B-Solutol HS15 #l Labrasol; C—Cremopher
RH40 F11E T %; D-Cremopher RH40 F1 Labrasol; a—Ky=3 : 1;
b-Kn=3:2; c—Kp=1:1

Fig. 2 Pseudo-ternary phase diagrams of selecting and
optimizing the prescription of BBNE

A-Solutol HS15 and n-butyl alcohol; B—Solutol HS15 and Labrasol;
C—Cremopher RH40 and n-butyl alcohol; D—Cremopher RH40 and
Labrasol; a—K,=3 © 1; b—-K,=3 : 2; c-K,=1 . 1

_a._.; 100 nm

3 BBNE Z4fH4HE H
Fig.3 TEM Photograph of BBNE

0.1 1 10 100 1 000 10000
Fi4%R/mm
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Fig. 4 Particle size distribution of BBNE
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324 WIRMEE  WxE BBNE P HIHIR S &4
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3.2.5 FuEtt %% T BBNE SHAIEALG KA
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FUA R WAL JEUTiE, UiE L
faEthlr, H pH EHE P, #bicE 48h KL
R B, 56 F MK 2k, 7850 A
JEPEIRE 5, AR e ORI 537 W (R A8 e R
A. K30 h FFACF, BBNE R Fi R R4,
KA TG B 0508, K AL R 5 R LK 1.
%1 AFEAF#HEE BBNE €K

Tab. 1 The stability of BBNE after dilution of different
medium

T
EEAN T il Jai 1%
RS oL i1 A pH {i bk

0 BHREEIOL 570 45.60£0.57
KW ER K 24 EWREEILE 573 45.40+0.36
48  EWREGTOE 576 49.70+0.28

0 BEREATLOE 512 46.90+0.66

5% 11 22 I S v 24 BURREOIOLE 534 47.70£0.78
48 EURIEEIOL 5.68  50.40+0.34

0 IBUREEIOL 560  45.60+0.56

0.9%FMENM 24  BURIEMGINL 572 46.50+0.19
48 BURREEIOL 575 49.80+0.38

3.3 BBNE S K il o i o g #0988 1 1

FRECAS 2 o, MR, BHPE4L. A9HH 1 il
K FLZH A BBNE 4 1K)988 #7570 24(1.3210.19),
(0.84+0.08), (0.76+0.06)#1(0.57+0.10)g; /&
AN 9 R (72.249.4), (44245.1), (42.3£4.9)
M(27.9£2.5)mm®; BHEZL. F9HE 12K FL R
BBNE 41 [ )i 8 Joit = 410 i) 26 53 0 A 36.49%
42.80%, 56.94%, =W BB IR 240 0 A
A, H BBNE 4% K 5 g i 4 il 76 A o 1 FH
PEZHL RIS HH 1 3 44 K FLAL(P<0.05) . 45 3 L F 6 il
Kl 7,
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Ble #4/BEMLEIL

SRR L, VP<0.05: A-BIT: B-FIVELL: C-A9MH T il gk T
Zl; D-BBNE 41

Fig. 6 Tumor weight of groups respectively

Compared with model group, "P<0.05; A-model group; B-Brucea
Jjavanica oil injection group; C—Brucea javanica oil nanoemulsion group;
D-BBNE group
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Fig. 7 Tumor volume of groups respectively

Compared with model group, "P<0.05; A-model group; B-Brucea
Jjavanica oil injection group; C—Brucea javanica oil nanoemulsion group;
D-BBNE group
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