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1 E B HE&ERH(GA) R R (NGA)# 45 & % (GA-LNCs NGA-LNCs) , 5t 8H 47 H Hu 4k s & Wik, ik kA
ARAB P Ak ih =B b AR R L B SRR I R B A A B, R A AR 2 H k) 4 GA-LNCs NGA-LNCs, A &3 Ffe s 25 %
A6 AR A AR M AT R AL LR 2 AP R R R T P A AR R AT R IR AR E R AT
GA-LNCs NGA-LNCs (#] % %] 4 1.92.2.42 mg/kg) , G K 1 K, & 28425 6 A, o ) R 2 ML e $5 18 Fo o 7 o 48 B AL B 1L B
(SOD) \ &t H kit A A4 B (GSH-Px) M A B A — 8 (MDA ) B A2 B B2 (TC) . =Bt (TG) . % % 5 & & 2 [ 55 (HDL-C) |
AE RS & G e E B2 (LDL-C) 4%, SR X 29 R £ AR AT 3 A 60% K  10% T4 wh = 85 30% Ft T — B S 5p ig 0% B
(ZHEFHEH2g) A% 35 mg GAFNGA, A& ALT5 #4789 GA-LNCs .NGA-LNCs #9 ¢, 3 £ 5 5] % (92.01 + 0.68) % .
(93.12+2.11) %, B 2357 4 (0.99+0.21) % . (1.21 +0.22) % ; B £ 3 K3k &3 — BRI, TR, MBS H R E, AL
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#= HDL-C 4% (P<<0.05 & P<<0.01) , 2 & FARAE A s 5 M o 45 48 Fe o 7 P MDA\ TC . TG .LDL-C 4% (P<<0.05 &% P<
0.01), &5it KB R #1434 GA-LNCs NGA-LNCs 2 AL B AT, BB A B 4F 69 Hoks i &
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Preparation of nanocapsules of active ingredients of Garcinia hanburyi and evaluation of their antidiabetic
activity

ZHAN He', HAN Lu', HE Zhongmei', SHI Kun', ZHAO Yan', ZONG Ying', CHEN Weijia', DU Rui" >’
(1. College of Chinese Medicinal Materials, Jilin Agricultural University, Changchun 130118, China; 2. Key
Laboratory of Animal Production, Product Quality and Security, Ministry of Education of China, Changchun
130118, China; 3. Jilin Provincial Engineering Research Center for Efficient Breeding and Product Development
of Sika Deer of China, Changchun 130118, China)

ABSTRACT OBJECTIVE To prepare Gambogic acid (GA) nanocapsules (GA-LNCs) and Neogambogic acid (NGA)
nanocapsules (NGA-LNCs), and to evaluate their antidiabetic activities. METHODS Using water as the aqueous phase, medium-
chain triglyceride as the oil phase and polyethylene glycol monostearate as the surfactant, GA-LNCs and NGA-LNCs were prepared
by phase inversion method. Using entrapment efficiency and drug-loading amount as index, the formulation technologies of above 2
nanocapsules were optimized by simplex lattice design. Its physical and chemical properties were investigated. The diabetic mice
model was established. GA-LNCs and NGA-LNCs (1.92 and 2.42 mg/kg respectively) were given intragastrically, once a day, for
consecutive 6 weeks. The fasting blood glucose of mice, the activities of superoxide dismutase (SOD) and glutathione peroxidase
(GSH-Px) , the contents of malondialdehyde (MDA) , total cholesterol (TC) , triglyceride (TG) , high-density lipoprotein
cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) were all detected. RESULTS The optimal formulation of 2
kinds of nanocapsules included 60% water, 10% medium-chain triglyceride, 30% polyethylene glycol monostearate (total amount
of the three was 2 g) and 35 mg GA or NGA. The encapsulation efficiencies of GA-LNCs and NGA-LNC obtained by the optimal
formulation were (92.01 + 0.68) % and (93.12 + 2.11) % ; the drug-loading amount were (0.99 + 0.21)% and (1.21 + 0.22) % ,
respectively. GA-LNCs and NGA-LNCs were yellow, homogeneous and transparent liquid without precipitation. They were

A LT F - 7 bR A2 R T (No.20200404090YY ) spherical in microscopic shape, and had obvious shell-

MBEHE TR AR H (No.JJKH20210372KJ)
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membrane structure. The particle sizes were (28.11 + 9.76)
and (22.06 £ 6.84) nm; Zeta potential were ( —4.09 + 1.00)
and (—17.40 + 1.32) mV, and polydispersity were 0.93 + 0.06

BV W, . WFIE T 1A - TP 25 R A E Y T B e and 0.74 + 0.12. The results of animal experiments showed that
FML#H] . E-mail: chenweijia_jlau@163.com both GA-LNCs and NGA-LNCs could significantly increase
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the activities of SOD and GSH-Px and the serum content of HDL-C (P<<0.05 or P<<0.01) in model mice, and significantly
decreased the fasting blood glucose and the serum contents of MDA, TC, TG and LDL-C (P<<0.05 or P<<0.01).
CONCLUSIONS GA-LNCs, NGA-LNCs prepared in this study are good in physical and chemical properties and have good

anti-diabetes activity.

KEYWORDS gambogic acid; neogambogic acid; nanocapsules; diabetes; preparation

B R (diabetes mellitus, DM) & —fif it 4% 135
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V5 R ALAE AR LA A8 & R R AESEY, 2020
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JHE B SRy A I A ) e v R R AL ) T B Garrei-
nia hanburyi Hook. £.[/JECRAIE™ , A Gl 2545 ) gl
Aok, PR T2y R ) b R R M A
B, HATIRYT I B OB 4500 i SE s
BT R, e B HAAPUA Bovess B HuhiE
PR PRI SEE Y S A DU B R (gambogic
acid, GA) F13 J# ¥ ik (neogambogic acid, NGA) m{{
(A FEREE A 2 B A~ 3 2 Pl o 3 A 81
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YR FIEL SRR GRS B2 AT 1~1 000
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X HKI AR TOMIEAS ( Zeta LA  X- ST ZeAT 45 FRALPE 5t
DL AKRSMT DM G HEEA 7548, LA i DMOBT 25 71 & 42
HEAR AR

1 e
1.1 FEUEE

ABIEZE i FH 2 AL A 1260 T 5 20 AR (a3 A
(2% [ Agilent A ) , 2489 1 £ b u] LY 435 6 11
([ Waters A ) , BS210S T J7 /0 2 — W 7R (£
Sartorius 73 7] ) , FD-IC50 1 BL 25 ¥ VR T4 #L (b mt i =
RESZIGAY A BN 7] ), MIX15 eco TR 7 g 43 1 2%
(M T I E AR5 i 3 47 R ) ) FEI G2 120KV U 1
H1 5% \m3000 78 T /R SCEOEREE 43 HT{X . BeNano 90 Zeta
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FUG KA LA FHAR R AR A FRA F] ) , TGL-16M
RS 2 O AL (v B HE AR R AT BR 2N F] ) , DNM-
9602 T AR BT A (Ab 5035 AT B AR IR A |, 1 7
% FCBE AL T RREK HL R 55 A PRA FDD .
1.2 FEHRSIKF

GA NGA J5k} 25 i A S50 2 [ il (it 0 039 K F
98% ) s A B 5 T At 245 it 5 100 - AL WA i
D101 CRETI A M40 THF9E i, iS5 1021Q011) , th
BEHh =R R G-50 . — HOBUIR (VA= 4
B A R A A, S 4 5 D 20111028, 413B052 .,
H20051277) , R 2, . F5 BARg R R ik (116 42 va kA= fb Rl
FABRA AL IS 20150905) , D-H 52 B (b 5t Bk R AR
FABRAF LS 20110603 ) , 4% IR{A 7 % (streptozocin,
STZ, 3 [ Sigma 23 ], it 5 WXBC6558V) , # A AL Py
1k (superoxide dismutase, SOD) | [N i (malondialde-
hyde, MDA) 4+ bt T Bk & 401k 9 i ( glutathione peroxi-
dase, GSH-Px) . & iH [# % (total cholesterol, TC) , =ik
H i (triacylglycerol, TG) . /= % & JIg 2 11 IH [i5] i (high-
density lipoprotein cholesterol, HDL-C) IX %% & i5 2 (1 IH
[&] 5 (low-density lipoprotein cholesterol, LDL-C) 7] &
(R A A ) TREAR T T, L5 43 51 Sk 20180608
20210417, 20120323, 20181129, 20181116, 20181129,
20181116) ; GA NGA X & iy il AR AR ST A= Wy AR A FR
]S40 90 DT0015 . DX0071, 4 EE ) KT 98% ) ;
AR g S 2 B RIS, K R 2ligoK .
1.3 ¥

A5 T FH 5~ SPE 2% C57BL/6T /N ERL, 3L 60
H e ATy 18~22 g, W [ Jb mt A BLREAE W Rk
B A PR 2>\, sl W AR 77 VR AT IE 5 2 SCXK (5E)
2019-0008, /N BRI % T i B 20~26 °C  AH X
40% ~T70% [ ZF T, WIIR) A B AROK 588, 38 1R
7% LT85
2 AEELER
2.1 GA NGAWEENE
211 VAW (L)X BRI TR A TC R - 43RG
FRELGA NGA X} 8 5 2.00 mg, BT 10 mLE##i, L2
EEAS, o I GA ONGA J5 e B 444 0.20 mg/mL
A% Rl VO L 8 P & (2) i i W R BC R < 4 K %%
W HL“2.2.17 0 GA 49 K 2& (GA-LNCs) \NGA 44 K 5%
(NGA-LNCs)0.1 mL £ AR 10 mL A, L2 E %,
FI75 GA-LNCs NGA-LNCs {3 5 A%
2.1.2 fAgESME @E S Silversil Cis (250 mmx4.6
mm, 5 pm) ; F SN ZHE5-0.1 % BERRIE W (90: 10, V/V) ;
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EHH 1 mL/min; K KA 360 nm; K36 30 °C 5
FEREA 10 L.
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2.1.4 AMEXRRFEE HC2.1.17TF GA NGA X I i
VWG 1, 4l il B R S 124 0.01,0.02,0.04,0.08
0.12.,0.16.,0.20 mg/mL I RN , R4 “2.1.27 K £
TS A ERE AT | LAAS X B il A Jo R P SRl AR s (X)
W T AR R AR AR (Y) , AR, 455 R, GA.
NGA [ [m1 55 FE43 3k Y=14 970X —33(R*=0.999 6)
Y=10 050X— 17 (R*=0.999 6 ) , K I J5& 5 ¥ J3 £ 411 315 [
$7470.01~0.20 mg/mL.

2.1.5 KE® BT 0DE %2117 R GA.
NGA X B8 SR WO B, $22.1.27 TR (a3 251 i S bt
6 WK, iC R IEH A, 25 BN, GA \NGA 1 FL RSD
38 0.87% .0.99% (n="6) , Fe (UG 2 B KL 4F-
2.1.6 FEEMIXE B GA-LNCs NGA-LNCs i i, &%
6 17, 43 4% “2.1.17 BT J5 i o sk o i W, AR
“2.1.27 TN A S HERE A3 BT L T SR TR AR AR v
M £k i1 5 GA NGA ) & & . 45 /R, GA-LNCs,
NGA-LNCs H' GA \NGA [V & 455l 9.01,8.64
mg/g, RSD 4351 4 0.88% . 1.42% (n=6) , 2 Wi% Jy ¥= &
EPERLT

2.1.7 FaEMRE B GA-LNCs NGA-LNCs & &, 43
S 2. 11750 7 vk e S VR, SRS T R
0.4.6.12.24 48 hJ& , Fi “2.1.27 Wi F (0,15 & {1 JEFE 4
Mr,io s AR . 4550 B, GA \NGA I&TH FHF RSD 43
24 0.98% . 1.66% (n="6) , F2 B X 2 Fh I it S L AE ==
TECE 48 h INFRE T R AT
2.1.8 AR AT WD K1 GA NGA & it
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GA-LNCs .NGA-LNCs i it %5 ¥, 45 6 10, 53 3 i A
GA X B 5 760.47 png \NGA %I I8 b 526.48 pg, 98 5 ##%
“2.1.27 TN S S ERE A3 BT, 0 SR TR, RN
FEMNGE . 25K, GA NGA [ R [l 243 5]
41 98.94% ,97.63% ,RSD 435114 2.05% . 3.69% (n=6) .
SRR L.
F1 MEEKRREHMNELR(n=6)

R BRPER/ g MAR/ng MR/ ug IIREENCE/% TR % RSD/%

GA 821.00 760.47 156121 9730 98.94 205
806.40 760.47 154820 97.54
§10.69 760.47 1549.50 97.10
813.20 760.47 1589.22 102.00
794.44 760.47 156035 100.72
802.64 760.47 155421 98.83
NGA 568.29 526.48 1056.66 9733 97.63 3.69
579.02 520.48 1097.24 97.54
550.44 520.48 1067.76 97.16
387.00 526.48 1104.76 102.04
566.98 526.48 110211 100.72

568.33 52648 1065.49 98.83
2.2 GA-LNCs .NGA-LNCs H#l& TEZ
2.2.1  AUOKFEMRISE  RAMEALES TR % LA
g HIM =R R T KR K AR R 2 T LA i R e
SRy TG P, AR FEBTR A R, I GA B NGA
JroRL24 35 mg, T T A U P 2 25 W A s s il
TR LAY B TR R, SEE IR —85 C—60 C—
85 C—60 C—85 C—72 CHIMEIR, LIE Mifa E 34
R IR R 70 CA AR, 37 RIIAGE & koK 3
PRI 5) T S — A0 A2 PRV T, BIVAS A N 4 K
2.2.2 AR MOERNME K HREER G-50 &
TR IKAE K o 24 h SR IE IR SFAE K 2 AR UEH
PRI E T 15 mL .08 9, DL 500 r/min &0 1
min, B X Z R MK, BIFSEERCH: . BT il 15 10 40 oK 2
100 pL 3357 ABE AT, PEM 5 K, B 0.1 mL 7K 3
W, B Ve, BT 5 mL R, A IS E R 1
“2.1.27 IR AR SRR AT TR R A 2
FIEC100 pL 4K HE, INA ZRE 24825 mL, 4% 2.1.27 1
TSR T IR R SR WL, RIEREA
AT AL R 32 = W/ W< 100 % (Wl 4
KA TR ), AR =W/ Wx100% .
2.2.3 Pk EAAL GA-LNCs NGA-LNCs 4b )5 DI,
B2y NI IRTE bR, LKA AR T G P 7 )
Ho i 5 28 TR ([ it 2 ), R (3, 2} a7 )
¥ 5111 % GA-LNCs .NGA-LNCs #4b 5 T. 25 474k
162, GA-LNCs . NGA-LNCs 840 5 o 4% 1 52 56153 F
R 2 F 3. dE—H i Origin /5 B 43#7 , 15 51 2%
2t I 3R ) = YRR A S AR I, W S R I ) S
IR A Shy 28k 245 I s R XA 58 vy 1 DX 3R, RV Bl 0 K
HIEACAL Ty, 25 SR 2 3. 45 5R BoR , 4 ok
/N KA BB, GA-LNCs \NGA-LNCs f 2251l
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f BRI .l AT, GA-LNCs \NGA-LNCs ()%

HeAbJ5 ¥4 609% 7K L 10% HHE H il =g .30% R 2 i

TEREARR (=& B E 2 N 2 ¢) LA 35 mg GA B NGA.
&2 GA-LNCs B4R Mg AR KIEITFIE R

- TR -
L R e A
1 60 10 30 94.68%1.65 1461035
2 50 10 40 91.24+3.54 1.01£0.55
3 40 10 50 86.45£4.22 1214054
4 35 15 50 92.06£0.96 0.54£0.62
3 30 35 35 84254233 0.87£0.48
6 50 20 30 88.01£1.96 0.78 £0.60
i 20 40 40 79.06£4.00 1144036
8 25 45 20 86.2213.66 0.55£0.58
&3 NGA-LNCs B4 B &5 SEIG i s R
- TR ) N
T TR
1 60 10 30 95.66%1.86 1264054
2 50 10 40 88311341 1.0240.11
3 40 10 50 82.8712.01 098022
4 35 15 50 90.14£0.99 0.87£0.31
5 30 35 35 82424532 0.77£0.95
6 50 20 30 88.2212.01 0.72£0.53
7 20 40 40 84.3513.65 1111035
8 25 45 20 85.26+4.01 0.53+0.14

2.24 ACTFEE #U2.2.37HU R ALY T2 il
GA-LNCs NGA-LNCs, V17 34t , SR J5 W g HoA 24 0
W, 45 BN , GA-LNCs A B R A 2 52 51k
(92.01 +0.68) % . (0.99 +0.21) % ,NGA-LNCs ftjfu 3 %
R4 AR (9312 +£2.11) % (1.21 £0.22) %,
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W H R RA V., 4558 8K, GA-LNCs \NGA-LNCs
B a3 —iE A, HIYTCUE .

2.3.2 EFTHEAWES  HU2.2.475 il 4519 GA-LNCs .,
NGA-LNCs ifi & , LIKH B S5 T i 2 40 ), 7L 2% %
HERY e, fF AR TS SRS ST s b T s, 2
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HEAWHERFEIEs R, 451 0E 4,

233 KifR Zeta LA 2 ELRE M E  Ht2.2.4”7
5N ] 45 79 GA-LNCs .NGA-LNCs i & , % FH 1 /R 3Cis%
S EE 3 M ASCRI R A 2 A A S o Ok 428\ Zeta FLDGE
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NGA-LNCs fRiAE 4351 A (28.11 £ 9.76) L (22.06 + 6.84)
nm, Zeta FL {7 23 514 (—4.09 + 1.00) . ( —17.40 + 1.32)
mV,PDI43240.93 +0.06.0.74 +0.12,
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GA-LNCs il £ 58 W5 A H 85 BEfi P 2% 0, LR
GA-LNCs W JE & 25 % . B GA J& KL 25 | H 28 ¢ .
GA-LNCs (LA H #fRT) . H 2815 GA-LNCs [ 4 #
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B3 NGA-LNCsHZHEMEHEN=#4ERNESLE

A. GA-LNCs B. NGA-LNCs
B4 GA-LNCs NGA-LNCs HyiZE ST H 5 B &

23.15°, T #F WA S I TE 18.26°, 3 MWL I I i I 34 4
FAREE . EYIHRE ST GA 5 H R LLHAIE
16, LA S 28 W ild . GA-LNCs e 7R TR
A H #E B 7 10K FEZE R B BEIR i GA B L E g
Kagr, ik GA-LNCs F) X-S AT EG AT GA Y
WS | 3150 I GA 9 ROt A BEAE R B . 255 L
K5,
2.4 GA-LNCs NGA-LNCs i DM i& M1 EM

/N ERBE AL A oA %) BE L (A3 ] e ) 5% ) AT s 4
2H (LA R mo iR 5 ) |, 4 55 1A (a4 B 7 d X /N B2
Jf 1fi % (fasting blood glucose, FBG) #EFT 45 . 5 J&
J& & /NS B ARER K 12 h, A 2H /)N BB R T 5 100
mg/kg STZ FEW, XoF B A R v 10 O 45 A 12 IR % vh
72 h g, & /N BLFBG, 24 FBG>>11.1 mmol/L I, &1
TR RN, W 3 AR R ) 1) /)N BRBEAIL 43 M A 2l | PH
X B (— H OB 200 mg/kg, 7] M 4 SCRR[27]8E )
GA-LNCs 41 (1.92 mg/kg, | a4 TS0 30 45 SR % &, DL
GA i1) NGA-LNCs 41 (2.42 mg/kg,, 7] 5 H2 45 151 5L 56 2%

hEHERE 200 EEIEFEE

14 000
12 000
10 000 A__\»JL
»J\A,.,MJM_A_,LMA_AJ_‘J_JL__._ 1
= 5000
60004 T i
4000 4 | ‘M J«,JMAJLA_JW., 3
2000 1 LL_JULJ ULJ_ JMMMLML. 4
i T T T
10 20 30 40 50
2 0/°

1: GA-LNCs;2: [ #8 5 GA-LNCs I RIR A4 5 3 #8104 GAJ5URZy
5 X-BIE&ITEIOER

RUBEE UINGA ), AR 8 Ho X HEZL AR A 21 /)N
B AR K, AT A/ B AR 259, JE R 1IR3
ZRERPH6 R, RUREEZG 12 hg (B8 Er) B, 55O 0 i
A FH L SR A IO 38 790 8 A6 0 4% 2 /)N BRIt 35+ SOD
GSH-Px i 14 il MDA , TC, TG ,LDL-C ,HDL-C %% & .
K SPSS 20.0 Gttt s A T ohT 25 SR A x £ 5
TR, Z 0] L BRI PR 28 07 22 40 B, 2L 1) 7 19 EL 4
K LSD-t 4636, K 36 /K i =0.05, 45 5 i, 5% I
20 b A, A R 4 /N LI W R SOD . GSH-Px i 4 I
HDL-C & & 1 i F F& K (P<<0.01) , FBG #1 MDA . TC ,
TG.LDL-C & ) i 7 5 (P<0.01) ; HEAYL Lk,
K25 25 2/ RIS H SOD . GSH-Px {5 P A1 HDL-C 7% &
10 2+ 5 (P<0.05 8 P<<0.01) , FBG ( A 44 24475 2 J&
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i) A MDA . TC. TG .LDL-C &
B P<<0.01). Z5HRIFR4 K6,

R REIR (P<<0.05

x4 BHNMEFBGHIMNLER (x+s5,n=8)
415 BRI RARELN RAREI RAREAR BARESH BARSR
R4 4801044 4931067  481£026  510£026 5124055 480052
ikl 1383£076" 15.63£032° 1580£0.92" 16.03£0.70" 17.17£0.76" 17.40+0.36"
PREENFHRAL 14474055 12.13£025° 1020£0.61° 833045 747£050° 640%0.69°
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