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KREOMEEAMT H, RADRBESHRESFLS, A HPLC 2N T RS RA MR ECELZBE R R T RENE LG
MRGER R, it e b, R OMRBERARELHVEZRARB LA LK, B2 H 140.51 nm, % 58 2 &
(PDI) % 22.58% ,Zeta w45 % —28.8 mV, L3t £ 4 90.52% , % 25 % % 8.30% ,24 h R ARBE 85.33% ., Lix 4 A
Mmta, AR OMBRAREECR DRSS AR AR P HDRELZH, 8 - HAXTEMR(AUC) ¥ T 1.81
& ARG Je G iR N A5 AR MR (Ce) 4 3. 51 ARAF R E (re) H 2. 87 Jem s £ (te) 4 1.07, &8 #&0a
MR AR EaBB D BERT OHEREL IR, FEETER, ORBRIARARELCETEERGHD Y
EXEADEN AR A A DA
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Tissue Distribution of Betulinic Acid Nanovesicles in Mice

LI Xin, SONG Yanna, MIAO Li, LIU Songhe(School of Pharmacy, Harbin University of Commerce, Harbin 150010, China)

ABSTRACT: OBJECTIVE To study the betulinic acid nanovesicle delivery system, and determine the distribution of the prepara-
tion in mice. METHODS A physical characterization method of nanovesicles was established, focusing on the aspects of morphology,
particle size, Zeta potential , etc. In the study of tissue distribution of betulinic acid nanovesicles in vivo, mice were injected through the
tail vein, and the concentrations of betulinic acid in various tissues and plasma at different time points were determined by HPLC, and
the targeting parameters were calculated. RESULTS Betulinic acid nanovesicles shape is spherical and uniformly dispersed. The par-
ticle size is 140. 51 nm, polymer dispersity index ( PDI) is 22.58% , Zeta potential is — 28.8 mV, encapsulation efficiency is
90.52% , drug loading is 8. 30% . Compared with the injection group, the concentration of betulinic acid nanovesicles in the tissues
and plasma of mice in the injection group was higher, the total area under the curre( AUC) increase 1. 81 times, and the target evalua-
tion index concentration ratio( Ce) of liver tissue is 3. 51, relative tissue exposure(re) is 2. 87, targeting efficiency (te) is 1.07.
CONCLUSION  The results show that the betulinic acid nanovesicles have small particle size, good stability, high encapsulation effi-
ciency and drug loading, and meet the design requirements. The betulinic acid nanovesicle delivery system shows that the preparation of
nanovesicles from betulinic acid can significantly improve the bioavailability of drugs and have obvious targeting to liver.

KEY WORDS:; betulinic acid; nanovesicles; tissue distribution
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0.032 5 g JH[EEE, % T 10 mL oK SEEH A0 A
HURH s 55 B alivgoK 30 mL, B % 3 InfAdi £ 4%
T 65 CF, M 1 mL BHEPRA HLAR S T A alivgok
o PRFF 860 r + min A HE P 30 min, FRVE
T H 2 SR A IR E 7 28 30 mL, A

FAE I R SO 24 T S B ) 2 - BB A i R I
RGN 5 mg « mL™" Tween-80 )4 #HL £k /KA 75 14
fife  Fg HA B 2y 4 mg - mL Y R IIR R B
Mo M4 CEIHMENRIR 90 K $E IR TR 2, A= Bk K
R & 2550 4 mg - mL™" B9 FIRENRFR 4K 421
REMW

- 2054 -

Chin Pharm J, 2024 November, Vol. 59 No. 21
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Fig.1  Transmission electron microscopy of betulinic acid

nanovesicles

31,2 KifE PDI % Zeta R AOMELEIR  FIME
REBR AN K 2 30 1 ~F- 2 i 42 4 (140. 51 £ 1.09 ) nm,
PDI 2% (22.58 +0.53)% ([ 2) .

Distribution/%

0t T T T T
0.10 1.00 10.00 100.00 1 000.00

Particle diameter/nm
B2 afrRAkRRNEESA

Fig. 2 Particle size distribution of betulinic acid nanovesicles
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F1HEBE B2 48 K 2 3 0 7 B B 7 {E R
(-28.8+0.35) mV, 4 %HE 2 K F 15.00 mV,
RHZH AL R REM, AES A REN
% (K 3),
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B3 AR KR Zeta H ALK

Fig.3 Zeta potential diagram of betulinic acid nanovesicles

3.3 REBURMUEMESTR  RAECH E 2 L)
2020 AR DU A EE -5 RO I RE 35, R A B A
TR FARENR TR U2 1 AR IR R 9 A 6 1) (A A1 R
JRCHEAT 4%, AR R IR 24 R AR IR TR 44 K 4 3
RBUBEHCE R AR IR 1

1 AR EHNG AR ERAKELANEREST
AR, n=6,x*s
Tab. 1

Cumulative drug release percentage of betulinic acid

crude drug substance and betulinic acid nanovesicles. n=6,x s

Cumulative release percentage/%

t/h

Crude drug substance Nanovesicles

0 0 0
0.5 32.67 +0.70 7.87 +0.20
1 46.49 £0.74 17.01 £0. 94
2 57.68 £0.93 31.62 +0. 67
3 60. 11 £0. 51 43.91 £0. 68
4 60.41 +£0.93 53.18 £0.90
6 59.14 £0.97 74.88 £1.76
8 58.89 £0.92 80.96 +0.71
12 58.56 £0. 69 83.88 +1.00
24 57.06 £0. 57 85.33 +0. 81
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JE IR AR XHFR | 70 JEE R4, w2 ) R B B ] 331
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7 R 2R S0 P G B R B BB IO R R
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JEPE R AT
3.3 AR &4
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3.6 ABRHHR

SCESEERILE 5 ~ 6, 7 1 T U HERR R IR 25 A
FIHERR IR AN K BRI J5 , 2507 2 AL/ IN BRI AR I 43 A
AR SR 254Ut SR AL E b B 25 Pk
2] S B e, 10 TR 1 AR T IR o) B 4 oK 33 S AT 1
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t/ min #/ min 1/ min
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F1
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AL ~F1 = 350000 JHF I il ALY 28 ERE A (T P 5 A2 ~ F2 = 2350000 JIF B AL 25 LAY + AR + EREIRIR (U5 1AT; A3 ~ F3 - 35000 JIT
LTl I A 25 2 S LR+ PR I I 5 0 1 — HROAR ;U 2 - FIAENIS IR

Al - F1 —were the chromatograms of blank samples of heart, liver, spleen, lung, kidney and blood, respectively; A2 — 2 — were blank tissue + internal standard + betulinic
acid chromatograms of heart, liver, spleen, lung, kidney and blood, respectively; A3 — F3 — tissue samples + internal standard chromatogram of heart, liver, spleen, lung,
kidney and plasma after administration, respectively; Peak 1 — glycyrrhetinic acid; Peak 2 — betulinic acid.

B4 AR s ERBR A AR & RO 6

Fig. 4 HPLC of betulinic acid and internal standard glycyrrhetinic acid in the tissues

T E 2GRk 2024 4 11 H 55 59 3555 21 1) Chin Pharm ], 2024 November, Vol 59 No.21 ~ 2007°



R2 TRART AR & T
Tab. 2 Linear equation of betulinic acid in different tissues
Tissues Standard curve 2 Linear range/pg - mL ~!
Heart y =0.042 2x +0. 006 2 0.999 7 0.92 - 184
Liver y =0.043 7x - 0. 006 3 0.999 5 0.92 - 184
Spleen y=0.039 3x -0.010 8 0.998 9 0.92 - 184
Lung y=0.037 3x -0.018 8 0.998 3 0.92 - 184
Kidney y=0.039 2x -0.010 3 0.999 3 0.92 - 184
Plasma y=0.041 1x -0.013 2 0.999 7 0.92 - 184
120 [] Heart
[ Liver
[ Spleen
100 [_ILung
[ Kidney
[_] Plasma
80+
y }
£
& 60—
3
40 -
: ] s e S
0.17 025 0.50 1.00 2.00 4.00 8.00 12.00
t/h
BS EHaMEREHARLELULAKRME T aHAERSY

FERE . n=5x%s
Fig.5 Concentration of betulinic acid in tissues and plasma
after injection of betulinic acid active pharmaceutical ingredient.

n=5,x+s
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Fig. 6 Concentration of betulinic acid in tissues and plasma af-

ter injection of betulinic acid nanovesicles. n=5,x +s

4 i it

BRI LY RGEUUL T 5 WTEIR A 73 A g
DL, TP ECANOR B AL R N 10 3 A1 55 RN R J5URL 24
A BRI 2E 5o 15T HA [R50 1 MR R, 1
HENRIR AN K90 2 v 45 LU 5 AUC J2& FHER IR
JEORFZG LY 1. 81 Ao Ud B 4 K 2 90 7 1A A 110 %
Ly, WSO SR B o LK, sl ad A A i
P 40 K #E W 4L P I B AUC p,,, . Ce (e | te ZE L [f]

R3 AHAERRR R 2 A g MR R 40K v B A A R B AR K 25 3 S B

Tab.3 In vivo pharmacokinetic parameters in mice of crude drug substance and nanovesicles groups

Parameters Group Heart Liver Spleen Lung Kidney Plasma
AUC/pg + h - mL~! Crude drug substance 34.28 222.60 111.72 217.11 36.99 62.61
Nanovesicles 42.68 638. 83 190. 21 221.69 51. 64 93.54
P/ + mL 1 Crude drug substance 11.62 46. 65 34.55 95.50 12.73 56.31
Nanovesicles 12. 58 163. 85 39. 11 91. 81 13.71 62.03
F4 aHERIOK TR E E RN IR
Tab.4 Evaluation index of targeting ability of betulinic acid nanovesicles
Mouse tissue and plasma
Parameter
Heart Liver Spleen Lung Kidney Plasma
Ce 1.08 3.51 1.13 0.96 1.08 1. 10
re 1.25 2.87 1.70 1.02 1.40 1.49
te - 1.07 - - - -

BhR AT LA Hh AR 1R 40 oK 3 1 ) T 4 1) 1
AT AP R L 0k T A S, R B A Ml
PR AN oK 4 Y 1) T 25 B 0 R, S BB S R ) o
MR R 20 oK 28 R0 A2 /0, R 390 -5 Mg 3l 285 )
e TR AR, 48 K B 900 5 B E A B 4 1 HE IR TR
ARSI, SEA ) 24 30 T8 00 S A% 5 [ i 4 3
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