FAHBEH 2025F6 8 AKX HwE%E  Drugs & Clinic Vol. 40 No. 6 June 2025 1389 -

TRENARFEBNFIE . RIEMAHNFHAR

EAG, KK E2, MEET
1. HMKRZE M BER 2553, RS MM 450000
2. bilgE R LW ERAR, L 201203

B OE:. B FISEUREYORIEN, HEAER. R KRAFWR. Fk KA CEENER & REYKRTE
e DR NN, TRERERE. RILAES 80 SIHMERE LG, B 5AWILEI A FEEFME R, KA Box-Behnken
me S AR TS R PR BEHIAL 7 T2, Fll R T4 o 18 5 B AT AT YR B RO, X-IF b RAT I 5 g2
A, BT SEE R R YR TR B IR P B AIT N, ig KREREFYORIEE, ShZin ik, tHEBRSCEYF]
. R TUREFYOKEREELT N TRERBEIREN 0.51 mgmL, FiLFLE: 80 SHEMEELLEIA 1.56 1 1, #HE
YL 18.73 ¢ 1. TR KRIE A E B F O (82.6711.19) %, #ZGE AN (4.15£0.18) %, Kife N (318.84+£26.46)
nm, Zeta HAN— (31.71£1.87) mV. TRFYERILISIMEMETE, P REETREFYREE T PN,

YERL S B R AR B RN, TR T YUK B MR (Coax) FIARXS AR USCAE 0R F BE 3 RS8N & 3.54.
530 f%5. 50 TRECKREG N RETE B ik BRI MR, A AR T DR

X TREYCREE; TR AR, b BBUE; 4z MZAKRE

FESES: R283 XRRFREE: A NERE: 1674 - 5515(2025)06 - 1389 - 09

DOI: 10.7501/j.issn.1674-5515.2025.06.006

Preparation, characterization and pharmacokinetic study of mangiferin nanovesicles
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Abstract: Objective To prepare mangiferin nanovesicles (MF-NVs), and study its properties, stability, and pharmacokinetics in rats.
Methods Ethanol injection method was employed to prepare MF-NVs. Envelopment rate was used as evaluation indexes, mangiferin
concentration, Tween 80 to cholesterol ratio, and materials to drug ratio were acted as main factors, Box-Behnken design-response
surface method was employed to optimize the prescriptions of MF-NVs, and its lyophilized powder was also prepared. Transmission
electron microscope (TEM) was employed to observe the microscopic morphology of MF-NVs, X-ray powder diffraction (XRPD) was
used to investigate the crystal form of mangiferin. Dialysis bag method was used to investigate its release behavior in simulated
gastrointestinal fluid. After ig administration of MF-NVs for rat, drug-time curve was drawn and the oral bioavailability was calculated.
Results The optimal formulation of MF-NVs: mangiferin concentration was 0.51 mg/mL, Tween 80 to cholesterol ratio was 1.56:1,
materials to drug ratio was 18.73:1. Envelopment efficiency, drug loading, particle size and Zeta potential of MF-NV's were (82.67 +
1.19)%, (4.15 £ 0.18)%, (318.84 £ 26.46) nm, and —(31.71 £ 1.87) mV, respectively. The appearance of MF-NVs was oval. Mangiferin
in MF-NVs lyophilized powder was transformed into amorphous state, and cumulative release rate of mangiferin was significantly
increased in simulated gastrointestinal fluid. Cmax and relative oral bioavailability of MF-NVs were increased to 3.54 and 5.30 times,
respectively. Conclusion MF-NVs can increase cumulative release rate of mangiferin in gastrointestinal fluid, and promote oral
absorption effectively.
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2.1 TREHKREBAIH 0

RILALEE 80 FIAH[E EEAE ATEM, R LEEE
NIERI TR EGOKR TR . IR AF 20 mg. 4Ty
R ILALES 80 AIH [ FEE T HEEHEH, A 20 mL
LR, FFEEIEN 50 C. pH 4.5 BEER Hh 250
W, FEERBEEE 1 h BEEER. 200 W D)5 N
20 min, B FUKEP R, 1T 0.45 pm HUFLIERE,
RIAF T2 R AR BV TR B
2.2 TEREFYAKREBPTEREN HPLC NE
221 {Bili%E Agilent SB-Cis i (250 mm X
4.6 mm, 5 um); WBNFHA LG - 0.1%BE R KA
(12 88); Hady KN 258 nm; #Eif 35 C; KR
PN 1 mL/min; ZEAEAAFR 10 pLl7],

222 A FAERMECH] B R AR 2R
=W 1 mL B 50 mL &=HiH, 030 mL LGS 6
min, J1ZME - 0. 1% R /KA (12 : 88) Mkt & X
FE, JB2)EH 1 mL B 10 mL B3, I
BEZE, #Y, .

223 FREIZE  BGURE XA, REARE, [
P EERC AR 40 pg/mL %o HE i 5. TR Sh AR
BEZ 500, 2.00. 1.00. 0.50. 0.25. 0.05 pg/mL, it
FENE o DL SR B AR, TR A ALHR,
BEHJTFE Y=422.7X—109.5 (r=0.9999), £k
J B FE B FEIA 0.05~5.00 pg/mL.

224 LEMEFHE AT TZHEA TR
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RS IR Sy BT ROE R IR IR AR
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FERARFR () THE B R FE. R REYK
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ETREYPR IR 270 HdEE (PDD il Zeta
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Table 1 Factors and levels

K ZEs

Xd/(mg -mL™1) X2 X3

-1 0.3 1.0:1.0 15:1

0 0.5 15:1.0 20:1

1 0.7 20:1.0 251

x2 ABEER
Table 2 Experiments results

) X1 Xa X3 Y% (n=3)
1 0.5 15:10 20:1 82.35
2 0.7 15:10 25:1 74.17
3 0.3 15:10 15:1 68.92
4 0.3 15:10 251 75.90
5 0.3 10:10 20:1 65.47
6 0.5 20:10 25:1 76.82
7 0.5 20:10 15:1 72.64
8 0.5 15:10 20:1 83.61
9 0.5 10:10 15:1 72.27
10 0.7 15:10 151 73.63
11 0.7 20:10 20:1 74.14
12 0.5 10:10 25:1 75.78
13 0.5 15:10 20:1 81.81
14 0.3 20:10 20:1 70.33
15 0.7 10:10 20:1 70.25
16 0.5 15:10 20:1 82.46
17 0.5 15:10 20:1 83.44

252 HUFERHT R 2 BTG, AE
FROIREZ LT Y=8237+1.45 X1+1.27 o+
1.90 X3—0.24 X1.X2—1.61 X1.X3+0.17 XoX3—6.95 X2 —
573 X2—2.62 X2, YUE R R?P=0.973 4, RRIER
 Adj R2=0.959 3, UH 4.07%EHRAFETHE . T
ZEMT LR 3, 1ZEUFE P{E=0.000 1, FKHHE
S B R E B X (P<0.01). RAUTI
P{E=0.057 0, RPRMHERTIHILREEZ L,
AE RS, R RT A T R YK IR AL Ty T2
o CRHFYLKIRBE R ZIRZ 0+ X A
BEEZER (P<005); Xiv X3 XiXs. X2 X2,
X2 HAWEEZESR (P<0.0D).
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®3 FESH

Table 3 Analysis variance

HKig CPTA BRE ¥7 FHE P1a

it 47686 9 52.98 2850  0.0001
X1 16.73 1 16.73 9.00  0.0199
X2 1290 1 1290 6.94  0.0337
X3 2892 1 2892 1555  0.0056
X1Xz 024 1 024 013  0.7356
X1X3 1037 1 10.37 558  0.0482
XoX3 011 1 011 006  0.8130
X1? 20364 1 203.64 109.53 <0.000 1
X2 13834 1 138.34 7441 <0.000 1
X3 2900 1 29.00 1560  0.0055
W7 1301 7 1.86

KWW 1067 3 356 6.08  0.0570
alif 7= 234 4 0.59

HBZ  480.88 16

253 ST RIERAELTT T2 X, X M
X IR o0t %y e ST L 1. [
TR, AR IR 53 S8 R 2 3G 2
SN ERNE DL . B R R KA E R, 15
TERFYUKRT AL T T 208 R RERE
4 0.51 mg/mL. % 111545 80 5 AH[FH F Lk 51 My 1.56 -
1. TEM 5259060 18.73 & 1, Fyi B A TR
AL 83.18%. R SEPRERIF(EHENE, Hre
AR EIREIH% N 0.50 mg/mL, Ei1L5Lf: 80 5
JEL [ P LA Ay 1.55 0 1, B2 S5 250 L A5 i
N 18.70 ¢ 1.
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et A T T2 % 3 Hers R gk, Wl
BEERF YR E N (82.67+1.19) %,
ST a3 2R 83.18%H Eb, Sl A X i 25 N
—0.61%. MR EHPKRERBARERN (415
0.18) %, Fift Ny (318.84%26.46) nm, PDI {iK
(0.124£0.013), Zeta F1fiiy— (31.71£1.87) mV.
RiA2 oA Al Zeta HLALZ) 1) DL 2.
2.7 EREFHREAMHALS

IS REF YR VR 2, WM L, K
F 15% S Rl et B )5 T3 5 e T g
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MRSy AN
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Fig.1 Graphs of response surface
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Fig.2 Particle size distribution (A) and Zeta potential (B)

of mangiferin nanovesicles

3 TREFHKEEHIINE (X50 000)

Fig.3 Appearance of mangiferin nanovesicles (x 50 000)
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—40 CHUA 3 d, BUESZENE T-35 CAETHENL
i, HHEAE 03 MPa, BWIA T 48h 5145 C/h
AR E 25 °C, RFF 3h EHUHE, ISR
HYPKRFER TH . R 9K IR B S H R
THRESR SN2 3 WL 4B Co IR R4k
WETHERENEEZ, kifs. PDI{E. Zeta H
Ko 5h (80.77£1.31) %, (350.16%33.46) nm.
0.1504+0.022. — (29.15+1.63) mV.

B4 EREMHREBPTIEREE (A). EREHNKE
RER (B) REFTH (O 5

Fig.4 Tyndall effects of mangiferin nanovesicles (A) and

appearance of mangiferin nanovesicles suspension (B) and

its lyophilized powder (C)
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B S R 25 R R YK BR Tk, A8
2R EN 5mg, TINGEEBELE R (pH 2.0 R
RO HIIREW, FE T84S 8000~12 000
FEATES, [HE THEEN IR, B 1000 mL #E40L H WE
N 37 °C, B3N 100 r/min, T 15 30. 45.
60. 90. 120 min BUFE 3 mL, F4b 3 mL 40 B K
it 0.45 pum BEFLIERE e T R B R R IR, TF
S RTURE IR o IRV 2 S AT A g oK i
TERBLHAR (pH 7.4 BERRER TR BIREZTENL,
BUREACN 050 1. 24 3. 44 6. 8. 12, 18h, 45
DL 5. TEREFYPRIEAEBIE . BB
m TR AT R, R T T SRR A 1)
G, TR0 SR A A R
2.10 EREMHREAFTHREMAR

XRPD 456 F: ML (200 FEFE 55l
N 3°~45°F 3°/min. B RTT RRLZ) S RN

50 =P L A
K E

401
30

20

RBERL %
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o 3 6 9% 120
t/min

1007+t B
oo | R
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401
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201
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Fig. 5 In vitro release curve in simulate gastric juice (A)

and intestinal juice (B) of mangiferin nanovesicles (n=6)

THr ORETEIRE, Gk F 2 R oK B
Tk, VRS Y (HeBlFE TR YRR T
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25.0°, 27.4°4b HILARHAE S B0, TEERAY)
XRPD B3 rp ATy o] IS SR AE 10.1°, 21.2°, 24.9°,
25.0°, 27 4°KbRHE L0, HCARARAE o 2L Ul il )
w5, BT S HRE IR S S AR TR
H AR = AR . PETE SR PO IRV R T8 XRPD
B R, PoSRERRAE S ISR O, E BT R
i SR TEE T, RIS 350 B T R oK JE IR R
TR TR S E — R .
2.11 ERFHAREBRBEMEMR

B R YR IR THr, ISR B,
ik 0.45 pm TALIEE ORPERBD, W 2L g b3
HHRE (m), WEERELAE (o, HHEBRE
RBIRE= (mo—mi) /molo HUERIFYKTENL
THr, BEHTARMS, B THHEBERHS GBE
N 70%, WEAN35 CH, 44HF 0. 1. 20 30 64
HERE, MEBIRERMRGE, SRILE 4.
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Fig. 6 XRPD results of mangiferin nanovesicles

R4 ERENREBEREMNEEMN
Table 4 Change of leakage rate and particle size of

mangiferin nanovesicles

i A/ A BIREIY% Bz /nm
0 1.16+0.10 354.72+33.45
1 1.32+0.11 348.16+40.71
2 1.284+0.09 361.77+36.79
3 1.57+0.13 366.521+41.44
6 1.84+0.17 363.94139.68

BEE B R R, PR YORIRAA T
PRI AF R R InES, Kt ak f I KEs,
B N igfE 6 N A, = REFGORBERET
W ERERETINT 2%, RS/ T 400 nm, UiAH
TR E GO FEIR T iAo 1 R A .

2.12 EREWREAXKRANEMRR

2,121 ST HUSD KR, BENLA AT R R
BH2G. PENRAY) (R SR el R e R gl
KIEWHTH) T REFgeoRIEaA, Sdle N,
WERRE - o 20l BUARE AR i, A8 0.5% CMC-Na 7K
IR HITR B, 1% 40 mg/kgig 4425 . T2 RE Rk
AP EIR YA 53T 0.5, 1. 1.5 2. 2.5,
3. 4. 6. 8. 12h HRIE/SHEIK AR M. TR
YUK TRV T PR B30T N, &R
8% 5 T AT g B 2 1 UL N ] A 0.5
1. 2. 2.5, 3. 4. 6. 8, 10. 12h. MFETEH
BB 0T, 3 000 r/min B0 4 min, UM T
=20 C FA G

2.12.2  MZRFEAALEEPY  fi T HEEECH] 800 ng/mL
B ZNT IR S, VE PRI LA SRR
R B 100 uL M FESL . 50 pl PIFRVE TR B S 2
mL B 0%, JRIE 5Smin, 10000 t/min &0 5 min,

2123  FrdfEfiZResd] o 2 500 10004 500
250 100~ 20 ng/mL T2 5 H XM SV, 2 ks %
B 100 uL T 37 CHEAMT, HIA 100 pL 75 FH I
WALV, RIASHE R o SR B I v SR I 2 0] B et 3
Mo AFIFFERENE, UEMR RS R EEmR L
NPARR, B E AR EE, 153 EHT7RE N
Y=0.410 8 X+0.072 6 (r=0.9942), 7£ 25~2 500
ng/mL 41t R1F

2124 LTREMEEE EAME. 20 ng/mL = 5F1
T 0T Rt I R SR K BV igl2 h LK,
FESACER G HERERGI, il LA 7, W] LIS A
PRI AN PR . R R TH, TR

A J
J'
|1
| "\;‘\, A
J e S —_—
s ]
| g
!.
| 2
c
1
2
|
0 5 10 15 20 25 30

I-EIRE, 25 5H.
1-puerarin, 2-mangiferin.
E7 =AM (A), EREFMEIRR (B) MERT
PRERMEHA (C) B HPLC BIEE
Fig. 7 HPLC chromatograms of blank plasma (A),
mangiferin plasma reference substance (B) and mangiferin

nanovesicles plasma samples (C)

2125 fRoEESLEE WP EREWRE A 500
ng/mL FiIEFES (S EMREAFR, BET-20 CiK
8, T 0. 30 64 9. 120 15d BUEEALTE,
B R R EWRZ I RSD 1 5.49%, % B 3% FE
AHTE—20 CIRFEH 15d AR M R AT BT 4R
HIREH 500 ng/mL REEFEG (R RER)D, LHA
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RS, BT =, 0T 0. 2, 4. 8. 12,
24 h PWE, WWHEETRETREKRER RSD HAHN
7.17%, I MLIERE SV RAE S IR B AR E
2.12.6 EE ARG BT R T E K
FE 53518 25, 500+ 2 500 ng/mL FiiAE iy (B EAR
AR, AEEJE ISR 6 YK, R FBEAT bRtk 2k
T, WEATREFRERZM RSD EH 58
8.01%- 3.90%- 5.58%; K43 (1) o Syik & 5 el
IR LT EHERE, 45 R 58 25, 500, 2500
ng/mL #EHH L 7378 99.40%. 96.74%. 104.16%,
FEUH H PRS2 R R HERA FE B . 254 5001 2 500
ng/mL FAN R ERENE 6d, BRME 1K, KA
BEATARAE I 2R THR A T AT B IR () RSD {4
WA 5.73%. 8.24%. 6.90%, TIEASUERHE AN
104.43%- 103.01%- 105.10%, 7MW H 45 2% K i
HAERR A

2.12.7 fREUEMERSLS A MK, MATIR
T R S A, 20 O R B IR AR N 25
500, 2500ng/mL (B EERERNR), & PTEIKE
516 4, FENE, LR ER R SR FIEIAR (),
K2 A 22 2 HIELH) 25+ 500+ 2 500 ng/mL Jfi %
G &S BRENR, SREREY 6y, b3
JE e, IWRERESTREFIER (b)), %
ARIRIEN R =b/a THESREU R, RER,
25. 500 2 500 ng/mL T SRHFHREL AR 5K
96.77%- 104.71%- 95.69% (n=3), RSD {HMKIXN
4.44%. 6.38%- 5.82%:

2128 iFETTE ME TR ORI AR F I A,
THHEERR SR E M AR LE, AR
Y=0.410 8 X+0.072 6, THHEHTRERITEWRE.
2,129 MRNZFFELER R EEES. VIR
G TR PRI 2 - B T2 LA 8, DAS2.0
AR AR S 5, W& 5. 5TER
H ISR A L, YR S Crnaxs AUCo-+ AUCo-
WEHN (P<0.05), FE5ERIIALES 80 M ILIE
FA RO+, A AR BRI 2R 1.45 £ 253
HYURTEI e WFE LG E (2.57£0.72) h, tip
BEIEKE (5.11£0.84) hy Coax B E N 3.54 15,
AR BE GOK SRR AR R B T R I 2 8))
174, TR YR BRI A KR ig WA= ) A
PEE 530 fi5.

2500, =T R R 2
_ YR A
T, 2000, kIR
&
& 15001
=
;é 1000
=
500
0 . ¥
0 2 4 6 8 10 12

E8 TREMAENE - HLk (n=6)

Fig. 8 Drug-time curves of mangiferin nanovesicles (7 =6)

x5 ETEHDFSH (n=6)

Table S5 Main pharmacokinetic parameters (n=26)

ZH LEEIA TR R WEIREY TERTYIK RN
tmax h 1.434+0.39 1.35+0.34 257+0.72"
Crnax ng mL"! 412.60+94.25 812.13+207.28" 1 458.67+489.03™
tue h 2.66+0.70 2.81+0.87 5.1140.84™
AUCo-t ngmL ! h! 1072.53+189.04 1552.774280.49" 5679.48+841.96™
AUCo- ng-mL ! h! 1113.72+201.16 1616.094300.24" 5782.33+991.81™

S RAFERZGAEMLEE: *P<0.05 *P<0.01.

*P<0.05 *P<0.01 vs mangiferin raw material group.
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