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Abstract: Objective To investigate the method applicable to the determination of the encapsulation rate of Baimai Compound
liposomes (BM-Lip). Methods The BM-Lip successfully prepared in the previous stage and simultaneously encapsulated with

volatile oil, curcumin, glycyrrhizic acid and glycyrrhizin was used as the object of study, and the content of volatile oil, glycyrrhizic
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acid, glycyrrhizic acid and curcumin in the Baimai Compound was used as the index of evaluation, the applicability of four separation
methods, including ultrafiltration centrifugation method, dextran gel elution, protamine aggregation method, and ultracentrifugation,
for the determination of encapsulation rate of the BM-Lip was examined. Results The results showed that when a ultrafiltration
centrifuge tube (3 000 relative molecular mass retained) was used to centrifuge the free drug at 13 000 r/min for 20 min, the recoveries
of volatile oil, glycyrrhetinic acid, and curcumin were low; when 20% ethanol was used as the eluent at a volumetric flow rate of 1.0
mL/min, the elution time intervals between the liposomes and free volatile oils were too short, regardless of whether the diameter-to-
height ratio of the dextran gel column was 1 : 15 or 1 © 20 and it was difficult to improve by optimization; moreover, the three different
sources of protamine and the different addition amounts (1—3 times the volume) did not significantly affect the cohesion of BM-Lip,
but when centrifuged at 17 000 r/min for 60 min at 4 ‘C, although BM-Lip gained a high degree of cohesion, the recoveries of the free
drug were not in compliance with the requirements of the assay; however, the recoveries of free drug were not in accordance with the
requirements of the assay when centrifuged at 4 ‘C for 60 min at 40 000 r/min. However, when centrifuged at a high speed of 40 000
r/min for 60 min, the average recoveries of volatile oil, glycyrrhizin, glycyrrhetinic acid and curcumin in the free drug were measured
between 96.29% and 101.95%, which met the requirements of determination. Meanwhile, the average spiked recoveries of the physical
mixtures of blank liposomes and free drug ranged from 97.35% to 106.10% for glycyrrhizin, glycyrrhizic acid and curcumin, and from
80.22% to 85.26% for volatile oil. The encapsulation rates of volatile oil, glycyrrhizin, glycyrrhizic acid and curcumin were measured
to be (76.15 £ 0.16)%, (10.15 £ 1.41)%, (7.09 £ 0.57)% and (84.08 + 1.03)%, respectively, according to these conditions. Conclusion
In conclusion, the good results of the recovery determination of each component by ultracentrifugation indicated that this separation
method can be used to accurately determine the encapsulation rate of BM-Lip. This study not only provides an important basis for the
systematic optimization of the subsequent process of BM-Lip, but also provides a valuable reference for the determination of the
encapsulation rate of liposomes of traditional Chinese medicine compound prescriptions that contain different polar components at the
same time.
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AIHEINH BAFE 237 nm AR, AN TR R
W R RICR KT 100%. A4k, fkEE A S 2R
FARE— 0 RPR202T, 45 2 K R R m i, H
TR B P ey A R

(3) %2 IR s A4 5 i 25 29 M V) BRIR A 0
FERSCRESE: S T, 73 HL 80 uL ik s
1 3 AR SR VR A RV TR 120 L =5 H
RE AR T 1.5 mL B0, B 200 uL Sigma
RS R KB (10 mg/mL), JWiE 1 min, HE 3
min, #MFEAEFIKE 800 L, 4 “C. 17000 r/min (|
D42 6.26 cm) TR 60 min. HU &R
47 HPLC 7341, M AR/ FEHRE (Cs ST
e, 43 AL 80 pL AN [F) o 5 A P Vi A % FELA VAR
120 pL = AR RARAR T 1.5 mL S0, Hig
I 600 pL HEEIFEE A AL 10 min, EARIH
SIREIRE (Co)y MEEREINERE=C1/Coo THEAFK.
W R TR IR VR A RV VRS 2 A IR TR ) B
BAW A, H BT 20 FE B R S 5N
98.67%- 102.38%. 104.88%, RSD 47K 3.44%-
4.07%- 1.55%, Z3FE B FIIINEE RIUER 555N
18.94%- 21.98%- 22.96%, RSD 47"~ 2.58%-
3.87% 1.20%, SR SR, HEH LEE R KINFE
] g 2R [ 2R 350 B A, U kS B B 5 IR
A R SR AT VI 5 2 PT REATAE — 78 F2 P IR IR B
245 HEEEOTE

(D X ENRFAARTTEEN: BIUEES A5
JRARE T EOEH, 4 CHAT 40000 r/min (0
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4% 473 cm) B 60 min, HU_EIETR 200 pL
FABGARAT 500 nm AR WIE H A 5 (4005 XA,
FEE WY 200 uL 2= H AR, HEEFRX T 500 nm
AEIN L A {H (o), THER =(4o—A41)/Ao. T HF
R 00 2 1 A R D00 % 98.49%, RSD
0.01% (n=3), FEANRGZ AR TBUTIE T K.

(2) ARIHG EERFELL: 53 Rl F DUEE AR
W 3NN T EIR R A IR CE T R O
b, 4 CZEF 40000 r/min (002442 4.73 cm)
AEE B0 60 min, HY 250 uL _EiEWR, FHHEERRE 4
fifa, ME LB S BT IR, Wl
RS I E$E A PRk B, B0 e ik
(Cs fEXTHRAH, 73 250 pL AR, H1. & 3
AN B FEE VR B0 FRA VR Jo K B RE: 4 £
e AR B oy BB IR FE, W — M R i s 44
R TERIREE, BORTREREILA (C)), THEA
AL R, IR =C1/Coo HHHRAHME. . &
JoT AR P VR A T RV Y, 4 I RT3 [ 2 43
AN 96.29%-98.04%-+101.95%, RSD 43 I N4 2.52%-
1.41%-0.95%; H HH 1735 U EE 53 7R 99.21%.
98.38%-98.44%, RSD 73519 1.18%-0.41%- 1.00%;
HER T B R 2 58 96.91% . 97.14% .
98.00%, RSD 735N 1.42%. 1.96%. 1.26%; £t
R IP RIS AN 99.30% 98.01%- 98.52%,
RSD 438 0.82%- 1.85%- 1.60%.

(3) %2 IR oA 5 I 2 29 M BRIR A hn
FERIWCRELL: #5220 3 R AR B, . &
3 MASEREIRFERA X IRER . 25 AR RIS
WRATIR A, 1520 [R5 B B & 0 B
W SERA R, 43 5 F BUE B AN ) o &R B ) B
BEXNRBERE TEOET, 4 CEMT 40 000
r/min (B5034% 4.73 cm) HEHE 20 60 min. HX 250
ul EVETR, W EERRE 4 655, e _EiE b &k
Gy TR E, W — A R i 5 44 R o Ak
B, B0 JE FEIREILA Cs XWRRAF, 2l EL
250 pL AR5 FE iR EE P R A 0 BRIV, Sk
RERRRE 4 1%, WE AR R B EIREE, WEFEE—F
FRRE J WU 78 HE A SRV B, B O AT B IR B
Co, VFEAFZH 73 L [EIS Ik [IWs 2 = C1/Cos
THEAHME. F. mERENRE X RBR S
JE AR IRV G5 BRIV R, T RT3 e
[N 80.22% 81.85% 85.26%, RSD 43
AN 1.19%. 0.63%. 0.71%; H EAEF e ]

W75 106.10%. 101.36%- 103.46%, RSD 7
A 2.48%. 2.76% 1.00%; H EEL T XAk R
W73 514 103.47%. 101.86%- 103.18%, RSD 7
BN 1.45%. 2.70%- 0.80%; &3 2 (KT A (a]
W3 100.34%. 97.35%- 99.65%, RSD 734l
N 1.63%- 1.57% 1.07%. R TR, WEidxg
JE IDTIE VR JE R RS O, HERR T ITTE XTI 55 254
IR B, R DN — B AE B R A JE a5 i T 389y
BRI B AL, JUHRARNEAR R /N R
2.5 BM-Lip B FNE

B HUE & BM-Lip & TE.OEY, 4 CHKMHET
40 000 r/min (Z.00F-4% 4.73 cm) FEIE B0 60 min,
HL 250 pL EIEWH R EERRE 4 £ 5 e Hig
B RRAY TR R, R — D R S5 DN 4 R
HIREE, BOEREREILHN Cs XAy, &
HY 250 uL BM-Lip H Jo/K FHEEMRE 4 £, Wl A
A TR R, H R — 20 B S DN 4 R T i
WEE, SORIREIREEICA Co, tHEARA S
R, BEHE=01—C1/C). FATiHl% 3 41 BM-Lip,
AR R A E RIE (76.15+£0.16) %, HHEF.
HHERMEZEROEES A (10.15£1.4D) %.
(7.0940.57) %F1 (84.08%+1.03) %.
3 g

Jg R AR RE % R S B K R s K e R, B
B RIFAEYMHEE. Bm e B R 255022, w]
DA & G (1) R 25 4 B I RIAFAE RSB R 2
Jk B RE 25 . 2GR R PR EIE R, H ATk
S 2 O R R TR RS 2 — o I T T A
PERL o M R R 29 4 B ST IR &, R Ak
A ST G AR B (1) R SR R B ik

IR 255 07 R T, 7R IR T A
PRI, 55T i o A 0, 38 2 (ke fe i v s R 4 R
JIE S5 A ] 2% T 2000 A R Joi 4 R R ) — A O
AT, AR, TR R = AR L
P B o M R R 2k, e 2 4 3L R 24
27 PR AR A — B ) &l B — K
HMER, R R BRI fe B BB R 3% . i H AT
P AR B A AT 2 Fh 258 o LR g o Ak
FURIREFE24-201, 055 LRIk 3 b A LA b Joi 22
SRR B B 25 5 7 22 2843 FR AR o AR 1 A
KM FARIE -

TENR AL B e R T, B BT S At
FRNA B I E . EHAFEENZ,
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TR A N — R R IR A 2 B IR &, A
BExt g — Ry BEAT E R, ME DA 4 T S R HL B A
B, FLH TR0 6 B = (0 R R AR-RT el
JEE TR B 008 0 5 A 58 Ak -] IO B X R AT MRS
PR & BEUE &, MY 2 M T
Ko,

SETHTIOETT, B A K T ¥ R R i 2
T AT o B ANHIATEREE R RIS SRS, IX 4
FERAE SR AN TN B AT R R R e R R, T
Wb, AW FUR RS- 0] W e 6 BER X kR 4
RO BEAT R BME » PLAE, X FoKIEEPE S H 5
HERR LR G R > 233, YK HPLC it
AT EMEES0, Tk B R BRI, AW
HEST % B E TVEUE . AT RE, AR T AT
Ja SR AR BB AR A E

FENE WE R, SCBUR R ST s 2 A
MOy RAE . AWETC IR TIE R oA
SEWEBEIRAT L . R TR RE SR SO B0k 4 T
JriER Sy BRE R AR S 24, LR TES AR
95 HEDE R0 2 IR KR 2 i o s 1
R, HARERR. 2. e,
AN 6 R o T T 38 S A S I 25 B IR AL R, B
PITAE BRAS L e o WZIEAE N I 75 RN A DR DA R 2 o
7 Y08 e % e 4 A B i O A M U S 24 D RE 8 o 4
I BERE . SR, AT IR i A 5 AR
X TR RIERE T A IE IR IEE R, #2541
FIRERR] “URZERRAL ™ O T A B B AE AR DA I, 3
JRAR SR, AT A I 5 45 SR K AER P, 7 S PR
e &3, BM-Lip B REHGE UE R 56 2, (El e
HEERE 1 k5 R 254 CJEH R RE PR3 )
AT RE AT R AR R A P i BOE IR B, H
IR H B B ORI X g R R
B5LEAIE T BM-Lip A 230 5E o

] SR UG S AT 9 D T Y g A i A
€, HABAMR. SRR ERASE A, HELER
TEAD BB B, Hop B R e il A
BERERZIOR, AT AT BE 51 S IR A 25is T . 1%
TRERET “or 17 AR O Y BB, ey
AR S A MEREVIM R, HES % EF
BV BRI E . Rm AR B, K
SIS RTIIAE 1 LL 20% S EE N Be iy, #2400k
B RCR RAT, HARBAR R e B A AR SZ Lm0, H
FEREAT AR EEB B AL, e 1A% s B An e 528

JIEJ5 A 55 i B 7 A T 4 S SR B B T AN T U
£, WA E R A LT BM-Lip B2 5E

T AR B ARESRVE IR B, P m, H
& F T A R R R 2 R AR A 2. d
I ETEAN E BM-Lip 1 C AL, 730 FHHT 57 L
T FRE B (1Y IR AL, 33 P T A7 e sl Pl H R R T
e . REERIE, BREOEERILA
(e R 7y (I FREESS) I 5 R AEASMEB2), ks
W 2P RAE I, WOPE N R B R VAR, TR
TR FEURE B 1 BRI A S8 U0 E T oK, DAk
TEJG SR FLRIN P2 AT 4. K17, e fok i
0] I AR SR R I R R %, ol dn g o A ik
B B ERIEFII N A3, SO TR X e K 3%
BT T Rt 8%, 45K RS E D REFMA
H0) BM-Lip HBESE LA & FEm, T
T %of 458 5 E MR o WA R T S 0
BT REIS B ) fe o, DRSS E A S5 2 ik
JRAA P B i B SR P o AR, FH RN & o 3T 1R
W BRI LE Rz, R\AREE AR RIEBAE
F1F BM-Lip 5 5305

R B CVE R B O B KT 20 000 r/min,
B A — R E KT 30 min, XA S S & A
BRI HL T BN O A 4 ) L A — o I
%, DARSZ s iy R 1) s, 25T BM-Lip 169
B RS FK R 5 FE R TR, AR SR
1R PR B9 O B T T BRI B MR TR IR R . TR
FZIERAT 73 B, e 2 A AR DTIE S . I
25 IR AN [R5 IOFE I R I, 35 3R I H ¢
SR, EAERNE, YT AERRSIEEZ
YINREWE, 2500 CRenl AR Feh i S 45K
AR PERR 23R SR TR ER & 1 T
SREABHBEN G, FEIHMFEE R T IAR
100% .0 PRIA I 7 H T4 1IE B IR o3 A 0 it 25 2454 3 A5 T
W PR, R A T ol A i B TR 5 o) R VA
T &AL B RIS A%, BT IE B %20 By 1
FHRERR S E A n 8. X—IRR, FH—
IR TE RPN R bR ARG TR T,
TR B R 1 AT R AN E R . AT TR
R T 00 VR R D R T SRR S s 2 oy, L
7 AR T A S TR ON 2 I R e 2 Rk
PERAY -

g LPTiR, ASZIGEST T BM-Lip HE K
HERAF, H R L EHER 4 MRERMEA S 1 e =4
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WT7vE, XTI R Ok R R A M
i HR BRI A SR B 002 4 Ty BT B 52
UL, BASL TG T AR T 2 4o 3L A Y
BB RN EE, BRESEREN T /£ 4 CHMET,
LL 40 000 r/min [FZIEES > 60 min. HKHE T IF
PRI A3 R (76.1520.16) %, HET.
HER K22 m BRI 08 (10151 1.41) %,
(7.09£0.57) %1 (84.08+£1.03) %. i3 4L,
FEE, AT BM-Lip H# 270kt
FEAL, B, e 7ok T R E %,
X BM-Lip il & BT R Gui ik, DZiais
FALEAR, G R R AL S PP SR SR
IR VPN TR LD TR . AT S T A G B
R R AR AR oy 1) 2 Aoy L i 25 R 5
BT B R I E R B 215 5 KR .
FBAE A EATAEARAE
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