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Preparation, characterization and evaluation of phospholipid complexes of
effective parts of Epimedii Folium in treatment of chemotherapy-induced
peripheral neuropathy
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Abstract: Objective To study the effective parts of Epimedii Folium in the treatment of chemotherapy-induced peripheral neuropathy
(CIPN), and prepare phospholipid complex to improve its permeability, so as to provide experimental basis for preparation design.
Methods Taking the compound rate as evaluation index, the preparation process of phospholipid complex of effective parts was
investigated by single factor test combined with box Behnken test design, and the formation of phospholipid complex was
characterized. Taking epimedin A, B, C and icariin as evaluation indexes, its solubility and oil-water partition coefficient were
measured, and its release behavior in vitro was investigated. Results The optimum conditions for the preparation of phospholipid
complex were as follows: anhydrous ethanol was used as the reaction solvent, ratio of drug to soybean lecithin was 1:2.7, the drug
concentration was 13.5 mg/mL, the reaction temperature was 37 ‘C, the reaction time was 2 h, and the compound rate reached
(96.21 + 0.22)%. The formation of phospholipid complex in the effective parts of Epimedii Folium was verified by UV, IR and
differential scanning calorimetry. After the effective parts were modified by phospholipid complex, the solubility of the four
components was increased by about 2—3 times, 1gP > 1, and the solubility and permeability of the drug were significantly improved.
The results of in vitro release showed that the 24 h cumulative release rate of the four components was between 48% and 74%. The
release process was dominated by first-order kinetics, and the release mechanism was the joint action of dissolution and diffusion.
Conclusion The effective parts were modified by phospholipid complex technology, which laid a foundation for the further

development and utilization of Epimedii Folium in the treatment of CIPN.
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MU BRI EE . oK OB B —
S E. DUk, SOMIEIN 0.5, 1.04 2.04 3.0.
40h, FRIEENT1:05. 101, 1:2, 1:3,1:4
CREEARGBA/ K Z IR, AR ERER
2.5, 5.0, 10.0. 15.0. 20.0mg/mL, SN 20,
30, 40, 50, 60 CiFATH.FFRAL:, HA[H eSS
IR 112, 29BN 10.0 mg/mL, X
LR BN 40 °C, JRBIEFEA 2.0 h, REEFIATG
KT

HERAFRPER (BRI oK R .
TR PUEMD MEAES N 94.73%-
92.14%- 0. 39.63%- 96.21% (n=3), AN[E] M
[(0.5.1.0.2.0.3.0.4.0 DI E A E 5354 89.07%-
92.59%- 93.90%- 93.87%- 93.95% (n=3), AN[F|Jx
RIEE (20, 30, 40. 50, 60 C) HIEEENH N
89.63%-. 91.53%. 94.14%. 93.99%. 93.81% (n=
3), NEZYIRERE (2.5, 5.0, 10.05 15.0. 20.0
mg/mL) 8 53R 535N 86.48%- 93.42%- 93.24%.
94.00%- 91.74% (n=3), ARFEILL (1:05.1:
L1020 1030104 MEERSHA 0. 83.70%.
94.70%- 95.74%- 94.42% (n=3), % [EF|FE 1 |7 4,
R AR TR SN B F; N [E]
MEUN, 2 h JEEGFRERBERE (94%), H
U, B OS] A 2 hs IR BT B A KT
PR, 29V REIRIE . RN A .
2.3 Box-Behnken 35 AL 4L IR 6
2.3.1 Box-Behnken 36t ARG AR KR 45
R, BB AR BRI EEL (XD 2515
BIRE (). XMIEE (X)) 3R, UESX
NFeFr, KA Box-Behnken ¥ it 5 FE A RN
AR AP & T 2T RN . it
7KF J Box-Behnken {58 % HE W& 1, KH Design
Experts 8.0.6 FA0f SEAR 25 REAT 05 04 -
232 BERE KR AT SR Design-Expert
8.0.6 W AFXT ik seis 45 Rk AT A & K T7 2 57
M, 722500 MEEm R 2 B s LR 2,
e )97 g T PR AL 1. o 52 e AT 2 a2
W, FEBIA TN Y=96.55+4.85 X;+1.25
Xo+1.18 X3—1.40 X1 Xo—2.03 X1X31+0.011 XoXG—
6.03 Xi>—1.68 X2+ 1.47 X32, AR A5 77 FEidb AT
75 2541, P=0.0015<<0.05, 2B B S [al )= 7
BEAGIMEE . HEASHr R H, #oE

%1 Box-Behnken iRIE = Hf

Table 1 Box-Behnken test arrangement

4 A e BEHE%
Xi Xo/(mgmL™)  X3/C
1 10D 50(-1)  35(0) 79.27
2 40(+]) 50(-1)  35(0) 93.90
3 101 200(+1)  35(0) 86.57
4 40(+1) 2001 35(0) 95.58
5 10(1)  125(0) 20(-1)  84.02
6 40(+1)  12.5(0) 20(-1)  95.66
7101 12.5(0) 50 (+1) 9235
8 40(+1)  125(0) 50 (+1)  95.88
9 2.5(0) 50(-1)  20(-1) 9586
10 2.5(0) 200(+1)  20(-1) 9634
1 25(0) 50(-1)  50(+1) 9630
12 25(0) 200(+1)  50(+1)  96.82
13 25(0) 12.5 (0) 35 (0) 96.70
14 25(0) 12.5 (0) 35 (0) 96.95
15 25(0) 12.5 (0) 35 (0) 96.91
16 25(0) 12.5 (0) 35 (0) 96.42
17 25(0) 12.5 (0) 35 (0) 95.74

#2 2K EARBAYBE MR

Table 2 Significance test of binomial regression model

coefficients
iR A AWmE ¥J5 0 F{E PME
e 411.01 9 45.67 12.69 0.0015
Xi 188.24 1 188.24 5230 0.0002
X2 12.45 1 1245 346 0.1052
X3 11.19 1 11.19  3.11 0.1212
Xi.X2 7.88 1 7.88 219 0.1825
X1 16.44 1 1644 457 0.0699
XoX3 0.01 1 0.01 0.01 09915
Xi? 153.34 1 15334 42.61 0.0003
X? 11.91 1 11.91 331 0.1117
X3? 9.07 1 9.07 252 0.1564

M EARE RERW, AR EIRES RN E
ANEAEFEMEEW, SRENLOIERANRREE
PERZIA . 25 RIZ0 T 2 &m0 pnT e X (%
BHED >Xo (WIRERE) >X O NEE). H
me )37 T B PTA, EA AR 1D I~1 14
Je LTHE TR, S B, TR EIRE N 5~
20mg/mL N, EE&FMWEM FTHE T, E2&Hm
AGHRIE /N, RN .
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Fig. 1 Effect surface diagram of feed ratio, drug concentration and reaction temperature on compound rate (1024 x 768)
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FEM 13.5 mg/mL, MNIEEHRN 37 C, SMHEHN
2ho WM T EIATIAE, EE 3 R, it
2 [ 2 = (FROMIAE — SE )/ FiiAE 1. 45598 3 IRsE
W E B SN E S 2058 95.98%. 96.51%-
96.14%, “F¥#I4 96.21%, THIMEA 97.34%, —
HIMEN 1.16%, Ui LET 5, I EEE
A R BENR S m AL & T2 FRE AT .

24 WHERE SNSRI

241 BIMDGIEE RREGEREEEABGHRA, K
GUIEEAR . MER S, MiRE AW, EREILKL
TR R, DATC/K ZEENXTIE, T 200~800 nm I £
VO AT R AR, SR IE 2. g Ra A,

WEARTE 200~800 nm N JL-F-ER I, 278 A 2060
i VIEIREY). Bl E S 290, 313, 360
nm A A RIS, ELGTE EIAHAL, 3B EE A G
PEFK & G AR T7E 2 A I R i A T8 T 1 R &
@, BIZiPnbi b p AR R A s
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Fig. 2 Ultraviolet spectrogram
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(P-0). 5YHEIEAYIN BEREA L, B2 AR
HH IR E VTR N B8 P S R AR T — e ARk
Wi 1247.78 cm™ (P=0) i % 1234.13cem ™!,
HYEEHRARTE, SR RARES, UL EEE R
HAL L o 1 B Re S OK L IRBEE 7 T P=0
B AR TAHEAEN;: hAMRE 1089.82 cm!
5 1059.40 cm™' &1 4 1 054.22 ecm™!, WRUg
117524 em™ 3B E 1 178.43 em™,  LA_E45 B35 B
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HAEH.

243 ZaAfES (DSC) 48 LA
YE NS, FHEEE N 10 C/min, 578 E N 30~
220 °C, MEEFEEAIERAL. KEINBEIE. ¥
REY. BHIRE S ERHNZ, S5RILE 4.
BRERAL (B 4-A) IRFEIRDE, WHEMRINIE S,
IXAE 180 CH 1 MBI R A, Tl (K 4-
D) £ 50~200 °CHILELZ AN IR g, mTREE
R E—FIREWIE. BESEY (K 4-B)
S5YERAY (K 4-C) WERGEHEAR, YR
EDEA A SR B, ] RE BRI AR AEAE 259
(AHAR SR AR, SRR AIERLL; BEIRE G
1E 1743+ 189.5 CAbA 2 /Mt B B W e, {iF B
THEIRE G — AR TA R SRS
REVIRGHYIAE, SRR E &Y 215 K S oy
AR 77 2 MAETEA A
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Fig. 4 Differential scanning calorimetry curve

2.5 SEFEEWEMIMAEE AYHIIRINTMN

2.5.1 BEIRE EWPETAERIE st T2
Hil R E A AT IR E A1), S8 (P EZ )
2020 ERRPUFBR A A0, SR pH BN
1.2, 2.0, 5.0, 5.8, 6.8, 7.4. 7.8 AR ELZZ IR
(PBS), #HZ#HL 1 mL /KHIA[E pH (& PBS £ 50
B, NS BB E A, TSR
WAV, WRHE S min, #7 10 min, 37 C. 120
/min {EIRKIBR G &8 PR 24 h, REEE [ 254
TELE, 10000 r/min 250> 10 min, B FiEWRE FEEE
M RE, 0.45 pm TFLIEREIELT, $2HELLN HPLC 4%

PEEATINGE, THESTRPR S P ETVA IR, 25 R
W 3. il LC-20AT & BOBAR (i A ;
Inertsil® ODS-3 Cis 1% (250 mm X 4.6 mm, 5
um); BN CHE-7K, BEEEGENL: 0~34 min, 25%
M 34~35min, 25%~41%ZE: 35~45 min,
41%~25%. M ; 45~60 min, 25%ZME; FEiEN
30 C; MAFURE | mL/min; HEFEE 10 pL; KM%
£ 270 nm;  HEIRIEREII KT 6000.

*k 3 BEEMAEKKEARE pH {E PBS hEERERE
(n=3)

Table 3 Solubility of each index component of Epimedii
Folium in water and phosphate buffer with different pH (n =3)

PR E/(mg-mL )

U s Wies WEEC REET
K 0.85 431 1.70 3.65
12 0.68 3.64 1.41 3.62
2.0 0.64 3.25 1.32 2.80
5.0 0.62 2.93 1.18 2.35
5.8 0.86 425 1.73 3.55
6.8 2.72 13.49 5.40 11.50
7.4 3.15 16.25 6.41 14.19
7.8 3.23 16.09 6.39 14.01

B E GV 4 Fhssisr T i i 5 35 B2 2

B, FEK AN pH PBS H (AR #a 4 5 R 24504
oL, RESEE T R BV R .
252 WERE AWK RE QgP) iz o
BIEGE B K K A E pH {E PBS T 0 H, AL
BIEF RV, 8 IRFE AT P AR AH LA, 3000
t/min B0 10 min, FJZA7KKEAR pH (A PBS 13
FIIEERE, FEAIEFEABMEIKEAE pH
PBS, 77, #&H. UEIEE A, B, C LEFEH
NFRFR, R BRI e B A YK KA
pH {8 PBS (1) 1gP. BUE R W5 AR & S in i TK
LRI T S A R, 45 21 245 W) R ) T S A
23 EL 1 mL %9 VRN IE S BEAE AN K S AN pH
{4 PBS, j®ji€ Smin, T 37 ‘C. 120 r/min fHiF /K
PR¥% 8 R 24 h, 3000 r/min 2.0 10 min, BUF
JE KA B Ay O AT I 25 1EF BT, 40 W I
B, 0.45 pm FALUEMEIET, #ME “2.5.17 TR AH
R S A 43 I 5 3 B A I 2 B A VR R R 25 R 2
WRE R Be fa KA R I 25 R R, THE BB AR
BT 1gP, S5 L 4.,



¢EH 20202F6H £53% B 128 Chinese Traditional and Herbal Drugs 2022 June Vol. 53 No. 12

* 3667 »

F 4 FIBWRERSEKKRATE pH & PBS 8 IgP (n=3)
Table 4
phosphate buffer with different pH (n = 3)

IgP of each index component in water and

lgP
pH & — — - o
HEEA WHETEB WETEC ETEY
7K 1.04 1.22 1.20 1.53
1.2 1.24 1.35 1.36 1.62
2.0 1.13 1.40 1.41 1.79
5.0 1.10 1.26 1.23 1.56
5.8 1.07 1.18 1.15 1.54
6.8 0.94 1.10 1.10 1.45
7.4 0.89 1.03 0.98 1.35
7.8 0.91 1.07 1.08 1.43

Papp=(CoVo— CV)/ICV
Papp NFEWIEIE R, Co JAHC R IE 5 A H bR RS
SRR, Vo J/KHRI IE SEBERART, C A/ P16 J5 15
FRIAME K A pH 18 PBS rh G 9K EE, 7 M IE S EEM
FII7K B S IF) pH A PBS [

lgP BN EIRINZE, 1gP>1 R BT
PIBBIENE, 5 5 is),

R E Gt 4 Pl 75K ANE pH 1 PBS
o lgP FEART 1, RULGIHI& IR E S )5
BABFREEE, GRT HIRB, B e E
A, B. CI IgP #RIMIEEEE R, i IBENE & S
AR S B M 2 = SR R R
253 BEIRE EWINIRIMNEIESE  FREUE & 1)
FEAMAAEAMRAMENEIREEY, 7
AIH 5mLPBS (pH7.4) 7r#l, #HTENTASN, W
AL, BAEA 100 mLPBS (pH 7.4) HIHEILIN
H. 37 ‘CFEL 100 r/min FIECRSAERE, 43 HI7E 0.5,
1+ 2. 3+ 4. 6+ 8. 10, 12, 24h IFEUH 1 mL 54k
WHAMNSER M PBS, B R SRS B GRAE
REBALRE AR ORZ 0.45 pm AL ERL, 1218
“2.5.17 TR HPLC 26447 ksl sAE € A. B, C
JOREET 4 e E, I EEREE 1
REBCE, A S.

On=(C,V+ ECI-VI-)/W

i=1
On NEE n NI S BRURHCR, v AORAARL, Vi i
FEIRRR, o R G4y BN n YORIES i RIBURE IR B2 0 v 24
YIIREE, W AR B 254 B
MEER T, S5HGEAERZME, RS
EHH 4 PR IR B AR g, H 2 R A W

100
A~ WIFE A
T -m- WIfEE B ()
## € C (1)
T REEE (D)

80

ﬁr 601 - HEE AQ)
= - YIEE B (D)
g 40 == HIHE C ()
= - LB ()
B

20

0+ T T T T 1

0 5 10 15 20 25
th

5 BIEEAY () SEMEBA A BEINERL
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Fig.5 In vitro release curve of phospholipid complex (I) and
effective parts (II) (n = 3)
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IR ARMERRAR . EEE R E B RBRE SR BACT H
fib 3 Mgy, X RER TR R EORKME 2, 1
FETBAY ot H R VA R FEAIG

NIRFHNEE ST HEEE AL B C RIEF5E
BRI 15, SEAE A T E R —EB) )
SRS, SRR 5. —Hsh AT R2 3
KTZFLENI 1%, VBN E G0 4 e g
WA —% 3 17N

Nt — BRI E AV 4 FhE o BRI
i, 25K H Higuchi /2. Ritger-Peppas /5 FE.
Hixson-crowell 75 F&XT SRS I Hh 26 b AT L8440
gE L2 5. Higuchi 7 F2£H1 Hixson-crowell 77 F£4H
KABINE =, BB E S REZ L i ik
A B R . SRR AV E AL B C &
TEEFE Y Ritger-Peppas /5 F2 B AE B0 ) N
0.6759. 0.711 1. 0.6696. 0.691, J7E 0.45~0.89,
Ul BRSO FE IR T-IE Fick 378k, RUBEZG ML
DA B 3L [F AR RS,
3 g

A — R IR E RSB YRR A BeiE i A
VBRI 25D~ R FE 5 K A I R U
B T VIR IR SBE N, T E 25 Y-
AR 1gP W LATRE . TREE. TR BTN 254 1)
W ST L0 7190 o 2 R A G A = R o3 WA 08 A
B. C JORFEH A mBMREAEENE, MK
W o BRI A a0 S50 AT Bt 98 LA I 2@
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Table 5 Fitting of release curve model of epimedin A, B, C and icariin in phospholipid complex
X WE T
IR —— —
HHE A HIEE B
RN 1% TTE 0=0.029 6 t1+0.088 3, R*=0.9718 0=0.0253 ¢1+0.062 8, R*=0.981 1
— RN IR In(1—0)=-0.0555¢—0.019 0, R>=0.996 2 In(1—Q)=-0.040 6 t—0.022 4, R>*=0.998 6

Higuchi 77 7%
Ritger-Peppas /5 2

Hixson-crowell 772

0=0.166 8 2—0.097 6, R>*=0.989 9
In0=0.6759 Int-—2.443 2, R*=0.9945
(1—0)3=-0.014 8 ++0.982 8, R>=0.9979

0=0.1415¢72—0.093 7, R?=0.986 1
InQ=0.711 1 Int—2.727 1, R*=0.9959
(1—0)3=-0.011 5 ¢1+0.986 7, R>*=0.998 2

METIHE
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