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Preparation of pH-sensitive/folic acid-modified apigenin liposomes
and its in vivo anti-tumor effect

CUI Xiao-ge " ,Li Fang, WANG Ying-hui

School of Pharmacy , Zhengzhou Health College ,Zhengzhou 450064 ,China

Abstract ; This study aims to construct pH-sensitive/folic acid-modified apigenin liposomes ( pH/FA-Api-Lips) ,and to con-
duct pharmacokinetics, tissue distribution and in vivo anti-tumor evaluation. pH/FA-Api-Lips were prepared by film-hydration
method , and its physicochemical properties were characterized. Drug release behavior of pH/FA-Api-Lips in phosphate buffer
saline solution with different pH values was investigated. HepG2 cells were used to establish the hepatoma-bearing mice mod-
el apigenin and pH/FA-Api-Lips were intravenously injected to the hepatoma-bearing mice at dose of 20 mg/kg. The pharma-
cokinetics, tissue distribution and anti-tumor effects of pH/FA-Api-Lips in vivo were also investigated. The results showed that
average envelopment efficiency, drug loading, particle size and Zeta potential were 92.26% =+ 1.72% ,7.49% +0.18% ,
212.69 £7.07 nm and -21.27 +0.59 mV,respectively. The appearance of pH/FA-Api-Lips was vesicular, and the in vitro
drug release exhibited obvious pH-sensitivity. pH/FA-Api-Lips enhanced the bioavailability of apigenin, the relative uptake
efficiency and peak concentration ratio of apigenin in tumor tissue was increased by 2. 64-fold and 1. 82-fold, respectively. The
results of the pharmacological experiments in vivo showed that pH/FA-Api-Lips significantly inhibited the tumor volume
growth in hepatoma-bearing mice,and there was no significant decrease in body weight. pH/FA-Api-Lips increased the tumor
inhibition rate of apigenin from 26.76% to 66.67% . Therefore ,pH/FA-Api-Lips improved the tumor targeting of apigenin in
vivo ,and enhanced the anti-tumor efficacy. pH/FA-Api-Lips had the potential to be developed into an anti-tumor drug.
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ORI 25 RS A . 732 & (apigenin) J&
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12 o e 0 1 6 2GR MR R R I
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tearoyl phosphoethanolamine-poly ( 2-ethyl-2-oxazo-
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FRIEST T, A IR (2- -2 WM bk ) 2354 7 55 R 7k
W R E P 2% , ATl DSPE-PEOz-FA HLA7 pH
TR ARBFIEAE S E R A ( apigenin lipo-
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#d pH R/ PR A8 1 3% K IR A ( pH-sensitive/
folic acid-modified apigenin liposomes, pH/FA-Api-
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6 JAl , MEREAE . Hh iRl rg 4 SE 56 sh i b Rt B
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1.1.2 ##

TS FURLZY (41520221028, 4. 97. 0% ,
BT PE AR K Jr A RS W) ) 5 73 2 6T B (it
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AN S BERE (5. SY-S0-230607 , 46195, 0% , |-
WSO B2 25 BL B A BR A 7] ) 5 DSPE-PEOz-FA (#it
5:20230318 , 4% :96. 0% , T PSR £ 25 B} 4 A R
D) AR EE (S . C20392, 4l .98. 7% , il
i BE 2R A R 7)) ; DMSO (5 : 500M0231
4l .99. 6% , 3 [E AmApico 23 7)) 3 I HE 240 (it
511715, 21 .98. 0% , 3£ Sigma 23 w]) 3 A (4t
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1.1.3 g
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ABRAF) ;LOGIQ E9 AISLH %4 A (X (3£ GE 24
) 51200 78 e B5CRAH 6 15X (3& 1 Agilent A7)
Inspect F50 % 5 7 8 50BE ( 35 [ Thermofisher 23y
H]) ; Zetasizer Nano ZS90 D7 B ] 5 1% ( 2 [E Malv-
ern 3] ) ;5424 R S B0 ML (FEE Eppendorf 2
) s RT61212 AU A (I i A 15 25 A R
3T ) 5 CF40-8 B ML RE FAR (bt 2 R A R
o)) s DW-I B TR G (a5 M7 5 A RS
A
1.2 FRERENEBILEH

T Ak B EE-/K (70:30) 3 Wi N 1.0 min/
mL; A0 9% 1K 4 340 nm; (4% 4= 2~ Shimadzu ODS
(4.6 mm x250 mm,5 pm) ; FEEEARFUR 20 wL; HEE
H35 C,

1.3 pH/FA-Api-Lips By %I %&

VRS — K AL VA il £ pH/FA-Api-Lips''""™, B
50 mg 73R F EH T B, A 440 mg B M5 .70
mg JHE L 90 mg DSPE-PEOz-FA F130 mL B4 A
R AW b LW =1:2) , BT 50 CKBH,600
v/min B FE R R, WERMT (AE S
K10.07 MPa) BET, {5 2 I8 53550325 B A I o0 A
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B Mg B SR & T 40 C/KIB A 50 mL
pH 6. 8 Wi R Eh 2% hil , 600 r/min %38 F 1% J1 1+
30 min, #7455 min (H)FH 200 W), HKIKZE 0. 80,
0.45 wm T30 FL g M5 5 3%, BN 45 pH/FA-Api-Lips 1R
B

1.4 pH/FA-Api-Lips RAE

1.4.1 ai#FfR%T

K5 % WL pH/FA-Api-Lips TR B 1 mL( K&
0.45 pm L FLUE R U8 ) , A B BE 8 3R pH/FA-
Api-Lips, W73 R S (m, ) o A EWHLZ 0. 45
pwm AFLIEARE T I8 J5 pH/FA-Api-Lips JREK 1 mL,
FERS S MR (BRI 4> B 3 .000) ,8 000
t/min 2.0 15 min, WEBH O E T RR W E (m,) 1%
AR HHEAEFE(E), #H4E pH/FA-Api-Lips H
T2 MRS T (my ) R BRA 0 (2) TR 2
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E=m,/m, x 100% (1)
L=m,/m, x100% (2)
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18.0.24.0 36.0 F148.0 h Uk 5 mL, M pH 5.0
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mL 19 1. 8% NaCl ¥ ¥ . 10% 7 % W75 A1 PBS ¥
WA RRUR A (A O B Y Am B 1 A8%) | & 37
CARBHME, T 1.0,2.0.3.0.4.0.6.0 h BLAE,
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PBS Wl AR AV B R AR b 3, S 3
T RSN, BRI /N A A pH/FA-Api-
Lips {4 FA
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figt BRI A 2 ke Vi < RO S AR K (@)
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FE/INER FEGC I R R 2
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W, B L MR R 4 2R R AR R U
YO TR MK 4y, BRE, TR TI BT, I A S
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WE e R,

1.7.7 MEEAEREL R
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“1.7.37 Rb PR SN E 6 W, HEFSRERIRIER
H N AH %F 5 #E W 22 ( relative standard deviation,
RSD) , AR ABEATHR o I T 505 1k i, 5 9 B ik
FEAH b F 38 A X 1R 22 (relative error, RE) , K45 i
PERER RS E 6 d, B d WE 1 W, A R
ZUWKE H | RSD Al RE,

1.7.8 ®=hk &

B PR DG R R 20 2 7S
FIAT 3R, 43 00 A O 5% 25 % JR L 6 e 8 349 Oy
0.1.2.0.20.0 pg/mL, &WEEYY 3 4y, #%1.7.37
ARSI E , S5HEL0.1.2.0.20.0 pg/mL fFRE
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JOT A e ot A Y D T B 5 S 2 0T Gt S Y %) W T R
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K FH DAS 2. 0 #FAE B & R 43 SR
M pH/FA-Api-Lips B [H] — 1l 25 ¥ B2 il 26 T i
Fl( area under the curve, AUC) . 2 3 ] ( half-life,
t,,) 35 B B) [E] (mean residence time, MRT) A&
1B FR# (clearance, CL) 581, B/ (4) 1A
X EEUCR (Eyy ), $E B (5) TR IR B A

(Rpe) , 44 E o B Ry MR VPN T 45 , BUE B
KFIR SV [ e 2
Ey =A A, (4)
Ry =C,,C, (5)

K A, i pH/FA-Api-Lips [ AUC, A, KK
ZW AUC, C, N pH/FA-Api-Lips 9 C__,C, HIT3K
EZHC,. .
1.8 pH/FA-Api-Lips Sk RINEBEAAR

SRS pH/FA-Api-Lips (A N HTIMIRE 2584, #5051
A Api-Lips fE8 2%, 36 H i /N B AL 73 i 6
ZH BN BEIRZH (0. 9% NaCl) | FHEZH (41,2, 0 mg/
kg) JEIEZ (20 mg/kg) . Api-Lips 2H (20 mg/kg) .
pH/FA-Api-Lips £ 7] & 24 (10 mg/kg) 1 pH/FA-
Api-Lips #7240 (20 mg/kg) . BERE 2y RTALE
12 h, 53 d SR 2S 1R RS 452 5 Ik, 152
JE5 3 d SR ETESS 10% KA SR (42570
0.3 mL/100g) , BEEALFE /N B, 31 85 98 B | e e A0 g
e, Zrmilid sk d i AR (6) TR R (R, ) , 1%
A7) T RRRIE R (1) A=A (8) THE MU SR
%&(]S) o

Ry =(1-m,;/m,) x100% (6)
I, =m,/m, (7)
I =mg/m, (8)

K m, ARG 254V H (mg) , m, 103K
BEHUZH - Y968 B (mg ) 5 my AR A7 9 /) Bt o i
(mg) ;mg AR /N R AL i (mg) ;m, AREAT
/N EIAHE (g) o
1.9 SFHitESH

fdiFH SPSS 24. 0 #AFi AT ge it 43, £ 48 LAF
PE = RS (o 2 5) F25% , WL ] LL A3 o o7
A K, P <0.05 2R HAGIEE L,

2 HBRE5HW
2.1 pH/FA-Api-Lips BEARE 4FR

F“1. 417 WUF J7 7445 pH/FA-Api-Lips 13
0 92.26% +1.72% , 82K 7.49% +0.18% ,
Fi“1.4. 27 W R4S pH/FA-Api-Lips kif%h 212. 69
+7. 07 nm, 8 /N R AR E A K TE ST A 20
pH/FA-Api-Lips i PDI {64 0. 132 +0. 09, Zeta
i R21.27 £0.59 mV, pH/FA-Api-Lips ki 425> #i
UL 1A, pH/FA-Api-Lips 1% % W [l 1B, pH/FA-
Api-Lips 2R, 35 5 B B WA 3] 1) 2 Tk
JETES, ORI AR W /N TR RE A3 A (G A AR AR
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Fig. 1  Particle size distribution (A) and transmission electron microscopy (B) of pH/FA-Api-Lips

2.2 pH/FA-Api-Lips 1A EEZBHAITAHLR (WIE 2A) ,iEB] pH/FA-Api-Lips H AT pH U8
pH/FA-Api-Lips AU SRR AR pH TR A7 R M 40 e 55 e P 042 0 s i i rh A e e

i LK 2, pH/FA-Api-Lips K% pH HW/N 25, LRI — @& W RBAE R i A 38 A

pH/FA-Api-Lips B24 BRI R PR B s ok RR25 W] Y pH U (WL 2B) .
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2] -o-pH 7.4 = 6.0
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O
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i [ Time (h) I 18] Time (h)
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Fig. 2 In vitro release curves of pH/FA-Api-Lips (A) and apigenin (B) in

phosphate buffer with different pH values (; +s,n=3)

2.3 pH/FA-Api-Lips ¥ FREEE MRF R B pH/FA-Api-Lips 1£ 0. 9% NaCl % 3 R F

pH/FA-Api-Lips 7E 0. 9% NaCl ¥ 5% #i%ikE BRI/, R B Ab 15 B ULl 3, pH/FA-Api-Lips
VW AN PBS A R 43 5 B AR & 90. 11% + £ 0. 9% NaCl ¥ R AR 28 fb fie /DN, T # 0. 9%
0.74% 85.19% +0.91% F178.10% +1.33% ,1t  NaCl N pH/FA-Api-Lips {45 A,

1600 4 —=PBS
—— 5% 47 B 5% glucose solution
e ~~0.9%NaCl
1200 -
[0}
N
17
2
.2 800
5
[}
]
& 400 -
e H se=i3
: 2 : 4 4 - 4
0 T T T T T T
0 1 2 3 4 5 6
I 7] Time (h)

3 pH/FA-Api-Lips ZERE /M BRI RFERENE (x +5,n=3)
Fig. 3 Stability of particle size of pH/FA-Api-Lips in different media(x +5,n=3)
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2.4 pH/FA-Api-Lips KBRS HAR
2.4.1 P RENALRPAREBLE

I o0 S BBE il R ek 2 2Pk B
PR £ 75 #2209k Y =388.89 X +113.46(r =
0.9954) Y=382.78 X +172.25(r=0.998 0) .Y =
386.22 X-137.78 (r =0.996 4) .Y = 406. 31 X +
13.36(r =0.997 2) Y =381.56 X + 184. 43 (r =
0.997 2) .Y =403.42 X-34.49(r=0.996 9) fl ¥ =

407.19 X-74.90(r =0.997 4) , PRl 3 F2 4 H 4R
AP TSR RTE 0.1 ~20. 0 weg/mL ¥k JE 5 BN
LMEXRRRLF,
2.4.2 EBMHHFE
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Fig. 4 HPLC chromatograms of plasma (A) ,heart (B) ,liver (C),spleen (D) ,lung (E)  kidney (F) and tumor tissue (G)

Hca. AIZURER b, SRR IR ;. 25 FARERD . Not:a. Tissue sample;b. Apigenin reference substance ;c. Blank sample.
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2.4.3 FEMBEHFK

JRAEAE S AE-20 C i E 7 d, AR IS
JHF G T e 2 2 S R B RSD AR IR
M4 4% 3.0% .5.0% 3. 8% 4. 1% .5. 7% H
3. 2% ; THERE LA VRAE E R IR 24 b, AR I
O JFE BB i Rk R 4 2R ) SR 2R R RSD
KK 4.0% 2.9% 5.1% 3.9% .6.0% .3.8% Fil
3.9% W BT AR S RS E PE R 4F
2.4.4 MEEAEREER

SRR R 1, MK S S A HE P TR R WREN
HP RSD <7.0% ,RE 45X {H <7.0% ; H 8] RSD <
7.0% ,RE 45 %HH < 9. 0% , 72 WA 25 B T i o 35
R4t
2.4.5 wWKE

MRS UL 1, K XS D HE P R
[ISCRAE 93.25% ~104. 7% 2 6] ,RSD /NT 7. 0%

DR b2k o] T I J 2 S R A i AE
2.4.6 HEHFLER

FESRZE M pH/FA-Api-Lips 1l 24 ¥ & -Fsf 0] il 2&
WE S, Zish % S8 W& 2, pH/FA-Api-Lips Y
AUC 1y panpiis B2 KT AUC 5 (P <0.01) , 13
W] pH/FA-Api-Lips A 8$gm Tk R EWHIH
pH/FA-Api-Lips ZEK T /28 % t,,, f1 MRT, i /5
KECL N R AWR B EE2ZS (P <0.01), Ut
] pH/FA-Api-Lips 2028 T /P R A sh2# 470, FI T
RN,
2.4.7 HRALL A B I G IR L

FESEZE M pH/FA-Api-Lips 75 faf 8 /) UK P %%
AU e UL IR 6, B0 ) T S B R LR 3,
pH/FA-Api-Lips I 2041 RUE #l PCR 435142 =5 2
2.64 Fl1.82 4%, UL W] pH/FA-Api-Lips Al 34 il % 3¢
RS E B pH/FA-Api-Lips /8%

Rl BEEEBHEMDKRERIBER

Table 1 Experiment results of precision,accuracy and recovery rate
B ﬁjﬁiﬁrﬁ H M Intra-day H 5] Inter-day ] g % .
Sample concentration Recovery RSD(% )
(pe/mL) RSD(% ) RE(%) RSD( % ) RE(% ) rate (%)
1% Plasma 0.1 2.8 5.0 5.0 1.2 104. 1 5.1
2.0 3.6 3.6 2.8 4.6 96.98 3.4
20.0 4.0 4.1 3.9 3.8 98.12 6.1
> Heart 0.1 5.1 3.0 4.2 7.0 96.97 2.9
2.0 3.0 6.0 2.7 5.3 93.25 4.2
20.0 4.2 4.0 5.0 4.8 98.69 5.2
JiF Liver 0.1 2.9 6.0 5.3 7.3 103.1 3.3
2.0 4.9 4.3 3.2 5.3 100.9 6.0
20.0 4.1 3.9 3.9 1.1 95. 64 2.0
8 Spleen 0.1 5.3 6.9 4.0 3.7 99.11 3.2
2.0 6.1 2.0 2.4 4.6 95.69 4.5
20.0 2.9 3.6 5.9 5.8 102.2 3.0
Jifi Lung 0.1 5.3 4.7 6.2 3.0 104.3 3.2
2.0 4.1 5.1 3.3 8.5 98.16 4.6
20.0 3.9 2.2 4.8 5.8 93.78 5.2
% Kidney 0.1 3.2 3.6 5.9 4.3 101.0 2.9
2.0 4.5 -1.0 3.0 2.8 96.87 6.0
20.0 6.1 2.6 4.8 4.0 102.3 6.2
Jift Tumor 0.1 4.2 4.2 4.2 5.2 95.77 4.3
2.0 3.6 5.0 4.0 6.0 104.7 3.1
20.0 5.1 3.7 5.2 1.2 98.10 6.3
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Fig. 5 Blood concentration-time curve of apigenin and pH/F A—Api—Lips(; +s5,n=0)
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Table 2 Pharmacokinetic parameters of apigenin and pH/ FA-Api-Lips(; +s,n=6)

#15] Group C o (g/mL) ty, (h) MRT (h) CL[L/(kg-h)] AUC (pg-h/mL)
TR Apigenin group 8.01 +1.85 0.82+0.19 1.82 +0.33 2.48 £0.72 25.93 +4.13
pH/FA-Api-Lips 11.93 £2.56 " * 2.07+0.26* 3.78 £0.55* " 0.81£0.19** 44.17+6.23"*

TE: 5 RRAAMIL, * 7 P<0.01,
Note ; Compared with apigenin group, * * P <0.01.

FE il B AR E T A A TN TR A
B AA s3En (RUE F1 PCR HUERT 1) , i
pH/FA-Api-Lips BUE T w5 RAEHLUES B /04 . T
T2 25 A AN HE %) FE 23 BT, Br DA 25 W i
P P S R R A R AN, 52 pH/FA-Api-
Lips 9% LW 240 B 1R 01, 8 245 ) 7 ML vh 25 AR Al
A Frsghn,
2.5 pH/FA-Api-Lips & A Hi g 216
2.5.1 pBAER LR

25 2R Aar R /) B e 98 AR R R I I 5 SR DL R 7
HAMIERIR 4, FARIE/N B AR RS

/L Heart
BT Liver
m JJit Spleen
= Jifi Lung
m |5 Kidney
= JJ{1J8 Tumor

=
)

W Concentration (ug/mL)

I ] Time (h)

] A T S AR B AN [, 78 2 g 98 /)
B TR A T A s B B e e R
SR /N BB A K AR 7 | SR B — e AR E
5K E (20 mg/kg) # L, Api-Lips 41 (20 mg/kg)
1 pH/FA-Api-Lips i 2 (10 mg/kg) 98 (A FH
SR YA B E (P <0.05) ;1 pH/FA-
Api-Lips =577 54 (20 mg/kg) YRR AL AR o A7
W 4 R (P <0.01) , Ui Api-Lips Hl pH/FA-
Api-Lips 25 TR R PO 258, 5 Api-Lips 41
FHLE, 7R 25 257 AR Rl P T2 T pH/FA-Api-Lips 8
PRFRURI R oL i A (i M R R (P <0.01) , BBl pH/

B 24 /L Heart
JIF Liver
20 = [}t Spleen
= Jfifi Lung
=
2 16 1 ] m 15 Kidney
g m JI119% Tumor
5 12 A
[5)
=]
S s
X
¥
4 B
0 .

it i) Time (h)

BE6 FEE(A)F pH/FA-Api-Lips(B) ERE/NRAE N ENALREIRE (v £5,n=6)
Fig. 6 Concentration of apigenin ( A) and pH/FA-Api-Lips (B) in each tissue of tumor-bearing mice (x+s,n=6)
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F3 FEEEM pH/FA-Api-Lips SBEMEESE (v +5,n=6)
Table 3  Targeting parameter of apigenin and pH/FA-Api-Lips (; +s5,n=6)
AUC (pg * h/mL) C oy (g/mL)
Sﬁ'ﬁj =44 Ery ﬁ#? Ry
ample pH/FA-Api-Lips Apig”:;i‘n pH/FA-Api-Lips Ap;g';;ﬂ
> Heart 6.11+1.19* 7.58 +1.28 0.81 3.89 +0.84 4.17 £1.03 0.93
HF Liver 51.68 +8.26**  36.72+5.94 1.41 18.04 £2.77* 15.11 £3.02 1.19
it Spleen 14.93 £3.31* 12.78 +3.91 1.17 6.81+1.42* 5.77 +1.36 1.18
Jifi Lung 11.62 +3.20** 14.54 +4.03 0.80 4.85+1.36" 6.13 £1.65 0.79
¥ Kidney 13.07 £3.64%*  22.78 +5.58 0.57 6.64+1.52* 8.76 +1.71 0.76
Jif9 Tumor 24.26+5.23*" 9.18 £1.67 2.64 7.09+1.69*" 3.90 +0.87 1.82

TE ST SERMIMLL, " P<0.05," " P<0.01,
Note ; Compared with apigenin group, * P <0.05, " * P <0.01.

—+-pH/FA-Api-Lips (20 mg/kg)
—<pH/FA-Api-Lips (10 mg/kg)

Fi7 41Model group

i I
® —_
= (=3
(= (=1
1

Api-Lips
-8 T3 741 Apigenin group 3254 Apigenin group
1500 A P
—BPE4LPositive group
1200 { ~e-HiZ41Model group

Api-Lips

o

(=3

(=1
f

pH/FA-Api-Lips (10 mg/kg)

[=2)

(=3

(=]
L

pH/FA-Api-Lips (20 mg/kg)

Jih98 74 Tumor volume (mm?)

[H44: 4l Positive group

(=]

& 9 : '
I 1] Time (d)
7 EATRENRIEEREL (v 5,0 =6)
Fig. 7 Tumor volume change of tumor-bearing mice in every group (x+s,n=6)

W SRR L, 7P <0.01; 5FREAHMIL, " P<0.05," " P <0.01;5 Api-Lips 4140 ,%*P <0.01, Note; Compared with model group,
#P <0.01;Compared with apigenin group, * P <0.05, * * P <0.01; Compared with Api-Lips group,**P <0.01.

K4 ZEATRNRGEHIERER (x+5,n=6)

Table 4  Anti-tumor inhibition rate in vivo of tumor-bearing mice in each group (x +s5,n=6)

ikl JeA BTt EilEES wE
Group Tumor weight (g) Tumor inhibition rate (% ) Body weight (g)

2 Model group 2.13 +£0.31 — 30.43 +2.10

FHPEZH Positive group 0.65 0. 14%* * 69.48 24.77 £1.90%
FEEZE 4 Apigenin group 1.56 +0.22* 26.76 31.06 +2.02
Api-Lips 1.16 £0.20%~ 45.54 32.12+1.94
pH/FA-Api-Lips (10 mg/kg) 1.11 £0.28%* 47.89 30.85 £2.26
pH/FA-Api-Lips (20 mg/kg) 0.81 +0.23%~ *44 66. 67 31.44 £2.31

W SR A L, 7P <0.01; 5AREHMIL, * P<0.05, " * P <0.01;15 Api-Lips {#H L, 2P <0.01,

Note ; Compared with model group, P <0.01 ; Compared with apigenin group, * P <0.05, * * P <0.01; “ompared with Api-Lips group,**P <0.01.
FA-Api-Lips PUIRI 25845 T Api-Lips, SEZH/N 4,

SR AR LY, BHMEAL (O0T4A ) far il /N BUA AR S8 2.5.2  JARRIR B M 38 HOT

TRE(P <0.01) , T 773 3 M HoA& A i o 4 2 245 20 g R A5 OIS B A R WA 5. HRERIZHAH
Tarded /ISR R A ) i 8 Ak U RIVE AR T L, BRPRZE (W4 ) M A4 5OR AL AR 500 k35
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RS SATWENRREREEYMLER (vLs5,n=6)
Table 5 Comparison of immune organ index of tumor-

bearing mice in each group (; +s,n=6)

5 ol Tizg e JILFEE i
(:I'OIJJ Thymus index Spleen index
s (mg/g) (mg/g)
FEHIZH Model group 2.04 +0.27 5.89 +0.68
BHPEZ Positive group 1.29 +0.18% 3.44 +0. 46"
FEERZE Y Apigenin group  2.23 £0.29%¢ 5.72 £0.57%¢
Api-Lips 2.28 +0.32%¢ 5.64 £0.60%¢
pH/FA-Api-Lips (10 mg/kg) 2.21 £0.32%¢ 5.58 +0.69%¢
pH/FA-Api-Lips (20 mg/kg) 2.26 +0.34% 5.53 +0.46%¢

H SRR, P <0.05,% P <0.01; FHHEALAR L, 4P <
0.01,

Note ; Compared with model group,*P <0.05,"P <0.01 ; Compared with
positive group, P <0.01.

BE(P <0.01) RV T g sy, A —E
MBEERIER . 5 B (B A EG, SR R 4L | Api-
Lips 41 .pH/FA-Api-Lips K . #5350 12 41 04 B Ji 45 F0Rn
TR S R W PR AN (P < 0. 01) , B A ]
B AP v i T AR )
3 it

TR RTEAR pH (HA B B2 T W] 18 22 5%
AFITHUIIE 2530 4% . AL T DSPE-PEOz-
FA 1E0 pH b Bl 4 T pH/FA-Api-Lips, %44
e T fof L 45 b A 55 R R A S5 Rl BB IR T TR
pH/FA-Api-Lips 7E pH 5.5 Fl pH 6. 0 HB2y s A0
ZRRE ] R T pH 6.8 Fl pH 7.4 Ay B2
R BFREE, 7250 PE A 5T DSPE-PEOz-FA
JC pH HUZNE i pH/FA-Api-Lips 25t e m A
FITF AR R NS A BE5m 2554,

FroRZE M Api-Lips V8 1R FHABX #5585, T fig 5
A PN Mg S T PR 2547 . pH/FA-Api-Lips # K Hb
PEE TSRO 2558, AT R B T R B A A
T2 pH/FA-Api-Lips i #8 i) #: | 76 M B2 Z 1R A
SN AE R AR pH/FA-Api-Lips #E A fith 88 44
Jat'e" s pH/FA-Api-Lips BAT pH s, 78 M 21 i
SR PE IR BT nT A R 2 DR HE R T SR A R
YLUIREE i, Ry e 5 2 550 AT 25 WA FH B4 5 3
fill, PR OREEEER (LD, ) KT 8 g/kg'",
P S H LD, B9 17100 BI 24 80 mg/kg B 514 A=
RS RS RWICT-BS , AMF5E 45 A R
SEYS L TS R R N 20 me/kg #EAT
pH/FA-Api-Lips 25%0C#EAN ), LB ad 7 v th o 1
BT B4,

SRR AR L I 2 A 96 /DN BRUPR B W B 8 4
FBLAEFEES BN 3 PE R R (P <0.01) ,iX 5
IR S #ERIE R A C . pH/FA-Api-Lips 20 faf fi
/INERUAR A DL BH 5T e, B AR 0 L 8 £50A L
S EVEAR AL UEB] pH/FA-Api-Lips i F 22 401 W
e IR IR B SRR, — TR RwA Y
B B VE F AR AR, 22 vk, 59 — 5 1 pH/FA-
Api-Lips 2075 g fE N —F 8 =W T, BA R
B R B IIFER . Wang 85 f F 1125 A
SHRBHI R T A2 R 9K S5 F Mg B gk Ak, Pk #9i
FAL37.04% , ARWFFERIER pH/FA-Api-Lips /&P
TR HIE 66.67% AT A,

Zi I, pH/FA-Api-lip U & F ik 92. 26% =+
1. 72% 54 HPAe N RN [ 25 81 ) 2025 45 it PU 5
9014 i N XUk I A E R (K F 80% ), pH/FA-
Api-Lips BUE TIPSR RAKNAL 5 A, e K Fg s 1
2y IR 07 A 5 B R T PR 25k, Al
VE IR T I R P Ibgg 25 54 , DXL pH/ FA-
Api-Lips 7 S AE A 40 e 25 9 i F I IR 97
AT — L IF R WF9E, 73 & F pH/FA-Api-Lips
TR LU0 A 2 75 HLA ) RO M T L i — 20 1
N, 5 5k pH/FA-Api-Lips /M & Rt B 5% L AR I PR
AV St A R WFIE T 4, S S itk — 2
FBHIFHA .
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