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Preparation and evaluation of ligagliptin self-assembled chitosan-lecithin
nanoparticles in vitro and in vivo
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Abstract: Objective To prepare ligagliptin self-assembled chitosan-lecithin nanoparticles (LGP-CS/LC-NPs) and investigate its
pharmacokinetics in rats and its effect on blood glucose control in diabetic model rats. Methods LGP-CS/LC-NPs was prepared by
solvent injection method. The mass ratio of LGP to lecithin, the mass ratio of chitosan to lecithin, and the pH value of acetic acid
solution in LGP-CS/LC-NPs formulation were screened by single factor experiment. The particle size distribution, Zeta potential,
microstructure and dissolution of LGP-CS/LC-NPs in vitro were investigated. The transmembrane transport of LGP-CS/LC-NPs was
evaluated using Caco-2 cell monolayer model. The pharmacokinetics and pharmacodynamics of LGP suspensions and LGP-CS/LC-
NPs after oral administration in rats were evaluated. Results The optimal formulation of LGP-CS/LC-NPs was as followed: the
mass ratio of LGP to lecithin was 1 I 3, the mass ratio of chitosan to lecithin was 1 : 20, the pH of acetic acid solution was 4—35.
The particle size of LGP-CS/LC-NPs was (195.5 + 7.8) nm, the Zeta potential was (35.6 = 0.8) mV. The spherical "core-shell"
structure of LGP-CS/LC-NPs was observed under Transmission Electron Microscope. The dissolution rate of LGP-CS/LC-NPs in
vitro was significantly higher than that of LGP suspensions. LGP-CS/LC-NPs could effectively improve the transmembrane
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transport capacity of drugs. Compared with LGP suspensions, after ig LGP-CS/LC-NPs, the bioavailability could be significantly

improved, and the blood glucose level of diabetic model rats could be better controlled. Conclusion Chitosan and lecithin were used

as carrier materials to prepare LGP-CS/LC-NPs, which could significantly improve the oral bioavailability and achieve good sugar

control effect.

Key words: ligagliptin; self-assembled chitosan-lecithin nanoparticles; solvent injection method; transmembrane transport;

bioavailability; hypoglycemic effect
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i «Zeta HLAT AL E 2R (1) 5200, 45 5 L3R 3.

S 4 BN B R VS VR pH E AR 4k X LGP-CS/
LC-NPs [FR7 4% 50 A7 AL 2 A 52 M eI, (H X K
F7 18] Zeta B AL 52 W 55K, BRIt 5 6 R 5 ¥ pHL{EL 1)
J & » LGP-CS/LC-NPs [1] Zeta HL A7 &/ , 3X &2 B T

#1 LGP5LCREELI LGP-CS/LC-NPs$ifZ Zeta B A A EHEI (xts,n=3)
Table 1 Effect of LGP and LC mass ratio on particle size, Zeta potential and encapsulation efficiency of LGP-CS/LC-

NPs (x+s,n=3)

LGP 5 LC i &tk KEAZR 3 At /nm PDI Zeta FL7/mV AL E /%
1:1 365.4+6.5 0.378+0.009 27.840.2 76.6+0.9
1:2 289.5+7.7 0.31620.011 29.240.2 87.2+0.7
1:3 218.144.1 0.27440.005 28.5+0.3 94.8+0.8
1:4 269.9+6.9 0.346+0.008 28.8+0.1 95.2+0.9
1:5 3427473 0.421+0.013 27.7+0.2 95.7+1.1
1:6 438.6+8.5 0.446+0.012 28.1+0.3 96.2+1.3

£2 CSELCHRELS LGP-CS/LC-NPs #if2 , Zeta BT FI A 31 0 R AI M (x5, n=3)

Table 2 Effect of chitosan and lecithin mass ratio on particle size, Zeta potential and encapsulation efficiency of LGP-CS/

LC-NPs (x+s,n=3)

CSHLCF AL Fi 4243 A /nm PDI Zeta HLA7/mV £ /%
1:5 473.8+7.3 0.358+0.015 29.1+0.2 80.1+0.6
1:10 386.4+6.6 0.368+0.012 27.8+0.3 88.6+0.5
1:15 224.6+5.2 0.226+0.007 28.6+0.1 94.9+1.1
1:20 187.5+5.8 0.246+0.012 27.3+0.3 96.4+0.6
1:25 165.746.3 0.215+0.009 28.0+0.4 90.2+0.8
1:30 162.9+4.1 0.226+0.008 27.740.3 85.7+0.9
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R3  EEEAA TR pH EXT LGP-CS/LC-NPs 12 Zeta AT EH EH I (xts,n=3)

Table 3 Effects of pH value of acetic acid solution on particle size, Zeta potential and encapsulation efficiency of LGP-CS/

LC-NPs (;:l:s ,n=3)

Ttk B2 V75 VK pH {H WLAZ 3 A am PDI Zeta L7/ mV A4 Z/9%
4.0 178.5+5.6 0.235+0.009 37.6+0.4 95.7+0.7
5.0 181.3+6.4 0.23620.007 28.540.2 96.1+0.8
6.0 187.9+4.7 0.24120.004 14.5+0.3 95.9+0.4

7 pHAE ~ CS JIT HL B8 (1) NHIE H far 3% B2 P A Al
. R8BI YK KL R T 1 Zeta LA 45 X E Bk K 60
AR T H AR e, DA A e B RV W pH A N 4~5
#14 LGP-CS/LC-NPs.
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0 100
Zetal{Lii /mV
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Fig.1 Particle size distribution and Zeta potential of LGP-CS/LC-NPs
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Fig.2 Transmission electron microscopy of LGP-CS/LC-
NPs
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HEARRE A D, 24022 pm LI EE L,
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HIAR AR 24 il 25, 45 SR ILPE 3
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Fig. 3 In vitro release profile of LGP solid powder and
LGP-CS/LC-NPs (x£s,n=6)

FEAEGURRL AL 0 ) 25 )l 3 B s SR
KB R IS 2R T AT B
2.6 LGP-CS/LC-NPsfaE £

4 LGP-CS/LC-NPs 73 %& 2| U ARIR 5 43 791 15 &
TE(5+3)°CHIQ5+3)°CEAt: N, LEAN [FI I [7] i WL 5% 4
MR35 PDILZeta FEATAIMELE 3, 45 5 1% 4,

o e Pk 45 R B8, LGP-CS/LC-NPs 7£ (5 +3)°C
UE 8 F, H AN RLAR 43 A W PDI. Zeta Fi A7 AL 3
RI K KA 2 AL 1 LGP-CS/LC-NPs 1£ (25+
3)°CHAF T A 8 JA , K i B> & ZUIRY , HokL
121 5 36K, 35 W] LGP-CS/LC-NPs ii# 5 i 26 1F F
JiCE 5y 2 kAR BRI AT T ) % B LGP-CS/
LC-NPs i fE (5 £3)°C%F N 17

%4 LGP-CS/LC-NPsTaEMEERER (vt5,n=3)

Table 4 Results of stability of LGP-CS/LC-NPs (x+s,n=3)

i 1 (5£3)°C (25+3)°C
H4%/nm PDI Zeta iA/mV  BEZE/%  Fiff/nm PDI Zeta HBA7/mV  ELEE/%
0 189.7+4.9  0.246+0.005 34.6+0.5 95.8+0.3 189.7+4.9 0.246+0.005 34.6+0.5 95.8+0.3
2 194.8+6.7  0.2514+0.006 35.2+0.3 95.3+0.4  226.3+4.6 0.256+0.008 34.8+0.2 95.1+0.3
4 188.4+4.8  0.249+0.004 34.9+0.4 96.1£0.5 318.7+10.2 0.337+0.010 35.1£0.6 94.1+0.3
8 201.5£5.6  0.256+0.007 34.8+0.5 95.1£0.2 468.9+16.8 0.489+0.018 33.8+0.3 90.6+0.3

2.7 LGP-CS/LC-NPs f£ Caco-2 fHfRY BE 5L 15

B AR Caco-2 41 i in A\ £ DMEM #7 7% 4 (5
150 mg-mL™" i 4 L3 « 10 mg-mL™" 3E 05 75 A B 1R
100 U-mL™" # % & A1 100 pg-mL™" ¥ & £ ) 1 7F
37 °C5% CO, 3% 77 48 Ak , 17 4 g AE 4 55 80% ~
90% it & I, R 25 H B -EDTA ¥ W2k 47 W 46, BA
REFL 7.5 X 10* A 41 i %5 FE 452 B 1] Transwell 41 ff 55
FR/NE (HAZ 12 mm.fL42 0.4 pm R [ A 0.33 cm?®)
FIH, I E AE 24 LA, T 37 °C 5% CO, %
fETRWEA 21 d, B3 R TE e 1RG0 MR 7R 5L .
&5 40 i 5 R BH B (TEER) W i Caco-2 4f
fi B 2 i 5€ B P, TEER fH =600 Q-em J5 ] T
Y1 i %% 12 B A .

LGP J5 K} 25 f1 LGP-CS/LC-NPs ¥J fdi Fil HBSS
W (pH 7. W B 2 25 I &K FE 8 20 pg-mL ™.
f8FH 37 °C HBSS B 4H i, JF-4£ 37 °C 5% CO,
55 7% 46 57 45 30 min. 52 24590 M Caco-2 4 fild i
T CAP) 2 3 IR AMI (BL) %% 15 & #/E U K - 76 AP
Ui HOITN 250 pL 25909 W, 48 BL ¥ HH I\ 800 pL
HBSS ¥ s [, Wl 5 2549 A Caco-2 41 ffg i BL %2
AP HE 35 B ¥ AE AN R 7€ BL 3 oI\ 250 uL 254 %

0, 7E AP 5 NN 800 uL HBSS VA - £ Tl 5t W 5E
) I 17 18] B (30460 .90 120 min) M\ BL i 5, AP % 1
B 100 pL ¥ ¥ CHE ST BN [A) 47 1 HBSS =¥ %
) , @i HPLC ¥l LGP & &1, & 41 5256 5 5 3
UGB ME . REE T AR R RN B ERWP,,)
FIAMELL (BRD , S5 R LR 5.

P, =d0/drX 1/4X 1/C,

ER=P, app(BL**AP>/ P app(AP—BL)
dQ/dt N LGP [Ji51E# % , A A Transwell B R H AL, C, 4 LGP
DRI UE TR IR

P i 5 R B R, LGP 5 B 25 M Caco-2 41 it
i AP i 22 BL ¥ ) P,y {5 9(0.8320.1D X 10 cms ™
%5 LGPEAIZEH LGP-CS/LC-NPs 7 Caco-2 £ 1 4
P, [EFIER (xs,n=3)
Table 5 Apparent permeability coefficients and ER of

LGP and LGP-CS/LC-NPs in Caco-2 cell (xs,n=3)

P, /(X10°cms™)

%) ER
AP—BL BL—>AP

LGP 5kl 24 0.83+0.11 1.76+0.18 2.12

LGP-CS/LC-NPs 2.24+0.22 2.08+0.17 0.93
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M BL 32 AP 3 P, (B 9(1.76 £0.18) X 10~ cms™,
ERE 4 2.12, X A T LGP £ P-gp MEW , 251 5
P-gp ¥ ia PR 45 4 Ja 1 22 [0 1l ), BELRS 245 90 R
XTI LGP BIE M 2 1 i WY 5 il LGP-CS/LC-
NPs M Caco-2 il fitl 58 AP 3 2 BL i (¥ P, {8
9(22440.22) X 10 cm's™, )\ BL % % AP ¥ ] P,,,
i 4 (2.084+0.17) X 10 cm-s™, ER 1 4 0.93, i ¥
T AT LGP-CS/LC-NPs #h & T 1 CS £ 5 , fiE
20 B 24 = T, O R R M T A T R
B, TGN T 254 s 1
2.8 LGP-CS/LC-NPs ZAzh 53

K H Wistar K B, 745 &4 200~250 g, 1 75 31
Bl N 20~25 °C , X N 45%~55% , 1 IR
FRAEEL, B EOK, SEEGHT 12 h A B AEEK .
KERFEAL 79 LGP Ji k245 40 F1 LGP-CS/LC-NPs 41,
B 6 X, ALK B2 5l ig 45 7 LGP IR £ A1 LGP-
CS/LC-NPs 0.5 mL, %5 2 7| & 45 9 5.0 mg-kg '
Sl TR RIS 2 )5 2.4.8.12.24.36.48 h?' R
F B 41 MK B CH 2Tk R 9 5 ) E 5 i 8 AR I
0.4~0.6 mL Z i 46 3.0, 10 000 r-min™ &0
10 min, B _F )2 1 3% /£ -20 °C LR A7, F T it — 254
BT o HUH W LR AE =5 00 N BB A, 6 25 R LML
22100 pL BRI &0, INAES R 2,16 400 pL,
Wi VE 4 10 min, 10 000 r-min™' 250 10 min, 7 U EE
BOMZEE N —RIEHELE D, AR ETHIE
o W E BT AN 25 100 pL ¥ fif B 0 55 v i Bk B
), 3 10 000 r-min™' & > 10 min, B L iF ¥ K H
HPLC V5 LGP & &7, tF 5 253k B . i3 2%
Z ¥ ] WinNonlin 2 3l 22 5 TF 55, 1 26 96 -
6] {1 22 0L 18] 4, 253 = S s R W3R 6, Bdi b Pl x =
s 2R 7R, K ] SPSS 22.0 B A A ¢ 46 56 o F i 2t
T4 i, P<0.05 NERAHRITHE L. 4i3)
et R B OR, 5 KR ig LGP IR B FIA L, KK ig
LGP-CS/LC-NPs J& , H LGP 2= % 3 (¢,,) il & U6 1)
7] (2,0 55 25 8 K (P<<0.05) , ik IR FE (C,, ) 3 3 18
TCP<0.05) , AHXTAEWFIF N 221%
29 HYEMR

K H Wistar K B, 44 i 824 200~250 g, 1 72 26
BRI N 20~25°C , FI ST A 45%~55% » AP A
AEGDRE, B HIOK T 0.9% S0 B0 v G 1) Y 4 s
WE VAR, FF 4% 57 &N 150 mg-kg ' & ip 45 T K., 15
52 ARUBE PR R AR ALY, ZEVE PO AN 72 h R
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Fig.4 Plasma concentration-time curve of LGP suspen-

sions and LGP-CS/LC-NPs in rats (x+s,n=6)

%6 LGP E#l25% LGP-CS/LC-NPs 25 51 % 5 # (xs,
n=6)

Table 6 Pharmacokinetic parameters of LGP suspensions

and LGP-CS/LC-NPs (x+s,n=6)

2 Wi Lopmmg  or Y
LC-NPs
tin h 24.2+42.1 31.543.4"
o h 4.1+0.5 11.5+£0.7"
Con pug-mL™’ 5.7+1.1 12.6+1.9
AUC, ., hugmL' 985464  217.3+12.6°
AFRT A= R R % 221.0

5 LGP 5k UL - "P<<0.05.
P <0.05 vs LGP drug substance.

FERY 2] (LGP Ji7 B} 25 40 A1 LGP-CS/LC-NPs 2 , [7] I
BCIE 5 K R o nh B 4 . o TR 4 R0 A Y 20 K R ig
S5 0.9% FAL B8V, LGP R R 265 40 1 LGP-CS/
LC-NPs 4K B 43 7l ig 45 T LGP IR & F1 LGP-CS/
LC-NPs 05 mL, % z5 # = #H N
5.0 mgkg"", A T AT A4S 25 )5 2.4, 8112,
24,3648 h K H B8 MK R CH SRR 5O HE J5
e ERLIM 0.1 mL, 45 FH I 4 I 52 i 7K, 45

RILES,
s RN, 5o R A b A, A R 4 KRR A% N (]

AR K T 2 8 3 T (P<<0.05) s SRR A EE A,
LGP J5 8} 24 40 F1 LGP-CS/LC-NPs 445 25 Ji 4% 1) [8]
RUK B IR 7K T 357 B 8 BRI (P<<0.05) , UE S | LGP
1) o 0B 3 PR 25 2 )5 W] — B ) B, LGP-CS/
LC-NPs ZH K 5 A /KT 2 BT LGP JFR 2540 (P<
0.05) , ¥t 8] LGP-CS/LC-NPs #; LGP 5 Bl 2 B A5 5
SR 1) P BEAE B o 4RI 5 IR A LGP-CS/LC-NPs 34 i
THMMBENE, R T AWAEMFIHEE; 75k,
LGP J5UR} 25 41 25 T LGP i 2 1URE 7K 7 [ 2 5%
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-
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I/ (mmol- L)
=
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50F

0.0
t/h

50 B AL LA "P<<0.05 ;s SRR AL LA *P<<0.05.
P <0.05 vs control group; “P < 0.05 vs model group.

5 PERRIEEARLAT LGP REHIZ5H LGP-CS/LC-NPs
J5 M AEA T - 1 B 2% (wets,n=6)
Fig.5 Blood glucoselevel-time curve of rats administrated

with LGP and LGP-CS/LC NPs (x+s,n=6)
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2 EARET AR TESR 25 J5 19 12 h Ak, i (8] S5 A A S
24 5 S Wt 9¢ F W %2 2 ) LGP-CS/LC-NPs [ ¢, —
F, iX 1,3 ] LGP-CS/LC-NPs ] K i [a] 4 457 A %5
BT I b 28 24 0B R B T R AR A K AL
3 TR

CS-LC H 4 2% 9 K x4 1] £ B B4 - 5 %5 T
W FLAL AT B B T T TR N T R A N
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FT 720 M 2 18] 1) 5 235 T 82, (R i3k 25 38 a8 WU
LR, B A CS-LC | A B GK R 1T 7 K&
(R SREG 5T, b0 T LR AT

AT 5 S E I R D] 3% S Ak i E T LGP-
CS/LC-NPs 475 th 254 5 LC i &Rt kb, CS 5 LC
{14 o 52 P bL 5 DA R It R VS VR pHAHL , 38 Ak P 4 s
3594 7 LGP-CS/LC-NPs f Jii &, #F 78 45 R 2w,
LGP-CS/LC-NPs 2 ERTE“1%-7¢ 4544, RiA£4E 200 nm /&
oA FEA IR pH N 7.4 B R 26 22 i h R B N 22
18 177 55 458 (1) 24 PR JOASE 3K 5 Caco-2 4t Hi %5 i 4 i T
LR W , LGP-CS/LC-NPs Rg 5 {1 i3k 25 ) W e, ek 2>
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