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Preparation of Legumain enzyme and mitochondrial double-stage targeted harmine liposome and
evaluation of its in vitro characterization

Ipargul - Hafiz, HE Hongji, WANG Zhaozhi, LI Zhezhe, Kadirya - Akram, BAI Jingya, WANG Mei (College of
Pharmacy, Xinjiang Medical University, Urumgqi 830017, China)

ABSTRACT OBJECTIVE To prepare Legumain enzyme and mitochondrial double-stage targeted harmine (HM) liposome
(KA@HM-LPS) and preliminary evaluate its pharmaceutical properties, in vitro antitumor effect and biocompatibility. METHODS
Firstly, the preparation and homogenization methods of KA@HM-LPS was screened, and prepared liposomes were characterized.
Secondly, the serum stability, in vitro release rate, hemolysis percentage of KA@HM-LPS and cell survival rate under KA@BLPS
were determines respectively. Finally, the cell surivival rate, mitochondrial targeting and inhibitory effects on cell migration and
invasion of KA@HM-LPS were determined. RESULTS KA@HM-LPS was prepared by the thin-film dispersion method, with
+ 0.62)% . The extrusion moulding method was selected as homogenization method of
KA@HM-LPS. The particle size, polydispersity index, and Zeta potential of KA@HM-LPS were (211.40 + 11.67) nm, 0.316 £
0.014 and (—14.20 + 0.49) mV, respectively. In 37 °C, 10% FBS, the particle size of KA@HM-LPS kept stable after 12 h. In
vitro release curve of KA@HM-LPS in 20% plasma conformed to Weibull distribution and had the property of sustained release.
When HM concentration was 160 pg/mL, the hemolysis percentage of KA@HM-LPS was (4.23 + 0.19) % , which was much
lower than that of free HM, with safety. When the mass concentration of KA@BLPS reaches 400 pg/mL, the survival rate of LO2
cells was (94.40 +
good. Cell test results in vitro showed that, inhibitory effect of

encapsulation efficiency of (90.50

6.12)% , and the biocompatibility was
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Legumain enzyme (LGMN "-SK-Hep-1) was significantly
higher than that of normal liver cancer cells SK-Hep-1;
compared with SK-Hep-1, LGMN *-SK-Hep-1 cells had a
higher uptake efficiency of the liposome; KA@HM-LPS could
significantly inhibit the migration and invasion of LGMN '-
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SK-Hep-1 cells. CONCLUSIONS KA@HM-LPS is prepared successfully, which can effectively inhibit the migration and invasion

of liver cancer cells with Legumain enzyme overexpression, and improve the blood compatibility of HM.

KEYWORDS harmine; mitochondria; Legumain enzyme; liposome
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F A UK BE T BK (harmine , HM ) /2 3% 0% 3% Fil 7 43
BRI A YR, BT R, HMOE 0 2 R B
(protein kinase B, Akt) R 141757 1 Jo 1 241 A 96 40 A 0
T, F ik G2 240 e ] 3 BEL s A 2o A ik A2 175 = SRR 2
Jfo7EE HepG2 4R AR T-0 . SR, t1F HM 7% fift B2 AIC L
TERFE T 25 s 2 vk, S8 AN HZ ., 2
7 AR — o v 3 R P A 2 3 Ao AN DR Al ok
HEFFAM A IE F A BN RED . ki sh R A
S I R 240 L ) 8 AL AR AR IR AT S AU D RE
FH T 2L AR 1) D) R R A JMes S vl 5 & G Y
YER, CLB0 7 RTT IR Y OCHESE 25 Y. Legumain fiff
SFRR A THE R 8 KT, Ja 12 e R 2 BB X0 L fe)
KT EIRAEW, 58RI, Legumain fif§ 76 A [A] 25 7Y
B S e v e ik b 3R, K5 e B4 S T e S A
A, KA BKH Legumain il i 228 JEFR 7 41 Fn 2 b 4
B 1) IR KLA 380 20 B, OB ) 455 s A fp ik — 20 2%
g

SR =5 HM R A i 440 it B LA AR AR 3505, BRAIR
HM /9385 &I/E FH , A58 LK S8k )IE (soybean phospho-
lipid, SPC) \ A5 HE bt B 195 IH 6 ( dipalmitoyl phosphati-
dylcholine, DPPC) . IH [{# i ( cholesterol, Chol) , DA & KA
JOR AR TR 1) A8 i B B W98 DR Tk & It g - 3R & 8% 2000
(DSPE-PEGu-KA ) 2y #4 ¥ 171 2 HM, 15 #I] Legumain fif
LR [7] HM JIE B 14 (KA@HM-LPS) , F-% H:
Tl 2 R ARSI A FE B AR AR 2 A TR0 2
B, VI Ry J B2 5 B R 0 06 A

1 #7#l
1.1 FEUEE

AHFSE Y AL 88 A UV-2700 % 22 48 L4350
FETI[ (i) SEBG 2 A BRA F] ], R-2003 FU g% 7%
KAL . SHZ-95B BUF I K 20 22 28 58 (LS 4R AU
PAT PR TATA ) , HWS-24 1Y 1 T IR K 1 40 ( F i —
TERFE AL 24 PR 1] ) , KQ5200DE % 75 Vi v 2 (L 1L
TR A A PR ] ) , BSA124S R T-43 b7 K- (1 [
Sartorius 23 1] ) , 3-18KS %l & 20 15 33 ¥ 14 2 O ML (3£ 5]
Sigma fk2#28 ), VCX500 U 75 5 i i1 ( 32 [ Sonics
73] ), 610000 E G AE B ST 2% (325 Avanti 23 H]
fLA2 A 100 nm [ R Mk FR IR A ) , PHSJ-3F 24 pH 11 (_E 1
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TR 2 AR A BRA A ), Nano ZS B K A2 (Y
(¥ 5 Malvern 23 7 ) , Modulyo 7 EL25 V2 5 T-HR #1371
H CO, 32 3546 . Herasafe™ KS I 1T 2% 4= Wyt 45 (£ H
Thermo Fisher Scientific 2 ) ) , 85-2 BU{H IR % 14 1 o5
CH N S 3oRs R AR A BR A A , ZWYR-D2402 U fE
ARG (R TR i35 A B F]) |, Victor Nivo
R Z2 W) REREAR Y (32 [E PerkinElmer /4 F] ) , JEM-1230 7
75 9 fL 8% [JEOL 4 KR % (Jb om0 ) B 5 A R A A,
ECLIPSE Ti B! 0 2 5 A5 0 fU8% [Nikon {45 (i) A
PR3], SX-500 %14 H 55 i K #74 ( H 4 Tomy Digital
Biology A ) ) .
1.2 FEHZSAF

AT T ZE 2 SN HM AR & Ol 2%
SEAE YR A BR A | L 45 Q041-180308 , AU i AH (2,1
PINAS 5 5 >98% ), SPCEL A4 (i) = 25 B A R
NFE] L S SY-S0-2004017, — A RS Pk 3L 5 A Tk 2, 12 e -
B Z, 8 2000 (DSPE-mPEGuu ) \DPPC . Chol ( 74 % Jiit
YR R | S 4300 o LP-R4-039, CC0657
RA0200624) , it 4= 1L ¥ . 5 25 3 6% 55 2 U W R
MEM K5 3535 (3£ [ Gibeo A H], #5431k 2173969RP |
2129299 .2186962,8121247) , i FR £k 2% vhifk (PBS, 52 [H
Hyclone /A ) , 41t 5 AG29574691) , Dil 4 Jfd 2T ¢4, 5% %
W (LR REWHERAR LA, #5
010421210629) , MitoLite Blue FX490 £& ki 14 1 0 %9¢
Ykl (3£ [E AAT Bioquest A w] , b5 1771462) , CCK-8 i
g (bR EEYWEARAGRAA, #tS
BA03175388) , K& BT e [ e 17 ( Bl ) ABR A |, 5
1060001], H B ( K # 1 1k 24l 0 A IR A Al i 5
20211101410) , DSPE-PEGu-KA (A< 5255 [ il , #t 5
20210828 ) , HAS A4 Ry 43 b4 .
1.3 AR5z

MIEH FFE AN SK-Hep- 1 W [ st i 84t
A7 B2\ F] 5 Legumain i 2 2235 19 A H i 41 A2 SK-Hep-1
(LGMN'-SK-Hep-1) 7EAS S50 %5 38 1o 18 05 B/ 4 e i)
D57 BARARN A TE B A0 LO2 fi s B R K22 2 b
W IR - T AR IR 1% ; HEPE BALB/c #RFRL(8
JEIE , 22~24 g, AV ATIE SCXK-2016-0006 ) 1) [ b 5
Y38 R AR LIS SRR A BR A
2 HEEHER
2.1 HMEENEFHEMNEL
2.1.1 HMARUERMZR ST RS % FREUHM FRifE i 10
mg, F B BRI A, 2 25 2 10 mL, il i o B 4k 5 o 1
mg/mL (1) HM AR E S 25 o R P FE s 8, A5
TR EE R 10 pg/mL () HM AR L, BT 4850 ] Iy
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T BT AR . 45 R B8 HM 7E 240,
300 nm I KA I 58 5 IR, {HE: 240 nm K2
FEEAM A, BRI, Y8 300 nm 1 460 HM 2 2 114 Bt
FEMG IR o 5 HIM s o it 3 T P I e A4 32 o o
Wl A 1.2.3.4.5.6.7.8.9.10 ug/mL i RIVIEW , 7>
ST 300 nm I8 A< A0 2 W B (A, LA A {BDR v
B (C) A T ME A, 75 HM (1) [B1)H )5 A 4=0.082 8C+
0.005 2(R*=0.999 5) , 7 B HM A6 1l J5f 24 1k B2 (£ 13
R4 1~10 pg/mL.,

2.1.2 Jriksss (D% 2. 1.1 50 F
24 B9 HIM b o s YR PR Y T 8 81 0 Yk 8 40k 4
6.8 ug/mL (K . H B ) , 76 300 nm K AR 4351 F 0.
12.24 his il L% 58 H AG % B2, 70,2448 .72 hka il
DA EEH [RGB, 4 R s K P S HM g H
PN KRG 25 BE RSD 43 51124 0.26 % .0.25% .0.41% , H [k %%
Jif RSD 43 %11 4 0.48% .0.17% . 0.87% , ¥ /N T 2.00%
(n=6) , 15 B J7 1k (ARG %6 B R AT o (2) B Ml - iR
“2.2.17 TR SR VR 4 Bk A5 A B Ik A
KA@HM-LPS 1 mL, 5 5|76 i 55 FiCE 0.2.4.8.
16.24 hJ& , F H B 9 2 45 22 50 mL, 7 300 nm Y%+
AhE AME . S50 BN, AEFRSD N 1.97% , /N T
2.00% (n="6) , 15 B J5 I RS e MUY (3) B A M1
B2.2.17 350 R R B A Bk A5 A BF i a1
KA@HM-LPS 100 pL, I H @35 i OF @ 25 2 5 mL, 7
300 nm P KA E A{E . 4558 B8, A A RSD K
1.74% , /T 2.00% (n="6) , 1. FH J7 ik i Fe e PR (4)
TIRE [ i 23R8« DA 2. 1.1 350 7 4% 1 HMUFR o L b 4%
Ty RS % EL0.2,0.3,0.4 mL B T 50 mL 2 &
H, 40105 mL %5 IR K (KA@BLPS) , F i g 4%
R A5 HM BTk B 43 3o 4,68 pg/mL (fik .+
e R ) A S AT . A 300 nm AL Y A (H, L
FEM IR EICR . 455 R K L vk B MO A
FARE [0 3 (n=3) 43 51>~ (99.30 + 0.47) % . (101.00 +
1.40) % F1(104.10 £ 0.33) % , & BH J5 125 FA Vs B 5 e
2.2 KA@HM-LPS #| & 775 01% %

2.2.1 KA@HM-LPS (il & 43 5K F 96 AH 78 &%
pH A 1 R TS A B il 45 KA@HM-LPS . (1) 36 A 7%
R AR  10:10:5: 10 1 KG 2 FRELSPC . DPPC .
Chol . DSPE-PEGu-KA A1 HM Frs #f i, i i& & 4 HLAH
(EN7 - IR AW ARFRIL 20 1, F R, ImAG LA
/3 RFE 285 /K, KIS 2 h (100 W) |, 6 e 7%
(J£ 77 0.05 MPa, %% % 100 r/min, T [&]) Z 45 H1L 7% 7 &
SR TR R SR th #5455 3 1k, 13 KA@HM-LPS,
(2)pH B 7L F BB RE EL 10: 1025 12 1, K AR AL
SPC .DPPC . Chol .DSPE-PEGuu-KA 1 HM b iy , FiE
A MUY , DR BEZE TR 8 T IR B, i A HLAH
1/3 AR FE B A6 TR 2% p i (3R >4 50 mmol/L) , IL S Y
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pH {4 2.0; B A /K4 30 min(100 W) , & B 4 ¥R B 8
IR N ZE PR (VR B 4 150 mmol/L) 875 pHAE % 7.0, 7%
FiRE (I, 3 200 1/min) 2 h, TR AE A 2
H 3K, 15 KA@HM-LPS™, (3) 4380 « 3 I i L
10:10:5:1:1, ¥ % FX B SPC. DPPC, Chol, DSPE-
PEGuo-KA FIHM bR dh , FHIE A P , DR e 2%
TE R I BRI, I A AILAH 1/3 AR 25 oK, i s
/KA 30 min(100 W) , FTARURR S AARHT H #5315
KA@HM-LPS!'"™,
2.2.2  PRIFIRAGZRAE 20 BN AR 78 K 3% . pH B 1k
TIPS 4 10 1) 4% 19 KA@HM-LPS $EAT3RAF , (1) 4315
BRI E RS % FRE HMARE ) 5 mg, A KA@BLPS
5mL, # A 5 min, i ZIRE], 158 E WK E A 1 mg/mL
FHM PR A . BCHM 73R A 1 mL, & T
B0 (R4 TR 10 kDa) 1, 850 2 7k (5633 6 000
r/min, B 20 min) , BRSO RTIIA B F7K 1 mL, i
13 BSOS HUR K AME R 5 25 R e
%5 mL, M HM VR EE , R 20 B RN i i ]
itk o M2 RO 545 3 4 3 850K S (97.00 +
1.67) % , 15 WA 68 i 5 3 FH Ui 25 HM 5 18 o 14 1) 43
BRI, R BRI E AR (2) A ERR A E -
KR KA@HM-LPS 1 mL, 5 |34 R 2 00 s Hoie s
W (W s ) s B EL 1 mL KA@HM-LPS, F H s
FLIFAE 28 2 50 mL, J5E B2 (W) RPN
AR (3) 22y B I - K % S B KA@HM-LPS
I mL, VT4 24 h, 3 5 D8 5 72 0 8 KA@HM-LPS 11y
o (Winamires) s IRIEA X5 8255 (4) HL0.5 mL
KA@HM-LPS, /i1 0.5 mL 2% & T /KIS, 25l e Rids |
£y Z U (polydispersity index , PDI) il Zeta HL{V .,

A B RR =100 % x (9] 4f i — A5 ) /4] 1R i

............................................................ Z\ﬁ@
B =100% X (W yo— Wyps )/ W g oveveeneenee AXQ
ﬁ?‘jizloo%x(W,a_Wh#a)/WKA@HM-LPs Q}ﬁ@

B 43 A 0 SPSS 26.0 # i, iH R R x 5 F
718 s RS HE s 50008 1 SR F B R 2 25 00T, T R
FH Tukey HSD 35 J5 46 5 , 3% FH Bonferroni 4% 1F i 3
PE7K -1 Tukey HSD S5 J5 K 30 45 5, K 30 /K o =0.05,
SEPL R WA ZE Kk pH A R A IR A3 0 1 45 1Y
KA@HM-LPS fu b % K 3 2 7 25 A S b a2 L (<
0.001) , Miki {2 22 S LG T4 L (P>0.05) . HoHp 3
HELA RO 11 48 19 KA @HM-LPS 3 26 FIa 24 o Jo v (36
1), PRI, 26 456 g B 0 5k i 46 KA@HM-LPS H )5 22
SEHG ARSI T 45 1) KA@HM-LPS 2 i fir
Ul B AR AR Y (R B T BB . KA@HM-LPS JFIR (R
ZorI R AR B A5 B S R SRR A, &l 1 T
o HIE L AL, KA@HM-LPS 525 TE  Ridd R/ NIRL
A FPERARAHZEA K, S350 4 KA@HM-LPS
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4 B} # #) DSPE-PEGu-KA # # i DSPE-mPEGuu, T4

KA@HM-LPS H# [d] 4 il £ J7 3% il 5 A A& i fig 574

(HM-LPS).

K1 AEHEH &S KA@HM-LPS B RIE&E R
(x*+s,n=3)

Jith Fif2/om PDI Zefifi/mv  AHEC  HHEE/%

WHZERE 225801569 033740095 —1520£1.08  83.60+161  410£025

pHIEFER: 2362011203 030140040  —1740£061  7290£030  320£0.19

WBME 2114021067 031610014 —1420£049  9050+0.62  4.60+0.14

R NG Y I I F AR T YA g
1 KA@HM-LPS 85 B R E

2.3 KA@HM-LPS # Bk 77k ik E

O3 SR R R 75 18 AN BT 1k 1 T KA@HM-LPS
BIRuAk o (DT #7575 - F KA@HM-LPS B Tkt i,
FREF A 10 min(150 W, TAE3 s 51k 2s) , 431k (2)
Bk % KA@HM-LPS 15 37 “CAR IR 444 F F iR g
JRARET 3. 4B HL R 2 RO i KA@HM-LPS (1)
BB B M Mgt ik “2.2.27 BT .
SRR, SEREHE A A E B AL EE Y KA@HM-
LPS LB R FiA2H/N(P<0.01) , R, ASHIF 5% 4
B A B i T e st . S5 R 2,

J-w;
OESES
200 | REEEES

- 100

Hift/mm
1
o
(EEE)

a: GHEF LI, P<<0.01
B2 KA@HM-LPS AEMRUFTEERILE (x £,
n=3)

TREF AT

2.4 KA@HM-LPS 81 &E7aE HiT0
56, Bl KA@HM-LPS 5 mL, # ¥k 7E — 20 °C I
— 80 CVUKAH H 4 Tk 12 h; AR & TR, T
— 55 CIJE 51 F T4 24 h, 14 KA@QHM-LPS %+
o KPR mg KA@HM-LPS % T8, IR & 1E 3 mL
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T 10% R 2F g R Rk, F 37 CHREMF & 24 h,
PUAEFRIAEE . A3l AES50.1.2.4.6.8,10,12,24 h B
E KA@HM-LPS [RL A% , WA ML 7 X KA@HM-LPS £
EERIFR IR, 455 B R , KA@HM-LPS fRIA27E 12 h
JEILPARFAS R, Ul E M R AT 255 LK 3,

230

225 1
.
220 I/l}/H//I)

215 1

Rt /mm

210 T T T T T T
0 5 10 15 20 25

M) /h
B3 KA@HM-LPS 7e #5404 1B IR T T 47 12 B A (8] /Y
T E

2.5 KA@HM-LPS #1132 % E 130

J P B KA@HM-LPS (%) Il 2% & 4, I 2 5 A
209 I3 R RSN e . i ad AR HE F i 25 A BALB/c
R AE A I, FF 1 mL AR B4 1 Chn e 7)) L 2 500
t/min 2§.0> 10 min, W HUR 209 R4, 37 AR REER
IKFEIE 15 R, 155 20% A LI REA . #5247 T F
KA@HM-LPS % T ¥ FliiE 25 HM 43 51 1 2 7E 20% 1
BALB/c # BRI b, 8755 HM 9B 4 100 pg/mL,
BN 2 mL, BTSN (B 4 F1t o 14 kDa) ,
Uit T, T2 40 mL %535 PBS (pH=7.4) [ 50 mL EP
B AE 37 CIEIR A R LA 150 v/min IR 5% . 70 HIAESS
1.2.4.6.8.10.12.24 .48 .72 hBUFE 1 mL (A3 BURE 5 #b
FolAE SRR B PBS) , I 1 mLiRS], R &5k
A3 EEEE RN E HM 5 i, THR RS HOR M, 2551
7R, KA@HM-LPS [ {RSMEHURAE 72 h 5247 (90.80 +
1.28) % , i HM 7E 24 h B} 235 %] (91.00 + 1.18) % , ¥ 1L,
K4, AN, ¥ KA@HM-LPS AR SNBI R 70 5 5 &
2% .—2% Higuchi F11 Weibull BR 505 FELG , Al 00 2
43514 0.767 1.0.988 9.0.921 3 F10.996 3, {44 il iy
L AF 4 Weibull 43411, 130 9] KA@HM-LPS B4 22 F¢
2.6 KA@HM-LPS B HHIEM
2.6.1 IMEAHZME AT KA@HM-LPS £ 14 4 19 1L
WA 25 L I 52 LA 2 9% 21 200 2 8 b 9 95 1 7 49 %
108 g R R B 11 925 DA BALBY/c # BUCRAEHLBEA I 1 mL, 55
LB (B33 2 500 t/min, BFE] 10 min) , BRK ORI &
P FEW, AR RRER KR ST . Y FIE AR T B
B AR BHER K GE 25 3 50 mL, 153 2% 21 40 2
2,47 TR KA@HM-LPS ¥ T3 Fi A= B L /K i i o B
e BE A 40 .80.120 . 160,200 pg/mL (VR 2 , A 254k
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T 29 4T 4 M0, T 37 ARG 2 ho PHYEXT AR
SRR FK, BTN B A BEER K . L 200 r/min 250 5
min, B FVE W, RS0 DL Ay 66 R T AE 416 nm P
R AL RE AA{E ARG DT LA 450, &R
FWE (LI HM 8 KA@HM-LPS 13 I & 53 %5055 5
5 HM OB R 8 40 pg/mL) X H .

/glﬂlﬁﬁﬁ = 100% X (A FE S _A [ERERORI )/(A [EESCN .
A mm’lm) ................................................ /Ax\it@

BRI AG rgf2.2.2" W F . 459 B, I
B HM BT R 40 pg/mL I, KA@HM-LPS 3% Ifil
H 50 (5.16 £0.19) % ; JR BT AR H HM F) JoT v B oy
40,80,120,160,200 pg/mL i, KA@HM-LPS %5 Ifil &
A5 B (2,54 + 0.13)% . (3.00 + 0.19)% . (3.26 +
0.19)% .(4.23+0.19)% .(5.16 £0.14) % ., # KA@HM-
LPS 1 HM 1% J5z 5t ¥ B 24 160 pg/mL BF (14 35 1l A 434X
51 s HM (40 pg/mL) B I B 43 808, 22 S A 4e it
3 X (P<0.05) , % ] KA@HM-LPS A Ifi 3% AH 25 1
LZg S
2.6.2 KA@BLPS X 1E# IFAMIAF 16 R m %
22 KA@BLPS XJ 1E 5 41 e i 252 L 8 L IE 3 i 4 i

—0— HM
= KA@HM-LPS
100 4

80 1

60

40 1

ST %o

20 1

T T T T T T T T

10 20 30 40 50 60 70
5 ) /h
A. 0~T72 h RSN IR

LO2 % 8 5 000 ~/fL 4% Fh 2 96 fLAR H , I 7E 5% CO..
37 CHFRAIPRIFR 12 he LR IE0(SH) .
25.50,100,200.,400 pg/mL]fI A KA@BLPS, 4k 2L 35 5%
48 ho JyiseZs FVAEA, A InA LA 259y, Fonss 92k
BAFLHINA 10 uL CCK-8 M & 2 h, R A BEHR AL AE 450
nm FEARALIE AME, AR ARSI MM 25
R, 4 KA@BLPS [ 5 2 V¢ & 35 51 400 pg/mL i,
LO2 4L AE TS 20 (94.40 + 6.12) % , VLB AR AY Bk
AR/ AT o S5 LI BA

A LAEIE A =100 % x (A mess— A v )/ (A s —
A s ) tereeeeee ettt sttt ARG
2.7 Legumain &3 % % KA@HM-LPS {£ B T 4858
FiEENZ N

AR BTSSR, Legumain AL T 20 i
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