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Application and development of liposome injection
XIANG Xinyan', DU Shuang’, DING Yang'"", ZHOU Jianping'”
'Department of Pharmaceutics, School of Pharmacy, China Pharmaceutical University, Nanjing 211198;

’Nanjing Sanhome Pharmaceutical Co., Ltd., Nanjing 211135, China

Abstract

enhance drug efficacy and reduce accompanied toxicity. New liposomes with special structures and functions

Liposome injection is one of the most successful special injections that use nanotechnology to

have emerged since the first liposome injection containing doxorubicin was marketed. This review summarized
the principles and research progress of Stealth liposome technology and cationic liposome technology, analyzed
the structural and functional characteristics and clinical application advantages of liposome products that have
been marketed from the perspective of pharmacology, introduced current research hotspots of new liposomes, and
analyzed the current regulatory status of liposome injection at home and abroad, thereby providing theoretical
reference for the research and development(R&D), clinical translation and supervision of liposome injection.

Key words liposome injection; clinical application; supervision; Stealth liposome technology; cationic lipo-

some technology; advances
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O A 388 5 4 L PN A A R 5T Ak
It 50 IR 5 2 B 5 S A T 245 1k 1717 55 — Tl W4 A
AR SPI-077 JCik %5 BEE , 5 B 2 g I ity 62 Ak st i XL
Iy FIRJG A AT B2, 25X LRI B0IR IR YT 3L
ARS8 A TR I IR By B /Y = 88 A8 BT A S-
CKD602 , ¥ 5 B Bl 1 5 iU 1) CKD602 %6 4% T
KAGEE T, i 45 AUC 34 h0 50 1% , 16 T7 16 %1
PEE 3~10F51°, AP HOR B £ 19 25 4 3 1 Stealth
FAR M B A AE 2B AR, A R 2 T 2
g &

SRIMTBAEA — SRR A T PEG fLig i A7
TE N LS R (ABC) L4, Wl — 2 ik & &
WS PEG AR IR 5 |, B 2 5 MUIE ™ 2B 1 Bt
PEG IgM HTiR 45 G0N #MA R 40, g AMA C3 B
PR BRI H Kupffer 20 g MATEER HIERR" . H
HE 42 T LRSS ABC B4 0 7 12, Lo dndi 1)
FH M R LI EE T 2 L g ) 5 A e e e
FERAE YR PEG, 4549 1Y e A8 7T LU > A )
XoF TG B 200 B P SRIEC s b B e e iV
2 1V BR A A PEG fL A8 T 14 | fifi 5 i 14 B 41 it 7™
Az T 2 R T 984G PEG TgM BUAR P A2 i IR |3
A AR 25 2507 58, S IR 3 e R it Y 25 1 o
IR A 25 IR . ek, PEG ARG I iRt 45
A 3o ST M ZR G0 BRI CSa Fl C3a i AR R
AT S8 40 L P e 24 R S K 400 P
WA B 51 R RMAR T AH DG B A 2o U
N (CARPA)”, 80— il s g o A AIFFE R B ]
LA FH AMA 0 1 3815 7 FH 868 28 H PEG 1L
TR 1 R S I 1 A TS S R
M CARPA R Stealth A H Bk %
T AL GE R TR A AR e M N RO B TR A
25 I PRI A3 (B G AR I 4 I 7 e 1 —
e g2 S P () [T T L — 2 ISR
1.2 Mm&FRRAARER

B N 0T AR B AR A I ke, B9 AT 18000
T I %3 B A B I LA AR 5 R AR A 2 25 i
J1, FRMEE IR A, FHTA 3 0 7
LI 254, D LR T AL R 25 ) ) 3 26 4 52 K o

BB K ACH LR BH S - A7 3 2 s BH S 1
JI§ 5t DOTAP . DOTMA . DIMRIE £1 DOTIM, £ #t [H
B 718 B DOGS H1 DOSPA , BH & 1 [ B 47 4= 4
DC-Chol M1 BGTC (&1 2) . FHE F 18 o — i th 4y 1
P, 119 S TR 3 e e e A Ok o | T R R ik ) 5
B 7K e ([ e i i M % ) R 38 A o, L5 ) 2
PSE AR E A RO I B R

TR HL B BH S g JoT ) R B 7E T 23l
PG Toll FE3Z AR 4 (TLR4) , I3 7= A= RAVEH F 11-6
FITNF-o, NI 5 K S E RN - H TR R i 2
T IR AN AT HL 2 0 BH 25 R T, 4 AT
J5T A 1) e BE AR Ay Sk i FH A b R T R e 2 v e
ek 2 s 1R pK, R 6. 5 Y AT HL B BH 2 1B 5
1,2- 23R BE-3- I R BL N 4 (DLin-DMA) 7 pH
4 %A T HL T A R e B R R 25,
SETEpH 7. 4 WA BRAAE T 23 P AT B 1k 5 00
T8 8 A AERE SR AR BRI SCE AR PR [R] 38
Tk 8% A P R PE 28 2 1 E (ApoE ) fitk & AT 400 ity 26
SR BRI, 28 AR FH R 240 1L, 7 240 i P R
PRk P8 v BT - A0 S5l 67 F A Y U B BT AH
P TS BN IR B2 D T 08 3% 22 40 Bl BT . 7R
DLin-DMA A6 F BB BN R EE A 3 1
VrZ ] R PHESF-RR T (1K1 3) , Ho oy L -4-—
3L 50 5 T R g (Dlin-MC3-DMA , & #% MC3) J& H
HIFH K38 3% siRNA A 800 IR I, 2R iy it — 25
AL T 38 8 A P Ak 3 72 2 7] (4N pH ARk ) 2R
G I ) BB T e A AT R AT H S Al ook
S

2 FR > siRNA 254 Onpattro® (Patisiran FH 25
TR AR S T 2018 AE 3t B, st & i 4
FHTIRYT 5 HOAR IR R & P TE AR 2 7E (hATTR) 5
Y R 245040 I 2540, 3R 2 ) v Al Y G B
J5T R A AT R 8 BH B - i B MC3. IAh , AR 2
BH 5 N Jo3 1 245 W a2F A PR AU 55, 4 2% &7 e K
UK 5 7 1 (KSP) -siRNA #1145 N B2 A4 K W 7
(VEGF)-siRNA (1) ALN-VSPO2 i i {4 , 8 1% 431k f
31(CD31)-siRNA FlIfiL & A= B 2 (TIE-2)-siRNA 119
AtuPLEX JI§ JFi /&%), L) & MediGene 23 7 #4 Endo
TAG-1 (A2 BEIH & F BR A ) Ff 25 45 I A A A
BELZN W) A28 A2 BEBH 5 1 A oA

BT I EAS L K RS 0 N TE & T, BH S
Tl A B I BH R A 5036 7 AR A 56 99 (n
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AN PH B TR B
0
\/\/\/\m/\/\)l\o A P e e P U N o) CI H3
3
. 0 1 . N -CH;
/\/\/\/\_/W\/\Ig +](I\:I;ICH3 C'H3
DOTAP 3 DOTAP
o)
O CH3 /\/\/\/=\/\/\)]\ N N
I (6]
© N\/\OH \/\/\/\=/\/\/\/&I\>
CH; ~"0H
DOGS DOTM
ZMBHEF IR
NN,
H H,
)K/ N +
N NH,
\/\/\/\/\/\/\/\/ 5 H\
DOGS o
3
.
HZN/\L
— +
CIH3 0 NH;
P\/ N+\/\
o CH3 H H N+\/\/“NH
P N\ N S VN

DOSPA

FH 85 1R [ B A= 4

N/\/N+

DC-Chol

B2 FHE TR

DLin-DAP
B3 AR e AR R A5

hATTR 1A B ACEHPERT ) , % TSk , i i
VAR B S A 7 BRI BFE 7 18] . Chen 257 F
BRI AR AL EE R T la(HIF1a)-siRNA,
3T 3 4 AT R 9 R - AT 5 2 R 0 0 i
LA £ 65 1, 65 28 7D 32 52 56 0 R - K 38 O i
TRV W T HIF Lo IR 9 IS T
T A5k 4 T €, 25980 24 L 14 D 7, S S5 AR T HIF L

H \_\ +NH2
BGTC HN—
NH,
(0]
\/\/\/\/a/\/\/\)l\ -
O N
/\/\/\M\/\/\I/(\()(\ !
O
DODAP
? |
DLin-MC3-D,A

siRNA P B 2R M. IeAh R 54k 241 3t
% R HATHIBFIT IS, LA Wang 55506
Jﬁﬂ:ﬁ’i%*?ﬁﬁﬁ{ﬁm ‘B 2 005 2 T 1
(Mecl-1)- siRNA 238 T B2 T IR BTk, 4551 R
I3 7] 348 5 (e b8 4 P O s IR T 3 G Al ) i 24
M. ﬁH%%Ebﬁ%M&ﬁﬂimﬁ%Xﬂ?ﬁﬁ”ﬁ%Hﬁﬂ%ﬁi
BXEK, TR A 527 e X B sk Al ik
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I, HE T RNA SRR M EAR BE 245 H AT
2 B EThE RS R HIF A

F G2 T A AN BT R SRR SR
TR Z2 A7 A5 G TR, A 2005 Jo (A R BH g

R EASMIE TR R FUA TS

TR BAAL 5 K IR A S50 32 20 T e
iR T L DA R S U, B0 AR AR A 24
WA TR) R P RO S e A R 1) T Bl s T 28 A
JIRCR

O JF 43888 44 e RS BT A WK 2\ w v ]
B Doxil P75 2 HSPC, 1/, DSPE-PEG Sequus 1995
Myocet B g 2 EPC, M [ i Elan 2000
WL B 2R HSPC, H[& [, DSPE-PEG R -HER ] SUN 2009
ZER B g 2% HSPC, &, DSPE-PEG f1 24 2012
S K+ 3 HSPC, H[# [, DSPE-PEG M G 2012
Lipodox W g 2% HSPC, JH[E B, DSPE-PEG SunPharm 2013
DaunoXome Eeak s DSPC, JIF [ B NeXstar 1996
DepoCyt* B AR DOPC, DPPG,, JIH [ 15, — il H i g Pacira 1999
VIE{E S EyA GREIG , JIEL I DY 2003
Mepact KRARAK POPC,DOPS Takeda 2009
Marqibo KA BT AT 0 Talon 2012
Onivyde RSy B DSPC, DSPE-PEG , [IH [ 5 Merrimack 2015
Vyxeos BRI /R R DSPC, DSPG,, JIH[# 5 Jazz 2017
PEE Ambisome WHEEHEB HSPC, DSPG, JJH[#] i NeXstar 1990
Abelcet MWPEHEEB DMPC,DMPG Enzon 1995
Amphotec MPHREEB 2 I [ Ben Venue 1996
ST MPHETHEB GEAE AR [ I 2003
BUH DepoDur* B R DOPC,DPPG,, JH &L, =32 H 3 g Pacira 2004
Exparel it DPPG,DEPC, il [ i , = ¢ H- il ik Pacira 2011
Nocita (A S DPPG . DEPC., [I0 [fH =5 H-iHi S Aratana 2017
eI DAL TRES Visudyne AR EPG,DMPC Novartis 2000
PET Epaxal - DOPC,DOPE Crucell Berna 1993
Inflexal V TR DOPC,DOPE Crucell Berna 1997
Mosquirix JESRPE I DOPC., JIF [ i GSK 2015
Shingrix GigIN/okZ3iat) DOPC,, I [ GSK 2017
RNAi Onpattro Patisiran MC3,DSPC, PEG2000-C-DMG , i [ i Alnylam 2018

*ELRTT . HSPCAAL K F B IR 19 IR AR DSPE-PEG: — T I8 BE i G 155 £ A% 1) PEG AL AT A 40 EPC 2R B i 1 19 M AR DS PC: — i g 19 o A 1 R
B DOPC: 3 8L G 196 HEL A DPP G- A Al I B 1 15 H 511, POPC: 1 -4l Ik 35 -2 - 3ol IR 35 D 95 S s D O PS: 31l Bk FE B 5 1t 22 92 DSP G- A A 1k
WG I H- i DMPC: - A 55 I B 19k AELA; DMPG: - 1A W25 R AR I8 H- il DEPC: 2+ Ih A% i e HEL A EPG - 4 35 W A 185 H-iih; DOPE: il 3
TN TE 2 B MC3: i FP -4 — F1 B T ARG PEG2000-C-DMG: 1-FH A 3R 20 — % 2000-2,3- . A T Mt H- il

2.1 BALFHH e Ak

2.1.1 FARBALFHYE A @RI
JE AR Doxil ® 2 fi 28 LK) /K s PE BT g Ak 24 g B 14k
JIg 5% 2L 18 A R A 2 i B B9 HSPC | JiFL ] 52 1 DSPE-
PEG, ¥ i+ 56. 4:38.3:5. 3, 1 T HSPC #lI
JOFL T St 1 e A LU A9 L AE /N T 45 T 37 CHi g i i ]
PAIE B2 1 AU LUAR B B8 2 (9 259, DSPE 8 A i

B BUZ SRR PEG K BE HT T4 i 5T 4R 14
PRI 8] o il T P o 38 ok S B
A, PR R AR NP SRR E 7455
TR BRI R DUTE , fL B R I35 97% ety JF H
2P Tyt o R R BRI A IS T
AT B R AT T i B 3R A R, 22 0
7 b AR 2 BT AL PR R B W PEG AR IR 5
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AR A B B ) A S0 2 3% 1) B R dE M R
BE MG AT R AR (HES) B RE 38 K I 1
e, TR R A AE PEG fh Y B85 28 /15 iR £k A o
A Myocet®fi tH, 5 PR ke 1565 FH T AT Lo 1tk 7
BYEFLRE ) —ZRd7 . RS RE T
325 IR AR 43 B0 AN 9% wh i 2H R, e FH A 5 B0
Be B, 2ok pH A6 B2V E 3 802, A B R ]Ik
99% Fe A7 , FiAt (150~250 nm) 8K, A P i it
HYE FRAZ AT AN R 5 (MPS) U 54k, Bl 5 T2
B RG2S R 24, 2 R 2~3 h, N HA 9k g4
Il bR R e T

71— NIRRT LT R IR EL IR
& DaunoXome®, 1 18 i B4 & 3 2% 25, Ab 7 Y
DSPC 5 JIH [3] Pt I 7> L 235 44 55 o i A B4 |, T
TR E R 5 A R ASERE MR IR 5 s A A
1455 e/ Mb BN RLAR (45 nm) FEIRRES X E
SR, (25 W By ~FE 3 WM 0. 77 h ZE K 2 4~5. 6
h, AUCE AL G R 2L 8 R AR 11~12457

B[4 it 7 A 5 AR DepoCyt®if i DepoFoam™
ANt 25 ) B 2 T 22 BENR AR h a8 TR HOR ) 2
B Bl A R Eh R & I N 15915 3 1
W EFLAE S A T2 BT B 24 Tl R K % A
1 B T IR BRIE g T AR 4544, B 7K L2 g
B - fel H DA ) LB R G218 R 24, 2 25 TRl B AL 2 H
TIRIER 2 2 J8] 1R . BEAh, W TR S5 8 A
i N E A 5 148 DepoDur® A 45 H 45 [HJE J5 4 Ex-
parel® L3 i DepoFoam™ $3 A 73 i) 4E 1< H AR i 54
RE A T2 h Y TR S R, R M e
TR B M

BA]H B AN 22 2085 R 19 7 MR A Vyxeos®
AR B R 2GR DL S 1 I T Y b LR AL
25, RiAR 29°h 100 nm. 31X Rl & J7 g A 2 b
T AT SR — KB, 7E 2 MR RE & e
(AML) 9677 AT 52 90 5 KRR BE ) P IR VE T
R AT R KU Y AMIL R R SR 1 25
Yy, 3532 W O B ARG T RS TR AL B A A
99,560 1, ikt B2 (B2 3z BT AT PSR 208 3=
38 1 70 0 BT ) R 5. 95

A R 200 ) 0 B B o e AT 25
B () 7 o e 857 2 i A 250U B (B DA B X T L
IBITRCR 2 CHZE . KAEFAEFUA Marqibo® il
H T FEH 25 H IR B Optisome™ , & HH #5 B A F1IH

[ (0 ) o L, 58 2 42) R4 B, i 4224 4 100 nm,
i AR RS T S K B TR YT AR LR B
SR R) L, SEBLTORE 2 e A R R 2450
5 U 2 IR 7 % e R A T RE

P ST R R TR AR A B A B R K PR
R, HoAb A A e TR e S5 T B b
Je W MR ) N R X T AR A B AR R S TR Y
RIRERILA o P B BN TR Onivyde®F FH
J\B R 3R A 245 ) 7 K AH v 2 SR IR A S U e IR 2
TR R 2k, 248 HE =i 3k 800 g 25 4 B 4 Jo 114
Wilg 2 K3k 56. 8 h'®', Onivyde®IBE4 JBUIR 15
W 5 Y Tk D 41 2 1k FDA IV T TR 7 P A
ST RN I RS P TR i FR 3
2.1.2 BmARMAFHYIRRA IR R

T A TR S ) 2 N AR LA T IR SR A2 B T

AT it 308 2o Y P 3 HCT R VR B A i 4%, ok I i
Jo AR A8 24 1 3k A (5 ) 2R AR 2 M BE RN A TE K 2 B
AV I e T A B A B AR FR K L
K s R AR DX = KR, peah A5 23K
I PR B BB 1) 55 A2 B B I A 1 vt & 22 B8 H L I
PR 39 A S5 A2 B2 501K EndoTAG-1 W &4 FH S 1
JI J&t DOTAP A1 1 i Jit DOPC, % BH B g It {4
5 e A K T R ) R A )T 2 I PN R AN
AR P T AS 5% 00 1 8 4140, I IR B 98 R B 5
T PGV I FH T e e g R P AR R I
PR 1A B 242 BN B AR LEP-ETU rh & SR 45
OBERR , B RS SRR M R SR ZUVE s AR
SE Mtk 76 R AR i S vh DT 2 5 2k 25 AR A
FaE M.

S H PP E B IR AR 7R T8 Ambisome®
JE A Bk E AR TR 25, R 7 LB DSPG 524
YA R T IE H P B G A AR e R T
XG> FR5E I A LA A N 2808 R, A U IR 245 )
(5 B P PE R R BB IR Amphotec® &
JIEL [ 2 ) R SR AR 7 A I T R PR M 5 P g 3R
BIE LI T 2 R AR 5, W T ) i
Fboh 121, B BRI AR /N T 100 nm, MR R B 5
JOE [ IS P 0 e 27 P A A U D T 0 B i
SO e N o (N = - S sl
B v (T S P55 2 B IR ARV T8 ) b Am-
photec® 15 il 7= dh | X B B JE% % 14 7 285 2% L 3
il 750 B
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2.2 BAMB UGk

2.2.1 BBRAR R4k BEE SR AL et
DL B 58 B AT R 1y 0 B4R T 1 A ST IR TR 25 W 1
Wk L k32 NATT DG, A A B2 38 2o 00 ) Ak 4y 32k PR
B 3R R HE Y BT TSR A B BAR | (EAX R BT i K¢
FIUTER ORI AR 1 s 6 2 Ay AT e B
ARHERSE, e HE e K AT 431 i (2913, 5 kD)
e B for M T S B0 FH R ik B R JC IS
Onpattro® (Patisiran FH 25 i 5744 55380 19 1 2
AN R AT YRS R S AL O SN Y P
B TR IR 2 5 5 A S IE LR TR R
R A2 5 W T 3 2k i TS (HL R X b TE HL Y
R G5 R G I A RN 20 B B AR AR AR i S
BAFEME, I Alnylam 28 B & T B BH S 1 g
J5 DLin-DMA , i 12 H: pH 80U AT H 2 45 1 P AR
Bk, A5 iR B v e B siRNA A
DUBRRCR 5 PHES T B8 R Y pK, S S Apol ity W B
e J1 B UG, Hile A pK, 2K 6. 4, Fe & TT &
BT R B MC3., il 5 1 g o 1R Ik PR IT0 R 2% B
DLinDMA (%) /& WA $c 4 DL =0 k4, PEG 1
Ji JET 1) 24 T80 25 2 i) g T A 114) A /N T G 5 L 4 o g
AR ELAE HT, PRt e FH B ARG R 1Y C14 Tt RR 4% 1Y
PEG fLJg Bt LA ik B 5 AE A9 55 YRR | [l A
PERR 5T DSPC 55 [ [ B4 /=5 B B A 1 S5 Fa AU 7k
T 4 Onpattro 1Y I 4 JIig Jit 2H 1 24 MC3., DSPC,
PEG2000-C-DMG F1 i [& % , i & o4 13: 3. 3:
1.6:6.2%),

2.2.2 ZMRERA EAIRITAER M E R
19 25 %) Mepact® (CR A A BRI BUAR R+ 85 ) J2& k42
/NT 100 nm 1 22 2 A5 B A, KA K Hy M BE i —
BK(MTP) 5 ZFs R BEw i 1% £ B e (DPPE) & 41l
B, BERE RN AR T MTP (1 36 REVE T4 B T8
B NG AR, I7 %08 T B BE 5k — K (MDP) B 5t
1 XL IKZG ) — R TT R B R sh 22451

2.2.3 AWM TEREH AU, Epaxal®(H I
PE T NG A ) 250 1A T R A2 L B T
FEARFE AR5 Virosome i H 5 54 25 1 i 47 78
BENE W0 T2 b, S B bk RG-SB 25 & 7R IR Tk
1], FiAR 24 150 nm, 4bJ5 HOAR & A AR R FBRAIN R A
SRR DR A2 A g T SR R B B AN R
TN B e R AL IA 20 4E Inflexal V® (i
JRPE T BB AR )t FH T Virosome 3% A KBS I B0

BE AR B Y ILEE R R 10070 T 8 T RENR XU 1 |,
e PR b S 7S EE DI 14 S 88 D R R A2

3 BEREEHFFLHFES

H IR 5 A v 5 350 A% i A I FH T I 3 22k
A%, B 45 EPR RN 19 11 DR 5 0 14 -5 008 ot 4 76 i
Je TP B R A AR T AR T LR e A i A
FE S5 A B B R B BRI T I AR 28k A DA e g
R 25 () (98 15, BLANAE I 0 14 25 ) 78 I og
) S R R0, (E BB DR AR B 1 25
WA PR R T RS . PR TR A R A
5 Mg AR 25 ) A s kL AT 1 AR S R, 1P 2
TR i AR B & ok o
3.1 BEiRk¥ee A g Rk

PG AR e T 45 A — Se T et AR AT A4
Z K R TR K AL A W A5 mT LA R A vk ek
i 2R TR P IO A2 AR 11 240 3 4 1 b R L, DA AR
25 AE I Kt 7 1) B R a2 g A e A T el
TRITRCR o B 2 e 40 b 2 0 Rk iR 22
R (FAR) FEE 2R 321 (TR, AH R A9 B A4 0] LA
5 ax s a7 R R S 25 A DL S E S R 1 DI fE
Gazzano %5 > il £ 1) FH W 8 A& 1 1) i £k B 25 3%
JB A (LNDF) ] LA BE A5 4% Hb 8 1) Dox ifif 25 1) FAR
BH A /P-gp BH 1 LR J 40 L, 5 S AL Bl B R LA
EOESY TR LA AP LA USRS A NG Y BN i
2R R BE AR I T ik 2 2R A AR P A o
T-. Zheng S5 il & T 56 T 55 2k 8 (A M40 25 35
JUR A8 ALy i AT 5 2% i 52 442 (‘TTD ), B T TR 7 1l fiki
J5 [ (BBB) 1 #if 25 Ji¢ J5 96 44 Jfd v ik 2 3K, 7€ BBB
FE I v BCEC 40 0% TTD Fi% 45 B 1 3% 30 ] 25 2%
R TR A, B AR A 20 A i 48 v TTD 7 Fili 98
KRR 9 35 B . S R = O AR E Y
WL

g2 Mg I A (L) J2 AR s bt i v B IR 4 B
AR, B e R P R ) A BUR B A0, S b iA-
5B (ADC) AL, IL B R 225 &, 5
HhE IR AT R R RE IR YT RS . H
TS R348 8 1 24 A G B B vk T 44 i i
AR T — AR 552 B o7 K B 4% 1) BB s R S 1
5 PEG 25 [a] Fa 2 PEAR 25 4 77 A KAB IR 1Y S 25 B
FEA 3F H PEG K dm bt & 1 BEAL 7 1) L A o A
W2 F 0 TR BE T A R0 4 B IR R S 2
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G177 Arabi 252 FIHT CD44 BT BB A& 1 KA
PR 5 R BT 5% 2 (PLD) , 76 /N B C-26 25 7 fi A 7Y
rhECA i iR A R AR T & T8 PLD , I AE
O B I A5 A4 AR . MM-302 & Merri-
mack A 5] I & BY#E i) HER2 FH 4 b2 20 i 74 B o
259, e Bt HER2 U ST (A 5 32 ] 25 25 1 ot
TR R, MM-302 55 it 2 2k 540 7] LUSE ) HER2
ZARIAS R A5 A 30, 76 T B AR A 56 vp 9 2 156
FEI L AE HER2 BH 1 L 9 i 109 282 v ) D3 [R) e
e 16 B R T R R R (129%) et J
(7. 64 H)™ 3F H i 0 WL40 i s HER2 (1)
FEIRACTAR, % ] 25 28 B AR T BRI, e AR5 v ok
WREL B EREPE AR B R0

H i O B 22 3 S0 I8 1) 19 I 5 1R 2 ol 41
TR — S ) A i) e R 5 1 e e 9 P (R PR
SeAL T R RIS 1 22 ) AR A DR, A 9 A 56
{14 it ) 2 R AR B2 B R AR T R | AR
FANEEMWERER AL AT RN E, T
o B JBAAR 14) IO FH 80 2 SIS 1) 2 Al T A v S 7 oA
ek SR EEL T ]
3.2 gligked m AL g Bk

K A5 R T (8 R R Mg I3 A 43 1 2 T 1 1
Wy 25 1 A T AR 3 sk A (B RS L
TE AN ) B PN 038 (o pHL R ) AT DA% R 25 W 1
R S S 8 TR, S B TR VE AR T o

B 0 BB A (TSL) B& 2 58 44 i T g
AR B BRI, X2 TR E S TR
JO VR B 0 1 - X5 R A T R i I L) AT LA A T
T I R A 70 M TR A AR (EL BB R 2 22 18 O HL B
LAV T0% . Celsion 2> F) ) ThermoDox ( P 25 2
ARG A ) 55 1R AT T I PR % BB IR o A 1
F, 6 AR BB R BE AR 8 (DPPC ) | BAAE AR BE Rk

& Bt JE B (MSPC) #1 DSPE-PEG £H %, 9 Ji i+ Fb

1 86:10:4, Hrp MSPC /25 MLBEAR , 76 N34 2 AH AR
T B I UL )2 I 23 T L I 3 A T B A A R
25 (1 42 CHT 20 s AT 24 80%) > . ThermoDox
5 S0 Al (RFA) 456 FH TR 97 Tk TR 1Y 2
g A5 3 R ar i T 3 R % , (A 75 B HEAT
I H IR B IA F L (PFS G /N T 33%) , 4
TR AT I RN R e H A Rk T I
RIS . Dicheva 25 ¥ JF & T —Fh A7 Pl 5 K 19 BH
BT AN AR (CTSL) FH 1 U I 1] i Jed 3467

S5 ML U CTSL () e 326 1 P 25 25 1) b 2538 TSL
B L 345 . 53 A I Z W GEAE ThermoDox 1Y FE At
3 e e W A 1 A3 LA R AR
DL SR 3L 282 22 490 4 T Ao 5 1 B2 4K
UYL, AR R AR SRS R AR S A N
siCOX-2 4 40K B (GNS) ¥ st i M2k 25 & 4, Fl
GNS (56 #3531 TSL AH AR I8 B 42. 6 °CJn B
2, I 1k GNS TR A M8 P9 358 1) fig 1 e 1 i e
Y X S AZ BE A 25 VR o
FEAE S filh 2 25 A4 D0 502 T LA 7 (6 i DA SRS
16 2025 PP 2 B (At G ] G R ELAR AR
S5 ) LLIE B AS A IR 9T oK o G EOIE I ik
(LSL) 1y fil & ML A AR 2 50, a5 R A LRk
HRRAE A AL, Hh BT A AR Y LSL
B 5OLHONSS & M T 63 197 (PDT) | dE ik H
630~820 nm [ FE G BRI 1T 77 AE i B AR A AT
DA fofF 205 T s G 0 R Tk S 0RO AL, A T
i L RELA0 2 f hy i 1 28 RN 5 LA I, 15 AR I A
AT AR 28 B k5 0 PN 25 0 B 7 o Lo A5 Tl
& T OICHURAE P 25 2 B B Dox-PoP, FL R
Fwk Ag A PR IERE IS LA AR (DSPC) G HGR] mhabk
Wilg (PoP) ¥ 0t 1 1 LA 5322, FH 665 nm I 2T
A0 IR B A B RE 2 4 15 min S5 6 A 21 i g X
Dox A B Fe R IR 0 8 6~7 1% W10
TF & 4 FF PDT (1) Visudyne (Z4E A 557 B8 iR ) b
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Abstract Efficient and safe delivery of drugs, proteins or genes to the targeted sites has been the focus of phar-
maceutical research. Inorganic nanomaterials are ideal materials for drug delivery systems due to their good sta-
bility, excellent biocompatibility and high drug loading capacity. Inorganic nanomaterials are ideal materials for
drug delivery systems due to their good stability, high biocompatibility and excellent drug loading capacity. In
this review, we started with reported researches and clinical trials to discuss the researches and clinical transfor-
mation of these inorganic nanoparticles in application of drug delivery, including carbon nanomaterials, silica
nanoparticles, calcium nanomaterials, gold nanoparticles, magnetic nanoparticles, upconversion nanoparticles
and quantum dots, providing theoretical reference for application of inorganic drug delivery carriers in the devel-
opment of new drugs, looking to the prospects of inorganic nanomaterials in clinical application.
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DL iy B sl Al 22 05 ik A U B 2 RB 2 R
ML HIE 1~100 nm BYZRAL . TCHLAR AL
by Tty R, bl i A R 05 05 25903
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pH M I A R R, I T 38 2k EPR 500 78 I & 1
Jigeg R LA RS 25 TR R

114 mb BATSERHE R iR A (CD) B 94
KRBT B, CD B Rk bk
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Figure 1 Schematic illustration of the preparation of dual drug-load-
ed SWNHs !
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BRI Z A1 Bl 9 Kb R LE 245 40 - 5 R 3 3% T
A ZN . BT A S50, d ]
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Figure 2 Schematic illustration of multifunctional zwitterionic carbon dot drug delivery system [15]

7 s PRIV . Mellaerts 2574 1 SNP 1By ¥
VA 245 O A0 Al R o 1) 25 P A 0 AR e T AR A
JREMELERTVE 2 P AR R R . T RA 2L
PERIERE T , SNPAE Ry 25 W 2 (A v £ i 2E ) K o3+
ffe e v, mE R R . T TR EZHAN T BB
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il 25 W AE 40 b A . WERR S BRI RS
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M 25 % (K 3) o 1% ik R 50T LA S ¥
il CaP NPs 1938 B A K IR 37 siRN A 637 il [ i
) H: pH i L7 455 4 U B RE L siRNA, I e & FE
A549 g 40 B v & BT R AR BEA TUER AR H

escape lysosome

c—= <

gene silencing _~?

f

Nucleus

Figure 3 Schematic illustration of core-shell type CaP-AHA/siRNA nanoparticles [*°/

A: Preparation process; B: After injection via intravenous route
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1.3.3 EERAMAMA ETRERE 25008
KRG HAA B 0 25 W) B ], AT G A 2
PRI T R o 53 AL ELA pH i i 25 ) B Ry
P, AT DAVE A HE [ 25 90 356 3 O BRAESF- 5 0 W 26050
FE R T — P 3k 0 2 1 PR R A RS s B Rk
R IREEFR TS K 5 W) 2 A K Z5 R A ALK .
AR LR AR FLIRFRK, A i 25 7 5 Hisik
AHEAE 2w TR IR R, SRl T
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1.5.1 RABBEARE Lee U THT
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iff 55 ", DOPA 4t 5 3 4k PEI 3L 40, # [& & =
HMON 1 [, F5 Herceptin LIRSS &, LLSZEL i
o R SRR ) . % HMON B iE SERERF siRNA H5 5
P 1338 2 2 b8 4B b, 9 T MRTAE ) i g
Kl o Zheng S5 “SIHRGE T —Fp 3T MnO 90K,
FLHEAG MRIFIIE 2151 52 6 mi A5 B 245 W 32 2% 1) e
1,0 B0 WUREBE B R I AR Y o L LL ANk
IREEIMTELP S TRy £ i T A RNY R
Hh 30 G B Ry R Y O WU BE 1) AR 25 ) 2 A
Yang 255 i1 T 3L T Fh a8 MnO, 49K 72 108 RE 1k
BIT R GE, B 6 HR Ce6 T i 988 24 1y bl 5 2%
(DOX) H: 7] 2% 2% 211 25 H-MnO,-PEG 44Kk R 4t
o1 (H-MnO,-PEG/C&D) , DL FH T JHoygg #1 [m) 14 245 4732
o 1% 2 R G0N RT L a8 B pH ik e 1k 3
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Table 1 Clinical trials for inorganic nanoparticles which are currently active or approved by FDA 162!

Magnablate 1

Name Material Application ClinicalTrials.gov identifier
CYT-6091 PEGylated colloidal GoldrhTNF  Solid tumors NCT00356980
(Aurimune)  (recombinant  human  tumor
necrosis factor)
AuroShell Silica core coated with gold shell ~ Ablation of prostate tissue NCT02680535
AuroLase® Silica core coated with gold shell Head and neck cancer; primary and/or meta- ~ NCT00848042; NCT01679470

Iron NPs; magnetic responsive

for thermoablation

NanoTherm  Aminosilanecoated iron oxide
(MFL AS1) NPs in magnetite form (Fe;0,)
Feraheme®;  Iron oxide nanoparticles (coated
Rienso®; with polyglucose sorbitol car-
Ferumoxytol  boxymethylether)

static lung tumors

Prostate cancer

Thermal ablation; hyperthermia therapy; lo-
cal ablation in glioblastoma

Imaging: multiple sclerosis and demyelinat-
ing diseases; bone sarcomas and osteomyeli-
tis; triple negative breast, non small cell
lung, colorectal, pancreatic, ovarian, gastric,
head and neck, lymph node, prostate, blad-
der, kidney, and thyroid cancers; neuroin-
flammation in epilepsy; type 1 diabetes pro-
gression; peripheral arterial disease; heart
inflammation; myocardial infarction; carotid
atherosclerosis; whole body imaging for can-

cer staging; kidney transplant rejection

NCT02033447
Imaging: ~ NCT00978562,  NCT00103038,
NCT01973517, NCT01336803, NCT01770353,

NCT00659126,
NCTO01815333,
NCT02141490,
NCT00707876,
NCT01674257,

NCT02006108

NCT02084303, NCT01895829,
NCTO01521520, NCT02189889,
NCT01927887, NCT02253602,
NCT02319278, NCT01995799,
NCTO01542879, NCT02359097,

AR L B (PEG) ) A bk &gkt , 1T
NIR fifh 2 90 ) S A9 POH BB YT o X IUREFE R W
AuroLase®R] F T~ : (1) 7E5Z 3] NIR fE & JlU5 , 78
PRAMGE OGN ML T (2) B2 i SRR IR , DA
T I8 PN T ST i % /0 B A AN AT sl g R 43
22 5 X BEE S, AuroLase®UE A T 19 I B 4 11 PR
K. JadRiE, 5 — IS fE 2014 4F 9 A
(NCT00848042) 5 Ji , I T 97 e if 1 F/mii 42
PESL SV o o5 — A HEAT A I RIS BT 5 Auro-
Lase®7E IR 7 I8 FHLZE 1 Ji P 0/ 2 7% 1 it &
i 96 75 TR 64 17 ]
2.2 HAEMRA

FALERAN AR (TONP) Bl 32 3 AR 5 g A4
JLAR (MR AHZE & YRR A2 IR 1938 5257
H i, Z 8 IONP & gt 7R Im IR IR 2 W F g
1§57 48 TONP ZE I IR 9T b 345 TAR K2,
HR ZHEHEAME M IONP BIE 4577 . 2477, I PR R
H #5259 IONP & Ferumoxytol (58 1) , F7E 32 [# I
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Abstract Antitumor drugs usually have deficiencies such as poor water solubility, low targeting, poor stability,
and difficulty in being taken up by tumor cells. The development of an ideal drug delivery vehicle is still an ur-
gent problem to be solved in the field of cancer therapy. Due to their excellent sequence programmability, bio-
compatibility and biodegradability, DNA-based nanomaterials have been widely used as drug delivery vehicles
for cancer treatment. Numerous studies have shown that DNA nanomaterials can effectively load cancer therapeu-
tic agents, and achieve tumor targeted delivery, efficient cellular internalization as well as stimuli-responsive drug
release. Starting from the history and development of DNA nanotechnology, this review illustrates the application
progress of DNA nanomaterial as drug delivery vehicle in chemotherapy, gene therapy, immunotherapy and photo-
dynamic therapy, and the future development is prospected so as to provide some reference for other researchers
in this field.
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Figure 1 Introduction of DNA nanotechnology

A: Self-assembly of four-armed junctions!'®; B: Schematic illustration of the principles of RCA!!

cations of DNA origamil'¥; D: Schematic illustration of the principles of SST!!!
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RZEFIH L, =M DNA 9k 454 i & B AL
AR 5 RS (B2 120 nm ) 38 30 1 4 04 e
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JLINE , AAE 0 s 4 10 2 R B T B R mes o
AT B 5 T 40 1 25 0 2 N IR _E IR 97 45 B i
S — 2 AbYT 25 . RS2 W B vk T
K H 5 DNA B ET iy e FnaE e (i dndie A ) A7
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Figure 2 Application of DNA nanostructure in tumor chemotherapy
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JifRd AH L A, 451 4N Ras . Myc Fl1 polo A3 1 1 (polo-
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I PRI w2 dE . 4R, CpG ODN kg
RORAR, HY W gl e " AT
fiff DR ok B2 [0 R, WF 58 N D3TT M A A ik A 0
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WF5E N GLHERT, 73 39K 58 e % f 47 CpG ODN
Vol D R A, S HE I ok TLR U B AL 2 , AT 5
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A: DNA tetrahedron nanoparticles for siRNA loading and targeted delivery®); B: DNA microsponge particles for efficient ASOs delivery®®l; C: DNA
nanoribbons synthesized by a modified DNA origami method and RCA as an efficient siRNA delivery vehicle®”); D: A branched DNA-based nanoplat-

form for codelivery of gene editing and gene silencing components for synergistic tumor therapy!**!
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RK G F W i SN2 BE— 2B 22 B RK TAT R 35 fin
YRS CpG AYEEER . 5 P4l CpG S BRR DNA
SERYAA LG , MR 9 CpG i3 1% RGeS T B om
e SN, HLG i 3 A s b,k — 2B E i T
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Figure 4 Application of DNA nanostructure in cancer immunotherapy
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A: Dendrimer-like DNA containing CpG sequence for enhanced immunostimulatory activity?®”); B: DNA dendrimeric nanoparticles for efficient CpG

ODNs delivery!; C: The assembly of CpG-bearing DNA tetrahedron and its immunostimulatory effect®'l; D: Preparation of long, single-stranded scaf-
fold DNA by RCA and schematic illustration of the folding pathway of the single-stranded RCA product to form DNA nanoribbon!*?; E: Hollow DNA
origami tubes for CpG ODNs delivery!®l; F: DNA nanococoon based on RCA for CpG ODNs and anti-PD-1 antibody co-delivery*4!
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Figure 5 Application of DNA nanostructure in PDT
A: A G-quadruplex forming AS1411 aptamer for TMPyP4 delivery*); B: Nano
PDT; C: Triangular-shaped DNA origami for BMEPC delivery*’
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Advances in tumor targeted nanocrystals

TANG Keqin, LIN Huaqing’, LI Shuhong, DONG Lixin, LU Bohong, JIANG Hong
Guangdong Provincial Key Laboratory of Advanced Drug Delivery, Guangdong Pharmaceutical University,Guangzhou 510006,China

Abstract Nanocrystals are nanoscale (1-1 000 nm) dispersion systems in which small numbers of surfactants or
polymers are used as stabilizers to disperse insoluble drug particles in water or oil. Nanocrystals enjoy not only
high drug content, but also a simple and mature preparation process. At present, 24 nanocrystals products that
have been marketed mainly focus on enhancing the solubility and bioavailability of poorly soluble drugs. And re-
cent years have witnessed an increasing number of research reports on target drug delivery of nanocrystals
through particle size control and surface modification. This paper mainly introduces three targeting strategies for
prolonging the in vivo circulation time of nanocrystals, increasing the affinity for tumor cells and achieving the re-
sponse to internal and external stimuli, and discusses the current challenges in the application of nanocrystal
technology to targeted anti-tumor drugs.

Key words nanocrystals; nanosuspensions; targeting; tumor; surface modification; application; advances

This study was supported by the Joint Research Project of Science and Technology Department of Guangdong Province and Guang-
dong Academy of Chinese Medicine (No. 2016A020226038); and the Scientific and Technological Planning Project of Guangdong
Province(No. 2013B090800007)

AR R R R B T B ROV RAFGE , R H R IT & b2 BRI gk
— B ZHRE Y (IR R LR FIREOR g 2o X DR 25 W i H DL R
R ARRESRAE A S ECEY R AR AR R ARG TR Tk . SRS IKER

KWFmBE 2019-12-16  “BISIEHE  Tel:020-39352518 E-mail :huaqing @163. com
HETB JALHAFERT-S A4 P ELAFHEESAIA B K8 (No. 2016A020226038) 5/~ & 4 4 B A+ 4 % R B 8
(No. 2013B090800007)



%51 &5 4 )

JHEBE A W [ R A K R B ST 419

AR AEASTR] , 299 A b AN 5 0T R B 3R T 35
FI B RRL, T 2, T A R
TELI B IR TR o K AR RO BN T 1
PRI HE AR TR, I T X R 25 i
R 5 [ I, 22540 1% A K OURE 108 2ok  ri WBE S
RERGRC PRSP S) 781 k- LA=RasE7/k - e
PR T i v AR 0 24500 2 126 (BCS T« AR gk
B BN SR E IR I o kiR R
A BB A I, 29K i A E A R g P T AR T
A, RAFXHEH LU IR TR, FEAR HLIAIE 3
AV A R o A SO IE R GRS R A
PR RIS 1] 38 x4 1 fr) 25 R F 7 S BExE A
SNSRI e R 3 AN T5 AT BV T AT 5 AR AR A
PAEE [6] fi g SR AR 1 9K AR N T A [ BT
it IR 25 W) A AE BT, LAS S 490 K it AR 1 550 64 0
RIS

1 FER YK B N ETRET A

YK b R 1 ok 2y R ) 2 30 Ao e T A 5 v
5 (475 7 Wi B (EPR) SN SE LI o R T i e e
AR AR B T 2K, BLAAR & R B AR i A T e
2 L ) 3 SRR R AR . (X
L 1ff 4 N B A /N R A — HEF ZE L | 41 i ]
RO 38 7 P R TSR GRS, PRI 100~1 000 nm 119
AR A AARAR 25 5 38 Ao 40 (] Bk A R 44, S
I A S R R NG Y W N N R |
K AT I AU SR X PP LR 4 FR i EPR AL
. EPR RN A 44 K o 1A 7 iy 41 2 ) 3R 4 A
Hir BE R R T B L R R OR LA 24 I B B R S0
(MPS)THIHT , EPR ROV B AS TS (18 . St Eih 3=
W, K 59 5 min Y, 95% A 40K 25 ) i MPS iR
S A BT ML AE MPS 43 A )iz i 44
B AAANE]0. 7% W99k 254 vl 38 8 8 ke 5 5
KPR LB IR YT RS 9 25 ke Ui
X —IG A XA R o AE [ B ST ok A ] g —
JrTE L YR EE R TR SR ENAR
JNE, 35 I 1) 245 ) ) G RO T A I Ot s S —
T, MPS [ 85 B {1 45 245 4 JC 1 & 48 0 A1 I RV
BRI AR AE R o BRI 55 MPS B4 L 38 m 4
K it AT AR DA 440G S 0 328 1 2 oo SR 25 W B
RO 82 18k 4K B A e 20 L ) 25 245 2R 9 1 D A
Wert,

BEXFIX — (0], HF 55N DL T & 1 3R B i R
L BE(PEGs) NG SF M R AK AR . Horf,
PEGs L RYANK S AR A A 2 foc A T S5 A A PR 40
Kimfk. PEGs 2K AR FRIR AW, HAEY
FHAPELS . PEG AL BIZAK f A mT LA 24 Wy 2 i
AT el 2D MIPS B8 I, 15 3 B 5 7 1 H Y
BTN 25 e AR PN OB IR A B E] S DTG R EPR 80N 1)
KAFPAEATRE . KA BE (paclitaxel, PTX) & 204
2253 ZLHIR I PRBEH TR Y7 FLE O 518 |
A /N At L fi i 2 g (R B KA PR 25 TR 8L
RS RN RE . & T PTX 8 S 4E
Taxol Fil Abraxane %5 . Taxol fift B T PTX % fift Pk 22
4 T L, (EL T )N 384 95 50) 3R 4R O 0 BE R TN 25 5 3K
IR RN SRR AR AN R RV . Abraxane &
LR A B B PTX Y 32 25 3 a9 Kk, {H
Abraxane f7E 5 A HLIEFIER B L i R 257 A2
MEPEREME . BT DL BRI, Yin 5800 Bl [ 1A 23T
PREOR M #8 1 PEGAB MY LT 28 A2 g
KR B (PEG-HSA-PTX) , S 45 & W], PEG-HSA-
PTX A ) A1) FH B 4351 & Taxol . Abraxane [ 8. 8 Fll
4. 8 4% ; - ¥t B4 B i) (MRT) 43 1) J2 Taxol , Abrax-
ane ) 3. 2 A1 1. 5% , B8 $10 i 28 Eb Taxol 1 Abrax-
ane /=5 1 20%, H. PEG-HSA-PTX 7E 7% [l 14 525 | i
ORI S5 P S N S M S g S R
2 A U PEG B 9 A IS 18R 5 A2
Pl /0 1 MPS I, B4 7 AR NG PR ], fE Ak
TR RN 3 A DRI S 7S B i e B R
RN AT 8 A PR R 1

2 HEINGAK R B LR R Y = A0

PEG &M A 9K AR AR 3 in T 25 e R
PN P88 A S ] (LG e e 26 20 0 R S PR AIG , BT g
BRI, Em 2 s i . FEEh
i) 26 247 2 ) FH e A eI ok B 3R 58 1Y A2 AR B AL
J, DAKE O (%) e A4 sl oA oy Sk AT 38 i 254
XoT ez 240 B 0 R S 1 TR R ) RN SE A ) K 25 )
JE 1] 32 3 B B, A AT R, Dl /D Xof AL A4 FL At 21
SUEE PN RN o 8 FH R ) BC A A R
BEIHRIR LR RGD K R e EHTIARSE
2.1 »F B

MR (falate, FA) X 4 4E4 5 B, & 5 A
M ER ) A Y . MR 32 /K (falate receptor, FR)



420 ‘? @A B # x # ¥ #2 Journal of China Pharmaceutical University 2020,51(4):418 — 424

51 4%

BRI BLE LU FRA 4 R0, 3 ) 2
FR-a FR-B .FR-y fl FR-0. H:H' FR-a 76— L5 i
Chnom &g B TR SR AU SR ) T s KO R
ik o MR REAREA XHE MRS S E TR
M 5 R A2 ARG A e SR A UL AT IF B R 21
Fee MR AT, 20 3k 54 eF ] 114 4% P9 0 FR AR SR T LA AR
TR 02 RSN, DRt )9 AR o S
BB . Hong 4558 i) BEMG BT
BT MR- - B-FR RIS (IR , il 4 T R 1B
T 1) 25 i 22 AN K TR B 7 (FA-ACGs-NSps) o 41 i 4%
B ae e B, v A R 37 A 1) FL AR I 41 M (4T1)
X} FA-ACGs-NSps 9 48 HUA R | 2% 5 T ACGs-
NSps; FA-ACGs-NSps % 4T1 40 Jif i) A5 4 i 75
2 KT ACGs-NSps (P<0. 001) 2K 1fij % I ik 2
TREA PR AS49 40, — 5 AV 22 57 . 48U A
FW, FA-ACGs/DiR-NSps 7E 4T1 fuf 38 /> 58 vp
(49 3 A1 LA KON I e 38 o) 28023 CREDGF I ) #8 L AR
A R . DL g5 R UL B FA-ACGs-
NSps X {96 41 i 55 A0 3 85, % 1 5 48 45 04K,
IR B HE O RE Y B 1Y
2.2 HEWARBR
7 B iR (hyaluronic acid, HA ) 52 RIREALE W)
FF S K 22 8, i 6 A 58 50 AR O 1 YA ) 4L s
oy, B M A T e R AR ]
B ffe B RE a5 o B W TR 24K CD44 fEE T 2 Fh B
A e e R T R RV e A e T, ELAA AR R Y
FHBHPE T, LA CD44 R 8 A5, K 37 W BT R AT vk
AL, BERE I e A0 M RS RB R
PRI 250 IR TR BN FE M . Sharma 551
ST R ME R AR E A 38 i H e B AR A T i
JOT R A W 1) 55 42 BE 40 K 7R (HA-PTX-NCs) . 5%
IS0, 21 5 235 CD44 32 1K (1) MDA-MB-231 ZH
Xt HA-PTX-NCs 4% B T PTX-NCs ; 76/ LAY
Jili S e #2 S 86 v, T B8 Taxol ZH 70N BRI A B dnk 0
FL R R 10 i 40 M, 11 HA-PTX-NCs £/ BUB
ZHMREAMRZE . B E T TR TR RS
TR, oK M 22, AR W R ARG, B3 R il
FHAH S F 1250 mg (Wi e o A RO\
22, JF B IR R it ) 25 25 7 AR R R R
N o AR X — [, Agrawal 2519 i 48 1 7 B IR
iR A A 1) 7 00 2 J2 4R oK b AR (HA-LPT-NCs) o %¢
Fehric @R , HA-LPT-NCs 41 fo R 745 BUT 2 TR

ZABNT B AR JE A K AR R4l 251 (P<0. 01)
T A FRENE /A 2 W, HA-LPT-NCs BE BE (i £ Fh {12
s o O "= 7 s o = N 5 P )
B HA-LPT-NCs 7£ i 88 41 20 P ) i B8 Bt 1) /g ik
24 h, 5P e 0 A AR SRR G HA-
LPT-NCs i /> FRUMEg 41 8L/ 74. 65% F1152. 00% ,
HL A B D H s e i R
2.3 #4%&49

5 B M (transferrin, Tf) K A7 7 F ALK
v ] 5 20 i 3R T Y B Bk B A 32 IR (transferrin
receptor, TIR) X WL &1 , 2 5 88 1 10K N §%
1B o BB AR AR R A I il 0 B R B
#Z 5 DNAR G SEE . R R i o2
e 248 L T 42K B - A oK, TER 8 22 B0 e 4 i v
T R AN FURRE O S R L B DR
FI . Choi 88158 1 IR B il 48 T SRS M e
BREE 1Y 2 P9 SR A2 B 9K AR (TE-DTX-NCs) . 55
55 2R W], TE-DTX-NCs FY A5 SRR R AL 2 74 5
R W ) 504% , TE-DTX-NCs (1) A549 4 i $5
Ft i T DTX-NCs(P<0. 01),24 h i}, Tf-DTX-NCs
49 24 B 1 3 B (1C,,) HE DTX-NCs 1% 2. 9 4% , 158 B
Tf-DTX-NCs FE 2 3% 17 DTX AU i vk, X3 hn 17
DTX [ 20 M UM 40 i 844 . Sohn 25 2[Rl £ H
Py R FFE ) 28 T R AR B 0 SR A2 BN KR
BT, FEUCIE B, 2459 2 084 e K 2 1 mT 3 in 24
5%t P T A 1 e S TR B SR A T
2.4 RGD Ak

RGD Ik OH &R - H & MR- R4 R R ) & —Ffig
iy 5 RS R Z R LA IR =K, %
G 3% 40 i 3% A 2 BE M AUE S R e 2
A, B e 2 A A S g ol B A B AR K R
MR . AR, LHIE o B,, 762 F0 Bl 40 i
T FHT A A P R A e Rk T A AL
N B AR A4 R ZHOE 4 B R AR A L
HDRFIR . RCD MABMG 5T 25 9 K
PART AP ET AR I ) A i, RIS T DL 3 o B,
R SR LS A, AN 8 240 R X e ek g 24 1 1 B
T B e 0 AR V] o Huang 252 6 35 v 1 5 B
ZRZ B (PDA) FANHEE 45 T RGD KB i)
PEG 1k % #2 I 44 K s & (RGD-PEG-PDA-PTX) .
S 2 W AS49 41 i X RGD JIK & M 116 48 >k i 4 11
T I 3 v T SRS T ) K SR AR R R A A TR



%51 &5 4 )

JHEBE A W [ R A K R B ST 421

FIHE T, RGD-PEG-PDA-PTX X Jif 2 4 Jfd (1) 417 1 2
JEARZAEM R A2 EEGR AR WA . /N BRI
SLEGF B RGD RAB MWk /D> T 5 A2 BELE T B Y
Gy A 3G INT 25 1 IR 202 04 43 A G e A
KR HIER o i g, BAR R PDA A9 a4
SEAVERT, T LA RGD R EHE , {H & PDA HI 77
16§15 RGD-PEG-PDA-PTX (1) 2R R L 42
PG oK d A /N 245 o
2.5 #aERAK

P B HT AR (monoclonal antibody, MAb) [H 3
FLR RGP E L, E 1995 4548 1 INVRIT 45 B
S () BA TR R 17-1A BT ROk, 282 K1,
H TR 7 41 e 20 24 ETi=ah . BEEBFSE
FITEA , AP 25 Wt R B i 25 LA KSR R A
Xof 3 I KM L A S AR R 5 i) R 222
U, K AR et M 250 5 B b aE Ak 2 AR L (5 B
BAATE T i 8 0 A S 0 A i TR 2 W 1 5 AL
PE IR BIHHOREE A ME R . [RIE S8 S R B
il ek g, 4 ] BRI v 7 s B AT 254 . Noh
LGP 1 W B B A5 T B 3€ 7T (herceptin,
HCT) B M 19 58 42 B 40 K i /& (HCT-PTX-NCs) , H
T HER2 & B 33k 1) % B 1 LR Jas i Bk G 10T o
SR EE YK A (PTX-NCs ) M [t , HCT-PTX-NCs
Xf HER2 FHE 48 it SK-OV-3 2% B B 25 A4 56 F1 H)
(5 1 239% ) R4 75k

3 SEIRGAK AKX A SRR Ml

I i 8 1 36T A A A T b A
S5 F9 PN RV R 3R - pHL A I DR EE e il
Chn BRI NS 07 e A S ) 5 SN SEO
ARG BP0 Y 2 24 R GEAE 20 T4
70 4R AUHER Y, AR HATC T At 22 Mol e 17
U RE AR A0 K 3 AT (L5 7 0 K R ) 0330

Table 1 Nanocrystal-based formulations in market
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Generic Indication Manufacturer Generic Indication Manufacturer

Rapamycin Immunosuppressive ~ Wyeth Tizanidine hydrochloride ~ Muscle relaxant Acorda

Aprepitant Anti-emetic Merck Naproxen sodium Anti-inflammation Wyeth

Fenofibrate Hypercholesterolemia  Abbott Theophylline Bronchial dilation Mitsubishi Tanabe
Pharma

Megestrol Anti-anorexic Par Pharm Fenofibrate Hypercholesterolemia Skye Pharm

Fenofibrate Hypercholesterolemia ~ Sciele Pharm

Griseofulvin Anti-fungal Novartis

Paliperidone palmitate Anti-depressant Johnson & Johnson

Silver Anti-microbial Nucryst Pharm
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( Continued )

Generic Indication Manufacturer Generic Indication Manufacturer
Nabilone Anti-emetic Lilly NPI 32101 Anti-inflammatory Nucryst Pharm

Verapamil Anti-arrhythmia Schwarz Pharm Ensulzone and octinoxate ~ Anti-wrinkle Lancome
Dexmethylphenidate hydro- Anti-psychotic Novartis Nabilone Antiemetic Lilly

chloride hydrochloride

Morphine sulfate Anti- chronic pain King Pharm Celecoxib Analgesic-antipyretic Pfizer
Methylphenidate hydrochloride ~ Anti-psychotic Novartis Nepafenac Analgesic-antipyretic Novartis
Diltiazem Anti-angina Mitsubishi Tanabe | Dantrolene sodium Malignant hyperthermia  Eagle Pharm

Pharma
Table 2 Nanocrystal-based formulations under clinical trials
Generic Indication Manufacturer Status

Silver and silver sulphadiazine Second-degree burn University of Sorocaba Phase IV
Titanium dioxide Sunburn Oslo University Hospital Phase IV
Paclitaxel Anti-cancer American Pharmaceutical Partners Phase 111
Silver Anti-bacterial Madigan Army Medical Center Phase 111
Paclitaxel Anti-inflammatory Angiotech Phase 111
2-methoxy estradiol Ovarian cancer EntreMed Phase I1
Tamozolomide Anti-cancer EntreMed Phase I1
Bevacizumab Anti-cancer EntreMed Phase II
Guanylhydrazone TNF-a inhibitor Cytokine Pharm Phase 11
Thymectacin Anti-cancer Celmed Phase I1
Silver Anti-bacterial Nucryst Pharm Phase 11
Estradiol and progesterone Menopausal syndrom University Potiguar and InBios International, Inc Phase II
Thymectacin Anti-cancer Ilex oncology Phase 11
Fenofibrate Sleep apnea Solvay Pharm Phase II
Busulfan Anti-cancer Supergen Phase |
Budesonide Asthama Sheffield Pharm Phase I
Thymectacin Anti-cancer NewBiotics Phase 1
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Advances in lymphatic targeted drug delivery system for treatment of tumor

metastasis
FENG Yang, XU Xiao, MO Ran"

Center of Advanced Pharmaceuticals and Biomaterials, Institute of Pharmaceutical Science, China Pharmaceutical University,

Nanjing 210009, China

Abstract Lymphatic metastasis is one of the main routes of tumor metastasis. The limitation of traditional medi-
cine in the treatment of lymphatic tumor metastasis lies in the low concentration of the drug in lymphatic metasta-
ses resulting in poor efficacy. Nanocarrier-based drug delivery system plays an important role in enhancing drug
targeting, improving drug bioavailability, and reducing side effects. This review introduces the composition and
function of the lymphatic system as well as its role in tumor metastasis, enumerates the present therapeutic means
and limitations of anti-tumor lymphatic metastasis, and focuses on the recent advances in the passive, active and
antigen-presenting cell-mediated lymphatic targeted drug delivery systems in tumor metastasis are highlighted.
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Figure 1 Main pathways of nanocarriers transporting into the lymphatic vessels
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Abstract As one of the most important biological drugs, protein and peptide drugs have been increasingly used
in the prevention, diagnosis and treatment of diseases in recent years. However, most of them need to be injected
and lack of long-acting formulations, which brings many troubles to patients suffering from chronic diseases. In
this review, we summarized the strategies for engineering long-acting formulations for proteins and peptides via
preparation means, including extended-release injection, implant, oral preparations and transdermal drug deliv-
ery systems, and analyzed their release mechanisms, research advances, advantages and shortcomings, thereby
providing potential approaches for promoting the formulation improvement of these drugs.
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Figure 1 Graphical tablet of major strategies for preparation of long-acting formulations containing proteins and peptides
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Figure 2 Structures of different kinds of liposomes

A: Unilamellar vesicle (ULV); B: Multilamellar vesicle (MLV); C: Multivesicular liposome (MVL) or DepoFoam® particle
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Table 1 Advantages and shortcomings of the current strategies on prolonging the action of protein and peptide therapeutics

Formulation Advantage Disadvantage
Microsphere Long-term release when compared with other microparticles  Burst release
Liposome Suitable for Intraluminal injection Shorter release when applied to protein and peptide drugs
Implant Long-term release, easy to adjust release rate, able to be Creating wounds, some are non-degradable and need to

combined with artificial intelligence

Sustained-release inject-  Minimally invasive, easy operation, no easy accompanying

able product infection, small pain for patients

Tablet and capsule Good patient compliance

Oral microparticle Good patient compliance

Patch Minimally invasive, avoiding first-pass effects

Transfersome

Convenience, high potential in skincare products

be removed

Toxic potential for some of the organic solvents

Shorter release
Shorter release
Incomplete drug release, short retention time on body

Low drug-loading rate, low absorption

& % X #t
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NH),7.85(1H, s, pyridine-H) ,7. 51 (1H, d, J=5. 3
Hz, pyridine—H) ,6.61(1H, d, J=5.6 Hz, pyridine-
H),6.39(1H, s, pyridine-H) , 3. 83 (2H, d, J=11. 3
Hz, OCH,) , 3.75~3.61 (1H, m, CH), 3.33(2H,
d, J=4.2 Hz,0CH,),2. 88~2. 64(1H,m,CH) , 1. 67
(4H,s,2-CH,) , 1.03(2H, s, CH,) ,0.96 (2H, m,
CH,) ; HR-MS(ESI) for C,,H,;N,0, [M+H]*: Calcd.
444.214 2; Found 444. 213 3,
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2-(2-(4-((4-((1-2r " A& -3- (W &-2 H-vik v -4-
) -1H-mbrd-4- ) 8O ) wbog -2- 0 ) BUR ) wibwg -2-
) F ) #-2-85(A4)

il & L R A AL B 2- = U k-4 3
M PE 48 o, 2- (2- (4-22 Nk I -2- 35 ) 2R 5 ) TN -2- i,
A E R 117 mg, 8K 67% ;mp: 195~197 °C; 41
i 94.8%; 'H NMR (400 MHz, DMSO-d,) 8: 9. 61
(1H, s, pyrazole-H) , 8. 38 (1H, d, J=5. 5 Hz, pyri-
dine-H) , 8.20(1H,d, J=5. 6 Hz, pyridine-H) , 8. 14
(1H,s, Ar-H) ,7.92(1H,s,NH) ,7.90(2H, s, Ar-
H),7.66(1H,d, J=5.3 Hz, Ar-H) ,7. 58 (2H,d, J=
7.8 Hz, pyridine—H) ,6.63(1H, d, J=5.7 Hz, pyri-
dine-H) , 6.41 (1H, s, pyridine—H) ,5.09 (1H, s,
OH),3.84(2H,d,J=11.2 Hz,0CH,),3. 68(1H,m,
CH),3.33(2H,m,0CH,),2.75(1H, m,CH) , 1. 69
(4H,s,2-CH,) , 1.47(6H,s,2-CH,) , 1.06 (2H, s,
CH,),0.96(2H,m,CH,) ; HR-MS(ESI) for C,,H,,N,0,
[M+H]*: Caled. 512. 265 6;Found 512. 264 6.,

4-(4-((4-((1-28 & A& -3- (w9 & -2H- 7t v -4-
) -TH-wbrk-4- 35 ) B ) wbog -2- 38 ) & &) wbor -2-
&) vg -2 H-wkvih-4-83 (AS)

il 8 7 AL A AL 2- = FUH L -4- 20 3
N B 46 B 4- (4- 2 W W -2- 5% ) DY &0 -2.H- Nl g -4-
P, A5 4[4 85 mg, K 28% s mp s 92~94 °C; 4
J 96. 6%; '"H NMR (400 MHz, DMSO-d,) &: 9. 53
(1H, s, pyrazole—H) ,8.24(1H, d, J=5.6 Hz, pyri-
dine-H) , 8. 14(1H, d, J=5. 8 Hz, pyridine—H) ,7.88
(1H,s,NH),7. 78(1H,s,pyridine-H) ,7.71(1H,d,
J=5. 6 Hz, pyridine-H) ,6. 59(1H,d, J=7. 8 Hz, pyri-
dine-H) , 6.38 (1H, s, pyridine—H) ,5.18 (1H, s,
OH) , 3.83 (2H, d, J=8.6 Hz, OCH,) , 3. 79~3. 70
(4H, m, 2-OCH,) , 3.70~3.63 (1H, m, CH) , 3. 31
(2H,m,0CH,),2. 79~2. 63(1H,m,CH),2. 17(2H,
m, CH,), 1.66(2H, m, CH,) ,1.40(2H,d, J=12.9
Hz,CH,), 1.04(2H, m, CH,), 1. 00~0. 86 (2H, m,
CH,) ; HR-MS (ESI) for C,H,N,0, [M+H] * .
Caled. 478. 244 9; Found 478. 244 0,

4-(4-((4-((1-2r A A -3-(4,4-— R IR T A )-
LH-vtrde-4- 5 ) B ) wibne -2- ) &R ) wbve -2- 55 )
W A-2H-wkvh-4-52 (B1)

il 7k A &9 AS B 2-1R-1-(DU & -2H-N
W -4-25) £ -1-F 45 2-758-1- (4, 4- PR O 3E) &

ot -1-T , 45 FH €6 [F 1K 170 mg, Y% 26% ; mp: 56~
58 °C; 4li JiF 96.9%; 'H NMR (400 MHz, DMSO-d,)
5:9.52(1H, s, pyrazole-H) , 8. 24(1H,d, J=5. 6 Hz,
pyridine-H) , 8. 14 (1H, d, J=5. 8 Hz, pyridine-H) ,
7.88(1H,s,NH),7.77(1H,d, J=1.9 Hz, pyridine-
H),7.70(1H,dd, J=5. 6,2. 1 Hz, pyridine-H) , 6. 58
(1H,dd, J=5.8,2.2 Hz, pyridine-H) , 6. 38 (1H, d,
J=2.2 Hz, pyridine-H) , 5.17 (1H, s, OH) , 3.73
(4H,m,2-0CH,),3.67(1H,m,CH),2.68(1H,m,
CH),2.16(2H,m,CH,),2.01(2H,m,CH,), 1. 86
(4H,m,2-CH,), 1. 68(2H,m,CH,),1.40(2H,d, J=
12.7 Hz,CH,), 1. 04(2H,m,CH,) ,0. 97~0. 92(2H,
m, CH,) ; HR-MS (ESI) for C,,H, F,N,O,[M+H] " :
Caled. 512.246 8; Found 512. 246 6,

4-(4-((4-((3-(3- 231 [3.1. 0] T-6- 4 )-1-3R
AR -1 H-wk v 4- 0K ) BR )b -2- 8 )l k) ik ve -
2-2 ) v 52 H-wkwh-4-52 (B2)

il 25 I AR & W) AS 8 2-1R-1- (PO & -2 H-E
M -4-35) 2 -1-Fi e pig 1-(3-5 24 2R [3. 1. 0] 2 ks -6-
H) -2 2 A5t-1-10 , 75 AL EA 135 mg, O3 14%
mp: 63~ 65 C; 2l & 98. 2% 'H NMR (400 MHz,
DMSO-d,) §: 9. 52(1H,s, pyrazole-H) ,8. 24(1H,d,
J=5.6 Hz,pyridine-H) ,8.14(1H,d, J=5.8 Hz, pyri-
dine-H),7.85(1H,s,NH),7.78(1H,d, J=1. 8 Hz,
pyridine—H) ,7.69(1H,dd, J=5.6,2.0 Hz, pyridine-
H),6.59(1H,dd, J=5. 8,2. 2 Hz, pyridine-H) , 6. 43
(1H,d, J=2.1 Hz, pyridine-H) , 5. 17 (1H, s, OH) ,
3.80~3.70 (6H, m, 3-OCH,) , 3. 69~3. 64 (1H, m,
CH),3.59(2H, m,0CH,),2. 17(2H,m,CH,), 1. 87
(2H, d, J=8.0 Hz, CH,) , 1.62 (1H, t, J=7. 8 Hz,
CH),1.41(2H, d, J=12.8 Hz, CH,),1.04(2H,
m, CH,),0.96 - 0.92(2H, m, CH,) ; HR-MS (ESI)
for C,JH,,N,O, [M+H] * : Caled. 476.229 2; Found
476.228 1.

4-(4-((4-((1-ZR R AR -3-FK A -1 H-wbmk4-30)
FH ) wkre2- k) Ak )k 2- 2k ) va S-2H-vib v -
4-5%(B3)

il 25 L R G W AS 8 2-1R-1- (PO & -2 H-Ti
M -4- 35 ) &, - 1~ 96 o 2-VR-1-28 2 e -1- i, 15 11 €5
[ & 65 mg, W 21%; mp: 137~139 °C ; 4 J&
99. 6% ;'"H NMR (400 MHz, DMSO-d,) 8: 9. 49(1H,
s, pyrazole-H) ,8.23(1H,d, J=5. 6 Hz, pyridine-H) ,
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8.16(1H, d, J=5.8 Hz, pyridine—H) ,8.12(1H, s,
NH) , 7.76 (1H, d, J=1.6 Hz, pyridine-H) , 7.70
(2H,d, J=7.4 Hz,Ar-H) ,7. 66 (1H,dd, J=5.6,1.9
Hz,pyridine—H) ,7.36(2H,t,J=7.6 Hz,Ar-H) ,7. 28
(1H,d, J=7.4 Hz, Ar-H) ,6. 67(1H,dd, J=5.8,2. 1
Hz, pyridine—H) ,6.43(1H, d, J=2.0 Hz, pyridine-
H),5.17(1H,s, OH) ,3.82(1H, m, CH) , 3. 79~
3.63 (4H, m, 2-OCH,) , 2. 16 (2H, m, CH,) , 1. 39
(2H,d, J=12.9 Hz,CH,) ,1. 16(2H, m,CH,) , 1. 04
(2H, m, CH,) ; HR-MS (ESI) for C,,H,,N,O, [M+
H]* : Caled. 470.2187; Found 470. 2180,

4-(4-((4-((1-21 A A -3-(2- B R L ) -1 H-nibmik -
4-35) B AR )b -2- K ) BK ) vk -2- %) W A2 H-
vkl -4-52 (B4)

il 7 IR LA 4 AS K 2-T5-1- (DU -2 H-NiE
M -4-% ) Z,-1- Bl jlg 2-7R-1-(2- 3R 5L ) , 15 (1 (]
{4 32 mg, I 22%; mp: 67~69 °C ; 4l £ 93. 6%
'H NMR (400 MHz, DMSO-d,) 8: 9.50(1H, s, pyr-
azole-H) ,8.23(1H,d, J=5. 6 Hz, pyridine-H) , 8. 16
(1H,s,NH),8.09(1H, d, J=5.9 Hz, pyridine-H) ,
7.76(1H,d, J=1. 8 Hz, pyridine-H) ,7. 67(1H, dd,
J=5.6,1.9 Hz, pyridine-H) , 7. 54 (1H, m, Ar-H) ,
7.44~7.35(1H, m, Ar-H) , 7. 27~7. 16 (2H, m, Ar-
H),6.57(1H,dd, J=5. 8,2. 2 Hz, pyridine-H) , 6. 43
(1H,d, J=2. 1 Hz, pyridine-H) , 5. 19(1H, s, OH) ,
3.90~3.81 (1H, m, CH) , 3. 80~3.64 (4H, m, 2-
OCH,),2.16(2H,m,CH,),1. 38(2H,d, J=12. 9 Hz,
CH,),1.22~1.12(2H,m,CH,), 1. 04(2H,m,CH,) ;
HR-MS (ESI) for C,H,FN,0, [M+H] *: Caled.
488.209 2; Found 488.208 5.

4-(4-((4-((1-2R A 2 -3-(3- A FE ) -1 H-vib e -
4-35) B AR ) mbve -2- K ) BR ) vk -2- %) w9 A2 H-
vty -4-B% (B5)

il 25 Ik AL G 1 AS 4 2-1R-1- (U & -2 H-1i
M -4~ ) £, -1- B8t J 2-7R-1- (3- 38R 5L ) , 15 (]
1428 mg, K 19% ;mp: 117~119 °C; 4L 99. 8%
'H NMR (400 MHz, DMSO-d,) 8: 9.51(1H, s, pyr-
azole-H) ,8.24(1H,d, J=5.6 Hz,pyridine—H) ,8.17
(1H,d, J=5.9 Hz, pyridine-H) , 8. 15(1H, s, NH) ,
7.77(1H,d, J=1. 4 Hz, p yridine-H) ,7. 67(1H, dd,
J=5.5,1. 8 Hz, pyridine-H) ,7. 54(1H,d, J=7. 8 Hz,
Ar-H),7.48~7.35(2H, m, Ar-H) , 7. 18~7. 07 (1H,

m, Ar-H) , 6. 69 (1H, dd, J=5.8, 2.1 Hz, pyridine-
H),6.44(1H,d, J=1.9 Hz, pyridine-H) ,5. 17(1H,
s,OH),3.84(1H, m, CH) , 3. 80~3. 67 (4H, m, 2-
OCH,),2.16(2H,m,CH,),1.40(2H,d, J=12.9 Hz,
CH,),1.22~1.15(2H,m,CH,) , 1. 09~0. 98(2H,m,
CH,) ; HR-MS (ESI) for C,,H,,FN,0, [M+H] * .
Calcd. 488.209 2; Found 488. 208 5.
2.3 ALKS B34 & E 0

AL & W i T 48 s 7 & 1 DMSO H (A
10 wmol/L 3% 3 f55#5 %) , F Echo # 82 4k447 100 nL
F) 384 FLIZ N AR o BF ALKS SR IA 1A% 2%
W (40 mmol/L Tris, pH 7.5, 0.10% BSA, 20
mmol/L MgCl,, 1 mmol/L DTT) ", JE 1% 2 1% A WL
] 384 fL I B IA 2.5 L, % iR 10 min,
W FAM FRIC 109 22 Ik FT ATP JITA 1A% 18 1t 28 vh ik
L2 A5 Vs W, T 7% 2.5 WL 2 384 L i
M, F 28 CHFE 120 min, FEREVI S pL 2] —3k
B 384 FLAR SR LA, i A ADP-Glo 7] 5 L 2
1RSI, T 28 CCIEE 120 min, 57 S BEAG: I 328751
10 pL B B FLH L R 1 min, 2 & E 30 min,
TF Envision [ EEHUA YG1E .
2.4 NIH3T3 %8 jo i it

Luc-Smad2/3-NTH3T3 41 g T 10 em 15 3% ML+
IEH B IR B AL 90%, WAL IF WA E 15 mL &
O, 1000 r/min B0 S min i, 2R FEW, H
Bige s mLEEJG  FR 10 5 M8 AR U 19
S5 R BN B 1L 4 000 20 i B iE A 96 FLAR
H (CREFLAINA BB AR 100 wl) o FREUE A 2 mg,
fdi ) DMSO B 1 5% 4 mmol/L BEWE , FH 2% FBS 8553
SERRRE A 1L MDA 100 L, (i 2k B 4y
%k 20 000, 5 000, 1 250,312.5,78. 125, 19. 53,
4.88,1.22 nmol/L, £ fL TGF B1 & HkJ¥ 4 4 ng/mL,
5aY—itH 2% FBS B R M B . RIG Rk
M 1% W, B LI A Glo Lysis Buffer 100 L, 2%
P& P S I S B i A, IR 4% 5 min, AL
JinA Bright-glo luciferase assay system 100 plL, =ik
EFE S min, &% 2 min, K _FIE W 180 pL A% A HJE
96 LAk , Kl fb 2 & A5+ o
2.5 HRFHAHFEN

FR DR 25 (po) 41 : 10 mg/kg, 0. 2 mL/10 g;
BAVR R IKE ST 25 25 (iv) 40 1 mg/kg,0. 1 mL/10 g,
n=3;po 45255 T 5.15.30 min, 1.2.6.10.24 h {
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R HEE 8 Jik AR 1L F IF 254k EP 45 (0. 6 mL) P, B &
FHEPK E o #R)5 LA 8 000 r/min &0 5 min, 5 F
JZ UM 15 WL, I H EE- 205 (1: 1) 150 pL YiiE (5%
1 ng/mLABH ARMGHH) , 7% 3 min, 4 500 r/min, &5
25 min, B VE W (4% .2 mLRFLAR) 50 pl, il
ARG B (HEE-7K L 1:1) 500 wL, #%7% 3 min, 4 500
r/min 250 5 min, ¥ % 15 200 rL FH L.C-MS/MS
PEREAT BT o MR G 34 25 8 A5 ot 245 e B a0 22 ol
1 24 % B -1 18] #h 28 &1, FH WinNonlin {4 3K 524
KRB 158

3 GRSHR

Hbr L &P INE PRGN E 1 R, 7EA
RIMEA Y b K A DKORURE RS e W L -3 (A1
A2) KBTS RS, M5 ARG
HLF 55 (A3~AS) I, 310 6 15 1 5 BH M 24 A1 24 sl
e, Ho Ak 590 AS B9 TG 24 (1C5, = 2. 4 nmol/L)
e, EPHPEZG 4R T 2. 5% . A KR R EM,
UL TR B FIgsm G M , M 3L 5] A
W) 2 S B0 PR B AR o R A AR TS D Ak
49 A5 X NIH3T3 41 i o TGFB -ALK5-SMAD2/3
15 5 38 I 2 B M 8 4 A I 95 M (IC,, = 69.6
nmol/L) , T2 & DU S IR i A A XA

3 2ok [ S U S e 1, R AR A S
B X U 4 Ak il 2R B 4 i — S 2 b (BL) , A LT
BHAE 24, 410 o) 335 1 k3 4 8 (1C, = 3. 8 nmol/L) , 7]
A2 PR A 36 R ) AR A SR T K, K AR
FH s S-Sl g A & . 51 AP AS5 1 (B2)
TS PHPE 2440 24, 2 0 DO S I 237 BELGH I
SEMAEXT /N 2 PR IR DU UL I 1A (B3)
P AT ) B R G VT RE R I A5G As
L S LR R B AT AE - MERRAE T, 15 45
BGR . AN, R 1 IO 3 B A X R M —
SERZ 5| SR T 0T gE— 20 3 v v, ELJRA T
LB A7 i) (B4) #0175 P BT 5% (1C, = 1. 4 nmol/L) , H
A PHPEZY 3L S . FE i PR 1k &

Table 2 Pharmacokinetic parameters of compound B4 *

) B4 X} NIH3T3 40 ig H TGFB-ALK5-SMAD2/3 {5
5 10 % 2R B A A g A o O P (1G5, = 14, 2 nmol/
L) ZETAEY B4 R AT RSNG| X H 24
RSy B — 0% %%

X1 X2 X3 X4 X5

anns anne A anns ann A
F

O ¥ F O

Y1 Y2 Y3 Y4 Y5 Y6

Table 1 ICy, of the target compounds against ALKS enzyme and
NIH3T3 cell

Compd.  R! R2  ALKS/(nmol/L) NIH3T3/(nmol/L)
Al X1 Y1 344 ND
A2 X2 Y1 179 ND
A3 X3 Y1 37 ND
A4 X4 Y1 36 ND
AS X5 Y1 16 69.6
B1 X5 Y2 3.8 582
B2 X5 Y3 62 384.8
B3 X5 Y4 5.4 27.1
B4 X5 Ys 14 142
BS X5 Y6 24 22

LY-3200882 41.1 ND

ND: Not determined

B I F M AR R 2 R . (LAY
B4 S KA TE B R (CL = 5.2 Lh' - kg') , 52 5%
H#(AUC = 1584. 0 ng/mL-h) BL4F ,2F A 1.8 h,
1R A= 0 1) B 38 31 85. 0%, AR L4 FF K — Ik
HRZG 25 70

po(10 mg/kg) iv (1 mg/kg)
Compd. Cond AUC,,/ ¢ CL/ v/ AUC, /
p Lm/h max (0-1) Fl% o I 0-¢
(ng/mL) (ng/mL-h) (ng/mL) (L+h'-kg") (L/kg) (ng/mL-h)
B4 1.8 480.3 1584.0 85.0 417.8 5.2 3.5 186.4

* Compound in a solution of 20% PG, 5% EtOH, 5% solutol and 70% water
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h T HE— LU W R RO R AR
5 PR TR TR A9 B4 5 E A
ALKS 7E 75 P07 55 1 25 G 8520 (pdb : 2wou) o 8 i
K 4] LIE LAY B4(ZE ) {4 B T 78 ALKS
fif 504 X 5 His283 1 BL 3 SR, D B s PR
A4S H K F A B S EER . 5N Bik

A B4 5 LY-3200882 (4t 0) BEAZ T 0 & A R AL,
5 LY-3200882 /A [] f4 /2 , ¥4 751 DX ML g 246 1 7y 8 5
55 Asp290 T8 s — A~ SR L B X R IR 1 /X or
AR T Lys337 Bl — A AR S AU . X5 A
hJE gk ALKS 410 i 50 09 152 144 T 15 45 M E IS
Bl

Figure 4 Proposed binding mode of B4 (purple) and overlaid with LY-3200882 (green)

4 INE

A G 1 43 BT LY-3200882 5 ALKS 45 &
A O B R A S B A P ) A DX, M 2R
Py e, 1 S5 HE ARG R BR ) 2 S, B R A T 10
AR EY . i PRI B S Y B4, A
(R 35 A PRS0 il 56 1, i EL B A B4 Y
B e, R — 0T A e (B

2 % X
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Improvement of synthesis process of mirabegron

HAN Chengqun, ZOU Qiaogen”, SUN Qian, XIA Yunyan
School of Pharmaceutical Sciences, Nanjing Tech University, Nanjing 211800, China

Abstract

der. In this study, the synthesis process of mirabegron was improved based on literatures. Using p-nitro-

Mirabegron is an agonist of human [3-3 adrenergic receptor used to treat symptoms of overactive blad-

phenethylamine hydrochloride, (R)-mandelicacid and 2-aminothiazole-4-acetic acid as starting materials, the
target product with high purity was obtained through four steps of amide condensation, carbonyl reduction, nitro
reduction and amide condensation, and one-step purification, with a total yield of 39%. In this study, the hydro-
gen source of nitro reduction in step 3 was changed from hydrogen to ammonium formate, which increased the
feasibility of industrialization, and mirabegron was refined to improve the purity of the product. The improved
process has the advantages of simplified operation and mild reaction conditions, which provides a new method for
the preparation and purification of mirabegron.

Key words mirabegron; overactive bladder; nitro reduction; process improvement; synthesis

KA1 D1 (mirabegron, 1) J&—Fh B-3 ' iR =
AR, oy G g B3 LR E 2k,
i ot 8 R LT ¥ JOL, DT 38 0m T B e 25 o, F 3R
7 1B I 38 BE T 2 (OAB) B SEIR | T 236 1 R 2k
A R AR, 2011459 A 16 HAE HA BT,
2012 4F 6 F 28 H 2 FDA #t i Fi T 1A 97 1 4F A
OAB ™ KA DL REAE Ry —Fh 48 A AL 0 245
Y, 6T OAB BIRYT A EH B 7,

WFEEHE  2020-05-08

SCHR AR T A KR DT B G S R vk R B
4%,

BEE 11 DL(R) -5 AL IR 20 FUXTH i 2L 2K 2
Jiie by DR, 48 B AR R LR, R 5 S E SR i Sk
WJE 5 2- G L EMR -4- 2 FR 45 4 AR 3, 15 5
KAV . LR AE FH Y (R) -S4 IK 200 @ v 45
BEME AL b, E AR LR B 55 D AN AR
J %R A RIS B SR R, ANl A R A 77
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Scheme 1  Synthesis of mirabegron by route 1
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Scheme 2 Synthesis of mirabegron by route 2

PR 3 LAXS i HE 2R S R I Wkt 21
%JIF? WAL 5 (R)-BAE LA G, B

OH H
N
O/k V\ONM;% NH,
H

M T X R S A AT PR S (R) %6
TR LM SN INE 5y 77 2 4 Jo 5 3 A1 o T AR #s B

5 2-FHEGEWE-4- CIRAF SIS BRI IR . AT Bt MARRIR,
O
Ranele
N,H,4-H,O N2H4 H,0
S
>—NH2

oo

Scheme 3 Synthesis of mirabegron by route 3
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11 ALEBGXA

Waters 125 20 W AH @ 1% 1% , Waters Q-TOF
Micro™ JFi 1Y ( 2€ [ Waters 23 7] ) ; AV-300 BY 4%t
YR (FE [ Bruker A /], TMS A NAR) ; WZZ-1 H
Bt R HEI (R R AR A BR A F]D

(R)-J Mk 2 (T Ak 2 B B A BR AN W) 4l
99. 9%, Y2E 4l FE 99. 9% ) 5 Fh R Xl 28 B (1
B SRR TR A E] L 2HEE 99. T%) 5 2- 28 H BE s -
4-2, 18 (I AL F R A R | 48 98.9%) 5 T
FH R R Tolb 2 (R 5300 A BRA R 5 HAh e
FHIRGRI 4 R i 5 o i
1.2 ALFA %
1.2.1 (R)-2-# & -N-[2-(4-# L ¥ L) T H)-2-%
TR (5) 894 & 1] 500 mL 5z P AN,
N-"H ELH R 100 mL, SR 5 K S R, it
AR IR ER B2 A FE AR £ e (26. 6 ¢,0. 13 mol,
2) . (R)-Jm Mk 2 (20.0 g,0.13 mol, 3) . = Z ik
13.3 g 1- 2 A8 =AM (HOBT) 17. 7 g 1 1-(3-
TGN 3 ) -3- 2 ek — W E R R R (EDCID)
27.7 g (CH RIS ) o 30 CHEFEI N, TLC Wi 4
(GF,s, ¥ )2 M, BT : CTR O WR-HBE,5: 1) &
SMB % miTH 2k o RN N A K R 1R iR %
B Al s KA R R S BRZE B, 5 IF8 HLAH 5 7
43 5 1 mol/L 3R R L 209% ik iR B9 1 RN K 36 74 o
A HUAHFH K B B e e h T 2 h, f g . BEW
40 CIEH 45 21

[ 9 4 9 R 2K 100 mL A $E , e H:
W BRI 2R 20 °C, PRIESEFE 2 h, 2238, 50 Cik
KT B AE A AL R R 32. 2 ¢, UK
81.6%. 4L 99. 9% ; mp 108~111 °C ; ESI/MS

>—NH, OH

S

"o )
O)\/N\/\O\ HO
- - -
+HC1 NH,
7

m/z:323.2 [M+Na]*,299.2 [M-H ],

'H NMR (DMSO-d,, 300 MHz) §: 2. 86~2.90

(2H, t, J=6.8 Hz, CH,) , 3.33~3.47 (2H, m,
CH,) ,4.87~4.88(1H, d, J=4.4 Hz, CH),6. 11~
6.12(1H, d, J=4.5 Hz, OH),7.26~7.34(5H, m,
Ar-H) , 7.37~7.40 (2H, d, J=8.5 Hz, Ar-H) ,
8.04~8.07(3H, m, Ar-H, NH)
1.2.2  (R)-2-[[2-(4-AH 3208 R R R - 1- R T8
#8223 (6) 8 & 18] 500 mL 5B oI A DU &
IR 90 mL, 1, 3-— H1 JE-2-BRIE SR ER (DMI) 90 mlL,
PEFE T A 4 5(30.0 g, 0. 10 mol) 2 15 it .
R AT B2 22 —15 °CL W I A 1 mol/L A E 45 PO &
W IR % 7 (BH,» THF ) 200 mL. & N5¢ 55 IR &
YITF 2 70 CHiHE R, TLC (GF,., Wi E AR , R TF 5
CPR TR Wz b (B SN ATH R o S i e
FRAR IR B 22 0 °C, P[] s W YR HH A AR U AL Y
M5 15 mL AV SRR 20 mL, W4 58 S8 )5, IO Wik T
265 C, PR 1 ho FEARIELEE , 10 500 Hom
A 30% Tk TR 1 5 0 £ TR TR Z6 B4 A 5 7K AH 75
H PR SR, A I A MU K FEGE I 31K
A HUAHFTCK B B2 eh 4 #0582 h, s . BEWK
40 CIHEW4 2T

) Ve 4 P O S DI B 40 mlL, T8 14
R, PRI ERFR 10. 0 o, B A @R H
FEAIR IR B 22 20 °C, PR IRIEFE S h, i iE . 50 CHA
AT R RAFIR B A5 MM K 29. 0 ¢,
W H89. 9%, M4l i 99. 9% ; mp 121~124 C;
ESI/MS(m/z) :287. 3[M-HCI+H ]*,

'H NMR (DMSO-d,, 300 MHz) &: 3.01~3.25
(6H, m, CH,) , 5.07~5.10 (1H, d, CH) , 6.24
(1H, s, OH),7.29~7.43(5H, m, Ar-H) ,7.56~
7.59(2H, d, J=8.3 Hz, Ar-H),8.17~8. 19 (2H,
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d, J=8.3 Hz, Ar-H),9. 48(2H, br, NH, HCI),
1.2.3  (R)-2-[[2-(4-R &K &) TR A -1-KR T B3
HE (7)) H 16500 mL IR, A
250 mL, F1 ] {4 6 (25.0 g, 0. 08 mol) , 0. 5% 4 5
(Pd/C)2. 5 g, FFEREL 25. 0 g, FHE % 50~60 CI I,
TLC(GF,, )2 H, JEFFH] : LR O TR-HBE(4:1) M5
P A 6 ¢ miTH G o FEARIR B, 2oy At e
40 CI R AR X BE . R4 Th A LR &
Tt 0 R Bl P2 S 0 7K V5 W A B 43 A 5 IR AE P FH 2
M2 LR AT, 5 I A DA 5 FEHRUR K 1 DE % 3
W AHUAHFTCK BRI AN BEFE T4 2 h, i U8 .
40 CIUEMRAE =1

) ¥R 46 9 i A S TR B 180 mL, T iR i $1 4l
H R . PRI A M ER R 10. 0 g, A 6 BT
o BEARIREE 2 20 C, AR ETEFES h, i g, 50 C
S UG B0 1 4 2 fE AR A 28 A, SR R
20.4 g, W% 90. 0% IG5 4EFE 99. 9% ; mp 130~
133 °C; ESI/MS m/z:257[M—HCI+H ]*,

'H NMR (DMSO-d,, 300 MHz) 8: 2. 87~2.90

(2H, m, CH,), 2.97~3.16(4H, m, CH,),5. 06~
5.09 (3H, m, OH, NH,), 6.22 (1H, s, CH) ,
6.55~6.57(2H, d, J=7.7 Hz, Ar-H) , 6. 88~6.91
(2H, d, J=7.7 Hz, Ar-H),7.29~7.42(5H, m, Ar-
H), 9.22(2H, br, NH, HCI),
1.2.4  (R)-2-(2-&JhvE vk 4-3K)-N-4"-[2-[(2-F# & -
2R TR RATHA PR TRk (R4 N £,1)
a6 & #E 500 mL 2R AR OO A gl Ak ok
200 mL, ¥ ER R 6. 6 g, il F1 T I A R[] 447 (20. 0
g,0.07 mol) Fl 2-24 KL WE W -4- 7,12 (10.9 g, 0. 07
mol,4) , FFIA 1-(3- N 5L ) -3- 2 Al — 1
WieEh 2 Eh (EDCI) 14. 4 g, 30 CHEFE 0, TLC(GF,s,
WEAR, IR : £ CTR-TEE,5: 1) W4 = rp ]
PR T AT K o 1) S R 9248 % il NaOH 7K
VW, Mo R e R 1 b, bk, Ak K
Wk -

AR RN N TR T RN ) | ANEZ [ oW/ 8
200 mL, i FEFT22 0. 5 b, g, 24k /K vk 2 8
) pH 7~8,50 CHE WG Tk 2 E 8, R A A
B AR AR 24,2 ¢, MR 89. 4%, Ot 2 4l i
99. 9% ;mp 141~143 CSCHRA"" : 2 144 °C) ; ESV/
MS m/z:397[ M+H J*,

'H NMR (DMSO-d,, 300 MHz) 6:1. 64(1H, s,
NH), 2.65~2.67(4H, m, CH,),2.75~2.77(2H,
m, CH,), 3.48(2H, s, CH,), 4.61~4.65(1H, br,
CH), 5.27(1H, br, OH), 6.32(1H, s, Ar-H),
6.93(2H,s, NH,), 7.11~7.14(2H, d, J=7.7 Hz,
Ar-H) , 7.20~7.24 (1H, m, Ar-H), 7.27~7.35
(4H, m, Ar-H), 7.51~7.54 (2H, d, J=7.7 Hz,
Ar-H), 10.02(1H, br, NH).

C NHR (DMSO-d,, 300 MHz) &: 35.35,
39.49, 50.70, 57.47, 71.45, 102.53, 118.99,
125.81, 126.67, 127.83, 128.70, 135.08,
137.11, 144.54, 145. 82, 167. 73, 168.21,

SCHRE" : 'H NMR (DMSO-d,, 500 MHz) §:
1.60 (1H, s), 2.59~2.66 (4H, m) , 2.68~2.80
(2H, m), 3.45(2H, s), 4.59 (1H, br), 5.21
(1H, br), 6.30(1H, s), 6.89(2H, s), 7. 11(2H,
d, J=8.5 Hz), 7.19~7.23 (1H, m) , 7.27~7.33
(4H, m), 7.49(2H, d, J=8.5Hz), 9. 99(1H, s).
1.2.5 RN E(1)a454 78 500 mL J Wi
o RN Z B 200 mL, 7K 200 mL, K47 D1k
i 20. 0 g, TGS 0. 2 ¢, THEZE 80 Co N AR
FE1he EHIE, AT L. BRAEERT AR
212 IR 22 20 °C AR5 DR IR I FEDT 8 ho VR,
50% TR IR E , 50 CHA T B 40 &, 345
AL R E R R 13,2 g, IR 66. 0%, 4t fif
99. 88%, Yt % 4l iF 99. 92%, [ a]%: —20. 9° ( 3C ik
. -19.8°),

JCE M. C 63.83%, H 6.32%, N 13.86%
(Fi£:C 63.61%, H6.10%, N 14.13%),

2 #BR5iT8

A FE LAER R X il FE 2K 2 (2) L (R) - BE R
(3) 1 2- 24 FEWEME -4- 2, T (4) S 4R SRR}, 2800 Tk
[FEEREIN /& S0 IR STy N & R P a
TR AT LK AR X K7 DL A A i, 254
1o 0B ORI DL R 8 1 S5OV A N 4
4°99. 88% , 1 i HAR 15 L A BT 1% 1] 43 B 35 5 KT
DRSS AR —5, it/ A R T2, %
I SRR A s e (SR e A e O HoR AT
FH & B RN R BRI, SRy R A DL R 1 il s 2 it
T R
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Studies on the chemical constituents in the aerial parts of Paris polyphylla

var. Yunnanensis

TAO Junjie, YANG Jie, WEN Xiaodong"

State Key Laboratory of Natural Medicines, School of Traditional Chinese Pharmacy, China Pharmaceutical University, Nanjing
211198, China

Abstract Six steroidal saponins were isolated from the n-butanol extract of 90% ethanol extract of the aerial
parts of Paris polyphylla var. yunnanensis by silica gel for column chromatography, MCI column chromatography
and preparative high performance liquid chromatography(HPLC). According to the physicochemical properties
and spectral data, they were identified as 26-0-8-D-glucopyranosyl-kryptogenin-3-0-a-L-rhamnopyranosyl-(1—
4) - a -L-rhamnopyranosy- (1—4) - [« -L-Thamnopyranosyl- (1—=2)] - B-D-glucopyranoside(1), dioseptemloside G(2),
polyphylloside 111(3), chonglouoside SL.-19(4), protodioscin(§), chonglouoside SL-5(6). Among these, compound 1
was a new compound, and compound 2 was obtained from Paris plants for the first time. The platelet aggregation
activities and cytotoxicities of the above compounds were evaluated. The results showed that none of the isolated
compounds showed significant platelet aggregation activity; compound 2 and 4 exhibited strong cytotoxicity
against human colon adenocarcinoma cell line HT29.

Key words  Paris polyphylla var. yunnanensis; steroidal saponins; isolation and identification; platelet aggrega-

tion; cytotoxicity
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FHEE A FH(Liliaceae) TARE (Paris) HHY)
YRR, A 26 DB Sz 14 A8 Rl T2 43 A TR
PR Y R R I L DX R B A A H P Y 20
AR BAC A , BRI A X T
JR A 25 1 SR AR, A (R R A B 28 ) hogh A7
B, TR TIE I e o | R b 1 A
REV L REA T S 2 CE LT R R R
LY . BARZY RO 5T R B, AR T & A 1
SR B B R kA R R (Paris
polyphylla var. yunnanensis) & B8 25 b (1) H 52 E
UEAE ), 25 W2 S AT W s, (Bl TR R XY
RAZ G Z AP AR R B AE IR H i A s . 5
I [ R, 0 R B AR AR ] P AR B b 1 AR — B
PO RAR S IO M 255 0 O 1 R B AR
Yt 25 I U5, AR 50 0 U e st B 3 0 1) £ A
AR AT TS, e A E R R A )
R BRARL A

ML H A E R4 90% £ B4R ICY) h AL 4) B
32 o R R R A &9, A MS IR UV 1D
PLK 2D NMR S5 JESH ARX A E A7 %85 , 735l
A 26-0- B -D-glucopyranosyl-kryptogenin-3-0- a -L-
rhamnopyranosyl-(1—4) -a-L-rthamnopyranosyl-( 1—
4)- [ @-L-rthamnopyranosyl-(1—2) ]-B-D-glucopyran-
oside (1) , dioseptemloside G (2) , polyphylloside III
(3) , chonglouoside SL-19 (4) , protodioscin (5) ,
chonglouoside SL-5(6) . HH b &1 M# k&
Y ALE W 2 M E RN ERE R A o AR X
PL b 6 G Wy EAT 02 I/ IR 3R S A T L 240 i
BEPEVEAT, S5 R B 6 LA W B R B W i
F e it/ IMRCR SRR T s A5 2 4 %0 T 25 i e A i
HT29 AT R iR A 2k

1 #

1.1 LA

Tensor 27 Y14 . Bruker Avance DRX-500/600
0 YR 1A (75 [ Bruker 23 A ) 5 Agilent 1100
series = RORAH 35 (35 [ Agilent A 7] ) 5 Alltech
2000 ES 78 AOGHE R (3£ [ Alltech A 7)) s R-
100 JiE % 7% % AL (Bt -+ Buchi /A &) s LBY-NJ4 7 ifil
AR A (AL 5t & R AF 22 7)) s Multiskan FC fif
FRAY Forma 311 CO, 4 e 3% #5248 (& E FE IR IR
3)) 5 D10T-JAFL I B B (7 52 U BfE A4 RERE

HABRAT]) ;s MCI-GEL A 40 73 85 S0k ( H A =22
2728 w)) s ODS A B IFORHC H AR YMC A | ) 5 3
J2 TSR AR GF sy SAT (38 ik S (35 55 1 vE AL T
AR
1.2 % #

VLR RS2 B T 2017 4 8 F R H = I it
DX, ph i 2R R A R 2 0 b AR E SR AR M E N
H AR (Liliaceae) FAEJE Paris ¥4 B ¥ Paris.
polyphylla var. yunnanensis B #8753 iR brAs
TRAF T E R R 2 0 &
1.3 Zhthh @itk

SPF ¢ KM /I, HEYE , A HE (25+5) g, HIFT AL
T el sh Y Es o St S AR IE S : SCXK (F5)
2017-0001. A Z5 Mg Ak HT29 (_E g bRt e 2
MLPE) o B A sh S e X 175 & sh W (8 B2 D1 2%
PRifE
2 EERESH

TEHEPEZGHF 10 kg, 1 90% £ B 01 R4 %,
B IR, VR M 4 M 2L, e 4 3 3 L, FHUK AR
FNE T EER AL I 4 W, & 91 1E T B, 980 RIS IE
TEEET , EES FRSIE T B BGRA .
WUZ A 100 g HE4T D-101 K AL g AT 3385 43 25
(L EE-7K ) , 155 2% 30% . 50% . 70% &% 90% 4 4~
PEMEEBOL o 70% F190% WA A 5 PEATRE I
FEE B (AP - BE20: 11 1), VR
FRIE 2 0 1% (TLC) K I 45 5 & 01 e, Je4551 9
AVEMWEEBAL: 1 -9, HGEBAL9(CM 3: 1) FE AT hiE
JRE A e 1% 43 B (S - B, 100 1—1:1) , 345
B SAVEBTHAT : 9-1 - 9-5, HHRA7 9-4(CM 3: 1)
17 MCTAE 835 43 25 (B BE-7K 20%—100% ) , WL 4E
B 30% .50% . 70% 3 DU EBAL, 34> FBAL FF- A —
o 8 AR R R A £ 3% S5 A2 g (PN Tl PR 27K, e
Ja Zead il £ HPLC 4lifk (20 -7K ) , Horp 30% 3437
BELE Y 1(27 mg) .3(13 mg) \4(28 mg) ,50% 7
N3 EIME AW 5(42 mg) , 70% #0715 E 4L & 9 2
(17 mg) .6(9 mg) . L&Y 1~6 H9Z5FY =LA 1.

3 SHETE

b&H1 HEIEIEH K, HR-ESI-MS m/z
1191.5798 [M-H]~ (Caled. for C,Hy,0,,
1191.573 3) 2L & 1 00 Xk Cs7:Ho,04,
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Figure 1 Chemical structures of compounds 1 -6

AHIANEE R 12, [a] -254.1°(¢ 0. 30, MeOH) ; UV
(MeOH) A, 255 (lg & 3.22) nm; IR (KBr, ») :
3420, 1734, 1040 cm™. "C NMR (C,D;N, 150
MHz) 3£ 7Rt 57 N 1155, b 46 5418
Wkl BT AF 5 A —2H 27 k(5 5 T ool . 45
4 "H NMR (600 MHz, C,D,N) LA K HSQC &l 53 #r
R ALY LR T BA 44 P R 254 [,
0.71(3H, s), 8, 13.7; 6, 1.07(3H, d, J = 6.0
Hz), 6. 16.5; 8, 1.02(3H, d, J = 6.5 Hz) , &,
18.3 U S8, 1.07(3H, s), 8, 20.2], 10/~ H &
ZEN 2RI T (8, 214. 65 219. 2] LK —%f
W B R T (6, 122.3, 8, 5.32 (1H, m) , &,
141.7] . X B F14k & ¥ anguivioside XV 11T
BB 43 B U T A L 5 AL B 1 BT J6 R krypto-
genin(3a, 26-dihydroxycholest-5-enel6, 22-dione) .
TE 1D NMR LA K HSQC 35+, AT LAULEE 2] 5 44 43
T 114 ity L Bl 15 5 S X R 9 5T F (8, 4. 92 (1H,
d, J=6.2Hz), 8.101.0; 8, 6.39(1H, br.s), &,
102.9; 6, 5.83 (1H, br. s), 8, 103.0; &, 6.28
(1H, br. s), 8. 103.9; 8, 4.86(1H, d, J=7.9
Hz), 8.105. 4], LA A T 3 X114 3 /> b6 R Ot
B S L I B - [8,, 1.60(1H, d, J=5.8 Hz),
8.19.4;8,1.60(1H, d, J=5.6 Hz), 6, 19. 6 LA &
8,1.78(1H, d, J=6.0Hz), 6, 19.2] il 5
FALA W) anguivioside XV BEGEER /> HLas , #EM 4L A
Y11 R SE B 3 50 F L- IR 0E S 2 43+ D-Hi A b
4 18, F R 2 W 3 o 5 S E B0 o A
W 731 s BE Rl A AL B Sl B A, BRA MR v B Bl AL B by

Sg: H OH HO
HOC{IO On Ao
HO" Y 0" %o o

OH OH i
HO 0
HO"

H C-5 LA B 1 R o ™ HMBC i H W E%
#| 85, 6.28(Rha I-H-1)56.81. 0(Rha 1[-C-4) .5,
5.83(Rha [[-H-1) 5 8.78.3(Gle 1-C-4) .8, 6.39
(Rha I -H-1) 568,78.9(Gle I-C-2) .8, 4.92(Gle
[ -H-1)5 8, 79.0(C-3) FA7EAH AT 5, W] Rha
I %476 Rha T (9447, Rha 1T %476 Gle T Y
447 ,Rha 1 #EH#AEGle 1 192407, Gle 1 &R+
JCHY 3% F s 4k ,6, 4.86(Gle TT-H-1) 56, 75.9
(C-26) M6, MW Gle 11 3% $E 7545 JC 10 26 137 Bk J5
T I,

HiAth HMBC , HSQC LA B 'H-"H COSY % [&] (/&
2) i — 2R T AMES W) L ST . 255
AT AW 1 254 %5 5E 2 26-0-B-D-gluco-
pyranosyl-kryptogenin-3-0-a-L-rhamnopyranosyl- ( 1-
4)-a-L-rthamnopyranosyl-(1-4) -[ a-L-rhamnopyrano-
syl- (1-2) | - B -D-glucopyranoside, 1t & ¥ 1 19
'H NMR Fl “C NMR 3% 25080 4 0 e W3k 1.

a2 HAETEIE KA, ESI-MS (m/z)
907.4 [M+Nal *, 4+ + X C H,0,. 'H NMR
(C,D,N, 500 MHz) 6: 0.71 (3H, d, J =5.5 Hz,
CH,-27) , 0.90 (3H, s, CH,-18), 1.04 (3H, s,
CH-19), 1.18(3H, d, J=7.0 Hz, CH,-21), 1.65
(3H, d, J=6.0Hz, CH-Rhal), 1.77(3H, d, J =
6.5 Hz, CH,-Rha 1) , 4.99(1H, d, J = 7.2 Hz,
Gle-H-1), 5.87(1H, br. s, Rha II-H-1), 6. 40(1H,
br. s, Rha I-H-1), 5.71(1H, br. s, H-6) ; *C NMR
(C,D,N, 125 MHz) &: 37.78(C-1), 30.45(C-2) ,
78.37(C-3), 39.06(C-4), 141.92(C-5), 129.20
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Figure 2 Key HMBC, 'H-'H COSY correlations of compound 1

(C-6), 73.03(C-7), 41.30(C-8), 49.11(C-9),
37.58(C-10), 21.70(C-11), 40.39(C-12), 41. 46
(C-13), 56.87(C-14), 35.69(C-15), 82.11(C-
16), 63.03(C-17), 16.88(C-18), 19.32(C-19),
42.55 (C-20) , 15.58 (C-21) , 109.67 (C-22) ,
32.25(C-23), 29.76(C-24), 31. 11(C-25), 67.31
(C-26), 17.79(C-27), Gle: 100.78(C-1"),78.37
(C-2"), 78.37(C-3"), 79.11(C-4" ), 77.40(C-
5'), 61.78(C-6"), Rhal: 102.56(C-1"), 72.98
(C-2"), 73.34(C-3"), 74.61(C-4"), 69.94(C-
5"), 18.97(C-6"), RhaIl: 103.39(C-1"), 72.98
(C-2"),73.13(C-3"),74.40(C-4"),70.90(C-5"),
19.10(C-6") o LA I B8 5 SOk B i B S A
— 3, WAL A W) 2 %52 R dioseptemloside G
a3 HEOTEE R K, ESI-MS (m/4)
1069.4 [M+Nal*, 73 ¥ L C;H,0,. 'H NMR
(C,D,N, 500 MHz) 6: 1.00(3H, s, CH,-18), 1. 11
(3H, s, CH;-19), 1.27(3H, d, J = 7.0 Hz, CH;-
21), 1.62(3H, d, J =5.0 Hz, CH,-Rha 1), 1.62
(3H, d, J =5.5 Hz, CH,-Rha II), 1.78(3H, d,
J =6.0 Hz, CH,-Rha III) , 4.92(1H, br. s, Glc-H-
1), 5.83(1H, s, Rha II-H-1), 6.28(1H, s, Rha
II-H-1) , 6.39 (1H, s, Rha I-H-1) ; ®C NMR
(C;D,N, 125 MHz) &: 36.76(C-1), 29.36(C-2),
77.28(C-3), 38.19(C-4), 139.99(C-5), 121.02
(C-6), 31.27(C-7), 31.55(C-8), 49.46(C-9),
36.35(C-10), 20. 15(C-11), 31.55(C-12), 44.35
(C-13), 52.23(C-14), 32.8(C-15), 89.24 (C-
16), 89.36(C-17), 16.34(C-18), 18.63(C-19),
44.07(C-20), 8.93(C-21), 109.40(C-22), 31.27
(C-23), 22.78(C-24), 38.16(C-25), 63.12(C-

OH

“OH

w. HMBC

= H-'HCOSY

26), 63.58(C-27), Gle: 99.49(C-1"), 79.56(C-
2"), 76.14(C-3"), 77.28(C-4" ), 76.91(C-5"),
60.42(C-6"),RhaI:101.35(C-1"),72.08(C-2"),
71.67(C-3"), 73.31(C-4"), 68.73(C-5"), 17.58
(C-6"), Rha II: 101.42(C-1"), 72.44(C-2"),
72.01(C-3"), 77.20(C-4"), 67.53(C-5"), 17. 80
(C-6"), Rha IIl: 102.46(C-1"), 72.00(C-2""),
71.80(C-3"), 73.18(C-4" ), 69.58(C-5"),
18.04(C-6") o LA I HH 15 SCHR i B ) £ 48 Sk
AR —F, WAL A 3 % 5%E 4 polyphylloside TIT,
e d HOTEE R K, ESI-MS (m/4)
1053.2 [M+Na] *, /¢ ¥ X C,H,0,. 'H NMR
(C,D,N, 500 MHz) 8: 0. 73(3H, s, CH,-18), 1.08
(3H, d, J =8.0 Hz, CH,-21), 1.09(3H, s, CH,-
19), 1.14(3H,d, J = 7.0 Hz, CH-27), 1.62
(3H, d, J=3.0 Hz,CH;-Rhal), 1.62(3H, d, J =
3.0 Hz, CH,-Rha 1I) , 1.79 (3H, d, J =6.0 Hz,
CH,-Rha II1), 4.97(1H, d, J = 6.0 Hz, Glc-H-1),
5.84(1H, s, Rha II-H-1), 6.29(1H, s, Rha IlI-H-
1), 6.40(1H, s, Rha I-H-1) ;*C NMR(C,D,N, 125
MHz) &: 37.25(C-1), 30.16(C-2), 78.07(C-3),
38.97(C-4), 140.97(C-5), 121.48(C-6), 32.00
(C-7), 31.04(C-8), 50.05(C-9), 37.10(C-10),
20.78(C-11), 38.72(C-12), 41.72(C-13), 51. 18
(C-14), 37.44(C-15), 217.69(C-16) , 66.42(C-
17), 12.88(C-18), 19.41(C-19), 43.79(C-20),
15.64 (C-21) , 213.28 (C-22) , 40.41 (C-23) ,
27.69(C-24), 36.22(C-25), 67.48(C-26), 17.28
(C-27), Gle: 100.40(C-1"), 78.05(C-2"), 77.91
(C-3"), 77.76(C-4" ), 77.04(C-5" ), 61.32(C-
6'), Rhal: 102.21(C-1"), 72.52(C-2"), 72.88



458 ‘*’ @ & # x # ¥ #2 Journal of China Pharmaceutical University 2020,51(4) :454 — 460 51 &
Table 1 'H NMR(600 MHz, C;DsN) and '*C NMR(150 MHz, CsDsN) spectral data of compound 1(J in Hz)
No. 'H NMR BC NMR No. 'H NMR BC NMR
0.99 m
1 38.0 4! 4.39m 78.3
1.72 m
1.88 m
2 30.9 5 3.65m 77.6
2.09 m
420 m
3 3.90 m 79.0 6’ 62.1
4.05m
271 m
4 39.7 2'-0-a-1L-Rha
2.81m
- 141.7 1" 6.39 br.s 102.9
6 532 m 122.3 2" 4.87 m 72.4
1.51 m
7 32.7 3" 4.65m 73.1
1.75m
8 1.42 m 31.8 4" 4.35m 74.5
9 1.00 m 50.8 5" 4.97 m 69.2
10 - 37.8 6" 1.60 d(5.8) 19.4
1.40 m
11 21.5 4"-0-a-L-Rha
1.48 m
1.37m
12 39.5 1" 5.83 br.s 103.0
1.88 m
13 - 42.5 2" 451 m 73.5
14 1.39 m 51.9 3" 4.56m 73.5
1.75 m
15 38.3 4" 4.45m 81.0
2.09 m
16 - 219.2 5" 497 m 69.2
17 2.75m 67.2 6" 1.60 d(5.6) 19.6
18 0.71 s 13.7 4"-0-a-1-Rha
19 1.07 s 20.2 1" 6.28 br.s 103.9
271 m
20 44.6 2" 492 m 72.5
281 m
21 1.07 d(6.0) 16.5 3" 4.55m 73.2
22 - 214.6 4" 430 m 73.9
281 m
23 40.9 5" 436 m 70.3
295 m
1.99 m
24 28.5 6" 1.78 d(6.0) 19.2
1.73 m
25 1.90 m 34.2 26-0-B-D-Glc
3.90 m
26 75.9 " 4.86 d(7.9) 105.4
3.98 dd(9.2, 14.9)
27 1.02 d(6.5) 18.3 2" 3.60 m 74.7
3-0-B-D-Glc 3" 424 m 79.1
1’ 4.92 d(6.2) 101.0 4 421 m 71.1
2’ 421 m 78.9 5" 3.97m 79.0
4.55m
3’ 423 m 78.3 6" 63.5

4.38 m
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(C-3"),74.17(C-4"),69.57(C-5"),18. 44(C-6"),
Rha I1:102. 28(C-1"),72. 88(C-2"),73. 30(C-3"),
80.42(C-4"),68.39(C-5"),18.67(C-6"),Rha III:
103.32(C-1"),72. 66(C-2"),72.94(C-3"),74. 03
(C-4"),70.43(C-5"),18.90(C-6") ., VL F%dE 5
SCHR A IE AR AR — B U B 4 K E R
chonglouoside SL-19,

&5 HETE B K, ESI-MS (m/4z)
1 071.5 [M+Na]*, 45 F X C;H,0,,. 'H NMR
(C;D,N, 500 MHz) &: 0.88(3H, s, CH,-18), 1.01
(3H,d,J=7.0Hz,CH,-27),1.07(3H,s,CH,-19),
1.35(3H, d, J = 7.0 Hz, CH;-21), 1.65(3H, d,
J=6.0. Hz, CH,-Rha 1),1.78(3H, d,J =6.0 Hz,
CH,-Rha II) , 4.83(1H, d, J = 8.0 Hz, Glec I-H-
1), 4.93(1H, d, J = 7.0 Hz, Glc II-H-1), 5.88
(1H, s, Rha II-H-1), 6.42(1H, s, Rha I-H-1) ,
5.32(1H, br. s, H-6) ;°C NMR(C,D,N, 125 MHz)
8:38.00(C-1), 30.66(C-2), 78.26(C-3), 39. 48
(C-4), 141.27(C-5), 122.31(C-6), 32.83(C-7),
32.17(C-8), 50.85(C-9), 37.62(C-10), 21.59
(C-11), 40.42(C-12), 41.27(C-13), 57.08 (C-
14) ,32.95(C-15) , 81. 58 (C-16) , 64.34 (C-17) ,
16.92(C-18), 19. 88 (C-19) ,41.47(C-20) , 16. 94
(C-21), 111. 14 (C-22) , 37.62 (C-23) , 28. 84 (C-
24) ,34.77(C-25),75.69 (C-26) , 17.95(C-27) ,
Gle1: 100.79(C-1"),78.61(C-2"),77.41(C-3"),
79.10(C-4"),78.26(C-5"),61.78(C-6"),Rha I:
102.49(C-1"),73.01(C-2"),73.03(C-3"),74. 62
(C-4"),69.99(C-5"),18.97(C-6"),Rha I1:103. 39
(C-1"),73.01(C-2"),73.21(C-3"),74. 40(C-4"),
70.90(C-5"),19. 11(C-6"),Glc 11:105. 43(C-1") ,
75.74(C-2"),78.96(C-3"),72.20(C-4") ,78. 44
(C-5"),63.32(C-6") . LA B Sk it ik
P2 IEAR B SR A 5 %32 M protodioscin

e 6 AT K, ESI-MS (m/4)
1051.4 [M+Na] *, 43 ¥ X C;H0,. 'H NMR
(C,D,N, 500 MHz) &: 0.69 (3H, d, J = 5.0 Hz,
CH,-27) , 0.86 (3H, s, CH,-18), 1.13 (3H, s,
CH,-19), 1.15(3H, d, J=5.5 Hz, CH,-21), 1. 63
(3H, d, J = 4.0 Hz, CH,-Rha II), 1.63(3H, d,
J=4.0Hz, CH-Rhal), 1.78(3H, d, J = 4.5 Hz,
CH,-Rha IIT) , 4.92 (1H, br. s, Gle-H-1) , 5.78

(1H, br.s, H-6), 5.87(1H, s, Rha II-H-1), 6. 32
(1H, s, Rha II-H-1), 6.46(1H, s, Rha I-H-1) ;
BC NMR(C,D,N, 125 MHz) §: 36.91(C-1), 30.22
(C-2), 77.60(C-3), 39.31(C-4), 165.66(C-5),
126.75(C-6) , 201.48(C-7), 45.48(C-8), 50.28
(C-9), 39.18 (C-10) , 21.57 (C-11), 39.18 (C-
12), 41.65(C-13), 50.46(C-14), 34.84(C-15),
81.81(C-16), 62.36(C-17), 16.93(C-18), 17.53
(C-19), 42.40(C-20), 15.61(C-21), 109. 76 (C-
22), 32.29(C-23), 29.70(C-24), 31.06(C-25),
67.26(C-26), 17.77(C-27), Gle: 101.05(C-1"),
78.14(C-2"), 78.04(C-3"), 78.06(C-4" ), 77.49
(C-5"), 61.70(C-6" ), Rha I: 102.52(C-1" ),
72.95(C-2"), 73.28(C-3"), 74.58(C-4"), 70.02
(C-5"), 19.12(C-6" ), Rha II: 102.72(C-1") ,
73.34(C-2"),73.78(C-3"), 80.88(C-4"), 68. 82
(C-5"), 19.37(C-6"), Rha IIl: 103.82(C-1"),
73.14(C-2"), 73.34(C-3"), 74.49(C-4" ) ,
70.92(C-5"), 18.92(C-6") ., L %4 5 SCHRAR
T B AR — B, Uk A 6 455 Ol chon-
glouoside SL-5,

4 EYiEEeN

4.1 AT/ AR AR A

I /N 2R 46 B it 3 2 225 Sun 46 (1 T
FALZRAETHE . 3. 8% Frigf R s vt ,
Ji e 2 L N BRI o VR B I FH KT 25 0
ML 500 r/min 5% 34 B 0> 5 min, 75 [ 9845 1F 5 B
AT E /R IMAE (PRP) /N WL 125 2 1)
M I3 I K 0 4 B9 IV 3 000 /min B S ES 0
10 min, 5 [ 2845 10 S5 B ZRAT il /M e = 1 2
(PPP) , B0 HEF54E 22 °Co X PRP H 19 1l /)
BB AT B0 R A B R 2K A7 VR 3% OB 1l /MR
FERRREENRETE 2 x 1014~ I/ SR HE 16 76 i 4%
PRPJ5 3 h N5E,

FE DU 22 A 5 5 AR HROIAC 1A /N 1 4 1 PRP
300 wL, BAEIRAL I 5 min, PRSI 5 H.
NEOCRRE S, A EARE RS R AR & 5 L i
A 0 SR /MR BE 5 R i 0% B AR k. R
B W B SR MR 88 R e R N E 43 oAl
(), /N R = 1% 7R 100% A9 BRI B
ERAKRZS G HR DA AR SR VI BH A X B
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4.2 g A
HUCRAZ 15510 HT29 41, FH &5 10% Jif 2F i
) DMEM $% 5 5 e i B 22 FF 5x10° 4> 20 il B =
R T 96 FLAR (4241 100 wL) , T-37 °C.5% CO, K
0L 0 2 T T 24 h, 17 40 MU B 5 43 ) i
AAMNEHE(1,5,10,25,50, 100 wmol/L) [I4LE
) 1~6 K SHPE 2540, 1528 AL, [FIAERE 37 550
TFEFE 48 hm , BLIMA MTT(5 mg/L) 20 nLAEH
3 h, JiITA DMSO %5 fiff JE 110 5 48 €5 &, O 1 492
nm P40 7 A5 LA M WU IR E B 1C,. SRR
T3,
4.3 AMpErn g ER

*H%JI[UJ%&%%%XX#&QX%%%%E@ 61~k
AW AT R /R R AR TE MY . IFSEAE R R
B, 5525 FO0T BRI/ A e KR 4 3R (33. 06% ) #H
b, 76 20 mmol/L ¥R &£ T, fL-&5 %) 1(31.93%) .2
(33.34%) . 3(30.28%) . 4(31.26%) .5(34.19%) .
6(36. 16% ) ¥t 7 4 B 5 A 412 1 i /)Nl R 4 1)
Vi 5 70 AR R B2 T, BEE ot B B A% 2 4 VLI /R
R REF N 63%.

KHAMTT @ikt e s e e Mes
AT s . RS SRR LA 2 [1C,,
(6.215 + 1. 016) wmol/L ] LA 414 [1C,,(17.750 +
1. 304) wmol/L ] X T A 45 ¥ HT29 4 A H A7 #i
BN EEYE , AL A 2 A0 40 75 58 T BH 1 2415t
FALIC,, (11. 145 + 1. 109) wmol/L] . Hfth 4 ~b&
P 1C, 8 1 100 pumol/L, PR I TA R %o 12 400 B bk 158
A A S R

5 ZR5WE

AT XA TS (Paris. polyphylla var. yunna-
nensis) M b FE 53 B AL 7 Lo AT THIALASE, 70 5
HEE T o MEEY, b il 11 a® . [
I 2 B3 B A B A5 1 2 71 44 HT29 2 i BAT
B B 4 ML FE M, BAT E— B PSRRI . AT
FAER T TR, S 2 R
TFRAHFRABE T OF LR . (H A0 R
L EB B A3 B IR N A A T, 2 B PRI SN
METRA | IR Je S B — 25T
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ERRBRENRLHEEBEARTEMNKRENREN
REERNGRENZF

NEZE E B %L,k B LEFL KEW
(ERERCER R ER TRE G, B R 400016 ;28 JOAT 24 TAE BEYFROE .G, FE 400036)

B B HFRTEWIRBRGEA 6 R A B (asparaginase, Asp) B 20K 45 4 41 & % (hyaluronic acid-modified asparaginase
self-assembled bionic nanocapsules, ASNCs) #9428 M & 25 R 3 H S 4., A5 F B AR EHR L ASNCs, F ZAB LS B
12 Zeta W AS Fo SRR G BEAS T M. K R A IRIES T 3 B Asp #2 ASNCs J& , BUR B BF 18] & F KR ofe 22 4F o0 M 52 Asp 49 7
e, KA DASHR B A FHMHH BRI HF A, FBME ASNCs 8982 A (99.17 £ 0.21) nm, B 42 % -(13.13 =
0.60) mV. fEMeE @Bz ¥, ASNCs 2 I th B AL F 09422 Pk . ASNCs 89 75 Ve Bf 18] t & F @ AR AUC, ,, 5 K & B B 40
YR E T 245, T G 18 MRT, 294 Asp 89 1. 745, 408 B B A Asp 89 195% . #F 7045 R &R, & WA JR BRASAh 09 R
A BB AR A MR AR H R ARSI R QAT A A MA R EKT Asp £ A 6P ]
KW RABLIE; ERRBRARE AR AT AR HhigR
HESSES R945;R917  XEKERER A XEHRS 1000 -5048(2020)04 -0461 05

doi: 10. 11665/j. issn. 1000 =5048. 20200411

SIRARST X%, 55, 5% , 5 BN RBAS A R A Buicll B 20805 £ R RO T A LR A 25 K3 A £ (U], ok B 250 K & R,
2020,51(4):461 - 465.

Cite this article as: LIU Yuying, LI Yao, YANG Qiang, et al. Stability and pharmacokinetics of hyaluronic acid-modified asparaginase self-
assembled biomimetic nanocapsules[]].] China Pharm Univ,2020,51(4):461 - 465.

Stability and pharmacokinetics of hyaluronic acid-modified asparaginase

self-assembled biomimetic nanocapsules
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Abstract  The stability and pharmacokinetic properties of hyaluronic acid-modified asparaginase (Asp) self-
assembled bionic nanocapsules (ASNCs) were preliminarily investigated. ASNCs were prepared by molecular
self-assembly method to investigate their morphology, particle size, Zeta potential and antitrypsin stability. After
intravenous injection of free Asp and ASNCs, rat plasma samples at different times were taken to determine Asp
activity. Pharmacokinetic parameters were calculated by DAS pharmacokinetic software. The particle size of
ASNCs was (99. 17 + 0. 21) nm and the potential was —=(13. 13 = 0. 60) mV. In trypsin solution, ASNCs showed
more excellent stability. The area under the activity-time curve (AUC,,) of ASNCs was about 2 times higher
than that of Asp; the mean residence time (MRT,,,) was about 1.7 times higher than that of Asp, and the
bioavailability was 195% of Asp. The results showed that ASNCs could improve the stability and bioavailability
of Asp against trypsin and prolong the circulation time of Asp in vivo.

Key words asparaginase; hyaluronic acid; nanocapsules; pharmacokinetics; self-assembly; drug delivery
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Figure 1 Transmission electron microscopy image of hyaluronic acid-

modified asparaginase self-assembled bionic nanocapsules(ASNCs)
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Figure 2 Proteolytic stabilities of remaining activity of free asparagi-
nase (Asp) and ASNCs (x + s,n = 3)
“P<0. 001 vs Asp group
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Figure 3  Activity-time curves of free Asp and ASNCs (x + s,n = 6)
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Table 1 Non-compartment model pharmacokinetic parameters of Asp

and ASNCs (x *+ s, n=3)

Parameter Asp ASNCs
AUC 45 ,/(U+h/mL) 46.993 + 6.634 91.71 £ 12.332
AUC,_/(U+h/mL) 4791 +7.207 95.729 + 8.426
MRT,_g,/h 3.311 £ 0.437 5.629 + 1.58
MRT,_./h 3.521 £ 0.532 6.23 +0.834
Lo/ 0.248 + 0.035 0.148 + 0.045
¢, (KU/L) 14.444 + 1.824 18.345 +2.901
CL/(L-h"-kg™) 0.17 £ 0.023 0.084 + 0.007
VI(L/kg) 0.461 +0.057 0.402 + 0.084
Relative bioavailability/% - 195.15

FERRISHONR 2, 5 H E 258 1225
Bonl B, W B Asp 1 ASNCs #H [, AUG, s, I
AUC, A3 930 T 53. 62. 87 F1 U+h /mL, FHA#E
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B IS B F W ASNCs TEAR N 2543 J12: 47 R
LT Aspo

Gy MR B AR S AR 2R 5 g 2
SR E W, E B Asp I ASNCs A L, AUC, 4, FI
AUC, B4 B 38, CL ¥R IRBEAL, N AUC, s,
W R 5 Asp A EE , ASNCs 18 FH X5 A= 9 F
FEZ 0 195, 15% (AE 7 Z BEAY ) 5% 213. 54% (5 %

Table 2 Compartment model pharmacokinetic parameters of Asp and

ASNCs (x + s.n=6)

ASNCs
100.85 + 16.754
104.021 + 14.993

Parameter Asp
AUC_45,/(U+h/mL) 47.228 £ 8.724
AUC,_/(U+h/mL) 52.839 + 15.097

VI(Likg) 0.308 + 0.208 0.6+0.118
CLAL+h™+kg™) 0.159 = 0.036 0.077 = 0.015
Lpgh 2.945 = 0.956 5.262 = 0.931
a 9.988 + 3.881 2.419 +2.217
B 0.252 + 0.068 0.139 = 0.027
Relative bioavailability/% - 213.54
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Profiling of genotoxic impurities in a lidocaine hydrochloride injection
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Abstract
tion, and 2-chloro-N-(2,6-dimethylphenyl) acetamide was determined as potential genotoxic impurity. An LC-MS/

2,6-dimethylbenzenamine was determined as a genotoxic impurity in lidocaine hydrochloride injec-

MS method was established to research the profiling of genotoxic impurities in active pharmaceutical ingredients
(API), homemade preparation and reference preparation on column Agilent ZORBAX Eclipse Plus C4(4. 6 mm X
250 mm, 5 pwm). The results show that in the homemade preparation the 2,6-dimethylbenzenamine and the
2-chloro-N-(2, 6-dimethylphenyl) acetamide may be degraded under oxidation condition and alkaline condition in
addition to the introduction from API preparation process. This study provides guidance for genotoxic risk assess-
ment and prescription process optimization of lidocaine hydrochloride.

Key words lidocaine hydrochloride injection; genotoxic impurities; LC-MS/MS
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Table 1 Mass spectrometer of genotoxic impurities.

DRV B Y 2 Bl i) 390 (F ) 2% AR U 4R L LS
6120311, HLH% : 100 mg: 5 mL) . N-A L MWE-2,6-
FH 56 2R e (Do 24 i 4t 5 < 1366080, 45 i 99% ) ;
2,6- R (e F BUM b2 KL = it
108951, 41i i 99. 8% ) .2, 6-— F JEHE KL 7, Pk i (41t
51154427, 45 99. 98%) (N2, 6- - H FL KK 2-
CIEFIE 2 W (L5 - 142855, 4% 99. 5% ) 2%
i 2- T2 HE B B L -N-2, 6- T LR I 2 W i
(L5 . 833116, 4L )& 98. 49% ) (& [F BT 1k 24 5% 5K
1),

2 F &

2.1 &5 Rk in

211 Al &S A3k H ) Agilent ZORB-
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Bl AH Ay H - 7K (802 20) 45 JiE Y B, it i 0. 3 mL/
min, {3 30 °C, HEFEARFL 20 pl.
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2,6-Dimethylbenzenamine 122 105.2 47.26 385.93 9.85 22.28 15.00
2-Chloro-N-(2,6-dimethylphenyl) acetamide 198 122.3 47.33 260.92 14.70 28.78 15.00
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mL IR, A AlK 2 mLREEIE#, T 60 C
HEFE .5 000 Lx O BGRIOA T ACE 24 h k175 R
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Figure 1 Synthesis route of lidocaine
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Figure 2  Structures of possible degradation products in lidocaine hydrochloride
A: 2,6-Dimethylbenzenamine; B: 2-Chloro-N- (2, 6-dimethylphenyl)acetamide; C: N- (2, 6-dimethylphenyl)acetamide; D: 2- (Diethylazinoyl) -N- (2, 6-
dimethylphenyl)acetamide; E: N-(2,6-dimethylphenyl)-2-(ethylamino)acetamide
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Figure 3 Chromatograms of potential genotoxic impurities tests

1: Test solution (Lot: 201811012); 2: Reference solution; 3: Blank sol-
vent. A:Peak of impurity A; B:Peak of impurity B; [ :Chromatogram of
total ion current; Il :Chromatogram of impurity A; Il :Chromatogram of

impurity B
B i oo B il SRR R 2 R IR UKL 28 |

T S L ST S B2, 1IN ik A R R R
st T VR PR AR, e IR B A B 2R TR I T
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Table 2 Results of content of potential genotoxic impurities of lido-
caine hydrochloride API, homemade preparations and reference prepa-

rations

Form Batch No.  Impurity A/%  Impurity B/%
API 201811009 0.000 3 0.001 1
201811012 0.000 2 0.000 5
201811016 ND* 0.001 0
Homemade 190502 0.000 7 0.001 4
Reference 6120311 0.000 2 ND

“ND:Not detected
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Table 3  Results of the forced degradation tests of lidocaine hydro-
chloride

1 mol/L 1 mol/L 60 °C
Name 1% H,0,/% Light
HCI NaOH/% heat
Impurity A ND ND 0.001 ND* ND
Impurity B ND 0.001 ND ND ND
Impurity C ND ND ND ND ND
Impurity D ND ND 20.399 ND ND
Impurity E ND ND 0.007 ND ND

“ND:Not detected or changes of ontent <0. 000%
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Determination of genotoxic impurities of alkyl methanesulfonates in meth-

anesulfonic acid by gas chromatography - mass spectrometry

CHEN Yiling', FENG Jiangjiang®, YANG Haixue’, SHI Yaping', LI Longnan’, FENG Fang"
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Wuxi 214028; *Yangize River Pharmaceutical Group Nanjing Hailing Pharmaceutical Co., Ltd.,Nanjing 210049,China

Abstract An analytical liquid-liquid extraction-gas chromatography — mass spectrometry (LLE-GC-MS) method
was established for the determination of genotoxic impurities including methyl methanesulfonate (MMS), ethyl
methanesulfonate (EMS) and isopropyl methanesulfonate (IMS) in methanesulfonic acid. An Agilent HP-1MS
capillary column (30 m X 0.32 m, 1 wm) was used for separating the analytes by programmed heating with the
inlet temperature of 220 °C. Mass spectrometry was operated in positive ion mode, and selective ion monitors
were set at m/z 80 for MMS, m/z 79 for EMS, m/z 123 for IMS and m/z 56 for internal standard butyl
methanesulfonate (BMS). Results showed that the baseline separation of MMS, EMS and IMS was achieved, and
the blank extraction solution had no interference; good linearity was achieved in the range of 37-1 480 ng/mL for
three alkyl methanesulfonates; The mean recoveries of MMS, EMS, IMS were 104.99%, 107. 26%, 108. 85%,
respectively, with RSD < 4. 54%. The established method has the characteristics of good specific, sensitive,
accurate, stable and versatility, and has been used for the detection and control of alkyl methanesulfonate
impurities in methanesulfonic acid from a variety of manufacturers.

Key words alkyl methanesulfonates; genotoxic impurities; methanesulfonic acid; liquid-liquid extraction; GC-

MS:; determination of content
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159 Zhou F5M 4R AL AT A= 1k - 5 B0 A
A W e 2 b T R PR b Skl o el TR HIAT
A AR Y SR AR R R 22 | i A RE I S i b
1) HE sk 72 FH 1 R HE it R T, LB A T TR
A 30 min. KR 25 3R = S0 o8 WV A6 LS
GC-MS ¥ 73 I e FP il 158 v 1 PP 92 P T P il
2 <M R S R TR, ik UL a7 B, {H SR
o7 FH A R e O A0 P [ A0, AR F 5 AE R 245
BTy 0 BE A b 3 A R X B R T R
PR TR BEERR B R B 58 T B o i
F LRI Ty 2 B Ak i T R AR T
TR 2 BOS5 X) T 12 Ja H A R R Y R )
2038 A LU B A TE 5 o i v 1 ME
& WS T AR E BT T IZ TR T A TR
S5 A PR B Jo A -5 M

1 # #

L1 A %
GC-MS-QP2020 A (i85 Bk Hl (34, i
A AOC-20i A B FERELS , GC-MS solution 4. 45 il T.
YE 345 ( H 78 Shimadzu /A 7] ) ; BSA124S U K- |
BT25S #Y B, - K~F- (15 [F Sartorius 23 ) ) o
1.2 & A
FH B iR Y 1 (99% , 415 : A0356876) | H fif i
216 (99% 41t 5 : A0341901)  HI Tt 2 S PRI i (99%
5 . A0375206) , ¥l B 32 [E Acros Organics 23
A s R I T B (98%, it 5 . AK114028, 3% [
Ark Pharm 24 A ) 3 & H e (4355015 9, it 5
19045160, 32 [E Tedia A F] ) 5 A i (=98% , It 5
10210923, % [H Alfa Aesar 23 ) ; Fi 2 (99. 5%,
L5 : F1801073. D1919052, Fif £ T 3k 77 A B 2
A s HA i & A 4t .
2 F &
2.1 &5 RERM
2.1.1 & FH Agilent HP-1MS 4155 HE (
SE N 100% — B R A SUE L 30 mx 0. 32 mm,
1 pwm) 5 3 AF TR B 220 °C 5 AR IR - 0 46 IR 5
55 °C, 4E+5 1 min, 10 °C/min JFE 2 95 °C, 44
2 min; FFL) 10 °C/min FHEZE 135 °C, 4EFF 2 min; 2,
AR N 2 mL/min; AN i R R RE .
JE 71250 kPa, B} [E] 0. 5 min; PR 2 pL.
2.1.2 FR#EMH BT ERGEED, S 7R
JF 2230 °C 5 42 IR 280 °C 5 PO BT i & 43 1 2%
TEHR B W (SIM)ABE . A 5~ A N st [
FEILEL,

Table 1 SIM mode of components to be tested

Component m/z Acquisition period/min
MMS 80 4.30-4.80
EMS 79 5.80-6.30
IMS 123 6.70-7.20
IS-BMS 56 10.30-10.80

MMS: Methyl methanesulfonate; EMS: Ethyl methanesulfonate;IMS: Iso-
propyl methanesulfonate; IS-BMS: Internal standard -Butyl methanesul-

fonate
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2.2.1 ZaEk Tk EIAKS mL
K ZE@AME S mL, RIS, B4 2 U 2
HHUAINICKBREREN 0. 7 ¢, JR4E , ¥ B 5 min, HL |
T, 1.

22,2 WARE®R EECPRERIETEE7 pL, &
10 mL b, i =S P BeRi B 2 20 88, 35650 B R
BRI 288 5 A5 2% et U AR Y 45U 5 L, B 100 mL
s, I A R R R 2 RS B
2.2.3 RANTRRBER ORGSR R S
IR £ T AR S T TR 4% 25 mg, B 25 mL i
w0 P AR TR B R L RS AR TR A R AR
s I8 L 5 R 9 S RO A5 0T IR I 48 TR TR 74 L,
B 10 mL = 0 AR VRO R R 2L RS
Y R IR A X L e () Y5 0 %8 o T L R TR R
100 pL, B 10 mL SR, 0N AR O T 2 20 5
P21, 4 s Tor il =k ks 2 A 5 mL K S bk
VW5 mL, JRFEFR L, 0 B (0 53 )2 s BUR 2 A LA

).

K B ER #M 0. 7 g, PRFE , B8 S min, B FVE T,
IR

2.2.4 BRIk BN 0.37 o REERRE
BRI ORE S IAK S mL, $22) B EE
T s B NBR A WS mL, PRER LI, #E fl 5
2 BCT A WU I JCKBREREM 0. 7 ¢, PRFE , e
5 min, J V5, BITS .

3% B

3.1 FRMHER

HUs U TR AR RS K A TR (>
98%, It 5 : 10210923, 3 [E Alfa Aesar 2\ Al ) , $#%
VIR SAFIERE AT e SR s E (LA D) .
SE 0L R W R | RS R OR  H RER S TN
T R H RS 2 E T R 9 P B8 B[] 43 3310 4. 63,599
6.89.10. 46 min, 75 FIAR (B 1-A) R T , &
AH SR 2 0] 43 25 B R A (B 1-B L 1-C) , ik L @i
R4f.

.|

Foto

5 6 7 8 9 10 5 6 7 8 9 10 5 6 7 8 9 10
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Figure 1 Characteristic GC-MS chromatograms of blank solution (A), standard solution (B) and test solution (C)

1: MMS;2: EMS;3: IMS;4: IS-BMS
3.2 &M EER

IBCTR A5 %) L v [ 0 88 RIS O DN s V5 Y
B2 2 B 15 i 5 Wk BE 2N 37, 74, 370, 740,
1 480 ng/mL X Sl 35 W , 26 2 -1 b 3L/ 1 45

Table 2 Result of linearity test of three alkyl methanesulfonates

RGNRUEL PR IR T, #5217 T0 R At BE A #r
LA R 9 5 P9 s 06 TR LE Sl N AR e, R B2 Ay
AEFRIEFTER N, 4% FBE PR R /E 37~1 480 ng/ml.
TR NZR PG R AP AR L3R 2,

Component Linear equation Linear range/(ng /mL) Residual sum of squares
MMS y=0.015 05x + 0.050 30 36.75-1 470.0 0.006 992
EMS ¥=0.023 20x — 0.011 97 35.49-1419.6 0.001 861
IMS y=0.016 28x — 0.162 1 0.999 9 36.14-1445.6 0.056 33

3.3 R EMAtm R

MMS . EMS . IMS i & 5 FR 73518 36. 75.35. 49
F136. 14 ng/mL, & 1t FROKS % B 40 51 0 1. 25% .
0. 68% F10. 37%, & & FR G B 53 51 R 105. 73%

105.32% .101. 53%. VAW 29k 301 (19 AH R vk

JEEAE R R B, MMS L EMS |\ IMS (74 6z 0 B 43+ 551 Sk
7.35.7. 10 #17. 23 ng/mL.
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3.4 HAEHEE

IR A 6 BRI W, 7 S ERE 5 IR, MMS,
EMS  IMS 5 N bRl 2 EE A9 RSD 4359124 0. 51%
0. 43% F10. 27% AL A5 ARG 2 B R4
3.5 EDkE

B B R REAS (415 £ 10210923) 9 4y, B34y

Table 3 Recovery of three alkyl methanesulfonates

0.37 g, K BHRE , MK 5 mL BB, 720 B0 A R
HHHEJE H3 37 370 11 110 ng/mL X BR S5 5 mL,
ZLRRICT PR A ey Lo 3 7P 5 o VA B A9 R [
ORI, 5 o0 v B K45 3 008, o0 Sl kB 4
BT o o3 BOTR G % B VA5, TRl o [l i 384k
B ah AR 3, i T A MER B R AT

Component Level 1 Level 11 Level 111 Average recovery/% RSD/%
MMS 101.55 £ 2.70 106.92 +0.10 106.51 +0.72 104.99 2.80
EMS 105.05 + 0.58 107.91 + 0.47 108.83 £ 0.19 107.26 1.63
IMS 102.82 + 1.32 109.80 + 1.07 113.92 + 0.54 108.85 4.54
3.6 ETAM PAesE VeSS Gl PR

Fi“3. 57T J5 v A bR BT S ViR BE 43 5 Oy
37.370 F1 1 110 ng/mL AL G W, 70 2R 53
BT, 1 SR T AR, TH AT A5 VR B KT T 4% H i R TR
U T ALY RSD R M 5T 2. 78%, 1% vk &2
KA4f
3.7 BEMHER

BBUIR A3 %o R v ) 8 Y 0 A VS VR R
Tk 28 20 B 45 o i VR B 24 R 74,370,740 ng/mL X
TR TR, A BT B, TR (25 C)F
JCE O h 18 h 5 Sk A 73 T (n=3) , 45 3R WY,
MR FEZKE TN 25 s FR TR 55 9 A e 1D AR L 3 51
YA 04 A X s 22 10 46 X 2R B 3 1. 63%, % B
Xif VAR R A 8 hRE -

3.8 @AMKER

BRI A 5 58 T HERE FOREE AR fE £ 20 C
HERE R 1284k + 50 kPa . i2FFE I 7] 25 4k (0. 3
0.5.0. 7 min) , A B2 A2 BUHHE B 4] (0~30 min) X [
— PR R AR A A R G 4 R e, g SRR,
25 TR 2R T A% 1 D 4 i D AR Y RSD 2 AN i i
3. 22% , J5 1 ELA BT 1 A
3.9 FAnE

B4 G PR RE A 2 2. 2. 47 TR Jy ok i) 4 3t
AW, B REASEAT A W 0, 2. 2. 37 T
I A TR A X A, R 2. 17
TR 2541 GC-MS 43T, WARTETHEA AL, o MMS |
EMS . IMS #9258 T3 4 Lab 1 XA~ H s &
B B UE I 2 S5 251 T3 4 Lab 2% N2 H . W
A S 56 22 X AH [R) B il R (A R T o i R 1)
DU 235 S 1 R 0 i 22 AN BB 2 4. 42% , 3 B i i

Table 4 Result of content of three alkyl methanesulfonates in meth-

anesulfonic acid samples

MMS/(p.g/g) EMS/(ng/g) IMS/(p.efg)
Lab1l Lab2 Lab1 Lab2 Lab1 Lab2
KSCC904 508  4.84 1.65 157 031 031

Batch No.

P1306518 1.98 1.86 ND ND ND ND
F1801073 11.19  10.64 ND ND ND ND
P1451200 1333 13.81 ND ND ND ND
D1919052 1.89 1.73 ND ND ND ND
20180306 11.88  11.06 ND ND ND ND
C10238789  4.11 3.83 1.77 1.88 ND ND

10210923 0.88 0.87 ND ND ND ND

ND: Not detected; Lab 1: China Pharmaceutical University; Lab 2:
Wuxi Center for Drug Safety Control

4 it it
4.1 BEH Fo ZRF

SR FH R 24 ST s A i v R I A 5 32
g3 R T A A A A R I i A T
Sy, WAL Z) v T /K sl A5 i 500, Rk R e
ST V)7 55 B A ALV 0] b s A T Ao A SRR
TESRLTE b S v 30000 s HY RS 1R FE T8 R R B R £
T, A A e 2 ™ B 446 2 s Wollein 57 I IE O be 4
B FF 8 R YR 5 vl PR R o 35 R sF ] 503 i I
PRI PRI O e R AR P ) L R BB A A58 BBUK
VW R R b LR . AP B TR, S R
T W RS B, FEAS I T g AR PR e B
ik 2% Jo 14 2 BB, K PR PP s 7 b i 0351
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4.2 RMERZTHTRIZEZH XNHAL

AR R FH JoT 1522 28 e 0 M A X
FEAS RO . Horb, WG R G L FH R S TR N
i FRR 2 1 T 18R 43 01 5% FH = B d5 v 19 m/z 80 m/z
79 .m/z 56 B A B 1 VRS R S N R L A
F R m/z A3 BT AERL I B AR B 32 R G
WARERZ T il e i L E e, E i T
K AR AR BT fr R I m/z 123 B, Riff
— 0 H R R AR B AR T 43 B B R T
A FIF
4.3 #HHXegkik

PR 72 v FH i 2 o 6 15 7 A DU T 1 0 B
JEWE . A BRI ) R AR AR T AN
T HERE 5 DK A A R A O SR R e, 2
DL 20 AL AN G A A5 a3 1 (5] 2-A)
Hh A5 AR A i 7 N EL IS 18 X R 22 5 SR R K v
Aoy AL, 24 TR F17E 200~300 kPa 5 B N 1T, 7
T W 7 LA, 2% €00 i DA U 2 X o, Y ik 7 Y i L R
e 19 < 1 P i 1R S PN i XTIz g g e T R ) 3
T 29 134% . 77% . 140% (&1 2-B) o X & FEEE
1 7 3G T, 45 A58 00 4 76 sk ] A Pk 2 v gk A
EIERE 15 R SE /N IR H X FREE R . I
A, PERE 5 B8 s ) sl 2D, A R AR T AR I 4 o ke A
PRI AT RE
4.4  EAEAR IR BRI

K A BT 5 0 R B I ), €3 43 B 6 T

%51 %

A

2

N |

5 é 7 8
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2 B

| [\ f\

5 s 7 8
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Figure 2 GC-MS chromatograms of plitless injection(A) and pulsed
splitless injection under 250 kPa(B)
1: MMS;2: EMS;3: IMS

P 22 1 EFY A R e 66 i 10 o 0 2+ . 3K
YA, S A BN 25 R 100% H 3w 8 Ube N
Il S A AR AR P B A0 A A DB-1(15 m x 0. 25 mm,
1 pm) , AT B 4007 o it AR AR IR TR
e I L SN o R L P RE R R EY/ SR |
A1 2% T 1) 0L 0 =2 [ AR S IR L 2 3 5 (&1 3-A) 5
U 5% 7R HE-95% Y EE SR Ak A e Ay [ Vi 1) T
B H Rxi-5ms (30 m X 0. 25 mm, 0. 25 wm) , Ff 223k
A a3 2618, 45 9 (18] 3-B) 2R B0} FR R iR 20T (5
T W AT A7 7E 5% W 5 24 R A HP-1MS (30 m x 0. 32
mm, 1 pm) , FRAETESAEE , H R L
T (P 3-C) SR, 48RRI T AR BEXTAR , 45 1 43
] 73 B B R o WSO 2R FH HP-1MS (30 m % 0. 32
mm, 1 }Lm)ﬁfo

f/min t/min

Figure 3 GC-MS chromatograms of test solution (Innochem, Batch No. KSCC904) in DB-1(A), Rxi-5ms(B) and HP-1MS(C)

1: MMS; 2: EMS; 3: IMS; 4: IS-BMS

4.5 SRSk bes 7 R HE

DR 24 i DX B i S R e i AR o S
HE TR PR PR e B R Y 3 i o i
55, A5 R B R - H R IR A A TR IR 4
(2975%) . BV S I E AT 7 =5

HH ot 26 B - TR B R M T Al R i X B WO T
BEHRAE PR 0, AR 5% 25 42 T 0] B 8 TR o 4 o)
28 HE - A 355 N AT 4D 3G T 4 SR Y 5
Wi, 25 R WK 5.

AR, SR BRI 1 =K, R 5



HS51ESE 4 MRIZAS , 25 . GC-MS I E

FRVRTR P 3 ol FH e P e

ESUR LS R 471

Table 5 Comparison of average recovery before and after extraction-

drying process of three alkyl methanesulfonates (n=9)

Average recovery/%

Component  Before extraction-drying After extraction-drying
process process
MMS 75.65 104.99
EMS 91.74 107.26
IMS 92.98 108.85
fity TR VR — R AR A - R b B, Wi ke 107 DI 24

Ty 0 5 P i 2 e S TR e 35 SR Al 1 7% i)
4.6 =TT

IAT A N B [ 28 ) 2SR 4347 7 vk
14 7 H R A2 A5 MR LU A /INT 100 1, HOHERRRE RS
WK NI, AR LT W R e I
il {5 M EE 24 10+ 1 BRF X 107 A FE i R g 32 TR Jot o Ak
FE, 2970 14. 8 ng/mL. i — 20 PAT il & & O BE 1Y

PR S AR VIS AT, 25 5807 16 F R R Y g L HH
ﬁ%@al% FF i i S PN T 0 5 1 A A 3 RO 8

SR L KE B B BAR BRI - 7Y e
DU A5 v B 55 B o TS 0 Wk BE A TE 1 AR X i 25 3k
39. 11%, iﬁ@%ﬁﬁmm 8 ng/mL JT 2 V& JEE 114 Az )

ISR B e B R . B R 56 IR i R o B R
B0 0 T ) R e B  JB H R JE R 37 ng/mlL,
I FSE 2SRRI 0300 5 B A X 22 2 /N T 20%

4.7 e KikAge R KM R E

254 v 2% B 1 A e AT R FH PN A b o it 2 1k B
PR B SRS I 15 A B 98 0 B 5 3 B A5 45 SR 1Y
HERR L HEAT T IR

26 53 5 A T A o 2k R B SRS IE
5 1Y FRE R o BETRAIC b VR R BRI R R D K
AEX I 2% o

Table 6 Comparison of standard curve method and single-point calibration method in predicted concentration of three alkyl methanesulfonates

Standard curve method

Single-point calibration method

Actual concentration/

Component (ng/ml) Predicted concentration/ Relative devia- Predicted concentration/ Relative devia-

(ng/mL) tion/% (ng/mL) tion/%

MMS 36.75 34.24 -6.83 36.95 0.54
73.50 72.59 -1.24 73.50 0.00

367.5 370.3 0.76 363.5 1.09

735 747.9 1.76 723.3 1.59

1470 1479 0.61 1434 2.45

EMS 35.49 35.67 0.51 35.14 -1.49
70.98 71.66 0.96 70.98 0.00

354.9 354.4 -0.14 351.7 -0.90

709.8 718.8 1.27 707.6 -0.31

1420 1430 0.70 1415 -0.35

IMS 36.14 42.61 17.90 35.34 -2.21
72.28 75.89 4.99 72.28 0.00

361.4 354.6 -1.88 375.4 3.87

722.8 723.2 0.06 768.7 6.35

1 446 1461 1.04 1549 7.12

AL TESE B BRIV R, IR O IARE 5 & it

5 PRV AE A A 22 259/ F 18%, i s vk K P
AR X i 22 350/ T 8%, £F 6 BAT IR AR N R L
AT 24 ) A3 AT O VR E A R . ST
(A BEVE | PAR B0 05 8 IE 8 TR B 9 T A 98
HEST I AT T o

ABEGE ST - A S S GC-MS i B AT
fai (R AL LR e HL AR i s, B
FH T FP G 1 v ok R R P T PR R TR R
i S PN R ) 5 B
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Quality evaluation and specification research of Cervus and Cucumis poly-
peptide injection
SU Zhe", ZHOU Chaodong, MA Bing, ZHANG Jing, FU Shengqing, WANG Chong, SHUI Fengchun, HUANG

Zhesu
Tianjin Institute for Drug Control, Tianjin 300070, China

Abstract To investigate the freshness, high molecular weight substances, the determination of polypeptide,
haemolysis and agglomeration, biological activity of Cervus and Cucumis polypeptide injection; to provide the
direction for improving the quality of products for enterprises; furthermore, to provide reference for the revision of
the quality standards of Cervus and Cucumis polypeptide injection. Firstly, we investigated the factors affecting
the freshness of the injection, including biogenic amines, aflatoxins, the acid value and peroxide value of the
melon seeds. The method of dansyl chloride pre-column derivatization-HPLC was used to determine the content
of 8 biogenic amines in Cervus and Cucumis polypeptide injection. The method validation results showed good
specificity, precision, linearity and recovery rates, which was suitable for the determination of biogenic amines in
Cervus and Cucumis polypeptide injection. The results of sample determination showed that relatively higher
concentrations of cadaverine were detected in the products from company B. The results of aflatoxins, acid value

and peroxide value showed that the melon seeds from some companies had rancidity, mildew and other problems,
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indicating that the quality standards of multi-component biochemical drugs containing animal- and plant-derived
components should be controlled in terms of freshness. Secondly, the methods for the determination of high
molecular weight substances and polypeptides in the quality standard were improved. Tricine-SDS-PAGE
electrophoresis was used instead of gel chromatography to determine the high molecular weight substances, which
improved the accuracy of determination. The kits were used instead of folin-phenol for the determination of
peptide content, which is easy to operate, specific and suitable for high-throughput sample determination.
Finally, the haemolysis, agglomeration, and biological activity of Cervus and Cucumis polypeptide injection were
studied. The results showed that no haemolysis and agglomeration were found in all samples, and the inhibitory
effect of samples on THP-1 proliferation in vitro from different companies was different to some extent. In
conclusion, the optimized quality standard is more suitable for the detection of Cervus and Cucumis polypeptide
injection, and can lay the foundation for improving the safety of multi-component biochemical drugs.

Key words Cervus and Cucumis polypeptide injection; quality evaluation; biogenic amine; Tricine-SDS-

PAGE; determination of polypeptide content; activity determination
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(2 mol/L)0. 2 mL, 60 CZK V& EENE I M 30 min, HUH
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Figure 1 HPLC chromatogram of blank solution (A), reference solution (B) and sample test solution (C) of Cervus and Cucumis polypeptide injection

1: Tryptamine; 2: 2-Phenylethylamine; 3: Putrescine; 4: Cadaverine; 5: Histamine; 6: Tyramine; 7: Spermidine; 8: Spermine
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Table 1 Results of methodological validation tests for the content determination of biogenic amines

Compound Lincarity . LOQ/ LOD/ Recovery test
(pg/mlL) (pg/mL) Average recovery/% RSD(n=9)/%
Histamine y = 62248 x — 30 010 0.999 6 0.112 0.034 90.71 1.35
Tryplamine y=72170x + 11928 0.999 9 0.103 0.031 91.25 1.97
2-Phenylethylamine y =86 185 x — 7 654 0.999 9 0.052 0.016 95.67 1.23
Pulrescine y=213221 x + 136 021 0.999 8 0.031 0.009 92.05 0.55
Tyramine y =138 949 x +2 367 1.000 0 0.054 0.016 93.15 2.04
Cadaverine y =189 176 x + 146 823 0.999 8 0.043 0.013 97.39 1.89
Spermidine y=170183 x - 16 274 1.000 0 0.032 0.010 97.88 1.02
Spermine y = 147 347 x - 24 022 1.000 0 0.055 0.017 90.78 0.87

e A= W e AH Y AR (0. 004% ~ 0. 038%, 5 2o K T O ) B8 R M s v R RE A B, Y LA
Z WKhr s B0 E 2 Eeit) 5 1 B Ak i9 10 4t BE K 0.265% ~0.333%. £5SkEMAINEE R F 2,

Table 2 Concentration of biogenic amines in 22 batches samples of Cervus and Cucumis polypeptide injection

Manufacturing Bateh No. Hista- Trypt- 2-Phenylethyl- Putres- Tyra- Cadaverine Spermi- Sperm-
enterprise mine/ % amine/ % amine / % cine/ % mine/ % ! % dine/ % ine/ %

A 181104 n. a. n. a. 0.013 n. a. n. a. n. a. n. a. n. a.

180928 n. a. n. a. 0.014 n. a. 0.004 0.021 n. a. n. a.

181017 n. a. n. a. 0.019 0.009 0.006 0.022 n. a. n. a.

181112 n. a. n. a. 0.016 0.004 0.004 n. a. n. a. n. a.

180112 n. a. n. a. 0.017 0.004 0.016 0.028 n. a. n. a.

C 1801303 n. a. n. a. 0.017 n. a. 0.005 0.036 n. a. n. a.

1902302 0.020 n. a. 0.013 n. a. 0.006 0.025 n. a. n. a.

1803301 0.018 n. a. 0.010 n. a. n. a. 0.038 n. a. n. a.

1801301 0.024 n. a. 0.009 0.007 0.005 0.033 n. a. n. a.

1804301 n. a. n. a. n. a. 0.004 n. a. 0.026 n. a. n. a.

1803303 0.021 n. a. 0.008 n. a. n. a. 0.027 n. a. n. a.

1903304 0.019 n. a. 0.009 0.004 n. a. 0.027 n. a. n. a.

B 120180407 n. a. n. a. 0.034 n. a. n. a. 0.265 n. a. n. a.

220180309 n. a. n. a. 0.029 0.023 0.023 0.326 n. a. n. a.

220190108 n. a. n. a. 0.010 n. a. 0.023 0.309 n. a. n. a.
120180315 0.022 n. a. 0.016 n. a. n. a. 0.333 n. a. 0.004
220190104 0.025 n. a. 0.014 n. a. n. a. 0.321 n. a. 0.015

220190106 n. a. n. a. 0.029 n. a. n. a. 0.301 n. a. n. a.
220171112 0.016 n. a. 0.032 n. a. 0.030 0.320 n. a. 0.013
220180118 n. a. n. a. 0.029 n. a. 0.021 0.289 n. a. 0.012

120180317 n. a. n. a. 0.038 n. a. 0.024 0.314 n. a. n. a.

220190416 0.020 n. a. 0.036 0.008 0.020 0.295 n. a. n. a.

n. a. means that the detection limit has not been reached

3.2 HmEAEETHAL (B MR B, B, .G, .G, IR BR324 0. 012
PEHL 3 Ak L 30 L FE R KRGS 57 A8 it 0.003 4.0.011.,0. 003 6 ng/ml.) .

AR FIRBORSEAT T MR E 4558 1 3.3 #KT RABRN AL AL 2

IR 38 HLAE i R AG Y v i EE 7 R B, B, G, I G, 3 2o X Al s 8 At I SRk HEA T



HS51ESE 4 iy

i A < JIE N2 IR S50 A DA S5 A5 485

it AL AE I 2 45 5 AE 0. 004 ~ 0. 014 ¢/100 g =2 [,
i T E #5 GB 19300—2014 H FR & 0. 40 ¢/100 g.
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11902003 1Y & X+ J5RERR #5391 o 3. 14
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Figure 2 SEC-HPLC chromatogram of reference substance (A, rela-
tive molecular weight 5 800) and test sample (B, batch No. 181018) of
Cervus and Cucumis polypeptide injection

1: Insulin standard

R T SR B €0 5 1 B A 0
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X Y A AR T 2. 0%, Z5 L3RR A
A E— 2B R U T BRI A TR
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Figure 3  Tricine-SDS-PAGE gel electrophotogram of high molecular
weight substance of Cervus and Cucumis Polypeptide Injection (batch
No. 181018)

1-5: Protein standard solution 1-5; 6, 7: Test samples batch no.

181018; M: Ultra-low range molecular weight marker

Table 3 Results of high molecular weight substance of Cervus and

Cucumis polypeptide injection by Tricine-SDS-PAGE

Batch No. r High molecular weight substance/ %
181028 0.986 4 15.29
181202 0.984 4 17.93
181202 0.993 5 17.03
181017 0.994 0 14.85
181010 0.985 4 14.06
181111 0.996 0 16.31
181206 0.986 4 12.67
181206 0.9859 13.88
181113 0.993 0 19.84
180628 0.997 5 21.78

3.5 BhbHEEMNE

S gk LR BT AT S O R v R B
X B B JO I 5 5 R LA 5 e AR AN 52 I3
SR IR 45 3 A S VS VR I SR 3 5% LA
T R TRSNA MAE R
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TR B R R 22 KB i 0 e IR S A
7N, ZHKTE 15. 63 ~ 1 000 peg/mL 4 J 12 1k B 3
5 IO S R I R O AR S B [l iR
}99. 4%, RSD N 3.0% (n=9) ; I Ik ¥ il B Ny
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VA PR I 3 G 56 43S 69 HE VR RE
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FURUE T 5 0 (5 0 T BRI A B BB, AN AT
GRS R SRR S BTN
“E Z KU IS A A, B AR N B 1Y 80% ~
120%” . FAETT 5 (A B BERLAE | FH AR PRI 75 At
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Figure 4 Results of peptide content determination of Cervus and

Cucumis polypeptide injection
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Isolation and identification of unknown impurities of alogliptin benzoate
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Abstract

chromatography (HPLC), four new related substance were isolated and purified from the mass production and

By silica gel column chromatography, solvent extraction and preparative high performance liquid

preparation process of alogliptin benzoate. Then it was analyzed and confirmed by various spectrum identifica-
tion methods such as nuclear magnetic resonance (NMR) spectroscopy, high-resolution mass spectrometry (HR-
MS) and Fourier-transform infrared spectroscopy (FTIR) according to its physical and chemical properties. The
chemical structures of the four related substances produced in each step of the synthesis process of alogliptin ben-
zoate were determined, and they were named as impurities L, M, T, and V. These four related substances were
new impurities which were found for the first time. The isolation and identification of these impurities are of great
importance to the quality control of alogliptin benzoate, and the optimization of manufacturing process.

Key words alogliptin benzoate; type 2 diabetes; DPP-1V inhibitor; related substance; isolation and identifica-

tion
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Figure 1 Structure of alogliptin benzoate
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Figure 2 Impurities structures of alogliptin benzoate
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Figure 3 Synthetic route of alogliptin benzoate
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Table 1 'H NMR and '3C NMR (500/500 MHz) data of Impurities of alogliptin benzoate

Imp L Imp M Imp T Imp V

N 0,(J in Hz) o 0,y(J in Hz) I 0,y(J in Hz) O 0,y(J in Hz) I

1 109.5 109.5 109.7 109.5
2 139.7 139.6 140.7 139.2
3 7.42(1H,d, J=8.0, Ar-H) 126.6 7.49(1H.d,/=8.3, Ar-H) 126.7 7.41(1H,d. J=7.5, Ar-H) 126.8  7.49(1H, d, J=7.7, Ar-H) 126.7
4 7.68(1H,t,J=7.7, Ar-H) 133.7 7.71(1H,t, J=7.7, Ar-H) 133.7 7.69(1H,t, J=7.7, Ar-H) 133.6  7.69(1H,t, J=7.7, Ar-H) 133.7
5 7.50(1H,t, J=7.6, Ar-H) 1282 7.52(1H,t, J=8.0, Ar-H) 128.2 7.49(1H,t, J=7.6, Ar-H) 128.0  7.52(1H,t, J=7.4, Ar-H) 128.3
6 7.88(1H,d,J=7.7, Ar-H) 1332 7.89(1H.d, /=7.3, Ar-H) 1332 7.86(1H,d.J=7.6, Ar-H) 133.06 7.89(1H,d, J=7.7, Ar-H) 133.2
7 116.8 116.9 117.1 116.8
8 5.46(2H, s, CH,) 48.5 5.47(2H,s, CH,) 48.7 5.24(2H,s, CH,) 444  5.46(2H,s, CH,) 49.8
9 149.8 150.6 150.8 150.1
10 3.24(3H, s, CH,) 28.4 3.24(3H, s, CH,) 28.5 3.20(3H, s, CH;) 28.1  3.26(3H, s, CH,) 29.4
11 159.8 160.9 163.3 157.7
12 108.8 109.3 97.0 98.2
13 1413 144.0 158.6 144.4
14 6.16(1H,d, J=15.8,CH) 1194 4.02(2H, s, CH,) 31.1 3.89(2H, s, CH,) 279

15 6.87(1H, m, CH) 138.2 141.6 143.4

16 2.18(2H,m, /=7.38,CH) 26.5 7.39(1H,d, J=8.0, Ar-H) 128.1 7.36(1H, d, /J=8.3, Ar-H) 128.3

17 1.01(3H,t, J=7.4, CH,) 13.4  7.61(1H,t, J=7.7, Ar-H) 1333 7.59(1H,t, J=7.7, Ar-H)  133.13

18 7.42(1H, t, J=7.8, Ar-H)  127.2  7.39(1H, t, Ar-H) 126.9

19 7.80(1H, d, J=7.6, Ar-H) 132.8 7.78(1H,d, J=7.5, Ar-H) 132.7

20 111.5 111.3

21 117.6 117.7

22 4.01(2H, ¢, J=7.0, CH,) 72.2

23 1.15(3H, t, J=7.0, CH,) 14.7

3.2 ZBM#gEHET

M AR B, b 5 o B T K45 3
HESY T B T m/z: 391,095 27 [M+H " (G54 .
391. 095 63) , =5t M 1) 53 F 1 AAREL, 70 F &
THECAS N T, 5 IF H1 m/z 393 18 W 38 3 29 K m/z
391 VB B Y 1/3, 24 0T M i & A7 — S U, HE IR

Hy 7 C,H,,CIN,0,, R FIE Ry 16, £ UV
e b B R A, FE 275. 6 nm,225. 2 nm AL,
I BT M S5 R rh S A SRR AR 0 R IR DG IS
L R B (1707 em™) i (2 225 em ™), W
BEIMH IR BN (1 647, 1 622 em™) , K307 4 Bk e
W (1 622,1 601, 1 487 em™) FIER I % 5 (980
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FZ4 5t M 9 '"H NMR . °C NMR (£ 1) 7] %1, 8,
3.24(3H,s) X 8, 28.5.6, 150. 6.8, 160. 9 % F B2
i M AEAE 3, 4- A -3-H -2, 4- A R-1(2H) -
WENE - BE; COSY 1M 8 7. 89(1H,d) \7. 71(1H,
1).7.52(1H,0) 7. 49(1H,d) X 4 M FE T R—4
HEAR R ,87.80(1H,d) .8 7.61 (1H,t) .8 7.42
(1H, )18 7.39(1H, d)iX 4 475 i T b —A> A Jig
K% ,8,5.47(2H,s)F18, 4. 02(2H,s) RPIZL T M
HAEEPIA P FUE R A B, 22 M 5 lfA 1
M, DT IMERF 2 T IR R B,
Ui B 12 67 0 0 T B SR UL R SE T LA . X 2551
5 P is g 245 AR & RIS A 1A
Fe, B T 8 MR BT S A EE TN A RE T
JIr LA T 24 5 M oA 2-4 [ 5-(2-5 3R 3 ) -3- FH -
6--2,4- " FAC-3,4- A WENE-1 (2H) -3 | T AL |
ARG . AR T2 2 1 a1
3-H -6 FIRMENE 5 2 47 F 2- TSR I A5 3
L)

3.3 RTHEMET

5 0 2R A, B L o3 T 1 5 3 O
[M+Na] " 0§ m/z: 423.142 61 [M+Na " (i 214 .
423.14276) , A= T 09531 A%, 70 s &
T N5, HEWT 737208 C,Hy N0, A
FEH 16,

'H NMR (& D] LU HH LA M 22—
A ATERFR ,64. 01(2H, q) F1 1. 15(3H, 1) Ry LA F
(—OCH,CH,) i 54, X iE 45 H oy 72U L
k&2 FREZH CHO MM A . ERET
) °C NMR(# 1) ,HMBC & 1,8, 158. 6 [ Z=hf 5
H-22(5, 4.01) \H-14(5, 3.89) \H-8(5, 5. 24) it
FEAHE, BIoh C-1356, 143.4 . 111. 3 F197. 0 19 34>
Zfik ¥ 5 H-14(8, 3. 89) I FEAH G, (H H i A7 6,
97. 0 CANE KA iy i FimFEAHOC, o C-125 H
T A A , 24 T T P C-12, C-13 i k21
AR B, IR E T 243 T 2 2- 1 [ 6- £ 4 JE-5-
(2-FUAETE I ) -3-F L2, 4- — 403, 4- AU s I -1
(2H)-B& [ L ORI o 225 T2 7E G U N Y55
2 2R M 5 R N AT ok
3.4 ZFBEVELEMET

AR AR B, R 5 2 B oo 1 A5 5
HES> T 85 T U6 m/z: 353. 964 40 [M+H |* (i 51 -

353. 963 94) , [Al i} 1 m/z 356 BYIEHR & 2K m/z 354
U 5 35 (%) 473, AT AR 22 BT V b B A 1A Ui
TR, Hogr 120k € HBrCIN;0,, A
HEE K10, IRAZREV 8Tk 121
MBrlEF, D I HIEF, 5445 LAY XXH L
BT CHABL,Z 1 Brii £,

'H NMR(ZE D), 5 LA —1 A
JiEtk 2, B A BE CH,CH,CH=CH— [ 7Nl 1, 3%
EU 5 HA R 2 T L2 7200 7 ¢ H, A
4. “C NMR(F£1)i%, HSQC .HMBC #H 3% 1, 8,
157. 7 #1150 1 89 24~ Z=hm Ry e S , AR A T
JEURE 3-H -6 S bR g WE 45 44 10T s H-8(8,, 5. 46) 5
C-13(8. 144.4) .C-2(8, 139.2) F1 C-1(8, 109. 5) 1)
342 C I A O, C-2 (8, 139.2) ik 5 H-6 (6,
7.89) LA 54 5 C-7(6, 116.9) L5 H-6(5, 7. 89)
TR 5E, 8, 98. 2 M| Ky C-12, Br JR T 5 12 (i ik AH
i, Br 5 A B T 12 00 o T AR 2 24 T
Vo 2-1[5-1R-6-5-3-H 562, 4- A fR-3,4- AWk
WE-1(2H)-5E TH I8 ORI o 2 2% i el e 44 1 1
BEWE o 25645, T REE A 1 5Bk 2-5
SRR IS =R B B SRV TR .

3.5 i #

WS R AS Tl 53 B AT B AR, DR H R BT 51)
T KA T L B B 5 T 4 A
K, Horb 34 AWk A 1 AR G AR, 1
MG AR 2 (A BT . X T A ey £E 4=
TS 42 n A4 A Rt — 2P e .

2 % X W
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Effect of Astragalus membranaceus on metabolic homeostasis of cardio-

cerebrovascular system in mice

DENG Xiaoying', YANG Xuping', LIU Peifang’, ZHANG Zunjian", HUANG Yin""

'Key Laboratory of Drug Quality Control and Pharmacovigilance (Ministry of Education), China Pharmaceutical University, Nanjing
210009; *Department of Neurology, The Second Affiliated Hospital of Harbin Medical University, Harbin 150086,China

Abstract To explore the effect of Astragalus membranaceus, a traditional Chinese medicine, on metabolic ho-
meostasis of heart, brain and blood in mice, and to elucidate the cardio-cerebrovascular protective mechanisms of
AR from the perspective of metabolic regulation. Thirteen ICR male mice were randomly divided into two groups
which were intragastrically administered with ultrapure water and aqueous extract of Astragalus membranaceus
for 10 consecutive days, respectively. Liquid chromatography-mass spectrometry (LC-MS) and gas chromatogra-
phy-mass spectrometry (GC-MS) were used to comprehensively characterize the metabolic profiles of serum, heart
and brain tissues. Multivariate statistical analysis combined with nonparametric tests were applied to screen and
identify different metabolites, and then the related metabolic pathways were uncovered. Multivariate statistical
analysis showed that the metabolic profiles of serum, heart, and brain tissues of mice after Astragalus membrana-
ceus intervention significantly changed compared with the control group. A total of 15, 19, and 17 metabolites
were identified in serum, heart, and brain tissues, respectively, among which palmitic acid and LysoPC (20 : 3)

were screened out from all types of biological samples. The results of metabolic pathway enrichment analysis
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DQCP2017MS02)
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showed that amino acid metabolism, phospholipid metabolism, fatty acid metabolism and tricarboxylic acid cycle

were significantly affected. Astragalus membranaceus may protect the cardio-cerebrovascular system by regulat-

ing the metabolic homeostasis of amino acids, lipids and energy.

Key words  Asiragalus membranaceus; cardio-cerebrovascular disease; metabolomics; mass spectrometry

This study was supported by the Natural Science Foundation of Heilongjiang Province (No. QC2016109) and the Open Program of
MOE Key Laboratory of Drug Quality Control and Pharmacovigilance (No. DQCP2017MS02)

RO U RHMEY IS [ Astragalus membra-
naceus (Fisch. ) Bge. | 5% 5% 15 15 € [ Astragalus mem-
branaceus (Fisch. ) Bge. var. mongholicus (Bge. ) ] #Y
TR, AT (AR R 22) 25 i s 2247 2000
ZAEN 52015 R AR AR S E 24 ) — 3 ol
BT P 2 20k 1634 BRIy
FOWRH, PRI, BA 43 R0 SR i ik AR ARk
ERFINR W IR SR, B EROR AR U [ B2 07
B2 TR T RO O S BT
R o A B 452 0 i LA 0 o IR 2 B2 AT
FEFRWS, i Ao VT ok S O T A T P
5 32Ky (PPARy) e O LAR ML AR 7 2 B 481k, $2
e O I RE B BE R, A0 ) vy 5 ] b 3R 4 W
B4 (GLUT4) b5 i A AR G Al 1Y 2k ik
2 2 BUME BRI AW e 52 A5UE IR 5 T e A1 JIEL 1 s
J OGS T HMG-CoA 1Y 235 4100 ) JIEL T e 14 5 i 2%
figt v M AL P RECIR 5 vl 10 6] B- 7334 i (BACE 1) %
P, AR B-TE 453 22 IR BT 7% o e 38R I b 14 28
o HE ST EE B0 O R ZE
T2 B A BT R AR T — e i (55
M, TR A S LA A 009 Be o i 25
B A I 215 D) A B

R F R — T TR AR T B R i A
PRS2 3058 B 20 55 D RS e e AR Ao
Yok R K HAS R T 26 2R h e 2
Y 2 iR AR R R R T 2 AR S A
kT ERBEE, A AL B R Y R RS
H 2 BRI AT 5, O v 25 AR I S 4R 44 T
DR B HE, AL E AR P 2 255K
Yy o KL Rl -5 1 HIAIL D L v 25 52 07 WF 5 e vh 2 22 4
PP A5 5 AR 2 1)z Y AR BT
B as A 63 - B (GC-MS) RN A (4,3 - 5T
7 (LC-MS) A, W RAE/N W B 4 T RO
i 1 4 AR g A AR A Y 22 A, Ui i 22 S AR A O

PRV 1 A A AR O i LA VR FH T AE AL o
1 #% #

1.1 a5 XA

BRSO (7 |l s A, e O A 24 M 2K
AR T 5 H A ) (HPLC 2%, 75 [5 Merck 24
A ) s 2 (HPLC 94, % [&] ROE Scientific A H] ) ; £,
M2 TR (53 B2l , B s A2 n A w5 A e i 4
W ROV 25 M0 A3 R SEAE A A ) 5 B 48U (MOX,
4R T 99.9%) N-H FE-N-( = H Lk =5 2
Tk e (MSTFA, 40 & K F 98. 5%) M WE (483 KT
99.9%) . W bx (T LR, 4% 5 A g, 2l 5 K F
99. 9% ) LA K AR W bm o 5 1210 A 36 [ Sigma-Al-
drich A H] 5
1.2 HEAKIZRH &

BRI BRI TR IS PRI K 10 g, 30
HARFLE 1:10(g:mL) AR 217K B 2 9K, B3R
2 h, FIBWRAL AR LIE A IFUEW TR RAET
—80 CUKAH o UK E 15 17 FH 8 4l 7K e i ) o o
WREER 1 g/mL 9 8 KR BOR (LA 25 5 HET ) o
1.3 B %

PR VA 3 - B PR AT B T % Y
(UFLC-IT-TOF/MS) .GCMS-QP2010 Ultra T (3%
J s R I ( H A B 20 ] ) 5 5430R ¥ Uk 12500 AL
(18 [F] Eppendorf 22 7] ) ; TMS-200 # 2% 18 & 1R 211X
CATE PN BB ) ) 5 VK k30 23 e 5 7 v RS 3k
BFTRATD) 3 B0 Wi A V2 T 1AL (15]%] Lab-
conco 23 H] ) 3 Milli-Q 8 1 7K il % & 4t (52 [§ Milli-
pore 1] ) o
1.4 & %

SPFZLICR /IR 13 B il (R (18~22) g, 1)
F N R SCHT 2 56 sh A BRZ2S /] (IF THIE : SCXK
(75)2016-0010) , 5114 S B 47 v [ 25R) R~ 3
7 5L o AL HE I 2 50 20 W A 380k ) A AH DGR E o
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INEUR FEAE AR ESI Y B, B HOGRE 12 b, IR 20~
25 °C, WP 40%~50% , 25 T AR mbRE IR K o

2 F &

2.1 FHHEBRAAARARE

& W R 1R S BEBL A% BEZH (Con, 6 )
M A (AR, 7 H) . ARZHEEHE B 4A T K
P10 d, 57058 20 mL/ (kg d) (LU ZG &)
Con 41 B 45 T R A R BV BRER K . FJs — R
45 UG 24 b BRI , A0 B Je B3O JE A0 i 28
41 A FEART-80 CHRAT
2.2 H&H&
2.2.1 AR BUNSLOIEHZ 100 mg I
BYRE, i 80% FH I (HE-7K , 8:2) 800 WL 2J %%, LA
6.5 m/s HEEA)H 10 s, BB 30 s, A 3K,
2.2.2 LC-MSH#raT &2 FEARZEIRME)G IR
JIE 10 s, BUM IS BLH 215100 20 WL, 3 5l i e ik
FICHBE-C G, 11, &5 NFR &SI AR 5 pg/mL) 140
5 100 WL, 163 € J5 PR UK 250 B 35, T LC-MS
G307 -
2.2.3 GC-MSHO#aTa  HUME 10 nL 514
S50 L, I HTEE (5 AR L2 10 wg/mL)
100 5 50 wL, ¥ HE 15 min J5 , P B0 B0 15 W
80 L, Bl MOX (10 mg/mL) 25 pL, 37 C &
90 min, E25 T4, il MSTFA 120 pL,37 CJZ 2 h
J& K T R 2 UERE /NI T GC-MS 2387
2.2.4 RIEHAEE NIRIES PRI
PE 43 SRR Sl B4 LT O JE R A 4 2050 25
rh I RS PR R AR TR S 5 A R (QC) FEAR .
NG| A 1 R N B T SN T NS
QCHEAS, [Al AL B4 HT o
2.3 BB
2.3.1 LC-MS o #r%&# (3% F k XSelect HSS
T3 XP (2.1 mmx100 mm, 2.5 pm, 2 [H Waters 2>
F]),0.01% B R KR (A F) 1 205 (B AH) R i
SARSEAT R B VR . B VR AR I 40 R £ 0. 00~
4.00 min, 95%~50% A; 4.0~10.00 min, 50%~
15% A; 10.00~15.00 min, 15%~0% A; 15.00~
20. 00 min, 0% A;20. 00~20. 01 min, 0%~95% A ;
20. 01~30. 00 min, 95%A . itk :0. 4 mL/min, £
40 °C,#FFE R S5 who BTG R H L2525 15 (ESD)
TE BB T U3 A TR, B 404 R 40 1 +

4.5 F1-3.5 kV; 85 (A ) ) : 35 arb; A B <
() R TT 2 15 arb; B 7 1% 5 6 4055 0 #4061
320 °C; 2 F 4 19 5T it 1 L 100~1 000 m/z, $1 4
A 0.2 s
2.3.2 GC-MSH#r&s  RHAA AR (i
THREAS N N 201 1, AT AR A A3 e
50: 1), #FFEFE 1 pLo (35 A F Rix-5MS (30 m
0.25 mm, 0.25 pm) , B KA, W H N 1 mL/
min, @35 FHR BT R 70 CLRFF 2 min Ji5 , DA
10 °C/min {938 BE AN 320 °CJ5 B 3 min, F
FEE 32 0 BT R A IR 23 ) O 250,200,
250 C. BB F X HBFETGEFEED , BEN
70 eV, ALl 45~600 m/z.
2.4 HIERFEEL M

LC-MS Fl GC-MS %4z 43 51 £ Profiling Solution
B ( H 7R Shimadzu 23 7] ) 54718 $2 AT DT D 5
Az B FR 0T Aar - PR B B [ - 2 W i 8 A A ) = 4
A€ D O S R e & BN S ORI Ny [ 1
A R RS — IR S AL B, S A SIMCA-P i 4
(Version 13. 0, Hig it Umetrics 2 &) ) 47 1F 3¢ 54
M 552 /> 3 12 30 31 COPLS-DA) 43 # , 3178878 H 4%
HEEESE(VIP) . KR A SPSS A (Ver-
sion 17. 0,3 E IBM/AF]) , #EAT P BEARIE S
K5 (Mann-Whitney U Kz 56 ) o [A] Bl /2 VIP>1,P<
0. 05 DA S 4 % A2 A A E (IRCI> 1. 2 19 48 £ B Ry 22
SRR AR R R TR PO R EE RS
HMDB %4 % (https://hmdb. ca/) . NIST 3 J L K
PRl S S UEAT LU e A, TR AR
ARG i A 21 7E e Ak BRARAF MetPA (https : //www.
metaboanalyst. ca/) 117 & £ 7007, I 45 G KEGG
BUE % (https < //www. genome. jp/kegg/) 22 il {15 18
PR

3% &

3.1 HBETHRHEE

LT O E G ZH 2B LC-MS JE 4R & 15 v 4y
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Figure 2 OPLS-DA score plots of serum, heart and brain samples from control (Con)and AR treated mice
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Table 1  Differential metabolites in serum, heart and brain samples

detected by LC/MS

Table 2  Differential metabolites in serum, heart and brain samples

detected by GC/MS

Sample No.  Metabolite  fy,. m/(mode) VIP  FC Sample No. Metabolite I;‘i MW  VIP  FC
Serum 1 LysoPC (16:1)  12.0 4943266 (+) 1.716 1.854 Serum 1 L-Glycine" 73 7506 1521 1.610
2 LysoPC(18:1)  13.1 5223576 (+) 1.779 1.204 2 L-Serine' 1.1 105.09 1.662 1.350
3 LysoPC(20:3)  15.2 5463518 (+) 1.680 1.791 3 Palmitoleic acid* 189 25441 1.511 1.624
4 LysoPC(20:4)  13.1 5443396 (+) 1.573 1256 4 Palmitic acid* 19.1 256.42 1.413 0.748
5 Creatine 0.8 132.0794 (+) 1.140 0.82 5 Docosahexaenoic acid®  23.8 256.42 1.975 1.466
6 L-Phenylalanine® 2.7 166.088 1 (+) 1.305 0.703 6 Linoleic acid* 20.7 28246 1.413 1.283
7 Thymidine 9.7 243.0995(+) 1.680 0.808 7 D-Glucose® 179 180.16 1.469 0.769
8 Urate 0.9 167.0357 (-) 1.344 0.684 Heart 1 L-Proline* 10.1 21620 1.428 1.662
Heart 1 Hypoxanthine 1.4 137.0475 (+) 1.434 1245 2 L-Glycine’ 73 147.05 1.268 1.784
2 Tryptophan® 3.5 189.0740 (+) 1.222 1232 3 D-Glucose" 179 217.11 1.790 0.688
3 Cytidine 0.8 244.0922 (+) 1.412 1.832 4 Palmitic acid* 19.1 134.07 1.700 0.699
4 Sphingosine 10.1 300.2897 (+) 1.656 1.724 5 Stearic acid” 21.0 132.11 1.656 0.712
5 Inosine 2.3 269.0885 (+) 1.248 1223 6 Oleic acid* 20.8 146.10 1.227 0.634
6 LysoPC (18:3)  12.5 518.323 1 (+) 1.846 1.652 7 Cholesterol* 285 314.03 1.360 0.654
7 LysoPC (18:0)  13.5 524.370 1 (+) 1.748 1.426 Brain 1 Uracil 10.8 112.09 1.260 1.366
8 LysoPC(20:3) 152 546.3547 (+) 1.267 1.493 2 L-Serine' 1.1 10509 1.175 1.385
9 LysoPE (20:4)  13.1 502.2917 (+) 1.255 1.211 3 Succinic acid* 129 118.09 1.828 1.262
10 L-Acetylcarnitine 0.8 204.1225(+) 1.794 0.775 4 Docosahexaenoic acid” 23.8 256.42 1.333 1.307
11 L-Carnitine 0.2 162.1128 (+) 1.752 0.657 5 Glutamic acid® 145 147.13 1236 0.803
12 LysoPC (16:0)  12.6 496.3405 (+) 1.785 0.683 6 Palmitic acid 19.1 25642 1.223 0.812
Brain 1 L-Tyrosine’ 1.0 182.0809 (+) 1.405 1.447 7 Oleic acid* 20.8 28246 1212 0.831
2 L-Phenylalanine® 2.6 166.0875 (+) 1.312 1246 8  Stearic acid* 21.0 28044 1284 0.818
3 Isocitrate/citrate” 0.9 191.007 3 (-) 1.491 1.338 * Metabolites confirmed by the commercial standards
4 LysoPC(20:3)  13.8 5463568 (+) 1.512 1.202
5 LysoPC(22:6)  12.4 5683383 (+) 1.636 1.450 i R GLUT4 19383, 4E+5 N5 B A R S A figs &
6 Inosine 2.2 267.0571(-) 1.227 0.813 ZHUBCEN L AR AR TR 05 T TR R 2 0 4 i
; f“‘PwO . 122 igi;‘g’jji) izzz SZZj S B A AN I R 1) LPCs S84 i 5 12k
yso. : . . . . e [15-16] <
9 LysoPC(18:0) 123 5242772 (=) 1.450 0.732 AR AT AT RRAL AR LD

“Metabolites confirmed by the commercial standards

B AR O3 (8 3-C) , R A SE R AR i 107 R AR
A RAR AL R o I EERS b WP T
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Figure 3 A: Heat-map of the differential metabolites in mice serum, heart and brain; B: Venn diagram; C: Results of metabolic pathway enrichment
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Figure 4 Effect of Astragalus on the metabolic homeostasis of the cardio-cerebrovascular system in mice
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Research progress on the role of neurotransmitters in tumorigenesis and

development
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Institute of Pharmaceutical Sciences, China Pharmaceutical University, Nanjing 211198, China

Abstract Mental, emotional and other psychological factors have a direct effect on human health, and chronic
stress produces neurotransmitters to suppress the body’s immune system, after which homeostasis is destroyed,
lead to cells losing their normal state and function and cancer cells being produced. As a result, cancer patients
will experience chronic emotional stress and consequently, neurotransmitters will promote the occurrence and
development of tumors. This review systematically summarizes the research progress of major neurotransmitters
from two aspects: the normal physiological functions and the mechanism of action in the tumor occurrence and
development, providing some insights into further exploration of new mechanism of neurotransmitters and the
development of drugs that block the neurotransmitters.
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PET AN (Treg) S g 306 3% 1 3 G i 22 45 11 Ak
HF, DA 1t D1 B Z (AR50 Hl A CD8* Treg Tk , A
I, 2 5 e R 3 IH 1T B A S 245 0 0 s SR I R B
LIS . AEAE/INE N 98 (NSCLC) H, DRD2 £
T A2 B F MR T 55 1E 5 414, 0% DRD2
RE A1 1 B R A0 M ) A . IR AR S G BT T Ak
DRD2 A 3 18 #1 il NF-«B {5 5 1 % NSCLC 4i g i
A549 F1 SK-MES-1 By 3458 (B J& A BF 9% & 0
DRD2 78 22 F g v s 2238, [a) AR 548 g A~
KHUGHISET o 8 e SR 4 MRS, DRD2 7 B2 i
Jed S U 200 b R T R VT i A K o R R
AN AR, 7E B R4 ZUh  DRD2 KA
Ee ] (51.2%) %W 3% 5 T DRD2 X 3% 35 (1) L fi)
(39.3%) ,DRD2 fm e ik 1 /B 3 A= A7 01 806, DRD2
ek 5 B R A PG 2 A", D2 RS2k
FEPURIREAZ 10 I bR A= 4 5 A W SE R AR

AR T R A R T AE L (HOE H A RGE SR T
A N K B, D2 A2 AR50 0 240 Jf 254 H T
T BV BE LU AT I 32 AR Y 2 R0 g e B LA B
o PR, HE ) D2 A 2 sz AR ] B R AR DK
5 60T 7= A T g AT B9 A B4R . DRDS
FEAEAE Q366R 28747 , 1% 98 4% W] LA 175 5 [ 3 4 it
Y417, Prabhu 25" SIE I DRDS J2& i 83 % DRD2 4%
PO R TR Ok R 2 i U R B, AR 2L IR
i A5 E R RE T, 2 M 2 R 2 AR
W Bh 7 55 0 R 25 W) 40 2 3% Fb &L Bl S- RUR T E
(5-FU) " Fp[RIVE T, 5 xof g A = AR il /R
2 I iz 38 5 DRD2 #1014 VEGR-2 (19 # iR 4k A1 BH. 11
20 B3 E 3G A R I (MAPK) 8 35005 A 30 i Jof v
N EZ 20 L A 3 B R RS RS HRE 2 B AL
AYUMIEVER R RS, 77 B Z 5T
A ek AR,
1.2 BEmFEFRETELRE

B I B %K (adrenaline) #1272 H U IR &R (nor-
adrenaline, NA )35l 3= 25 B 1 AR B8 ot A 22 Je i
22 Wk o AT LA ELRE R TS Z2 R R i A R 4
BB AETE TR . BLAb I8 0T DL P Rz 4
G P 20 6L A 2 A0, DR Ik e R v i R A T
ZIRFE

P2 250 2 5 X6 g 1 2 1 RN & SR I R 45
— SIS RSB S RGN DR R AR S
5 e 2k R R R B B . AR DR BLIEARfh E
PR 25 A NA R DL 20 B B A A7 RN e I 5 A
o B R ZR(B-AR) BT REAE 2 50 |
it 8 . 235 g R0 R J ) P 98 440 i E B8 RN 28, AE 2 Tl
Jie g 240 e v I A A G, AR S I N R A R
F(VEGF) . H 4l ii /™~ F -6 (1L-6) {43 . 1118
PERE I &R 80E B R M LR R K
A PR o A R R R AR e R AR
[ RE AT DL I 3 NA K 38006 B-AR, 15 1k p38
MAPK {5538 %, N fe i FLIR R E R e . B2
A BEL 7 70198 DA Sy — e 410 o) o 98 2 % 10 B SR
FHICHIFFE e 7 T B 32 1A BELVE 700 ] LA Rk 58] 75 7 fiek g
AIVEHT, AR S $E 1 B 32 R BEL 7138 25 0% 21K, AT LA
R AT Sk S0 X 3E L 9 L 45 W e AT 9 e R R
Y RUBSE 71 LS g e A1 4 ADRB2 AR5 14 fige it
A MRIER 0 A AR 228 3R T (NT) 19403 , 2 T
8 0 R Ao 28 0 A B, SN A B 43I0 186 T3 2
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AR,
1.3 hiEE

MLE FWFR R 5-F2 A (5-hydroxy tryptamine,
5-HT) AN 1% B M7 28 W B A7 76 T i, 3L
A AE A /N, 2l TR 25 5T RN i W R AN i
H02 i W R A Z AR (5-HTRs) {7 T4 I
FEAE TR R G0 0 BE B A | A& A /)N
M,

TE MR S MR8 (PDAC) i, 5-HT A 1 A it
it () 2R 5 B0 5-HT 7KF- T, i 2if HTR2B A2 43
— % PI3K/AKT/mTOR {55, i A J& 22 Ll 2
TAE M R G, T B 3 Warburg 200 P, LA,
HTR2B Ay £ PEF5 H1 77 SB204741 78 22 B it IR A
Sl YA v 3 S AT R T 1, ELJE B
#E. T HTR2B 78 PDAC H 7+ 55, H iR His
AR, SB204741 A B Wk —Fi A Al 52 PDAC It
PRIGIT 254012 . S-HT1D 78 B8 41 2L R 4 i 5 b
12 IB7KOF 2 B, R RO 5 Bl R
FRERAE S UIAH 56 . 5-HT1D nl i iz £ 5
1) 5 i > e Wl i TR JUIL 1 -3- 38 i O 49 7 I 1
(PIK3R1) ., 5-HT1D 5 PIK3R1 B9 AH H 4k ] i i
PI3K/AKT {5 518 A2 i Fox06 B3k, 5-HT1D
AT USRS T AKT 19 7 3K B 4 76 5% oK 30E
Fox06, #87~ T S-HT1D 76 79 i e o /e > .
16 = BA M 3L IR 98 40 i 2 MDA-MB-231 40 it v, 5-
HT if i 5-HTR7 52 {4 {2 oF 240 M (2 28 Fn s 5, H 7E
MBS B ((RIZBMEFERINE) M1EH e
Jr BRI S R AR A R AR 2 IR A S AR
iR FB A 9% ZR e IR T DR R R i e 2 %
RS . B TARAE A9 fili s 5 8 5 AR P AR 4L AH
I, 5-HT 7K FJH &, 5-HTR1 kA0, Bk 77 %
R

2 FEBEMEER

2.1 y-RATE

-2 TR (y-aminobutyric acid, GABA ) &
HX 28 22 495 v 32 28 40 T v 22388 5, 3B T DLAE
PR B R R A Ry R R ke R A 2 4 Y
WA TR B RIBET S MRS GABA SZ X
Bl A B A BB A TR] , CNS P9 EL 48 HE 3 Fh
GABA Z/& (A B.C =),

-2 T IRA I RS0 (ABAT) J& GABA 43

fACI ) SE B B . GABA /1511 Ca>-NFAT1 i (1)
TEAGSE ABAT 7 25 iC 4t M A ZL AR I h 358 R
R T iR ) AR RV RS A TR T A
1, GABA A T 3Z{k 7 W3 (GABRP) By R ik
HET IR 1R 281, GABRP 5 KCNN4 A H.AE
7S Ca™ NI, T3S NF-kB 15 5, fe 200 i3 i
F CXCL5 1 CCL20 11 2 35 2 #F B i 20 i 1 3=
g, [RIRE, GABRP BB 0 1% MAPK/ERK i&
T2, o 14 5% O 5195 A i 19 2 28 . GABRP-963CpG
{7 5/ DNA W AL 2 B0 LR R 28 M bR il 2 —,
AT DA S T R 5 £2 0 GABA B BE A P AT
DLE AR ME R Z AR ME S, 1 U = A
P95 15 5 38 1 19 1% Ak, A F 7 20 B s 1) & A=
GABA B 3Z 1K LA AR 14 AL ) s =i 1% 35 Bz 2E
KK F3Z AR (EGFR) , {2 7 1y 51) i g 240 %) 2 7% 0
1228, hy 38 2o B0 ) ot 2 388 15 - 3 B O R T )
FEVRTT PR R PR AL T8 k™. GABA B3Z ik
FEBU AT GBI A [R5 5 7% ik A R A 2E 4
PR A0 JE S BEL s A1 G 3G Ca® 5 -3l 3 ok A 5 BT
iz £ FH L DT el 35 v 0 20CR PR IR 1 T Y
AV bR 20 2R L3 ik 22 OIS 0 o I o AR e
1, BB (AR e AR 2 B T e LR S R
FriaE e I S (IDH) 28 2847 SRl s, LS
Z AR BeRg A G = ) D-2- 32 3 % TR (2-HG ) Xt
B AR AR 2 W8 1 A AR Ak St S I B R AR . 3%
FATR - M U (SSADH) i Rk il BE S 5 T IR
JeEh GABA I AL FITH A, 17 H. GABA 142 fL g
Al AE5 E BRE H E AE AN TS AN A 5% . IL4h, IDH
GRS 2-HG [ 7= A= i) 1 e o Jed 40 At GABA 1)
Al T IX S RE , GABA S ML A1 SSADH §if 1
Al R R R B T SR B B A0 B R B BT B R T
A
2.2 BRER

A AR (glutamic acid, mGluR) S FLsh ¥ h
WX A28 R G0 R B A PR s T . B I RE
W R Z AT TR AL, AT —
AN mGluRs 8 5 PR b E 7 T ik ol 2 41 41, B K
G FERE . SR, AT AR R B B 298 R B, X ka7
IR AEAE T H R CFLMR T 50 B . 1 i IR U 45 41
R4, MOk L B IEE R mGluRs 25 T
iR ) 2 Je B

Ak B A0 2R mGLuR 1 () 3 B BT S B0
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(Kl 2R, LA F k37 80 ) 2 6 250 g
P BRAF 58 NRAS. mGluR1 A2 T A&
M2 (7= A A A A AR AR 5, B om nl LUl i
R AT AT 2 R 1) 26 ) 1) T B FRAR S T GLS 114 4% 2 Bk
JHe B 4% B2 R 1 e AR R A g % i 4 B e Sk
T (PSMA ) 5% 2 7K fift it 1 7 1151 i 2 21
Ak, HARR 5 AR AR 2 O 6 IR BE IR S
HEMIEG . PSMA ¥R BRI 1k GE 0% M 4E 4= = B9
A E R IS h B A 2088 , TS mGluR 1,
PTG B mGluR 1 B J5 38 2 p110B 14 85 R 1L 175 7 8
% UL 3- 34 1 (PI3K) (0T , PI3K 9 p110B . 74
FE T B R 95 10 0 ML b R R ) Y 1
FHE S mGIuR4 78 1E 5 155 It 240 R 0 % Jb s 200 i v
YA 2238, mGluR4 TG J5 , 40 JE A 85 11 D1 33k
A, Caspase-8/9/3 F K41 , Bel-2/Bax &3k KA .
WF 5% 2 BH , 76 5% e 9 40 M b, mGluR4 W] A8 i
cAMP/PTEN/AKT {55538 -7 1l 200 e 334 5 #1412 32 240
PR T, DT 0 o1 5 e 9 1) A= 7 B RS A
1% 57 & GRIK2 7 76015 5 o g 400 Jife o 2, 7 B 0
T e B R
2.3 LEufemk

Z Tk AR, (acetylcholine, ACh) J2 &l 32 JE& i1 2
RGN 238 0T, LA T T 32 A R A v 2
A4 TP (N-AChR ) A1 5% 25 i, (M-AChR) Z, ¥ IH
BRAZ IR . AChRs BR T 78 AKX 0 28 R 42 floh
MRS HEME RGN AL T A
P2 B 4 BRAE AN R e NRR R B R i )
W ARIE

8k 8 2 (R s R W, 7R A 8] 0 i
AChRs B3 Rk A5 7 I 40 i i 35 58 R T Lot
A R I Rz - 8] 78 BT AL (EMT) S8 5 B2 . o7 S
25 2 T HE 552 44 (o 7-nAChR ) & N-AChR F % 1Y
— 0, TR TE LA LS, o«
7-nAChR Ml a9-nAChR 94 2 38 h S SLH, e
T i AT o7-nAChRs 34 5 11 i 65957 20 it 1) A7 F1
fif 254, ACh AJ 3 &3 3% 1% M-AChRs, DA [ 53 W 5
5343 W6 B 5 A S B R A i B A R PR R
B 20 I3 4151 1) T2 22 9 ACh S FE R 5 3 & 09 Kk
X 35k , AChRs B ST AS 25 B4 02 2 b 98 400 i %) 34
B SRS, T A T A 1 L I 4 I AR A O 149 T
A2 HE IR (14228 . WFST R 0 M3 A2 AR Rk 11 4
o 5 BTG R R W A AHOCE

4h , M-AChRs 75 = 250 14 2L 4 20 it A iE % 3L AR 4
LU e Z 23k, (AL LR IR bR Aok 2
TEAE 1 IR 36 9T RS . ACh BB {2 iF CD133
Y828 Wi iR Ak , 4 /i CD133 5 PI3K ¥ 5 IV 3L P85 22
6] (9 A FAEFH , B0 PIBK-Akt {5 53 %% . ACh i
TS CD133-Aket 3 34 55 CD 1337 H R i 9 41
() F R B HTRE ), 42 HE Sy 98 45 7 PD-L1 i 3
ik, CD 133" H{R i g 41 A 15 B CD8'T 4 MU #E 08 , 34
T CD133* FHR i 98 40 Jt 1 11 3% 50 A A 328 30k ik

e
3 MEMEER

3.1 AVZAKY

MZAKY (neuropeptide Y, NPY) S22 IKE
G —Ath 36 MR IR ER LA I Z K, Tz %
KT HPARASNEM ARG, S5 T 2R E#E R,
ALFE VA B %A v B T A N R N R
BYRBCRLL AT RE . 500 A EAAR &
S RV A DR R 208 A D60

NPY i il il 34 440 M 344 B, A 25 Tt o e oh
BN — MR A KT, 7RISR, NPY
FEE L PIANSZ K Y2R FY SR KA 5 i 4 i )
WP AFTE TR LA R A A B S A B i AR T
& T NPY/Y2R/YSR il 3P i i 2 h 4075 1)
Y2R/Y5R 2635 I F0 — ik 3L Bk B TV (DPPIV) 4 3l
B fih % B, DPPIV $4 NPY % 4k hy 6 8 19 Y2R/
YSR#sh NPY3-36"" . 1E H 414 NYP &%
ik, H B SRR 5 A AF I P S AN A
Alshalalfa 25553 % B, A0 L T HAB R, NPY 76
HUA Mg b ik e o BB, X F NPY HIERG il
AR B R kA e R W U AR s, 1T
REAFAE XS M R R R IR M 25 B . ARSI =
RS R BUMARRE WS 1A S L B LR, i
AT 3 T 35 9 200 i T ) B2 L MR R e S Ak
firh 2% i 51) 908 40 D43 06 NP, 1 1717 55 8 A3 A= 30 461
2 6L 28] PR ) 42275 5 I R 40 B TL6/STAT3 {5 5 %
S, TR S BRI AR A . B, 4 NPY ]
B AR Co BRI 43452 55 19 i 5] o 2B 1) — e
UF BTG Y7 S Mg 545 NPY 5 [R 7E S 26 Ji g v 22 1
KA AL, SR B 7 SR S R R
RAEHI S Jensen Z57 2 H 0] DI I 3% NPY H
BEAL AT A G U A Sy — o5 3 35 FH 14 779 FH T3
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Fo VLS 6 SR ctDNA B I . NPY i F Ak
K5 A A 22 UK SC, aT DU 100 45

4 B E

288 A iR R RO PR R R AR M R
A2 1 Jo AT LA T iR 2 ] R A B 5G  2
Wi ) 250 BRYR YT, T R iR Ay A )6 9 7 I, 2
FIEM AL FIE T o RIS 7s HI TR T R p
T ) 2500 ] REAE IR T IR O T A 4 E AR T,
AT DL R 2 25 ) R i A i 223 o AR
R GAERR LY P A A B R A
PRI IE A= B RE , 3 26 25 W) (9 il T BE 257 A
AN B SORE AT L3 gk 45 4 R A e A L R
(27 RN R P AR N O S U2 DD
i 9ed e M e e AR T i AV 22 ) LA A R
(1) AN[F) S 10 f g v o 22 3 o 1 P AL 1 2 75 A
[ 7 (2) ot 238 o ] 3 2o Ao e FRAc 35 v ) A 240
i - T 2 2006, 1 B 200 R A e A L 45 ) R =
50T Tl IE 20 B B IR A5 2 (3) BrRE TP JEE B[] o 22
B Z MR AATE 2R 7 (4) WA E S P RER
$o 2 A= Wy br 35 W 73 1, wT LAAE DA g e A i A
N0 e g A ) 3 391 0 A8 S A B AR R
M2 ZRGEXT b IRE VE HIAE BT 5 IiRE A A i R AL A
R IG 7 PP R — AN ] 2805 14 U ZR A [R] f) A
22385 JOUAE AN [R) 21 B b ygg v 1 T B AL Ak 25 ASAH )
R T B Z ISR F]
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