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Abstract: AIDS has spread widely and
become a serious public health problem
around the world. Membrane fusion
inhibitor LP-98 shows strong antiviral
activity among the anti-AIDS drugs under Ultrasound

Stabilizer

study in China, and has broad clinical "
1gh pressure

Mix up
homogenization

application prospects. However, the
clinical application of LP-98 is limited by e sospenion LR mamosuspension
its low solubility and poor suspension  LP8

ability in aqueous phase, which could lead

to blocked needle during injection and

patient's pain. To improve solubility of LP-

98, high-pressure homogenization technology was used to prepare LP-98 nanosuspension lyophilized powder (LP-98
NSLP). The optimal preparation process was as follow: the optimum stabilizer was sodium dodecyl sulfate (SDS), the
concentration of SDS was 0.80wt%, the high-pressure homogenization pressure was 150 MPa, and it was repeated 5
times. The physical and chemical characterization and pharmacokinetics study of LP-98 NSLP were investigated. The
LP-98 nanosuspension lyophilized powder had an average particle size of 261.5+1.1 nm and a Zeta potential of
—31.5+£0.2 mV. Circular dichroism spectrometer and single-cycle virus infection experiments showed that the structure
and biological activity of active pharmaceutical ingredients (API) were unchanged. The pharmacokinetic results
showed that the bioavailability of the LP-98 NSLP was 98.1% of API. The solubility of LP-98 in water has been
increased from 184 pg/mL to 1733 ug/mL, which was 8 times higher than that of the API. The drug activity in the LP-
98 nanosuspension lyophilized powder was well preserved, and the solubility of the drug was improved. As a result it
solved the problem of blocked needle during injection due to poor suspension of LP-98, hence reduced patient's pain.
This research promoted the development of LP-98 application in clinical.
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8 E: AU YIFISETENEIE LP-98 VAMRFEARMI A8, SR R R B B4 LP-98 4 KIR BRI T, I HghAT
HRAGIE B RAE R 2530 S5 7E . IRl e L2800 FUE N SDS, WRIE N 0.80wt%, mEE S 150 MPa, & FE3J5 X
BN S K. &R R LP-98 YUK ERE T IR f5 FIRiE N 261.5+1.1 nm, Zeta H7H-31.5+0.2 mV. [ RS
AL W R L SIS R LP-98 (A5 5 A M AR R . Z9RBI 1R A R, LP-98 YUK B TR AE YR FH
NIERIZH) 98.1%. LP-98 fE/KH A H 184 pg/mL T2 1733 pg/mL, S5ERIZGMLIRT T 8 1%, flsk 7RSI 2595EiR
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REEIA): PORTERRIR: GUKIRERS mIRBIBuE; WL, 2REh e

FESES: TQ460.6 HEAFRIRES: A

1 R S

NGB R FE T B (HIV )[4k VL gL hE J1 98,
R N mE — A 2 A0, i HE G A ek
JRIGE, BHEFEGRAPUERHSIR R LY.+ E RS
e OSTRS S ITRCES ETE &5 Ol i Y S1eb FESh U1 TR R/
TR R 25, (H 2 RR 1 I R ARB10k, JRIE 1 T A
LI BNAE ]« Chong ZE 1 tH — R 51 HIV [
LB FARI R, ARSI AN R RN SIS SR e R P s B A M S
PR PR R I B S R, Hoh LP-98 I iR
# o LP-98 1FJy iRl & 1175, ARG 5 B I 2 4R A 41
FEIp B R A IR IR BOSHE SR L, LA IR T 5 9
7 33k 3 T A AT B R (1 1 A L P 5, =R [ A 3
BEBTIR 2SI IV /1. R LP-98 i 22 IR BE AN IR 10T HE A
Ji FLEEHERIR  FEK PR WLV 77 o FR 8 8 2 P AR
TESTIN 2 Dy st AT Sk o R PIZIAE, — R — K
FERIZK(pH L09 10)¥E 259 LASE s i i L, KB
FRUNESH pH SE(PH £ 7.4p84%E, 855
PR RGRARI ), UK T pH d m A& Tl R B
KHMEH, R T LP-98 B HIK g«

BT, SRS @RI 25 IR, 7T BLR
SEVE ZGAE K P R R FEE o AR AR 2B 018210y DA
IR ZGMIRURLANRAL s KIS N2 WILEAS [R5 1
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yiEuS

VEMRIE . e /> RARE ) S 2 B SR A AR &R
AR BRI TR 4EFeRoE, EAAIRLD, etk
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e ARABGUKNL T OT AR, I 4K Bl
il £ H AR T PR bottom-up> P AR 5 top-
down* K, bottom-up AR 25 W fift i i —
58 A SR A B S AR IR RORL,  AnPTiEE: top-down
FEAR R I B 77K K 10 245 10 RORL R 3 RS/ PR i K 25
Y, S AR BT . BT bottom-up A
FEAEA LA R B BoRLAR M AR, BRTEIE AR B b7
P e T top-down FEAR R FAEBIAUAN i1, FRARZ
YIgkiRi AR, R, CEaRE Eireih. MEETE
GPHEE GURAAL B 5, BORDRLAR IS, LR T AR 1Y
m, BT AR R

NI SEPERE K LP-98 FE/KFh (RVAMRRE, fAk
LP-98 3 S 1t 74 H a8t B R IURL Y S 77 AR A S 1) 1) R
AT FEASE P v R I R AR il % LP-98 4K 2R T
Fro SIHAMMEBZYIMLL, RO IGE LIk
%6, LP-98 VEN—RWIEMIRIZY), 2 IKNEEBAE AT
SEFRETBY 5 B BBIR, PIRES S IS E: ORI
255 A REAERCK MATRL, e HARE . ABFARHE T
FRE IR, R AR & R E RS
Kt LP-98 4K Bk 42 S B M R (K5, 3R13 T
TEPEORAT R4 H 51 T 7KK LP-98 KRB % T4 -

2.1 MR 5L
PSR TERR R LP-98(Fh [ = 27 At e o Jol £ 4 “# )t
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T, T R FEEREN (SDS). VISV U} 188(P188). &
LIS e BA-K30(PVP K30) JHIG VO 127(F127). &
FH L 21 24 3 A (CMC) 35 18 T~ [ 24 48 AL 2 R0 R &
A], ZJE(ACN, Thermo Fisher, fii4l), =4 L HR(TFA,
Thermo Fisher, %4l & B QK H K EEEHIE, M
JE R AP R AR, mE( MR TAERS
Al)o
22 XGRS

LA310s ¥ % H 7K F(METTLER TOLEDO A #]),
EURO-STDS25 #if #:45(IKA A ]), T18 HJHHLIKA 2
Al), A RRIEEALCT O Z AR IR A IR A
SB25-12DTD) , 110EH-0536 7& I i 55 i % 5\ Kl
(WESTWOOD 7 ), JEM-6700F 713 H, 1~ B 4% (JEOL
A7l), Jasco 810 [ A3 (JASCO A7), zetasizer
nanoZS 7 MG EUR KL (X (Malvern 2 #]), B OHL(_EHE
FER R A A IR AR, i R 548K HL(UPH-IV-
20TNP), = RAH (it {L (HPLC, Shimadzu, LC-20AT),
FLEA R T 1L (Labeonco) o

2.3 SEIGTEY
SPF 2R g FREfEM: SD K5, 2 A&, 45 &y 200+20
g, T AL 4E @R s AR A R A HE

24 LWHE

2.4.1 LP-98 4K Ik & I il £

FREL— 2 &1 SDS IINERZK, FeE ke
o FAREC—E R LP-98 ¥R, BT hEFEmH,
P TAL B . A 2R A R 2R 24 M AN RS E 38 SR
&, P T18 Y BHLEEAT /0 B TAL BE, W25 B AR &
W2 RURRLAR, B 1R 2E = RSB R e JE T
PRFPRHR BN S RSB AL, R D FE AL, R
P15 ] 4615 1) LP-98 9K R B 25261,

2.4.2 LP-98 GK IR B34 10 il %

HeH LP-98 KRR (LP-98 NS)-20°C Tl ik
BAARA, SREMHES AR TEIA T, 3 RFIkE
FE SR A, 15 3] LP-98 YK Z R T8 (LP-98 NSLP).

2.4.3 Kife. PDI K Zeta HLALM &

HUE R 1) LP-98 KRR, PR Sl /K M B 213E 4
WRE; BOSE STk, (8K E G H SR )
BOEHURLE U k4% . PDI 5 Zeta HIA,

2.4.4 RITEIME

43 AEL LP-98 JEURIZG A LP-98 4N KR Bailiih T4
FEh I &, IINEEAEK I LR ST, R e s L,
BISIMEIT, BRI KRR S R TE BT T A AR

FHHSHRE TGS, EETSEM WS 1R, &4
N 10 mA. 120s, F SEM M52,

2.4.5 B i

5 R — 0B850 A € LP-98 ¥, LP-98 4
KV, S0 b 0 e i P ) W o 46 S R X LP-98 —
PR g o MRAAF: FEAMIKAE 0.1~0.2 mg/mL, #5
FEYEE 190~260 nm, FFEREL 3 ], FHREEE 1 nm/s.

2.4.6 IBREENIE

(1) ikt Z2HEE C18(250x4.6 mm), FENHH A
9 0.05v0l% TFA [R7KIEW, TiahAH B N 0.05v01%
TFA 205, & 1 mL/min, KK 220 nm, iR
25°C, EFEE 20 pL, BHEEDRNLENE 1.

(2) LP-98 J5Uk} 24 J H 9 KR Bl R T M0 AR I i i
frill. FREGS B LP-98 ERIZ Y LP-98 T4 % 50
mg, /B THEMES, A 20 mL K, ROES
J&, BB E TEIRREIR, WERIKEE RN 37°C,
JE°N 100 r/min, FFEEPREE 20 h JEEL LG 3 mL, HHL
H PR E TR0, BL 8000 r/min [P ES.Cy 10
min J5, HBEERGE 045 um JEIE, BUAEIEMGIETIE Y
TR i A5 Lo € i 2 AR ERE T o

% 1 HPLC ¥R 54

Table | Gradient elution method of HPLC
Time/min Concentration of B/%
0.01 40
20.01 100
25.01 100
26.01 40
35.00 40
35.01 Stop

2.4.7 WIS A

N E 4 T 2N LP-98 AEWTE RIS, 40 ks
3 ik LP-98 KRB VR Tk kAT 4 M B s 750 A
o SR FH 5 SR 1 S G S K BT e P I e 3
HEK293T 4l il s i 2 Al o 4 50 ul 25909 50
uL FREEE S 100 uL TZM-bl IHIILE 5, Y5 2 K
WORANAL, FRTEIRS RS P 24, FIEZORR
BE 12
2.4.8 ZiEh 115 # AL

(1) B 18 R Ag (1) SD Mt K BB AL 70y A B 7K
4. LP-98 FRI 25405 LP-98 YK Bk T-hdl, &
Mo W sl PSS AR ER /K, 1.2 mg/mL LP-98
JRRIZG M8 LP-98 B4 0.6 mg/mL FI9KIR BE T
¥y, VESHMATRY Y 1 mL, AR 25935 A 3 #h KA
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NI TEFERUE 0.5, 1,2, 4, 8, 12, 24, 36, 48, 72,
100, 168 h FHRHECIL, I 5E K BRI Hh 0 25 ot Bk
i
) X AW A A EE . YR A E
(Bioavailability) &8 FH 25 5, 25404 R USCIE NARTE A 1)
W SRR, T gt A R R AN AE X AR A A
FE o AFXS AR IR FH R DA A R ik A 45 2 A 750
ZLHIFR, SR — P 2 AS [F) 50 Y 2 18] AN [R] 1 751 2 TR
L2 SO NARTEER AR &, THE AT
AUC, /Dose,
FOe AUC, /Dose, M
Horr, FONMXIRIAEE, o ARRARES, RARIG,
Dose -3 H 245 & .
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il £ 99 K VR =208 F 7 Z N PVP K30, P188,
F127, CMC, SDS ] —ak 2 FifE e Ik 32 =4l
KRR AR T2, AT 3 3 BA A RHE N Ea e
7, 4% LP-98 4K iR 2. LP-98 /£ —Fh HIV g
A AP, I P R R A I AR, R B B TR 4H
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Fig.1 Effect of stabilizer on the secondary structure of LP-98
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MR, (R LP-98 g &E f ik 2641, W fane
FIFRE, SHRIE 1.

HH I 1(a)n] WL, LP-98 7K1 CD EiAE 200~220
nm Kb, REMXIE N 2 KGR g g
¥, IR FEH DR . T PVPK30,F127, P188,
CMC 1] LP-98 CD it &, 200~220 nm i [ A (1)
SERUEETHE 2K o PIHEWTIX DY E XS LP-98 T REZE 1)
MR T — 8 B o J5 R IR DY AR E 7135 e Al s A
FER, FEFEWMTAYIRE, FAE RN 4ERRZ
VIt AR E « PIsRTENRIRZ5Y) LP-98 IZhAEIX N % ik
B, MR AE 2 KB, PHAYB B T LP-
98 MITE MLy, A A R AR, 1T SDS N ES
FRFEN, @ HKIEH SRR mas &, et
FrHHE R D AERHA RN E, A2 KB 4
FI[E 1(6)], %@ SDS (1) LP-98 CD K3t 5 i k) 24
£ 200~220 nm Bt 451U B —2, K SDS FHAR XS
LP-98 [f] 45463 s, [RIiE 2 SDS Jy ke e ik
1T IR B K

3.1.2 FREAIREXT AR Zeta HALIIRZMH

e TR B 2= R A KR B A2 S As e i, Ho
M B 7 BURRE ), JERFR RS E TR EAE R Zeta HLAT
K430 mVES, AT Sk 08 1) R 0, 4K R
RRARE, KRN Zeta A NN TSR, B
WREEALE TN LP-98 9N K IR R I R e mm, 45 0 W&
2. BlEFSEFIREERG N, 23RN, IR A
0.50Wt%, RIAEANFIAE RN, X2 TA4IRE
—3E, WA THE—E, M2 SDS [
76 LP-98 7» TR M, LP-98 44K KT Hkifz A Fibtfa
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E {06 _
5] L g )
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SEFIR BB AN TS 4k » LP-98 40K IR BV Zeta HLAZFE
FiF 8 IR BE B I RF SR8/, X2 T SDS IR
A, SEHE A AR, T Zeta FUAZ(ERL/N, 2
SDS R FEH I E] 0.80wt% ], &R Zeta HIAIIAZ] T30
mV, A DAERHA RS, BRDRAA IR N SR G St
B I FH H s 22 4 P NP, AN PR sk I R
SEF, PR SDS IKEAN 0.80wt%.

®2 REFKREI LP-98 HIKBEERAIZH Zeta AL
HIF M
Table 2  Effect of stabilizer concentration on particle size and
Zeta potential of LP-98 nanosuspension

Concentration of

SDS/wi% Size/nm PDI Zeta/mV
0.08 728.8+9.2 0.593+0.021 —8.36+0.13
0.15 433.1£3.1 0.325+0.010 -14.1+£0.3
0.30 387.1+0.6 0.290+0.006 —18.5+0.4
0.50 272.6£2.2 0.243+0.003 -23.5+0.3
0.80 266.0+£0.8 0.235+0.004 -31.8+0.3

1.0 254.4+1.1 0.222+0.005 —43.1+0.7

3.1.3 R R T B AE IR UKL i

e R 38 J5E s 0 R A KU 240 KR e T R R AR
RLAE 73 A A BOR RO, 22 73 B R 3 PDI A] DA R4S
I3 A, —#% PDI=0.10~0.25 I 2 B4 K IR B A% 20 A
A, KT 0.5 B REKARAAG) . B IRAR 1 3 8L
IR S S TSR RO IRL, K TRERR R AR 8,
Rt g KR = PDI MAZHIAE 0.10~0.25, e Fa € 77
SDS M FE N 0.80wt% /&, X7 imy He 5153 s 7 AIERA IR E ik
1THE, SR mE 2 Fis.

500 1.0
L ®) Cepp [ Size
400 | 108
L = e 4
E 300¢ 106
200 | . 104
L ,I—’_. 4
100 | " 402
0 0.0
1 3 5 8 10
Cycles

K2 I ) e B B RO LP-98 KT S o F) 5 i
Fig.2 Effects of high-pressure homogenization pressure and number of high-pressure homogenization cycles on
the properties of LP-98 NS



468 U = B

#0215

HHE 2 AP0, B S RIS UE 135K, LP-98 4KiR
BV ARLAR R B AG; MK J3 KT 150 MPa I, fi
TR R S8 RARAN i o 76 i R A R R 7 — & IS il
T, BEEFR BN, LP-98 KRB HRiAE B 5 pE
s HIERRECKT S KB, PRI BN, KR
BR, JRBRIEH R EE 2, E FUL R T 9K UKL AR
BROKMR R, TR EREEE, 75 5) SR UK [ Bk,
FRE MR . 255 5 R i R 3 0 ) AR I Eon) Lp-
98 2N KRBV T (V521 B REFE, 1 € i IR 3 R /1R
150 MPa, {EHIRECH 5 IR. W LEEMHET, 9KRE
7 PDI N 0.229, /T 0.25, Tk dihE B 428,

I AR IR R IR . SRR
S IR VB G KT B R P R R, S e 2
#% LZ: g SDS WIEHN 0.80wt%, =35k /19
150 MPa, fEIREN 5 K, il &FKE-FRAEN
237.6£0.6 nm, Zeta FBf74-31.7£0.6 mV, PDI & 0.229
) LP-98 41K Ik & -

32 HFIRER Zeta BAIHIRNT

YRR EIRAL T BN JJ AR EIRES s DRAF AT
2, DRAFIS R B . AN T KRB, TR
A7 S i FH SR 5 {8, AT X6 i) % 75 30 1) LP-98 4K IR
BT HE T . AFRGET IR R B YKIRS N
WORLF=FE RN, IE OBRLRNE, BRERENALZE, '
JeXf LP-98 G4 KR 2R % T4 SIS RIAE & Zeta HL
FIFATRAE, I5 LP-98 KIREMIATEL. LP-98 4K
REWGR T ERHEIN L EERR, FHRER
261.5+1.1 nm, Zeta Hf7N-31.540.2 mV, X5
WAL 48 4% 237.620.6 nm, Zeta HLf7-31.720.6 mV #H
bb, R AT EA A TR R AR (B 3).
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Fig.3 Particle size distributions of LP-98 NS and LP-98 NSLP

3.3 LP-98 ZREMRLETE

NP8 R R R T IL FEXT LP-98 9KiRE R
VR T 2 as e, A R A0k LP-98
TIREERIHAT S E . B LP-98 7E 200~220 nm A
SR A R vkt LP-98 R ALZG 5 LP-
98 YKV BTG TRy AR AT 204, KILR T8 ) LP-
98 LI LP-98 J5i Ak 24 45 ey i i 7Y I tH Uy B — 8,
FH] LP-98 YRR RIE T8 2 a5 i R K A0l

120 - —o—LP-98
= i —o— LP-98 NSLP
o
g 80
3 i
5 a0
=]
2] L
o
ER
X i
S

-40 -

L 1 1 L 1 1
180 200 220 240 260

Wavelength/nm

B4 LP-98 J{RH25 5 LP-98 YRR Bk TR 1 — (i
Fig.4 CD patterns of LP-98 and LP-98 NSLP

3.4 BERE R

LP-98 NS 7E/KH SRR 29 1733 pg/mL, 5JR
BIZGAEEN 184 png/mL)MLL, 12 T4 8 fi5.
SR (1) VA P 5 R R B UIAR G, BORLRLAZ /)N, Th
RIMAIGEIN, 2595 HEARTE K, VAR LT
(K 5)EoR, LP-98 JF K 25842418 4~6 um, LP-
98 HUKIRBIRE TS ZAMMBRLR, RiELH
200~400 nm, 5 BN GHURLE SO B 45 SR A —F.
RPE R RS, 239000 OK 2 1% = 9K
G, SERBURLS I HEARTIORR, S s 2V AR

(a) SEM of LP-98

(b) SEM of LP-98 NSLP

K5 LP-98 J5ikI 255 LP-98 9 KiE B RvR T 414 i I
Fig.5 SEM images of LP-98 and LP-98 NSLP
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3.5 EYMIIREIENEE

2 H #4194 B (Half Maximal Inhibitory Concentration,
1C50) 2 e M - Hom #EiE E R, 23R EE, 1C50 ik
AN, R\PUR RGBS . FEEZR 1C50 408 1~2
pMUY, H3 3 AT A, AHESEE KT, =ANARHRI
LP-98 KRR TR 1C50 165 Rl 282 B
i, R EURLZG I AR WDTE AR AR IR o X = R AT
WEMEST, P>0.05, R = HERE N o R E R,
2R i 1 35 5 1) 44 A5 21 (1) LP-98 KV Bl T4 I A=
Vi I ) £ R TR R S B, HLA IR R 2 SN

&3 LP-BYKEERFTMIHRHEM(n=3)
Table 3  Antiviral activity of LP-98 NSLP (n=3)

Sample 1C50 (pM)
LP-98 NSLP-1 0.77+0.14
LP-98 NSLP-2 0.63+0.2
LP-98 NSLP-3 0.79+0.24

3.6 REHEFE

F¢ RS LP-98 il LP-98 NSLP J& 241 il £ UL 6,
Fi DAS3.1.1 B AR5 =BT SD KR4S 24 5 1Al
KURENNFESHNE 4.

DAS A4S B 24880 1% S 50T LR (R
4), JEEIZGHT LP-98 GHKIRE MR TRy 15K SR N 12
TEWIIAEL) 120, [RIA] R B AR R LP-98 2547E
A= AR IA 21 B e 1 24946 FE T 5 I TR) AR ), 3R
il %5 43 F 1) LP98 G KRB VR W 72 K UM 3 AR
ITRIHRKAESAE, R SR e FIS5ARIAR LP-98
AR

itk 4, LLLP-98 JkIZG A, R ()T
LP-98 ZK IR BB R K AR XS A P01 FH B«

Fr(%)=1169385'762/0'6
2384560.55/1.2
3000

x100%=98.1%

—O0— LP-98
—4— LP-98 NSLP
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Table 4 Pharmacokinetic parameters of plasma
of LP-98 in rats

Parameter LP-98 LP-98 NSLP
Cinax/(ng/mL) 2533.33 1367
Tmax/h 12 12
T\p/h 11.29 12.37
AUC(.»/(ng-h/mL)  2341774.76 1138648.458
AUC(.y/(ng-h/mL)  2384560.55 1169385.762
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Fi, RBILL T 458

(1) PR, e mA L2240 RER
SDS W JEJ9 0.80wt%, =R J1N 150 MPa, fEFR
BN S IR TERLZEAT T 43 21K LP-98 4K B
SERIAE N 237.64£0.6 nm, Zeta A7 N-31.7+0.6 mV;
X LP-98 KR Bt AT R TALEL G, T4 KT 3kL
18759 261.5t1.1 nm, Zeta Hf78-31.5£02 mV, 5T
HIAHEC TG B AR

() B —RFIIM, LP-98 4 KIREE T-H
R RE R JE R 2611 98.1%, H%T8 i LP-98 —
P EE R RN A iE I AR O

(3) LP-98 4K IR Bl £ 7K i it B2 ] I R 24511 184
ug/mL $#EEE 1733 pug/mL, &5 7 8 %, AN HIV R
A0 LP-98 HEml i R EE i T ORAIE .
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