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Abstract: Objective To prepare prostate specific membrane antigen (PSMA)-targeting peptide-modified lipid-polymer nanoparticles
co-loaded with homoharringtonine and triptolide (HHT/TPL-PSMA-Lips), optimize its preparation process, and evaluate its in vitro
anti-prostate cancer activity. Methods The solubility and oil-water partition coefficient (IgP) of HHT and TPL were determined, and
PSMA-targeting peptide-modified PEGylated phospholipids were synthesized. HHT/TPL-PSMA-Lips was prepared by the
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emulsification-solvent evaporation method, and the formulation was optimized using central composite design-response surface
methodology (CCD-RSM). Indicators including particle size,  potential, and encapsulation efficiency were investigated. The in vitro
release behavior of the formulation in different media was evaluated. MTT assay and flow cytometry were used to assess the in vitro
inhibitory effect and apoptosis-inducing activity of the nanoparticles on prostate cancer cells, while cell uptake assay was performed
to verify the tumor cell targeting efficiency of the nanoparticles. Results HHT and TPL showed low solubility in various media and
strong lipophilicity. The molecular weight of the synthesized PSMA-targeting peptide-modified PEGylated phospholipids was 4 643.8.
HHT/TPL-PSMA-Lips prepared with the optimal formulation exhibited uniform particle size, with an average particle size of (209.12 +
3.24) nm, a { potential of (—34.4 + 2.5) mV, and a comprehensive encapsulation efficiency of (81.20 & 0.40)% [HHT (80.73 + 0.86)%,
TPL (82.00 + 0.40)%]. In vitro release experiments demonstrated that HHT/TPL-PSMA-Lips could effectively improve the solubility
of HHT and TPL, and exhibite a certain pH-responsive release property. Cell experiments showed that the HHT/TPL combined
administration group displayed stronger inhibitory effect on prostate cancer cells and better apoptosis-inducing activity than the single
drug groups. HHT/TPL-Lips enhanced the anti-tumor activity, and the targeted modified nanoparticles (HHT/TPL-PSMA-Lips)
showed the strongest inhibitory effect on prostate cancer cells. Cell uptake assay indicated that modification with PSMA -targeting
peptide could effectively enhance the cellular uptake of the nanoformulation in tumor cells. Conclusion The prepared HHT/TPL-
PSMA-Lips not only solves the solubility problem of the drugs but also significantly enhances tumor targeting and anti-tumor efficacy,

providing a new approach for the development of new traditional Chinese medicine formulations for the treatment of prostate cancer.
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B WA AR 2 BRI 2 B A 4

SR HHT 5 TPL S 7E ¥ i FE S AR FH B
ZE BRZEEAPER R R, RAaieS 2500 LR
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Fig. 1 Schematic diagram of reaction between PSMA-targeting peptide and DSPE-PEG2000-Mal
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Fig.2 MALDI-TOF spectrum of PSMA-targeted
peptide-PEGylated phospholipid
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2.2.1 HHT/TPL JEF-ZEEMAPRRIIHE  KH
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GWEE. HEEE. PEG-PLGA TRIERIM+, MA
TN, A, FHFESEM, FEEVAME. F
P, B HUAZR R AN KER . 45 CHEFE 1
h, WekZAR, EBRAVLER, 3 HHT/TPL-Lips.
2.2.2  ERA RIS HHT/TPL A8 - SR S ahkori i
Hl4% REL— 2 BRI HHT/TPL K Amkl K S i ig
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TR 77 1 4% 4 R iR A2 1 ) HHT/TPL AR B-2R &4
ghkki (HHT/TPL-PSMA-Lips). i85 i C6 #il
B OEhMC kRl (HHT/TPL-PSMA-FLips ).
2.3 HHT 5 TPL & ENE
231 iR AN Symmetry Cis 4 (150
mmX4.6mm, 5pm, F[E Waters A F]); JshilA
FH S -0. 2% B BR /K W (32 1 68), MBI E N 1
mL/min; FFEEN 20 uL; AIEAKTA 227 nm; A
N30 Co
2.3.2 WSV B RS PREL HHT AR &
10.0 mg. TPL X} 5 10.0 mg, 2 5HIE T 10 mL &

" wl |
" Hll‘l
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A, IH RS E B R R E, A, HIENE
WYY 1.0 mg/mL F B 2400 IR At il 20, 4 "CaiE
FEARAE - WGFRT, 23 HCE R 2 i 24 ) JE 5 i 2%
W, HHRREZREMREIRE, BLH R RS R
(IR %o T VA

233 HESVER I EIS R B IR YRR
R E, EHTERS, AW, Wik
5], MW ERZRZIE, e B IERE 0.45
um FFLIEMESE S, B, RIAR LRSI I
FRTF MR EGE M EIRE, %R “23.17 I
Nk AR T HPLC WE .

234 MR RFEE  5RlEHR YR EIKE
HHT. TPL JEAX ISR, %0 “2.3.17 TR
WESEAFREREIN E, AR SR B R AR R (X0,

W T AR ALK (V) Zeitl b il 22, dE47 2B,
gE IR, HHAT BIHFEN Y=1574.0X—710.17,
R?=0.9999, TPL [R5 772y Y=1172.8 X-+89.769,
R2=0.999 9, Z5HEKHH 2 257F 1~200 pg/mL £k
KARY, fHFEEEIEEK.

235 LEMEEE I AATENA R HHT 5
20 R LT TPL B 240 IR VAT PRZGIR AT
HEIA L BRI LS SR, TR IR “2.3.17
TR i 2 A F R s, e i . S5 R 3
Fi7x, HHT fI TPL WETE R4F. 0584y 2 H ik
15 2 25 e BIC R T, REhxEIEEE
JEPERLF, ARIASRZmE 254 & = E .

23.6 FEEEEZR HHAKEE: UL $. &3
ANFREWREE (2. 20, 200 pg/mL) ) HHT & TPL %t
HESAR, TR 1 d ISR 6 Ik, MIE g m AR

THE RSD fH. HIAIKE R : B EIR 3 AN ER R
HHT & TPL %M, 122 3 d & HEFEE 1
U, TG TR R RSD 5. 458 57R, HHT 5 TPL H
WG EI RSD 73514 0.87%~1.24%. 0.76%~
1.15%, H IS B2 RSD 735108 1.02%~1.56%-
0.93%~1.32%, ZERFIIZITIIHRGHEE RIF.
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A-mixed reference substances solution of HHT and TPL; B-
broken-emulsion sample solution of drug-loaded nanoparticles; C-

blank auxiliary materials.

3 {RSMER HPLC
Fig. 3 HPLC of samples in vitro

237 FRoEtEELEE  HUR— G 9 RORIRE FLRE
W, =i (20 C) TNEOLBE, 45 TH % 0.
2. 4. 8. 12, 24 h B[] SCEEREII E , 10 S THIAR I

THH RSD fH, HEFMERECH. 4R 2R, 24
h A HHT 5 TPL WA RSD 43514 1.18%.

1.05%, R IIFE SRR S 24 h WEREME R 4T

238 HEEMHEH HEHEGYORRRE S, 1%
HERE A LA BT VAT I 6 i Ve, &
0.45 um FFLIEMEIEL G, MKER “2.3.17 OU Nk
S TR kRN, idSk HHT 5 TPL U
B AN AR e h 26 T 259 & & JF SRk #3 RSD
fli. &% %~, HHT. TPL Fi &7 ¥4 RSD ¥/ T
2%, RIZNE T EEE M R I,

239 nFEREIUGEFELR RO HS RPN GK

KIEES, A&, S & 3 ANKFR HHT Al
TPL XF IR G, BEANKSF 3 40, $&FE A 37 %
WASER G, HPLC MEZY & &, THEIIFEREIYL
K, R ER, HHT. TPL KIFHh0EE R4 )
N 99.74%. 99.08%, RSD 4354 1.12%. 1.01%,
BITF G 2308 sl e TR R
24 TERBEMHEKSERE UgP) BINE
2.4.1 CPEVEREE o FEEERIENZE K, pH 6.5
PBS UL pH 7.4 PBS H [ PHATIA AR o K Fdk ¥ 77
BUA T MEL T mL, JRET 1.5 mL BOEH, W
Hrpm A Z W 2Y, AR 37 CHITETR
KRG 48R 48 h J&, LA 10 000 r/min 1) %
(7400Xg) B0 10min, HU L, 248 0.45 um fiFL
JEREE, HBUERBEEAERERE, &K
“23.17 TR G KA AT, RIN 2 R SR
F£, 00 5E VBV AR
242 lgP RHAFE BRI IEERE 2 mL, 43
SANNGE & HHT 1 TPL, WRiEE &85, BT
37 ClHIRKBIRG 75 T %% 24 h, LA 10 000 r/min
[R#%5H (7400X g) B0 15min, B EiE, 5% HHT
J TPL [PABANIEF B . B 1 mL 259 (R AIIE
SEREVEWG BN 1 mL WK, pH 6.5 PBS B,
pH 7.4 PBS (HIEFEEHMIAD, £ 37 CHEEIRE
48h J&, LA 10000 r/min fFEIH (7400Xg) B0 10
min. Z3 7 BOKAH R AH, FHF AR 22— e 154,
M8 “2.3.17 TR IS AR, AN 25 S
B, KM Y& RIC N Cw, AT Y ERICH
Coo l1gP MTHE T R A XFw

lgP=1g(Co/Cw)

SRR 1 s, HHT 767K &% pH 6.5+ 7.4 PBS
3 PR J5 T T v R B S /R 4~6 mg/mL. 1] TPL
TE 3 Bl Jon o )~ A i FE AR ARG, A2 0.06
mg/mL. I PUKREREGE AP EA e, R
A EE IR N 7K

i 1 /%1, HHT M1 TPL 7E AR i) 1gP
PIRT 0o 1gP W 7 P05 A2 7K PR AR H ) 40 BC A%
O, 1gP (EBR R SRR, )2, 1gP {EH/)

&1 HHT A TPL ENET B R FEAEMEM IgP (Xt s,n=3)
Table 1 Equilibrium solubility and 1gP of HHT and TPL in different medias (X £ S,n=23)

b P AR/ (mg-mL ) IgP

" MK pH 6.5 PBS pH 7.4 PBS MK pH 6.5 PBS pH 7.4 PBS
HHT 45640017 56660038 476940044 040140012 037940010  0.395+0.017
TPL 0.06140.004  0.068+0.006  0.063+0.002  0.636+0.006  0.628+0.007  0.6310.006
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SE/K MRS . HHT A1 TPL (1) 1gP 1%, £ 2 F
TR S B RGRSENEYE, B TPL MR i Emg
T HHT. ATV MR EE R 1gP 152 45 B n) Aghk
KL &R IR
2.5 HHT/TPL-PSMA-Lips Y4 51K
250 ALERPNE L SR IEE RN E
HHT/TPL-PSMA-Lips 3%, B 0.5 mL HHT/
TPL-PSMA-Lips & T 10mL &=, TN F B AR
SEA, IR R “2.3.17 TR Gk, A nE
HHT. TPL & &, i Ches Cres HEL05mL
HHT/TPL-PSMA-Lips & T#EEE.08 (JERILE
0.45pm) 1, LA 12000 r/min ## (10700Xg) B
O 10 min, B, FEERRE, 43 5E HHT. TPL
VB, 10N Crsas Cruso IEIR N HIAXTHE HHT
K TPL HIfEH3% (encapsulation efficiency, EE),
HHE - EMGEG R (EEL P2,

EE=(C &—C uu)/C &

EE 4»=EEnur X0.5+EETpL X 0.5

2.5.2 HHT/TPL-PSMA-Lips 47714k xF T3tk
A F, M) Z o S AR bR . TR 70 R0,
Ak T3 v ) JERAS i g i ) BB L B T TR [ e LG
i, AR5 254 L) RN 5 R G P LL ) 3 0 B df
RAEBOREW . I, ARG FTATSIe 45 R, e
EIER RS, FET 4 MEE: KSR/
PSMA B[ IRAEEIIBENE (XD K e/ [E i
(X>). KE®EAE/MHHT-TPL (X3). K HE/PEG-
PLGA (X NEZE; IEAEAEE (V) NHAE
&, KHPOLE S WM N2 (central composite
design-response surface methodology, CCD-RSMD,

T HHT/TPL-PSMA-Lips f# 4k 77 . CCD KA
FAHMKFINE 2 frox. ] Design-Expert 13 #ff
X CCD iRE Wi Edf #4770 #r, RS 4 MEE
E SRR (Y AR B R, 8T 25
Prb AT R Al LA, e tH e AL S Y, DU
SRR b T A . AR TR 1) B D0 Ak T D A%
HHT/TPL-PSMA-Lips, 24 & 0E %,

%2 HHT/TPL-PSMA-Lips &5 f{£#) CCD-RSM sLIei% it 545 %
Table 2 CCD-RSM test design and results of HHT/TPL-PSMA-Lips prescription optimization

75 X Xz X3 X4 EEunt/% EErpL/% BE#/%|F'% Xi X2 X3 Xa EEunt/% EEre/% EE /%
1 0.670(=1) 2(=1) 3.4(0) 1.00(0) 61.81 60.59 6120 | 16 4.835 6 4.8 1.00 66.19 6641  66.30
2 9.000(+1) 2 3.4 1.00 62.16 6244 6230 | 17 0.670 4 2.0 1.00 65.02 63.58  64.30
3 0.670 6(+1) 3.4 1.00 63.08 6332  63.20 | 18 9.000 4 2.0 1.00 60.75 61.85 61.30
4 9.000 6 3.4 1.00 61.42 6098 61.20 | 19 0.670 4 4.8 1.00 6522 6338  64.30
5 4.835(0) 4(0) 2.0(-1) 0.67(-1) 69.83 68.77 69.30 | 20 9.000 4 4.8 1.00 61.52 60.88  61.20
6 4.835 4 4.8 (+1) 0.67 67.83 66.57 6720 | 21 4.835 2 3.4 0.67 68.64 69.16  68.90
7 4.835 4 2.0 1.33(+1) 68.08 68.52 68.30 | 22 4.835 6 3.4 0.67 72.03 70.57  71.30
8 4.835 4 4.8 1.33 69.78 69.02 6940 | 23 4.835 2 3.4 133 7476 73.84  74.30
9 0.670 4 34 0.67 63.67 62.73 6320 | 24 4835 6 3.4 1.33 78.95 77.65 78.30
10 9.000 4 3.4 0.67 62.17 6343  62.80 | 25 4.835 4 3.4 1.00 78.11 76.49 7730
11 0.670 4 3.4 1.33 64.48 63.72  64.10 | 26 4.835 4 3.4 1.00 79.88 81.32  80.60
12 9.000 4 3.4 1.33 68.66 6794 68.30 | 27 4.835 4 34 1.00 8048 81.72  81.10
13 4.835 2 2.0 1.00 70.44 69.76  70.10 | 28 4.835 4 3.4 1.00 79.27 79.13 79.20
14 4.835 6 2.0 1.00 78.92 7728 78.10 | 29 4.835 4 3.4 1.00 75.87 76.73 76.30
15 4.835 2 4.8 1.00 68.87 68.93 68.90

G CCD-RSM B4 29 28 UFAb 7 (5K
ISAERE (3R 2). X CCD (s Bdm 47 ge it bt
K20 2 IIERRE, ik B AR & 5 AR & 1A
HER. HESN (£ 3) HRPAE AR
AR Z AR R R R, F 1
FI P A 23 il e A0 £ J7 R I 285 P AT 2 5 S 06
W[EFKAN, FAEMOK. P ERUNU B R A
FREERRGY, B3, R 3 W, WAETEN Y=

1 071.920+ 0.853 3 X; + 13.440 X, +16.570 X3+
33.380 X4+2.400 X1.X240.002 5 X1 X3+5.290 X\ X4+
28.090 X2X3+0.640 X2X4+2.560 X2.X4+898.080 X2+
76.280 X»2+185.950 X32+69.220 X,2, R2=0.905 8,
X — 4 RN G B IR T 1A P AR
0.0001 (<0.05), XEKHIZBMEFEEME, TF
RECN 4.09%, IRAERZEN 2.82%, RIAARSLIGH
HRERLE, WRIEIRZER DN
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*3 hEEMNEREERSES
Table 3 Analysis of variance of Central composite response surface test model
TFERIE PG AW ¥ FE PE O EBEWIERE PN HmE ¥y FfE P BFENE
A 1071920 14 76570 9.610 0.000 1 RZE| XaXa 2560 1 2.560 0.3215 0.5797
Xi 0.8533 1 0.8533 0.1072 0.748 3 X 898.080 1  898.080 112.770 0.000 1 %23
X2 13.440 1 13440 1.690 02149 Xo? 76.280 1 76.280  9.580 0.007 9 R &3E
X3 16.570 1 16570 2.080 0.1712 X3? 185950 1  185.950 23.350 0.000 3 A&
X4 33.330 1 33330 4.190 0.0600 Xa? 69220 1 69.220 8.690 0.0106 &3
XXz 2.400 1 2.400 0.30170.5915 Tz 111.490 14 7.960
XXz 0.002 5 1 0.002 5 0.000 3 0.986 1 AU 94350 10 9.440 2200 0.2323 AEFE
X1 X4 5.290 1 5290 0.664 3 0.428 7 R 17.140 4 4.290
XoX3 28.090 1 28090 3.530 0.0184 3% | HiRZE 1183410 28
XoXa 0.640 1 0.640 0.0804 0.781 0
HASEO R R 3D M (B 4) R, K BEHEERTE.

T R /PSMA R 7] Ik A2 i 1) 8% I ) HHT/TPL-
PSMA R[] g R 4K b R A BRI, PSMA
B BB PEG AL B g Lb B4 0, B A T80 i
M3ETt, HSFEEERN TR BIESZ4WHLT
Bilfsam, AR RS, (EkSLIE NG
Eefgl, wrEd Z i Ak, K /IE/PEG-PLGA
() LA A3t 2R — € 520, PEG-PLGA ELA 1
A RT3 S Ak bR ARG IR AR, Hid )
PEG-PLGA 2> FEUELE Z 00 T o JIH [ B2 Jig o Ji
BN PE R, PR A e e T, A AT
AR R AR, R AT EE R g,

HL S AR EE LG, AT AE BT 5 ) 1 ek i

EE 4/%
EE /%

80

74

EE 4/%
EE /%

XZ‘

4

55

DIgEaBEE BRI NiEhR, SO
IYNT, BRBIEARALTT . K EHEAE/PSMA #E ] k&1
PEG fb®ifis. K Wg/IHERE . K g/HHT-
TPL. K S flE/PEG-PLGA [ EL 53 51 4.8
1.4:1.34:1.1: 1. BT RS 65.28 mg, PSMA
A AKAS MR R i 13.6 mg. HHT/TPL 4% 9.6 mg.
fH[EEE 16.32 mg. PEG-PLGA 65.28 mg, P47 3 Ik
R SE . RS AR AR T7 ) & HHT/TPL-PSMA-
Lips, M5 474035 % N (81.204+0.40)%, Hr HHT
(AL %N (80.731+0.86) %; TPL HIGLE RN
(82.000.40) %, SHEMFNIE 79.2%HziT, K
R ELA e () T

EE 4/%

EE 4/%

B4 Xin Xov X Xa Z 832 BN B =400 [ T [

Fig. 4 Three-dimensional response surface plots of interaction effect among X1, X2, X3 and X4
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2.6 HHT/TPL-PSMA-Lips 2Kk A SME BRI
2.6.1 HPUMLES. Kift & ¢ WAZlE  HHT/TPL-
PSMA-Lips B TiZHPEMIEF, RABOLCERSS,
HATRI 23 M%e . #4H HHT/TPL-PSMA-Lips
b E LR G, K Zeta PALS SO B G
Fife Al ¢ BA7. HHT/TPL-PSMA-Lips A 7Lk

A rﬁ :

W, EEOCEIRSS, SRR T AR (K
5-A). BWOLGIARLEZAIE HHT/TPL-PSMA-Lips
WG, SR NE 5-B frox, HHT/TPL-PSMA-
Lips FRIfZ N (209.12+3.24) nm, PDI }y 0.132+
0.021, CHALA (—34442.5) mV (] 5-C), HifE
RARBIESH .

e

TIRIRBN SRSV

HFifE/mm

1 000 —150 =50 50
¢ HA/mV

5 HHT/TPL-PSMA-Lips 89T &/REMFBRAIIR (A). KEHH B) FMERMLNTH (O
Fig. 5 Tyndall effect and natural light appearance (A), particle size distribution (B) and { potential distribution (C) of
HHT/TPL-PSMA-Lips

2.6.2 WMESWEE bR R 4T HHT/TPL-
PSMA-Lips ¥, B 1 3% T-78 A B SO R 04 9 L
2 2%MBFESIR g th, EIE AR TR, RAESN
LT~ 8% (transmission electron microscope, TEM)
M %Z HHT/TPL-PSMA-Lips 4K ki 75 . TEM & J
BoR, RPN RERIEEERTE, Ha#uas), ki
A 180~200nm (& 6). BOGLNANLEE A E
RiAg RKERifR, B, BT TEM WLE] @k

AN
124k

[l 6 HHT/TPL-PSMA-Lips # TEM [E|
Fig. 6 TEM image of HHT/TPL-PSMA-Lips

2.6.3 X HERATH (Xeray diffraction, XRD) 44T
43 A FREGE # HHT/TPL J5ik 245, PEG-PLGA . fH[]
B W0 299 56 EHE &) LA & HHT/TPL-PSMA-
Lips, ol /aRH X SHEATHGEAT XRD 4347 Wl
B K 40kV, HA 40mA, FREVER 100~
60°, A 5°/min. HHT/TPL Jik}25. PEG-
PLGA. fH[E . KRR 295 M RNEE YL I
HHT/TPL-PSMA-Lips ] XRD KliEWE 7 B,

HHT/TPL JFUR}Z57E 10~50 CH B R H45 5k, 1
PEG-PLGA LL R K G RBEAR NI B 45 dn g . 25915

YR A

—“l TR N | TPL JF 24

HHT J5 k2
— T~ PEG-PLGA
HHT/TPL-PSMA-Lips
M}d‘\‘_\ L
T~ K
10 20 30 40 50 60

20/(°)

[El7 HHT/TPL-PSMA-Lips. 38R &40 % 8 4R
XRD [Eif

Fig. 7 XRD patterns of HHT/TPL-PSMA-Lips, physical

mixture and related excipients

FHEH Y ER AT, iR RS E] HHT/
TPL 145 0% . 1] HHT/TPL-PSMA-Lips ] XRD
TG R 2 S, B HHT/TPL &) El
WAPKRL, AT RE Ao T B E TR S AR AE

264 % x H & # ( differential scanning
calorimetry, DSC) it 4 HIFREUE # HHT/TPL
JRRLZ). PEG-PLGA. JHIERE. #EA5. 299 54 K
TRE YLLK HHT/TPL-PSMA-Lips, #£47 DSC 7347,
W RINAT Ry o TAESRAT: DB IRIES L,
FHREVER] 30~400 C, FHiFE#EE 10 ‘C/min. HHT/
TPL Ji#l25. PEG-PLGA. JH[EE. KE®E. 2
Y5 RHE A LA K& HHT/TPL-PSMA-Lips ff] DSC
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KIiEan e 8 firan, TPL JFEEIZG7EL) 269 CAERINE
W ARG, HAT JERZ5FZ 150 CAbEIURFIE
WA, 2 RERRAEE 2390 2 Fof SR R) 24 J R AH AR 11
MR E . AV E SR ENR SR, s
BT W 223 TPL 5 HHT HRFER #404 o ff HHT/ TPL-
PSMA-Lip [¥] DSC i 2k o th 3 2 A J5RE 24 R 4R AIE
WA, U] HHT/TPL C I ALE T 8 R 4 KohE
H, LERIRIA UG E TEARS AR AE

WELREY)

TPL JE k12 B
HHT 5k 24
PEG-PLGA
HHT/TPL-PSMA-Lips
Kl
l(l)O I 2(I)O I 3(I)0 I 4(I)O
T/'C
8 HHT/TPL-PSMA-Lips. IR &Y %484k
DSC EiZ

Fig. 8 DSC patterns of HHT/TPL-PSMA-Lips, physical

mixture and related excipients

2.7 HHT/TPL-PSMA-Lips {&5MEHFZR

KHEMNTE, K% E | mL HHT/TPL-PSMA-
Lips {REW TZEMHEE GERAHEN Tl & 8 000~
120000 H1, 451 E T pH 6.5+ 7.4 1 100 mL R/
A, 37 CHEIEKM. 100 v/min #&%, 2HI7E
0.5. 1. 2. 4. 6. 10. 12, 24. 36. 48. 60. 72h
KEE 1 mL B, I RERETEBEOY . K
F HPLC v € B80T Ji (%) HHT A& TPL J5ii &
B, BRI (O ARHTIHE, K, G
Ci N ny i NMIRE AR BIREE, Vo AR R
SRR, VONBRIREURERRR, W ONENT S N IAGR 2
YIS 5N pH E AR AF T RS Rt 28,
BT RN Z5 ) TR

On=(Co+3X 5 Cniw

J#% HHT. TPL il HHT/TPL-PSMA-Lips 7£ pH
6.5 7.4PBS BB HLUE 9 FioR. W72 HHT
£ pH 6.5 PBS H[¥RE 50 2B = T 7E pH 7.4 PBS
HHRE O B, X2 T AR S5 RE TR 26 1 N IRV A
FEmE T AEBRSEM . TPL AMEVEYEZGY, 16 2 MRk
T 5 R TG P #35AE « 1Ti HHT/TPL-PSMA-Lips
o HHT 1 TPL BEECH FE B R, HAES /i

7289 «
A
80 1
60 1
=
=
ﬂ_
EE 40 1
=
B&
20 1 HHT JFURHZ4
—e— HHT/TPL-PSMA-Lips # HHT
—a— TPL Gk} 24
o —e— HHT/TPL-PSMA-Lips # TPL
0 10 20 30 40 50 60 70
t/h
B 80 HHT J5U 24
—e— HHT/TPL-PSMA-Lips #* HHT
—a— TPL J5UR24
60 { —*— HHT/TPL-PSMA-Lips ' TPL
S
ﬁ
1@ 40
®
Bk
20 4 —
0 . . : . . . r
0 10 20 30 40 50 60 70

t/h
9 HHT. TPL F#Z5% HHT/TPL-PSMA-Lips 1§
HHT. TPL 7 pH 6.8. 7.4 PBS (A, B) HHAESMNREHihZ%
(Xts,n=3)

Fig. 9 In vitro release plots of HHT, TPL bulk drug, and
their in HHT/TPL-PSMA-Lips in pH 6.8, 7.4 PBS (A, B)
(X£ts,n=3)

BETBCH FE X = T 25, Feollie TPL, 1E#% I [A]
R RBRICR W, RURHPURER AL

S MEVE M 2 (P fR R )

It4h, HHT/TPL-PSMA-Lips " HHT/TPL £ pH
7.4 PBS (A B A FRECE SR AN AL, TESS
R S5 A BRI BTN, A )T SEILLE 8 55
PR P AR5 () B [ B i 230, % HHT/TPL-PSMA--Lips 14
HMBRLAT NATIR R, S5 R ANEE 4 o, HHT/
TPL-PSMA-Lips H' 2 i Z5¥)7E pH 6.5, 7.4 PBS /i
W R4 75 A Ritger-Peppas #5784 . o, HHT 7£
pH 6.5 PBS ] n=0.31, 7E pH 7.4 PBS H[{] n=
0.33, TPL f£ pH 6.5 PBS H#) n=0.36, 337N 0.43,
Tt B HOB L 3= Bl Fick 971 1 TPL £ pH 7.4
PBS "1/ n=0.52, /v F 0.43~0.85, $&/~ HAFE Fick
¥k, RIS ek FVER .
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¥ 4 HHT/TPL-PSMA-Lips ZEAEIFEM B+ HHT 1 TPL IR L& iR
Table 4 Fitting data for HHT and TPL release from HHT/TPL-PSMA-Lips in different release media
B R *%ﬁﬁlfj]j] % WETIE
it HHT TPL

pH 6.5 PBS TR 0,=26.580+0.940 ¢, R*=0.6610 0,=18.260+0.830 ¢, R>=0.8315
—% 0,=73.990 (1—e0150%), R2=0.947 6 0,=61.400 (1—e™ 00901, R2=0.926 8
Higuchi 0,=9.290 ">+11.980, R>*=0.865 2 0,=7.780 1"2+6.880, R>=0.971 4
Ritger-Peppas 0,=22.640 319, R2=0.9304 0,=14.970 3¢, R2=0.994 6

pH 7.4 PBS L7 0,=21.210+0.860 ¢, R>*=0.7204 0,=9.720+0.820 ¢, R>*=0.9260
—% 0,=63.920 (1—e 01409, R2=0.9543 0,=62.080 (1—e™0040%), R2=0.9377
Higuchi 0,=8.320 £248.500, R?>=0.900 7 0,=17.360 t"2—0.260, R>*=0.976 6

Ritger-Peppas

0,=17.910 £33, R?=0.9479

0,=6.890 520, R2=0.976 9

2.8 HHT/TPL-PSMA-Lips {&5M AR & 1%

KF MTT %, LRI ZI B 4 i RM-1-PSMA 2
A IR, 25 %275 148k PSMA-Lips 144
B ASFEE HHT/TPL R AS [B) 240 KL 5771 4
MuBGFE A HIE A . BUERIRES RIFH RM-1-PSMA
iR, DAREFL 1X10% NEIRL R BN T 96 FLIK
o, BRFLII 100 pL 408, ET 37 C. 5%
CO, W5 FAE L, I PSMA-Lips, AS[A] LA
HHT/TPL PLRAEIHEE ) HHT-Lips. TPL-Lips.
HHT/TPL-Lips 5 HHT/TPL-PSMA-Lips, 5 24h
Ja, MM 20 ulLMTT ¥ (5 mg/mL), BEGEEFE 4
h, A DMSO, #R¥FiE5]. LA 570 nm K&,
FABEAMCI E WG REE (4) 8, MR,

AHMIATIE R = A sl A e

H5E, KH MTT EE55F A9k RM-1-
PSMA I 458 I 520 . W 5 ffw, £ 0.03~1.00
mg/mL IR EIREIEEIN, PSMA-Lips %f RM-1-
PSMA 4Hff0iE o w2 52, R\EAEM B AA R
TF I AEIAR A A o i3E— 25 25 G2 AN [A] U 45 HHT/TPL X
RM-1-PSMA I 5E )50, 258K 6 B,
X HHT 5 TPL MY IR LLAE 1 0 1 I, A A7
REEMT10:1. 51,21, 1:5. 1:104,
E| 7 7€ HHT/TPL-PSMA-Lips 442K 77 -F HHT 5

#5 ZTHEIEREXT RM-1-PSMA ZRaaiE5E 843N F
(Xxs,n=3)
Table S Inhibitory effect of blank liposomes on
proliferation of RM-1-PSMA cells (X £ S, n=3)

JREIRE,  HIRATER | RERE, iR TSR/
(mg'mL™") % (mg'mL™") %
0.03 105.42+1.51 0.25 124.23+20.73
0.06 100.93+1.31 0.50 98.51+13.89
0.13 129.77+7.66 1.00 90.62+1.49

£ 6 AEIEEH HHT 5 TPL Xf RM-1-PSMA 41854 59
HHEMER (X£s,n=3)
Table 6 Inhibitory effect of HHT and TPL at different

molar ratios on RM-1-PSMA cell proliferation

HHT 55 TPL 4IfRA7iE%/ |HHT 5 TPL 4UMf7 %R/

Lb 45l % 1] %
1001 90.42+1.84™" 1:2 68.821+4.01
501 83.32+4.79™ 1:5 89.64+4.03""
2.1 73.77+£4.33" 1:10 95.74+7.01™"
1:1 62.61£3.26

101 *P<0.05 TP<0.001.

"P<0.05 "P<0.001vs1: 1 group.

TPL & LA 1 & 1. HHT-Lips. TPL-Lips-HHT/
TPL-Lips A1 HHT/ TPL-PSMA-Lips %} RM-1-PSMA
41 B0 VE F in# 7 AT7s . HHT-Lips. TPL-Lips X
AUB IR A RM-1 (R4 VR FH 38 2R B AR G,
H HHT/TPL-Lips &7~ th 56 58 (4 2 3, R
HHT/TPL k& {8 H w36 s #9% /E H . HHT/TPL-
PSMA-Lips H 40 M A775 2 I, 2R WAL [m) Ak AE A1 7]
i PSMA SR ESFEFAER, P mgk
LT 1T 471 gt ek 78 4 L %) 440 61 5 2R
2.9 HHT/TPL-PSMA-Lips iZ S 4R ET-1E
RM-1-PSMA 40l 1 X 10* AN/mL 25 FE a1
6 fLB ., FFL2mL, T 37 C. 5% CO, 2R
FFEWEE 24 he RN Z FYKKL PSMA-Lips.
W2 HHT. %2 TPL. Ji% % HHT/TPL. HHT-PSMA-
Lips. TPL-PSMA-Lips. HHT/TPL-PSMA-Lips, ¥
H 24 hJ5, WEELNHHFAH PBS Pk 3 K, WHILE
O, HET 100 pL 256 220 (binding buffer) 1,
BAA 5 uL AnnexinV-FITC A1 5 uL PI, & E 30
min. K F U A BRSOk I 240 i 7 T2 2%, R Flow
Jo A AT HAR /3B o ISR IR 45 3 (B 10) R 9,



PER 202698 B57% B 18  Chinese Traditional and Herbal Drugs 2026 September Vol. 57 No. 18 - 7291«

# 7 HHT-Lips. TPL-Lipss HHT/TPL-Lips. HHT/TPL-PSMA-Lips % RM-1-PSMA #RAa&5a foHIFI{ER (X+s,n=3)
Table 7 Inhibitory effects of HHT-Lips, TPL-Lips, HHT/TPL-Lips and HHT/TPL-PSMA-Lips on RM-1-PSMA cell
proliferation (X £ s, n=3)

b ANHAT I R/ %
HA
0.001 mmol-L™! 0.010 mmol-L™! 0.100 mmol-L™ 1.000 mmol-L™! 10.000 mmol-L!
HHT-lips 117.27+£3.58 106.84+11.53 83.28+4.89 76.92+2.30 80.14+1.36
TPL-lips 106.90+10.31 103.45+6.00 106.77+7.69 101.93+6.94 95.18+2.01
HHT/TPL-lips 66.391+4.75 65.03+5.18 60.70+2.29 57.05+2.94 55.38+3.00
HHT/TPL-PSAM-lips 37.35+2.67 36.58+2.91 33.641+0.86 31.59+1.02 33.15+3.34
RS HHT J#E TPL Ji# % HHT/TPL
1073 g6 13.20% 1073 5 419 11.80% 107 5 940, 27.70%
| . (1] .. ',D = R 0 . ‘0 = o (1] . 0
1 o 1 ; 1
] #oagE ] ]
< E < 3 < 3
£ 1044 £ 1044 £ 10* 4
< < <
N E ] A N 3
— 9 — S A — 9
Ay =9 =™
10" 3 10! 4 10' 4 RN
72.20% 12.70% 77.70% : 8.06% 61.80% - 7.54%
L BRARLL IR L BLAL L AL L BRAL L AL | L B L B | b BRAA L BRAL L B L BRAR L BAAL L BLAL L B L BRAL L AL L |
10° 108 106 100 10° 106 100 10° 106
FLI-A=FITC-A FL1-A=FITC-A FLI-A=FITC-A
HHT-PSMA-Lips TPL-PSMA-Lips HHT/TPL-PSMA-Lips
1073 19.40% 077 1 50% 14.80% 1071 26.60%
< 3 < 3 < 3
£ 104 £ 10 £ 104
< < < ]
9] 3 Q] i N 3
— E | — 3 — E
Ay Ay =™
10' 3 101j" . LU
69.90% 8.53% 74.60% 8.77% 61.30% | 11.00%
RS it S A S cotunlel. = Sl
100 10° 106 100 10° 106 100 10° 106
FLI-A=FITC-A FLI-A=FITC-A FL1-A=FITC-A

E 10 Annexin-FITC/PL AT RN 547
Fig. 10 Annexin V-FITC/PI apoptosis flow cytometry analysis

JiE B HHT A1 TPL S lsb B A0 ME T2 0y b 8 UE Ol BOSEUE KT RM-1-PSMA
25.9%F1 19.86%, HHT/TPL Bt & AL FRAA AN T 4ifi, IZMREESL 5X 103 AN R T 24 fLIRF, % E
] #8403 35.24%. HHT-PSMA-Lips #1 TPL-  24hJ5, %)y C6 .HHT/TPL-FLipsHHT/TPL-PSMA-
PSMA-Lips FIVHT-% 50518 27.93%F1 23.57%, T FLips & PSMA # [ K FALEEZH . PSMA #E[m) ik 7
WS ZYIte, TR RS . M HHT/TPL-  ACERAL 6NN 2 PSMA $E R BRI &, BEJE A
PSMA-Lips XL ot (M RIET-15 S 2%O0R, T HHT/TPL-PSMA-FLips. %40 & 4 h J5, PBS ¥t
RILF] 37.6%, KRB ATRIEMGOREARAY 530 I 4% 2 R HEERE 2, P, I Hoechst

[ B2 i (2 2 W A s A M TR 33342 TEAHMI G IR, ek G SR (5 B 5 AR
2.10 HHT/TPL-PSMA-Lips A5MNMEBZRAREE M EEAN R ZH ) 40 B Hh i) B e
K FH 4 M 45 L SR 5625 %8 HHT/TPL-PSMA-Lips J#% C6. HHT/TPL-FLips. HHT/TPL-PSMA-

R AR AE . o6 BAEI R 9eHs, L C6  FLips & PSMA ¥ ik ikt 3 5 HHT/TPL-PSMA-
9 CHRE ] 45 98 bR ic 9N KRl HHT/TPL-FLips  FLips fERT SR 40 RM-1-PSMA i35 U 1,
J HHT/TPL-PSMA-FLips, &Y RRAERTHIE S5 R WE 11 Frr. I3 C6 AEgM N et 6 (5
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--C6

- - - o

HHT/TPL-PSMA-
FLips

PSMA+HHT/TPL-
PSMA-FLips

DAPI

Merge

E 11 RM-1-PSMA ZHffixf C6. HHT/TPL-FLips. HHT/TPL-PSMA-FLips 5% PSMA #E[5]fkT4032 /5 HHT/TPL-PSMA-
FLips 7€ 4 h BEORERIER
Fig. 11 Uptake of C6, HHT/TPL-FLips, HHT/TPL-PSMA-FLips, and HHT/TPL-PSMA-FLips after PSMA-targeting
peptide pretreatment by RM-1-PSMA cells at 4 h

55, 22 B B O R R BT B e 4 0 £
EX A 1K 575 C6 4AHLL, HHT/TPL-FLips 41
TR Y S OG5 S 1G58, R BRI v] seid T
ke 20y B0 1 1 FH 38 o 3 e 8 40 e R £ . HHT/
TPL-PSMA-FLips £H W] % 7% tH 55 52 1) 4 €% 6 A5
5, RIFHABMRIFE A KRS RM-1-PSMA i Rk
PSMA HE5 ik ah 4, 18l shiEiaf Rt markh
7E PSMA BH 4 117 471 [ et 200 B A P9 B8

FHLLZ T, 4 PSMA BRI E b 5, 4HH A
(R 2R €07 o BT B R 55, R B2 PSMA B[ ik
A RM-1-PSMA 41 3 11 1 R 1A 1 PSMA 52
e, SEgPERLIKT T PSMA /S 98K 32 08,
X — &5 Bk — P iE sz, HHT/TPL-PSMA-FLips £
RM-1-PSMA 4fijfd R4z HUFI 358, i SCIR T PSMA
kS ESERAEH. 48 -, HHT/TPL-

PSMA-FLips #Ji#iid PSMA NS EshEis, 6%
HESRANAHRILE PSMA BH P40 A A (3% E, HA TR
(10 1T 270 R A 200 B L )
3 g

HHT 5 H =42, MRS, s AR
THIPELGE s AR, BA R B bos
2. AR, DRER, YA JE TS A
SERPUMR P TR RSy, BRRIRT G ay AR
BE AR U], AT PR Bk M SRR 2530, B
W TR, IR FE TPL 5 HHT 1B AT 38 5 PI3K/Akt
EREp: Y 8 i A S RN CE N E A PNS S - Y STk
4l (human acute myeloid leukemia KG-1a cell
line, KG-1o) 216 & L5 40 PR 5 615 S0 1,
R 2B B R R T PR RR E T TR
FAih24, SR, HHT M TPL ¥AFLEFREAH KA
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RS ) 3, B — 24 A ATE 2 4 751 2 Y TR P S B
XT CRPC B &4l . A8 45 & AL Ge b R A 2 G
IR TR S, PR 2 FE PR A3 oK 3 %
Rawtse, HWTHEERZ A IS
“HRITI RIEROR T B DAGKRAER-R A
NEAE. PSMA BCiAASESk, #E T “mREa.
S5 R B R 2. BROREE T A E
[FVRIT AR, RSB IAHI TR A T 25907
FEZE IR, s 1A% S50 2R 1) A B g 1) ] A Ak
B, AT T AR 25 R0E IR “COREEG R (1 .
ZIWIIRI AR P AN 1gP 5 2 A 7 R AT 9 (1) B 22
W2, RHIFII R s B B 3 E .
HHT 7£ /K1 pH 6.5, 7.4 PBS 3 M5t o A e
By AiTE 4~6 mgmL, R (PEZHM) 2025 4
e S, 1g (mL) L AELE 100~ 1 000 mL #7711
TR IE T, 5 SCHkRaE — 8, 1 TPL 7 3 Ff
IR A AR BERRAR, S2mm T FLRR 21 K AR R
B, RFEAGUREAR, WA TPL 1M, 1§
BT ROR RS ARSI I R 5 - SR A oK kL
SEPL T HHT/TPL #5454, XRD 45 R EoR, 4%
PAr TG TEATRAE, RITER MRS, /T
WS E] TPL ¥t 1 2 52T, [F)A LR 5518 14 2%
TR W A 0
HHT/TPL-PSMA-Lips 7EA A4 5 H [ 2540 B
FUE R E E TR A, Pl BN 3 T —
AV AE YRR ARG, DB, F&
SR BT RIS RE, AR S IE R E R
m T A RR 2 2. PEG-PLGA &3k R
AW, AITERCEKSNE, SRR, R
TIKATF BRI B = RIPKRRRZ
200 nm, KR 3G K259 58 A J5 1 4 fk b 2 T
R, ¥ Noyes-Whitney 5 #2 A & MR H . &5
b, AT AL AR IR R KRR
B 3 Wi IE], IEFEEE T TR B 2 R OE A
PSMA & R Z1 IS A SCHTE, 76 1T 41 s 20
s RIS, USRI AL R B AT A s i R R
R RET, AR IR AR R LA P R 4 e
JUFAZRIE, Bk, HO2 a0 o0l a7 Fi i B AR 41
O I, AR FE BT A PSMA B ) JRAE 1 1
PEG {LBENE, F -T2 i oKL (1 ) 2k
GRFLTGGTGRLLRIS % ik /5 %1 T #% ilF B /&
PSMA WM Z K, KA MKEN G, vA
T R AR 1T 1 e B v (B ) i 16 R 50, AR

RIE, -2 G At R n]E i /N 5 IR A
N P EEN SR AN ERREHSEZ
ERZ b1l IO EZE U E R P S RN
HHT/TPL-PSMA-FLips #Ji#id PSMA /S F3)
A, RGN, XN S
AR R E R Em PR AR . CHER
PSMA B[ GNK RS 2 Nk i — 7 254 (nZ
PUAh2E. KFEREED, AWFFTEN %% HHT A1 TPL
2 M 2R R gy, AR CMZ B EIVEH
H YRS IA T ARANGE &, —PAETT 245
FURTT W& A 78 2518

g b, ARWEFAEN PSMA $EMEFR-RED
YRR HHT &5 TPL, 75 05035 9 24 A e 1 A0 3=
B [ B T R B WA L34, JER CRPC
PTG IE " BEE R YT St TR SReg . 1E)
=R IV P O Pl RN T e VA 1| N N e o e
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