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H E: BY #I%AHEBEREM (calycosin, Cal) WM (folicacid, FA) 1&1ffI3% 3 1 Astragalus membranaceus #hil
ARG FiR (FA-Exos@Cal), F5 82 HLAr kst ERELNAE ML MRALINHIVE . sk SR 2 B0 65 B HE AR 25 B o B 1
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Preparation of calycosin-loaded folate-modified Astragalus membranaceus
exosome-like nanoparticles and in vitro evaluation of inhibitory effect on
macrophage M1 polarization
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Abstract: Objective To prepare folic acid (FA)-modified Mojiahuangqi (A4stragalus membranaceus, AM) exosome-like
nanoparticles loaded with calycosin (Cal) (FA-Exos@Cal) and investigate their inhibitory effect on M1 polarization of macrophages
in vitro. Methods AM exosome-like nanoparticles (Exos) were isolated by differential centrifugation combined with sucrose density
gradient centrifugation. FA-Exos@Cal was prepared by the thin-film dispersion-incubation method. Transmission electron microscopy
(TEM), bicinchoninic acid (BCA) assay, sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), dynamic light

scattering, HPLC, and dialysis bag method were used to characterize the particle morphology, protein properties, particle size, C

RS EHER: 2025-11-04

EEWH: EXARFHESFEREEETE (81903813); WTGAIEMT /LI RITE (202303021211171); 11 TG4 HEEZEHL ) % B H
(2022ZYYC087); PG EEZG R EBHEAIHH H (2024PY-NS-009); 1P 25 k2 BHE 819 W H (2022PY-TH-12)

&R : /0, BIZPUZ, W ZHIFIHBAR S 78 . E-mail: lixiuying85@163.com

KBIEEE: BEY, @GS, BT Ry IR AR . E-mail: yanzhifang@sxtem.edu.cn
RH, BIBEE, BT IR T 2 R At B KA e S 7E . E-mail: Ligq@sxtem.edu.cn



PED 202648 B57% B8 Chinese Traditional and Herbal Drugs 2026 April Vol. 57 No. 8 « 3043 «

potential, drug-loading characteristics, and in vitro release behavior. Fluorescence microscopy and flow cytometry were employed to
evaluate the targeting ability of FA-Exos@Cal to M1-type RAW264.7 cells. Cell counting kit-8 (CCK-8) assay was used to detect the
effect of FA-Exos@Cal on macrophage proliferation. Flow cytometry was applied to investigate its influence on the expression level
of M1 marker CD86. Enzyme-linked immunosorbent assay (ELISA) and other methods were used to determine the expression levels
of inflammatory factors including interleukin-1 (IL-1p), tumor necrosis factor-a (TNF-a), IL-6, and nitric oxide (NO). Results FA-
Exos@Cal was successfully prepared. TEM showed a typical vesicular structure. The protein concentration, particle size, C potential,
drug loading capacity, and entrapment efficiency were (3.52 + 0.26) mg/mL, (127.4 +2.6) nm, (—=11.14 + 0.30) mV, (12.14 £ 0.18)%,
and (27.21£1.04)%, respectively. There was no significant difference in protein properties before and after modification, and the drug
exhibited good sustained-release effect in vitro. FA modification significantly enhanced the cellular uptake efficiency of FA-Exos by
M1-polarized macrophages while reducing the cytotoxicity of Cal toward macrophages. Moreover, FA-Exos@Cal could significantly
reduce the CD86-positive rate of M1-type macrophages and down-regulate the expression levels of IL-1B, TNF-a, IL-6, and NO.
Comparative analysis with Exos, Cal, and the physical mixture of Exos and Cal revealed that the combined use of Exos and Cal exerted
a synergistic effect. Conclusion FA-Exos@Cal, an engineered targeted biomimetic nano-delivery system, was successfully prepared.
It was confirmed to have excellent targeting ability to M1-type macrophages, and could effectively inhibit M1 polarization and the
release of inflammatory factors, which is expected to provide a new strategy for the treatment of inflammatory diseases.

Key words: calycosin; Astragalus membranaceus exosome-like nanoparticles; folate receptor-mediated targeting; macrophage M1

polarization; anti-inflammation
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ZS B E RSOk AL, JE[E Malvern Panalytical
A T); CytoFLEX S Ry A4t i {X  Optima XE-90
EIHEEOML, FEE Beckman A ; N-1300 & jgs%
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RS B, I Leica A 1260 B i A
BRE, SEE Agilent AF] .

1.2 @5
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PIUEHE & PBS HE, —80 CIRFAH.

1 Exos BIEFEZERELAL

Fig. 1 Purification of Exos by sucrose density gradient
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fiil, 1€ 4 C. 4 000Xg @AM T &
1.00X 105 B EE B0 15 min, F& FEWRAK, WE N
A PBS Jx H H BBt 3 K, 313 FA-Exos@Cal; [7]
TR RAB R ZGHMNIR (Bxos@Cal) 58 Ye44E!
A (Exos@C6+ FA-Exos@C6)-

2.1.3 FA-Exos@Cal HI4PMIEAMEE  HU Exos.
FA-Exos@Cal 23 F B 2l /K Wi B 2 0@ Bk B,
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FLEN, EAFEm (B 2).

Exo FA-Exos@Cal

2 Exo #1 FA-Exos@Cal #9 TEM
Fig.2 TEM images of Exos and FA-Exos@Cal

2.1.4 FA-Exos@Cal ¥4 [ &R IE Ko 70
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2 30 min FEHUS B 1, BCA VA E Exos /& FA-
Exos@Cal )& A BEKRE 7 (3.56+0.10).
(3.52£0.26 )mg/mL, 35 [A] G 2. 3 72 7 « #E4T SDS-
PAGE Wik, /il adimk, 455 mE 3 for,
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LRI S, KRIRORER Exos [ 1R
EEEN
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2.50% 104 - a =
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E 3 Exos & FA-Exos@Cal i SDS-PAGE 3k &l
Fig. 3 SDS-PAGE gel electrophoresis images of Exos and
FA-Exos@Cal
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ARFUR AT BENL: AR 30 Cs Atk
260nm; HEFEE 10 L. H3R 1 77%1, Exos@Cal (1)
WA ESEEFENHN (11.86+0.21) %. (27.34+
1.56) %, FA-Exos@Cal W32 & 58 E %0 5H
(12.14+0.18) %. (27.21+£1.04) %, HA L EEE
w7, HAGH R AWIEIET K.
28 24 B = 117 P 2B e 2 T O (o ) v S BT
FE+BEARE)
A 8 = 44175 o T 2 S R R /4 24
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Table 1 Size, { potential, entrapment efficiency and drug
loading capacity of Exos@Cal and FA-Exos@Cal (Xt s,
n=3)

il Fifemm  CHAI/MV B E/%  GEHE%
Exos@Cal 120.84+2.5 -9.89+0.33 11.86+0.21 27.34+1.56
FA-Exos@Cal 127.442.6 —11.14£0.30 12.1410.18 27.21£1.04

2.1.6 FA-Exos@Cal FIMEAMEZMEREHESE B 1 mL
Exos@Cal 1 FA-Exos@Cal, 73 B IIA BiE M 48 (G
B AN TN 5 .000), HET 20 mL &4
10%iR2F 1375 i) PBS ¥ (pH 7.00 w1, EIREFEIR
B (37 °C, 70r/min), 43HITE 0. 24 64 12, 24,
48 72 h iy, WCEEREHUT I [ B 4 b 7 S AR AR VA
HPLC EME R Z5E, THE 4RI RFRE
B REBHCRE R R WK 4 Fis, Exos@Cal
J FA-Exos@Cal ] 2 h &4 RFVEE R 505 A
(19.83+£2.04) %. (17.34+2.54) %, PHET 20%,
VLI HI A R FIRT, 72 h RS
WA (70.05+7.54) %, (60.48+4.58) %, PilH
B RAE BRI MEREGE, A M KRR
JT LA

PR EAVBE R = AN R IN I7] 5B BB 3R o (9 250 4
B/ o R R
2.2 FA-Exos X M1 B B4R AY SR =P

DL R -6 N ETREN X Exoss FA-Exos M [A]
R Z I BRAE R Mg ik (FA-Lipo, 23t HHD
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Fig. 4 Cumulative release curves of Exos@Cal and FA-
Exos@Cal (Xts,n=3)
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T 6 LA, MEEEEIMAEZHE (1 pg/mL) 55 12h,
I M1 BIE WA, BEJS N 5 41: PBS X
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Co6

Merge
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Fig. 5 Fluorescence microscopy observation of targeting ability of FA-Exos and reference preparations to M1-type

NI szEe 4 (FA+FA-Exos@C6)+ FA-Lipo 41 (%
HER-6 WRIEN Sumol/L), &4 3 NEFL, FA+FA-
Exos@C6 2175 EHEHT 1 h 44 THER (HREIKERN
10 umol/L), it J5 15 8% £H — e 5 8t 43 o 7 il 351 Fr 855
FikE, WH 4 h)E, BUESAHYN, PBS EE, fif
A AR AT 04T

[FFE A AL EE S 67 E 4 h 5, TRFERER
55, PBS Pk 2 IR, 4%% JE L [E 72 15 min, Hoechst
33342 Y% 10min, RIGEHMEE NN E T
F-6 ORI Fr

TR AR R A g S5 R (B 5.6 K
% 2) YRR, FA-Exos@C6 ZHAHMI N 7 5m s
F 58T Exos@C6 41 (P<<0.001), iFsEmRi&Hhn]
BEE M1 B E VAT Exos MR MRS
GrPEANR I8 25 RN — B IAIE, FA-Exos@C6 [
BB B S I BR A 5 9% FA-Exos@C6 ZHI4H
PR R 2 = T FA-Lipo@C6 2H, 15iH] FA-Exos
ARSI B SRR A1 4, Exos [ 5 BA BT Y LM

50 pm
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Fig. 6 Flow cytometry plots of targeting ability of FA-Exos and reference preparations to M1-type macrophages
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&2 FA-Exos RELLHIFIHIAAERE FL1-H E R T
HBE LI (XLs,n=3)
Table 2 Statistical analysis of cellular uptake FL1-H
values and mean fluorescence intensity of FA-Exos and

reference preparations (Xt s,n=3)

<4 FA-Exos@Cal RELLHIFIXT RAW264.7 4R < H]
FMER (Xxs,n=3)
Table 4 Growth inhibitory effects of FA-Exos@Cal and
reference preparations (Xt S, n=3)

WL/ A HLAAS 5 /%

FE i FL1-H PR (umol' L") BEFEE  Exos@Cal  FA-Exos@Cal
payict 5214041 - 0 100.00=1.64 100.00+2.09  100.00+1.57
Exos@C6 78.00£1.67"  150.60+0.30 5 97494273 101.49+1.13  100.71%1.40
FA-Exos@C6 203.00+£6.56"*  236.30+6.17" 10 94.60+2.80 99.67+0.98 97.99+1.01
FA+FA-Exos@C6  98.5713.04%4 1759549 40444 20 94734190 97.31£2.13 97.07+2.28
FA-Lipo@C6 162.33+£2.51448 203 .84+ 6.70244 40 93.234+3.05 95.65+1.64 95.04+2.42

XA ™ P<0.001; 5 Exos@C6 HLL#L: ##P<0.001; 80 86.02+3.23 92.63+2.10 92.39+1.44
55 FA-Exos@C6 4LLLH: MAP<0.001. 160 81.103.26 89.94+3.16"  86.43+2.01
P < 0.001 vs control group; " < 0.001 vs Exos@C6 group; 1P < 320 46.07+2.54 70274167 63404502

0.001 vs FA-Exos@C6 group.

11 i S [ 1
2.3 FA-Exos@Cal ¥} B I 4H B tE5E A5 M

KH CCK-8 ¥ FAl % il 771 0t g 2 b8 5 5 1)
RAW264.7 4 & /1 520 o 4 4b T 00 H A= K
RAW264.7 2L 1 X 10* N/FLEEFT 96 FLAR,
BEJGIMAREZ HE (1 pug/mL) %S 12h. BJE, X
TERAN RS A FIR BE Exos B 88 57 2
Exos@Cal. FA-Exos@Cal #4740 B 24 ho W 23555
W, [FAEEANFLH I 100 pL 10%(%) CCK-8 AR,
IHAE 37 CRIEAE 2 ho (EAHBARACON & 450 nm Ak
IR (4D fH, CATT S 0HEE 7).

HMIAFIE = A sw/A oo

iR 3. 4 fR, 25 Exos fER IR E
B, (et BRI s e B2, R R IR
wahn, HALHER ARG, B EIIKE<
40 pmol/L I, % HAHMIAEIE 3 >90%; HEHH
B A BN 80 pmol/L B, i B B8 57 B . Exos@)
Cal. FA-Exos@Cal 41140 M A735 253 51l 9 (86.02+
3.23) % (92.63£2.10) %, (92.39+1.44) %; 34

33  Exos Xf RAW264.7 M4 KHIFIER (X+5,n=3)
Table 3 Growth inhibitory effects of Exos on RAW264.7
cells(Xxs,n=3)

Exos/ MG 2R/ Exos/ MMAEIE 2R/
(ngmL™) % (ngmL™) %

0 100.001+2.38 40 149.06 =7.64

5 176.20£6.94"" 60 137.08 =5.72

10 181.11£5.22" 80 126.87+5.92

20 161.01+10.29 100 118.274+9.23

50 pgmL' b P<<0.01.
*P<0.01 vs 0 pg'mL"! group.

H5EHEFEMALE: "P<0.05 P<0.01 ""P<0.001.
‘P<0.05 "P<0.01 ""P<0.001 vs calycosin group.

B H R A 320 pmol/L B, FA-Exos@Cal 4H
A PAETE RN (63.40£5.02) %, SEETHE
EBEREIHMAAER (P<0.01), #£H FA-Exos
AT PR B RS S 40 B s, R R T B B ARG
W RAE I, LLJ% Exos [ 50 ELWR 20 A A 4 4
FAAEFH -
2.4 FA-Exos@Cal 3 ERE4HAE M1 AR AL BIF2 0

¥ RAW264.7 4044 3 X 105 N ALEFERERN T 6
AR, BN BEAIA . Exos 41. BESSFIEER
ZH. Exos@Cal 41, FA-Exos@Cal 4. Exos 5 &7
R () BV S 2H (Exos&Cal PM) o % HEZH 41,
FHANEZ PEAEE 120 55 M1 AL, Bl G 5
XL R PR (R PV FE Y 40 pmol/L,
Exos SR H R EKE N 84 ng/mL) £53% 12 h J5, 41
ffiZ: PE-CD86 f£ 4 “C F#EEHEE 30 min, PBS ¥k
o MR AT IR b, AR B 7 FIER S B
7N, BRAIH CDS6 AL EL IR (75.441.8) %; HifE
RIZHAALEL, K #Z5 Exos 2 CD86* 4 iy EL 151 W BE A,
324 )5 1 Exos@Cal 41 CD86 41 ifd Eu 5] 5. 3 P &
(71.3%+1.2) % (P<<0.05); &HL[AEIHH FA-Exos@,
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