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Preparation and characterization of salvianolic acid B-snail mucus nanogels
based on “unification of drugs and excipients”
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Abstract: Objective To prepare salvianolic acid B-snail mucus nanogel (SAB-SM/Gel) and study its related characterization and the
osmotic dynamics of ex vivo skin. Methods Salvianolic acid B-snail mucus nanoparticles (SAB-SM nanoparticles) were prepared by
high-pressure homogenization method, and then SAB-SM/Gel was prepared with the gel matrix by stirring. The shape, size,
polydispersity index (PDI), { potential, etc. of nanoparticles were characterize; The Franz diffusion pool method was used to investigate
the transdermal absorption and dermal retention performance of SAB-SM/Gel in vitro. Results SAB-SM nanoparticles are
transparent and homogeneous liquid, with Tyndall effect, spherical or spheroid structure under transmission electron microscope
(TEM), uniform size, no adhesion between particles, average particle size of (155.55 +2.95) nm, PDI of 0.31 + 0.01, average  potential
of (—15.45 + 1.67) mV, pH of 6.11 + 0.12, encapsulation rate of SAB in SAB-SM nanoparticles is (37.70 + 1.16) %, and drug load is
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(1.78 £ 0.06) mg/mL; SAB- SM/Gel is a colorless transparent liquid at room temperature, round or quasi-circular under TEM, pH of
6.24 + 0.13, encapsulation rate of (42.42 + 1.02) %, SAB loading capacity of (1.44 + 0.04) mg/mL, average viscosity of 0.02 Pa-s,
uniform and delicate texture, which can be quickly gelled applied to the skin, and has good coating performance. The in vitro
transdermal test showed that the cumulative permeability of SAB in SAB-SM/Gel within 48 h was (188.39 + 2.89) pg/cm?, the dermal
retention amount was (17.58 = 0.04) pg/cm?, and the transdermal release process conformed to the Hixson-Crowell equation.
Conclusion SAB-SM/Gel prescription process is reasonable, with good transdermal absorption and dermal retention performance.

Key words: unification of drugs and excipients; snail; mucus; salvianolic acid B; high pressure homogenization method; nanoparticles;

gel; transdermal absorption

B R IEE BAE IR 2 AANEYE R . SR
PEIEE 78 T AMER SR s ) 2 ks 2, H
R DLUERANR IR N, & 80%, AL, AN
NN RHMR IR R k2 7 AR i 2= 1
PR, 7E B JR 2 B A = AR 7 E R A R, T S5
M AERIR TS SORE RN, T R AR
i MRS, B0 E . BRRE, ERIFERERIRA
Y0 P S A R S g 1241 o T A 5 B R A R
9 R Ik a) AT TR A R, B A A B S

FHHER B (salvianolic acid B, SAB) &Ft&=H
K —FhZ MR EY), BABRPUE
FrE B RE, HAEHSRER T4AR E, &R
U FNHIGH M T B SAB i PGS 14
% (reactive oxygen species, ROS) HI/=4. {154
FALEGIE J) . S InpUEE BT 7 1 Csilent
information regulator 1, SIRT1) HEHFKIE. HIH| %
SiE R A S 2 Mg s, b SN R E, IR
A, RIETOCENAERCS, BRI (snail

COOH

0
COOCH

HQ OH

® SAB SM

E———

mucus, SMD J& M R ZEIR AR 2 o i R IS
EREMAIRE Y, BERER. LR, B RR
L Z By SR Ry O PRBEZR DU Bz A A 2k 20 i
WA s BRI B T I3 BRI E
71, FFREMEHI IR IR R E S s B PR B R
ML RE 5 T 22 Py WKV 55 2840 MR R i A 1012,
SM CHIEIFES T . BT FUa L. Dl IR AN
FUMR A5 T B A —E B R HEA S M
G5, S —FRIR B FAART RIS A TR T 3
IS A HRIGIESE, SAB W RE R A P E AT
T, AW TS & SM AR 24 B E PR AN B A
i “AG 7 BESISRRL . # SM AR
NEAEE SAB, HI&FHOIE B-5/ Rk
(salvianolic acid B-snail mucus nanoparticles, SAB-
SMD, FHIIATHIS IO U2 LA B, MR
B fi B At s R ks . B 1 AP R B- /-
B4 KL (salvianolic acid B-snail mucus nanogel,
SAB-SM/Gel) il 5L B .

s L
NOE
e %o © @, @ ol o
(@ 0.. : .: o.\
.0 O} 7 (a2 To/
P e ,'7‘\5',‘.,
SAB-SM SAB-SM/Gel

E 1 SAB-SM/Gel HlI5i& i+ B E
Fig.1 SAB-SM-Gel preparation design idea diagram

1 {EEHH
1.1 &8

Ultimate 3000 B! = 8GR AH (A R 50, FEER K
HRBHE AR NS1001L B E RSB mHL, &K
GEA Niro Soavi /A #]; Hitachi HT7800 %Yi% it 1 1
B (TEM), HY AR E]; DelsaNano C HU44
KL/ Zeta HARL 3 A0 73 BT, DU 2 PR A W 5
MS-H-Pro+Z4 i 73 2% , 52 [H 28% 4 7 A 7] s PHS-
25 UL T pH F, B IAES) s FD-1A-50

RUAGRTHRAL, JE TR RS IR A 38 A B A ] ;s HH-
2 MR AR KIS, MR R S S A PR A
Al MX-S BUERIEAIRY, KENMAI A (b
50 A /AT BSAI24S B p 2 —HL TR, B
AT A% (104 204 50. 100+ 200, 1000 pL),
I BRI RA AR AR ; TP-6 BLUE L
1>‘< RET RGBSR AR A A Tiss-24 B &k

HAWGENL, LGk EERAR; TGL-16
& R A R B O, BRI ACE O B R



« 6990 - PED 2023F 11 5 543 $218  Chinese Traditional and Herbal Drugs 2023 November Vol. 54 No. 21
NG ng/mL) AR EIRE (100 ug/mL) SAB X I i v

1.2 ##
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98%, JHR I AR AT G PR AR g R,
b5 210912, J7IM ERI A A RA A R, it
20204112081, REMEGRARFA R AT 1%
70U 407 (Hit'5 GNDI11321B). %1 188 (Jits
GND17422B), HMMHRFAMPHARAA: 5
SJepE, 5 M25HS183263, _FHEIE MM RHL A TR
AT EAREN, S 20220701, REET ORI
A7 s SAB-SM 4Kk, Sei % H s SAB-SM/Gel,
SeI6 = H
1.3 i)
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HHAES N SCXK (B) 2021-0041; FiT Sh4 525
IR R ARER I BN A0 B2 51 2 RS 5)
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2 FAEEHR
2.1 SAB-SM ZKRIRIHIF

K B FUE R % SAB-SM 4K KL . k25 FK
BUER SM, MM SmL & F/K, His5); FREL
& SAB, EEF/KERT 1 mL 2, 7£ 400
t/min WG AIPRFESRAE T, B SIHE I B4R
o, B 10 min, SRR EERABALE 70 MPa )
I 10 K, 1 022 pm JERE, EI1S SAB-SM 44
2.2 FEHER B S =NE
221 %4 Cosmosil Cis-PAQ Bifik: (250
mmX 4.6 mm, 5um); FBIAHN LIE-0.1% B ERK T
T, A6 R AL : 0~5 min, 32%Zf#: 5~20 min,
2% iR 30 °Cs AR 1.0 mL/min; 34
& 10 uLs KK 286 nm.

2.2.2 XTIESIEBEIH & R R BOE 21
i B XS T 1 mL ARt i, RS,
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AR
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Fig. 2 HPLC of SAB reference substance solution (a), SM
(b) and SAB-SM nanoparticles (c)
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WIE 0. 2. 4. 6. 8. 12, 24h #EFE, ll5E SAB &
&, RSD /T 3%, 1B SAB 7F 24 h A IR 52 1
R4t
2210 fnFEREIGZFEHELE P 500 pg/mL ) SAB-
SM &, 43 WIS I SAB-SM i o SAB & &
50%- 100%-. 150%ff] SAB X HE VA, HE %
T 5mL &=, FAT 3k HEREIE IRE A
50%- 100%- 150% SAB I & T34 IR (Al %
3N 100.47%. 99.98%. 100.59%, RSD 433k
1.02%-+ 1.56%- 0.74%, $2/NF 2%, FFAREA
2.3 SAB-SM KRB T Z M R E A M EEFRAE
23.1 EIEEOIENE SAB-SM %

(D RGP R R EZL. HEE /KR
1 1.03. 2.00. 3.02mg/mL 3 Fi EiRE [ SAB ¥
W, “FAT 3 % B 0.5 mL SAB ¥, 4300 B T A
XS 4> F s (molecular weight cut off, MWCO)
N 1.0X10% 3.0X10% 5.0X104EMERLE L2,
4000 r/min 250> CGE0F424 6.4 cm) 30 min, HUJE
RS BTV, I EERRE 1 %, i 0.22 um
JEME, BEAT HPLC M. 4558 n% 1 frn, MWCO
1.0 X 10%88 JEE -2 Ik R 2 0 (85.51+0.33)%,
MWCO 3.0 X 10* B E P AL RN # 0 (95.28 +
0.57) %, MWCO 5.0 X 10% # & 5 T S5 ke [a] )i 2%
N (98.87£0.73) %, Ht, EH MWCOS5.0X 10
R AT FE 855

(2) BIEMAE R 5 /25 SM s,
Sy AN IR AR iR SR BE 1) SAB X HE SR, R
JE RS MWCO 5.0 X 10436 F2, P47 3 K.

=1 HFEAYMMEEREERER (X£s,n=3)

Table 1 Results of free drug sampling recovery rate (XS,
n=3)

ABIEE J IR /(mg-mLT) “F#E RSD/
MWCO i SAB JEMF SAB BE% %

1.0X10* 1.03 0.87361+0.113 8 84.82 1.21
2.00 1.717 1+0.022 5 85.86 1.13
3.02 25924403373 85.84 1.20
3.0x10* 1.03 0.971040.018 3 94.28 1.74
2.00 1.937040.022 2 96.85 1.02
3.02 2.860310.048 1 94.71 1.67
5.0X10* 1.03 1.002 54+0.010 5 97.33 0.91
2.00 1.994 240.035 8 99.71 1.58
3.02 3.008 5+0.065 1 99.62 1.98

SAB #EME R Eo SRR 2 s, R . &
3 AR AP BIINAE IR 735008 95.01%
95.67%-96.76%, RSD 43 7124 1.18%- 1.47%- 1.49%,
BINT 2%, FFESERER,

*2 BIEMAEFENERERER (Xts,n=3)
Table 2 Results of ultrafiltration sampling recovery rate
(Xts,n=3)

Jieehi= J B /(mg-mLT) P4l RSD/
MWCO i SAB JEWH SAB KE% %

5.0X10* 1.03 0.9786+0.0040  95.01 1.18
2.00 1.91341+0.0086  95.67 1.47
3.02 2.9223+0.0095  96.76 1.49

(3) BB E : KB IEE LENE SAB-
SM f# %, i 0.5 mL SAB-SM T MWCO 5.0 X 10*
AU, 4000 r/min 2.0 30 min, HUEW (C)
TR (C), WEEFRE 10 £, 1T 0.22 pm JE
fiE£, HPLC M5, bR SAB & &, iR
P AR SAB I fud 2,

BEHR=(C—C)/C:
C1 4 SAB-SM R I 25, C2Jv SAB-SM H 25
232 WAERIRAHERTRE Rl R PR 0.1,
0.2, 0.3, 0.4, 0.5 g Iy Fl, HAaPuRE “23.17,
FE e HAaE R, S570% 3 s, AR08 0.4
g I, AEEESE.,
2.3.3 SAB HEME 2 A% FRI 0.5+ 1.04
1.5, 2.0, 2.5mg [f] SAB, HAPIE[E “2.3.17 1,
e Hoa 2, 4513 4 fiux, SAB HHEHN 2.0
mg I, AEER .

#=3 SMAEXEOHENFM (Xts,n=3)

Table 3 Effects of SM dosage on entrapment efficiency
(X+s,n=3)

SM H&/g SAB L3 %/%

SM fi&/g SAB HWEH%/%

0.1 27.54+0.58 0.4 37.78£0.56
0.2 29.21£1.20 0.5 37.01£0.39
0.3 32.06+0.94

*4 SAB AEXNBHEMNFM (Xts,n=3)
Table 4 Effects of SAB dosage on entrapment efficiency
(Xts,n=3)

SAB flf/mg SAB fl33/%|SAB il &/mg SAB 3 #/%

0.5 30.58+1.43 2.0 37.76+1.48
1.0 31.56+0.76 2.5 31.98+0.92
1.5 34.04+1.04
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2.3.4 SAB-SM 4Kk TE KM m R
i % SAB-SM 4K ki . FEEFREL 0.4 g SM, Sl
S5mL ZEFK, BFIS); FEC2 mg SAB, £
FKEET 1 mL £, 7E 400 v/min i 188 FES
PE TR SE A B AR5, idE 10 min, R
I HLE 70 MPa JE 77 R34 10 4%, 3T 0.22
um JEME, HEPFS SAB-SM 4Kk

2.3.5 SAB-SM YRR EARMERERAE MR HE A
T 24 SAB-SM, HU& &S 745 1) SAB-SM
MELIMHIR, FHBOLERY, WRETREAFTIA
IRELE; HUE R SAB-SM T 10 mL /MNeedfe, FIH
pH 11 E H pH E ; AR IS & SAB-SM 44
KR AR L, N 2% S BRIA WGEAT e, #
& 3~5min, BATEE, FIH TEM WEHIEHN
FRAE s R T R SCEOERLEE 4G 2 SAB-SM [#1°F-1)
itz RifE 2 #ARE (polydispersity index, PDI)
g AL, S5 RWE 3 R, SAB-SM 4Kk yi%E
IS — IR, WORE R AT W52 31— 2% B R 1ok
%, RO EA T IE/REN; pH fHN 6.11£0.12; TEM
TEBERECEERRG W, KN —, #0585, K
T TEEI S SAB-SM 44K KL [ F ki 45 K
(155.55+2.95) nm, PDI 4 0.3124+0.011, “F¥J ¢ &
il (—~15.45+1.67) mV; SAB [ FHE RN
(37.70+1.16) %, #HzZyw (1.78+0.06) mg/mL.
2.4 SAB-SM/Gel B0 & 5%

2.4.1 ZWDEAREOESE KT PEEE R R F AL
TSI R IERRER R & TR
BRI fRERE AN, 2N T4
Bk RS RSB E T3S iE R, A
& TR R ERISIE I B IR . 37 B o R A R
WA G AR, O E R 4, B &
Bro KD —RAGME S TRAY, S5HAh
e [E AR RR ARSI LG, BB AR 55T
LR PRAC 7 (2 BRI T . T . SR B RE
SRR, 454 SAB R B I BRI
Ji, AR VDI E N A .

2.4.2 SAB-SM/Gel Hiffill & RH L & SAB-
SM/Gel. BUE R SAB-SM, M 10%ERE/E 9% T
TRIP5, AT 24 h, 15 SAB-SM KRR T4 5
C 1) — 7 o B VR P BV VD IR, 4 C AR
TR . FEHEARIUE 2 SAB-SM G KK T4%
DNV IR, RS, HE, WSS
1% B-WA - R A K &R (SAB-SM/Gel)

D
1 10 100 1000 10000
FifE/mm
; [\
/ \
f \
~100 -50 0 50

¢ A /mV
ASML B-TIA/RELR.  C-TEM (X10) D-Rife E-{ 7
A-appearance B-Tyndall effect C-TEM (x 10) D-particle size
E-C potential

E 3 SAB-SM HXFE (n=3)
Fig.3 Characterizations of SAB-SM (n = 3)

243 BHUREEFMTEIE B REARKRERIS D E
407 (P407) SiHI&VOIE 188 (P188) (R HHIGEE o
Bic B A [ER FE ) P407-P188, FFLLFAT 3 Wk, St
B0 H R o 45 Bk 5 o, BLX £s
TN TE - BARE T, SAB-SM/Gel gKEEK
TEE IR TN, MR RS, Bl R,
TP T R R R . B E 30 CHF, AREERT
(LR, TR 2 B IR iR S e R AT, T b8 S 4H 5
SE G T BRI FE Rt I ) B B o 11 oIR , fe e 4% 19%
P407-1% P188 1E A EERHE T

2.4.4 SAB-SM#RIEMFHELE  H%ESAB-SM 4K
LR T R0 N 366 5 e vl PR 52 ] o AN ] SAB-
SM 5 S0 BRI s IR 6 B, AT LAKR
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%5 TRELRE P407 5 P188 HIEEHRE (Xts,n=3)
Table 5 Gelling temperatures of P407 and P188 at different

concentrations (X+ s, n=3)

JB2 Bk £/ C
P407/%

1.0% P188 1.5% P188 2.0% P188
18.0 352403 37.31+0.2 -
18.5 32.0+0.5 342403 37.0+0.5
19.0 302403 323402 36.01+0.5
19.5 31.0+0.5 323402 31.0+0.5
20.0 29.01+0.5 28.71+0.3 312403

#z6 A[ESABHMENER (Xts,n=3)
Table 6 Investigation of SAB dosage (XS, n =3)

SAB kL& /% JRE IR B/ °C
40 30.540.5
60 302403
80 30.040.5

L SAB-SM F XTI Vb U 1) R 458 U 5 5 M ¢
N, BT SAB-SM/Gel ¥—40IR, Tk .
R ATRERR AL T & 258, 1iE SAB-SM k2N
80%.

2.4.5 SAB-SM/Gel FIZRAE  BUE EATTILEHI#31)
SAB-SM/Gel Tkttt H pH iHlllE H pH {H; HX
& SAB-SM/Gel MUEZAMER; HEUE R SAB-
SM/Gel, H 2%MBEESIR 74, HATIG, TEM
THEHES . 4R WE 4 Fix, SAB-SM/Gel (1)
pHE N 6.2410.13, TE5 & T NI IE WAL, TEM

A4 B-TEM (X 10)
A-appearance B-TEM (x 10)

4 SAB-SM/Gel 675 (n=3)
Fig. 4 SAB-SM/Gel morphology (n = 3)

NERBEEEE, A5, [ W Ern
AXT SAB-SM 4K 45 ¥ ¥ A 2 52 . SAB-
SM/Gel #' SAB HIfLd %y (42.42+1.02) %, SAB
#H25E (1.44+0.04) mg/mL.

24.6 REHERZMME R BRI E IR
J%. 4% 2mLP407-P188 B T 10 mL FUARNH N, PHMk
MET 25 CHEEKBHE, &EE— B A&
0.5 C, FriffEREfE, WrammEE, WEWRm 2
BB, WA, AREHRE . &RRI,
FIIRA N, SAB-SM/Gel AT (0 AR, 24iR
THEZ 30 'C, SAB-SM/Gel ik Jiekt, 318 ANREN
CanfE 5 Frosd, RIH RIFRIRERE ST, 56 Rk
RUER.

2.4.7 SAB-SM/Gel HIFfE#%  HU& & SAB-SM/
Gel, % REZh I e v et s DU, AP
YIZEEE N 0.02 Pars (n=3).

e
—

5 SAB-SM/Gel ZEREIRE THMBERTS (n=3)
Fig. 5 Physical states of SAB-SM/Gel at different temperatures (n = 3)

2.4.8 SAB-SM/Gel finJipfitkae HU&E SAB-
SM/Gel, ¥REEE J2 Bk, PPN FLrT iR AmPERE - SAB-SM/
Gel ity SIgni, iRk e R Re P ke, mlik
iPERE R IT
2.5 SAB-SM/Gel iERZ MEERTZR

1% H Franz ¥ #0075 % % SAB-SM/Gel 1£4M%E
PeVERERN F R E R B R, TR A 2RO

A, $RIT SAB-SM/Gel 15 )% N85 5 115 A,
R FAE 2438 16 A R R P SR AL T BB

2.5.1 RANE RS B SD KBTI B AL EE,
AbFY J I G R Tk I B B R I 7 B R A 2R,
4 Bz K 8] 5E T+ Franz 4 Bt i) b2 = FE I E 2
], f 2t 5, N BURBC A EE R K,
37 C. 350 r/min FATI5S; sl fEdE g =P 1
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mL [FI%E 5 EIREZ ) SAB 7. SAB-SM 4K il
SAB-SM/Gel, 437F 0. 1. 2. 4. 6. 8. 10, 12,
24, 30, 36, 48h HUFE 1 mL, FEAMINEER S &8N
IR, AR RSO 1R THT 5 B Jok L R J2 R ik
VA Lo K 25 I ) SRR VO 0.22 pm JE AR,
HPLC £l SAB [l IR EE, $& ATt E A7 T
MERBZELE (O

0v=(CaV+ Zn: CiVi)A

i=1

On A n W 1] 5 B AT AR EAUBIT B, Co 98 n ANIURE ST
HURE G P2 R RIR B, GO 1 Gi=n—1) AN i) 2B
HORE S h 25 MR BRELIRFE, v RBUG AR R (15 mL), Vil
HURERAR, A P oA A fL (1.766 cm?)
252 HEGEE SRR HRE, HEREIK
Ve sk je ik, BIRE, IO 1 mL AEERER/K, i
10% 2 Bk 2)3%, 3500 t/min 5.0 10 min, HX_iE
i 0.22 um JEME, HPLC 5% SAB &, EAR

THHEBHHEE (09,

Os=CVIA
Os NZPIIM A BT R, C N BURAE Sl h 259 (1 i Bk
FE, VN BORAE fh A S AR (1 mL)

LAt JUBEAARR,  On NINAERR, 22| O-r M2 T
BT, SR 6 FIR 7.

2301+ sAB skt
SAB-SM
2001+ sAB-sM/Gel
's 150 o
s ]
2
2 100 4
)] .
50 1
0 Hrmr—rr———r————————————————
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t/h

6 SAB-SM/Gel ERIRUTHIL (X+s,n=3)
Fig.6 Accumulative transdermal absorption curve of SAB-
SM/Gel (Xt s,n=3)

7 SAB-SM/Gel ASMERIRIELER (X £s,n=3)
Table 7 Results of in vitro transdermal experiment of SAB-SM/Gel (X £ S, n=3)

R i BT R R BB ((ugrem ) RAE BOE /%
SAB KW~ 0=0.00217—0.197 5 2+6.578 9 1+2.888 0 0.993 6 6.00£0.37 9.51
SAB-SM 0=0.0035—0.3509 2+13.9950r+0.2826  0.9955 9.77£0.06 24.02
SAB-SM/Gel ~ 0=0.0027 #—0.273 0 2+10.8320/—0.8706  0.9969 17.58+0.04 18.84

WK 6 iz, SAB-SM/Gel H' SAB 2FHi% j &
=T SAB /KA, W SAB-SM/Gel fE$EE SAB
WeANE B PEfRE. SAB-SM H SAB R RS TR B i »
=T SAB-SM/Gel. XA g2 TR A RIE1
RN, SAB-SM/Gel H#4> SAB fif A7 T %k
HZJZ. SAB-SM/Gel H SAB I H i &N
(17.5840.04) pg/em? (n=3), T SAB ¥« SAB-
SM #iK ki, FH] SAB-SM/Gel 7E ] DL Rz Jk 20 % )2
B, AN E, FRERIRE.

Wik 7 Fizx, SAB-SM/Gel H1 SAB 7F 48 h 4
0, N (188390 3£2.890 0) pg/em? (n=3), Q=
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0.996 9), % R IBULFEAF A Hixson-Crowell 77 7%,
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3 g
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BHAS 1 LA B AR 70 08 R S

W2 F RS — A RS IR AR, BT
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YRR & B 1 B A RS A 1) 2 AL = 4E Y
RAYE, RFAE 10~1000 nm24, QKB R 45 &
IKEERE R R, B — @ R, &
T YRR R i B AR AR s (R A TR
PEZGY), k22 A TR R R A RS B
BRI &, I EA A AN A v [ A
PEROL, R4, ZIEFFCIER, GORER AR R
GeREMERE, AR TAERKZRRAYINE, femdE
VIR FE . DR, HAEZW AR5 T BT R B
F AT

AW FIET “Hifha—" X ARIHIFRH
(B AR SIE I, ¥ SM 55 SAB il g KA BE
RAE SAB Al SM IPLAAL . B IZAER, SR
Fi SM R UF I ERIEE . TEME J HR AR 4544
RIFEZMBAEAER . ALE 25 R K, SAB-SM/Gel
fil& ik R, B R, HZAYE &L
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