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Nanocrystals self-stabilized Pickering emulsion loaded with active
components of Tongmai prescription: preparation, characterization
and evaluation by Caco-2 cell model
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Abstract: It is of great significance to apply the nanocrystals self-stabilized Pickering emulsion (NSSPE) to
traditional Chinese medicine (TCM) compounds, and to study the effect of NSSPE on the oral absorption of
various components with different solubility and permeability. In the study, NSSPE of Tongmai prescription was
prepared by the high pressure homogenization method with nanocrystals of main active components (puerarin,
ferulic acid, salvianolic acid B and tanshinone 11A) of Tongmai prescription as solid particle stabilizers and a
mixture of Ligusticum chuanxiong essential oil and Labrafil M 1944 CS as oil phase. The NSSPE had better physical
stability than nanocrystals suspension and blank emulsion. The adsorption of nanocrystals on the surface of oil
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droplets was confirmed by scanning electron microscopy and fluorescence microscopy. The surface adsorption
rates of puerarin, ferulic acid, salvianolic acid B and tanshinone IIA in NSSPE were 15.40% + 3.19%, 15.39% =+
5.07%, 10.97% + 3.70% and 31.51% + 1.60%, respectively. When solid active components were prepared into
nanocrystals suspension, the cellular uptake and transport across Caco-2 cells were increased significantly for
puerarin and tanshinone I1A. The uptake rates of ferulic acid, ligustilide and tanshinone I1A in NSSPE were further
increased compared with the physical mixture of nanocrystals suspension and oil, and the transports of ligustilide
and tanshinone 11A were also significantly improved. The main absorption mechanisms of NSSPE were passive
diffusion and caveolin-mediated endocytosis, which were determined mainly by the microstructure of NSSPE. In
conclusion, NSSPE could be applied to complicated TCM. The "micro" and "nano" synergistic microstructure with
drug nanocrystals adsorbed on the surface of micron-sized oil droplets could not only improve the physical stability
of NSSPE, but also promote the absorption of various components in NSSPE, which made NSSPE a promising oral

drug delivery system for TCM.
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A-111 B

Appearances of nanocrystals suspension (NS, A-1), blank emulsions (BE, A-11) and nanocrystals self-stabilized Pickering

emulsions (NSSPE, A-I11) during storage at room temperature and after centrifugation at 4 000 xg for 15 min (B)

Table 1 Contents of active components of Tongmai prescription in NSSPE and NS during storage at room temperature. n = 3, X £ s. Unit:

pg-mL™. N/A: Ligusticum chuanxiong essential oil was not added. “P < 0.01 vs 0 d in each group

Active component NSSPE NS

0d 1d 14d 0d 1d
Puerarin 6018.3 +244.2 6046.5 + 178.7 5783.4 + 266.9 72025 +168.0 7050.9 + 165.4
Ferulic acid 443.4 £ 19.7 439.4+11.8 462.2£12.1 253.4+55 203.2+28.6"
Salvianolic acid B 4561.2 £ 263.5 4602.2 +204.3 3869.3+326.1" 4898.7 + 162.6 44286+91.6"
Ligustilide 9128.1 +555.8 9 088.6 + 253.7 7476.7+ 2555 N/A N/A
Tanshinone IIA 241.3+37.4 231.4+£28.1 98.8+12.3" 2676 +£6.3 1342+11"
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Morphology of NS (1), BE (Il) and NSSPE (IlI)
observed by fluorescence microscopy (A) and scanning electron

Figure 2
microscopy (B). Scale bar: 2 um
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Figure 3 Caco-2 cellular uptake rates of active components of
Tongmai prescription in different preparations. n = 5, X + s. “P <
0.05, **P < 0.01 vs crude material suspension (CMS); P < 0.01 vs
NS; “P < 0.01 vs mixture of nanocrystals suspension and oil
(NS-0)

Bl 3 2, 538 ik T [ 2 2 2L 4 i) % oK i TR
BWE, BREAFESE A 15 HCE 5 75 M 15.50 +
0.80112.32 +0.42 pg-mg™ 34 1143 20.76 + 0.64 117.84 +
0.25 pg'mg™, &4 %& 1 33.93% Fl1 44.80%. J& [K AT fE
S YK T RGN HME A VRS RV AR E, G RT HE R 245 )
5 240 Mt P 2 fic T AR, AT 38 e M VS 2 0 1 IR R
P4, Ak, K L T BE B AN M AR,
W78 SRR, TEBURKR RS, eV 259 LA K i A 2
o 4 0 B 2 T e e T DA TR B
0 S AT, oK TR R BT A 1 4T e
BTG 2 35 A8 A, 3X T R 5 P B0 R 11 45 24 B RIS (X5
FLZ13.5 ng) F K. FHBER B KK MR, TE99K &
TR R b OB 0 4y 1 T8 AR AE, S B $5 I A2 4k
AR

FE LR K i TR B I S AR R B B A S

Table 2 The distribution of active components of Tongmai prescription in NSSPE. n = 4, x + 5. < LOD: Less than the limit of detection

Active component M. /M M, ../Mg M ,/mg Mo/ M9 Adsorption ratio/%
Puerarin 154.75 £ 10.01 130.92 £ 4.94 <LOD 23.82 +£33.54 15.40£3.19
Ferulic acid 10.04+1.35 8.19+0.50 0.31+0.03 154 +0.37 15.39 +£5.07
Salvianolic acid B 117.21 +6.32 103.50 + 4.38 0.85+0.06 12.85+3.11 10.97 £3.70
Tanshinonell A 4.84+0.43 0.08 £0.02 3.24 £0.09 1.53+0.05 31.51+1.60




- 214 - 222224 Acta Pharmaceutica Sinica 2023, 58(1): 208 -216

oy 200 2 1 5 L A K B VR 2.52 £ 0.36 pg-mg™”
31 % 67.30 + 8.38 pg-mgt. XS g 1] E A
G e PBTELER, 0N )1 E S BT AR 1 45 2
BMNAEFL35 pg ¥ & 7.4 ng. B EASHR R B K £
VS 3ol H A AR, B DA P BB I 0 35 R A
FHSEHIIA BAE) S A — 5 AR B2, H AR E
59K TR B AR Ee AR T 35 2 5, SR B Al
N RO BRR A IR S B AR BE P S R LA 1 4 g
P

YK SR BT Y BRSPS, Ak
TR AR VRN I JE T v R X 5 A 4% S NSSPE JiF, B AR E
BTERIR BEAS NG ()15 i EZE 0 0) RO PF S ERIA
P14 5% 8 A 9N KK o Y R VL P A EEL VR A 0 0 S B
T 27.21%.220.13%. 165.51% F/ 54.43%, 1 J'} ) % B
TR FHA Ak . i NSSPE 15 90K & T B i 4 B2
RAEY, B B A& B R AR H 1, 22 74X
TE T 10O 45 #4975 T« NSSPE # jai A1 LA L3 % X4 Bk
Tk, AR T AT BEIR B T B AR 2R BT BRI AT 2
LA (G &, (5] IR — 50 53 Bi] 200 2 A PE 2 B LA 38 15 i
TEMAH . NSSPE BRI & — FiE X MR R, (H L)
IR A Y E A S A B S, g L SR/ R AR R
FEUF S K P, A B 55 Caco-2 4 it 2% fid 1 s B L
AL, R 53 A i R I 3 B v A R R AR T
NSSPE [ U457 SO0 285 44 o A% 1R R 2EL T 391 G TR B
4 NSSPE 1) K B #E B 24 3] % S 36 I 52, NSSPE EE 4
K it VL A VR T 8 o g R F T R
PR K KA 52 NSSPE [ il 28 T TR 20 B A 40K TR
BRI 1.6 F1 2.4 504,
4 Caco-2 R4tz sLis

I Ik 75 245 2804 43 1R S [ ) 77 #E Caco-2 B JZ 4 il
R L XA HE 1 P, FTER FS5 S LI 4 K338 fik 7
Ifdséﬁxﬁzfﬁéj\%J%ﬁkémﬂéaa@%ﬁﬁF B E SRR

B AIFF S WAILA (1 30 ) i 32 #4540 35 38 5, 9 4 32 R PH )

=

7 oms B
NS 20
B wso
B2 wssee

-
i
&

2
h

ap

p_ from BL to AP/ =10 em-5™'

£, from AP to BL/ x10- em-s™
F.

<

" Puerarin f‘EWlIC "‘,alvnamllc Ligus!.lhde laniumne
acid  acid B A acid

femlu. Sal\ahthgu\tllldc Iam-hrmm

acid B A

W2 B I P, BN T £ 145, FFSEIIA ) AP — BL J5 [
Papp}}\lfMﬁxﬁzéﬂﬁj\*ﬂ%%ﬂﬁE’H&{me 4 (125 +
0.18)x10° cm-s™o AN [A] T3 AK 1 45 53k 1 3 75 1 4H 00 55
R, FHSEIA G ERE, JLTFANE T K, FH20
TIA 1) J5 Rk 24 DRRE AR i i BUHOK, LT AN W g i85 T
ig; MFHZE A 99K 5 RRLAR AL 29 400 nm, 3X Fl 4K
T R HE T PHSERIIA (0 20 o 45 B 5 I 4 32

TEGNK TR B I i ) R R S, &
5 15 AP — BL 1 BL — AP B A~ 3@ J7 9 1 P, 5
YK VR B P A T B A AR A . X U B S g
K s VR B VIUEE AT W BEVR B AS BR A o A A3 I A
18, X — 45 555 4 M 15 B SR 56 1) 45 R — B

FE LK s VR BRI e 3 i v e 350 5t 1) 4% B NSSPE
J&, B BT BLRR T R B AE AN 12 T A A P, 28
TG 35 AR A (F 2 BE IR N R AP S B LA 1) 5% 18 70 4 3%
B0 o XF T 4K R T AR 0P BV A, RIS E
T ) 5 R A A2 1T vy R 32 I i) R NSSPE Ji& , NSSPE 1)
A 5 R (R[] 4 245 42 0 K VR B 98k YR SR D) )1
=R LA N TE RS AL AR, B T
EH 42 . NSSPE # F+ 2 BHTIA /£ AP — BL Al
BL — AP J5 [f /] P, B4R i Th 2 )11 5 ik ) A 2LV
G5 EIN T 3.70F13.084% . FFSEAIIIA K7z 1) B 255
JAT RE A2 BT R 3 I AR A S B IA B EL )
TH VR & B M A AE A b, T B NSSPE H ) i R

(BaA IR 175 2% 3 6 255 109, e T e o 44 Y Ak A
P ZEIA R IE — I 2 .

L7 0 B M, R K R AR AR X F [ 1 26

B 4L B ANSSPE I 495K R i, % R

452 I P, BAT 35 B, {H ER B 35 B, 1

ANT L5, B IE T R LB B N, 4
W2 RO 5 T R B T

5 R 2L 23 AR He, NSSPE 4% 41143 f

NS Fs R AR T AR R ORI B R SR

oas  C
NS

B3 xso0 1.6
EEEE] nsspe 141

B oms
L] NS

1.21
1.0
Mo

' e )
TREEET

RN RN
[ T P A e ]
R

o ]

1R ]
Pummn I‘erulu, %mlu,l.q,wllde lamhmme
acid  acidB nA

Figure 4 The transports from apical (AP) to basolateral (BL) (A), from BL to AP (B), and efflux ratio (ER, C) across Caco-2 cells of active
components of Tongmai prescription in different preparations. n = 4, x = s. *P < 0.05, **P < 0.01 vs CMS; P < 0.05,"P < 0.01 vs NS; “P <

0.01 vs NS-O
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Figure 5 Caco-2 cellular uptake (A) and transport from AP to BL (B) of active components of Tongmai prescription in NSSPE with

different endocytosis inhibitors. n =5, x £s. "P < 0.05, “P < 0.01 vs control group
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