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Intestinal absorption characteristics and absorption mechanism in vitro of nano
vesicles from fresh Zingiber officinale juice
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Abstract: Objective To clarify the impact of the structure of plant-derived nanovesicles in Shengjiang (Zingiber officinale) juice on
the intestinal absorption of its internal constituents, and to explore the uptake mechanism in vitro. Methods First, enrich the
nanovesicles followed by freeze-drying, and the freeze-dried powder was rehydration, the nanovesicles fragmentation samples were
prepared by ultrasound, and six gingerol compounds in both intestinal sac absorption fluid were determined by LC-MS/MS method.
The actual cumulative absorption quantity per unit area, the absorption rate (Ka) and apparent permeability coefficient (Papp) were
calculated and compared between two groups. The cytotoxicity of nanovesicles to Caco-2 cells was determined using the CCK-8
method to determine appropriate concentration. PKH67, phalloidin and DAPI were used to label nano-vesicles and the cytoskeleton
and nucleus of Caco-2 cells respectively, and the uptake of nanocapsules by cells were observed. The uptake mechanism of nanovesicles
was studied using flow cytometry after adding different types of uptake inhibitors. Results The yield of freeze-dried powder from
Z. officinale juice nanovesicle was 2.21%. 6-dehydrogingerdione (6-De) was not detected in nanovesicle group, and 6-De and 10-
gingerol (10-Gi) were not detected in the disrupted nanovesicle group. The Papp of 4-Gi and 6-shogaol (6-Sh) were higher in the

nanovesicle group than those in disrupted nanovesicle group in all four intestinal segments with statistical significance (P < 0.05).
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500 pg/mL freeze-dried powder nanocapsules was fluorescence stained with PKH67 to observe the uptake results, the fluorescence

intensity of amiloride group and methyl-B-cyclodextrin group decreased by 26% and 30% respectively. Conclusion The nanocapsules

can promote the absorption of the main components in Z. officinale, and nanocapsules can be uptaken with a complete structure by

Caco-2 cells, the results indicate through the raft-mediated pathway and macropinocytosis pathway.

Key words: Zingiber officinale Rosc.; nanophase; everted intestinal sac; Caco-2 cells; uptake mechanism; 6-dehydrogingerdione;

10-gingerol; 6-shogaol
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8-Gi (k5 PS010249, Wi 4r%0>98.0%). 10-Gi
(H#L5 PS000018, Jii 243 %0 >98.0%) 6-Z /My (6-
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FIGPR TR, R 8 & s A2 F
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r¥IRT 099 (£ 2),

34 N ERHNRSH

AR A 2 P 8% 184 R B2 S 4/ M P 0 A Rl
I IRILEIRE Cos BI 6-Gi. 4-Gi. 6-Sh. 8-Gi. 10-
Gi. 6-De 4524 127 381.000+ 8 316.740- 6 036.640-
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RS E KRR 0, RIMFERA 6-
Gi Al 8-Gi 1) Q') &% = T4 (P<<0.05), Ui
WL RIAEERE N T 6-Gi Al 8-Gi 78 25 g KWL,
THEETHRSCESR AR, 572~/
Wi AL A kU4,

W 2 fros, & oA Em B Q'R 8] &
BTG, FEVLLH ST E] S 0¥ BRI E TR
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For i 2], HEWFEHLLE M AEAE nT 2t 10-Gi BRI,
H 10-Gi X REEFIRLE M P RRESE(E, AR
HARE, BOHPIA.

T Tl % B B v B VR A RO R 2 % R 1)
O, RI+—FH i 8-Gi 7€ 90, 120 min i, ZE
W OB Fm T4 (P<<0.05. 0.01). ZfmHr
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(P<<0.05. 0.01); 6-Sh 7E 120 min I #EyU4 O 2%
TR (P<<0.001). [EIfZH ) 6-Gi 7£ 120 min
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120 min i, 4-Gi 7E 45. 60. 120 min &R Q'
FE TR (P<<0.05).
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F 1 EEEETHRERRIE

Table 1 Characterization of fresh Zingiber officinale juice nanovesicles

2H 5 Ji K E/(mg-mL ™) SRR /mm PDI Zeta HL/mV
IRV A YT K B i 16.5 162.73£3.03 0.25740.036 -15.304+1.76
B IR E B T 9Kk 16.5 121.24+1.19 0.308+0.017 -13.0841.90
Rt )1 7)77E %7 — 196.98+0.51 0.181+0.004 -11.70+1.32
B 7I7E A — 185.88+0.92 0.164+0.002 -8.40+0.47
5] o e v — 218.17+2.31 0.143+0.018 -13.15+2.13
e ZNZE R — 167.22+0.92 0.241+0.004 —14.49+2.24
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a- K IFYPKRTEN; b-6 RISIEGOKR TN o B RIS AR AURIEN; d-9UKBEAH T IR 4 RIINA ST 90
KIEAL B AT g ORI LS HIMTE: h-POKR BRI 3R -9 RIEO A S M B -9 K IR 4L IE s
B kORI S T -

a-nanovesicles rehydration by water; b-nanovesicles rehydration by Tyrode solution; c-fragmentation nanovesicles rehydration by Tyrode; d-duodenum

sac absorption fluid of nanovesicles; e-jejunum sac absorption fluid of nanovesicles; f-ileum sac absorption fluid of nanovesicles; g-colon sac absorption

fluid of nanovesicles; h-duodenum sac absorption fluid of nanovesicles fragmentation; i-jejunum sac absorption fluid of nanovesicles fragmentation; j-

ileum intestinal sac absorption fluid of nanovesicles fragmentation; k-colon sac absorption fluid of nanovesicles fragmentation.

Bl 1 HEARBFFRPHREBNOIS

Fig. 1 Morphology of nanovesicles in different solvent systems

=2

6 MRS BV S FE R LM TEE

Table2 Regression equations and linear ranges of six components

% e CIPEpIp r AMEVEH/(ngmL ™) KIIR/(ngmL)  EEM/(ng'mL ")
4-Gi y=28.47x—230.71 0.999 17 59.38~1900 3.45 46.5
6-Gi y=7078.63 x+17 015.35 0.998 16 5.040~322.5 0.44 1.49
8-Gi »=50.01 x+356.47 0.999 00 17.34~2220 8.49 9.84
10-Gi »=10.28 x+49.72 0.998 39 15.16~1940 1.07 7.95
6-De y=91 857.40 x+17 006.39 0.999 00 1.030~131.2 0.01 0.29
6-Sh y=23079.45 x+26 764.54 0.997 49 1.950~125.0 0.04 0.32

®3 EEEETHRERASHIFATERSERRBR PN RMERLRRRARBE (X+s,n=3)

Table3 Actual acumulative absorption quantity per unit area of each component in nanovesicle group and nanovesicle

fragmentation group from fresh Z. officinale juice in different intestinal segments (X £ s, n =3)

. 0'//(ng'mL™")
B AL 6-Gi 4-Gi 6-Sh 8-Gi 10-Gi
=W it 887.78 +229.51" 61.13+11.71 27.67+5.48 4224+0.81"  15.48+5.83
iz 357.31+205.91 36.77+12.66 18.314+2.30 1.78+0.39 —
)7} it 1274.18+513.87 73.38+14.49 35.08+16.58 453+1.74 9.86+4.85
iz 627.41+129.85 54.47+14.19 26.64+7.87 1.894+0.68 —
217 i 1993.96+524.07 116.30+16.97 49.46+6.32 5.16+2.64 15.90+7.57
iz 1145.89+749.63 94.06+20.46 37.11+17.57 2.354+0.38 —
+ ¥ i 1166.12+724.49 71.47+30.45 30.69+16.53 6.224+229 27.924+17.99
T 651.59+636.59 60.03+54.13 25.09+19.57 2.40+0.59 —

St "P<<0.05

*P<0.05

P <0.01

Hkk

”P<0.01

*p<0.001, FHEFM.

P <0.001 vs fragmentation group, same as below tables.
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2 HEEMRERASWHFATERNETRRERNENEARBRNTELFENL (X£s,n=3)

Fig. 2 Accumulated absorption quantity per unit area-z curves of each component in nanovesicle and nanovesicle

fragmentation group from fresh Z. officinale juice in different intestinal segments (X £ s, n = 3)
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=4

S EZERTTNRERASHIFAT RS ERRBERPHIRBER (X+s,n=3)

Table 4 Absorption rate of each component in nanovesicle and nanovesicle fragmentation group from fresh Z. officinale

juice in different intestinal segments (X £ s, n =3)

Ka
e AL 6-Gi 4-Gi 6-Sh 8-Gi 10-Gi
T4 i 11.26+3.50 0.76+0.21 0.314+0.03 0.08+0.02"* 0.33+0.16
g 6.90£8.10 0.58+0.61 0.25+0.23 0.03+0.01 —
= T 10.08 £2.49" 0.62+0.12 0.30£0.07 0.04+0.02 0.20+0.05
g 3.72+2.16 0.38+0.14 0.19+0.01 0.02+0.01 —
=1 i 14.13+5.06* 0.79+0.12 0.37£0.12 0.04+0.02 0.15£0.10
il 4.8540.15 0.51+0.14 0.27+0.09 0.02+0.01 —
17 i 22.89+6.54 1.161+0.14 0.51£0.06 0.06+0.04 0.26+0.16
Tl 8.8845.93 0.88+0.19 0.33+0.23 0.02+0.01 —

=5

FEHETNREDESHITEPERIETEBERERNEERE (X£5,n=3)

Table 5 Apparent permeability of each component in nanovesicle and nanovesicle fragmentation group from fresh Z.

officinale juice in different intestinal segments (X £ s, n =3)

L o Papp
e L) 6-Gi 4-Gi 6-Sh 8-Gi 10-Gi
+=HW i 88.44+27.48 91.4742522**  51.95+3.60** 280.8454.29"  545.87+264.28
T 54.18 £63.62 459+4.78 1.98+1.84 0.224+0.08 —
=W =ity 79.11+19.52" 7420+14.46" 50.23+11.97* 149.27455.49" 331.50+89.46
il i 29.22+16.93 3.00£1.09 1.4740.08 0.16%£0.05 —
[=1)% i 110.92+39.74*** 9536+15.11""  62.06+19.42" 156.284+63.94"  250.91+159.98
T 38.11%+1.11 3.98+1.09 2.094+0.70 0.1740.05 —
517 =ity 179.70+51.30" 138.98+17.45"  84.17+9.86™ 204.19+14191  431.354+267.65
s 69.68 +46.54 6.94+1.49 2.57+1.79 0.17+0.07 —
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Fig. 3 Effect of different concentrations of various uptake pathway inhibitors on survival rate of Caco-2 cells (X £ s, n=3)
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DAPI PKH67

WO IR Caco-2 AL, SREOTORRE LI UK IRE, A EOFD6ER Caco-2 AL H AL

Phalloidin Merge

25 nm
S— |

Blue fluorescence showed the nucleus of Caco-2, green fluorescence showed the ginger fresh juice nanovesicles, and red fluorescence showed the Caco-2

cytoskeleton.

4 Caco-2 YHRIXTTERELEM S ZHE T AR EIRAYIREL
Fig. 4 Uptake of intact nanovesicles from fresh Z. officinale juice by Caco-2 cells
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Fig. 5 Fluorescence intensity of Caco-2 cells ingested by
nanovesicles from fresh Z. officinale juice at different times

(Xxs,n=3)
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