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Stability of Cnidii Fructus volatile oil nano-particulates in double skeleton
composite hydrogel matrix and its effects on transmucosal absorption of
asiaticosides
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Abstract: Objective To investigate the stability of Shechuangzi (Cnidii Fructus) volatile oil nano-particulates (CVOP) in the double
skeleton composite hydrogel matrix and the effect of CVOP on the transmucosal absorption of Jixuecao Zonggan (Centella Total
Glucosides) in the prescription of compound glucomannan hydrogel (ZL.202010787982.9). Methods The structure of the hydrogel
matrix and the CVOP in the double skeleton composite hydrogel matrix were observed by cryo-electron microscopy (Cryo-EM),
scanning electron microscope (SEM) and transmission electron microscope (TEM). The appearance and particle size of CVOP were
used as evaluation indexes, and the stability of CVOP was evaluated by combining with the GS-MS method based on the spectrogram
of the components and content change of CVOP. The effect of CVOP on the transvaginal mucosal absorption of Centella Total
Glucosides in the prescription was investigated by in vitro transmucosal test. Results  The Cnidii Fructus volatile oil (CO) could form

a spherical nano-particulates with round appearance in the double skeleton composite hydrogel matrix, and the CVOP with an average
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size of (185 + 26) nm. The CVOP had good stability in the hydrogel matrix, and its morphology, particle size and composition were

basically unchanged after six months of accelerated test, and it did not cause irritation to the rat vaginal mucosa. In the hydrogel without

CVOP (B), the mucosal permeability of asiaticoside (AS) and madecassoside (MAS) was always lower than that of the hydrogel
containing CVOP (A). At 6.0 h, the cumulative permeability of AS and MAS in hydrogel A was 4.68 times and 2.01 times of AS and
MAS in hydrogel B, respectively. It was shown that CVOP could improve the vaginal mucosal permeability of water-soluble Centella

Total Glucosides. Conclusion The CO could form stable spherical nano-particulates in the double skeleton composite hydrogel

matrix, and the CVOP could exert synergistic therapeutic effects of the multi-components by promoting the mucosal permeability of

Centella Total Glucosides.

Key words: double skeleton composite hydrogel; Cridii Fructus volatile oil; nano-particulates; Centella Total Glucosides; mucosal

permeability; asiaticoside; madecassoside
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12 h B/HG o BhAsE 28 VG 2R e P R AR B T 4
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2 REEHER
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211 A AIEHA Cis i (150 mmX 4.6
mm, 5um); WIIHALKE-K, PehifEF: 0~10
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R K 204 nm; AAFRA & 1.0 mL/min; #EFE & 20
ul; s L 1.
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L
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Fig. 1 HPLC of mixed reference substances solution (a) and

Centella Total Glucosides sample solution (b)

2.1.2 REXRSIEE IS RS E R AS
T MAS X HEOd =, FH A I A ) R Sk B 3
N 200 pg/mL IR A XS RE S

2.1.3 LMERRFELE Sl s bR of HE s
WG R, BAUKMETR, 193] AS FIl MAS &K
FE YN 3.004 10.00- 20.00- 30.00+ 50.00+ 100.00
ng/mL X R VAT, B SR T R AR 20
uL, ¥EAXN HPLC HllE g mfl, 73 mLL AS. MAS
(T AU AR (V). BRI AR (X,

BHATLRIERNA, 193] AS MIFRHEIZE RS TR Y=
3.240 9 X+0.611 6, r=0.999 7, MAS Kbk h 2k
[ 5N Y=4.907 4 X—24.3686, r=0.9996, —
H RN FIA 3.00~100.00 pg/mL.
214 FEEREFEE OREWEL 50 pg/mL RGN
HER VA 20 pl, SESLHERE 6 IR, % “2.1.17 TR
P FEATR I, AS F1 MAS WAL RSD 737
N 1.1%A1 1.05%
2.1.5 FoEtEEER  HUE 5 HICH EE SR KR i
HME R 4 h O, IR TRE, 201E 0.
2. 4. 6. 12h B 20 pL, %08 “2.1.17 iR A%
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um JEREGERE FFH 20 L, FZMR “2.1.17 TR il g%
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0.86%7F1 1.43%.
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[EISCR N 95.61%, RSD A 2.50%; MAS [I-F34n
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PRBWER R, SRR, FH; S0t
7K 280 mL, HNA 3.5 g RUEME-934, Al i dEAd
RIS EE 5], RBRBEAAE, &4 FREL0.55¢
BERR S BN 50 g Hil, T 65 Cm#iH %
fife, MSBIHMAE, &H; RHRAHS REEHRS S
W H AN RS, BN 3.0 g CO, fitH:
BRI EII S BIR G R KRR ICHE, &5
A 4.05 g =L FEE, BRI SRR R pH E
6.0, BIfF. FHKESR (B): BT A CO 4k,
HAREIER L.
2.3 CO #4hKHL (CO nano-particulates, CVOP)
ENERE GREERPIESS MR

BUKER A FEEEE TREMN L, B 1.5%
BEFS IR S e th, BARIET, A TEM #H47 4P M



* 5064 »

FED 20244E8 7 $55% B 158  Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 15

R, HPUKER A FESE R AN L, BN
B A Y, B Cryo-EM BETWEL. AN, %
SOKEERE A FEM AR FRHE, FEH SEM MEEH
FERAE

231 WEEEAERIETIRIE SR WE 2 B
N, TR H R B T 2 1 R R AN
R G KBRS T2, TR
RGTTMAE 12 BT 5010, SR10, 5 — 7
Wi H 55 ZERETE B Bt ik i B A A e (B 2-a),
B3 CO Ja, TEARBOLREF 5 KA MK ES MR
MARE hts. UIIAN-RE®-934 f5, HTHRC
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2.3.2 CVOP TE/KER A LRIE R

3 o, EAMERFAFIZEAE T, CO RN H &

a.
4

3 00KSE(L) : 10.0um

a-BEPEIS 1] 30 min (Cryo-EM [&); b-Bi#Em ] 30 min (TEM &); et #E} 8] 60 min (TEM &),

M- U SR A e B I P R A T A
[ #E PR, HAPI kRN (185+£26) nm, fF
B PR ARORE I 77 A 02140, AR (O [ 24 )
2020 4 Ji PY Ok 1 74 5 R U] (9014) AR &
X, AP AR IR TR M AR R (CVOP).

a- T e H 76 K BRI AR AT A b-XUB B A /KB (iR A
TR B RE A /KER SRS d- W28 E A KR )
SEM K.

a-rheological behavior of glucomannan gel; b-rheological behavior of

double skeleton composite hydrogel; c-injection properties of double
skeleton composite hydrogel; d-SEM diagram of double skeleton
composite hydrogel.

B2 JKERREREM
Fig. 2 Rheological properties of hydrogels

a-stirring time 30 min (Cryo-EM diagram); b-stirring time 30 min (TEM diagram); c-stirring time 60 min (TEM diagram).

3 WEREAERERTBH CVOP BIEE

Fig. 3 Electron microscope diagrams of CVOP in double skeleton composite hydrogel matrix
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B4 HiRIXEHIF CVOP B TEM &
Fig.4 TEM images of CVOP after accelerated test
2.4.2 GC-MS ill5Z CVOP FZH el 43 115-17)

(1) GC %A= iy HP-5MS A (30.0m X
250 pum, 0.25 pm); EREEIGEE 50 CIREF 6
min, LA 10 C/min FEFEF % 250 CLRHF 10 min;
AWEIRFE 250 °C; LRI 260 °C; 3 He;
AR E 1 mL/min; 433 EL 10 © 1, 3R 1 L.

(2) MS %fF: E1; HETRERE 70eV; BT IR
B 230 °Cs DUMRAT 150 °C; FAHiEN Scan;
PR EVEEY m/z 20~500.

(3) GC-MS 7r#fréh R BUKEER A Fratid &,
IOAZE] S mL Ay, B AP 45 min, A0
Tk P2 HGAE T 0.22 pm AHLRIEMLE, B 1 pL FEA
SR ORESGEATIN E . SRR, 7RI
ZIETIE 6 MH (180d) J5, CVOP %K i
GC-MS & EIE s mr e, sl BIAR
&, REIEESEE A AT B BT (8] 500 WA e 1
WISHT S CVOP H 36 FhEE R AN & 2T L
B, SR (R D BiR, cod a-dRME. B p-A
el DA a-BBIARNR . ZFR R el o-F2
b o A D == o7 NSTURE S I o P~ 3
P H 5% S W - IR AR 0L 42 5 IR ke ot e o I

0

180d
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0 1‘5
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5 MRIRWKAETE CVOP B GC-MS BB THRE
Fig.5 GC-MS total ion flow diagrams of CVOP after

accelerated test
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Table 1 Relative content changes of main components in CVOP after accelerated test

-~ l‘R-/ . HXT MR E R/ %
min FiE 0d 180d

1 125 &%t (pentane) 72.09 2.13  2.05

2 130 22-ZHIETAE (2,2-dimethyl-butane) 86.11 126 1.73

3 145 n-2%¢ (n-hexane) 86.11 295 2.85

4 1.82 3-F3C4E (3-methyl-hexane) 100.12 323 285

5  1.97 Pk (heptane) 100.12  1.35 2.40

6 218 WML (methyl-cyclohexane) 98.11 2.12 240

7 228 ZHEMKLE (ethyl-cyclopentane) 98.11 0.33 0.36

8  7.00 4-FHFE-1(FAHE)-FA[3.1.0] & K {bicyclo[3.1.0]hex-2-ene,4-methyl-1-(1-methylethyl)-}  136.12 026 0.29

9 726 o-JRM C(o-pinene) 136.12 3.29 3.58

10 7.68 ¥J& (camphene) 136.12 1.84 2.02
11 853 -yl (B-pinene) 136.12 1.14 1.17
12 9.01 B-AHEM (B-myrcene) 136.12 130 1.52
13 927 a-7KA M Co-phellandrene) 136.12 0.18 0.21
14 9.41 3-¥%J# (3-carene) 136.12 0.04 0.05
15 959 (H)-2-8M [(+)-2-carene] 136.12 0.11 0.13
16 10.00 D-¥7#5H% (D-limonene) 136.12 9.08 8.45
17 1056 y-FAiHME (y-terpinene) 136.12 023 0.20
18 11.18 il [cyclohexene,1-methyl-4-(1-methylethylidene)- ] 136.12 029 0.23
19 1232 D-2-#&f [ (+)-2-bornanone ] 152.12 453 3.54
20 12.85 JEfti (endo-borneol) 154.14 7.46 6.88
21 1327 o-fAU Co-terpinenol) 154.14 2.88 226
22 14.61 LR IEMilE {acetic acid,1,7,7-trimethyl-bicyclo[2.2.1]hept-2-yl ester} 196.15 2.68 2.76
23 15.14 1,2,34-DU5-1,4,6-=H3£ZE (naphthalene,1,2,3,4-tetrahydro-1,4,6-trimethyl-) 174.14  0.03  0.03
24 1579 oK (o-ylangene) 204.19 0.05 0.05
25 15.86 M (copaene) 204.19  0.05 0.05
26 16.08 B-Hi7Hi(beta-elemene) 204.19 0.99 0.86
27 1635 4-FRHER BNERNS (4-fluorobenzoic acid, propargyl ester) 178.04 0.40 0.35
28 16.50 F11Hi (caryophyllene) 204.19 1.89 2.13
29 1677 o-BAIAM (a-guaiene) 204.19 471 4.23
30 17.06 o-HiEMF (o-elemene) 204.19 1.03 1.13
31 17.27 KIR#EFMH D (germacrene D) 204.19 043 0.39
32 17.35 B-F#SA (B-selinene) 204.19 0.57 0.52
33 17.48 cis-B-TAIANE Caciphyllene) 204.19 133 145
34 17.62 3-fi%)fi (3-bulnesene) 204.19 332 3.60
35 17.75 5-At#A)E (S-cadinene) 204.19 0.15 0.18
36 18.49 #tiih)AlE (spathulenol) 220.18 031 0.30

AR A R R, CVOP, Zeid il B AR VEANI AR CREHT), SXIRA LER
IR BE CVOP 5AE CO HIKEER B 3 Fiktln  WEEHZER.
XHF R ATEA LA TR B, [T =5 R] i Zi L, CO FEXUHE A A B AE B T ek
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Ele AEHIFILEBHARRERERRTFE

Fig. 6 Sections of rats’ vaginal tissue treated with different formulations

KiJ5, ARG A CO T AE X 9 18 26 I 3
I, FLRTRE ISR DR DA KL 1) 20 24 8 T
CO HH T JR s PR 088 vy T = A4 T R P
26 RINBRIELAHR

W R, RIHIEAL 2SN 5 N iE
ML, A2 BITE LS 20 7T BRAR AR AL 201, ACSLIG
BOFTEERIEIE BT I, /N OB BRI B I8 (1 25 2
HAGRRTHLE, AR, VIRGEE /N
B, BFasSONEY Bt R, N2 RS
AEERAR O, PR E TR g b, DLgE
P E I FE R VORI R FRRLE (37.040.5) C. it
Ay BN — B EAIKEE A 1B % 6 g, #%
Wt N N A 27K 7 mL. AFRE 1 h BUESK 0.2
mL, FHAMINSEE RO, LI 6 MR, FEA
2 0.45 pm JEME S, HL 20 pL v HPLC &
AS Fl MAS R &R, it E A4 r) 24
B,

BEMBER=2CV/A.
VORBWCORARR (mL), C NBEUBR P YRR E
(pgmL™), A NEBY BUHF (cm?)

IR G, BUEERAL, T4, Wi,
i SEM M H AL S EMFHE . 5ok, KR
YA B B B A o P A R K e 0, VAR
FRERTE (m), PR BTG M2 A K,
BTN, 214 13 000 r/min &0 5 min J5HL
IEW IR EIRTTEIE AS AT MAS 7E R EEZH 21
HH i B

W E=cVim
¢ NEPERR B EIRIE (ug-mL™), V NERBRAAR

FRE B SH T AS F1 MAS IELBIZ N 10 2.7,
ZEB T K AR TR E S 959.12 Al
975.13 . WA RN R —Fh BEFEZE IR, — AR It
N F 259 5 Tt KBS K FamAR
il it 222, A A, AS A MAS A5 iBiEHEN
R

7 a5, fEASE CVOP HI/KER B 1, AS
A MAS FIF B IEM YT H CVOP 7Kk
JB A 4H, 7E 6.0h I, JKEER At AS FI MAS [ 5
FUSE B BEKEE B H AS Fl1 MAS 1] 4.68 15
52,01 f% (P<0.05); Bb4h, 1€ 6.0h i, /KEEKR B
1 MAS JE AS 1 3.77 5, /KEHR A F1 MAS & AS
) 1.61 f5. 455%W, CVOP fEs T E LS AS
Al MAS ZEBESENE, (H2ATREH T 5] AXUHE 42
HEBIRIE RIS, AS F1 MAS 15145
WS FRESAMESR, F=#HIEALR
TEJFE R LB B B N B S SEIRah R
Ja, JKEHE A th AS FI MAS 78 26 R4 23 v 2
AR KE B H AS Fl MAS 1 2.39 %5 5 2.06
£ (P<<0.05), FW CVOP BEWE{E AS Fl MAS 7E%H
JEEZHZR T A R 4 1Y) “ 2t 127, DT R T 2454
TEJRER BRI (R 2).
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Fig. 7 Transmucosal cumulative amount of AS and MAS
in hydrogels Aand B (X +s,n=3)
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F2 JKER A, B AS 1 MAS EREALAHHFER
(X+s,n=3)
Table 2 Retention amount of AS and MAS in mucosal
tissues for hydrogels Aand B(X+s,n=3)

ERA TR B/ (ugg ™)

IKEER A H MAS 446.06
JKEERE B 1 MAS 216.15
JKEEIE A AS 191.11
KR B 1 AS 81.35
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Fig. 8 SEM images of mucosal tissues in each group
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