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pH-responsive nanoemulsion hydrogel drug delivery system based on self-
assembly behavior of carboxymethyl chitosan-oxidized hyaluronic acid
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Abstract: Objective To construct a pH-responsive nanoemulsion hydrogel drug delivery system based on the self-assembly
behavior of carboxymethyl chitosan (CMC)-oxidized hyaluronic acid (OHA) for the topical delivery of in poor solubility drugs.
Methods The optimum prescription of nanoemulsion was determined according to the amount of tanshinone I1a (Tan IIa) dissolved
in various excipients and the pseudo-ternary phase diagram and the physicochemical properties of the nanoemulsion were
investigated. Furthermore, OHA was prepared by sodium periodate oxidation and the concentration of CMC and OHA is optimized
by using the gel formation time as an indicator. CMC-OHA Tan IIa nanoemulsion-based hydrogels (CMC-OHA/ Tan 11a-MBHs)
were prepared by dissolving OHA in nanoemulsion and self-assembling the mixture with CMC solution. Physicochemical properties
and in vitro antibacterial activity of CMC-OHA/Tan IIa-MBHs were observed and detected. Results The mean particle size of the
prepared Tan IIa nanoemulsion was (52.18 + 0.21) nm and PDI was 0.165 + 0.012. The in vitro evaluation results showed
CMC-OHA/Tan 11a-NBHs had good centrifugal stability, light stability, pH responsiveness, and sustained-release properties. The
bacterial inhibition ring test showed that CMC-OHA/TanlIa-NBHs could significantly inhibit the growth of Propionibacterium acnes
and Staphylococcus aureus in vitro. Conclusion With the advantages of simple preparation and good stability, CMC-OHA/Tan
I1a-MBHs could effectively improve the in vitro dissolution behavior of insoluble drugs, providing a new idea and method for topical

delivery of poorly soluble drugs by nanoemulsion.

Yis HEA: 2022-02-21

EeWB: HXRAARFEMEET EHE (81873092)

TEEEN: /R, T FiA, W75 o 24 25 R 9E . E-mail: 3206820156@qq.com

HBEIEE: R, IR, WL, I meh 25 e 24 KRG TC. Tel: (010)66928505  E-mail: yhlpharm@126.com



FED 20224FE87 $53% H 168  Chinese Traditional and Herbal Drugs 2022 August Vol. 53 No. 16

* 4993 »

Key words: self-assembly; hydrogel; drug delivery; pH-sensitive; sustained-released; tanshinone IIa

7 WL A — M2 0 A T N AR 2R A o Ik
RIS, BA RIS AN A e el
EMEER (oxidized hyaluronic acid, OHA) #&
BRI E ), oo s TR AR RE S
R FLSTHRYE (carboxymethyl chitosan, CMC) H
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(1) 2671, [R] b AR S0 404 dt— i AR K AL R A4
HFRIA S AR 9 TR F CMC A OHA 1) H 412%
1T AT K EE I T R4 25 R Gt

P20 11a (tanshinone I1x, Tanllx) 1ENHZ
P R EEE RS, PRI TR BR AT B AN 8 3
A ER R AA BU A ER, HET Tan 1A J& T
BCS I 2K#5¥), K¥EPENZE (2 pg/mL), JZE 0
T HAEE IR b p s FHRCRE, PR AR FE A Tan 1A
IERZ), )4 T RAR/N A3 B S Tan Ha 99
KF, SRJE¥ OHA ¥ T Tan s 99K 20|
RIS, 5 CMC ¥ H 425 Tan T 99K FLK
B 4525 29t (CMC-OHA Tan Il nanoemulsion-
based hydrogels, CMC-OHA/Tan II,-NBHs), J£X
HAZEME . pH ma SR NA SN B & AT VY, A
D1 i B 7K Bt JI2 366 308 VA A 24 W R Wt 9 B A FEL G o
1 UESHH
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DF101S BRI EV ke ay, Aot
TEFERKAERHA R A Winner802 BUGKIFOHI
FEA, B FET AN RRAL R I A PR A 7] Tecnai G2
F30 237 R 4HES 7 BAs: (TEMD, 3£E FEI
AW KQ-100E RGBS G BEas, B LT A AGEs
HIRAF; BT125D MHF R, FEFIHRZAL
WHMRAF; TGL-16G HERELHL, gz Fl
FANER) s LC-20A BESURAHEIE RS, HAR
H /7w ;s Nicolet-5799 AU B 2L 4L, SEH
I ATE]; ZRS-8G BRI REVE HiRIe AN, KiEH K

RKRERHEHRAE
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201520; BRI, WIRS/REERIZIAr AR A5 T
1% 2.5, EZEINFAFIAIRAR: WEER T
W BE Cisopropyl muyristate ) 58 % £ /i BE K ¥
(cremophor EL, CEL) W H Kb HML TRHZ A R
s BRACIHEMNEMM (cremopher RH 40,
CRH), bt RALKE R A AR ITAEA T LB
KL% 80, KL (PEG) 400 I H KHETH
SREAE TR Hams 1,2-T8 I H b x4k
TJ s FXEH e, Sigma EMRHEA IRA A,
R, KRR R (iR, Fisher Chemical
AT ARIK SIS AR LA P e R
BRI G EE R A R B bR IR B s R I VG 2 ] B
Jog EE A FE AR A A R 2 7]
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2.1 Tan Il HPLC $Hi75 55/

211 BRERAE BREHSN Inerteil ODS-3 (250
mmX4.6 mm, 5 pm); BN HEE-0.1%EE K
W (85 1 15); #HIE 30 C; AFURE 1 mL/min;
R 270 nm;  HEFEE 20 L,

2,12 RIECH

(1) WSSV ) 2% . FEEFRE 5.00 mg %
HE i Tan A B T 10 mL &, NG Y H RS
FEE A 22| A R8I N 500 pg/mL %] i
BT FEB IO I S i 2 VRS &, B A
[F] LU RS, 18 BN 1.00. 2.00. 4.00. 8.00.
10.00~ 20.00. 40.00 pg/mL 5%} F& FA TR -

(2) PR VAR BC Y . S 25 FREL Tan 1a 49K
FL1.0 g T 50 mL S, M EBEFEAL, B%
BRI TR R 0.5 mL BHET 10 mL &
FREEZS, PEAI15 Tan Ia 0K AR VAW

(3) BAMEXT ARG ECH]: FS BRI 19K
1.0 g F 25 mL &EJfith, HEEAWHIL, 55
BER; R EE 0.5 mL BER A 10 mL &S H 0 H
BEEAS, RESIAFRRIEXT R o
213 LEMEEE S RIBOS AR pha s
VAR VAW, 0.22 pm PALIEE e 5, %
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PR HIABFEZE 85, piak i 50 BE SV Tan Ta
TR BB )RR — 5, GO FLE R AN K B PR 25 Jo %o i
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1 CMC-OHA/Tan IIs-NBHs (A). Tan I\ XER& (B)
= BPKAKERR (C) B HPLC

Fig. 1 HPLC diagrams of CMC-OHA/Tan IIa-NBHs (A),
Tan Ila sample (B), and blank nanoemulsion hydrogel (C)

2.1.4 RMEXRARFE DL Tan s FTEIKFE AR
P QO WERBNMAER (YD) #EATEMERIE, 15
[ A5 FE N Y=127 733 X+28 346, r=0.999 6, *&
B Tan I 755 9K FE A 1.00~40.00 ug/mL Z&1H45%
AR

2.1.5 EFEERE U227 FREWKE AN 8.00
pg/mL (1) Tan I X BRIV, % “2.1.17 TR
WA RERE T, TP RS . 45 R 2R Tan I UE
AL RSD N 1.35%, KA R U

2.1.6 FEEtEREE WREL “2.1.27 WU AR A
WoEE, 79T 04 2. 4. 6. 8. 164 24 h 4% “2.1.17
TR R 25 A RE AT o 45 3 578 Tan T1a VAR
RSD 4 0.83%, M MIERTE 24 h WEE .
2.1.7 EEMHRE  HUE—HER Tan T 99°K3 3
By, BEAEESIE “2.1.27 TR 8K B4 07T
FTHCH] 6 FEM, Ll 18 AMFEM, % “2.1.17 T
T EGE KRR AT, IR, 4558 RSD A
1.38%, RUHILTEEZM R

2.1.8  InFEEIERIREE 4% “2.1.27 TR
il 8 712 % (K SRR 9 1, 43 I NSK HEL A i
HWOE R, BCH R B N 12,85, 14.35. 15.75
ng/mL FIRE A 1% “2.1.17 TR B4k FE
e, CFIEMA, THEIRE RS . SRR, F.
T AN R o B 9K ST 28 BTS2 A 99.53%
100.07%- 99.03%, RSD fH¥/NF 1.5%. FKHEIL
RIFEER,

2.2 Tan I\ TEARKFL AR 5 HOSA RE FE N E
BUAARE 1.00 g T2 mL B0 H, 2
& Tan la, JREVRS) 5 min GHEAE 4 h BhiE, &
Bid %5, 5000 r/min 250> 10 min, B _E{EWHF
FERRE A E MBI, 1T 0.22 um TFLIEIE)S
] HPLC 3505 Tan Ila 75 & 58 1747 75 i
JELOL, P i P s 45 SR an W 2 B, 45 Akl
BIERR, VIR FENT Tan a VMRS RIS LBLEE
80 11 PEG 400 1E AZK ALK FLALFIA B AL, 2
ZETR H I TG VA o
e HHm R
BRI
W 2.1
VA S 5 P
CRH
CEL
F1LZ4HE 80
i
1,2-T5 1%
ZH
PEG 400

0 1 2 3 4
TR (mg-g ™)
B2 Tan I\ ZEREISR AR

Fig. 2 Solubility of Tan Il4 in different excipients
23 A=THEENESHIE K. BERHE

Ve I FLAG] (BRILALES 80) AL FLALF
(PEG 400) 4374 bl (Kw) N3 11,201, 1:
1. 102 WIS, SRR A AR & A5 4%
1:9.2:8.3:7.4:6.5:5.6:4.7:3.8:
2.9 0 1 B NTEMIE S, T 37 COKIE T
15 min J2%5), ZBN8 0 N7 /K 4k 41458 P B 2 T s
THEZEHBIAKA, WA RTINS 1T B
I PR S A K, BAZ s R AE B A mT T g ok
5t s H Origin 7.5 B4 = oA, b
BAFEEIAE . FLAFR BhFLATRI BT Bk 3
XK. SR 3 Fin, Kn {8 (RLZLES
80 Ml PEG 400 i) N2 1 1 I, ZAERE
AKX T AR B K o AR D — oAl Bl e SR 1L AL
fig 80 F1 PEG 400 LLf A 2 & 1.
2.4 Tan I\ KR FLAOHIF

F AT =M BRG] JHAEAT Tan
I FEHZG8 R, 37 C/K#E R 600 r/min 4 15 min
AT, SN 1 mL Z8187K, RI1S Tan Ia 49K 3.
W [A)925 ) 2% 1 25 VoK AL T P MO A, AN [R] B A3l
T IO LR 7 d JE M AIES, 4R E
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0.25 025 ' 0.5
1L BLEE 80-PEG 400 (2 : 1)

K1l %45 80-PEG 400 (1: 1)

0.25 0.25 0.25
Z 1L A4 80-PEG 400 (1 :2)

3 AE Km{EHH=TTHEE

Fig. 3 Pseudo-temary phase diagrams of different Km values

INEZEIRH MBS SR A AT G 109 R
FRIFLRCE AR, A R R, SEERR Y
KIEIL o B A 5E Tan 1a 20K FL ISR AL 7 5
LIALES 80-PEG 400-F 2B HHEE (613 1 1),
2.5 Tan Ix K FLHIFRAE

R E AR FL I 43 I N 3 B 5 P AL AR
YR, § 5 3 min J5WEE 2 AUkl y HoEE .
WK 4-A s, BeAiAb 75 25 1 Tan s 990K L
THIBEWH RS AWK, BAVIESZE . WK 4-B
M 4-C Frow, WHIEMY HOEBERT IR, R
JIr il £ (1) Tan TIa KA AK AL

B Tan Ia UK FLFRRE 20 1% )5 FOERLEE 0 #r
e P RIAR . RiRES R (- 5) &M,
Tan Ia PKFLFIE N (52.18+£0.21) nm, ZELR

E 4 Tan I PKEMY (A) REEHARTEE B, C)
Fig. 4 Appearance (A), diagram of identification (B, C) of

Tan I1A nanoemulsion

1 10 100 1000
Fi1%/mm

Bl 5 Tan Ila 29K FLHVRIZ 5376

Fig. 5 Particle size of Tan ITx nanoemulsion

N 0.165+0.012, BEEHZA T 45 PR IR 12
AN, ARG, Rk R.

¥ Tan IIa QK FURRE 5 501 20 (55 TG
SCRERR AR L, JEAR 2 2 RIS, ## E 10 min
H AR, PRI EIREEA 10 mg/mL 1S
FRVAW T4 A g% 10 min, FHSRY%ET, TEM W&
YR FLAM o Tan Tlx PR FLIITEAS T ILE 6-a. b FT
TR, FORASHUN 5 450 Tan T 99K FL 0TI K £ H
B, RAKNIE T um N, FREECH 20
50 Tan Ta K AL FL B I S 080, RREE,
AR R ve - 1pL

a-5 fEFRE b-20 R

a-5 times dilution  b-20 times dilution

El6 Tan Ilx Z0KFLE9 TEM [E
Fig.6 TEM diagrams of Tan I1a nanoemulsion

2.6 FAIERARERAVHIR ORI

K R A A & OHADY, % 2.00 g
FEWRERIE T 50 mL 28K H, 37 C/KLL 600
r/min WEERFEE 2 S AR, SRAEEIA
1.30 g W BER AN, 76 25 C/KIB A FRFEEMHE 12 h
Ja, MO 1 mL & REEROR RS i B B, 4k
SEEE 1 h, BRI NENTAS G AR 7T
JiE 35000, PAZEREKENT 48 h, RIGAGTEAS
F| OHA.

BUD YRR 45 1) OHA TWF5E, A 100
A WA R, BB J5 e v R 20RO
WA AT R, S RE 7 fos, 5 HA
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Fig. 7 FT-IR spectra of HA and OHA

ILL A RE BT R, 1726 om! AR 3 R4S AE IR g I
F A Z TV ] %% OHA.

2.7 CMC-OHA/Tan I1,-NBHs B9 &

2.7.0 B A] R 5 A K R L R 1 ik
K FBURHE I 2 B ], OHA F CMC ¥ ¥ 122 fi
JEFFURTEIS, SRS MR AR, WS A s
B, RESUR AR & R BRI HE BT, 1%
I (B B R S 1] o DARSRE ) T PPN Fa A, Ak
EER AL TT EuAg] . B A5 LF I OHA M RIBARTEZS
Kd, FERFTEIREE A 100 20, 30 mg/mL (1)1
S CMC ¥ RAE 8RR, TR EIRE N
10. 20, 30. 40 mg/mL (K5I . K SRR K
OHA F1 CMC ¥&WAE 37 C/KIB TIREIA], FHE
FFPE 37 CHEHAERUL. TERIIAS 5 AR 4 Rl

RN IR AT a4, 101 20 mg/mL 1)
OHA ¥ A1 30 mg/mL [ CMC ¥FRIE R 2 1 2
RN 02C3. F /KB B T AR A 1
min B R RECR 25 0L 8.9, 1T LA BL OHA A1 CMC
{100 O AR FEE S5 50 B J P RS I 1) S 25 ], B A
TR FE IR ORI (R T4 R . 24 OHA
R R EA CMC &K E)A 10 mg/mL B, 632
T RURE SE (R 7K BRI « 24 OHA i B3k o 10 mg/mL,
B CMC MK H 20 mg/mL 3 KF| 40
mg/mL, AR E T 261.67 s 4% % 176.33 s. 4
OHA i EKE N 30 mg/mL i, [E#E CMC K&
WPE H 10 mg/mL 3K %] 40 mg/mL, FB A #E—
1 152.00 s 4555 % 24.00 s. BB A R EIRE
2 JEAK FT AT I ) ) £ T ), 5 S0 A 1) % B )
K, Bk, ALk 03C4 #47 )5 SR 7T

1% OHA =
300
2% OHA = 200
100
3% OHA

1% CMC 2% CMC 3% CMC 4%CMC Rl A)/s
B8 AERESE CMC F1 OHA 727K B HE BY AR B B 18]
Fig. 8 Gelation time of hydrogels formed with different
concentrations of CMC and OHA

B9 1 min B FEKERRIRTS
Fig. 9 State of different groups of hydrogels in 1 min
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2.7.2  BEAKEHIH S ARG RN O &
UF1¥) OHA ¥y A& FH Tan Tla Q0K FLEM, Bl 5514
FRH) CMC ¥AE 37 C/KIB NIRA YA H 2K,
B45 CMC-OHA/Tan IIa-NBHs. ffEAb 75 & 155
f{) CMC-OHA/Tan IIa-NBHs 7] WLI& 10, FH A5
Fis g KA 289005%E , CMC-OHA/Tan 115-NBHs
(KRR RSN TA] A (24.324£0.03) s, 5 03C4 55 /Kt
Ji 2 I IR R B TR B . B 1.00 g
CMC-OHA/Tan II,-NBHs & T 10 mL &=JEH, A
ER SRS 15 min J5HFRECAEZE, o022
um JEM S H HPLC £0l7§ CMC-OHA/Tan Ila-
NBHs H! Tan IIa [¥)J5 573 80 1.0 mg/g.

;’/7‘.‘ —

E 10 CMC-OHA/Tan IIa-NBHs FJh 31
Fig. 10 Appearance of CMC-OHA/Tan I1s-NBHs

2.8 CMC-OHA/Tan II,-NBHs Hf2 E 4%
2.8.1 BOFEEM ¥ Tan I, 1 CMC-OHA/Tan
I1A-NBHs LA 8000 r/min FJ3 B 850 20 min, %25
O e HLAN R T A ARk, Bt fase e A 11
Ffizr, 8000 r/min 250> 20 min J& Tan Iy 29KF, (b)
TETEEY, K EnZHANS, Hab8E4Y)
M TR LEJE#, 11 CMC-OHA/Tan II,-NBHs (a)
23 B O RA 2T, R CMC-OHA/Tan
1IA-NBHs & 0oFa e 1 R I o

2.8.2 OtfaEME  Tan HafEN—F HA RS MM
WEY, BiEdl, AR SRR E R,
[R5 CMC-OHA/Tan ITa-NBHs (a) [)6EE 2 Mk
T T5%%, 5 Tan A 9902KFL (b) A Tan 1x ZBEW
W (c) BHATXIE . K Tan Ia ZEEVEW . Tan Ix 94
KA CMC-OHA/Tan 1Ia-NBHs & 3% B pU Ak
i, F25 C. HITF (4500 1x) fRAF. 25F
0. 1. 2. 4. 8. 12. 24. 36. 48. 72 h HUF£ 0.50 g,
FHEMBIEE R G e w22, i 0.22 pm EE
J&i F HPLC V052 Tan 1 & 0 12 iR, 16
25 'C. HYEITTF (4500 1x) #7473 d J5, Tan Ila
CBEE A Tan Ua W EETFE T 44.66%, Tan Ila

a-CMC-OHA/Tan 1I,-NBHs  b-Tan 11, 42K 3,
a-CMC-OHA/Tan II5,-NBHs  b-Tan II, nanoemulsion
11 CMC-OHA/Tan IIs-NBHs BV B R E
Fig. 11 Centrifugal stability of CMC-OHA/Tan I1s-NBHs
100

80 =

B
i)
bn o 60
=
=
=5 40 — a
=1
= 20~ - b
- ¢
0 T T T 1
0 20 40 60 80
t/h

a-CMC-OHA/Tan IT\-NBHs  b-Tan IT, 49°KF.  c-Tan 11, ZEEI& R
a-CMC-OHA/Tan II5-NBHs
ethanol solution
12 CMC-OHA/Tan IIs-NBHs B¢ EM (X+£s,n=3)
Fig. 12 Light stability of CMC-OHA/Tan IIa-NBHs (X £ S,
n=3)

b-Tan II, nanoemulsion c¢-Tan II5

PKAEETHET 3092%, i CMC-OHA/Tan
11A-NBHs * Tan Il & 225N AU FFET 6.92%.
ULERHE Tan TIa #1985 oK FLAK BEIR AE 3 4 3
2.8.3 KWifaEM K CMC-OHA/Tan I1,-NBHs &
TSI, T 4. 25, 40 CASFEIEEE &1 Nk
HHE, £ 0. 3. 7. 14, 21. 30 d HUFE, HPLC
EME Tan 1x &R, WE 13 fox, T4 CH
25 C4AF FEFE CMC-OHA/Tan I1a-NBHs 7£ 30 d
W Tan Ia FIEE 0 FE 2.82%FH1 2.99%, fE
40 C4MF T #AER CMC-OHA/Tan I1a-NBHs 7£ 30 d
P Tan Il & & F[% 8.48%. [Af] CMC-OHA/Tan
IIA-NBHs 7F =5 Jii B4 78 1 8 6 i A7 25 1 T R &4
UFHIZaRcase i, (HGR e R 2.
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13 CMC-OHA/Tan IIa-NBHs HJHHEATREM (X ts,
n=3)
Fig. 13 Long-term storage stability of CMC-OHA/Tan
IIs-NBHs (X + s, n=3)
2.9 CMC-OHA/Tan I1,-NBHs B{A5Me R 15 R
K M7 483782 CMC-OHA /Tan 11,-NBHs 7£
pH 4 5.0. 5.5. 7.4 [f] PBS Z& AR R . HX
10.00 g CMC-OHA/Tan 11,-NBHs F-i& b4 (& HT
48 R AIN TR 140000 W, PigRE, B
T#A 200 mL PBS HIE M, RN 37 C, %
A 100 r/min, 4350F 0.5, 1. 2. 4. 6. 8. 10
12, 24, 32, 48. 54, 72h EUFE 0.5 mL, [EHAMIN
)it FMAR AR VA A BT, FEAH 0.22 pm FSLIE
JEEE, HPLC A2 Tan Il &5, 115 Tan Ila
ZUFAR R . CMC-OHA/Tan 11a-NBHs 44 3
PR R 14 Brs, 7E pH 5.0, 5.5 1) PBS 2%
MR, 72 h N Tan Ta BOBTEUE 53 018 73.74%A0
67.56%, IMTE pH A 7.4 MW H, 72 h P Tan
Ia BB 37.11%. HbAh, TERRPELE AR
/1, CMC- OHA/Tan 11a-NBHs 7E 24 h W B BCR T
40%, T AE PG PREUEA 2 30%. 45
2R W] CMC-OHA /Tan 11,-NBHs B A5 BH & f{ R Wi o7

75 1
S 50
=
%
& 254
Bk
0 T T T T T T T 1
0 20 40 60 80
t/hh
14 CMC-OHA/Tan I1s-NBHs 7 PBS 2&4;% P f2 At ph %
(Xts,n=3)

Fig. 14 In vitro release of CMC-OHA/Tan I1a-NBHs in PBS
buffer solution (X + s, n=3)

PE, JH RIFMERIER, 1T DATE Bl R 1 K ik
I SR -
2.10 HIEBRIEMN

T %% CMC-OHA/Tan 1I5-NBHs (R4 I
P, 51527 CMC-OHA/Tan 1Ia-NBHs X J8 35 4
P T A1 R 4 B €0 7 2 BR T AV ERT R D o RS R R AT
AN & B R A BRI TR 9% AR _E3EAL, K 2 R
MR AWM ORI RIS, 25T 37 CHiFRME
BT IRAAA 3 5, NG — & MR
FEIHEELE 1X105~1X 106 cfu/mL, VEAMRE R
R AR 2 MRS 150 ul, 4351355
W TR TR, AT 3 . HERR 0.5
em  FRIE T ASE P 0 5 B s R 2R R T 0 IR IR S5 o i
0.20 g [t CMC-OHA/Tan I1-NBHs. FHEZ L5 %
03C4 7% BB AN AR AR 2 BRI S 93 A BR AT 1A
T 37 CEEFFANMATRER TR, SO EKE
T 37 CH:FRMNHATHEARGTR. 48 h EM N &
BN B B AR, %R 1 WP T
PRAI3,

x1 IEETS
Table 1 Scoring table of bacteriostatic ring

i e A R W
H4£>20 mm P U 4
20 mm>HE £ =15 mm a1 P AUk 3
15 mm>E % =10 mm rhRE U 2
10 mm>E £ =7 mm I FE UK 1
HA<7mm AR 0

CMC-OHA/Tan I1,-NBHs f) 44 SN0 B i P 1Al
ZERWR 2 Frm. W THIENRAT W, BHPEZA%E
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Table 2 Antibacterial activity of CMC-OHA/Tan I1s-NBHs

in vitro
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