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Abstract: Objective To construct a vaginal drug delivery system of Origanum vulgare essential oil and Granati Pericarpium
polyphenols nanoemulsion (OVEO-GPP-NE), screen the prescription, characterize the physicochemical properties, evaluate the in vitro
transmucosal properties and antibacterial activity based on the concept of “unification of medicines and excipients”. Methods Pseudo-
ternary phase diagram and morphological observation were applied to determine the prescription of the nanoemulsion. The type,

microscopic morphology, average droplet size, otential, polydispersion index (PDI), pH and stability of OVEO-GPP-NE were
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characterized. The drug delivery effect of OVEO-GPP-NE at the vaginal mucosa was investigated by in vitro transmucosal assay and
bacteriostatic activity assay. Results The optimal prescription mass ratio of OVEO-GPP-NE was OVEQO: GPP: isopropyl myristate
(IPM): polyoxyethylene hydrogenated castor oil (RH-40): Tween-80, (T80): Transcutol® P diethylene glycol monoethyl ether (DGME):
water as (2.00:3.00:7.00:8.55:5.70:4.75:69.00). The type of emulsion was O/W and the appearance of OVEO-GPP-NE made according
to the optimal prescription was clear and transparent. The average particle size was (25.49 + 0.21) nm, the PDI was 0.43 + 0.05, the {
potential was (—16.73 £ 0.35) mV. The results of transmission electron microscopy showed that the emulsion droplets of OVEO-GPP-
NE were spherical in shape, round in appearance, and within 25 nm in size. The centrifugal stability and placement stability of OVEO-
GPP-NE were good, and the pH was 3.92 + 0.02. The in vitro permeation results showed that the cumulative drug penetration of GPP
in OVEO-GPP-NE was 2.85 times higher and the mucosal retention was 1.61 times higher than that of Granati Pericarpium polyphenols
nanoemulsion (GPP-NE). The results of bacteriostatic activity showed that OVEO-GPP-NE was effective against Staphylococcus
aureus, methicillin-resistant S. aureus (MRSA), Escherichia coli, in which GPP and OVEO showed synergistic bacteriostatic effects
on two kinds of S. aureus. Conclusion Based on the concept of “unification of medicines and excipients”, this study successfully
constructed the OVEO-GPP-NE drug delivery system, which provides a feasible solution for the treatment of aerobic vaginitis.

Key words: unification of medicines and excipients; Origanum vulgare essential oil; Granati Pericarpium polyphenols;
nanoemulsions; aerobic vaginitis; mucosal permeability in vitro; antimicrobial activity; pseudoternary phase diagram; Staphylococcus

aureus; methicillin-resistant Staphylococcus aureus; Escherichia coli
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pH7.0, #t'5 JR27464A). FHEH M =EE (medium
chain triglycerides, MCT, #t'5 N09IS230636). &
IKBRERAN ('S 7S241147). MD1434 iEH48 (B
FIXE T FRE 8 000~14 000D, M HE EifEEH 4
I RAF; FiLALEE-80 (Tween-80, T80, it
P248221) . Transcutol® P — 2, [ ¥ Z. [ (diethylene
glycol monoethyl ether, DGME, #t5 P2090987).
KA LI 40 SACE R (RH-40, L5 P2505064),
B B AR B A A\ R R S T
(isopropyl myristate, IPM, ftt*5 C15707509). JHEL
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ATCC25923 . iy H % 75 Ak 4 3% 2 % %) 2K 6
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KIGFFHE Escherichia coli ATCC25922, 3% E FEy,
eI AE IR A IR AT .
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MS)  FoKAH I 90 1281, oG 25 FREAL J7 & 1)
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TERBINERIZG 1 5644, #2200 B9kl B
#I7ikm %, RIS AgekL.

22 AREERSEEENE

221 R SATR B E & BOR R TR IR S
&, FERRE, aifb/KE K 48 ng/mL & TR
Xof B i i B A

222 SRS FEEE 200 pL 1
OVEO-GPP-NE T 100 mL &, InAZifbKF
BEEZE .
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R R TR IR i W, R IE R 17

EELH R IR L A 48, 240 12, 4.8, 0.96
ng/mL RIS T RO VAR, SR 50 pl, 4>
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EEEERL.
2.2.7  IUFEREISCRIE R — R AR R R 6
B, KM E =B BT RS ER, %
“22.3” WURNHE, 1R 760 nm 4 E 4 18, id
SR R K RSD 405108 101.92%F1
2.52%, RIZITILHER L R AT
2.3 OVEO-GPP-NE 275 7%i%
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BOCHS A TE/RINE, RERICN CRRIESR  J7Hs, B 1~4 Fros, B 99K LA 8 IPM,
AR AT, CSRUERT FIKAHA . DOmAR. AKHANE FUARF HLB {EN 12, BhELFI N DGME, KnfdN
B RTTETERENG A % H R E 24 H Origin - 3 0 1, @l #k—0 508045 IPM.RH-40. T80.DGME.
2021 B2 = oM, BEmELIXB, Dy=  JKIFEEL9.00 : 8.55 1 5.70 : 4.75 : 72.00.i@ 1T

0.25 KA 0.75 0.25 KA 0.75 0.25 KA 0.75

1 htE (IPM. EO. MCT) fHEkIth=THEE
Fig. 1 Pseudo-ternary phase diagram for oil phase (IPM, EO, MCT)

0.25 KA 0.75 0.25 KA 0.75 0.25 KA 0.75

2 FL4H (HLB 12, 13, 14, 15) fHEEMA=THEE
Fig.2 Pseudo-ternary phase diagram for screening of emulsifiers (HLB 12, 13, 14, 15)

0.25 KA 0.75 0.25 KA 0.75 0.25 KA 0.75

3 BT (DGME. 12-B°F:. ZE) fHitrith =R
Fig. 3 Pseudo-ternary phase diagram for screening of co-emulsifiers (DGME, 1,2-propanediol, ethanol)

0.25 KA 0.75 0.25 KA 0.75 0.25 KA 0.75

B4 KnfEiFENA=THEE
Fig. 4 Pseudo-ternary phase diagram for selection of Km



F8 B 2025858 $£56% B10H  Chinese Traditional and Herbal Drugs 2025 May Vol. 56 No. 10 - 3517«

PRI ML AL E I IE OVEO A1 GPP
TEGUORFL R I E. SR WER 1, &J7 8 Al
OVEO-GPP-NE {12 W] H B A B I e AL AR E
P K, #i%E OVEO-GPP-NE [ 2477 OVEO.
GPP. IPM. RH-40. T80. DGME. /K Jfi &Lt A4 2.00 :
3.00 : 7.00 : 8.55:5.70 : 4.75 : 69.00.

=1 HAMKALHFEE

Table 1 Prescriptive investigation of drug-loading

nanoemulsions
77 GPP/% OVEO/% AL BofaeEtt mkkae it

1 400 250 JEHRSE - -
2 400 200 VEMDE - -
3 4.00 1.50  VEMAZE -

4 350 2,50 VEMSE - -
5 350 2.00 EIHIEH - +
6  3.50 1.50  VEHE - +
7 3.00 250 VEMDE - -
8 3.00 200 BEEY +

9  3.00 1.50  ¥EIEIEW + +
“+F FoRBERENE: -7 oRTRAREE ®2. 3.
“+” indicates stability; “—” indicates instability; same as tables 2, 3.

2.4 HHKRIABIBUMER

2.4.1 OVEO-GPP-NE FLAIZRALER KA etk
HATYPKR AR S5 . L% & OVEO-GPP-NE
THEHA, HRimANER SEERREE OKE
PEYURD FIVHAL O (IRVAYEGRL), Hh# 2 FhgukHE
OVEO-GPP-NE W ¥ HoH . 45RER, HEE
£ OVEO-GPP-NE H¥ BUfZ#Hk, FH OVEO-
GPP-NE & O/W Bk HL

242 EMAHMIEAYES  KH TEM % OVEO-
GPP-NE HIROUTE & T LA . UG # OVEO-GPP-
NE, R ZMR KRR 5 00030 I 21040 W 2 1i,
JEARIR 25 2 AR, DL 2%BRESER VA (pH 7.0) 1
e 5 min, JEANEZ R, HRKETE/E TEM
TGRS . 45 R 5 Fs, 49k
FUANETEZE W ZRE IO BT R A
TIERRSE, HAMEERIE, SRR, KAZRTE 25
nm o

243 Kift. 2RI A RRALTTF
1TH#1 % 3 it OVEO-GPP-NE, HU&EMiFE, {E=IR
R FHGKRL FE G 5 9K FL RSP 3Ri AR . PDL K&
CHfz. 45 (Kl 6) &#, OVEO-GPP-NE [J°F¥)
Fife N (25.49+0.21) nm, PDI A 0.43+0.05, ¢
7 (-16.734+0.35) mV.

50 nm
—

5 HERILKYERFIHIRTS

Fig. 5 Macroscopic and microscopic morphology of

nanoemulsions
A
1 10 100
HFifE/mm
B
-100 =50 0 50 100
C B A7 /nm

6 OVEO-GPP-NE HJRI12535 (A) F (RIS (B)
Fig. 6 Particle size distribution (A) and potential
distribution (B) of OVEO-GPP-NE

244 pHH AAAERITERSZHM pH N 3.8~
4.2, SEERYE . 4 B 17 B B T E A,
RS RMBAIEAL N pH P . $ i 2 7 PAT i &
3 fit OVEO-GPP-NE, N H pH i1 T =i &4 537
Mg 3 . pHIMELER: S1 (3.93. 3.94. 3.95),
S2 (3.90. 3.93. 3.92), S3 (3.93. 3.91. 3.90), H[
OVEO-GPP-NE HJ pH 4 3.92+£0.02, 754 [ i) 75
H pH ZK .
245 fREMHE

(1) FOREMEELE: HRALTTFATH % 3
#it OVEO-GPP-NE, 7£ 12 000 r/min N &Ly (0
Fo4% 8.27cm) 30 min, WELEG LT SEHKALIISE
MR Kz Je PDI M. S5 R- W3 2, OVEO-
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%2 OVEO-GPP-NE B UIREMER (X£s,n=3)
Table 2 Centrifugal stability investigation of OVEO-GPP-
NE (Xts,n=3)

BOEE/(rmin ) AMMRR P RE/am PDI

0 + 25141046 0.39£0.01
12 000 + 24.52+0.09 0.39£0.00

GPP-NE ES.CoRl JEIMPERIRORRF RA4F, K HILHH
T ES . DUE . ALEIR, Rt (RSD<3%)
FIPDI (RSD<<3%) &K KA &EEFEZ1L, FH OVEO-
GPP-NE HA 54 B O fs e P

(2) HEREEES: FHHEANTTPATH & 3
fIt OVEO-GPP-NE, 34 OVEO-GPP-NE [)335
MRS AR sERE, BT 25 CAMHTFRE 3
H o GRS EIR L Fifz & PDI (AR 141261,
45 W% 3, OVEO-GPP-NE fE 25 C4f4 FilE 3
ANH, HANMRR R RAF, AR H LB B A 7 55
TUE. BEALSHIR, Kife (RSD<<3%) #1 PDI i
(RSD<<3%) AR K4 EZ1, £ OVEO-GPP-NE
1625 C. WK PR EREE R
2.5 PRINEERR

Sy RS REL 5 mL B %5 1) OVEO-GPP-
NE, GPP-NE BIAZEH LM, UL pH 7.4 (] PBS 1£

%3 OVEO-GPP-NE W EREMER (X£s,n=3)
Table 3 Placement stability investigation of OVEO-GPP-
NE(Xts,n=3)

AT/ APREEIR PRI /am PDI
0 + 25494021  0.43+0.05
90 + 26124042 0.42+0.01

R, BN E T 37 CHEEBRGER S,
3# 150 t/min 23 48 h, 75T 0.5, 1. 2. 4. 6,
8. 10v 12, 24, 48 h W [a] SR EUENTSME 1 mL,
AR AN FE IR [H] pH {H PBS ¥ 1 mL, % [8“2.2”7
TR e BT AN B 2 By A, TS ]
U Z T I SR AR ISR IR i AV 2

n-1
O=(CV+ ). VW
i=1

On 955 n AN ]S 10 BRRER, v N BORAR, Vi i
FEGRRL, Cu A1 G4 n URANSE @ CHURERT 32 A i 24
WIS, W ORI R BT 25 R

5L 7, OVEO-GPP-NE #11 GPP-NE %4
R £k a st —5, H7E 12h e TR, Xt R
FETBU 277 B AU A 45 R AT 404, OVEO-GPP-NE
H1 GPP-NE 1£ pH 7.4 IR 0T H 0 25 W0 R TEOI A
YIfF& Higuchi 311252071 5 — R 5 )22 T FEAH 4G
AR, B 4.

60 1 a
L]
L
- :
§: 40 A .
Q
= = OVEO-GPP-NE
201 &
*  GPP-NE
0 "l T T T T T T
0 4 8 12 16 20 24
t/h
7 OVEO-GPP-NE #1 GPP-NE H9{RsMNERE 2%
(Xxs,n=3)

Fig.7 In vitro release curve of OVEO-GPP-NE and GPP-
NE(Xxs,n=3)

# 4 OVEO-GPP-NE #1 GPP-NE WI{FIMERBINZHFEIEER (n=3)
Table 4 Results of fitting kinetic equations for in vitro release of OVEO-GPP-NE and GPP-NE (n = 3)

IR 7 F
A [y
OVEO-GPP-NE GPP-NE
RN 1% FHFE 0,=4.4351t—0.720, R>=0.9643 0,=4.284t4+0.707 1, R2=0.8889
— RN IR 0,=193.877 (1—e%9%5%), R2=0.966 1 0.=78.771 (1—e*%51), R2=0.9396

Higuchi 77 2
Ritger-peppas 77 2

n— 16. t'-—13. ’ =V.
18.275 2—13.260, R?>=0.968 0
0,=4.289 {1903, R2=0.961 0

0,=18.170 £2—12.126, R*=0.962 6
0,=6.098 833, R2=0.9117

2.6 BRIRMEEEMR

2.6.1 PRAMNEFESLLS BRI E R T T
IINELF 1R Franz 97 #0th I, FhE 28 fteh i,
) RIS A NN 30% 2T (A AR B h K VR 0,
BT RRE AR, RESERER (37.010.5)
‘C. HE N 400 r/min, P4 20 min. 537 HL 3 mL

f\) OVEO-GPP-NE #1 GPP-NE i Aft&aitrf, T3f
F 0. 1. 2. 3. 4. 5. 6. 7. 8. 9. 10, 11. 12h
MBS EURE 1 mL, FF4h7E 1 mL B2, #4018
“27 BUR ENEHIGET B2 & &, ITEE
B B) 2 2 Wy A AR 1 BB IE R E oL, 5F
x| ZRBE M, SRIE 8. X Q. ¢ AT E
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127 . HHFERE, HELRPRIPREBERE (J).
®  OVEO-GPP-NE - . n-1
10 {—=— GPP-NE o * On=(CoV+ Z I
- i=1

08 . r- Co N4 n NGRSO N2 IR BIRIE (ug/mL), VA

5 e | 3 PACBAAARR (mL), S HE MY B (cm?)

g ’ G 5, OVEO-GPP-NE Hfi kg £ W fE
04 1 A =, 5512 AN/ BAUS B R GPP-NE 1 2.8 1%, J
0 | i i #& GPP-NE [{12.77 %, % ¥ GPP-NE H ¥ ] OVEO

e et ¥ AT LU R 5 GPP ER B R AL B ROGR , AT
L PR A IT % GPP 75 It ARG A LS
t/h 2.6.2 FETEE  RIMNERIESLE, RN

8 OVEO-GPP-NE #1 GPP-NE KI{RSMNFHAR S 1B 4%
(X£s,n=3)
Fig. 8 In vitro mucosal permeation curve of OVEO-GPP-
NE and GPP-NE (X s,n=3)

R BR B IRE R AR B ER KR TS, R BT S
AF| 1 mL 218K, H7A 10 min, (KFEFFELR,

12 000 r/min &0y (E0Y42 8.27 cm) Smin 5L
TEWR, $ZH 227 TR E S 2R, HE

%5 OVEO-GPP-NE #1 GPP-NE HI{EIMNEFIIELER (n=3)
Table 5 In vitro mucosal permeation results of OVEO-GPP-NE and GPP-NE (n = 3)

2H EEWEE: R? Od/(ng-cm2) 012/% Jo/(ng-em2-h1)
OVEO-GPP-NE 0,=95.057 t—50.174 0.993 6 17.07£0.81 35.78+4.99 95.06
GPP-NE 0n=34.321 t—60.605 0.944 2 10.60£0.37 12.77£1.36 34.32

GPP fER AR P R A AR 2 (Q9)s

459 W22 5, OVEO-GPP-NE ' GPP [ % s
P& /& GPP-NE [ 1.61 fi%, & ] OVEO #& 7 | GPP
TE 18 AL B3 B, AR B TE R IR AR T 254 i
I, FRERRE IR KAETT R
2.7 HNECEMR
271 i /N # B 9K B ( minimal inhibitory
concentration, MIC) fJMIE AW FE X H I AV
(9 A, R A B AR RV e i ) U MIC. B
Y&, fE MHA “FAR F BB, #F T MHB 3
FRdEh, fE 37 CIHRRGIEKRT, H#E 150 r/min
B:FR 16 h DUEALAN B . Bl S, R RS UV 230
e EHPKH. (nanoemulsion, NE). GPP-NE.
OVEO-NE ( Origanum vulgare essential oil
nanoemulsion, OVEO-NE) #1 OVEO-GPP-NE X H
FRERRI B/ NN IREE . W45 &9, GPP-NE.
OVEO-NE #1 OVEO-GPP-NE ¥ FiH 3 140
W, Hrd OVEO-GPP-NE HHIE R T GPP-
NE fl OVEO-NE, W% 6.
272 AR 2854 B RS MECA 24 RGN
N THRFC GPP Ml OVEO MIBCA I RLE, KA
FEFRBEEINE 311 OVEO 1 GPP BB/ 401

%6 NE. GPP-NE. OVEO-NE #1 OVEO-GPP-NE K[l
EEYE (n=3)
Table 6 Antimicrobial activity of NE, GPP-NE, OVEO-NE
and OVEO-GPP-NE (n = 3)

MIC/(mg:mL™")

FE b :
MRSA S. aureus E. coli
NE - - -
GPP-NE 0.12 0.38 -
OVEO-NE 3.34 0.84 0.10
OVEO-GPP-NE 0.09 0.19 0.38

J£ 4840 (fractional inhibitory concentration index,
FICD. GPP 5 OVEO X} MRSA ] FICI =& 0.38,
/NTF 0.5, BEHH 2 Z5%F MRSA 45 W3 [0 & 75 ; GPP
5 OVEO %} S. aureus [¥] FICI #& 0.32, /NT 0.5, ik
B 255 S. aureus A B R HE AE H - 5 OVEO-GPP-
NE IR T GPP-NE fl OVEO-NE [{145
—%, WET.
3 g

MIEVE A A R B A 5y, BA
JHURE B AR B A NI BE P D g . LRI 78 25 P 2
WZHEEA . KRR AE R, AGEREE A
TRIPYER, IETERL T RARMDEL ek, BRI T 254
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#&7 GPP-NE 1 OVEO-NE B & RZMIMNEEMS n=3)
Table 7 Antimicrobial activity of combination of GPP-NE
and OVEO-NE (n = 3)

MIC/(mg-mL™")

FE b
MRSA S. aureus
GPP-NE Ak & Lik 0 HRE
0.12 0.02 0.38 0.10
OVEO-NE o 535y B A
3.44 0.83 0.84 0.05
FICI 0.38 0.32
HEAEH B IFE P IFE
B AR 32341,

BeAh, B R A e s e DA K B2
PR BEEr, 2PN T A is R, 3
feg B Cankesrl. Frafls BRI MELATE Rk
G RIBITIREE . RNy, ARG B AEE )
A FEH I AR RIS I I 2255 ), PR
T HAERERIATT o R ROR B

BB BUAR LG, 9K LRI B 18 2593805 7
T EA MR AE ., BRI, GPKRIAFIEAE
NRSFICH BIR B A — 2 RRALRE ), RS
B GRZERMHEAER, e EE R E R
BRERBEE, e EmPIRE. 3
K, PRI BRI sh MRS, getg 5104
TERFTE R R, FRRNIIE 5B SRR X,
TRAVITEIR LA S B d . Ak, 9K AT LA
10 ok R T A5 R B A At 7R B 4 S K AR [T TE Y
(P03 BRI (RO, SEPR 2GS R ORI 45 240
R, EmBEERI .

AW TCIE T 2y & — "R, i1 % H OVEO-
GPP-NE, A] RK¥E4ZHE M AE W A A2 5 B
WEINRL, H5AR KR ZWILE)E T E 245
%o TEGURFLIHI & TR0, AR TR
MK Re I E IR R TR, AT = R R
VAR B FLAGVE SR S Re LA, T DL S s R
BN BRI S, R 2 bR
FEMEGKR AL R A2 e . (HiE X% OVEO-GPP-
NE Hkif%. PDI A AL E, %12 Al 4K
[¥) PDI 24 0.43+0.05, K20 AREsE, orHnrae
SRR IS V) AR . ORI MR A 2
FrEL. ke g R, Z9KARRED)
1% L RARE W), RTR AT HE A ) oo AL
Yekf TR RIKIARR T, A0S SRR 2

i, SRBEEAETTE, SERKALR A
¥

R K FL B AA MR TSOE 78 45 SR 0 HT, OVEO-
GPP-NE 5 GPP-NE HESMEBALEI—2, HZ5Y)
PR #2304 7 R R Higuchi 7 FEF1—208h 11505
FEAHSR R B, VKA H 23R B AN
OZH BEh], W2 EELRE), X ] B2 ER
TR R HH A2 B GRS I -7K ST BE 75

MRSA & S. aureus W Z5H bk, X2 FhHiA R
24, HAML AT BES] & AV, & Al fE5] & £ FhiaRhk
W, WIS FEWNBRE . ARG GG,
0 TR 35 R SL 5 45 R B, OVEO-GPP-NE X} .
aureus~ E. coli 11 MRSA E. A BUFHI40H| %08, R
DLHIAT AV BT IS 1 5% 5, A
[ B\ K 4k 271 2. OVEO-GPP-NE 44 A 24 %024 1
F, HARR AL IR R A LR G BRI

FBAR PAEEHFARFEAZFR
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