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Abstract: Objective Guided by the “combination of medicine and adjuvant” concept, this study investigates the mechanisms by which
four co-emulsifiers-anhydrous ethanol (EtOH), glycerol, polyethylene glycol (PEG) 400, and 1,2-propylene glycol (PG)-influence
interfacial film structure, emulsification behavior, and environmental tolerance during the construction of a self-emulsifying drug
delivery system (OA@SEDDS) using oleic acid (OA), an oily active ingredient, as the oil phase. The findings aim to provide a rationale
for the rational formulation design of fatty acid-based active ingredients. Methods Pseudo-ternary phase diagrams were employed to
screen OA@SEDDS formulations prepared with the four co-emulsifiers. Fourier transform infrared spectroscopy (FTIR), 'H nuclear
magnetic resonance (NMR), nuclear Overhauser effect spectroscopy (NOESY), and molecular docking were utilized to elucidate
intermolecular interactions at the SEDDS interface. Physicochemical properties and stress stability were evaluated through dynamic light
scattering, rheological measurements, and accelerated stability testing. Results The EtOH-based system exhibited the broadest
emulsification region and optimal dilution stability. FTIR analysis confirmed that deprotonation of the OA carboxyl group was critical
for forming stable ion pairs, underscoring OA’s central role as a “combination of medicine and adjuvant” component in modulating
interfacial charge. NOESY and molecular docking revealed that EtOH possessed the lowest binding energy (—1.812 kJ/mol) at the Tween-
80 interface and formed a high-density hydrogen-bonding network with OA carboxylate ions, significantly enhancing interfacial film
homogeneity. Rheological data indicated that the EtOH system displayed suitable modulus values and shear-thinning behavior, conferring
favorable flowability; in contrast, the PEG400 system exhibited high elastic modulus due to long-chain entanglement, hindering rapid
emulsification. In terms of stress stability, alkaline conditions (pH 9) lead to universal emulsion breakdown occurred via disruption of
OA ion-pair structures, whereas salt tolerance reflected the steric stabilization advantage of non-ionic surfactants. Conclusion Co-
emulsifiers govern OA@SEDDS performance by modulating interfacial hydrogen-bonding network density and spatial proximity of ion
pairs. The EtOH system achieved an optimal overall balance by forming an interfacial film characterized by “moderate fluidity” and
“appropriate interaction strength”. This study highlights the importance of dynamic non-equilibrium interfacial properties in SEDDS
where the active ingredient itself serves as the oil phase, offering theoretical guidance for developing fatty acid-based self-emulsifying
formulations capable of withstanding complex physiological environments.

Key words: oleic acid; self-emulsifying drug delivery system; co-emulsifier; intermolecular interaction; stability; combination of

medicine and adjuvant; environmental tolerance; fatty acid
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Fig.1 Pseudo-ternary phase diagram of OA@SEDDS constructed by four kinds of emulsifiers (gray area in diagram is

emulsion area)
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#1 AEIEET 47 OA@SEDDS i Dso #1 PDI ZE{t (X +s,n=3)
Table 1 Changes of Dso and PDI of four OA@SEDDS at different temperatures (Xt s, n=3)
. Dso/nm PDI
25°C 40 C 70 C 90 C 25C 40 C 70 C 90 C
E-OA@SEDDS  161.83%£2.72 159.27+1.46 195.49+1.98 297.89+5.66 0.234+0.010 0.264+0.020 0.13940.050 0.211£0.070
G-OA@SEDDS  157.01£11.69 172.74%9.09 156.87%5.13 160.31+6.71 0.295+0.010 0.273£0.020 0.218+0.060 0.275%0.050

PEG-OA@SEDDS 180.37+£6.55 162.25+6.26 170.1616.44 201.13+8.03 0.233+0.008 0.218+0.060 0.212+0.040 0.199+0.030
PG-OA@SEDDS 153.93+3.73 153.23+8.26 160.92+8.49 170.20+9.90 0.249+0.030 0.26720.010 0.190+0.030 0.195+0.020

2.8 HEFREM

W1 F AT #1451 4 ' OA@SEDDS %% 5 mL 43
AETEIEE T, FIAKEN 100, 300, 500,
700 mmol/L [#) NaCl ¥ % 5 mL. RIREY) T %k
TEHE 2 h, BERPATEIS 3 0, RATE R
HESCANRRARACN 5E He Dso M2 PDI, 82 B 155t
% OA@SEDDS & R EE MR, 25 R W& 2.
SRR, 4 MOASEBIFLTIER OA@SEDDS
X ER B TR RUF N 2Pk, Hrr, oKz
T 2 IR A SRR FE T 2 2% R RE#a#, H PDI
IRAAERFE KT, RHEMTE . kR
Uf o Hmk R RAIEE NG E N s, PDI #—
WG, U HAE R B TAAAE T 2805 50 1A ek
. PEG400 R R [Fif2 S PDI AR BN . PG
Tk R RIURIE 215 N BT PDI 8RR ks . LA
IS AT VAR S o AT KA E B AR
TETK R R, AR 2 T /K ST F T
BRI, HhE 5K T EIEE T K
CIERBLKACZ (RS /INRRG A A2 350 50 () G IR ik
A, SERE TR, EHMARS, Bl 2Rkt

4505 T8O JE B2 S M 4%, R B/ Bk
WG, FHEHESE R %, W ey SIS
PLIEF. PEG400 14 F U = EAKSE K4 PEG 173 [H)
RIBRSEIAR S, SR B TR HKALZ IR B Ss,
it 52 BURECR R RFF R E . 15 PG (R R,
TR T RIS 5K AE S R AR KR
F 2 IR ~P, Bk AH BAE F B s S SRR 2218~
W, (HRM R AR N . AR R AR IR
FBIZI R )2, R OA@SEDDS 1745 8] 43 FH
FE ML 3 B F TR R A BORMIhtRE /), X5
FE DA B 3R 1 14 77 0 = 1) ST A R AR A
29 pHEFRREMER

H s F Rl £ ) 4 Ff OA@SEDDS (5 mL) 4
R 2 i, (A 0.1 mol/L NaOH ¥4 5k
0.1 mol/L HCI ¥4 2771 pH {E 5 5l 45 % 3.
5. 789, FAFERPATHIS 3 4, FENE 2h,
KA & S i SRR F Dsow PDI #E4730
SE, HE 4 MENANFIAERY OA@SEDDS ) pH
foetErem, 4RNE 3. 4iRRY, ERMESE
I (pH3~7) ', JE/KLEE. PEG400 Al PG

%2 TERBBEFRET 47 OA@SEDDS HJ Dso 1 PDI T4 (X£s,n=3)
Table 2 Changes of Dso and PDI of four OA@SEDDS under different salt ion concentrations (X + s, n=3)

Dso/nm PDI
A 0 100 mmol-L™ 300 mmol-L™" 500 mmol-L™" 700 mmol-L™! 0 100 mmol-L™" 300 mmol-L™" 500 mmol-L™" 700 mmol-L™!
E-OA@SEDDS  162.01+4.36 156.08+4.07 158.62+1.93 148.7914.63 141.93£2.66 0.265£0.003 0.248+0.007 0.233£0.030 0.252%0.020 0.188+0.004
G-OA@SEDDS  151.83£3.15 136491 15.86 150.60+4.13 151.39£3.38 153.31+4.38 0.217£0.030 0.161£0.030 0.165%0.020 0.1780.010 0.17720.020

PEG-OA@SEDDS 177.58+1.04 170.58+4.54 160.72+2.77 166.85£6.22 161.01+3.93 0.260£0.007 0.238+0.008 0.202£0.010 0.201£0.010 0.240£0.050
PG-OA@SEDDS  153.13£5.03 158274161 152.6916.42 148.29+3.34 147.3943.77 0.259£0.040 0.235+0.010 0.197£0.004 0.18610.040 0.174£0.040

#3 7AFE pH{ET 4 # OA@SEDDS &) Dso F1 PDI ZE4k (X +5s,n=3)
Table 3 Changes of Dso and PDI of four OA@SEDDS at different pH values (X = s, n =3)

hE Dso/nm PDI
pH3 pHS pH 7 pH9 pH3 pHS pH7 pH9
E-OA@SEDDS  173.40%+3.81 176.72£1.96 167.74+1.17 6592.8611215.96 0.22610.004 0.215+0.040 0.228+0.030 0.734%0.690
G-OA@SEDDS  159.91%5.14 164.05+1.74 2 830.12+4 678.96 0.94+1.14 0.23340.040 0.272+0.030 0.464+0.030 0.27540.050
PEG-OA@SEDDS 160.75+5.68 165.53+1.34 121.36+5.09 0.9940.91 0.23410.020 0.280+0.020 0.3314-0.060 0.85010.740
PG-OA@SEDDS 148.18+3.82 144.21+4.06 116.73+3.12 0.73+1.04 0.186+0.030 0.253+0.020 0.46140.060 0.19010.260
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