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Abstract: The aim of the study was to improve the oral absorption of the compound 

25-OCH
3
-PPD with poor hydrophilicity and lipophilicity. 25-OCH

3
-PPD-phospholipid complex 

was prepared by solvent evaporation, then characterized by differential scanning calorimetry, 

scanning electron microscopy, and infrared absorption spectroscopy. The aqueous solubility 

and oil–water partition coefficient were compared with the free compound. A nanoemulsion 

loaded with 25-OCH
3
-PPD-phospholipid complex was developed by dissolving the complex in 

water in the presence of hydrophilic surfactant under sonication. After oral administration of the 

nanoemulsion and the suspension of 25-OCH
3
-PPD in rats, the concentrations of 25-OCH

3
-PPD 

in plasma were determined by high-performance liquid chromatography–tandem mass spectrom-

etry method. The results showed that the solubility of the complex in water and n-octanol was 

enhanced. The oil–water partition coefficient improved 1.7 times. Peak plasma concentration 

and area under the curve
(0–24 h)

 of the nanoemulsion of 25-OCH
3
-PPD-phospholipid complex 

were higher than that of free compound by 3.9- and 3.5-folds.

Keywords: 25-OCH
3
-PPD, phospholipid complex, solubility, bioavailability, LC–MS/MS

Introduction
Ginseng (Panax ginseng Meyer), a typical traditional medicinal herb listed in Shin-

Nong-Bon-Cho-Kyung, has been used for thousands of years, and also applied as a 

functional food or therapeutic supplement in Western countries.1–5 A number of research 

investigations have been conducted to confirm its pharmacological and therapeutic 

effects in vitro or in vivo. Various beneficial activities of ginseng have been reported, 

including for cardiovascular system, immune function, and metabolism. Many inves-

tigations have focused on its advantage in cancer therapy in recent years.6–10

20(R)-25-methoxyl-dammarane-3β, 12β, 20-triol (25-OCH
3
-PPD) (Figure 1), a 

novel dammarane-type triterpene saponin, was isolated from Panax ginseng. The 

saponin exhibited 10- to 100-fold greater antitumor activities against several cancer cell 

lines than ginsenoside-Rg
3
, which has been listed as an adjuvant chemotherapy drug 

in the People’s Republic of China.11–13 The compound 25-OCH
3
-PPD has also shown 

inhibition of growth and proliferation, especially in breast cancer cell lines, inducing 

apoptosis and cell cycle arrest in the G1 phase.14 It displayed low toxic effects in an 
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acute toxicity or a long toxicity test after oral administration. 

However, the oral bioavailability of 25-OCH
3
-PPD in rats 

was only 13% because of its poor water solubility.15,16

Numerous approaches have been reported to enhance 

water solubility of hydrophobic drugs, such as salt forma-

tion, solid dispersion,17 encapsulation in cyclodextrins,18 

nanoparticles,19 and lipid and surfactant-based dispersions.20 

Phospholipids constitute a major part of the cell membrane 

and have many advantages as a carrier system, thus gaining 

increasing attention. Many studies have demonstrated 

that phospholipid complexes possess the advantages of 

both enhancing the solubility of a drug with low water 

solubility and improving the oral bioavailability of lipophilic 

drugs.21–29 The atom of hydroxyl oxygen upon phosphorus 

in the structure of phospholipid has a strong tendency to 

gain electrons while the nitrogen has a strong tendency to 

lose electrons. Under certain conditions, a complex may 

generate between the active compound with phospholipid. 

Therefore in this present study, for the purpose of improving 

the oral bioavailability of 25-OCH
3
-PPD, a phospholipid 

complex was prepared by the solvent evaporation method 

and its physicochemical properties were characterized by 

differential scanning calorimetry (DSC), infrared (IR), and 

scanning electron microscopy (SEM). The solubility in water 

and octanol/water partition coefficient (log P) of 25-OCH
3
-

PPD-phospholipid was evaluated by comparing with pure 

25-OCH
3
-PPD and physical mixture. Nanoemulsion of the 

phospholipid complex was prepared in order to investigate 

the pharmacokinetic behavior in rats for oral administra-

tion. The concentration of 25-OCH
3
-PPD in plasma was 

determined after oral administration of free 25-OCH
3
-PPD 

suspension and nanoemulsion phospholipid complex equiva-

lent to 20 mg/kg of 25-OCH
3
-PPD.

Materials and methods
Materials and animals
25-OCH

3
-PPD (purity $98%) was prepared in our laboratory 

(Shenyang Pharmaceutical University, Shenyang, People’s 

Republic of China), soybean phospholipids (phosphati-

dyl choline, purity $96%) were provided by Tian-feng 

Biological Pharmaceutical Co., Ltd. (Shenyang, People’s 

Republic of China). Water, polyethylene glycol 400 (PEG 

400) and methanol (high-performance liquid chromatography 

[HPLC] grade) were purchased from Kangkede Technology 

Co, Ltd (Tianjin, People’s Republic of China). n-Octanol was 

procured from Bodi Chemicals (Tianjin, People’s Republic of 

China). All other chemicals used were of analytical grade.

Male Sprague Dawley (SD) rats (15 weeks old) weighing 

280–320 g were provided from the Experimental Animal 

Center of Shenyang Pharmaceutical University (Shenyang, 

People’s Republic of China). All experimental procedures 

were performed in accordance with the Guidelines for the 

Care and Use of Laboratory Animals of Shenyang Pharma-

ceutical University in Shenyang and the ethical approval was 

also approved by Shenyang Pharmaceutical University.

Nanoemulsion based on 25-OCH3-PPD-
phospholipid complex
The complex was prepared with 25-OCH

3
-PPD and phos-

pholipid at a suitable molar ratio (1:1, 1:1.5, and 1:2). The 

phospholipid was dissolved in ethanol by the ultrasonic 

method and then the required amount of 25-OCH
3
-PPD was 

added. The mixture was stirred at specified temperatures 

(40°C, 50°C, and 60°C) for some time. Then, the solution 

was evaporated using a rotary evaporator at 40°C to obtain a 

dry complex. The optimization of the preparation process was 

carried out based on the ratio of 25-OCH
3
-PPD to phospho-

lipid and the temperature of complexation. DSC, IR, and SEM 

analyses were used to confirm the formation of phospholipid 

complex. Nanoemulsion of the phospholipid complex was 

prepared by dissolving the complex in 1% PEG400 water 

solution (2.5 mg/mL), and sonication was carried out for at 

4°C at 400 W ultrasonic power 30 times to obtain a nanoemul-

sion with a small particle size. The average particle size of 

the nanoemulsion was measured by dynamic light scattering 

technique. The optimal formulation was selected according 

to the formation of the complex and droplet size.

HPLC analysis of 25-OCH3-PPD
All the samples were measured by HPLC (PUMP K-501, 

Unico Instruments Co., Ltd., Shanghai, People’s Republic 

of China) with an evaporative light scattering detector (Uni-

micro Technologies Inc, Shanghai, People’s Republic of 

China). The mobile phase consisted of methanol and water 

at a ratio of 87:13 (v/v). The flow rate of elution was set at 

1.0 mL/min at 25°C and the parameter for the evaporative 

light scattering detector was set to a probe temperature of 

Figure 1 Chemical structure of 20(R)-25-methoxyl-dammarane-3β, 12β, 20-triol.
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50°C; the nebulizer for nitrogen gas was adjusted to 3 L/min. 

The calibration curve exhibited good linearity by fitting the 

peak area to the corresponding concentrations (A=7,266 C – 

6,7354, R2=0.9990) in the concentration range 5–500 μg/mL 

for 25-OCH
3
-PPD.

DSC
DSC experiments were conducted using DSC-60. The 

samples were sealed in the aluminum crimp cell and heated 

from 30°C to 300°C at increments of 10°C/min under nitro-

gen atmosphere. The peak transition onset temperature of 

25-OCH
3
-PPD-phospholipid complex, physical mixture 

(1:1), pure 25-OCH
3
-PPD, and phospholipid were determined 

and compared.

SEM
25-OCH

3
-PPD, 25-OCH

3
-PPD-phospholipid complex, 

physical mixture (1:1), and phospholipid were coated with 

platinum in a sputter coater and their surface morphology was 

viewed and photographed by field emission scanning electron 

microscopy (JEM-6700F, JEOL, Tokyo, Japan).

IR absorption spectroscopy
The IR spectra of 25-OCH

3
-PPD-phospholipid, physical 

mixture (1:1), 25-OCH
3
-PPD, and phospholipid were identi-

fied and compared by the IR spectrophotometric method with 

potassium bromide as supporter. The spectra were recorded 

in the range of 400–4,000 cm−1. Spectra were recorded on 

a Fourier transform IR spectrophotometer (Bruker IFS 55, 

Karlsruhe, Germany).

Solubility studies
The solubility analysis of 25-OCH

3
-PPD-phospholipid 

complex, physical mixture (1:1), and pure 25-OCH
3
-PPD 

were performed by adding excess of these samples to 5 mL 

of water or n-octanol in sealed glass vials and placing them 

in an air bath oscillator (THZ-82B, Medical Instrument 

Factory, People’s Republic of China) for 24 hours at 37°C. 

The samples were centrifuged at a speed of 15,000 g for 

10 minutes at room temperature. The supernatant was filtered 

through a 0.22 μm membrane and diluted with methanol for 

quantification analysis of 25-OCH
3
-PPD by HPLC method. 

Each experiment was performed in triplicate.

Oil–water partition coefficient studies
25-OCH

3
-PPD, physical mixture (1:1), and 25-OCH

3
-PPD-

phospholipid complex was put into 5 mL water in a sealed 

container and shaken at 37°C for 24 hours to reach equilib-

rium, separately. Then 5 mL of n-octanol was added to the 

mixture and mixed for 24 hours. The mixture was allowed 

to stand for completion of phase separation. After letting it 

stand for layering, the water and n-octanol were filtered using 

0.22 μm membranes. The concentration of 25-OCH
3
-PPD in 

the filtered solutions were analyzed after dilution by mobile 

phase by HPLC—evaporative light scattering detector. The 

octanol–water partition coefficient of 25-OCH
3
-PPD was 

calculated based on their concentration in each phase. The 

experiment was carried out in triplicate.

Chromatography and mass spectrometry 
conditions
The concentration of 25-OCH

3
-PPD in plasma samples were 

analyzed by liquid chromatography–tandem mass spectrom-

etry. The HPLC was performed on an Agilent 1290 ultra 

performance liquid chromatography system (Agilent Tech-

nologies, Santa Clara, CA, USA) with a Shiseido C
18

 column 

(150 mm ×4.6, 5 μm, Shiseido, Tokyo, Japan). The column 

was maintained at 30°C. The solvent consisted of a solu-

tion of acetonitrile and 5 mM aqueous ammonium acetate 

(73:27 v/v). The flow rate was 1.0 mL/min, and injection 

volume was 10 μL. The HPLC system was connected with 

an API 4,000 triple-quadrupole tandem mass spectrometer 

(Applied Biosystem/MDS SCIEX, Foster City, CA, USA) 

with an electrospray source, equipped with a turbo ion spray 

interface in the positive mode along with an ion-spray voltage 

of 4,500 V, a curtain gas pressure of 20 psi, a nebulizer gas 

pressure of 40 psi, a heater gas pressure of 40 psi, and a col-

lision gas pressure of 4 psi. The source temperature was set 

at 500°C. All of the gases were nitrogen. The fragmentation 

transitions for the multiple reaction monitoring were m/z 

493.5 → 425.4 amu for 25-OCH
3
-PPD and m/z 430.3 → 

372.1 for mifepristone as internal standard substance.

Quantitative analysis of plasma samples
Frozen samples were allowed to thaw at room temperature. 

To 50 μL plasma sample in a glass tube was added 10 μL of the 

internal standard solution (6 µg/mL) and 100 μL acetonitrile. 

The mixture was vortexed for 30 seconds and centrifuged at 

14,000 g for 5 minutes. Then, 10 μL of the supernatant was 

injected for liquid chromatography–tandem mass spectrome-

try canalysis. The whole analytical methodology was validated 

for accuracy and precision as previously described.16

Pharmacokinetics studies of free  
25-OCH3-PPD and nanoemulsion  
25-OCH3-PPD-phospholipid
For pharmacokinetic study, male SD rats were provided by 

the Experimental Animal Center of Shenyang Pharmaceuti-

cal University (Shenyang, People’s Republic of China). All 
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animals were housed under controlled conditions (23°C±2°C, 

relative humidity 50%±5%) with a natural light–dark cycle 

for at least 1 week before starting the experiments. All the rats 

were given free access to water and standard rodent food for 

1 week before administration of the phospholipid complex. 

Ten SD male rats were randomly assigned to two groups. All 

the rats were fasted but had free access to water for 12 hours. 

One group was treated with oral 25-OCH
3
-PPD suspension, 

which was prepared in 5% sodium carboxymethyl starch 

solution, at a dose of 20 mg/kg (1.25 mg/mL), while the other 

group was orally administered a nanoemulsion of 25-OCH
3
-

PPD-phospholipid complex of equal dose.

The rats were anesthetized with ether and 300 μL of blood 

was collected into heparinized tubes from the eyeground 

veins at 0.25, 0.5, 1.0, 1.5, 2.5, 4.0, 6.0, 9.0, 12, 24 hours 

after oral administration. Thereafter, the blood was centri-

fuged at 3,500 g for 10 minutes, and was stored at −20°C 

before analysis.

Statistical analysis
Pharmacokinetic parameters were calculated using DAS 2.0 

software (Shanghai Traditional Chinese Medicine University, 

Shanghai, People’s Republic of China). Analysis of variance 

of maximum concentration (C
max

) and area under the curve 

(AUC)
(0–24 h)

 was performed, and the mean separation was 

done by least significant difference (P,0.05) using SPSS 

16.0 program for windows (SPSS Inc., Chicago, IL, USA).

Results
Preparation of nanoemulsion based on 
25-OCH3-PPD-phospholipid complex
The complex was prepared with 25-OCH

3
-PPD and phospho-

lipid with molar ratio 1:1 at 40°C for 2 hours. The contents of 

25-OCH
3
-PPD in the complex were 40.11%. The formation 

of phospholipid complex was confirmed by DSC, IR, and 

SEM analysis. Nanoemulsion of the phospholipid complex 

was prepared by dissolving 4 mg/mL of the complex in 1% 

of hydrophilic surfactant PEG 400 water solution, and the 

average particle size was 118.7 nm with polydispersity index 

of 0.124. Excessive temperatures were discouraged as they 

could promote the degradation of phospholipid.

DSC
DSC thermograms of pure 25-OCH

3
-PPD (A), phospho-

lipid (B), physical mixture (C), and 25-OCH
3
-PPD-phospho-

lipid (D) are demonstrated in Figure 2. The thermal curve of 

25-OCH
3
-PPD showed a typical sharp peak at ~263.83°C, 

while phospholipid exhibited two different endothermal 

peaks. The first peak at 218.64°C was mild, suggesting 

the formation of this peak was due to movement of hot 

phopsholipid polar parts. The second one at 254.82°C was 

relatively sharp owing to the transition point from a gel-like 

state to liquid crystal state. The DSC curve for the 25-OCH
3
-

PPD-phospholipid complex showed the endothermal peak at 

241.77°C and the peak of 25-OCH
3
-PPD almost disappeared. 

Physical mixture of 25-OCH
3
-PPD and phospholipid still 

exhibited a peak at 265.77°C, nearly the same as the peak 

of 25-OCH
3
-PPD.

Scanning electron microscopy
The surface morphology of 25-OCH

3
-PPD-phospholipid 

complex, physical mixture, and phospholipid are shown 

in Figure 3. With ×500 magnification, pure 25-OCH
3
-PPD 

appeared as a column crystal structure (Figure 3A). Whereas it 

was evident that 25-OCH
3
-PPD was uniformly dispersed in the 

25-OCH
3
-PPD-phospholipid complex in the amorphous state 

(Figure 3B), the shape of 25-OCH
3
-PPD and phospholipid 

(Figure 3D) appeared in the physical mixture (Figure 3C).

Infrared absorption spectroscopy
The complex confirmed by Fourier transform IR spectroscopy 

and the spectra of 25-OCH
3
-PPD (A), phospholipid (B), 

physical mixture (C), and 25-OCH
3
-PPD-phospholipid (D) 

are shown in Figure 4. The remarkable feature of 25-OCH
3
-

PPD was the hydroxyl stretching vibration at 3,386.1 cm−1 

(Figure 4A), which was 3,286.1 cm−1 (Figure 4D) in the phos-

pholipid complex and 3,400.7 cm−1 (Figure 4C) in the physi-

cal mixture. In addition, the P-O bond stretching vibration in 

phospholipid molecules was sharp at 1,242.9 cm-1 (Figure 4B), 

which was 1,246.2 cm-1 (Figure 4C) in the physical mixture 

but weak at 1,246.9 cm-1 (Figure 4D) in the phospholipid 

complex. The results suggested that the hydroxyl in 25-OCH
3
-

PPD interacted with P-O group in phospholipid.

Figure 2 Differential scanning calorimetry thermograms of 25-OCH3-PPD (A), 
phospholipid (B), physical mixture (C), and complex (D).
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Figure 3 Scanning electron microscopic pictures of 25-OCH3-PPD (A), 25-OCH3-PPD-phospholipid complex (B), physical mixture (C), and phospholipid (D) at ×500 
magnification.

Figure 4 (Continued)
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Figure 4 Infrared radiation of 25-OCH3-PPD (A), phospholipid (B), physical mixture (C), and complex (D).
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Solubility and oil–water partition 
coefficient of 25-OCH3-PPD-
phospholipid complex
Table 1 displayed the solubility of 25-OCH

3
-PPD, physical 

mixture, 25-OCH
3
-PPD-phospholipid in water and in 

n-octanol at 37°C. The results showed that the solubility 

of 25-OCH
3
-PPD-phospholipid in water and in n-octanol 

exhibited enhancement of 4.9 and 1.4 times, respectively. 

Lipophilicity is usually measured as partition coefficient as 

log P. The apparent partition coefficients of pure 25-OCH
3
-

PPD, physical mixture, and complex in n-octanol/water 

system were 1.28, 1.53, and 2.19. The results illustrated 

that log P of phospholipid complex was 1.7 times higher 

compared with free compound.

Pharmacokinetics experiments
The responses of 25-OCH

3
-PPD and mifepristone to electron 

spray ionization were evaluated by recording the full-scan 

mass spectra in both positive and negative ionization modes. 

The response in the negative mode was better than the posi-

tive mode. These tandem mass spectrometry fragmentations 

are shown in Figure 5. The fragmentation transitions for the 

Table 1 Apparent solubility of 25-OCH3-PPD, physical mixture 
and complex in water and in n-octanol at room temperature

Samples Solubility (μg/mL)

Water n-octanol

25-OCH3-PPD 9.44±0.11 518.87
Physical mixture 22.59±1.13 454.11
25-OCH3-PPD-phospholipid complex 46.87±1.17 715.95

Note: n=3, mean ± SD.
Abbreviation: SD, standard deviation.

Figure 5 Product ion mass spectra of [M+H]+ ions. Product ion mass spectra of 25-OCH3-PPD (m/z 493.5 → 425.4) (A) and mifepristone (m/z 430.3 → 372.1) (B).
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multiple reaction monitoring were m/z 479.4 → m/z 461.5 

amu for 25-OCH
3
-PPD, and m/z 430.3 → m/z 372.1 amu for 

mifepristone. Peak area ratios of the analyte to internal standard 

were calculated and calibration curves were established by 

fitting the ratio (y) to the corresponding concentrations (x) by 

least squares regression with 1/X2 as weighing factor. Quanti-

fication range for 25-OCH
3
-PPD was 2.5–1,000 ng/mL and the 

calibration curve was: y=0.00193x+0.000853 (r=0.9967).

The mean plasma concentration versus time profiles of 

25-OCH
3
-PPD after oral administration of nanoemulsion and 

suspension at a dose of 20 mg/kg are depicted in Figure 6. 

The pharmacokinetic parameters of 25-OCH
3
-PPD obtained 

from the study are shown in Table 2. The results indicate 

that C
max

 of nanoemulsion was 3.9-fold higher compared to 

C
max

 of pure compound. Meanwhile, t
1/2

 of the nanoemulsion 

and pure compound was 3.58 and 2.51 hours, respectively. 

The AUC
(0–24 h)

 of 25-OCH
3
-PPD-phospholipid complex 

(97.24 ng/mL⋅h) was 3.65-fold higher than that of pure com-

pound (26.65 ng/mL⋅h). This increase of AUC
(0–24 h)

 in the 

nanoemulsion resulted in a relative bioavailability of 365% 

compared to pure compound.

Discussion
Phospholipids, the major building blocks of cell membranes, 

are miscible in both water and lipid environments and thus 

can accompany the compound through biological mem-

branes and improve absorption and bioavailability. Drug–

phospholipid complexes are drug carrier systems that were 

introduced by the Italian researcher Bombardelli during his 

studies on liposomes.30 The phospholipid complexes of active 

compounds from traditional Chinese medicine, including 

oxymatrine, quercetin, and mangiferin improved gastroin-

testinal absorption and increased bioavailability.31–33

25-OCH
3
-PPD has low water and lipid solubility, and 

exhibits low oral absorption. This group previously devel-

oped a self-microemulsifying drug delivery system to enhance 

the oral bioavailability of 25-OCH
3
-PPD due to enhancing 

permeation across the intestinal membrane.34 However, self-

microemulsifying drug delivery system formulation included 

more surfactants, which would be harmful to human health. 

Complex with phospholipids may considerably improve the 

physicochemical properties of active components derived 

from herbal medicines, meanwhile enhance bioavailability. 

The nanoemulsion of 25-OCH
3
-PPD was prepared based on 

phospholipid complex in order to administrate to rats easily. 

In the present study, the solubilities of this compound in water 

and n-octanol were enhanced after formation with phos-

pholipid. Phospholipid that acts as amphiphilic surfactant 

increases the solubility because of its wetting function, thus 

lowering the interfacial tension. The increased oral absorption 

of 25-OCH
3
-PPD in rats can be attributed to the increased 

hydrophilic and lipophilic property of the compound, pos-

sibly enhancing the rate and the extent of entry into intestinal 

fluids and penetration of the intestinal mucosa.

25-OCH
3
-PPD-phospholipid complex was character-

ized by DSC, SEM, and IR analyses, which are reliable and 

rapid methods to screen drug and excipient compatibility, 

and provide maximum information about the possible 

interactions.23 The peak of 25-OCH
3
-PPD almost disappeared 

and a new peak occurred in the DSC curve of 25-OCH
3
-

PPD-phospholipid complex. The surface morphology of 

25-OCH
3
-PPD-phospholipid complex was different from 

the free compound. The spectrum of IR demonstrated the 

force of hydrogen bond between phospholipid and 25-OCH
3
-

PPD, while there existed little differences between the IR 

spectra of 25-OCH
3
-PPD-phospholipid complex and physi-

cal mixture. 25-OCH
3
-PPD was uniformly dispersed in the 

amphiphilic structure of phospholipid, and the quantity of 

phospholipid was more than that of 25-OCH
3
-PPD, so signals 

of phospholipid overshadowed many weaker signals from 

Figure 6 The plasma concentration–time curve of 25-OCH3-PPD in rats after the 
oral administration of 25-OCH3-PPD in Carboxyl methyl Cellulose (CMC) and the 
complex (20 mg/kg, 25-OCH3-PPD).
Note: Data are presented as mean ± SD, (n=5).
Abbreviation: SD, standard deviation.

Table 2 Pharmacokinetic parameters of 25-OCH3-PPD and 
complex in rats after oral administration

Parameters 25-OCH3-PPD 25-OCH3-PPD-
phospholipid

t1/2 (hours) 2.51±0.74 3.58±0.34
Tmax (hours) 2.25±2.47 2.10±0.55
Cmax (ng/mL) 7.18±3.39 28.07±19.52*
AUC(0–24 h) (ng/mL hours) 26.65±7.11 97.24±40.17*
AUC(0–∞) (ng/mL hours) 44.52±16.40 114.02±44.84

Notes: Data are presented as mean ± SD (n=5), *P,0.05.
Abbreviations: AUC, area under the curve; SD, standard deviation.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2016:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3715

Nanoemulsion of 25-methoxyl-dammarane-phospholipid complexes

smaller quantities of 25-OCH
3
-PPD. These findings suggest 

that some weak physical interactions occurred during the 

complex formation. There was no crystal habit present on 

surface morphology studies, so it could be concluded the 

complex was formed.

The water solubility of 25-OCH
3
-PPD in phospholipid 

complex was 4.9-fold compared with free compound. The 

partition coefficients (log P) of 25-OCH
3
-PPD in the form 

of phospholipid complex was 1.7 times compared with free 

compound. The increased log P was due to both the lipophi-

licity of phospholipid and the intermolecular forces between 

the compound and phospholipid.25 After oral administration 

of free compound suspension and emulsion of phospholipid 

complex in rats, the AUC
(0–24 h)

 and C
max

 of 25-OCH
3
-PPD in 

the phospholipid complex were about 3.5 and 3.9-fold of free 

compound. Furthermore, T
max

 with nanoemulsion (2.1 hours) 

was little shorter than free compound (2.25 hours) and may 

be attributed to the quick absorption due to the small size of 

vesicles, modified lipophilicity, and similarity between the 

emulsion and biomembranes.

Conclusion
The present investigation reports the development of nano-

emulsion of 25-OCH
3
-PPD based on a phospholipid complex. 

Phospholipid complex of 25-OCH
3
-PPD was prepared and 

evaluated in vitro and in vivo. Solubility studies showed there 

was a higher solubility in water (4.9 times) and n-octanol 

(1.4 times) for the phospholipid complex. The in vivo 

pharmacokinetic results are promising in demonstrating 

the improved oral bioavailability of 25-OCH
3
-PPD using 

nanoemulsion prepared by phospholipid complex.
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