
INTRODUCTION
Almost 90% of the medication is taken orally. The drug’s ability 
to dissolve in an aqueous medium significantly impacts the 
drug’s bioavailability and pharmacokinetics profile when taken 
orally. The most popular way for administering medications 
is oral since it has high patient compliance and less expensive 
manufacturing costs than other methods. Low bioavailability, 
however, poses a significant obstacle to the creation of oral 
dosage forms. Low plasma membrane permeability and poor 
aqueous/lipid solubility are the primary causes of medicines’ 
poor bioavailability.1 Because of the phospholipid complex’s 
gained more focused on and developed into among the most 
effective techniques among the many strategies investigated in 
recent years for the enhancement of poorly absorbed drugs’ oral 
bioavailability medicines. Most investigations have shown that 
the compound of phospholipids has a great capacity to enhance 
the water-solubility of medicines and boost penetration across 
the intestinal epithelium. However, the phospholipid complex 

has a propensity to cluster and agglomerate because of the 
sticky nature of phospholipids. Although the phospholipid 
complex may increase the dissolving of pharmaceuticals to 
some amount compared to free drugs, this disadvantage leads 
to poor dissolution and oral absorption of drugs. As a result, it’s 
important to pick the right carriers to spread the phospholipid 
complex and boost the drug’s absorption.2

Phospholipids, sometimes referred to as phosphatides, are 
a subclass of lipids with two hydrophobic tails of fatty acids 
connected by glycerol, a hydrophilic molecule, and a head 
containing a phosphate group. A straightforward organic 
molecule, such as choline, ethanol, or serine, can modify the 
phosphate group. The main building blocks of cell membranes 
are phospholipids. Theodore Nicolas Gobley, a French chemist 
and pharmacist, discovered the first phospholipid in 1847 in the 
phosphatidylcholine found in the chicken egg yolk.3

The term “lipid-based drug delivery systems” (LDDS) 
refers to a wide range of formulas, each of which has unique 
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structural and functional characteristics that can be modified 
by altering the proportions of additives and lipid excipients. 
The majority of lipid drug delivery systems are effective 
as drug distributors because they are highly stable, have a 
large carrier capacity, can be incorporated substances that 
are both hydrophilic and hydrophobic, and have a variety 
of delivery methods, such as oral, topical, parenteral, and 
pulmonary routes. Lipids have attracted a lot of interest as 
delivery systems for medications with poor water solubility. 
Novel lipid excipients with respectable safety and regulatory 
characteristics are now available.4 The development of lipid-
based formulations as a route of drug delivery has been aided 
by their capacity to improve oral bioavailability.5

The negatively charged phosphate group is present in the 
hydrophilic head, which may also include other polar groups. 
Long fatty acid hydrocarbon chains are the norm for the 
hydrophobic tail. Depending on their unique qualities, they 
build a variety of formations in the water. They typically 
take the form of with the hydrophilic head group facing the 
water on both sides and the hydrophobic tails lined up against 
one another, micelles are structured as lipid bilayers. The 
most often employed component of liposome formulation, 
phospholipids containing glycerol account for greater than 50% 
of the mass of lipids in cellular membranes. The source of these 
is phosphatidic acid. The phosphoric ester of the molecule’s 
main structural component is glycerol.6 It is possible to further 
esterify one of the phosphoric acid’s OH groups to a variety 
of organic alcohols, such as glycerol, choline, ethanolamine, 
serine, and inositol.7

Phospholipids from soy, primarily phosphatidylcholine 
(PC), are the most widely used lipid phase components for 
the production of liposomes and phytochromes. Because 
to its low toxicity, metabolic activity, biodegradability, and 
biocompatibility compared to its artificial equivalents, soybean 
phosphatidylcholine (SPC) has been used in medicine for 
several years. SPC is a desirable candidate for manufacturing 
medicinal dosage forms due to its wealth of attributes. In both 
water and oil, phosphatidylcholine is miscible.8

When given orally, lipid environment and is well 
absorbed. The opposing head of PC, choline, interacts with 
phytoconstituents in its two polar and non-polar regions by an 
H-band is formed between its phosphate group, the group of 
hydroxyl of the phytoconstituents. Phytosomes have improved 
physical stability because of the chemical link between the 
H-band of PC and phytoconstituents, which improves the 
absorption of hydrophilic polar phytoconstituents and increases 
their bioavailability and therapeutic effects.9

A brownish-yellow fatty material found in either plant or 
animal tissue and made up phosphoric acid, phospholipids, 
and triglycerides such as glycolipids, referred to as lecithin 
(phosphatidylcholine). Lecithin is chemically derived using 
sources including eggs, milk, soybeans, and marine sources, 
sunf lower, cottonseed, and rapeseed. Lecithin contains 
lubricating and emulsifying qualities.10

Drugs with poor inability to dissolve (BCS classes III and 
IV) or permeability class II) typically have relatively low 
bioavailability when administered orally. The presence of 
metabolizing enzymes, a pump P-GP that results in the 
emission of nude medicines, and environmental pH-mediated 
degradation are additional causes of limited bioavailability. 
Delivery vehicles are necessary for medications to reach 
the desired degree of systemic circulation.11 Phospholipid-
drug complexes, in which the absorption process is by the 
triglycerides and necessary The absorption of phospholipids 
might be utilized as the same purpose. Like phospholipids 
are naturally absorbed by the body through enterocytes, the 
phospholipid-drug complex is absorbed through a similar 
method. The phospholipid is made up of two fatty acid chains 
that are structurally joined to a diacylglycerol (glycerol) 
moiety. This degradation releases fatty acids, which cause 
the phospholipid to be absorbed. The drug-diacyl glycerol 
combination also experiences hydrolysis when given orally. 
At a pH of 1.5 or less, some hydrolysis takes place in the 
stomach, and the majority of it begins in the duodenum, where 
juice-like secretions from the liver, bile bladder, and pancreas 
are released.12 

Because phospholipases, specifically phospholipase 
A2, are present, drug-diacyl glycerol is hydrolyzed in the 
intestine, releasing fatty acids and drug-monoacyl glycerol 
in the process. Micellar vehicles are then created from the 
previously mentioned substance, monoacyl glycerol, and 
bile salts. Bile must be excreted into the duodenum for these 
micelles to develop, and this process is controlled by the 
hormone cholecystokinin (CCK), which is released when 
triglycerides and diacyl-glycerol phospholipids are hydrolyzed, 
a larger concentration of fatty acids is produced.13 However, 
the little hydrolysis that takes place in the stomach often 
results in the fatty acid release that initially cause the release 
of CCK, which then further controls the discharge of bile 
salts and acids. Following hydrolysis, enterocytes passively 
diffuse the vesicles of drug-monoacyl phospholipid into 
their cells. Medications’ endogenous diglycerides and drug-
monoacyl phospholipids are converted to triglycerides and 
diacyl phospholipids, respectively, by enzymes in the smooth 
endoplasmic reticulum of enterocytes. Additionally, apoprotein 
B-48 joins the phospholipid vesicle in the golgi apparatus 
to create a developing chylomicron.14 The lacteal (lymph 
capillary) carries the chylomicron out first-pass metabolism 
and from the gut once it exits the enterocyte via exocytosis 
through the basal membrane. At the point where the left 
subclavian vein connects to the thoracic duct, the chylomicrons 
release the drug complex into the bloodstream. When a nascent 
chylomicron enters the systemic circulation, high-density 
lipoprotein transmits apolipoprotein C-II and apolipoprotein 
E to the nascent one, converting it to a mature chylomicron.15

METHOD OF PREPARATION

Solvent Evaporation Method
For the drug’s phospholipid complex synthesis, they used the 
solvent evaporation approach.16
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The rota evaporator uses the technique of lowering the boiling 
point by applying the vacuum, then rotating, increasing the 
solution’s area that is being heated. The rota evaporator is an 
appropriate technique for causing complex formation because 
of its caliber and capacity to deal with a lot of solvents. The 
high-pressure vacuum system is needed when compared to the 
co-grinding approach, it was shown that the vaporization of 
solvent produced a high drug complexation level. However, this 
approach was deemed viable for production on a larger scale.17 

Sublimation is the underlying principle of the lyophilization 
process (removal of water without the liquid phase from a 
frozen state). Ice can be sublimated through lyophilization, 
which is done under pressure and temperature settings 
below the triple point.18 The freezing stage, primary drying, 
and secondary drying are three stages in the lyophilization 
procedure. In a study by Cui et al., an illustration of the 
utilization to lyophilize co-solvents creates a pharmaco-
phospholipid complex provided. In their research, the authors 
created diffraction.19 The anti-solvent technique, a research 
published by Murugan et al., describes the procedure in 
detail. The authors reported the anti-solvent precipitation 
method for precipitating the ellagic acid phospholipid complex 
utilizing The anti-solvent is n-hexane and DCM as the solvent. 
The results of the combined DSC and TEM investigation 
verified the development of the drug-phospholipid complex. 
Solubilization, IR, and X-ray analyses were used to describe 
the insulin phospholipid complex.20

To further enhance the oral bioavailability and solubility 
of ferulic acid according to the phospholipid complex, a novel 
matrix dispersion of ferulic acid according to the phospholipid 
complex matrix dispersion ferulic acid phospholipid complex 
(MD-FAPLC) was organised in the current study using the 
sonocomplex method. This was done without damaging 
the state of complexation of the ferulic acid phospholipids, 
too. However, PC is sticky because these lipids have a low 
melting point. They are sticky even at room temperature. Its 
aggregation and agglomeration non-flowing qualities lead to 
limited oral absorption and insufficient dissolving. When the 
matrix dispersion material is applied in these circumstances, 
pentaerythritol acts as the dispersion carrier.21

A carrier for dispersion, pentaerythritol was described by 
Telange et al. as a matrix dispersion agent and a dissolution 
enhancer. The pentaerythritol boosts ferulic acid solubility and 
enhances ferulic acid’s oral bioavailability while reducing the 
sticky quality of the phospholipid complex. The proportion of 
pentaerythritol, phospholipid, and ferulic acid (1:2:5). The 1:2 
ratio preserves GIT’s integrity and stops GIT from degrading it. 
This beneficial interaction both accelerates medication release 
and boosts bioavailability.22

Ferulic acid’s complicated antioxidant action mechanism 
relies on neutralizing (or “sweeping”) free radicals as well as 
inhibiting the production of reactive oxygen species (ROS) or 
nitrogen. This substance may also give atoms straight to the 
radicals, acting as a hydrogen donor. Only 24.38 11.9 ng/mL 
of ferulic acid reached its maximum concentration (15 minutes 

following oral 100 mg/kg dosing ganglioside C). But following 
the intravenous treatment of 5 mg/kg ganglioside, the amount 
of ferulic acid that was found in the maximum concentration 
in the plasma sample was 382.57 and 108.9 ng/mL.23

MATERIAL AND METHODS
Ferulic acid was gifted by Yucca Enterprises, Mumbai India. 
Galactose, LIPOID® S 100, ethanol, pentaerythritol, sulfonic 
acid, ethanol, N-hexane, N-octanol, phosphate potassium 
dihydrogen, and sucrose was purchased from Ozone® 
International, Ahmedabad, India.
Methods

Preparation of Ferulic Acid Phospholipid Complex (FAPLC)
By using a sono complex technique, a FAPLC was created with 
a ferulic acid: phospholipid a 1:2 (w/w) ratio. In a nutshell, the 
phospholipid (LIPOID® S 100) (194 mg) and ferulic acid (20 
mg) were precisely weighed, dissolved in ethanol and placed 
in a 100 mL round bottom flask (20 mL) at room temperature. 
It was sonicated for 2 hours. Following the sonication, the 
ethanol evaporated using a water bath to remove 1–2 mL of the 
liquid residue, which led to the addition of 10 mL of n-hexane 
to create the FAPLC. The resulting FAPLC was vacuum-dried 
at 40°C for 12 hours. An amber-colored glass vial was used to 
retain the dried FAPLC and for subsequent analysis.24

Preparation of Matrix Dispersion Ferulic Acid Phospholipid 
Complex (MD-FAPLC) 
The phospholipid and ferulic acid matrix dispersion complex 
was created at ferulic acid: Sono complex technique yields 
a phospholipid: pentaerythritol ratio of 1:2:5. In a nutshell, 
ethanol (20 mL) was dissolved in a round-bottom f lask 
containing ferulic acid (100 mg), phospholipid (200 mg), 
and pentaerythritol (500 mg) at ambient temperature The 
concoction was sonicated for 2 hours. After sonication, the 
ethanol partially evaporates at ambient temperature and then 
entirely evaporates with the aid of a water bath in 1–2 mL of a 
mixture to create MD-FAPLC. The resulting MD-FAPLC was 
vacuum-dried at 40°C for 12 hours. An amber-colored glass 
vial was used to retain the dried FAPLC and for subsequent 
analysis.25

Physical-chemical Characterization of MD-FAPLC

Differential Scanning Calorimetry (DSC)
Making use of a differential scanning calorimeter (Model: 
DSC1821e, Analytical Mettler-Toledo AG, Schwerzenbach, 
Switzerland), the thermal characteristics of the FA, PM, 
LIPOID® S 100, Pentaerythritol, and MD-FAPLC were 
examined. In a nutshell, the sample (about 2 mg) was weighed 
and placed into an analysis area that had already been 
calibrated and N2-purged. In the heating range of 0 to 400°C, 
the loaded sample was heated at a rate of 10°C/min.26

Infrared Spectroscopy using Fourier Transforms 
To recognize the useful group interaction between the 
formulation’s parts, FT-IR is a useful analytical instrument 
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that is frequently used. Using an fourier-transform infrared 
spectroscopy (FTIR) spectrophotometer, the FA, PM, 
LIPOID® S 100, pentaerythritol, and MD-FAPLC were 
examined (Model: FTIR-8300, Shimadzu, Kyoto, Japan). 
Potassium bromide of FTIR grade and sample powder were 
combined, and a Shimadzu, Kyoto, Japan, Model: MHP-1, 
P/N-200-66, 747-91 mini hand press machine was used to 
compress the mixture into thin clear discs. Then, this scan of 
the disc with a 4 cm1 resolution and a wavenumber range of 
400 to 4000 cm1. Software that came with the instrument (IR 
Solution, version 1.10) was used to analyze and interpret the 
scanned image of each FTIR sample.27

Solubility Studies
A process for determining how well pure FA, PM, and 
MD-FAPLC are soluble in each case. Briefly, extra amounts of 
the aforementioned materials were dissolved enclosed in glass 
vials. It includes 5 mL of N-octanol or distilled water. The vials’ 
contents were then shaken for 24 hours with a shaker (Remi 
House, Mumbai, India, model: RSB-12). Following agitation, a 
0.45 membrane filter was used for filtration after the generated 
centrifuging the dispersion at 1500 rpm for 25 minutes. To 
determine whether each sample was soluble in N-octanol or 
water, the filtrate was appropriately diluted. The solution was 
then tested against a blank using a laser with a maximum 
wavelength of 311 nm. A UV-visible spectrophotometer 
(Model: V-630, JASCO International Co., Ltd. Tokyo, Japan) 
was used to measure the sample absorbance.28

In-vitro Dissolution Studies
On a dissolution apparatus, the USP method II (paddle 
method) was used to assess the dissolution characteristics of 
pure FA, PM, and MD-FAPLC (Model: TDT-08LX, made by 
Mumbai, India-based Electrolab India Pvt. Ltd. the pure FA 
samples (50 mg), PM (equal to approximately 50 mg FA), and 
MD-FAPC formulation (equivalent to approximately 50 mg 
FA) were dispersed into continuously stirred dissolving media 
(Phosphate buffer, pH 6.8, kept at 37 0.5°C). At predefined 
intervals, portions of the specimens were taken out and filtered 
(0.45 m) for analysis. The sink conditions were kept constant 
by adding a new medium to the dissolving vessels in amounts 
comparable to the extracted sample amounts. The filtered 
analysis was tested for UA absorbance at 314 nm.29

RESULT AND DISCUSSION 

Calorimetry that uses Differential Scanning
When determining the physical and solid-state interaction (i.e., 
presence, disappearance, shifting, and/or altering the area and 
position of the peak) between the formulation’s component 
parts. The DSC curve of FA, pentaerythritol, LIPOID® S 100 
PM, and MD-FAPLC shown in Figure 1 (A-E), respectively. FA 
DSC’s curve (Figure 1A) revealed a high-intensity endothermic 
peak with an enthalpy value of about 174.25°C. of ~105.16 
J/g, revealing FA’s polymorphic form I. The LIPOID® S 100 
thermogram peak is shown in (Figure 1C). The endothermic 
peak is around ~109.75~239.61 and ~280.37°C. Figure 1D 

[B]

[C]

[D]

[E]

Figure 1: Diffractogram of A). Ferulic acid B). pentaerythritol C). 
LIPOID® S 100 D). PM E). MD-FAPLC

[A]
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shows the DSC cure of PM. The endothermic peak is around 
~197.08~269.94 and ~336.53°C to show the interaction of 
FA, pentaerythritol, and LIPOID® S 100. The DSC cure of 
MD-FAPLC is shown in Figure 1E. the endothermic peak is 
around ~198.84~253.54 and ~336.82°C show the interaction of 
FA, pentaerythritol, and LIPOID® S 100 convert to crystalline 
to amorphous state.

Infrared Spectroscopy using a Fourier Transform
The identification of functional groups and their interactions 
with other formulational ingredients are vitally aided by FTIR 
studies. Figure 2 (A-E) demonstrates the FA FTIR spectrum, 
pentaerythritol, LIPOID® S 100, and PM, respectively. A peak 
of absorption can be seen at 3436.6 (OH stretching) and 1617.7 
(C=C stretching) in the FTIR spectrum of FA shown in Figure 
2A, 1461.1 1688.5 (C=O stretching), (C=C aromatic stretching 
vibration), 1662.4 stretching (C=C). The pentaerythritol 
spectrum (Figure 2B) reported absorption peaks at 3268.9 
(-OH stretching), 2877.5 (asymmetric C-H stretching), 1274.7 
and 1125.7 (C-C stretching), and 1010.1 (C=O stretching) 
The FTIR spectrum of lipoid s100 is displayed in Figure 2C. 
LIPOID® S 100 shows the characteristics absorption peak at 
2926.0 and 2855.1 (C-H stretching of long fatty acid chain), 
1736.9 (C = O stretching of fatty acid ester) 1651.2 (C-C 
stretching).
Solubility Studies
The FA’s solubility analysis, physical mixture PM, and MD– 
FAPLC in N-octanol or water is demonstrated in the Table 1. 
The water solubility of the pure FA was only about 0.76 mg/mL, 
whereas, The solubility of FA rose by 1.89 mg/mL inn-
octanol, respectively. Because FA is a BCS II medication 
with low solubility and high permeability, the results are not 
unexpected. The PM has higher N-octanol solubility about 
3.52 and higher aqueous solubility as well as 5.12 mg/mL 
less than pure FA. This might be explained by the interaction 
between the positive charge (N+) of the phospholipid and 
the negative charge (C=O) of the FA, which resulted in a 
little improvement in the solubility of the FA in water. When 
compared to pure FA and PM, the MD-FAPLC showed higher 
aqueous solubility of approximately 7.85 mg/mL (8-fold higher) 
(p 0.05). The solubility finding was significant. The following 
mechanism, i.e., intimate association, contact, dispersion, and 
then amorphization of FA as a result of LIPOID® S 100’s 
amphiphilic character, could be used to explain this improved 
aqueous solubility. Additionally, it might be hypothesized that 
wrapping two long fatty acid chains around the polar head of 
LIPOID® S 100 enhanced the amorphization and dispersion 
of the FA, resulting in increased aqueous solubility (Table 1).
Study on Dissolution
Prior to oral medications passing through the gastrointestinal 
tract’s biological membranes and entering the systemic 
circulation. In gastric fluids, they must first dissolve. Low 
dissolution is a sign of poor oral bioavailability in drugs 
with poor water solubility. Therefore, one of the main issues 
in pharmaceutical research is improving the solubility of 

[A]

[B]

[C]

[D]

Figure 2: FTIR of A). Ferulic acid B). pentaerythritol C). LIPOID® S 
100 D). PM E). MD-FAPLC

[E]

Table 1: Solubility studies

Sr no sample Aqueous solubility
(mg/mL)

n- octanol solubility
(mg/mL)

1 FA 0.76 ± 0.08 1.89 ± 0.46
2 PM 3.5 ± 21.05 5.12 ± 1.53
3 MD-FAPC 7.85 ± 2.06 9.56 ± 2.65
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weakly water-soluble medicines. Figure 3 and Table 2 depicts 
the profile of disintegration of ferulic acid because pure 
ferulic acid, physical blending (PM), pentaerythritol, and 
MD-FAPLC in phosphate buffer (pH 6.8), respectively. The 
drug’s breakdown of MD-FAPLC was 8.2% within the first ten 
minutes, whereas pure ferulic acid and the physical mixture only 
a small 2.2% and 3.1% showing that the rate of breakdown of 
during the same time frame MD-FAPLC superior to that of 
ferulic acid and physical mixture. The dissolution of ferulic acid 
from MD-FAPLC was significantly enhanced in comparison 
with ferulic acid, and a physical mixture. The dissolution rate 
of MD-FAPLC was increased because pentaerythritol as a 
hydrophilic material with good wettability could improve the 
dispersibility of FAPLC. Pentaerythritol is also a dissolution 
enhancer. Thereby increasing the surface area of FAPLC. The 
solubilization and wetting abilities of the phospholipids aided 
in the enhanced solubility of ferulic acid. Compared to its 

crystalline state, ferulic acid’s amorphous state in MD-FAPLC 
increased its solubility in water.

CONCLUSION
In the current study, the solvent evaporation method prepared 
a novel matrix dispersion of ferulic acid based on phospholipid 
complex (FAPLC-MD) to further improve the dissolution 
and oral bioavailability of ferulic acid based on phospholipid 
complex without destroying the complexation state of 
ferulic acid and phospholipids. But the sticky nature of PC is 
because this lipid has a low melting point. These show sticky 
nature at room temp. It shows aggregation and agglomeration 
non-flowing characteristics which result in unsatisfactory 
dissolution and low oral absorption. In these cases adding 
the matrix dispersion material, the pentaerythritol is the 
dispersion carrier. Pentaerythritol is a dispersion carrier. 
They reported pentaerythritol as a dissolution enhancer and 
matrix dispersion agent. The pentaerythritol reduces the sticky 
nature of the phospholipid complex, increases the dissolution 
of ferulic acid, and improves the oral bioavailability of ferulic 
acid. The combination ratio of ferulic acid, phospholipid, and 
pentaerythritol (1:2:5). The 1:2 ratio maintains the integrity 
of GIT and prevents its degradation by GIT. These suitable 
interactions increase the drug release and also increase 
bioavailability.
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