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Abstract:- The drug delivery systems that were used in the 

past were done without any control over the time, place 

and speed of drug release, and this caused the amount of 

drug released in the blood to fluctuate, that is, the 

concentration of the drug in the blood could vary from 

The therapeutic range will be exceeded and its side effects 

will also increase. Therefore, with targeted medicine, it is 

possible to control the place of drug release, its speed and 

time, and minimize the side effects caused by the drug. In 

this regard, in this research, the natural hydrogel 

extracted from the Plantago ovate plant as one of the drug 

carriers in the body environment in order to increase the 

efficiency and reduce the degradation of the drug, prevent 

the side effects caused by the use of the drug and increase 

the access to the drug and improve Its effect was 

investigated at the lesion site. In this context, after 

extracting the natural hydrogel from Plantago ovate 

plant, the swelling rate of Plantago ovate gel powder was 

investigated at different pH, the FT-IR spectrum obtained 

from Plantago ovate hydrogel and the swelling rate of 

Plantago ovate mucilage at different pH were 

investigated. Therefore, the obtained results indicate that 

natural polysaccharides can be used as a natural drug 

carrier in drug delivery systems due to their high 

biocompatibility in the body environment, non-toxicity 

and cheapness. 

 

Keywords:- Targeted Drug Delivery - Plantago Ovate Plant 

- Natural Hydrogel - Polymer Nanoparticles. 

 

I. INTRODUCTION 

 

Nanoparticle-based drug delivery systems have 

received much attention and use in recent years. The pattern 

of using drug carriers in the body environment in order to 

increase the efficiency and reduce the degradation of the 

drug, prevent the side effects caused by the use of the drug and 

increase the access to the drug and improve its effect in the 

lesion site was investigated and used, and many 

pharmaceutical researches and clinical studies were 

conducted on this issue [1]. 
 

In a general definition, it can be said that particles whose 

size is in the range of (10- 100) nanometers are called 

nanoparticles. Nanoparticles, due to their very small size and 

high surface-to-volume ratio, can be used to attach multiple 

ligands to the surface due to their tendency to create multiple 

covalent bonds. Other characteristics of nanoparticles include 

chemical and biological stability, the possibility of binding to 
both hydrophilic and hydrophobic drugs, and the ability to be 

prescribed by different routes such as oral, inhalation and 

injection [2]. These nanoparticles have the ability to carry the 

drug in a dissolved, trapped, encapsulated or attached to the 

nanoparticle matrix.[3] 

 

Encapsulation is a technique that uses that substance or a 

combination of substances to be covered by another system. 

The coated material is called active material or core material 

and the coating material is called carrier or encapsulant. In 

recent years, this technique has made a lot of progress and 
growth in scientific and industrial societies. This method can 

be used to improve the efficiency, increase the stability, 

increase the compatibility of the active substance, increase 

safety, and also use it as a carrier in the targeted delivery of 

substances [4]. In this regard, in this research, the Plantago 

ovate plant and the natural hydrogel extracted from it have 

been investigated. 

 

II. CHARACTERISTICS OF THE PLANTAGO 

OVATE PLANT AND THE NATURAL 

HYDROGEL EXTRACTED FROM IT 

 
Plantago ovata with its scientific name belongs to the 

family of plantain plants, this plant is native to parts of Asia, 

Mediterranean and North Africa and is mainly found in Iran, 

India and Pakistan. Plantago ovate seed is almost boat-shaped 

and has a brownish color. Plantago ovate bran is obtained by 

grinding its seeds [5-6]. 
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Fig 1: Plantago Ovate Seed 

 
Among the natural polysaccharides that have recently 

been considered and studied in the field of hydrogel and drug 

delivery, the hydrogel extracted from Plantago ovate bran has 

been one of the most promising, a practical and light polymer 

that is easily available at low cost [7]. 

 

Plantago ovate bran is rich in a type of soluble fiber or 

mucilage, which has a long history of improving colon 

function and reducing the risk of colon cancer. This plant is 

used as a useful and effective food supplement in the 

treatment of digestive disorders. Also, weight loss and blood 

cholesterol level reduction are also reported among other 
medicinal properties of this plant [8]. 

In 1998, the US Food and Drug Administration (FDA) 

confirmed the healthiness of Plantago ovate bran and 

suggested that consuming 3-12 grams of soluble fiber 

obtained from Plantago ovate bran as a supplement in a low-

fat diet can reduce the risk of heart disease [6]. About 55-60% 

of the bran of Plantago ovate is made up of mucilage. This 

mucilage is a fibrous and white part that has the ability to 

absorb water and form a colorless and transparent gel [9]. 
 

 
Fig 2: Plantago Ovate Bran 

 

According to the studies done on Plantago ovate seed, it 

has been determined that Plantago ovate bran is covered with 

neutral arabinoxylan, which contains 6.22% arabinose, 

74.6% xylose and some other sugar elements [7]. 

 
Fig 3: Structure of Arabinoxylan Molecule [7]. 

 

Cross connections between arabinoxylan chains are covalent and ferulic acid bridges, and are partially responsible for the 

insolubility of arabinoxylan [10]. 
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Fig 4: Transverse Bridges in Arabinoxylan Chains 

 

III. NANOPARTICLES OF LIPID AND POLYMER 

ORIGIN 

 
Nanoparticles with lipid origin include liposomes, 

microemulsions and solid lipid nanoparticles, and the main 

base of their producing materials is fat [11] and nanoparticles 

with polymer origin are nanoparticles that are widely used in 

drug delivery. One of the characteristics of the polymers used 

in this field is their biocompatibility and non-toxicity. The 

advantages that this category of nanoparticles have over others 

is the ability to synthesize them in large quantities and also 

their stability. In this research, the hydrogel extracted from 

the Plantago ovate plant has been discussed. 

 

 Hydrogels 
For the first time in the early 1960s, Lim and Wichterle 

began their biological studies on a hydrophobic gel. After that, 

until today, a lot of efforts and studies have been devoted to 

the development and expansion of the capabilities of 

hydrogels [12]. In general, hydrogels can be called polymer 

networks (or structure) with a three- dimensional 

configuration that have transverse connections and are able to 

absorb large amounts of water or biological fluids [12-13]. 

 

The ability of hydrogel to absorb water is due to the 

presence of hydrophilic groups such as SO₃H, OH, CONH and 
CONH₂ in the structure of the constituent monomers, 

depending on the contribution of these groups and the nature 

of the aqueous environment and the composition of the 

polymer, the hydrogel can have different degrees of hydration 

which sometimes reaches 90% of the weight of the gel. On the 

other hand, there are also hydrophobic polymer networks, 

such as polylactic acid (PLA) or poly lactic-co-glycolic acid 

(PLGA), which have a low water absorption capacity (about 

5-10%). The content of water that can be absorbed by the 

hydrogel determines its unique chemical and physical 

properties. The fully swollen hydrogel has physical properties 

in common with living tissues, including its soft and elastic 
texture and interfacial tension with water and other biological 

body fluids. Due to their high water absorption power, 

hydrogels swell instead of dissolving in water and therefore 

acquire elastic properties, which minimizes the irritation of 

the tissues around the hydrogel after implantation. Low 

interfacial tension, between the hydrogel surface and body 

fluids, reduces protein absorption and cell adhesion, which 

reduces the body's negative reaction. In addition to the 

mentioned advantages, the pores in the hydrogel create the 

ability to contain the drug and therefore can be used as a drug 

delivery system. In this context, hydrogels can be used in the 
form of nanoparticles, microparticles, pieces and films [12-

14]. 

 

The reason why the gel does not dissolve in water is the 

presence of transverse connections between the polymer 

chains that make up the hydrogel, these stable connections 

may be in the form of covalent bonds or in the form of non-

covalent physical bonds such as ionic bonds, hydrogen bonds, 

hydrophobic bonds and physical entanglements [15]. 

 

IV. EXTRACTION OF PLANTAGO OVATE 

HYDROGEL 

 

In order to extract Plantago ovate hydrocolloid for use in 

the production of magnetic nanocapsules, 50 grams of 

Plantago ovate seeds were ground for 2 minutes by a 

laboratory grinding machine, and then the bran was separated 

from the kernel using a laboratory sieve (mesh 20). After 

grinding and sieving, the obtained amount was about one-

third of the initial weight of Plantago ovate seeds (17 grams). 

 

In order to obtain the hydrogel of Plantago ovate plant, 

30 times the weight of bran (500 ml) of distilled water was 
added and allowed to remain at room temperature for 24 hours. 

After that, 96% ethanol was added to the mixture in the 

amount of 3 times the volume of the obtained gel, so that the 

gel remained suspended in the solution. The resulting 

sediment was washed 3 times with ethanol, and then it was 

ground with a Chinese mortar in order to perform other tests 

[15]. The obtained gel powder was identified by FT-IR 

spectroscopy. In addition, the swelling rate of this hydrogel 

was investigated at different pH (4.2, 7.4, 9.0).
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Fig 5: Steps of Extracting Gel Powder in the Laboratory 

 

A. Investigating the Swelling of Plantago Ovate Gel Powder 

at Different pH 

After preparing three acidic, basic and neutral solutions 

(Ph = 2.4, 4.7, 9), the resulting gel powder was added in equal 

proportion to all three solutions and after one hour and 

complete swelling, the excess solvent was removed by filter 
paper. 

 

B. Identification of the Hydrogel Extracted from Plantago 

Ovate 

Mucilage or fibrous and white part that can be extracted 

from the bran of Plantago ovate and is the main factor of 

water absorption in this plant. Its main ingredient is neutral 

arabinoxylan. 

 

 
Fig 6: The Structure of the Main Component Found in 

Plantago Ovate Mucilage [16]. 
 

C. Investigation of FT-IR Spectrum Obtained from Plantago 

Ovate Hydrogel 

The band related to stretching vibrations of C—O—C 

bonds can be seen in the range of 1040 Cm⁻¹. The band seen 

around 2900 Cm⁻¹is also related to the CH alkyl stretching 

vibrations in the compound. Also, the broad band appearing 

at 3400 Cm⁻¹is related to the stretching vibration of O—H 

bonds in the compound [17]. 

 
Diagram 1: FT-IR spectrum obtained from Plantago ovate 

hydrogel 

 

Investigating the amount of swelling of Plantago ovate 

mucilage at different pH The results of the investigation of 

the swelling of the Plantago ovate in three acidic, neutral and 
basic environments are shown in diagram [2]. As can be seen, 

the highest amount of swelling is related to the neutral solvent 

(pH=4.7). This feature can be considered as one of the merits 

of this natural hydrogel for targeted pharmaceutical systems. 

 

 
Diagram 2: Investigation of the swelling rate of Plantago 

ovate powder at different pH 
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V. CONCLUSION 

 

Natural polysaccharides are suitable options for use as 

drug carriers due to their advantages such as their high 

biocompatibility in the body environment, their non- toxicity 

and their cheapness. In addition to its benefits in solving 

problems of the digestive system and reducing blood 

cholesterol, the mucilage extracted from the shell of Plantago 
ovate can be used as a natural drug carrier in drug delivery 

systems due to its cross-links and reticulated. 
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