
Introduction
Herbs have different compounds that can be used for 
treating various diseases. Medicinal use of plants dates 
back to more than 2600 BC (1). Today, medicinal plants 
have attracted the attention of the developed countries of 
the world due to their less complications as safe drugs. Iran 
is also one of the richest countries in terms of the source 
of medicinal plants (2). Numerous studies confirmed 
the beneficial effects of herbals in the prevention and 
treatment of diseases such as diabetes, neoplasm, cancer, 

various neurological diseases, and atherosclerosis (3-7). 
The abundance and availability of medicinal plants, in 
addition to low side effects, are among the reasons for 
attracting attention to these natural drugs for clinical use 
in recent years (8). In addition, the proper compatibility 
of these compounds with the human body and other 
living organisms originating from their natural nature 
is another advantage of using these compounds over 
chemical drugs (9).

Licorice (Glycyrrhiza glabra) is one of the most popular 
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Abstract
Background: The use of plants as therapeutic drugs has long been common among human beings. 
The Glycyrrhiza glabra is one of the medicinal plants with many therapeutic properties. However, 
using this herb in traditional methods faces some challenges. The use of pharmaceutical nano-
carriers such as liposomes is one of the new strategies to overcome these challenges. In this regard, 
the current study aimed to synthesize and characterize liposomal nano-carriers containing the G. 
glabra hydroalcoholic extract to improve its therapeutic effects.
Materials and Methods: After the extraction of the G. glabra root by the Soxhlet method, nano-
liposomes containing G. glabra extracts were synthesized by the thin-film preparation method. Then, 
the encapsulation efficiency (EE) rate and drug release pattern of nanoliposome were examined 
using the spectrophotometry method. Next, physicochemical properties such as size, zeta potential, 
morphology, and non-interaction of the nano-system with the extract were investigated by dynamic-
light-scattering (DLS), atomic force microscope (AFM), and Fourier transform infrared spectroscopy 
(FTIR) methods, and finally, the toxicity of the nano-system on human foreskin fibroblast cells was 
assessed using the MTT method.
Results: Nano-liposomes containing licorice extracts with the EE of 2.3 ± 75.32% were from the 
type of slow release and controlled release, having a size of 111.4 ± 1.2 nm, a surface charge of 
-53.6 ± 6.3, and a dispersion index of 0.210 ± 0.13, and they had no interaction with the loaded 
extract. The results of the MTT test also demonstrated that the synthesized nano-liposomes were 
non-toxic on normal cells.
Conclusion: Overall, the findings proved that synthesized nano-liposomes with proper 
physicochemical properties can be a suitable carrier for the G. glabra extract and thus cause stability 
and improve the therapeutic effects of this herbal extract as a medicinal plant.
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medicinal plants that belongs to the Fabaceae family (also 
known as Leguminosae and Licorice) and is commonly 
applied orally. This species is native to the Mediterranean 
region, but it is now found in India, Russia, and China 
as well. The extract of this plant is employed in the 
pharmaceutical and food industries, as well as food 
supplements. Licorice is one of the oldest and most popular 
herbals worldwide. Medicinal use of licorice dates back 
to before the Persian and Greek Empires. For example, 
licorice was used as a common drug for gastrointestinal 
tract problems, cough, bronchitis, and osteoarthritis in 
traditional Chinese medicine. It is still widely applied for 
the treatment of gastritis, peptic ulcer, and respiratory 
infections. Dried licorice root is also referred to as a 
tooth cleaner. The most important industrial application 
of G. glabra is the production of food additives such as 
flavorings and sweeteners (10). Moreover, the antioxidant 
activity of G. glabra is one of the main reasons for its 
use. The phenolic compounds of this plant are probably 
responsible for its strong antioxidant activity (11). The 
root of the plant is used in the prevention and treatment 
of various diseases such as microbial/viral infections, 
cancer, skin inflammation, bronchitis, depression, kidney 
diseases, and gastric and intestinal ulcers (12-19). Various 
chemical materials have been identified in this plant, 
including glycyrrhizin, 18β glycyrrhizic acid, glabrin A 
and B, or isoflavones, which are associated with biological 
properties such as antioxidant, antiviral, antimicrobial, 
anti-cancer, and anti-inflammatory activities (20). 

The use of medicinal plants in traditional ways faces 
many challenges. For example, the oxidation of some 
active substances in the plant or its extract and the 
essential oil and improper effects on the target and non-
target tissues are among the problems in the traditional 
use of medicinal plants. The use of drug delivery nano-
carriers (e.g., liposome) is one of the newest strategies 
for improving the therapeutic effects of herbals and their 
extracts (21, 22).

Liposomes are lipid nano-carriers that are formed by 
the accumulation of lipids in aquatic environments, which 
were first discovered by Alec Bangham in 1960. Similar to 
natural cell membranes, these nano-carriers are spherical 
vesicles and are made of two phospholipid bilayers. The 
ability of these nanoparticles (NPs) to encapsulate large 
amounts of drugs, their resemblance to cell membranes, 
their ability to reduce unwanted side effects of drugs, high 
effectiveness on the target tissue, and low side effects on 
normal body tissues have led to their widespread use and 
attraction of researchers’ attention to these NPs. Proper 
adaptability of these particles in terms of electrical charge 
and chemical composition is also another advantage of 
using these NPs (23, 24).

Considering the widespread and proven use of the 
licorice extract in the treatment of many diseases, as 
well as the benefits of liposomes as a drug delivery 
carrier, the present study sought to synthesize liposomal 

nano-carriers containing the G. glabra extract by the 
thin-film preparation method and characterize their 
physicochemical properties and examine their non-
toxicity on the normal cells of the human body.

Materials and Methods
Phosphatidylcholine (SPC80) and cholesterol were 
purchased from Lipoid-Gmbh (German) and Sigma-
Aldrich (USA) Companies, respectively. Cell culture 
materials such as DMEM (Dulbecco’s Modified Eagle 
Medium), Fetal Bovine Serum (FBS), streptomycin, 
penicillin, trypsin, amphotericin B, DAPI dye, and 3- 
[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl-tetrazolium 
bromide (MTT) were all purchased from Thermo 
Scientifics Gibco, USA. Finally, human foreskin fibroblast 
(HFF) cells were prepared from Pasteur Institute, Iran.

Extraction
Before extraction, the type and species of licorice were 
approved by the botanical experts of Yazd University. To 
extract the roots of the licorice plant, first, its roots were 
pulverized away from sunlight at dry ambient temperature 
and by an electric mill. Extraction was performed by 
the Soxhlet method, which is one of the most common 
extraction methods in laboratories. The Soxhlet machine 
consists of a balloon, heater, extraction chamber, and 
condenser. For this purpose, 50 grams of licorice root 
powder was poured into the extraction thimble, and 
the extraction thimbles were transferred to the Soxhlet 
column. Then, 500 mL of 70% alcohol was poured into a 
balloon, which was connected to the Soxhlet. Extraction 
began after installing the condenser and the water outlet 
inlet. After finishing extraction, the extract inside the 
balloon was filtered through filter paper to dry and 
evaporate the solvent at ambient temperature. The extract 
was maintained in the refrigerator until use.

Maximum Wavelength Determination and Standard 
Curve Drawing
The spectrophotometric method was used to determine 
the maximum wavelength of the licorice extract. In this 
method, first, the stock solution of the licorice extract was 
made with a concentration of 1 mg/mL in the phosphate-
buffered saline (PBS) solvent (Sigma, USA) and isopropyl 
(Merck, Germany). Then, using the stock solution, different 
concentrations of the extract (500, 250, 125, 62.5, 30, 15, 
and 7.5 mg/mL) were made using dilution methods in 
the PBS solution and isopropyl. The absorption spectrum 
was then read by a spectrophotometer (Epoch, USA) in 
the range of 200-800 nm for all dilutions. The maximum 
wavelength was the wavelength at which the highest 
amount of absorption was obtained in all dilutions. Next, 
using the obtained adsorbents from different dilutions at 
the maximum wavelength, the standard curve of the G. 
glabra extract was drawn in PBS and isopropyl buffer, and 
the linear equation of the extract in PBS and isopropyl 
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was calculated using the obtained diagram. At this stage, 
the experiments were conducted with three repetitions.

Synthesis of Liposomal Nano-carriers 
Liposomal nano-carriers were synthesized by 
phosphatidylcholine and cholesterol with a molar ratio of 
70/ 30% (Spc = 0.1101 g and Col = 0.022 g) and lipid/drug 
ratio of 10:1 by the thin-film preparation method. This 
method was performed in organic and aqueous phases. 

Organic phase: In this phase, phosphatidylcholine and 
cholesterol were dissolved in a balloon by the chloroform 
solvent, and after 20 minutes, the solvent was removed 
using a rotary device (Heidolph, Germany) and at 45°C 
and 150 rpm and under vacuum situation.

Aqueous phase: The licorice extract with a concentration 
of 2 mg/mL dissolved in the PBS buffer was loaded by the 
rotary at 60°C for 1 hour (the inactive method). 

Sonication: Sonic Probe (ChromeTech, UH1200B) was 
used to reduce NP size (60% amplitude, 10 seconds on, 
and 15 seconds off).

Separation of the Un-encapsulated Extract
To separate the amount of the un-encapsulated extract, 
the dialysis bag method (Mw cut off = 12000 Da) was 
applied based on the diffusion process. First, to feed the 
dialysis bag, the dialysis bag was boiled for 10 minutes 
with a dialysis bag buffer (1 mM EDTA, 2% sodium 
bicarbonate) at 80°C, and then the bag was boiled for 
another 10 minutes in distilled water to remove the buffer. 
Next, the synthesized system was transferred to the bag, 
which was placed in a Bécher containing the PBS buffer 
(150 times the sample volume) and sterilized at 4°C. The 
existing PBS buffer was replaced with the fresh buffer 
every 30 minutes until fixing drug absorption.
 
Evaluation of the Encapsulation Efficiency of the 
Synthesized Nano-system
To evaluate the encapsulation rate of the extract by 
the synthesized nano-liposomes, nano-systems with 
concentrations of 1-10, 1-20, and 1-40 were diluted 
with isopropyl in order to break the lipid wall around 
the liposomes and release the extract. Then, using a 
spectrophotometer, the absorbance of the samples was 
measured at the maximum wavelength of the licorice 
extract, and the system encapsulation rate was measured 
using a standard licorice extract curve in isopropyl and 
Eq. (1).

 
Eq. (1)

Investigation of the Release Pattern of the Extract From 
the Synthesized Nano-liposomes
To investigate the release pattern of the licorice extract 
from the synthesized nano-liposomes, 1 mL of the 
synthesized nano-system was poured into the dialysis 

bag and transferred to a falcon containing 10 mL of the 
PBS buffer with a pH rate of 7. Then, to evaluate the 
release process, the Falcon was stirred in a bath with a 
temperature of 37°C and a pH rate of 7 (physiological 
conditions of the body), and sampling from the PBS 
buffer around the dialysis bag was performed at different 
intervals (0.5, 1, 2, 3, 4, 5, 6, 7, 8, 12, 24, and 48 hours). 
At each stage, after sampling, a new buffer was replaced 
with the same conditions. Next, the absorption rate of 
each sample was read at the maximum wavelength of the 
licorice extract, and the release pattern of the extract from 
the system was investigated using the standard licorice 
extract curve in the PBS buffer.

Investigation of Size, Dispersion Index, and Zeta 
Potential of Nano-systems
The dynamic-light-scattering (DLS) device was used to 
measure the size and surface charge (zeta potential) of 
the particles. Zeta sizer (Malvern Instrument, Nano zeta 
sizer, model ES, UK) was employed to measure NPs. In 
addition, 600 µL samples with a concentration of 0.5-
0.1 mg/mL were applied to determine the size. For this 
purpose, nano-liposomes were performed at an angle of 
90 degrees and irradiated with laser light at a wavelength 
of 657 nm at 25°C for 30 seconds. The experiments of this 
step were repeated three times. Eventually, 1500 μL of the 
sample with a concentration of 0.1 mg/mL was used to 
measure the surface charge.

Atomic Force Microscope 
Using microscopic methods is one of the best alternatives 
for evaluating the morphology of particles (i.e., shape, 
smoothness, and lack of mass). In this study, the atomic 
force microscope (AFM) was utilized to evaluate particle 
topology at the nanometer scale. For this purpose, the 
samples were examined by a microscope with a needle 
with a length of 2 microns and a diameter of less than 10 
nm.

Evaluation of the Interaction of the System With the 
Extract by Infrared Spectroscopy (Fourier Transform 
Infrared Spectroscopy)
Infrared spectroscopy was used to evaluate the interaction 
between the system and the extract. To this end, The IR 
spectra of the licorice extract, empty nano-liposomes, 
and the extract-containing system were obtained by the 
Fourier transform infrared spectroscopy (FTIR) device 
(Model 8300, Shimadzu Company, Japan). The presence 
of each peak indicates the active factor groups in the 
samples.

Evaluation of the Cytotoxicity of Nano-liposomes
MTT method was applied to evaluate the lack of 
cytotoxicity of empty nano-liposomes and liposomes 
containing the extract to normal cells. The MTT assay is 
a colorimetric test that aims to reduce tetrazolium yellow 

http://ddj.hums.ac.ir


Akhlaghi et al

Dis Diagn. Vol 11, No 2, 202242 http://ddj.hums.ac.irhttp

crystals (MTT) by living cell mitochondrial reductases. 
The studied cells in this experiment were the normal 
cells of the human foreskin fibroblasts (HFF), which 
were prepared from Pasteur Institute of Tehran and were 
cultured in the DMEM culture medium with (10%) FBS 
and penicillin and streptomycin antibiotics (W/V1%) in 
an incubator (Memmert GmbH Co. KG, Germany, 37°C, 
5% CO2, and 95% humidity).

After 48 hours of culturing HFF cells in plate 96 
wells, HFF cells reached a concentration of 1×104 per 
well. After changing the culture medium, the cells were 
separately exposed to different concentrations of empty 
nano-liposomes (0.1, 1, 10, 100, and 1000 µg/mL) and the 
liposomal extract (10, 25, 50, 100, 200, 400, and 800 µg/
mL) for 48 hours. Then, 20 µL of the MTT salt with a 
concentration of 0.5 mg/mL dissolved in PBS was added 
to the well and incubated for 4 hours. After removing 
the solution in the wells, 150 μL of DMSO was added to 
each well to remove the formed formazan crystals, and 
pipetage was performed as well. After 30 minutes of 
incubation, the absorption of each well at the wavelength 
of 570 and 630 nm was performed by the ELISA reader 
(Synergy HTX, Bio Tek; USA), and the cell survival was 
calculated by Eq. (2) as follows.

 
× 100
Eq. (2)

Results
Maximum Wavelength of the Licorice Extract and 
Standard Curve Drawing
Based on the obtained results from the absorption spectra 
examinations of the licorice root extract, the highest 
absorption of the extract was in the range of 200-600 nm 
at a wavelength of 320 nm (Figure 1).

Moreover, the examination of the spectrophotometric 
data of the licorice extract in different dilutions in the 
isopropyl buffer demonstrated that the standard curve 
of the licorice extract in this buffer is straight linear 
with equation Y = 0.0017X-0.0067 and a determination 
coefficient of 0.9996 (R2) (Figure 2). This curve in the PBS 
buffer is also a straight line with equation Y = 0.0012X-
0.0053 and a determination coefficient of 0.999 (R2) 
(Figure 3). The experiments of this stage were performed 
with three repetitions, and error bars indicate variations.

Encapsulation Efficiency in Synthesized Nano-vesicles
After examining the obtained absorption spectra from 
the spectrophotometer and using Eq. (1) and the standard 
curve of the licorice extract in the isopropyl buffer 
(Figure 2), the loading rate of the extract in the synthesized 
nano-liposomes was calculated as 75.32 ± 2.3%, indicating 
the high efficiency of synthesized nano-liposomes.

Release Process of the Licorice Extract From Lipid NPs
The release process of the licorice extract was determined 
in 24 hours and after 3 repetitions according to Figure 4. 
Studies also showed that the highest release rate of this 
extract from the synthesized nano-liposomes under the 
physiological conditions of the body was 65.35%. 
Additionally, it was found that the release was faster 
(more slope of the diagram in Figure 4) in the first 10 
hours, and the difference in high concentrations of the 
drug with the buffer around it can be a logical reason for 
this speed. However, drug release became slower after 10 

Figure 1. Absorption Extract Diagram of the Licorice Extract in the Range 
of 200-600 nm. Note. The highest absorption is related to the wavelength 
of 320 nm.

Figure 2. Standard Curve of the Licorice Extract in the Isopropyl Buffer.

Figure 3. Standard Curve of the Licorice Extract in the PBS Buffer. Note. 
PBS: Phosphate-buffered saline.
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hours (reducing the slope of the diagram in Figure 4), and 
the decline in the concentration difference is a reason for 
a reduction in the release rate. Therefore, the synthesized 
liposomal system is of slow-release and semi-controlled 
type, and the release of the drug under physiological 
conditions is slow.

Size and Surface Charge of Lipid Nano-carriers 
Containing the Licorice Extract
The examination of the obtained data from the DLS device 
represented that the mean size of the synthesized nano-
system is equal to 111.4 ± 1.2 nm. Further, the scattering 
index in these particles equals 0.210 ± 0.13, indicating that 

the particles are not stuck together (Figure 5).
The mean surface zeta potential of nano-liposomes 

containing the licorice extract determined by DLS was 
-53.6 ± 6.3, implying that the particles have negative loads 
and are of anionic type (Figure 6). 

Investigation of Particle Morphology Using an AFM
The investigation of the results of atomic force 
microscopy images (Figure 7) revealed that the particles 
have a suitable size distribution and a spherical structure 
in terms of shape and structure. As shown, the particles 
are uniform and homogeneous, and there is no cohesion 
between them. These images confirm the obtained results 
from DLS, indicating that the particle size is appropriate.

Investigation of the Extract and System Interaction by 
FTIR
The graphs depicted in Figure 8 are obtained from the 
FTIR machine. It shows (A) extract-free liposome, 
(B) licorice extract, and (C) the system containing 
the extract. The comparison of the three diagrams of 
Figure 8 demonstrates that neither the new peak nor the 
index peak has been removed, thus there is no link and no 
interaction between the extract and the liposomes. In fact, 
the extract retained its chemical nature and was stable 
at the time of formulation, representing that the extract 
still has its biological activity. The presence of the index 
peaks of diagrams A and B in diagram C indicates that the 

Figure 4. The Release Process of the Licorice Extract From Lipid Nano-
carriers Under Physiological Conditions of the Body After 48 Hours. Note. 
PBS: Phosphate-buffered saline.

Figure 5. Lipid Nanoparticles Size Obtained From the DLS Device. Note. DLS: Dynamic-light-scattering.
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system does not interact with the extract. For example, 
the 3440 index peak represents the OH group with a slight 
difference in the system containing the extract at 3430 cm-

1. The peak 2925 cm-1, which denotes the alkane group 
and is formed by the rotation around the C-H axis, is also 
created in diagram C with a slight difference at 2931 cm-1. 
Additionally, the peaks of 1710, 721 cm-1, demonstrating 
the bioactive groups in the licorice extract, are created 
with a slight difference in 1637, 661 cm-1 in the diagram of 
the system containing the extract, confirming the stability 
of the extract in the system.

Evaluation of the Toxicity Effect of Blank Nano Lipid 
-Systems on the Normal Cells of the Body for Assessing 
the Non-toxicity of Nano-systems
To evaluate the non-toxicity of nano-systems on normal 
cells, normal cells of the HFF cell line were treated with 
different concentrations (0.1, 1, 10, 100, and 1000 μg/
mL) of the empty synthesized liposome and the liposomal 
extract (10, 25, 50, 100, 200, 400, and 800 µg/mL) for 48 
hours, separately. According to Figure 9, after performing 
an MTT assay on these cells, the survival rate of cells 
(100, 99, 99, 98, and 97%, respectively) indicates the 
non-toxicity of the empty synthesized liposomes on HFF 
class cells. After the treatment of HFF cells with different 
concentrations (10, 25, 50, 100, 200, 400, and 800 μg/mL) 
of liposomes containing the extract, the cell survival rate 
was 99, 98, 98, 97, 97, 96, and 96% (Figure 10), respectively, 
implying the non-toxicity of synthesized nano-systems on 
normal cells.

Figure 6. Zeta Potential of a Nano-system Containing the Licorice Extract.

Figure 7. The Obtained Images From the Examinations of Nano-lipids 
Containing the Licorice Extract With an AFM Microscope. Note. AFM: 
Atomic force microscope.
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Figure 8. Spectra Obtained From the Study by the FTIR Device: (A) Empty Synthesized Liposome, (B) Licorice Extract, and (C) Liposome Containing the 
Licorice Extract. Note. FTIR: Fourier-transform infrared spectroscopy.
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Discussion
In this study, the G. glabra hydroalcoholic extract was 
successfully loaded into nano-liposomes with appropriate 
physicochemical properties. Numerous studies have 
reported that encapsulation of herbal extracts in NPs 
increases their therapeutic properties. For example, 
Bashiri et al. found that the cytotoxicity effect of the 
Nepeta persica extract increased by loading it into 
nanoliposomes compared to its free form on the MCF-7 
breast cancer cell line (25). In another study, Taebpour et 
al. concluded that encapsulating the Artemisia absinthium 
hydroalcoholic extract in nanoliposomes would increase 
its anti-cancer properties (26). Therefore, the use of 
drug delivery nanocarriers as a new tool for delivering 
the drug to the target tissue can increase the therapeutic 
effects of herbal extracts, but the choice of suitable NPs 
for drug delivery relies on several factors. Encapsulation 
efficiency (EE%), which depends on various factors 
such as the type of the applied lipids and the molar 
percentage of each lipid, the type and nature of the loaded 
material, manufacturing method, and the like, is one of 
the important and effective factors in the selection of 

nanosystems as drug delivery carriers (27). The EE% of 
the licorice extract in the synthesized nano-liposomes 
in this study was 75.32 ± 2.3%, which is acceptable. In 
general, as the saturation rate of liposome constituents 
increases, the fluidity rate of the membrane decreases, but 
its rigidity represents an increase. In the present study, 
SPC80, along with cholesterol was applied to synthesize 
liposomal systems. Due to the higher saturation rate 
of SPC80, compared to SPC60, the membrane fluidity 
of synthesized liposomes decreases, while its rigidity 
increases, which can be a reason for an increase in the 
EE% of the liposome. Using the proper molar rate of 
cholesterol is also one of the factors influencing EE%. 
Excessive use of cholesterol reduces stability, controlled 
release, and EE%. In other words, the use of cholesterol 
has a dual effect and the use of cholesterol in extremely 
large and small ratios can have negative effects on the 
EE% and release of the drug from the NPs (26, 28, 29).

Zeta potential (surface charge) is one of the important 
and influential indicators on the stability of lipid systems 
and depends on the type and molar percentage of the 
applied lipids in the structure of the liposome, the 
type of the loaded material, and the temperature. This 
physical characteristic is directly related to particle 
stability. The higher surface charge of the particles leads 
to a greater repulsive force between them, preventing 
the accumulation and deposition of particles and thus 
increasing the stability of the lipid nanosystem. Although 
more positive and negative zeta potential leads to 
theoretically more stable NPs, in practice, particles with 
different electrical charges than normal cells in the body 
are quickly eliminated by the immune system. Negative 
zeta potential also improves the cellular uptake of NPs, 
while reducing their removal by macrophages through 
reducing nonspecific interactions with body cells (30, 31). 
Based on the report by Zhang et al, NPs with zeta potential 
in the range of MCF-7 zeta potential cells (-20 mV) were 
more facilely uptaked by these cells, and absorption, 
which was mediated by proteins, could be the cause of 
this process (32). The synthesized nano-liposomes in this 
study had a zeta potential of -53.6 ± 6.3 mV, confirming 
their appropriate stability. However, their differences with 
the zeta potential of body cells can be one of the defects 
of this study.

The size of liposomes affects their half-life, distribution, 
stability in the circulatory system, and biodegradation, 
along with their effect on the target tissue, thus it 
could be mentioned as an important factor in the 
design and fabrication of drug delivery nanocarriers 
(33). Phospholipids, which are the main constituents 
in the structure of liposomes, play an important role 
in their size. Wu et al (34) stated that decreasing the 
concentration of phosphatidylcholine reduces the size 
of liposomes. In fact, liposomes with lower contents of 
phospholipids (50% phosphatidylcholine) were smaller 

Figure 9. Obtained Results From MTT Regarding Treatment of HFF Cells 
With Different Concentrations of Empty Synthesized Liposomes After 48 
Hours. Note. MTT: 3- [4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl-tetrazolium 
bromide; HFF: Human foreskin fibroblast.

Figure 10. Obtained Results From MTT, Treatment of HFF Cells With 
Different Concentrations of Liposomes Containing Extracts After 48 Hours. 
Note. ns: No siginicant difference; MTT: 3- [4, 5-dimethylthiazol-2-yl]-2, 
5-diphenyl-tetrazolium bromide; HFF: Human foreskin fibroblast.
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than liposomes with higher contents of phospholipids 
(90% phosphatidylcholine). In addition, cholesterol, 
which stabilizes the structure of liposomes, is one of 
the factors influencing their size. An increase in the 
concentration of cholesterol increases the distribution of 
this molecule in the phospholipid bilayer, which, in turn, 
increases the mean diameter of liposomes (35). The size of 
the synthesized liposomes and their polydispersity index 
(PDI) were 111.4 ± 1.2 nm and 0.210 ± 0.13, respectively. 
The size in the range of 100 nm and PDI below 0.3 
indicate the appropriate size of these NPs, which can be 
mentioned as an advantage of this study.

Targeted and controlled release is one of the goals of the 
encapsulation of drugs into NPs. The results of this study 
revealed that the synthesized liposomes had a slow release 
so that 65.35% of the encapsulated extract was released 
within 24 hours. Kinetic studies also showed that the 
release of the extract from the nanoliposomes followed a 
2-phase pattern, and release in the first phase was at high 
speed, while it had a slow speed rate in the second phase. 
Drug release is also a factor that depends on the chemical 
composition of the liposome. Maritim et al. demonstrated 
that increasing the amount of cholesterol can increase the 
drug release from liposomes. They noticed that higher 
contents of cholesterol lead to competition between 
cholesterol and drug at packing space in the bilayer of 
the liposome which, in turn, causes an increase in the 
excretion of the drug. Furthermore, increased membrane 
rigidity due to increased cholesterol contents can increase 
the rate of drug release (36, 37).

As mentioned earlier, infrared spectrum studies showed 
that the extract and the synthesized nanoliposomes did 
not interact with each other, and the extract retained 
its chemical nature after encapsulation. Further, the 
liposomes could enclose the extract within itself without 
making significant changes in its structure.

Conclusion 
In this study, the researchers succeeded in synthesizing 
liposomal nanocarriers to deliver the G. glabra 
Hydroalcoholic extract with high EE, slow release 
rate, and proper physicochemical properties. This is a 
testament to the suitability of this nanosystem as a drug 
delivery carrier, and therefore, additional research is 
recommended for clinical and commercial use of this 
nanosystem. Moreover, although the researchers could 
fabricate and synthesize nanoliposome containing 
the G. glabra hydroalcoholic extract with appropriate 
physicochemical properties, similar to other studies, this 
study had its drawbacks. The lack of the evaluation of 
characteristics such as the release pattern of the extract 
from the nanosystem in the conditions of cancerous 
cells, the stability of nanoliposomes in different cellular 
conditions, and the uptake of nanosystem by normal 
and cancer cells are among the disadvantages of this 

study. Accordingly, it is suggested that other interested 
researchers focus on this field.

Acknowledgments
The authors thank the participants of this study. Special thanks also 
go to the staff of the NBTF Company, Yazd, Iran for helping in data 
collection.

Authors’ Contribution
MA and MT contributed to designing the study, writing the 
manuscript, and conducting statistical analyses. BFH supervised 
the study. Other authors played a role in data collecting and 
manuscript editing. 

Conflict of Interest Disclosures
There are no conflicts of interests.

Consent for Publication
Not applicable.

Ethical Statement
The study received ethics approval from the Ethics Committee of 
Shahid Saduoghi University of Medical Sciences, Yazd (IR.SSU.RSI.
REC.1398.039).

Funding/Support
The current study was funded by NBTF Company, Yazd, Iran and 
Shahid Sadoughi University of Medical Sciences, Yazd, Iran.

Informed Consent
Not applicable.

References
1. Mirzaei F, Majdizadeh M, Fatahi-Bafghi A, Ehsani R, 

Haghiralsadat BF. Fabrication and characterization 
of liposomal nano-carriers containing essential oils 
of Trachyspermum ammi to counteract Trichomonas 
vaginalis. Koomesh. 2021;23(2):283-90. doi: 10.52547/
koomesh.23.2.283. [Persian].

2. Haghiralsadat F, Azhdari M, Kalantar S, Naderinezhad S, 
Teymourizadeh K, Yazdani M, et al. Strategy of Improvements 
in the rapeutic index of medicinal herbs of Iranianin digenous: 
synthesis and characterization of phospholipid lipid-based 
vesicles in corporated Trachyspermum copticum. J Shahid 
Sadoughi Univ Med Sci. 2016;24(6):468-78. [Persian].

3. Akhtar MF, Saleem A, Alamgeer, Saleem M. A comprehensive 
review on ethnomedicinal, pharmacological and 
phytochemical basis of anticancer medicinal plants of 
Pakistan. Curr Cancer Drug Targets. 2019;19(2):120-51. doi: 
10.2174/1568009618666180706164536.

4. Almalki DA, Alghamdi SA, Al-Attar AM. Comparative study 
on the influence of some medicinal plants on diabetes 
induced by streptozotocin in male rats. Biomed Res Int. 
2019;2019:3596287. doi: 10.1155/2019/3596287.

5. Kirichenko TV, Sukhorukov VN, Markin AM, Nikiforov 
NG, Liu PY, Sobenin IA, et al. Medicinal plants as a 
potential and successful treatment option in the context of 
atherosclerosis. Front Pharmacol. 2020;11:403. doi: 10.3389/
fphar.2020.00403.

6. Ngoungoure VL, Mfotie Njoya E, Ngamli Fewou S, Ella AF, 
McGaw LJ, Moundipa PF. Acetylcholinesterase inhibitory, 
anti-inflammatory and antioxidant properties of some 
Cameroonian medicinal plants used to treat some neurological 
disorders. Investig Med Chem Pharmacol. 2019;2(2):33. doi: 
10.31183/imcp.2019.00033.

7. Gezici S, Şekeroğlu N. Current perspectives in the application 
of medicinal plants against cancer: novel therapeutic agents. 
Anticancer Agents Med Chem. 2019;19(1):101-11. doi: 10.2

http://ddj.hums.ac.ir
https://doi.org/10.52547/koomesh.23.2.283
https://doi.org/10.52547/koomesh.23.2.283
https://doi.org/10.2174/1568009618666180706164536
https://doi.org/10.1155/2019/3596287
https://doi.org/10.3389/fphar.2020.00403
https://doi.org/10.3389/fphar.2020.00403
https://doi.org/10.31183/imcp.2019.00033
https://doi.org/10.2174/1871520619666181224121004


Akhlaghi et al

Dis Diagn. Vol 11, No 2, 202248 http://ddj.hums.ac.irhttp

174/1871520619666181224121004.
8. Zhou X, Li CG, Chang D, Bensoussan A. Current status and 

major challenges to the safety and efficacy presented by 
Chinese herbal medicine. Medicines (Basel). 2019;6(1):14. 
doi: 10.3390/medicines6010014.

9. Li S, Liu X, Chen X, Bi L. Research progress on anti-
inflammatory effects and mechanisms of alkaloids from 
Chinese medical herbs. Evid Based Complement Alternat 
Med. 2020;2020:1303524. doi: 10.1155/2020/1303524.

10. Al-Snafi AE. Glycyrrhiza glabra: a phytochemical and 
pharmacological review. IOSR J Pharm. 2018;8(6):1-17.

11. Esmaeili H, Karami A, Hadian J, Saharkhiz MJ, Nejad Ebrahimi 
S. Variation in the phytochemical contents and antioxidant 
activity of Glycyrrhiza glabra populations collected in 
Iran. Ind Crops Prod. 2019;137:248-59. doi: 10.1016/j.
indcrop.2019.05.034.

12. Abdel-Tawwab M, El-Araby DA. Immune and antioxidative 
effects of dietary licorice (Glycyrrhiza glabra L.) on 
performance of Nile tilapia, Oreochromis niloticus (L.) and its 
susceptibility to Aeromonas hydrophila infection. Aquaculture. 
2021;530:735828. doi: 10.1016/j.aquaculture.2020.735828.

13. Alexyuk PG, Bogoyavlenskiy AP, Alexyuk MS, Turmagambetova 
AS, Zaitseva IA, Omirtaeva ES, et al. Adjuvant activity of 
multimolecular complexes based on Glycyrrhiza glabra 
saponins, lipids, and influenza virus glycoproteins. Arch Virol. 
2019;164(7):1793-803. doi: 10.1007/s00705-019-04273-2.

14. El-Senduny FF, Zidane MM, Youssef MM, Badria FA. An 
approach to treatment of liver cancer by novel glycyrrhizin 
derivative. Anticancer Agents Med Chem. 2019;19(15):1863-
73. doi: 10.2174/1871520619666190411114718.

15. Goorani S, Zhaleh M, Zangeneh A, Koohi MK, Rashidi 
K, Moradi R, et al. The aqueous extract of Glycyrrhiza 
glabra effectively prevents induced gastroduodenal 
ulcers: experimental study on Wistar rats. Comp Clin Path. 
2019;28(2):339-47. doi: 10.1007/s00580-018-2852-9.

16. Gruber JV, Stojkoska V. NLRP inflammasomes and induced 
skin inflammation, barrier recovery and extended skin 
hydration. Int J Cosmet Sci. 2020;42(1):68-78. doi: 10.1111/
ics.12588.

17. Kim SH, Hong JH, Yang WK, Geum JH, Kim HR, Choi SY, 
et al. Herbal combinational medication of Glycyrrhiza 
glabra, Agastache rugosa containing glycyrrhizic acid, 
tilianin inhibits neutrophilic lung inflammation by affecting 
CXCL2, interleukin-17/STAT3 signal pathways in a murine 
model of COPD. Nutrients. 2020;12(4):926. doi: 10.3390/
nu12040926.

18. Murck H, Lehr L, Hahn J, Braunisch MC, Jezova D, Zavorotnyy 
M. Adjunct therapy with Glycyrrhiza glabra rapidly improves 
outcome in depression-a pilot study to support 11-beta-
hydroxysteroid dehydrogenase type 2 inhibition as a new 
target. Front Psychiatry. 2020;11:605949. doi: 10.3389/
fpsyt.2020.605949.

19. Wang Y, Chen Q, Shi C, Jiao F, Gong Z. Mechanism of 
glycyrrhizin on ferroptosis during acute liver failure by 
inhibiting oxidative stress. Mol Med Rep. 2019;20(5):4081-
90. doi: 10.3892/mmr.2019.10660.

20. Sharma V, Katiyar A, Agrawal RC. Glycyrrhiza glabra: chemistry 
and pharmacological activity. Sweeteners. 2018:87-100. doi: 
10.1007/978-3-319-27027-2_21.

21. Akhlaghi M, Ebrahimpour M, Ansari K, Parnian F, 
Zarezadeh Mehrizi M, Taebpour M, et al. Synthesis, study 
and characterization of nano niosomal system containing 
Glycrrizha glabra extract in order to improve its therapeutic 
effects. New Cellularand Molecular Biotechnology Journal. 
2021;11(42):65-82. [Persian].

22. Parnian F, Hekmati-Moghaddam SH, Majdizadeh M, Jebali 
A, Haghiralsadat BF. Fabrication of niosomal nano-carriers 
containing aqueous extract of Hedera helix and comparison 
of toxicity of free extract and niosome extract on HT29 

colorectal cancer cell line. Journal of Knowledge & Health 
in Basic Medical Sciences. 2020;15(3):31-45. doi: 10.22100/
jkh.v15i3.2405. [Persian].

23. Haghiralsadat F, Amoabediny G, Sheikhha MH, Zandieh-
Doulabi B, Naderinezhad S, Helder MN, et al. New liposomal 
doxorubicin nanoformulation for osteosarcoma: drug release 
kinetic study based on thermo and pH sensitivity. Chem Biol 
Drug Des. 2017;90(3):368-79. doi: 10.1111/cbdd.12953.

24. He H, Lu Y, Qi J, Zhu Q, Chen Z, Wu W. Adapting liposomes 
for oral drug delivery. Acta Pharm Sin B. 2019;9(1):36-48. doi: 
10.1016/j.apsb.2018.06.005.

25. Bashiri S, Ghanbarzadeh B, Hamishekar H, Dehghannya 
J. Beta-carotene loaded nanoliposome: effects of gama-
oryzanol on particle size stability and encapsulation. 
Res Innovation Food Sci Technol. 2016;4(4):365-82. doi: 
10.22101/jrifst.2016.01.30.447. [Persian].

26. Taebpour M, Majdizadeh M, Haghiralsadat BF. Fabrication 
and characterization of liposomal nanoparticles containing 
hydroalcoholic extract of Artemisia absintium and its 
toxicity on MCF-7 breast cancer cell line. Iran J Breast Dis. 
2021;14(1):64-77. doi: 10.30699/ijbd.14.1.64. [Persian].

27. Ahani E, Montazer M, Toliyat T, Mahmoudi Rad M, Harifi T. 
Preparation of nano cationic liposome as carrier membrane 
for polyhexamethylene biguanide chloride through various 
methods utilizing higher antibacterial activities with low 
cell toxicity. J Microencapsul. 2017;34(2):121-31. doi: 
10.1080/02652048.2017.1296500.

28. Pezeshky A, Ghanbarzadeh B, Hamishehkar H, Moghadam M, 
Babazadeh A. Vitamin A palmitate-bearing nanoliposomes: 
preparation and characterization. Food Biosci. 2016;13:49-
55. doi: 10.1016/j.fbio.2015.12.002.

29. Ghanbarzadeh B, Pezeshki A, Hamishekar H, Moghaddam 
M. Vitamin A palimitate-loaded nanoliposomes: study 
of particle size, zeta potential, efficiency and stability of 
encapsulation. Iran Food Sci Technol Res J. 2016;12(2):261-
75. doi: 10.22067/ifstrj.v1395i2.38396. [Persian].

30. Honary S, Zahir F. Effect of zeta potential on the properties 
of nano-drug delivery systems-a review (Part 1). Trop J Pharm 
Res. 2013 May 9;12(2):255-64. doi: 10.4314/tjpr.v12i2.19.

31. Zhao W, Zhuang S, Qi XR. Comparative study of the in vitro 
and in vivo characteristics of cationic and neutral liposomes. 
Int J Nanomedicine. 2011;6:3087-98. doi: 10.2147/ijn.
s25399.

32. Zhang Y, Yang M, Portney NG, Cui D, Budak G, Ozbay E, et al. 
Zeta potential: a surface electrical characteristic to probe the 
interaction of nanoparticles with normal and cancer human 
breast epithelial cells. Biomed Microdevices. 2008;10(2):321-
8. doi: 10.1007/s10544-007-9139-2.

33. Nowroozi F, Almasi A, Javidi J, Haeri A, Dadashzadeh S. Effect 
of surfactant type, cholesterol content and various downsizing 
methods on the particle size of niosomes. Iran J Pharm Res. 
2018;17(Suppl2):1-11.

34. Wu YN, Xu YL, Sun WX. Preparation and particle size 
controlling of papain nano-liposomes. Journal of Shanghai 
Jiaotong University (Agricultural Science). 2007;25(2):105-9.

35. Duangjit S, Pamornpathomkul B, Opanasopit P, Rojanarata T, 
Obata Y, Takayama K, et al. Role of the charge, carbon chain 
length, and content of surfactant on the skin penetration 
of meloxicam-loaded liposomes. Int J Nanomedicine. 
2014;9:2005-17. doi: 10.2147/ijn.s60674.

36. Maritim S, Boulas P, Lin Y. Comprehensive analysis of 
liposome formulation parameters and their influence on 
encapsulation, stability and drug release in glibenclamide 
liposomes. Int J Pharm. 2021;592:120051. doi: 10.1016/j.
ijpharm.2020.120051.

37. Briuglia ML, Rotella C, McFarlane A, Lamprou DA. Influence 
of cholesterol on liposome stability and on in vitro drug 
release. Drug Deliv Transl Res. 2015;5(3):231-42. doi: 
10.1007/s13346-015-0220-8.

http://ddj.hums.ac.ir
https://doi.org/10.2174/1871520619666181224121004
https://doi.org/10.3390/medicines6010014
https://doi.org/10.1155/2020/1303524
https://doi.org/10.1016/j.indcrop.2019.05.034
https://doi.org/10.1016/j.indcrop.2019.05.034
https://doi.org/10.1016/j.aquaculture.2020.735828
https://doi.org/10.1007/s00705-019-04273-2
https://doi.org/10.2174/1871520619666190411114718
https://doi.org/10.1007/s00580-018-2852-9
https://doi.org/10.1111/ics.12588
https://doi.org/10.1111/ics.12588
https://doi.org/10.3390/nu12040926
https://doi.org/10.3390/nu12040926
https://doi.org/10.3389/fpsyt.2020.605949
https://doi.org/10.3389/fpsyt.2020.605949
https://doi.org/10.3892/mmr.2019.10660
https://doi.org/10.1007/978-3-319-27027-2_21
https://doi.org/10.22100/jkh.v15i3.2405
https://doi.org/10.22100/jkh.v15i3.2405
https://doi.org/10.1111/cbdd.12953
https://doi.org/10.1016/j.apsb.2018.06.005
https://doi.org/10.22101/jrifst.2016.01.30.447
https://doi.org/10.30699/ijbd.14.1.64
https://doi.org/10.1080/02652048.2017.1296500
https://doi.org/10.1016/j.fbio.2015.12.002
https://doi.org/10.22067/ifstrj.v1395i2.38396
https://doi.org/10.4314/tjpr.v12i2.19
https://doi.org/10.2147/ijn.s25399
https://doi.org/10.2147/ijn.s25399
https://doi.org/10.1007/s10544-007-9139-2
https://doi.org/10.2147/ijn.s60674
https://doi.org/10.1016/j.ijpharm.2020.120051
https://doi.org/10.1016/j.ijpharm.2020.120051
https://doi.org/10.1007/s13346-015-0220-8

