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Abstract
● AIM: To investigate the impact of niosome nanoparticles 
carrying umbelliprenin (UMB), an anti-angiogenic and 
anti-inflammatory plant compound, on the expression of 
vascular endothelial growth factor (VEGF-A) and connective 
tissue growth factor (CTGF) genes in a human retinal 
pigment epithelium (RPE)-like retina-derived cell line.
● METHODS: UMB-containing niosomes were created, 
optimized, and characterized. RPE-like cells were treated 
with free UMB and UMB-containing niosomes. The IC50 
values of the treatments were determined using an MTT 
assay. Gene expression of VEGF-A and CTGF was evaluated 

using real-time polymerase chain reaction after RNA 
extraction and cDNA synthesis. Niosomes’ characteristics, 
including drug entrapment efficiency, size, dispersion index, 
and zeta potential were assessed. Free UMB had an IC50 of 
96.2 μg/mL, while UMB-containing niosomes had an IC50 of 
25 μg/mL. 
● RESULTS: Treatment with UMB-containing niosomes 
and free UMB resulted in a significant reduction in VEGF-A 
expression compared to control cells (P=0.001). Additionally, 
UMB-containing niosomes demonstrated a significant 
reduction in CTGF expression compared to control cells 
(P=0.05). However, there was no significant reduction in the 
expression of both genes in cells treated with free UMB.
● CONCLUSION: Both free UMB and niosome-encapsulated 
UMB inhibits VEGF-A and CTGF genes expression. 
However, the latter demonstrates significantly greater 
efficacy, potentially due to the lower UMB dosage and 
gradual delivery. These findings have implications for anti-
angiogenesis therapeutic approaches targeting age-related 
macular degeneration.
● KEYWORDS: umbelliprenin; niosome; age-related 
macular degeneration; vascular endothelial growth factor-A; 
connective tissue growth factor
DOI:10.18240/ijo.2024.01.02

Citation: Dastaviz F, Vahidi A, Khosravi T, Khosravi A, Sheikh Arabi 
M, Bagheri A, Rashidi M, Oladnabi M. Impact of umbelliprenin-
containing niosome nanoparticles on VEGF-A and CTGF genes 
expression in retinal pigment epithelium cells. Int J Ophthalmol 
2024;17(1):7-15 

INTRODUCTION

A ge-related macular degeneration (AMD) is a progressive 
multifactorial disorder. It is one of the major causes 

of blindness worldwide, affecting more than 170 million 
people. This number is expected to be around 300 million 
by 2040[1-2].  In early stage of AMD, a yellow-colored 
drusen deposit under the retinal pigment epithelium (RPE) 
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is considered as hallmark. Patients have abnormal retinal 
difficulties in basic visual activities like facial recognition and 
reading[3-4]. There are several known risk factors for the onset 
and progression of AMD, including aging, white ethnicity, 
inflammation, oxidative stress, and angiogenesis[5-8]. Vascular 
endothelial growth factor (VEGF) and connective tissue 
growth factor (CTGF) have been shown to play essential roles 
in regulating angiogenesis, vascular leakage, and inflammation 
in AMD by encouraging the formation of new blood vessels[9]. 
VEGF-A (located on 6p21.1 with 26 identified transcript) is the 
most critical factor in the angiogenesis process, which leads 
to an increase in the number of capillaries. As a signal protein, 
VEGF-A is produced by many tissues with insufficient blood 
circulation and functions as a part of the oxygen and nutrition 
delivery system[10]. Like other family members of VEGFs, it 
is highly conserved and considered as part of evolutionary 
distance between fish and mammals[11]. Among therapeutic 
approaches for AMD (Figure 1), VEGF inhibitors have been 
‘partially’ successful in rehabilitating vision loss, as they are 
highly dependent on the efficiency of anti-VEGF agents and 
the patient’s response[12-14]. CTGF (located on 6q23.2 with only 
identified transcript) belongs to the Cys-rich CCN secretory 
protein family, which binds to heparin. All four cysteine-rich 
domains of CTGF have high conservativity especially insulin-
like growth factor binding protein (IGFBP) domain, which 
is as considered as an evolutionarily conserved endocrine 
longevity assurance pathway[15]. It activates manufacturing 
and degradation processes in the extracellular matrix and 
promotes endothelial cell migration and invasion, resulting 
in the development of new vessels[16-17]. Coumarins are 
colorless secondary metabolites in higher plants that contain 
benzopyrene derivatives. They are primarily found in the 
Umbelliferae (also known as Apiaceae) family. Antitumor, anti-
inflammatory, analgesic, and anti-malarial characteristics are 
among the biological activities of these substances. Coumarins 
have a wide range of structural properties, and each one has a 
unique biological activity based on its chemical structure[18]. 
Among coumarins, umbelliprenin (UMB) is one of the most 
well-known coumarin types found in the Ferula plant species, 
Citrus, and mountain fennel[19-20]. Many research groups have 
been interested in UMB during the last decade because of its 
pharmacological, biological, and phytochemical qualities[21-22]. 
Gholami et al[23] performed a study that demonstrated the anti-
inflammatory, antitumor, and anti-angiogenic characteristics 
of UMB. They discovered that this substance causes an anti-
angiogenic impact and reduction of tumor growth. Another 
study by Mahmoodi Khatonabadi et al[24] revealed that UBM 
could inhibit angiogenesis and metastasis via PI3K/Akt/ERK 
signal pathway in MDA-MB-231 cell line. Another study by 
these researchers also showed that same signaling pathway 

could have an anti-angiogenesis impact on the SKBR-3 cell line[25]. 
Based on these results, we hypothesized that UMB could 
be an anti-angiogenesis agent for RPE cell line. Although it 
seems that adjustments are required for efficient transport and 
delivery, sustaining activity, and increasing the optimal dosage 
of UMB. For that purpose, we employed a UMB-containing 
niosome formulation. Niosome (short for non-ionic surfactant-
based vesicle) is a type of nano-carrier with significant capacity 
in encapsulating pharmaceutical agents, both hydrophobic 
and hydrophilic. They are able to enter the cell by combining 
with the cell membrane. Niosomes can be categorized into 
three groups based on the size of the vesicles they contain. 
These groups include small unilamellar vesicles (SUV) with 
a size ranging from 0.025 to 0.05 μm, multilamellar vesicles 
(MLV) with a size larger than 0.05 μm, and large unilamellar 
vesicles (LUV) with a size greater than or equal to 0.10 μm[26]. 
Due to the presence of surfactant in its composition, the cell 
membrane effortlessly merges with niosomes. They also 
enter the cell by coating the membrane during endocytosis. In 
general, niosomes have various benefits, including preventing 
drug inactivation and decomposition, increasing the solubility 
of water-insoluble and insoluble pharmaceuticals, lowering 
the drug dose or achieving the correct chemical composition, 
and increasing the drug’s permeability through membranes[27]. 
Because inhibiting angiogenesis is one of the therapeutical 
theories for AMD, the goal of this work was to see how the 
chemical composition of UMB-containing niosome affected 

Figure 1 Therapeutic strategies for treating age-related macular 

degeneration.

Umbelliprenin on RPE cells
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the expression of VEGF-A and CTGF genes in an RPE-like cell 
line derived from the human retina. In this study, we evaluated 
the effects of treating RPE-like retina-derived cell line with 
free UMB and UMB-containing niosomes nanoparticles on the 
expression levels of CTGF and VEGF-A genes.
MATERIALS AND METHODS
Ethical Aproval  Our study was approved by Ethics 
Committee of Golestan University of Medical Science (Ethics 
Code: IR.GOUMS.REC.1397.268).
Cell Culture  The RPE-like cell line was purchased in 
cryovials (NOYAFAN Inc., Tehran, Iran). After thawing, 
the cells were grown in T-25 flasks containing a complete 
culture medium containing 10% fetal bovine serum (FBS) 
and incubated at 37℃ and 5% CO2. Cell flasks with 90% 
confluency were used for passage. 
Niosome Preparation  Four nonionic surfactants (Tween 80, 
Tween 20, Span 60, Span 20) and cholesterol and drugs were 
used to synthesize the niosomes by thin-film hydration method. 
These components were dissolved in 10 mL of the organic 
solution containing ethanol and chloroform in a 1:1 ratio in 
a round bottom balloon. A vacuum pump rotary device was 
used to form a thin film and evaporate organic solvents. The 
temperature rose to 50°C–60°C. To increase the penetration of 
the chemical composition of UMB into the lipid membrane of 
niosomes, the solution was kept at 25°C overnight. The next 
day, the niosome solution was filtered through a 0.22 nm syringe 
filter, sonicated for 10min, and stored in the refrigerator.
Determining the Percentage of Encapsulated Drug  The 
concentration of the chemical composition of UMB was 
analyzed by ultraviolet (UV)-visible spectroscopy to calculate 
the reference wavelength of UMB (Figure 2A). The standard 
concentration was selected for the chemical composition of 
UMB. For that purpose, the light absorption of serially diluted 
solutions of UMB was measured at the wavelength of 325 nm. 
Accordingly, the standard curve of the concentration was 
obtained (Figure 2B). To evaluate the amount of encapsulated 
drug, 5 mL of the suspension containing nanoparticles 
was centrifuged at 13 000 prm for 30min. The supernatant 

was washed with 2 mL of PBS buffer. The concentration 
of the chemical compound in the solution was measured 
by determining its absorption at 325 nm. The amount of 
encapsulated drug was calculated using the following formula:
  
Niosome EE%=

Amounts of drug in the suppernatant
Total amounts of drug

×100

Measurement of PDI Size and Zeta Potential  Vesicle size, 
zeta potential, and polydispersity index (PDI) were measured 
using the dynamic light scattering (DLS) method (Table 1).
In Vitro Evaluation of UMB Delivery from Niosome   The 
delivery rate of UMB from the niosome nanoparticles was 
measured by the membrane diffusion method. The amount 
of 2 mL of the niosome solution was poured into a dialysis 
membrane with a molecular weight cut-off of 10 kDa 
containing 50 mL of PBS buffer (pH=7.4). It was shacked at 
37°C and 40 rpm. At time intervals of 0, 1, 4, 6, 8, 12, and 
24h, 2 mL of the solution around the dialysis membrane was 
removed and replaced with 2 mL of fresh PBS buffer. Then the 
absorbance of the collected solution was measured at 325 nm. 
The drug released at each time was calculated using a standard 
curve, and the drug release was plotted against time. 
Analysis of UMB-Containing Niosomes by Infrared 
Spectroscopy   Niosomes were separated from the suspension 
by centrifugation, and the rest of the solution was evaporated. 
The samples were suspended in KBr solution and precipitated 
by centrifugation. The fourier-transform infrared spectroscopy 
(FT-IR) spectrum was scanned to examine the functional groups 
of the niosome in the wavelength range of 400–4000 cm-1. The 
free form was compared to investigate possible chemical 
interactions between the niosomal system and UMB. 

Table 1 Characterization of niosomal nanoparticles size, scattering, 

and zeta potential
Surfactant Size (nm) EE (%) PDI Zeta potential
Span 60 110±21.66 75.63±4.59 0.412±0.021 -15.8±0.45
Span 20 94.11±14 61±1.2 0.345±0.035 -11.4±.012
Tween 80 61.34±7.45 45±0.82 0.448±0.011 -4.42±0.56
Tween 20 80.28±12.5 25±0.68 0.387±0.041 -6.25±0.87

EE: Entrapment efficiency; PDI: Polydispersity index.

Figure 2 UMB characterization and preparation  A: The UV-visible spectroscopy of UMB at 325 nm. The concentration of 100 μg/mL of UMB 

provided the maximum light absorption. B: The standard curve for UMB (R=deviation). UMB: Umbelliprenin; UV: Ultraviolet.
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Imaging of UMB-Containing Niosomes  Using atomic force 
microscopy (AFM) and transmission electron microscopy 
(TEM), the shape and structure of the produced UMB-containing 
nisomes were examined. For AFM method, a solution of UMB-
containing niosomal nanoparticles at a 10 μg/mL concentration 
was used.
Determining the Optimal Dose of the UMB and Niosomal 
Nanoparticles  The optimal dose was calculated by obtaining 
the IC50 of the chemical composition of UMB and niosome 
in vitro[28]. In this regard, 35 000 RPE cells were counted and 
seeded onto the 96-well plates. After a 24-hour incubation, 
the cells were treated with different doses of UMB or UMB-
containing niosome. Each test was repeated three times. After 
24, 48, and 72h of treatment, the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was 
used to evaluate cell survival as described before[29]. After 
the formation, purple crystals of formazan were dissolved in 
DMSO. Light absorption was measured at 570 nm using an 
ELISA reader.
RNA Extraction, cDNA Synthesis, and Real-Time PCR  
According to the kit instructions (DenaZist, Iran), RNA 
extraction was performed from 2–4×105 RPE cells treated 
with UMB or UMB-containing niosome. The NanoDrop 
device measured the purity of extracted RNA. The ratio of 
260/280 and 260/230 optical densities (OD) between 1.8 and 
2 was considered pure extracted RNA. The extracted RNA 
was used to synthesize cDNA according to the kit instructions 
(Pars Toos, Iran). Internal glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) control was used to evaluate RNA 
extraction and cDNA synthesis. Real-time polymerase chain 
reaction (RT-PCR) evaluated the expression of VEGF-A, 
CTGF, and GAPDH genes[30]. The PCR primers that were 
obtained from our previous work are listed in Table 1[9]. 
Required materials and thermal cycles were used according to 
the kit instructions (Table 2).
Statistical Analysis  The results of RT-PCR were calculated by 
the 2-∆∆Ct method. The expression of VEGF-A and CTGF genes 
was compared with the GAPDH gene expression in different 
cell groups. GraphPad Prism software was used to generate the 
graphs. Also, the Student’s t-test with a 95% confidence level 
was used to evaluate the gene expression differences due to the 

chemical combination of UMB and UMB-containing niosomal 
nanoparticles. A P-value less than 0.05 was considered significant.
RESULTS
Niosomes Characterization  UMB-containing niosomes 
were fabricated. The amount of trapping of UMB compound 
by niosomes with Span 60, Span 20, Tween 20, Tween 80 
surfactants was 75.63%±4.59%, 61%±1.2%, 25%±0.68%, 
45%±0.82%, respectively. Niosomes made with non-surfactant 
Span 60 had the highest entrapment efficiency (EE). Niosomes 
formulations with cholesterol: Span 60 ratio of 0:1, 0.5:1, 
1:1, and 2:1 had EEs of 15.24%±0.5%, 24.33%±1.68%, 
75.63%±4.59%, and 58.32%±1.8%, respectively (Figure 3A). 
Niosomes size ranged from 61±7.45 nm to 110±21.66 nm 
(Figure 3B). The dispersion index for all four formulations 
prepared was less than 0.5 (PDI<0.5). This indicates the 
comparable size of the niosomes and their low tendency to 
aggregate with each other.
In Vitro Delivery of UMB from the Niosome  The amount of 
UMB released from the niosomes in phosphate buffer during 
time intervals of 0, 1, 4, 6, 8, 12, and 24h was calculated using 
the standard calibration curve. The 62.35% of the chemical 
composition of UMB within the structure of the niosome 
was released during the first 4h of incubation (Figure 3C). 
According to the FT-IR spectrum, the composition of the UMB 
of the indices peak of 1680 cm-1, 1730 cm-1, and 2810 cm-1 were 
observed (Figure 4A). The peak of 1680 cm-1 is characteristic 
of the aromatic alkene group, and the peak of 1730 cm-1 is 
characteristic of the ester group (CO, it’s for carbon and oxygen) 
in the chemical composition of UMB. The 1180 cm-1 was the 
characteristic of ether CO group in Span 60, and peak 1680 cm-1 
characteristic of aromatic alkene group in UMB. Peaks at 
1730 cm-1, 2430 cm-1, and 2810 cm-1 were distinct CO ester 
groups of UMB in niosomes (Figure 4B). The peaks at 1180 cm-1 
and 2430 cm-1 were characteristic of the ether CO group in 
Span 60. Since no new peak has been observed, it seems that 
no interaction has occurred between UMB and niosomes, and 
the encapsulation process didn’t change the UMB structure. 
Imaging of UMB-Containing Niosomes  Using AFM and 
TEM microscopy, the surface morphology of the niosomes that 
contain the chemical composition of UMB was determined 
(Figure 5).

Table 2 Primer sequences used for RT-PCR 

Genes Primers’ sequences (5’-3’) Product length Reference
GAPDH Forward: 5’-ACAGTCAGCCGCATCTTC-3’ 317 bp

Oladnabi et al[9]

Reverse: 5’-CTCCGACCTTCACCTTCC-3’
VEGF-A Forward: 5’-GGAGGGCAGAATCATCACGAA-3’ 3151 bp

Reverse: 5’-GGTCTCGATTGGATGGCAGT-3’
CTGF Forward: 5’-TGAAGCTGACCTGGAAGAGA-3’ 471 bp

Reverse: 5’-GCTCAAACTTGATAGGCTTGG-3’

RT-PCR: Real-time polymerase chain reaction.

Umbelliprenin on RPE cells
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Cell Viability  Cell viability was assessed on RPE cells treated 
with UMB at eight concentrations of 3, 6, 12, 25, 50, 75, 
100, and 200 μg/mL at 3 time intervals of 24, 48, and 72h by 
MTT assay. All tests were repeated three times. The results 
of each sample were compared with controls. In addition, an 
MTT assay was performed on RPE cells treated with UMB-
containing niosome at eight concentrations of 3, 6, 12, 25, 50, 
75, 100, and 200 μg/mL at three times 24, 48, and 72h. It was 

Figure 3 Niosomes characteristics   A: Maximum UMB uptake by niosomes was achieved at 1:1 cholesterol-Span 60 ratio; B: Dynamic light 

scattering diagrams of UMB-containing niosomes; C: The release of UMB from niosomal nanoparticles is referred to time interval. UMB: 

Umbelliprenin. aP<0.05.

Figure 5 Atomic force microscopy (A and B) and transmission 

electron microscopy (C and D) images of UMB-containing niosomes  

UMB: Umbelliprenin.

Figure 4 Fourier-transform infrared spectroscopy spectrum of free 

niosome (A), free UMB (B), and UMB-containing niosomes (C)  

UMB: Umbelliprenin.
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initially found that the toxicity of UMB-containing niosomes 
is significantly higher than free UMB. It was also found that 
the drug’s toxicity in niosomal formulations was higher than 
the free drug—both free and encapsulated UMB reduced cell 
survival at different doses and times. Studies have shown 
that the toxicity of UMB-containing niosome is significantly 
higher than free UMB. To find the optimal dose (IC50) of 
the free UMB, MTT test results were evaluated in all 3 time 
periods of 24, 48, and 72h. The IC50 of UMB was 100, 
96.2, and 94.1 μg/mL for 24h, 48h, and 72h post-inoculation 
time, respectively. These results showed that the effect of free 
UMB on the RPE-like cell line is dose-dependent but not time-
dependent (Figure 6). Also, MTT test results were evaluated in 
all three time periods of 24, 48, 72h to obtain the optimal dose 
of UMB-containing niosome. The IC50 of UMB-containing 
niosome for 26, 48, and 72h post-inoculation was 26, 23, and 
24 μg/mL, respectively. Because 63.35% of the encapsulated 
UMB was released from the capsule in the first 4h and 
according to the MTT results of UMB-containing niosome, 
UMB also had dose-dependent toxicity.
Gene Expression of VEGF-A and CTGF  The effect of free 
UMB and UMB-containing niosome on the expression of 
VEGF-A and CTGF genes was investigated in RPE-like cells 

using RT-PCR. The results (Figure 7A) showed that treatment 
with both free UMB and UMB-containing niosome did not 
lead to a significant decrease in the expression of VEGF-A or 
CTGF compared to the control group. However, treatment with 
UMB-containing niosome resulted in a significantly greater 
decrease in VEGF-A expression than free UMB (P<0.001), and 
a significant decrease in CTGF expression (P<0.05). We also 
computed the Spearman’s rank correlation coefficient between 
the VEGF-A and CTGF and obtained a value of 0.883 with P 
value of 0.003 (Figure 7B), which means that these two genes 
have a positive correlation in cultured RPE-like cells treated 
with UMB.
DISCUSSION
To date, various therapeutic approaches have been proposed 
for AMD disease. Based on the occurrence of angiogenesis 
behind the retina, the disease is divided into two categories: 
nonexudative or dry AMD and exudative neovascular or wet 
AMD[3]. VEGF-A and CTGF are recognized as two essential 
factors with positive regulatory effects on the development of 
pathological angiogenesis. Studies have shown that inhibiting 
VEGF-A and CTGF genes in retinal cells can be effective in 
reducing neovascularization, edema, and fibrosis in animal 
models of diabetic retinopathy (DR)[31]. Inhibition of both 

Figure 6 MTT assay of free and niosome-capsulated UMB  MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; UMB: 

Umbelliprenin.

Figure 7 Gene expression analysis  A: Results of gene expression level from cells 24h after treating with free UMB and niosome-encapsulated 

UMB; B: Spearman’s rank correlation coefficients of VEGF-A and CTGF expression in RPE-like cells treated with UMB; -1 and 1 indicate perfect 

negative and positive correlations, respectively. UMB: Umbelliprenin. aP<0.05; bP<0.001.

Umbelliprenin on RPE cells
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VEGF-A and CTGF is helpful in the treatment of AMD[12-17]. In 
fact, many attempts have been made recently to treat AMD 
using angiogenesis inhibitors. Although most studies are 
focused on pegaptanib, ranibizumab, and bevacizumab, 
they haven’t had much success in AMD therapeutics. 
Therefore, new studies should be focused on more effective 
angiogenesis inhibitors[32-34]. Coumarins are naturally derived 
from benzopyrenes found in a variety of plants. They have a 
well-established role in biological processes against tumors, 
malaria, and inflammation[35]. Many species of the Ferula plant 
synthesize coumarins. One type of coumarin is UMB. It is the 
first discovered coumarin synthesized in the Ferula. Recent 
studies have shown a wide range of clinical benefits of UMB, 
including anti-inflammatory, anti-cytotoxic, detoxifying, 
and antitumor properties[22-25]. For instance, a recent study 
by Naderi Alizadeh et al[36] has demonstrated that UMB has 
antitumor effects by substantially reducing VEGF, MMP2, 
and MMP-9 levels in vivo. Here in this study (Figure 8), 
we investigated the anti-AMD activity of UMB. In order to 
enhance the durability of UMB activity, it was decided to 

formulate it on a non-ionic nanoparticle. Nanoparticles are 
advantageous to increase the continuity of drug delivery and 
preserving the therapeutic compounds from degradation. 
Non-ionic nanoparticles like niosome create a substrate 
for gradually trapping the chemical compound, enhancing 
the durable biological activity. In the present study, it was 
found that formulations containing Span had higher EE than 
formulations containing Tween. This could be due to the 
hydrophilicity to hydrophobicity (HLB) ratio of non-ionic 
surfactants. A formulation containing Span 60 had the highest 
EE (75.63%), while a formulation containing Tween 80 had 
the lowest EE (25%). Our findings were consistent with the 
study by Bayindir and Yuksel[37]. After selecting the nonionic 
surfactant Span 60, different ratios of surfactant to cholesterol 
(1:1, 0.5:1, 0:1) were examined. The results showed that the 
1:1 formulation of surfactant to cholesterol had the highest 
EE. Reducing the ratio of cholesterol to surfactant prevented 
the proper formation of a thin film. Increasing the ratio of 
cholesterol to surfactant decreased the EE, which could be due 
to the competition between cholesterol and the hydrophobic 

Figure 8 The graphical abstract shows the workflow of the study divided into three main phases: preparation, characterization, and in-

vitro experimental  UMB: Umbelliprenin; RPE: Retinal pigment epithelium; VEGF: Vascular endothelial growth factor; CTGF: Connective tissue 

growth factor; RT-PCR: Real-time polymerase chain reaction; FT-IR: Fourier-transform infrared spectroscopy; MTT: 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide.
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composition of UMB to be placed in a bilayer membrane. This 
was consistent with the results of the study by Abdelbary and 
El-gendy[38]. The results of RT-PCR showed that the chemical 
composition of free-state UMB and the UMB-containing 
niosome both reduced the expression of the VEGF-A and 
CTGF genes. In addition, UMB-containing niosome had a 
more significant effect on reducing VEGF-A and CTGF genes 
than free UMB. This might be due to the higher reduction 
in gene expression with lower doses of UMB. These results 
indicate that UMB is a chemical with anti-VEGF and anti-
CTGF properties and can be anti-angiogenic either freely or 
in combination with niosome. Our results demonstrate that 
UMB on the niosomes nanoparticles is a promising therapeutic 
option for AMD. The molecular mechanism by which UMB 
will exert its effect on AMD by reducing angiogenesis-related 
factors like VEGF-A and CTGF is not completely clear and 
necessitates more studies in the future. 
In conclusion, UMB is an effective anti-angiogenesis chemical. 
Niosomes nanoparticles enhance the angiogenesis inhibitory 
ability of UMB. The anti-angiogenesis activity of the complex 
of niosomes and UMB decreased the expression of VEGF-A 
and CTGA genes. This implicates that UMB-containing 
niosomes can also be used to study their therapeutics effect on 
other angiogenesis-dependent diseases.
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