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Abstract: Cornea severe inflammation produces opacity or even perforation, scarring, and 14 
angiogenesis, resulting in blindness. The cornea can be used to study the effect of new anti-15 
angiogenic chemopreventive agents. We researched the anti-angiogenic effect of two extracts, 16 
Methanol (Met) and Hexane (Hex), from the seed of Cucurbita argyrosperma, in the inflamed corneas. 17 
The corneas of Wistar rats were alkali-injured and treated intragastrically for seven successive days. 18 
Clinical manifestation as opacity score, corneal neovascularization (CNV) area, re-epithelialization 19 
percentage, and histological evaluation were performed. Inflammatory (COX-2, NF-κB, and IL-1β), 20 
and angiogenic (VEGF-A, VEGFR1, VEGFR2) markers were assessed by immunohistochemistry. 21 
Cox-2, Il-1β, and Vegf-a mRNA levels were also determined. After treatments, we observed slim 22 
corneal thickness with lower opacity scores and low cell infiltration compared to untreated rats. 23 
Treatment also accelerated wound healing and decreased CNV area. The staining of inflammatory 24 
and angiogenic factors was significantly decreased. These effects are related to a down-expression 25 
of Cox-2, Il-1β, and Vegf. These results suggest that intake of C. argyrosperma seed can be used to 26 
attenuate the angiogenesis secondary to inflammation in corneal chemical damage. 27 

Keywords: C. argyrosperma; corneal chemical burn; angiogenesis; corneal neovascularization (CNV); 28 
Vascular Endothelial Growth Factor (VEGF); Interleukin-1β (IL-1β); Cyclooxigenase-2 (COX-2); 29 
Nuclear Factor-kappaB (NF-κB).  30 

 31 

1. Introduction 32 
Angiogenesis, the formation of new blood vessels from the pre-existing ones, inflammation, and 33 

oxidative stress are important factors that predispose and promote the progression of degenerative 34 
diseases such as tumors and diabetes, and corneal diseases are not an exception. Corneal 35 
neovascularization (CNV), caused by viral infections, autoimmune diseases, and chemical burns 36 
could progress into defective healing with persistent perforation and ulceration, resulting in 37 
blindness or failure in the penetrating keratoplasty when not treated in a timely manner [1]. Under 38 
this condition, NF-κB signaling pathway in inflammatory, epithelial, and endothelial cells, is a key 39 
step for the transcriptional overexpression of pro-inflammatory and proangiogenic factors, including 40 
interleukin-1β (IL-1β), cyclooxygenase 2 (COX-2), and vascular endothelial growth factor A (VEGF-41 
A). COX-2 enzyme increases the synthesis of prostaglandins to modulate cell proliferation, cell death, 42 
and tumor invasion in many types of cancer. IL-1β, IL-6 or TNF-α, regulate COX-2, therefore, they 43 
are overexpressed during inflammation [2-4].  44 

 45 
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In the alkali-burn corneal injury, VEGF-A is an important factor of angiogenesis when is 46 
expressed in macrophages and epithelial cells. VEGF-A binds to two main tyrosine kinase receptors, 47 
VEGFR1 and VEGFR2, on the vascular endothelial cell to promote migration, proliferation, and 48 
formation of capillaries, along with monocyte/macrophage migration in the microenvironment 49 
injured [1,5,6]. Several therapeutic strategies to reduce CNV are studied based on these observations, 50 
topical or subconjunctival treatments, mainly corticosteroids and non-steroidal anti-inflammatory 51 
agents [7], have limited use and potential side effects as an impediment of wound healing [8,9]. Anti-52 
VEGF therapy in chemically burned ocular tissues results in a substantial reduction of angiogenesis 53 
both animal studies and clinical trials [10,11]. However, to establish its safety and efficacy, controlled 54 
and randomized trials to justify their continued use are required. Besides, systemic drug treatment is 55 
not recommended because of adverse effects. Thus, it is important the search for new drugs for the 56 
systemic treatment of these disorders.  57 

 58 
Current data in CNV models shown that natural extracts from plants or the bioactive 59 

compounds in its extracts have angiogenic suppressing activity [12-14]. The genus Cucurbita 60 
(pumpkin) belongs to one of the 300 genera of the Cucurbitaceae family and it is one of the most 61 
popular vegetables eaten in the world. Recently, pumpkin was recognized as a functional food and 62 
Cucurbita pepo, C. maxima, C. moschata, C. andreana, and C. ficifolia are the most cultivated species [15]. 63 
Nutritionally, pumpkin seed contains a high amount of polyunsaturated fatty acids as well as 64 
proteins, vitamins, several minerals, and other phytochemicals. The anti-diabetic, antioxidant, anti-65 
carcinogenic, anti-inflammatory properties of this seed are studied due to its high content natural 66 
bioactive compounds, such as carotenoids, tocopherols, and sterols [16-19].  67 

 68 
Cucurbita argyrosperma is an economically important species cultivated in Mesoamerica. 69 

Isozyme, morphological, and ecological analysis suggest that it was probably domesticated from the 70 
Mexican wild squash C. sororia [20]. Seed is usually consumed as a snack or as an ingredient in 71 
traditional stews, although the scientific findings of its beneficial effects on human health have not 72 
been sufficiently proven and the anti-neovascular effects of the secondary metabolites remain 73 
unknown. However, conceivably its phytochemical composition could be like the related species, 74 
showing anti-inflammatory effects as suggested. Besides, proangiogenic factors such as COX-2, IL-75 
1β, and, VEGF, including to VEGFR1 and -R2, induced by the inflammatory agents has not studied 76 
these plants.  77 

 78 
The aim of this study was to contribute with new evidence of the effect of seed extracts from C. 79 

argyrosperma in the inflammatory and angiogenic process attenuation. Here show that hexanic and 80 
methanolic extracts from C. argyrosperma seed significantly attenuates the expression of 81 
proangiogenic factors during the inflammation using CNV model. Also, we observed by clinical 82 
manifestation that both extracts significantly diminish corneal neovascularization area. Remarkably, 83 
corneal re-epithelialization was higher in the hexane extract treatment than methanol extract. 84 

 85 

2. Materials and Methods  86 
 87 
2.1 Extract Preparation 88 

The pumpkins of C. argyrosperma were harvested in an agricultural field of the Michoacán 89 
Province, México and identified by a botanist in the herbarium of The National Polytechnic Institute 90 
(IPN). Voucher specimen number 4532 was deposited in the herbarium of the National School of 91 
Biological Sciences of IPN. One kilogram of seed was extracted with 3L of hexane (50% v/v) and left 92 
to macerate for 8 days at room temperature. Crude extract was filtered for one hour in 8 μM-medium 93 
flow filter paper (Whatman®), concentrated using a rotary vacuum evaporator and taken to dryness 94 
at 60°C in a vacuum rotator until the complete removal of the solvent, obtaining a viscous residue 95 
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(8.38 g/L). The same procedure was applied to the residue, using methanol for a sequential separation 96 
of the seed components. Each extract was stored in the dark at 4°C until use. 97 
 98 
2.2 Animal model 99 

Twenty-eight male Wistar rats weighing 200-250 g were used. Water and standard food were 100 
available ad libitum. The care and management of experimental animals were performed according 101 
to the guidelines of the National Institutes of Health Guide for the Care and Use of Laboratory 102 
Animals, the standards described by ARVO (Association for Research in Vision and Ophthalmology), 103 
and Official Mexican Standard NOM-062-ZOO-1999. 104 

 105 
2.3 Experimental design 106 

Each extract was dissolved in 0.5 ml (water) and Tween-80 (20%), which was also used as the 107 
vehicle (Veh). Rats were randomly divided into four groups (n=7 each): Non-chemically burned 108 
healthy corneas (Non-CB) treated only with the vehicle; chemically burned (CB) corneas treated with 109 
the vehicle (CB-Veh); hexanic extract treatment (CB-Hex); and methanolic extract treatment (CB-110 
Met). Groups were intragastrically injected with 400 mg/kg of Hex/Met extracts or 0.5 ml of the 111 
vehicle in a single dose, at the same time daily (10:00 am). 48h later, animals were intraperitoneally 112 
anesthetized with pentobarbital sodium (0.5 mg/kg), inhaled sevoflurane, and one drop of 113 
ophthalmic tetracaine, to perform the chemical cauterization of the cornea. Central corneas from the 114 
right eyes were burned by applying a 3-mm-diameter filter paper saturated with 1M NaOH solution 115 
for 30 seconds and immediately washing with 10 ml of saline solution. To avoid infection, a drop of 116 
ophthalmic ciprofloxacin was applied every 24 hours until the end of the study. Animals were 117 
euthanized with an overdose of pentobarbital. 118 

 119 
2.4 Clinical manifestation 120 

Corneal opacity, epithelial defects, and the CNV area were clinically evaluated eight days after 121 
CB. Corneal opacity was scored using a scaling system from 0 to 4: 0=no opacity, completely clear 122 
cornea; 1=slightly hazy, iris and lens visible; 2=moderately opaque, iris and lens still detectable; 123 
3=severely opaque, iris and lens hardly visible; and 4=completely opaque, with no visibility of the iris 124 
and lens [21]. 125 

 126 
The measurement of the CNV area (mm2) was performed in vivo using a ruler under a 127 

microscope and photographed. The software program Image-Pro Plus version 6.0 software (by Media 128 
Cybernetics, Inc., Rockville, MD, USA) was used. Inferonasal quadrant was selected to calculate the 129 
neovascularized area, according to previous reports [22]. 130 

 131 
To evaluate corneal wound re-epithelialization, we used corneal fluorescein staining. Briefly, the 132 

lateral conjunctival sac was stained using fluorescein sodium ophthalmic strips. Corneas were 133 
examined using a slit lamp biomicroscope with cobalt blue light. Injured epithelial tissues retain the 134 
fluorescein staining, meanwhile, the lack of stain indicates a re-epithelialization. The re-135 
epithelialization percentage was evaluated from corneal central burning, considering that a total area 136 
of approx. 7 mm2 is 100 percent (3 mm disc 1M NaOH-embedded). 137 

 138 
2.5 Histological evaluation 139 

Enucleated eyes (n=4 by group) were immediately fixed in neutral formalin. Cut tissue slides (3-140 
5 mm) were made, anteroposterior, and included the optic nerve. Slides were dehydrated in graded 141 
alcohols and embedded in paraffin. Histological sections of 2μm were processed and stained with 142 
hematoxylin-eosin (H&E). We measured the corneal thickness and cell infiltration in the peripheral 143 
region (500 μm beyond the limb area) using light microscopy (axioscope 2 plus, Carl Zeiss). The 144 
percentage of the infiltration was calculated in a masked fashion based on the density in the corneal 145 
stroma of CB-Veh group.  146 

 147 
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Other 2μm-sections were dewaxed and rehydrated up to antigen recovery solution 148 
(ImmunoDNA Retriever 20X with Citrate; BioSB). Slides were then loaded into a Shandon Sequenza 149 
chamber (Thermo Fisher Scientific, Inc). We used the procedure described for the polymer-based 150 
immunodetection system (PolyVue® mouse/rabbit DAB detection system, Diagnostic BioSystems, 151 
Pleasanton, CA, USA). We applied 100 μl of IL-1β (Cat. No. sc-7884), NF-κB p65 (sc-8008), COX-2 (sc-152 
1746), VEGF-A (sc-7269), VEGFR1 (sc-31173). All antibodies were purchased from Santa Cruz 153 
Biotechnology, Inc. (Santa Cruz, CA, USA). VEGFR2 antibody (MAB3571) was purchased from R&D 154 
systems. All dilutions were at 1:200 and incubated overnight at 4°C. Later, the enhancers Polyvue 155 
Plus and HRP were added and incubated with DAB plus/chromogen substrate and counterstained 156 
hematoxylin. An Axio Imager.A2 microscope with an integrated camera (axiocam ICc5; Carl Zeiss 157 
Microscopy GmbH, Germany) was used for histological observation and image capture. Micrographs 158 
of the peripheral region of the cornea (3 fields per side and 500 mm above the limb, at 200X of 159 
magnitude) were taken to measure the mean staining intensity of these markers. Images were 160 
analyzed with the Image-Pro Plus software version 6.0. 161 
 162 
2.6 Quantitative-reverse-transcription polymerase chain reaction (qRT-PCR) 163 

Total RNA was isolated from corneal tissue using TRIzol™ Reagent (Invitrogen, Boston, MA, 164 
USA) (n=3 by group). One microgram of DNase I-treated RNA (Roche Applied Science, Germany) 165 
was reverse transcribed with SuperScript® II Reverse Transcriptase system. Quantification of mRNA 166 
was carried out using qPCR with SYBR green and the following primers: Cox-2 (5'-167 
CTGAGGGGTTACCACTTCCA-3´; and 5'-CTTGAACACGGACTTGCTCA-3); Il-1β (5'-168 
AGGCTTCCTTGTGCAAGTGT-3' and 5'-TGAGTGACACTGCCTTCCTG-3'); Vegf-a (5'- 169 
GCCCATGAAGTGGTGAAGTT-3´ and 5'-ACTCCAGGGCTTCATCATTG-3'); and Gapdh (5'-170 
CTCATGACCACAGTCCATGC-3' and 5'-TTCAGCTCTGGGATGACCTT-3'). The cycling protocol was 171 
as follows: denaturation (95°C for 10 min), 45 cycles of amplification (95°C for 15 s, 59°C for 15 s, and 172 
72 ° C for 20 s), and a final extension at 72°C. A melting curve analysis was also performed to ascertain 173 
the specificity of the amplified product. The expression for each gene was normalized to Gapdh. 174 
Expression was quantified as fold-change using the ∆∆Ct method. 175 

 176 
2.7 Statistical analysis 177 

We used GraphPad Prism software (La Jolla, CA, USA) (version 5.0). Values are mean with 178 
standard deviation (mean ± SD). In all cases, we used unifactorial analysis of variance followed by 179 
Tukey’s post hoc analysis. 180 

 181 

3. Results 182 
3.1 Amelioration of corneal wound repair  183 

We evaluated corneal wound healing mediated by the extracts in the alkali-burn corneal model. 184 
Figure 1a shows that treated groups had a significant reduction in corneal opacity score and CNV 185 
area compared to CB-Veh (p<0.05 and p<0.001, respectively). However, CNV in CB-Met was lower 186 
that CB-Hex treatment (p<0.05). Furthermore, CB-Met does not show significant differences in the 187 
percentage of re-epithelialization compared to CB-Veh, inverse to CB-Hex treatment (Figure 1b). 188 

H&E stained slides (Figure 1c), non-CB group had an average corneal thickness, 336.7±39.5μm, 189 
with integral epithelial layers and a dense stroma, consisting of keratocytes. There are neither 190 
inflammatory cells nor blood vessels. Conversely, corneal integrity in CB-Veh group was severely 191 
impaired, with the loss of the epithelial cell layers, an extreme denaturation of stromal collagen fibers, 192 
and an average cell infiltration of 81±11.9%. Corneal thickness was 592.3±112.1μm. Whereas, CB-Hex 193 
tissues display a 40±8.1% infiltration, with a corneal thickness of 427.2±113.7μm (p<0.001 compared 194 
to CB-Veh). In CB-Met group, there is a significant decrease in cell infiltration (33.2±5.9%) and 195 
thickness of 295.2±62.67μm (p<0.001 compared to CB-Veh), but corneal thickness in CB-Met no shown 196 
difference with Non-CB. 197 
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 198 
 199 

Figure 1. Methanol (Met) and hexane (Hex) extracts of C. argyrosperma seed in alkali-injured corneas 200 
(CB) compared to the untreated group (CB-Veh). (a) average of opacity score (Opa) and corneal 201 
neovascularization area (CNV) in mm2. (b) re-epithelialization percentage (RE) and (c) corneal 202 
thickness in microns (THK) and infiltration cell percentage (INF). Average value±SD; *p<0.05; **p< 203 
0.01, and αp<0.001 compared to CB-Veh. @p<0.05 compared to CB-Met. Gray dotted lines show studied 204 
area and black lines are geometrical axis. Arrows indicate the lumen of stromal blood vessels. (Scale 205 
bar = 100 μm). 206 

2 Anti-inflammatory effect 207 

Several inflammatory cytokines implicated in alkali-induced corneal injury are regulated by the 208 
nuclear internalization of active NF-κB. Hence, we glance for the staining location of NF-κB in the 209 
corneal lesions. In Non-CB, NF-κB was restricted in the cytoplasm of epithelial cells in the basal layer 210 
(Figure 2a). In CB-Veh and both extracts-treated groups, NF-κB was distributed in the nuclear 211 
compartment of endothelial and inflammatory cells. However, staining density decreased in CB-Hex 212 
(41.13±9.6) and CB-Met (32.73±8.1) compared to CB-Veh (73.31±10.4; p<0.0001 both). Additionally, we 213 
performed measurements of the staining intensity for IL-1β (Figure 2b) and COX-2 (Figure 2c). In 214 
Non-CB there was a low staining intensity for IL-1β (9.28±2.6) compared to CB-Veh (75.95±12.16; 215 
p<0.0001), showing a distribution along the corneal stroma, as well as endothelial cells. Meanwhile, 216 
the intensities in CB-Hex (42.16±9.14) and CB-Met (38.21±7.9) were lower than CB-Veh group 217 
(p<0.0001). Staining intensity for IL-1β between CB-Met and CB-Hex have no differences (p>0.5). 218 
Likewise, the intensity for COX-2 was significantly different when comparing CB-Veh (102.6±13.08) 219 
to CB-Hex (68.79±10.73) and CB-Met (37.15±7.18) (p<0.0001). Non-CB has a detectable expression of 220 
7.49±3.48. Staining intensity for IL-1β and COX-2 in the cornea was also confirmed at the level of 221 
mRNA (Figure 3), Il-1β expression for CB-Met (2.31±0.30) and CB-Hex (1.89±0.11) was decreased 222 
compared to CB-Veh (3.03±0.35; p<0.05 and p<0.01, respectively) (Figure 3a). Cox-2 in CB-Hex 223 
(2.22±0.10) and CB-Met (1.91±0.15) was also diminished compared to Veh (3.15±0.31; p<0.01) (Figure 224 
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3b). The Il-1ß expression had not differences between CB-Met and CB-Hex (p>0.5), on the other hand, 225 
there was for Cox-2 (p<0.05). 226 

 227 

Figure 2. Micrograph of Met and Hex extracts of C. argyrosperma seed in CB compared to non-CB-228 
Veh. (a) Nuclei stained with anti-NF-κB p65 (red arrows). (b) Staining intensity for IL-1β along the 229 
corneal thickness. (c) COX-2 staining in studied groups. Arrowheads indicate the cytoplasmic 230 
distribution of NF-κB p65. Yellow and green arrows represent the minimum and maximum, 231 
respectively, staining intensity considered for software analysis. (Scale bar = 100 μm). 232 

 233 

Figure 3. qRT-PCR for Il-1β (a), Cox-2 (b), and Vegf-a (c). Bars are the expression levels in each group. 234 
*p≤0.05, **p≤0.01, and αp≤0.001 compared to CB-Veh. 235 

3.3 Anti-angiogenic effect  236 

Due to the anti-inflammatory effect in CB-Hex and CB-Met, we assessed whether it was related 237 
to an attenuation of CNV, by determining the staining intensity of VEGF-A and its receptors (Figure 238 
4). In CB-Veh, VEGF-A was in the cytoplasm and nucleus of the epithelial, endothelial and other 239 
infiltrated cells with an intensity of 102.02±14.04. Decreased on VEGF-A intensities were observed for 240 
CB-Hex (71±9.11) and CB-Met (61.3±9.59) (p<0.001). Besides, staining intensity between VEGF-A in 241 
CB-Met and CB-Hex show differences (p<0.05) and in Non-CB, this was about 16.25±5.25 (Figure 4a). 242 
Vegf-a expression was also confirmed (Figure 3c). Vegf-a for CB-Hex (2.74±0.34) and CB-Met 243 
(2.29±0.23) was decreased compared to CB-Veh (4.40±0.34; p<0.05 and p<0.01, respectively).  244 
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Relevantly, staining for VEGFR1 was distributed in endothelial and inflammatory cells of CB-245 
Veh corneas (54.4±6.8) and was higher as compared to CB-Hex (33.13±5.8; p<0.0001) and to CB-Met 246 
(25.47±3.7; p<0.0001) (Figure 4b). VEGFR2 immunostaining was localized in the membrane region in 247 
endothelial cells and in CB-Veh (23.06±3.5) was higher compared to CB-Hex (15.67±2.6; p<0.0001) and 248 
CB-Met (10.95±2.1; p<0.0001) (Figure 4c). 249 

 250 

Figure 4. Immunolocalization of VEGF-A and its receptors, VEGFR and VEGFR2, in treated groups. 251 
(a) Staining intensities for VEGF-A. (b and c) Membranous staining in endothelial cells for VEGFR1 252 
and VEGFR2, respectively (red arrows). Red arrows represent staining intensity considered for 253 
software analysis. (Scale bar = 100 μm). 254 

 255 

4. Discussion 256 

The cornea is a transparent, avascular an immune privileged tissue. However, the inflammatory 257 
response and growth of neovessels induced by infections, autoimmunity, and chemical burn may 258 
cause vision loss and high rejection rate of corneal allografts if not treated effectively [1,23]. Currently, 259 
it has been demonstrated by histopathological and clinical findings in animal models that anti-260 
neovascular topical treatments are successful to avoid CNV [8,24]. Nonetheless, its regulatory 261 
mechanisms are just starting to be understood. To examine this phenomenon, experimental models 262 
combined with new therapeutic strategies have been planned, primarily aimed to preserve corneal 263 
transparency through epithelial integrity by attenuating the inflammatory and neovascularization 264 
responses.  265 

 266 
Chemically burned corneas has long been used for this purpose because is accompanied by the 267 

recruitment/migration of neutrophils and macrophages with the resultant damage to the normal 268 
tissue structure, conducted by the release of oxidative derivatives, cytokines, and chemokines, matrix 269 
metalloproteinases (MMPs), and growth factors, including to VEGF can influence corneal 270 
angiogenesis [25-27]. Topical treatments with monoclonal antibody anti-VEGF- or their receptor 271 
VEGFR2 suppress the mechanism of action of VEGF in endothelial cell. Whereas dexamethasone 272 
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inhibits CNV mediated by suppressing the activity of NF-κB, decreasing the expression of IL-1β and 273 
COX-2, and VEGF [7,28]. In the same way, treatments with extracts of Propolis and Diospyros kaki; as 274 
well as other purified phytochemicals (Naringenin and EGCG) shown a decrease CNV through 275 
down-regulation of VEGF-A, IL-1β, IL-6, and metalloproteases, promoting corneal wounds healing 276 
[12-14].  277 

 278 
In the present study, we aim to evidence the ability of the hexane and methanol extracts of C. 279 

argyrosperma seed to reduce CNV after an inflammatory stimulus induced by chemical burn in rat 280 
cornea. To this goal, we examined the nuclear localization of NF-κB p65, an important marker for the 281 
overexpression of VEGF-A, IL-1β and COX-2 in damaged corneas. Receptor VEGFR2 in endothelial 282 
cell of corneal stromal neovessels as an active marker of the angiogenesis was studied. Angiogenesis 283 
initiate when VEGFR2 is activated by tyrosine phosphorylation by VEGF-A binding. Consecutively, 284 
downstream pathways are activated such as p38 MAPK and ERK1/2, producing a strong mitogenic 285 
and survival process [29,30]. In contrast, such a mitogenic signal is not equally induced by VEGFR1. 286 
Although VEGFR1 binds to VEGF-A with higher affinity than VEGFR2, the induction of VEGFR1 287 
phosphorylation is low and its downstream signaling is still poorly explored [31]. VEGFR1 possesses 288 
anti-angiogenic activity by avoiding the union between VEGF-A and VEGR2. Corneal studies show 289 
that the proteolytic enzyme, MMP14, can shave the extracellular domain of VEGFR1, converting it 290 
into the receptor soluble (VEGFRs) that acts as a decoy for VEGF-A [32]. Nevertheless, VEGFR1 291 
indirectly induces angiogenesis by stimulating the migration of monocytes and macrophages 292 
directed towards the damaged microenvironment. For these reasons, this study evaluates both 293 
receptors because they are expressed predominantly in endothelial cells in the angiogenic 294 
environment: (1) VEGFR1 as a marker in the infiltration of monocytes and neovessels and (2) VEGFR2 295 
as an active marker of angiogenesis. Our results show that the staining intensity and the expression 296 
of Vegf-a decreased along with the staining of VEGFR2 and VEGFR1 in endothelial cells of extract-297 
treated corneas. Additionally, the decrease of Il-1β and Cox-2 expressions were also observed, 298 
suggesting that hexanic- and methanolic-extract components can attenuate these pro-angiogenic 299 
factors, likely through a lack of nuclear activation of NF-κB, which was also observed.  300 

 301 
Treatment with hexanolic extract of C. argyrosperma seed shows a repairing of the corneal 302 

damage associated with a decrease in the expression of inflammatory and angiogenic factors. C. pepo 303 
seed extracts, containing majorly linoleic (ALA), linolenic acids (LA), tocopherols, and sterols, 304 
showed effective healing skin wounds with a complete re-epithelialization, organization of collagen 305 
fibers, and absence of inflammatory cells [18]. Particularly, treatment with ALA, in cultures of corneal 306 
epithelial cells and when is topically applied to a dry eye animal model, has an anti-inflammatory 307 
activity by decreasing the release and the expression of inflammatory factors (TNF-a, IL-6, IL-1β, and 308 
IL-8) regulated by NF-κB pathway [33,34]. In addition, LA decreased corneal fluorescein staining and 309 
was associated with a significant decrease in the number of CD11b(+) cells [35]. 310 

 311 
Although we are still characterizing the bioactive compounds in the methanolic extract, we can 312 

speculate that the content of phytochemicals is similar to the C. pepo seed [16]. Some of these 313 
components include flavonoids as quercetin, luteolin, and apigenin which at low concentration 314 
intake has a protective anti-inflammatory effect on human retinal pigment epithelial damage by 315 
hypoxia, inhibiting VEGF and the factors related to its activation [36]. For example, quercetin inhibits 316 
the production of inflammatory factors in VEGF-stimulated retinal photoreceptor cells, associated 317 
with inactivation of NF-κB as a consequence of the blockage of mitogen-activated protein kinases 318 
(MAPK) and protein kinase B (Akt) phosphorylation [37]. Nonetheless, C. argyrosperma may differ in 319 
the content and types of flavonoids from C. pepo., This would bring us closer to a better understanding 320 
of the mechanisms of attenuated angiogenesis by the phytochemicals contained in the methanol 321 
extract, which in turn could act synergistically, either directly or indirectly, in VEGF-A regulation. 322 

 323 
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Corneal inflammation eventually causes vision loss due to CNV. Corneal alkali-injury not only 324 
raised to NF-κB, IL-1β, and COX-2 expression, but also significantly increase VEGF and their 325 
receptors VEGFR1 and VEGFR2 in endothelial cells. This work demonstrates for the first time, that 326 
methanolic or hexanic extracts of C. argyrosperma seed (400 mg/kg/7d) improves the healing of corneal 327 
wound injured by a chemical agent and may contribute to the anti-inflammatory properties of the 328 
phytochemicals in its composition. In addition, a significant reduction of the CNV was related to the 329 
attenuation of proangiogenic factors. Significantly, our results indicate that C. argyrosperma Hex-330 
extract is better than Met-extract to reduce the corneal re-epithelialization time, improving the 331 
healing process and thus preventing the entrance of microorganisms and inflammatory mediators 332 
into the deeper layers, probably through the inhibition of the NF-κB pathway during at least seven 333 
days after corneal alkali-burn. 334 

 335 
Consequently, ingestion of the seed can be an option to prevent the corneal angiogenesis. As 336 

well, it might benefit wound healing or inhibit neovascularization in other degenerative pathologies. 337 
Further pharmacological and phytochemical studies are required to identify its constituents and 338 
accurately assess this activity. 339 
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