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Abstract

The Hancornia speciosa latex has shown angiogenic activity. Angiogenesis plays a major role in wound
healing, and materials that stimulate this process could be used to develop drugs. This study aimed to explain
the role of proteins in the H. speciosa serum fraction latex in angiogenesis. Hence, this material was treated
with proteinase K and the proteins were inactivated. After protein inactivation, angiogenic activity was
assessed with the chick chorioallantoic membrane assay. The result showed that the proteins in the serum
fraction are responsible for angiogenic activity. Then, the total protein content in the serum fraction and its
enzymatic activity were investigated. The low protein content observed in the H. speciosa serum fraction
latex suggests that this biomaterial could be used to develop new drugs with a hypoallergenic response.
Despite the low protein content, there was a significant enzymatic activity of at least three enzymes in the
serum fraction latex: B-1,3 glucanase, B-glucosidase, and proteases. These enzymes seem to influence the
healing process, assisting debridement, extracellular matrix remodeling, and collagen deposition, and
decreasing the chances of contamination by microorganisms. In conclusion, the enzymes in the H. speciosa
serum latex are associated with the angiogenic activity of this biomaterial and may be used to assist the
wound healing process.
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1. Introduction

Angiogenesis is the growth of blood vessels from the existing vasculature (Adair and Montani 2010).
It is a vital process for human growth and development, wound healing, and granulation tissue formation
(Folkman 2003). For decades, researchers have been looking for products or strategies to stimulate
angiogenesis and consequently accelerate the wound healing process (Singer and Clark 1999; Scheneider et
al. 2019). Plants produce a variety of angiogenic compounds that may be important to develop wound-
healing drugs (Karim et al. 2014; Wittenauer et al. 2015; Danciu et al. 2015). Among them, latex has shown
high angiogenic potential (de Almeida et al. 2015). Latex is an organic milky fluid that flows out of some
plants after a tissue injury (Konno 2011). The general functions of this exudate in plants are associated with

Bioscience Journal | 2022 | vol. 38, e38086 | ISSN 1981-3163


https://orcid.org/0000-0003-4756-4869
https://orcid.org/0000-0002-1768-6083
https://orcid.org/0000-0002-2807-4760
https://orcid.org/0000-0003-2676-8280
https://orcid.org/0000-0002-0572-5102
https://orcid.org/0000-0002-5778-0322
https://orcid.org/0000-0003-1764-1480

The role of enzymes in the angiogenic activity of Hancornia speciosa latex

the excretion of waste metabolites, coverage of damaged tissue, and defense against pathogens (Konno
2011). Among latex with angiogenic activities is the Hancornia speciosa Gomes latex.

H. speciosa, popularly called mangabeira, is a native species from Brazil that belongs to the
Apocynaceae family. It is typically found in the Amazon Rainforest, Caatinga, and Cerrado vegetation.
Ethnobotanical studies have shown the use of the H. speciosa latex in traditional medicine for treating skin
diseases, tuberculosis, fungal diseases, gastric ulcers, and bone fractures (Pott and Pott 1994; Neto and
Guarim-Morais 2003; Macedo and Ferreira 2004; Sampaio and Nogueira 2006). Besides the use in traditional
medicine, the literature shows the high angiogenic (Almeida et al. 2014; D'Abadia et al. 2020; Bonete et al.
2020), osteogenic (Floriano et al. 2016; dos Santos Neves et al. 2016), antioxidant (D'Abadia et al. 2020), and
anti-inflammatory (Marinho et al. 2011) potential of the H. speciosa latex. Regarding the toxic potential, the
H. speciosa latex does not show cytogenotoxic effects against human cells (Costa et al. 2023), animals
(Almeida et al. 2014), and plants (Ribeiro et al. 2016).

For bioprospecting studies, it is important to identify which substances in latex present angiogenic
activity. A previous study determined that the compounds responsible for the angiogenic activity are present
in the H. speciosa serum (SE) fraction latex. This fraction contains various proteins, secondary metabolites,
and lutein compounds. Among the different components in the serum fraction, this study aims to evaluate
the influence of proteins on angiogenic activity. To test this hypothesis, the proteins in the serum were
inactivated with the proteinase K enzyme, and angiogenic activity was evaluated with the chick
chorioallantoic membrane (CAM) assay. This is one of the most used methods to study angiogenesis and its
main advantages are being fast, low-cost, simple, and easy to observe; having good reproducibility; and not
presenting major ethical concerns (Nowak — Sliwinska et al. 2014; Aleksandrowicz and Herr 2015; do Prado
et al. 2019). After the CAM experiments confirmed the role of proteins in angiogenesis, biochemical analyses
were performed to quantify the total protein and the main enzyme classes in the H. speciosa serum fraction
latex. The enzymatic activity of Hevea brasiliensis serum fraction latex was also quantified, and the results
were compared with those of H. speciosa. The H. brasiliensis latex was selected as the control because it has
proven angiogenic and wound-healing activities (Penhavel et al. 2016). The enzymatic profile of the H.
speciosa biomaterial may provide a clue to the biological activity of the serum fraction in angiogenesis and
consequent wound healing.

2. Material and Methods
Latex collection and extraction

The H. speciosa latex was obtained from trees of the collection of the State University of Goias, in the
city of Ipameri, state of Goids, Brazil (17°43’19”’S, 48°9’35””W, 773 m). Botanical identification was performed
and a voucher specimen was deposited at the herbarium of the State University of Goids (Anapolis, Goias,
Brazil) under number 4875. The latex was extracted in a sterile tube by drilling the tree trunk, according to
the methodology by Arruda et al. (2016).

Latex fractionation

The H. speciosa latex was centrifuged at 4°C for 1 hour at 22,000 g (Heraeus Megafuge 16R, Thermo
Scientific). After the initial centrifugation, the rubber was carefully separated and centrifuged again. Two
different fractions were obtained after the centrifugations: an upper white area with rubber particles and
an aqueous fraction called serum (SE) fraction.

The Hevea brasiliensis latex was used as a reference sample in the total protein quantification and
enzymatic activity experiments. Thus, the same fractionation method was used for the Hevea brasiliensis
latex to obtain the serum fraction.
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Protein inactivation with proteinase K

Proteinase K, also known as protease K or endopeptidase K, is commonly used in molecular biology
for protein digestion. The H. speciosa SE fraction latex of one experimental group was treated with
proteinase K, according to the manufacturer's instructions (Sigma-Aldrich, r P2308).

Experimental groups

This study used 48 fertilized chicken eggs (Gallus domesticus). The chicken eggs were divided into
four experimental groups containing 12 eggs each. The experimental groups were: (1) H. speciosa serum
fraction (SE group); (2) inactivated protein of H. speciosa serum fraction latex (IPSE group; latex treated with
proteinase K); (3) water (WA, negative control); (4) dexamethasone (DE, angiogenesis inhibitor).

Angiogenic potential and CAM assay

This study was approved by the Ethics Committee for the use of animals at the State University of
Goias, Brazil (Protocol no007/2018). A CAM assay with few modifications was performed as described by
Almeida et al. (2014). The eggs were incubated at 37°C in a humidified environment (around 70% humidity).
After five days of incubation, the CAM was accessed through a window cut in the eggshell, and the eggs were
returned to the incubator. On day 13 of incubation, the CAM was exposed to the different treatments. Filter
paper disks with 3 ul of solutions were used in each treatment. After exposing the CAM to different
treatments, the eggs returned to the incubator for 72 hours. Then, the CAM was fixed in formaldehyde
(3.7%) for 5 minutes. Scissors were used to remove the CAM from the egg and the CAM was maintained in
Petri dishes with a formaldehyde solution. The newly-formed vascular net was analyzed and quantified
through images captured with two different software: Gimp (version 2.0.5) was used to normalize the
saturation, light, and contrast of the CAM images; and Imagel (NIH, version 1.28) was used to quantify the
number of pixels in each image. The angiogenic activity of the serum fraction latex was evaluated by
comparing the treated and control groups with one-way analysis of variance (ANOVA), followed by Tukey’s
post-hoc test to compare the treatment means. A p-value <0.05 was used to indicate statistical significance.

After analyzing the images, the CAM was embedded in paraffin for histological analysis, stained with
hematoxylin-eosin, and examined by optical microscopy. The parameters evaluated were conjunctive cells,
inflammation, and neovascularization. The results were classified based on their intensity, and the data were
transformed into quantitative variables by assigning the following scores: 0 for absent (0%), 1 for discrete
(1-25%), 2 for moderate (26-50%), and 3 for accentuated (over 51%). The results were analyzed with the
Kruskal-Wallis test at a significance level of p<0.05, followed by Dunn’s multiple comparisons.

Total protein quantification

The total of proteins in the serum fraction latex was determined with the Bradford method with
modifications (Bradford 1976). For this test, the standard curve was first prepared with albumin (1 mg/mL
BSA) and its serial dilutions in H20 (0.5 mg/mL, 0.25 mg/mL, and 0.125 mg/mL). The serum fraction latex
was prepared with 2.37 mL of water, 30 uL of serum fraction latex, and 600 uL of Bradford. The mixture was
incubated for 5 minutes in the dark and measured at 595 nm (SpectraMax Paradigm, Molecular Devices).
The same protocol was used for measuring the total protein in the H. brasiliensis serum latex.

Enzyme activity quantification

The protease activity was determined with casein as a substrate, according to the methodology by
Sarath et al. (2001). The enzymatic activity was expressed in U/mL and defined as the number of enzymes
needed to promote the release of 1 umol of Tyr/min under testing conditions. The B-1,3-glucanase activity
was determined with laminarin as a substrate (Noronha and Ulhoa 2000). The amount of reducing sugar was
determined at 540 nm. One unit of enzymatic activity (U) was defined as the number of enzymes needed to

Bioscience Journal | 2022 | vol. 38, e38086 | https://doi.org/10.14393/BJ-v38n0a2022-61092



The role of enzymes in the angiogenic activity of Hancornia speciosa latex

release 1 pumol of reducing sugar per minute. The N-acetylglucosaminidase (NAGase) activity was
determined with N-acetyl-B-D-glucosaminide (Ulhoa and Perberdy 1992). One unit (U) of N-acetyl-B-D-
glucosaminidase was defined as the number of enzymes needed to hydrolyze 1 umol of p-nitrophenol per
minute. Acid phosphatase was determined with a substrate derived from p-nitrophenyl-phosphate (2.5
mM), according to the methodology by Monteiro et al. (2015). One unit of phosphatase was defined as the
number of enzymes required to produce 1 pumol of p-nitrophenol per minute. The beta-glucosidase activity
was determined with a substrate derived from p-nitrophenyl-B-D-glucopyranoside (2.5 mM). An enzyme unit
of N-acetyl-B-D-glucosidase was defined as the number of enzymes required to produce 1 umol of p-
nitrophenol per minute. Chitinase activity was determined with a substrate derived from p-nitrophenyl-N-
N-diacetylchitobiose (2.5 mM), according to the methodology by Qualhato et al. (2013). A chitinase enzyme
unit was defined as the number of enzymes required to produce 1 pmol of p-nitrophenol per minute. Lipase
activity was performed with the p-nitrophenyl palmitate synthetic substrate, following the release of the p-
nitrophenyl palmitate ion (410 nm). One enzyme unit (U) was defined as the number of enzymes needed to
hydrolyze 1 umol of the substrate in one minute (umol/min) under testing conditions. To obtain a relative
measure of enzyme quantification (Table 3), the specific activity (the number of units per milligram of
protein) was calculated with the formula:

enzyme activity (U)

protein concentration (mg)
3. Results

To evaluate the role proteins of H. speciosa serum fraction latex in angiogenesis, the percentages of
CAM vascular area in the treatment and control groups were calculated. Figure 1 shows the representative
images of the vascular nets of each condition. The average percentage of vascularization obtained for each
group was WA 14.03+1.4, DE9.30+1.3,SE 26.55+ 1.5, and IPSE 11.7 + 2.4. The serum fraction, as expected,
showed an increase in the percentage of vascularization relative to water (negative control), which confirms
the angiogenic activity of the H. speciosa serum fraction latex. However, the serum fraction treated with
proteinase K and without active proteins (IPSE group) did not show angiogenic activity. Vascularization in
the IPSE group did not show significant differences in the percentage of vascularization with inhibitory
control (DE).

The histological analyses evaluated three different parameters (Figure 2). For inflammation, the
serum fraction latex was significantly different from dexamethasone (Table 1). Regarding the conjunctive
cells, the serum fraction latex group was significantly different from dexamethasone and water (Table 1). As
for angiogenesis, the serum fraction group was significantly different from all other groups (WA, DE, and
IPSE), showing an increase in angiogenesis (Table 1). The histological results agree with the morphological
data, indicating that the H. speciosa serum fraction latex presents angiogenic activity. However, this
biological property is lost after the enzymatic treatment with proteinase K.

Table 1. Histological parameters of the chorioallantoic membranes treated with the control solutions (W:
water and DE: dexamethasone) and H. speciosa serum fractions (SE: serum latex; IPSE: inactivated proteins
serum latex using Proteinase K). The results were classified based on their intensity, and the data were
transformed into quantitative variables by assigning the following scores: 0 for absent, 1 for discrete, 2 for
moderate, and 3 for accentuated.

Samples Inflammation Conjunctive cells Angiogenesis
Median Bonferroni Median Bonferroni Median Bonferroni test
test test
W 1 A 0 A 0 A
DE 0 AB 0 AC 0 A
SE 2 AC 3 BD 2,5 B
IPSE 1 A 1 A 0 A
P=0,005 P=0,003 P=0,003

* The data were submitted to non-parametric Kruskal-Wallis analysis. Same letters represent no significant difference by the Bonferroni t-test.
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Figure 1. Angiogenic potential of the Hancornia speciosa latex on the chorioallantoic membrane assay
(CAM). Representative images of different CAM treatments: WA (water, negative control); DE
(dexamethasone, angiogenesis inhibitor); SE (H. speciosa serum fraction); IPSE (H. speciosa serum fraction
after inactivation with proteinase K).

To evaluate the protein content in the H. speciosa serum fraction latex, the Bradford method was
used. The results obtained were compared with the values observed in the Hevea brasiliensis serum fraction
latex. H. brasiliensis was used as the control because its latex is established in the literature. The protein
content found in the H. speciosa serum fraction was 0.17 mg/mL, while H. brasiliensis showed 1.1 mg/mL.
Tables 2 and 3 show the non-specific and specific enzymatic activities of the serum fraction latex of both
species, respectively. As a result, there was no enzyme activity for NAGase, phosphatase, and chitinase.

Lipase showed very low activity, while B-glucosidase and proteases showed significant activity, and a
remarkable activity of B-1,3-glucanase was detected in the H. speciosa serum fraction.

Table 2. Enzymatic activity of Hancornia speciosa SE fraction and in H. brasiliensis SE fraction. The enzymatic
activity was expressed in U/mL.
Samples Protease  B-1,3 glucanase = NAGase Phosphatase B-glucosidase Chitinase Lipase
H. speciosa SE fraction

1.95 92.05 0 0 2.45 0 0.2

H. brasiliensis SE
fraction 8.37 5.35 5.92 8.54 7.02 473 2.52

Table 3. Specific enzymatic activity of Hancornia speciosa SE fraction and in H. brasiliensis SE fraction. The
enzymatic activity was expressed in U/mL.
Samples Protease  B-1,3 glucanase  NAGase Phosphatase B-glucosidase Chitinase Lipase
H. speciosa SE fraction

11.47 541,47 0 0 14.41 0 1.18

H. brasiliensis SE
fraction 7.61 4.86 5.38 7.76 6.38 4.30 2.29
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Figure 2. Histological analysis of chorioallantoic membranes (CAM) treated with Hancornia speciosa SE
fractions. Paraffin sections stained with hematoxylin-eosin for different groups: WA (water, negative
control); DE (dexamethasone, angiogenesis inhibitor); SE (H. speciosa serum fraction); IPSE (inactivated
proteins serum latex of H. speciosa using proteinase K).

4, Discussion

The tissue repair process is extremely complex and begins immediately after the injury (Campos et
al. 2007). This process is initially characterized by vascular and cellular events such as the increase in vascular
permeability and angiogenesis (Mendonga and Coutinho-Netto 2009). This study evaluates the activity of
proteins in the H. speciosa latex in angiogenesis, using the CAM assay. The results obtained may help to
identify the agents that control angiogenesis and which of them can benefit the development of therapeutic
drugs for tissue regeneration.

The CAM assay results confirm the angiogenic activity of the H. speciosa serum fraction latex (Figure
1). Additionally, the lack of an angiogenesis process in the IPSE group, which was treated with proteinase K,
confirms that the stimulation of angiogenesis in the CAM membrane is associated with proteins in the serum
fraction.

As the proteins showed an important role in angiogenesis, the total protein content in the serum
fraction and its enzymatic activity were investigated. There was a low protein content in the H. speciosa
serum fraction latex. This was previously observed by Malmonge et al. (2009), who identified a low protein
concentration in the H. speciosa crude latex (1,900 + 32 ug/g dw). The literature shows that proteins are the
main responsible for latex allergies (Kelly and Sussman 2017). Our results suggest that the H. speciosa latex
could be used to develop new drugs with a hypoallergenic response.

Enzyme activity expressed only per unit volume or mass may not be a relevant factor, as discussed
by Bisswanger (2014). The present study showed a low soluble protein for the H. speciosa SE fraction but
indicated angiogenesis activity. This study also used the relationship between non-specific enzymatic activity
and the amount of protein found in the samples, called specific activity.

Despite the low protein concentration compared to other lactiferous, it was possible to detect
significant non-specific (U/mL) and specific (U/mg protein) enzymatic activities in the H. speciosa serum
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fraction. Three enzymes showed a significant non-specific activity: B-1,3 glucanase, B-glucosidase, and
proteases (Table 2). When correlating the total enzyme activity to total protein, the specific enzymatic
activity in H. speciosa SE fraction significantly increased for those enzymes compared with the H. brasiliensis
SE latex (Table 3).

The help from these enzymes in the wound healing process must be understood. The 1,3-B-
glucanases are fibrolytic enzymes that participate in the hydrolysis of carbohydrates for energy production
in fungi and bacteria (Usoltseva et al. 2020) and as a response after infections by plant pathogens (Kim and
Hwang 1994; Hong and Meng 2003). Because of the fibrolytic activity, this enzyme could assist debridement
and remodeling in the physiological healing process. During the remodeling process, the fibroblast produces
the fundamental amorphous substance (mucopolysaccharides) involved in the production, size, and
orientation of collagen fibers (Junqueira and Carneiro 2017), and the 1,3-B-glucanases could help tissue
organization. Besides helping the orientation of collagen fibers, it was suggested that 1,3-B-D-glucanases
could promote cell proliferation (Jose et al. 2014). Another possible effect of 1,3-B-D-glucanases on the
wound healing process is antifungal activity (Usoltseva et al. 2020; Hong and Meng 2003), which could
reduce the chances of wound contamination. Regarding the toxic potential, there was no cytotoxic effect
when exposing animal cells to 1,3-B-D-glucanases, even in high concentrations (Usoltseva et al. 2020).

The B-glucosidase catalyzes the hydrolysis of glycosidic bonds to terminal non-reducing residues in
beta-D-glucosides and oligosaccharides, releasing glucose (Cox et al. 2000). The B-glucosidase could be
important to destroy the connective tissue matrix in the inflammatory process (Chithra et al. 1998).
Additionally, these enzymes could reduce oxidative damage (Romero-Segura et al. 2012). Aloe vera is an
example of a plant species used for wound healing that contains B-glucosidase activity in its extract (Chithra
et al. 1998).

Regarding protease activity, some studies have shown that these enzymes may have clot-inducing
and hydrolyzing properties (Urs et al. 2017). Clot formation is vital for hemostasis, which is the initial phase
of wound healing when proteases present procoagulant and thrombin-like activities. Also, proteases present
fibrinolytic, gelatinolytic, and collagenolytic activities, which may aid wound debridement (Urs et al. 2017).

Proteases usually offer excellent conditions for physiological wound healing, considering they
complement endogenous proteases in hemostasis, attenuate microbial activity, debride wounds, and
stimulate angiogenesis and cell proliferation (Urs et al. 2017). Some examples of proteases used in the
wound healing process are papain (Udod and Storozhuk 1979), bromelain (Maurer 2001), curcain (Nath and
Dutta 1991), fibrinolysin (Cavalcanti et al. 2012), and ficain (Shiksharthi and Mittal 2001; Devaraj et al. 2008).

These enzymes could influence the healing process, aiding the debridement and remodeling of the
extracellular matrix and collagen deposit, and decreasing the chances of contamination by microorganisms.
Although the results obtained with the CAM model show a high degree of compliance with the results
obtained in mammalian trials, further studies should be performed to evaluate the effects of the H. speciosa
latex enzyme on the wound healing process.

5. Conclusions

The proteins in the H. speciosa serum fraction latex present angiogenic activity and can be beneficial
to the development of therapeutic materials for wound healing and tissue regeneration. The protein content
of the serum fraction is low compared to other latex. Despite the low concentration, it was possible to detect
significant non-specific and specific enzymatic activities of B-1,3 glucanase, B-glucosidase, and proteases in
this biomaterial. These enzymatic activities could assist the wound healing process and be useful to develop
new drugs.
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