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Abstract

Angiogenesis is the proliferation of new blood vessels that enable the normal embryonic
development and may also induce growth of numerous pathologies like tumor growth and cancer
metastasis. The assays were used for both pro and anti-angiogenic agents. This study evaluated the
angiosuppressive activity of Pleurotus florida on the developing chick embryo using
chorioallantoic membrane (CAM) assay and used destructive sampling into four different treatment
concentrations and a control. The result revealed a decrease in the number of blood vessels branch
points formed after 24, 48, and 72 hours at higher treatment concentrations (0.50% and 1%).
Statistical analysis showed that 24 hours and 48 hours of exposure to various concentrations have
no significant difference. Nevertheless, after 72 hours of exposure, the mean blood vessel branch
points formed showed a significant difference among the treatment means between the highest
concentration of P. florida (1%) and the control treatment (sterile water). In terms of the percentage
of angiosuppressive activity of P. florida with the greatest angiogenic effect, which was the 1% P.
florida treatment concentration possesses 35.69% and 36.85% angiosuppressive rate after 48 and
72 hours of exposure respectively. Thus, this study showed that P. florida lyophilized hot water
extract exhibits angiosuppressive activity on the developing chick embryo using chorioallantoic
membrane assay and is concentration and time exposure dependent.

Keywords — angiogenesis — blood vessels — destructive sampling — embryonic development —
pathologies

Introduction

Angiogenesis is a complex activation, proliferation, and directed migration of endothelial
cells to form capillaries from existing blood vessels (Oklu et al. 2010). In human physiology, it
plays critical roles ranging from reproduction and fetal growth to wound healing and tissue repair
and the sophisticated multi-process of angiogenesis (Yoo & Kwon 2013). It is vital for normal
developmental processes, however may also cause growth of numerous pathologies like tumor
growth and metastasis to inflammation and ocular diseases (Auerbach et al. 2003). This means that
the formation and differentiation of blood vessels enable normal embryonic development and/or
growth of various diseases like tumor and cancer.
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The chorioallantoic membrane (CAM) assay is a well-established and widely used model to
examine angiogenesis and anti-angiogenesis. As stated by Nowak-Sliwinska et al. (2014), the
chicken chorioallantoic membrane is a highly vascularized extraembryonic membrane, which
performs multiple functions during embryonic development, including but not restricted to gas
exchange, and its tissue composition and accessibility of the CAM for experimental manipulation,
makes it an attractive preclinical in vivo model for drug screening and studies of vascular growth.
Avian chorioallantoic membrane is a valuable and convenient model to study angiogenesis and its
regulation in vivo. The transparency of the CAM is well-suited for imaging, and the embryo is
cultured readily in a petri dish (Tufan & Satiroglu-Tufan 2005, Parsons-Wingerter et al. 1998).

The oyster mushroom (Pleurotus spp) is highly nutritious, edible mushroom common species
in tropical West Africa and Southern parts of Asia (Chang 1991). They are the main mushroom
species cultivated in Cameroon (P. ostreatus, P. pulmonarius, P. florida and P. sajor-caju)
(Yongabi et al. 2004), where mostly are consumed fresh after cooking, or dried and used in the
preparation of stews and soups as substitute for fish or meat (Van et al. 2003). Oyster mushrooms
have demonstrated immune-regulatory (Yu et al. 2009), antioxidant (Thillaimaharani et al. 2013,
Ramkumar et al. 2010), and anti-inflammatory (Im et al. 2014, Bobek et al. 2001) properties. These
beneficial effects are due to their water-soluble polysaccharide component (B- glucans), and their
phytochemical composition (Fombang et al. 2016).

This research focused on the evaluation of angiosuppressive activity of P. florida extracts
using CAM assay in developing chick embryos as an animal model in this study if it has a pro or
anti-angiogenic effect in the growth of new blood vessels. Moreover, the results that were drawn in
this study that illustrate the potential of mushroom extract in medical application may eventually
become a baseline information in creating a medical drug in treating diseases including tumor,
cancer and other possible attributes.

Materials & methods

Hot water extraction of P. florida

Twenty grams air-dried and pulverized P. florida was extracted using 600 ml distilled water
and undergone 80-90°C water bath for 2 hours. The extract was filtered using a Whatman filter
paper no. 2 to obtain the aqueous bioactive components of the sample. The filtrates were placed in
amber bottles, then lyophilized to dryness at the Department of Rice Chemistry, Philippine Rice
Research Institute, Maligaya, Science City of Munoz, Nueva Ecija.

Preparation of experimental treatments and concentrations

P. florida lyophilized extracts were diluted with distilled water. Concentrations including 1%,
0.5%, 0.1%, 0.05% and control (sterile water) were prepared and used as treatments for CAM assay
using developing chick embryos. Four treatments with different concentrations of each P. florida
lyophilized hot water extracts and sterile water as control treatment were prepared in the study. A
10 ml volume of combined lyophilized hot water extract of P. florida and sterile water in different
concentrations were prepared for each treatment. Table 1 showed the formulation of different
concentrations of the experimental treatments.

Table 1 Formulation of different treatment concentrations of P. florida lyophilized hot water
extract

Concentrations (%) Lyophilized hot water extract (g)  Sterile water (ml)

1.00 0.10 10
0.50 0.05 10
0.10 0.01 10
0.05 0.005 10
Control 0.00 10
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Chorioallantoic membrane assay

Following the protocol established by Chen et al. (2013) with minor modifications to suit the
study, one-day fertilized chick embryos (65 + 6 g) collected from San Pedro East, Rosales,
Pangasinan were cleaned with 70% ethyl alcohol and further pre-incubated at 37.5°C in 70-80%
humidity for two days. Egg morphology appears like a meta-ellipse, with a relatively larger side
and a smaller one, and the air sac is usually located on the larger side right behind the shell. After
disinfection of the shell center outside the air sac, eggs were placed inside a chamber, and a
window with 1 cm by 1 cm size was made gently over the air sac to break the shell and the vascular
zone can be easily identified on the CAM. Sterile paper discs made from punched filter paper were
soaked in different concentrations and were directly applied into the vascular zone of the embryo
followed by sealing the opening of the egg/embryo and was further incubated for 24, 48 and 72
hours in which three replicates in each concentration was done. After incubation, each CAM was
placed in a petri plate, viewed under a stereomicroscope, photographed and quantified by counting
the number of blood vessel branch points. The formula used to address the percentage
angiosuppressive activity is shown:

initial no. of blood vessel branch points — total no. of blood vessel branch points formed

0 ; ive = 100
 anglosuppressive initial no. of blood vessel branch points formed *

Statistical analysis

Experimental units were laid out following the Completely Randomized Design (CRD). Data
that were collected were analyzed using Analysis of Variance (ANOVA) at 5% level of
significance. Also, a Duncan Multiple Range Test (DMRT) to determine which among the
treatment means has a significant difference at 5% level of significance and simple linear
regression was performed to quantify the percentage of angiosuppressive activity based on the
concentration level.

Results

Angiosuppressive activity

Angiosuppressive activity of P. florida lyophilized hot water extract using chorioallantoic
membrane assay in developing chick embryos as an animal model were evaluated and determined
if P. florida possesses a pro or anti-angiogenic effect. Three-day fertilized chick embryos were used
and exposed to varying treatment concentrations of P. florida lyophilized hot water extract and
examined after further incubation of 24, 48, and 72 hrs of post treatment application. Table 2 shows
the mean number of blood vessel branch points formed in the developing chick embryo treated with
P. florida lyophilized hot water extract after 24, 48, and 72 hours of exposure to different
concentrations.

Results showed that concentrations have the ability to decrease the formation of blood vessel
branch points at 24 hours, 48 hours and 72 hours of exposure to different concentrations and is
considered to have an angiosuppressive activity. The lowest number of blood vessel branch points
formed was observed in 1% concentration with a mean number of 24.80 during 24 hours, 36.13
after 48 hours and 41.07 at 72 hours of exposure. On the other hand, the highest number of blood
vessel branch points formed was observed in the control treatment (sterile water) with a mean of
42.47 during 24 hours, 56.13 at 48 hours, and after 72 hours of exposure it was recorded to be
66.93.

The mean number of blood vessel branch points formed decreases as the treatment
concentration increases in each hour of incubation in comparison with the control treatment, the
sterile water which have a mean blood vessel branch points formation of 42.47, 56.13, and 66.33
after 24 hours, 48 hours and 72 hours of exposure to different treatment concentrations
respectively.
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Table 2 Number of blood vessels branch points formed in the developing chick embryos treated
with P. florida lyophilized hot water extract

Mean blood vessel branch

Concentrations (%)

24HRS 48HRS 72HRS
1.00 24.80 + 3.142 36.13 £ 9.582 41.07 £12.62°
0.50 28.73 £2.912 40.73 £ 7.402 48.87 +5.14%
0.10 31.60 +2.962 41.93 +3.522 52.67 + 10.23%
0.05 37.27 +£10.372 42.60 +11.332 59.80 + 3.122%
Control 42.47 £12.76% 56.13 +2.082 66.93 +7.55%

*Values within the parentheses are the standard deviation in each treatment means
*Treatment means with the same letter of superscript are not significantly different from each other at a 5% level
of significance using DMRT

It can be seen in Table 2 that P. florida lyophilized hot water extract exhibited an excellent
angiosuppressive activity in the highest concentration. However, the mean blood vessel branch
points formed during the first two observations which were 24 hours and 48 hours of exposure,
revealed that mean blood vessel branch points formed at all treatment concentrations have no
significant difference, which means that the data recorded in all treatment concentrations were
comparable with the control treatment. Nevertheless, after 72 hours of exposure to different
treatment concentrations showed that the highest treatment concentration (1%), showed a
significant difference with the control treatment.

As per the percentage angiosuppressive activity, the results drawn in each treatment were
independent from each other due to the fact that the study used destructive sampling in which the
total number of blood vessel branch points formed and the initial blood vessel branch points formed
were considered. Wherein the data gathered during the observation at control treatment were used
as the initial blood vessel branch points formed. Table 3 shows the percentage angiosuppressive
activity of P. florida lyophilized hot water extract during 48 and 72 hours of exposure.

As shown in Table 3, during 48 hours of exposure to different treatment concentration of P.
florida lyophilized hot water extract on the developing chick embryos, it was recorded that the
percentage angiosuppressive activity was 35.69% for the highest treatment concentration of 1%
while in the lowest treatment concentration of 0.05% it was observed to be 23.57%. Then after 72
hours of exposure, the percentage angiosuppressive activity in the highest concentration was
36.85% and 10.07% in the lowest concentration. Thus, from these results it can be drawn that the
percentage angiosuppressive activity of P. florida lyophilized hot water extract treated into the
developing chick embryo was directly proportional to the treatment concentrations as it revealed
that an increase in the treatment concentration also results to an increase in the percentage
angiosuppressive activity. However, based on simple linear regression performed to quantify the
percentage of angiosuppressive activity on the concentration level. Table 4 shows that although an
increase in the treatment concentration results to an increase in the percentage angiosuppressive
activity, the regression equations in both time points were not significant which can be attributed to
the number of replicates considered in this study.

Table 3 Percentage angiosuppressive activity of P. florida lyophilized hot water extract on the
developing chick embryos exposed to different treatment concentration

Concentrations (%) % Angiosuppressive 48HRS  Activity 72HRS

1.00 35.69+16.43 36.85+24.26
0.50 27.12+15.56 25.88+14.94
0.10 25.33+4.77 19.69+22.44
0.05 23.57+22.99 10.07+9.17
Control 0 0
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Table 4 Summary of simple regression analysis on the effect of concentration on the percentage

angiosuppressive activity by time point

Model Time B Std. Error  t Sig.
(Constant) 23.563 9.413 2.503 .037
1 48 concentrat!on 01 1.770 13.312 0.133 .898
concentration _0.5 3.560 13.312 0.267 .796
concentration_1 12.120 13.312 0.910 .389
(Constant) 10.067 10.799 0.932 379
2 72 concentrat!on 01 9.623 15.272 0.630 .546
concentration _0.5 15.810 15.272 1.035 331
concentration_1 26.777 15.272 1.753 118

This result suggests that P. florida lyophilized hot water extract is considered an anti-
angiogenic agent or has an angiosuppressive activity in terms of its bioactive and myco-chemical
constituents. It can be noticed that the angiogenic effect of P. florida lyophilized hot water extract
was dependent on treatment concentrations and time of exposure. The evident effect was the
decrease in the number of blood vessels formed with respect to higher concentrations and longer

time of exposure (Fig. 1).

24 Hours

1%

0.5%

0.1%

0.05%

Control

48 Hours

72 Hours

Fig. 1 — CAM assay in chick embryos exposed to various treatment concentrations showing
branching points of blood vessels at different time of exposure (arrows showing the blood vessels

branch point)
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Discussion

In the study conducted, agaric macrofungi like P. florida lyophilized hot water extract was
used to prepare treatment concentrations and were tested to developing chick embryo using CAM
assay. The angiosuppressive activity of P. florida may be attributed to its antioxidant properties or
constituents of mushrooms. A study by Badalyan (2014) revealed that basidiomycetes mushrooms
including agaric and bracket fungi are considered to develop different biotech-product due to its
bioactive molecules and valuable enzymes in which the main groups of bioactive molecules
produced are polysaccharides, terpernoids, phenols, and lectins with more than 120 therapeutic
effects revealed such as immune-modulating, antimicrobial, antiviral, antioxidant, and hypo-
cholesterolemic. As what was reported on the study of Lin et al. (2015), the antioxidant and anti-
angiogenic effects of mushroom phenolic-rich fractions using an ethyl acetate fraction from the
mushroom sclerotium of Pleurotus tuber-regium that was rich in total phenolics of 41.4 + 0.67
mg/g extract revealed significant inhibition of blood vessel development in the wild type and
transgenic zebrafish embryos using endogenous alkaline phosphate assay and microscopic imaging.

Zetter (1998) concluded that angiogenesis is the recruitment of blood vessels that is an
essential component of the metastatic pathway. These vessels provide the principal route by which
tumor cells exit the primary tumor site and enter the circulation. Thus, this means that studies
regarding angiogenesis can be used for pro and anti-angiogenic agents. Several studies indicate that
induction of angiogenesis, enhanced tumor growth, and metastasis are potential dose-dependent
and concentration-dependent (Soucy et al. 2003, Tosoc et al. 2016, Damjanovi¢ et al. 2016).

Several studies shown various inhibitory activities of different mushrooms and are
concentration-dependent (Kim et al. 2004, Jung et al. 2007, Lee et al. 2008, Nkembo et al. 2016).
The study conducted by Mansouri et al. (2014), which was the mushroom Ganoderma lucidum
extracts containing materials exhibited significant reduction in the number of newly formed vessels
and expression of inflammatory cytokines and angiogenic factors production from various cells.
Similarly, the anti-inflammatory and related activities of mushroom Phellinus linteus ethanol and
butanol extraction showed highest anti-inflammatory activity in inhibiting the mouse ear edema and
highest inhibitory activity on the chick embryo chorioallantoic membrane angiogenesis in a dose-
dependent manner (Kim et al. 2004). A similar study conducted by Song et al. (2009) on P. linteus
reported that its fruiting bodies that were extracted with 70% ethanol at room temperature showed a
strong anti-angiogenic activity which was detected using the chick embryo CAM assay. On the
other hand, another study regarding the methanol extract of P. linteus and its fractions as Lee et al.
(2010) explained that there was a significant inhibition of proliferation, migration, and tube
formation. Moreover, an in vivo angiogenesis assay using the water extract of Grifola frondosa
mushroom using chick chorioallantoic membrane revealed a concentration-dependent inhibition of
the vascular endothelial growth factor-induced angiogenesis (Lee et al. 2008).

Based on the results and findings of the present study, it can generally be elucidated that the
lyophilized hot water extract of P. florida has the potential to be an anti-angiogenic agent as it
inhibits the vascularization of blood vessels in the course of treatment to different concentration
and considered to be concentration-dependent and exposure-dependent.
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