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Abstract

Background: Millepora complanata is a plate-like fire coral common throughout the Caribbean. Contact with this
species usually provokes burning pain, erythema and urticariform lesions. Our previous study suggested that the
aqueous extract of M. complanata contains non-protein hemolysins that are soluble in water and ethanol. In general,
the local damage induced by cnidarian venoms has been associated with hemolysins. The characterization of the
effects of these components is important for the understanding of the defense mechanisms of fire corals. In addition,
this information could lead to better care for victims of envenomation accidents.

Methods: An ethanolic extract from the lyophilized aqueous extract was prepared and its hemolytic activity was

compared with the hemolysis induced by the denatured aqueous extract. Based on the finding that ethanol failed to
induce nematocyst discharge, ethanolic extracts were prepared from artificially bleached and normal M. complanata

fragments and their hemolytic activity was tested in order to obtain information about the source of the heat-stable

hemolysins.

Results: Rodent erythrocytes were more susceptible to the agueous extract than chicken and human erythrocytes.
Hemolytic activity started at ten minutes of incubation and was relatively stable within the range of 28-50°C. When the
aqueous extract was preincubated at temperatures over 60°C, hemolytic activity was significantly reduced. The denatured
extract induced a slow hemolytic activity (HUsq = 1,050.00 + 45.85 ug/mL), detectable four hours after incubation, which
was similar to that induced by the ethanolic extract prepared from the aqueous extract (HUso = 1,167.00 + 54.95 pg/mL).
No significant differences were observed between hemolysis induced by ethanolic extracts from bleached and normal
fragments, although both activities were more potent than hemolysis induced by the denatured extract.

Conclusions: The results showed that the aqueous extract of M. complanata possesses one or more powerful heat-labile
hemolytic proteins that are slightly more resistant to temperature than jellyfish venoms. This extract also contains slow

thermostable hemolysins highly soluble in ethanol that are probably derived from the body tissues of the hydrozoan.
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Background

The genus Millepora comprise calcareous cnidarians
that are found on coral reefs worldwide, except on the
Hawaiian coast, and constitute one of the most import-
ant contributors to reef structures [1]. The nematocysts
of these hydrozoans can penetrate the human skin and it
is well known that contact with them results in burning
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pain followed by local erythema, urticariform lesions,
and pruritus with regression over a 1- to 2-week period
[1-4]. Because of their significant toxicity, Millepora spe-
cies are commonly known as “fire corals”. However, al-
though superficially they resemble scleractinian stony
corals, they are not true corals. Based on morphological
and biological characteristics, Millepora species are clas-
sified as members of the class Hydrozoa, and not of the
class Anthozoa to wich scleractinian corals belong [1].
In addition, Millepora species are capable of inducing
systemic toxicity in humans, which includes nausea,
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vomiting, respiratory difficulty, fever, and even nephritic
syndrome, acute renal failure, and pulmonary edema [3,4].

Several toxinological studies have shown that the
venom contained in the nematocysts of Millepora spe-
cies is mainly composed of thermolabile protein toxins
that display lethal, hemolytic, dermonecrotic, and anti-
genic properties [5-9]. Conversely, we have found evi-
dence of the presence of important non-protein bioactive
compounds in the aqueous extract of M. complanata, a
plate-like fire coral commonly found along the Mexican
Caribbean coast. Previously, we observed that the aqueous
extract of this hydrozoan provoked contractile effects on
isolated guinea pig ileum segments and rat aortic rings,
and also induced hemolysis of rat erythrocytes [10,11]. By
means of a chromatographic analysis of this extract, we
detected the presence of a hemolytic protein of approxi-
mately 30 kDa and vasoconstrictor proteins of 15, 20, and
61 kDa. In order to evaluate the systemic toxicity of this
extract on mice, we previously found that it induced two
characteristic types of death depending on the dose ad-
ministered by intravenous route [12]. Doses equal to or
higher than LDs, (LDsg = 4.62 pug protein/g of body weight)
provoked convulsions and death within one minute,
whereas doses lower than LDs, generally caused death
many hours after injection and tissue samples from these
animals revealed histological damage to the kidneys and
lungs. Denaturation of the proteins contained in the ex-
tract, by incubation in a boiling bath for 30 minutes,
resulted in the deactivation of their capacity to induce de-
layed death and histological damage. Surprisingly, the de-
naturation of the extract did not affect its capacity to
induce convulsions and rapid death. Through a three-step
chromatographic fractionation, we found a non-protein
fraction, called MC1-IIA, which induces vasoconstriction,
delayed hemolysis (incubation for four hours at 37°C), and
lethal effects on mice. A subsequent analysis showed that
this fraction contains polyoxygenated alkylbenzenes that
are highly soluble in water and ethanol [12].

The hemolytic activities of several cnidarian venoms
are well documented [13]. The importance or implica-
tions of in vivo erythrocyte lysis by venom hemolysins is
not completely understood, but these venom hemolysins
are not specific and may affect other cell types [14]. In
fact, local damage induced by cnidarians, such as inflam-
mation and dermonecrosis, is attributed to hemolysins
injected by the nematocysts [13,15,16]. For this reason,
it is important to study the hemolytic properties of cni-
darian venoms, which could lead to better care for the
victims. For example, first aid treatment of accidental
contact with jellyfish includes rinsing the site of the sting
with some chemical substances. It was found that lido-
caine, ethanol, and diluted acetic acid are highly effective
in reducing in situ nematocyst discharge [17-20]. In
addition, it is proposed that thermal treatment (immersion
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of the sting site in 45°C water or the application of ice
packs) may aid in one or two ways: via the deactivation of
heat labile proteins in the venom, or via modulation of
pain receptors [17,21]. However, it could present variations
in the sensitivity of cnidarian hemolysins to temperature.
At present, the most common recommendations for
treatment of injuries caused by contact with fire corals
are the same as those for stings provoked by jellyfish. Al-
though information about the hemolytic properties of
these hydrozoans is scarce, it is important for the under-
standing of the defense mechanisms of these organisms.
The aim of the present study was to obtain basic data on
the hemolytic activity of the aqueous extract of M. com-
planata, not only by investigating the hemolytic proper-
ties of the protein compounds, but also by analyzing the
hemolysis induced by the non-protein compounds.

Methods

Materials

D-glucose, NaCl, MgCl,, CaCl,, and ethanol absolute
(HPLC grade) were purchased from J.T. Baker (USA).
Citric acid and sodium citrate were obtained from Sigma
(USA). The reagents used in the determination of pro-
tein concentration were obtained from Bio-Rad (USA).

Sample collection and aqueous extract preparation
Fragments of M. complanata were collected from the
coast of Puerto Morelos, Quintana Roo, Mexico, at a site
known as “La Bocana Chica”, in December 2012. The
fragments were kept wet with sea water for their trans-
portation to the Reef Systems Academic Unit (in Spanish,
Unidad Académica de Sistemas Arrecifales) and then were
frozen and stored at —70°C. Then, all fragments were
transported in dry ice to our laboratory in Querétaro,
Mexico, where extraction was performed.

Nematocyst discharge was induced by stirring the cal-
careous fragments in deionized water at 4°C for 24 hours.
The extract obtained was centrifuged at 3,000 rpm
(2,060 x g) for 15 minutes at 4°C. This procedure was re-
peated twice, and the supernatant was freeze-dried and
stored at —70°C. The lyophilized product was dissolved
in deionized water at a concentration of 150 mg/mL and
centrifuged at 3,000 rpm (2,060 x g) for 15 minutes at
4°C. Then, the supernatant was filtered through a 0.45 um
pore filter (Millipore, Germany). The filtered solution was
stored at —20°C and used to determine the biological
effects.

Protein concentration determination

Protein was determined by the Bradford assay [22], using
a standard curve prepared with lyophilized bovine serum
albumin.
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Hemolytic activity test

The hemolytic activity was monitored as described for
the jellyfish venom Cassiopea xamachana [23]. Briefly,
for each experiment an aliquot of blood was washed three
times with Alsever’s solution composed of 120 mM
D-glucose, 30 mM sodium citrate, 7 mM NaCl, and 2 mM
citric acid, pH 7.4. Washing was done by low-speed cen-
trifugation (1,000 x g, four minutes) of blood at 4°C
(Hermle Z 323 K centrifuge, Lab-Tech Instrumentation,
Germany). Washed erythrocytes were diluted in 1% Alsever’s
solution (v/v) and combined with different amounts of
the aqueous extract (0.03, 0.10, 0.32, 1.00, 3.16, 10.00,
31.60, 100.00, and 316.00 pg protein/mL). Then the sam-
ples were incubated at 37°C for 30 minutes (Eppendorf AG
22331Thermomixer, Brinkmann Instruments, Germany).
Subsequently, the reaction was stopped by centrifuging
for four minutes at 1,000 x g. The A4y5 of the super-
natant fluid containing the hemoglobin released from
lysed erythrocytes was measured in a spectrophotom-
eter (Lambda Bio, Perkin Elmer Co., USA). Each experi-
ment was normalized with respect to complete hemolysis,
which was measured by diluting the erythrocyte sample
in deionized water instead of Alsever’s solution. One
hemolytic unit (HUso) was defined as the amount of pro-
tein sample required to cause 50% hemolysis.

Hemolytic properties of the aqueous extract
The hemolytic activity of the aqueous extract of M. com-
planata was tested by using blood samples from humans
(young males, weighing approximately 70 kg), chicken
(males, weighing 600 g), Harley guinea pigs (males,
weighing 450 g), Wistar rats (males, weighing 250 g) and
CD1 mice (males, weighing 30 g). Subsequent experi-
ments were conducted using samples of rat blood. Drug-
free human blood samples were supplied by the Unit of
Chemical Services, School of Chemistry, UAQ (Unidad
de Servicios Quimicos, Facultad de Quimica, UAQ).
Animal blood samples were supplied by the Animal
House of the Institute of Neurobiology, UNAM (Bioterio
del Instituto de Neurobiologia, UNAM). The hemolytic
activity rate of the aqueous extract was tested by using
different incubation times (10, 20, 30, and 60 minutes).

In order to evaluate the thermal stability of the
hemolytic activity induced by the aqueous extract, it
was tested after preincubation at different temperatures
(4, 25, 37, 45, 60, and 100°C) for 30 minutes. In
addition, the optimum temperature of the aqueous ex-
tract was tested by utilizing different incubation tem-
peratures (20, 25, 28, 30, 34, 37, 40, 43, 46, and 50°C)
for 30 minutes.

The effects of Ca™ and Mg"™" on the hemolytic activity
induced by the aqueous extract were evaluated by adding
5 and 10 mM of CaCl, or MgCl, to Alsever’s solution.
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Analysis of the non-protein hemolysins

In a previous study, we found a non-protein fraction in
the aqueous extract of M. complanata that was highly sol-
uble in water and ethanol, which induced slow hemolytic
activity [12]. Hence, in this study the hemolytic activity of
the denatured aqueous extract (induced by preincubation
at 100°C for 30 minutes) was tested by incubating erythro-
cytes (0.10, 0.32, 1.00, 3.16, 10.00, 31.60, 100.00, 316.00,
and 1000.00 pg/mL) for four hours at 37°C. The ethanolic
extract was prepared by maceration of the lyophilized
aqueous extract with ethanol for 48 hours. Then the
organic extract was filtered (Whatman filter paper n. 1,
General Electric Company, USA) and concentrated to
solvent free by evaporation in a rotating evaporator
(Biichi, V-850, R-114, B-480, Switzerland) at 40°C.

In order to determine the source of the non-protein
cytolysins in M. complanata aqueous extract, the etha-
nolic extracts were prepared in the same way, from arti-
ficially bleached and normal hydrozoan fragments. It
was found that 70% ethanol failed to induce nematocyst
discharge and dramatically impaired chemosensitizer-
induced discharge response [19]. It was thus assumed
that ethanolic extracts from M. complanata fragments
contain mainly extra-nematocyst material. In order to
test this assumption, M. complanata nematocysts were
isolated by the method described by Radwan [9] and
suspended in ethanol to observe their possible discharge.
Bleaching induction was performed according to a method
described elsewhere [24]. Briefly, immediately after collec-
tion, the calcareous hydrozoan fragments were anchored
individually onto modeling clay (Plasticine, Flair Leisure
Products plc, UK) on acrylic sheets, divided in two groups,
and each group was put into an 80-liter acrylic aquarium
tank with filtered flowing seawater at 27°C for five days.
Then, the temperature of the tank that contained the
experimental group was raised to 33°C until bleaching of
the fragments was observed (five days). The temperature of
the other tank was maintained at 27°C during this period,
and these fragments were used as a normal control frag-
ments. All fragments were subsequently frozen and stored
at —=70°C.

Statistical analysis

The program Prism version 5.00 (GraphPad Software,
USA) was used for all analysis of data and statistics. Each
concentration-response curve was plotted in triplicate
using erythrocytes from one animal. For each curve, the
HUs, was estimated by fitting log(agonist) vs. response
using non-linear regression analysis. The HUs, of each
experimental condition was expressed as mean + SEM
(n = 3) and multiple comparisons were made by one-way
analysis of variance followed by Tukey’s test. All tests were
considered statistically significant at p <0.05.
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Results

Properties of the hemolytic activity of the aqueous
extract

M. complanata aqueous extract was tested for its hemolytic
activity on erythrocytes of various species. These results
showed that the extract induces concentration-dependent
hemolytic activity in all species used in this study (Figure 1).
Comparisons between HUj5(, values did not show differ-
ences between guinea pig, rat and mouse. A slight dif-
ference, statistically insignificant, was observed among
hemolysis induced on human erythrocytes and other
red blood cells. Undoubtedly, chicken erythrocytes were
less susceptible to lysis, resulting in a hemolytic effect
with lower potency and less efficacy. Table 1 shows the
HUjso and E,, values estimated by non-linear regres-
sion analysis.

When the hemolytic activity of the aqueous extract
was tested by using different incubation times (10, 20,
30, and 60 minutes), no significant differences were ob-
served (Table 2). These results indicate that the extract
induces a rapid hemolytic activity and after ten minutes
its potency is similar to that observed after 30 minutes
of incubation.

The hemolytic activity induced by the aqueous extract
exhibited thermal instability. Figure 2 shows represen-
tative hemolytic concentration-response curves of the
extract after preincubation at different temperatures and
Table 3 shows the corresponding HUs, values. The
hemolytic activity of the extract was not significantly
affected when it was preincubated at temperatures below
45°C for 30 minutes. The hemolytic potency of the ex-
tract was significantly reduced after incubation at 60°C
and was destroyed at 100°C. However, when the hemolytic
activity of the extract was assayed by using different
temperatures of incubation with rat erythrocytes for
30 minutes, no significant differences were observed at
temperatures over 28°C (Table 4). However, at tempera-
tures lower than 28°C, hemolytic activity was signifi-
cantly reduced. Temperatures of incubation above 50°C
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Figure 1 Representative concentration-response curves of

hemolysis induced by M. complanata aqueous extract on
erythrocytes of various species.
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Table 1 Values of hemolytic activity (HUso and E,,,) of
the M. complanata aqueous extract on erythrocytes of
various species

Species HUs, (ug protein/mL) Emax

Human 536+088 99.78 +0.98
Chicken 24.55+6.93% 80.85+6.82
Guinea pig 0.56+0.01 10545+ 2.15
Rat 0.49+0.09 9887 +334
Mouse 0.80+0.03 107.15+1.65

*Significantly different from all HUs, values (p <0.05).

were not reported since the erythrocytes were lysed as
a result of the high temperature.

When the hemolytic activity of the aqueous extract
was assayed by using Alsever’s solution with Ca*" and
Mg"" at two concentrations (5 and 10 mM), it was ob-
served that this activity was independent of the presence
of these divalent cations. Table 5 shows the HUjz, ob-
tained in the presence of these ions.

Analysis of the non-protein hemolysins

To evaluate the hemolytic activity induced by non-
protein compounds contained in the aqueous extract of
M. complanata, the hemolytic test was performed by in-
cubating the denatured extracts with the erythrocytes
for four hours at 37°C. As a result, the denatured aque-
ous extract (protein content of 3.077% w/w) induced a
delayed concentration-dependent hemolysis (HUjso =
1,050.00 + 45.85 pg/mL). The ethanolic extract prepared
by maceration of the lyophilized aqueous extract (pro-
tein content of 0% w/w) induced a hemolytic effect
(HUs0 =1,167.00 £ 54.95 pg/mL) with a potency similar
to that induced by the denatured aqueous extract. Etha-
nolic extracts, obtained by maceration of bleached and
normal fragments (Figure 3), also induced a concentra-
tion-dependent hemolytic activity. The hemolysis induced
by the ethanolic extract (protein content of 0.699% w/w)
from control fragments (HUso = 55.48 + 14.36 pg/mL) was
similar to that induced by the ethanolic extract (protein
content of 0.067% w/w) from bleached fragments (HUsq =
17.35+2.77 pg/mL). These organic extracts were signi-
ficantly more potent than the denatured aqueous extract.
Figure 4 shows representative concentration-response

Table 2 HU;, values of the M. complanata aqueous
extract obtained by using different incubation times with
rat erythrocytes

Time (min) HUs (ng protein/mL)
10 0.58+0.11
20 052+0.14
30 041+£0.05
60 0.20+0.03
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Figure 2 Representative concentration-response curves of
hemolysis induced by M. complanata aqueous extract after
preincubation at different temperatures for 30 minutes.

A

curves of the hemolysis induced by these extracts. In
addition, when isolated nematocysts suspended in ethanol
were observed by microscopy, it was found that they were
undischarged (Figure 5).

Discussion

Cnidarian venoms are complex mixtures of natural toxins
that vary in activity and composition. To date, research on
these venoms has shown that they contain two main types
of toxins, namely: neurotoxins and cytolysins [25]. Cnida-
rian neurotoxins are generally low-molecular-weight pep-
tides and clearly have an aggressive purpose as they
induce paralysis in the prey [25,26]. However, there are
also peptide neurotoxins that have a defensive role as they
induce intense pain [27]. Cnidarian cytolysins are a diverse
group of peptides and proteins that help in the pre-
digestion of prey as well as in the dissemination of the
venom by inducing local tissue destruction [14,15]. These
toxins attract considerable interest due to their possible
application as models for the study of many membrane
processes, and due to their possible use in biotherapeutic
applications such as the selective killing of parasites and
cancer cells [28,29]. Moreover, the local damage induced
by cnidarian venom has been attributed to cytolysins
[13,15,16]. Therefore, characterization of these cytolysins

Table 3 HUs, values of the M. complanata aqueous
extract obtained after preincubation at different
temperatures for 30 minutes with rat erythrocytes

Temperature (°C) HUso (Mg protein/mL)

4 041+0.12
25 035+0.2

37 0.17£0.03
45 0.50+0.07
60 12.97 £2.06*
100 -

*Significantly different from all HUs, values (p <0.05).
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Table 4 HU;, values of the M. complanata aqueous
extract obtained by using different incubation
temperatures for 30 minutes with rat erythrocytes

Temperature (°C) HUs, (pg protein/mL)

20 60.25 + 3.88*
25 15.06 £4.53*
28 707 £145
30 8.69+082
34 415+029
37 203+035
40 2.06+0.66
43 207 +033
46 200+0.15
50 225+0.14

*Significantly different from all HUs, values (p <0.05).

may lead to better care for the victims of envenomation
accidents.

Cnidarian cytolysins induce hemolysis against erythro-
cytes of many different species [13]. With some excep-
tions, these cytolysins are contained in stinging capsules
called nematocysts that inject their content into prey
through a harpoon-like structure after an appropriate
stimulus [30]. Some cnidarians possess nematocysts cap-
able of penetrating the human skin and inducing local
and systemic symptoms, which comprises a serious threat
to human health [17,20,31]. In the Mexican Caribbean,
Millepora species are noted for their ability to induce
burning pain and local reactions on human skin after
contact. In fact, these species possess penetrating nema-
tocysts [2]. In a previous study, we reported the
concentration-dependent hemolytic activity of the aque-
ous extract of M. complanata on rat erythrocytes and
found that this activity was heat-labile, which suggested
that the hemolysins responsible for this activity were
proteins [11]. In the present study, we found that this
extract also induced hemolysis on human, chicken,
guinea pig and mouse erythrocytes under the same con-
ditions as those of the previous study. These results
showed that rodent erythrocytes were more susceptible
to lysis induced by the extract than human and chicken

Table 5 HU;, values of the M. complanata aqueous
extract obtained by using two different concentrations of
Ca™ and Mg** in Alsever’s solution

HUs, (pg protein/mL)

Control 048+0.12
5mM Ca™ 045 +0.04
10 mM Ca*™ 035+0.19
5 mM Mg™™ 068+037
10 mM Mg“r 039+0.19
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Figure 3 Photograph of treated M. complanata fragments that
were employed to induce bleaching. A control fragment is shown
on the left and a bleached fragment is shown on the right.

\

erythrocytes, which could be due to differences in the
composition of membrane lipids, since several cnidarian
cytolysins preferably inserts in membranes that have a
specific lipid in a greater proportion [28].

Studies on the hemolytic properties of protein cyto-
lysins from cnidarian venoms, including the Millepora
species, have shown that they induce rapid hemolysis
[23,32-35]. In this study, hemolytic reaction tests re-
vealed that after incubation with the erythrocytes for ten
minutes at 37°C, the aqueous extract of M. complanata
induces a concentration-dependent hemolysis similar to
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that previously reported after incubation for 30 minutes.
As previously observed, the hemolytic activity of this
aqueous extract was temperature-sensitive. Preincuba-
tion at 60°C significantly reduced the hemolytic activity
of the extract and this activity was almost completely
abolished when the extract was preincubated at 100°C
for 30 minutes. Loss of hemolytic activity might be due
to heat denaturation and presence of protease. However,
in a previous study we found that the aqueous extract of
this hydrozoan does not exhibit protease activity [12].

Protease activity has been identified in the venoms of
other cnidarians such as the jellyfish Rhopilema esculen-
tum and Carybdea alata [32,36]. The hemolytic potency
of these venoms was greatly reduced after preincubation
at 45°C for 30 minutes. Apparently, the aqueous extract
of M. complanata is slightly more resistant to temperature
than jellyfish venoms and this could be due to the absence
of proteases. Undoubtedly, the complete abolishment of
activity by heating at 100°C is attributed to denaturation
of hemolytic proteins. Moreover, when the hemolytic ac-
tivity of the extract was assayed at different incubation
temperatures, no significant differences were observed at
temperatures over 28°C, which indicates that hemolysins
of the extract are relatively stable in a range of tempera-
tures from 28 to 50°C. At temperatures lower than 28°C,
the hemolytic activity of the aqueous extract was signifi-
cantly reduced, which shows that warm temperatures
stimulate the hemolytic reaction. Hemolysins from
jellyfish venoms usually have their optimum activity at
temperatures below 45°C. For example, the optimum
temperature for incubation of Stomolophus meleagris
venom was 37°C relatively to its hemolytic activity [37].
The heat sensitivity of jellyfish cytolysins is one of the
reasons for applying hot water (42-45°C) to sting sites
[17,21]. However, it should be considered that this first
aid might not be the most suitable care to inactivate
the proteins that induce local reactions caused by con-
tact with M. complanata.

To date, the hemolytic mechanism of Millepora venoms
has not yet been defined. Despite the variability in the

100+

Hemolysis (%)
g a

N
i

o
1

2 1 0 1 2 3
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Figure 4 Representative concentration-response curves of hemolysis induced by non-protein extracts from M. complanata.
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Figure 5 Light microscopy image showing isolated
nematocysts that remained undischarged when suspended in
ethanol. Magnification 400 X.

A

composition of cnidarian venoms, there is evidence that
supports the idea that actinoporin-like toxins and phospho-
lipase A, (PLA,) toxins are the basic components of the
cnidarian venom system [38]. Some studies have shown
that the hemolytic activity induced by Millepora venoms
might be associated with the presence of PLA, proteins.
For instance, it was reported that Millepora species present
higher PLA, activity levels than other cnidarians [39].
Shiomi et al. [35] reported that the venoms of M. dicho-
toma and M. platyphylla exhibit PLA, activity, but other
enzymatic activity such as hyaluronidase and protease were
not detected. Radwan and Aboul-Dahab [40] isolated a
32.5 kDa PLA, protein, named milleporin-1, in the venom
of M. platyphylla that showed a significant contribution to
the overall hemolysis of human erythrocytes. As concerns
M. complanata, we found in a previous study that the
aqueous extract of this species presents PLA, activity, and
its hemolytic activity was significantly decreased after incu-
bation with the PLA, inhibitor p-bromophenacyl bromide.
In a preliminary fractionation by HPLC of this extract we
detected a hemolysin with a relative molecular weight simi-
lar to that of milleporin-1 [11].

The hemolytic activity of PLA, proteins may be due to
their enzymatic activity resulting in hydrolysis of cellular
membrane phospholipids, or indirectly through the gen-
eration of toxic free fatty acids and lysophospholipids [41].
A common characteristic of most secreted PLA, proteins
is that the presence of a millimolar concentration of Ca*™*
is required for catalytic activity. In this study, we observed
that the hemolytic activity of the aqueous extract of M.
complanata was independent of the presence of Ca>* and
Mg?*. The effect of these cations on the hemolytic activity
of cnidarian venoms is variable, which may be due to
structural differences that contribute to their cytolytic ac-
tivity [28,32,33,37,42]. It is known that PLA, from venoms
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induce other toxic effects that are either dependent or in-
dependent on catalytic activity, such as neurotoxicity, car-
diotoxicity, myotoxicity or even digestive activity [15,41].

An interesting feature of the aqueous extract of M. com-
planata is that it contains non-protein cytolysins that in-
duce slow hemolytic activity. The hemolytic activity of this
extract was evaluated after denaturation of its protein con-
tent and we found that after four hours of incubation with
erythrocytes concentration-dependent hemolysis had been
induced. Based on the previous detection of a hemolytic
non-protein fraction that was highly soluble in water and
ethanol [12], we also evaluated the hemolytic activity of an
ethanolic extract from the lyophilized aqueous extract and
observed a very similar hemolytic activity with that of de-
natured aqueous extract. Protein content was not detec-
table in this ethanolic extract, which suggested that these
non-protein slow hemolysins were completely extracted
by ethanol from the aqueous extract.

The presence of non-protein toxins in other cnidarians
is common [13,25]. The most interesting example is
palytoxin, a complex polyether compound that was first
isolated with ethanol from the zoanthid Palythoa toxica
(class Anthozoa). This hemolysin, although potent, acts
slowly on erythrocytes from several species and induces
cytotoxic activity on cultured cells [43]. In order to de-
termine the source of the non-protein hemolysins of the
aqueous extract of M. complanata, we prepared ethanolic
extracts from bleached (without symbiotic zooxanthellae)
and control fragments of the hydrozoan. These extracts
were prepared based on a study that showed that 70%
ethanol failed to induce nematocyst discharge and dra-
matically impaired chemosensitizer-induced discharge
response [19]. When isolated, nematocysts from M. com-
planata that were suspended in ethanol were observed by
microscopy, and it was found that they were undischarged.
In consideration of this fact, the extra-nematocyst material
may be extracted with ethanol from the fragments of the
hydrozoan.

The results of the evaluation of these ethanolic ex-
tracts showed that the extract from bleached fragments
was slightly more potent than the extract from control
fragments, while both were much more potent than the
denatured aqueous extract. The reason for the higher
potency of these extracts is that they present these
thermostable slow hemolysins in a higher concentration
than the denatured aqueous extract. These results indi-
cate that the source of these non-protein hemolysins is
the extra-nematocyst tissue of M. complanata and not
the nematocysts or the symbiotic zooxanthellae. The pres-
ence of bioactive secondary metabolites in the body tissue
of hydrozoans is very common and it is believed that these
organisms are protected from predation not only by their
nematocysts but also by their non-nematocystic toxins,
such as secondary metabolites and pore forming proteins
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[15]. Therefore, further research on the toxins contained
in the aqueous extract of M. complanata is essential to de-
termine their identity and mechanisms of action, and to
establish similarities with other hydrozoans and differ-
ences with other cnidarians.

Conclusions

The present results show that the M. complanata aque-
ous extract possesses one or more powerful heat-labile
hemolytic proteins that are slightly more resistant to
temperature than jellyfish venoms. These hemolysins do
not require a long incubation time and are Ca"* and Mg"*
independent. This aqueous extract also contains slow
thermostable hemolysins that are highly soluble in etha-
nol. We inferred that these possible cytolytic secondary
metabolites are derived from the body tissues of the
hydrozoan. This hypothesis requires further research in
future studies.

Ethics committee approval

The present study was conducted according to and ap-
proval of the National Commission of Aquaculture and
Fishing, the Secretary and Agriculture, Livestock, Rural
Development, Fishing and Feeding of Mexican Federal
Government (permission number PFP/DGOPA-071/13).

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

AGA and LIME performed experiments. AR and JSR made substantial
contributions to perform the experiments. AGA conceived, designed,
coordinate the study and wrote the manuscript. All authors read and
approved the final manuscript.

Acknowledgments

This work was supported by grant FOFI-UAQ-2012/20103038 to A. Garcia-
Arredondo from UAQ and by grants CB-2009-01/133785 and CONACYT
FOMIX-QRO 2012-01 (project: QRO-2012-C01-192954) from the National
Council on Science and Technology (CONACyT) to A. Rojas and I. Rojas.
The authors acknowledge Maria de Jesus Villafuerte, Juan Pablo Moctezuma,
Esmeralda Romo and Arameli Robles for their assistance on some bioassays,
Martin Garcfa (Animal House of the Institute of Neuroniology, UNAM) for
supplying the animal blood samples, and Christian J. Valencia (Unit of
Chemical Services, School of Chemistry, UAQ) for supplying the human
blood samples.

Author details

'Laboratory of Chemical and Pharmacological Natural Products Research,
School of Chemistry, Autonomous University of Querétaro, Querétaro 76010,
Mexico. “Reef System Unit, Puerto Morelos, Institute of Marine Sciences and
Limnology, National Autonomous University of Mexico, Puerto Morelos,
Quintana Roo 77500, Mexico.

Received: 4 June 2014 Accepted: 28 October 2014
Published: 12 November 2014

References

1. Rojas-Molina A, Garcia-Arredondo A, Ibarra-Alvarado C, Bah M: Millepora
(“fire corals”) species: toxinological studies until 2011. In Advances in
Environmental Research, Volume 26. Edited by Daniels JA. New York: Nova;
2012:133-148.

20.

21.

22.

23.

24.

25.

26.
27.

Page 8 of 9

Garcia-Arredondo A, Rojas-Molina A, Iglesias-Prieto R, Zepeda-Rodriguez A,
Palma-Tirado L: Structure of nematocysts isolated from the fire corals
Millepora alcicornis and Millepora complanata (Cnidaria: Hydrozoa).

J Venom Anim Toxins incl Trop Dis 2012, 18(1):109-115. http://www.scielo.br/
scielo.php?pid=51678-91992012000100014&script=sci_arttext.

Moats WE: Fire coral envenomation. J Wilderness Med 1992, 3(3):284-287.
Prasad R, Vincent L, Hamilton R, Lim K: Minimal change disease in
association with fire coral (Millepora species) exposure. Am J Kidney Dis
2005, 47(1)e15-e16.

Wittle LW, Middlebrook RE, Lane CE: Isolation and partial purification of a
toxin from Millepora alcicornis. Toxicon 1971, 9(4):327-331.

Middlebrook RE, Wittle LW, Scura ED, Lane CE: Isolation and purification of
a toxin from Millepora dichotoma. Toxicon 1971, 9(4):333-336.

Wittle LW, Scura ED, Middlebrook RE: Stinging coral (Millepora tenera)
toxin: a comparison of crude extracts with isolated nematocyst extracts.
Toxicon 1974, 12(5):481-486.

Wittle LW, Wheeler CA: Toxic and immunological properties of stinging
coral toxin. Toxicon 1974, 12(5):487-490.

Radwan FF: Comparative toxinological and immunological studies on
the nematocyst venoms of the Red Sea fire corals Millepora dichotoma
and M. platyphylla. Comp Biochem Physiol C Toxicol Pharmacol 2002,
131(3):323-334.

Rojas-Molina A, Torres M, Rojas JI, Feregrino A, Heimer-de la Cotera EP:
Calcium-dependent smooth muscle excitatory effect elicited by the
venom of the hydrocoral Millepora complanata. Toxicon 2002,
40(6):777-785.

Ibarra-Alvarado C, Garcia-Arredondo A, Aguilar MB, Rojas-Molina A, Falcén A,
Heimer de la Cotera EP: Biochemical and pharmacological characterization
of toxins obtained from the fire coral Millepora complanata. Comp Biochem
Physiol C Toxicol Pharmacol 2007, 146(4):511-518.

Garcfa-Arredondo JA: Caracterizacién del veneno del “coral de fuego”
Millepora complanata: efectos téxicos y farmacoldgicos del veneno e
identificacién de sus componentes. Saarbriicken: Publicia; 2013.

Mariottini GL, Pane L: Cytotoxic and cytolytic cnidarian venoms: a review
on health implications and possible therapeutic applications. Toxins 2014,
6(1):108-151.

§uput D: In vivo effects of cnidarian toxins and venoms. Toxicon 2009, 54
(8):1190-1200.

Sher D, Zlotkin E: A hydra with many heads: protein and polypeptide
toxins from hydra and their biological roles. Toxicon 2009, 54(8):1148-1161.
Brinkman DL, Burnell JN: Biochemical and molecular characterisation of
cubozoan protein toxins. Toxicon 2009, 54(8):1162-1172.

Ward NT, Darracq MA, Tomaszewski C, Clark RF: Evidence-based treatment
of jellyfish stings in North America and Hawaii. Ann Emerg Med 2012,
60(4):399-414.

Auerbach PS: In reply to evidence-based treatment of jellyfish stings in
North America and Hawaii. Ann Emerg Med 2013, 61(2):254.

Morabito R, Marino A, Dossena S, La Spada G: Nematocyst discharge in
Pelagia noctiluca (Cnidaria, Scyphozoa) oral arms can be affected by
lidocaine, ethanol, ammonia and acetic acid. Toxicon 2014, 83:52-58.
Cegolon L, Heymann WC, Lange JH, Mastrangelo G: Jellyfish stings and
their management: a review. Mar Drugs 2013, 11(2):523-550.

Handbook of Non Drug Intervention (HANDI) Project team: Hot water
immersion for bluebottle stings. Aust Fam Physician 2013, 42(6):401-402.
Bradford MM: A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal Biochem 1976, 72(1-2):248-254.

Torres M, Aguilar MB, Falcdn A, Sanchez L, Radwan FF, Burnett JW, Heimer-de
la Cotera EP, Arellano RO: Electrophysiological and hemolytic activity elicited
by the venom of the jellyfish Cassiopea xamachana. Toxicon 2001,
39(9):1297-1307.

Garcia-Arredondo A, Rojas-Molina A, Ibarra-Alvarado C, Iglesias-Prieto R:
Effects of bleaching on the pharmacological and toxicological activities
elicited by the aqueous extracts prepared from two “fire corals”
collected in the Mexican Caribbean. J Exp Mar Biol Ecol 2011,
396(2):171-176.

Turk T, Kem WR: The phylum cnidaria and investigations of its toxins and
venoms until 1990. Toxicon 2009, 54(8):1031-1037.

Norton RS: Structures of sea anemone toxins. Toxicon 2009, 54(8):1075-1088.
Bohlen CJ, Julius D: Receptor-targeting mechanisms of pain-causing
toxins: how ow? Toxicon 2012, 60(3):254-264.


http://www.scielo.br/scielo.php?pid=S1678-91992012000100014&script=sci_arttext
http://www.scielo.br/scielo.php?pid=S1678-91992012000100014&script=sci_arttext

Garcia-Arredondo et al. Journal of Venomous Animals and Toxins including Tropical Diseases 2014, 20:49 Page 9 of 9
http://www.jvat.org/content/20/1/49

28.  Anderluh G, Macek P: Cytolytic peptide and protein toxins from sea
anemones (Anthozoa: Actiniaria). Toxicon 2002, 40(2):111-124.

29.  Kristan KC, Viero G, Dalla Serra M, Macek P, Anderluh G: Molecular mechanism
of pore formation by actinoporins. Toxicon 2009, 54(8):1125-1134.

30. Ozbek S, Balasubramanian PG, Holstein TW: Cnidocysts structure and the
biomechanics of discharge. Toxicon 2009, 54(8):1038-1045.

31. Burnett JW: Treatment of Atlantic cnidarian envenomations. Toxicon 2009,
54(8):1201-1205.

32. YuH, LiC LiR Xing R, Liu S, Li P: Factors influencing hemolytic activity of
venom from the jellyfish Rhopilema esculentum Kishinouye. Food Chem
Toxicol 2007, 45(7):1173-1178.

33. Feng J, Yu H, Xing R, Liu S, Wang L, Cai S, Li P: Partial characterization of
the hemolytic activity of the nematocysts venom from the jellyfish
Cyanea nozakii Kishinouye. Toxicol Vitro 2010, 24(6):1750-1756.

34. Klyshko EV, Issaeva MP, Monastyrnaya MM, IlI'yna A, Guzev KV, Vakorina TI,
Dmitrenok PS, Zykova TA, Kozlovskaya EP: Isolation, properties and partial
amino acid sequence of a new actinoporin from the sea anemone
Radianthus macrodactylus. Toxicon 2004, 44(3):315-324.

35, Shiomi K, Hosaka M, Yanaike N, Yamanaka H, Kikuchi T: Partial characterization
of venoms from two species of fire corals Millepora platyphylla and
Millepora dichotoma. Nippon Suisan Gakk 1989, 55(2):357-362.

36. Chung JJ, Ratnapala LA, Cooke IM, Yanagihara AA: Partial purification and
characterization of a hemolysin (CAH1) from Hawaiian box jellyfish
(Carybdea alata) venom. Toxicon 2001, 39(7):981-990.

37. LiR YuH, Xing R, Liu S, Qing Y, Li K, Li B, Meng X, Cui J, Li P: Isolation and
in vitro partial characterization of hemolytic proteins from the nematocysts
venom of the jellyfish Stomolophus meleagris. Toxicol Vitro 2013,
27(6):1620-1625.

38. Sher D, Knebel A, Bsor T, Nesher N, Tal T, Morgenstern D, Cohen E, Fishman
Y, Zlotkin E: Toxic polypeptides of the hydra - a bioinformatic approach
to cnidarian allomones. Toxicon 2005, 45(7):865-879.

39. Nevalainen TJ, Peuravuori HJ, Quinn RJ, Llewellyn LE, Benzie JA, Fenner PJ,
Winkel KD: Phospholipase A, in cnidaria. Comp Biochem Physiol B Biochem
Mol Biol 2004, 139(4):731-735.

40.  Radwan FF, Aboul-Dahab HM: Milleporin 1, a new phospholipase A,
active protein from the fire coral Millepora platyphylla nematocysts.
Comp Biochem Physiol C Toxicol Pharmacol 2004, 139(4):267-272.

41, Nevalainen TJ: Phospholipases A; in the genome of the sea anemone
Nematostella vectensis. Comp Biochem Physiol D Gen Proteom 2008,
3(3):226-233.

42. Kang C, Munawir A, Cha M, Sohn ET, Lee H, Kim JS, Yoon WD, Lim D, Kim E:
Citotoxicity and hemolytic activity of jellyfish Nemopilema nomurai
(Scyphozoa: Rhizostomeae) venom. Comp Biochem Physiol C Toxicol
Pharmacol 2009, 150(1):85-90.

43. Riobo P, Franco JM: Palytoxins: biological and chemical determination.
Toxicon 2011, 57(3):368-375.

doi:10.1186/1678-9199-20-49

Cite this article as: Garcfa-Arredondo et al.: Characteristics of hemolytic
activity induced by the aqueous extract of the Mexican fire coral
Millepora complanata. Journal of Venomous Animals and Toxins including
Tropical Diseases 2014 20:49.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Materials
	Sample collection and aqueous extract preparation
	Protein concentration determination
	Hemolytic activity test
	Hemolytic properties of the aqueous extract
	Analysis of the non-protein hemolysins
	Statistical analysis

	Results
	Properties of the hemolytic activity of the aqueous extract
	Analysis of the non-protein hemolysins

	Discussion
	Conclusions
	Ethics committee approval

	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

