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1. Introduction

Toads, frogs, and tree frogs belong to the Phylum Chordata, Superclass Tetrapoda Class Amphibia, Order Anura,
Families Bufonidae, Dendrobatidae, Eleutherodactylidae, Hylidae Leiuperidae, Leptodactylidae, Mantellidae and
Myobatrachidae. Amphibians are vertebrates known for having “double lives”, as they have an aquatic and a terrestrial life
phase. All amphibians are ectotherms. Amphibians have very permeable skin, which is used to carry out cutaneous and

pulmonary respiration. They have a three-chambered heart [1-4].

Anura has a sac on each side of the head called a parotoid gland, with a spongy structure containing a milky fluid.
Contrary to what many believe, this milky liquid is not poisonous to humans, causing at most irritation and, even then, only

if placed in the mouth or eyes. They only use this liquid to defend themselves from predators (Figure 1) [5-6].

Figure 1. Female Rhinella jimi (Stevaux, 2002) (Anura: Bufonidae) sapo-cururu exhibiting the right parotoid macrogland
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localized at the postorbital region. The arrows point to the glandular pores. (2) A parotoid sectioned according to a frontal
plane, from which the venom was withdrawn. Notice the alveolar, honeycomb-like internal structure. (3) Higher
magnification of the alveoli showing the walls (arrows) and floors (asterisks). (4) Longitudinal section of two parotoid
bottle-shaped glands (G). The arrows point to the pores obstructed by a thick epithelium. D, the dermis. Paraffin, HE. (5)
Venom jets squirting from the pores, after parotoid manual compression. (6) View of the pores on the parotoid surface.
Note the small slit (large arrows) in the duct centre. Source: Toxicon Volume 54, Issue 3, 1 September 2009, Pages 197-

207https://doi.org/10.1016/j.toxicon.2009.03.029.

They are nocturnal and males croak during the breeding season. The skin of Anura is thin and permeable and, therefore,
these animals are very sensitive to changes in both the aquatic environment and the soil and air. The skin is also
important in absorbing water since these animals do not drink water. They do not have strong teeth, only weak serrations,
and therefore do not bite or chew the animals that make up their diet. They use their elastic tongue attached to the front of

the mouth in most species to capture potential prey [7-9].

Most species live near rivers and lakes, as the female needs water to lay her eggs. Tadpoles also need water to survive.
Some species have glands on their heads, where they produce a toxic poison to scare away or even kill other animals
that pose some type of danger. Despite having few predators in nature, the main ones are snakes and large birds. The
frogs' main source of food is insects. They catch insects using their large tongues. The toad's skin is rougher and drier

than that of the Anura [7-9].

Reproduction: Males croak to attract a partner to mate. Mahos croak at the edge of lakes, on the ground, or in the water,
and sometimes hidden among vegetation. They normally croak and reproduce in the place where they were born.
Courtship for mating: males attract females through specific mating calls, which vary between species. This is the first

step of your reproductive cycle [7-9].

After a female chooses a male, she enters a position called Amplexus. Here, the male holds the female from behind,
preparing her for spawning. Laying spawning: The female releases the eggs, usually into the water (external fertilization).

Depending on the species, these eggs are typically laid in clusters or strings [7-9].

Simultaneously, the male releases sperm into the eggs to fertilize them. This external fertilization is typical in most frog
species. The fertilized eggs, now known as zygotes, turn into tadpoles. This phase is marked by significant cell growth
and differentiation. After hatching, the larvae are known as tadpoles. They are aquatic and have gills, tails, and mouths for
grazing. tadpoles go through a transformation process (metamorphosis) where they develop legs, lungs, and other adult

characteristics [7-9].

During this phase, the tail is absorbed and eating habits change. Juvenile phase: after metamorphosis, they resemble
adults, but are smaller. They continue to grow and mature at this stage. Once fully mature, the frogs reach sexual maturity
and can reproduce, thus completing the cycle. This reproductive process is influenced by environmental factors such as
temperature and humidity. The most common frog species found in Brazil are the cane toad Rhinella marina (Laurenti,

1758) (Anura: Bufonidae), the green-bellied Scinax nasicus (Cope, 1862) ( (Anura: Hylidae), the yellow-crowned frog
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Hypsiboas raniceps Cope, 1862, the black toad and yellow frog Dendropsophus leucophyllatus (Beireis, 1783) (Anura:
Hylidae) and the green and yellow frog Dendropsophus minutus (Peters, 1872) (Anura: Hylidae) [9-10].

2. Chemical defenses

Chemical defenses in amphibians represent a set of defensive adaptations that act to protect against predators, parasites,
and microorganisms. Defense chemicals are synthesized in the organism's own body, but some animals are capable of
sequestering these compounds from the diet. Among these chemical compounds are some groups of lipophilic alkaloids
that are sequestered from arthropods. A wide variety of lipophilic alkaloids is observed in some groups of animals. These
alkaloids represent a large defense arsenal distributed in glands present in your skin, the vast majority of them come from

the ant diet and have not yet been found elsewhere in nature (Figure 2) [11-13].

Figure 2. Rhinella jimi (Stevaux, 2002) (Anura: Bufonidae) as a representative of the groupRhinella marina (Laurenti,
1758) (Anura: Bufonidae). (a) Note the parotoids, the numerous dorsal warts, and the macroglands on the limbs. (b) A
parotoid macrogland. (c) The radial macrogland on the forelimb. (d) The tibial (or parachemic) macroglands on the hind

limbs. Source: https://doi.org/10.1186/s12983-018-0294-5.

The toad's venom is in glands on the surface of its skin and is only released when it suffers some aggression such as
when an animal attacks it. The frog has what we call passive defense: it does not attack and does not react when
attacked. It only inflates its lungs to expose the glands, and the venom is only released when the predator bites or
squeezes these glands. Some groups of amphibians developed under pressure from predators, and the

microscopiciglands in their skin became macroscopic (Figure 3]. [14-15].
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Figure 3. Morphological comparison between the dorsal warts and the parotoid macroglands. (a) Longitudinal section of a
dorsal wart. Note the small number of poison glands (g). (b) Longitudinal section of a parotoid. The honeycomb-like
structure is formed by a large number of subunits side by side, each one lodging a poison gland (g). (c) Transverse
histological section of a dorsal wart, showing poison glands (g) and a mucous gland (*) highlighted in the insert. e,
epidermis, d, dermis. (d) Transverse histological section of a parotoid macrogland showing the juxtaposed distribution of
the poison glands (g). Note that the glands are larger in the centre of the structure and decrease towards the periphery.
The insert represents a high magnification of the area delimited by the rectangle, showing a duct obstructed by an
epithelial plug (pl) surrounded by accessory glands (ac). Species: Rhinella marina (a, ¢, d) and Rhinella icterica (b).
Staining: Mallory’s trichrome (c), toluidine blue-fuchsine (c, insert), hematoxylin-eosin (d), Source:

https://doi.org/10.1186/s12983-018-0294-5.

Toad venom can contain hundreds of substances, divided into four main groups: alkaloids, steroids, biogenic amines, and
peptides. Most of these substances are still unknown to science and have been studied much less than snake venom.
What is known is that some compounds are psychoactive and, when they encounter the mucous membrane of the mouth,
eyes, or nose, they can cause hallucinations and convulsions in predators, as well as respiratory and heart problems. The
poison, however, can slowly corrode the mucosa and enter the bloodstream, which can be fatal. When the poison is not

normally ingested in human poisoning, simply wash the area that meets the substance [15-16].

Some do not contain poison and those that are poisonous can vary in terms of degree of toxicity and effects. The toad's
venom is produced in the skin glands and the paratoid gland just behind the eyes. When pressed, the glands release the

toxin: a secretion with a viscous, whitish appearance, like milk [16-17].
3. Species/Poison/ Substances.

The cane toad Rhaebo guttatus (Schneider, 1799) (Anura: Bufonidae), also known as the bullfrog, is one of the types of
poisonous frog that can release poison at the slightest sign of threat, without the need to squeeze the gland. The gland

responsible for producing the venom is located close to the region behind the eyes, and the cane toad can expel the
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venom up to two meters away [17-18].

This frog easily adapts to different types of environments and is found in different regions of Brazil, from the Atlantic Forest
and the Cerrado to urbanized areas. The changes that occur in the frog's venom vary, as there are species that are more
poisonous than others. We list some clinical signs here: Skin irritation; eye irritation; blindness; seizure; abdominal pain;

vomiting; other neurological signs; cardiac arrhythmia; and death [18-19].

The secretion of cardiac glycosides from the paratoid glands represents a steroid nucleus, with a lactone ring in its 17
carbons, essential for its selective activity in the heart, a third carbon level produces the glycosidic bonds that read the
physical properties of solubility and lipid solubility, potency and binding with plasma proteins, elimination and duration of
effect. Contains toxins such as bufogenins, bufotoxins, bufotenins, epinephrine, serotonin, ergosterol, cholesterol, and 5-

hydroxytryptamine [19-20].

The action of bufogenins and bufotoxins, which are cardioactive steroids, results in ventricular fibrillation, as seen in
digitalis poisoning. The greatest risk of poisoning occurs in summer, spring, and autumn, at night, and after rain. Bufotoxin
has an enzymatic level that inhibits the ATPase of the sodium and potassium pump of the cardiac muscle fiber, blocking
activity in sodium channels, and increasing the concentration of intracellular calcium, causing increased cardiac

contraction and reduced heart rate (Figure 4) [20-21].
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Figure 4. Rhinella margaritifera Laurenti (Laurenti, 1768) poison in bufonids (Anura: Bufonidae) includes proteins,
biogenic amines, toxic bufadienolides, and alkaloids. The chemical composition of the methanolic extract of parotoid gland
secretions by the Amazonian toad was evaluated in a UFLC-DAD-micrOTOF system five arginine diacids, six bufagenins
(telocinobufagin, marinobufagin, bufotalin, cinobufotalin, bufalin and cinobufagin), six bufotoxins, and an alkaloid

(dehydrobufotenin). Sources: https://www.researchgate.net/figure/An-adult-common-toad-with-the-length-and-width-of-

the-left-parotoid-gland-shown-by_fig1_331404443 and https://doi.org/10.1016/j.toxicon.2020.04.106.

Therapeutic possibility: Bufonids produce very potent toxins in their skin, especially concentrated in the parotoid glands,
dorsal structures located in the post-orbital region, and can be fatal to predators when ingested However, several studies
have been exploring these compounds in pharmacological models for antitumor and cytotoxic, cardiotonic, antifungal,

antimicrobial and antiparasitic activity [21-22].
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As sufoteninas sao substancias com acdo semelhante a serotonina, dentro destas estdo os numerosos grupos de
bufoteninas, quimicamente sdo bases organicas que contém um anel indol; e tem efeito vasopressor. Na Adrenalina essa
substancias agonistas do sistema nervoso auténomo que atuam nos receptores alfal, betal e beta2; o alfa induzem
vasoconstricao na pele e nas visceras; vasodilatagdo muscular e brénquica por agcao sobre alfa2, por acao sobre o betat

que produz aumento da contragao cardiaca e da frequéncia cardiaca [21-22].

Noradrenaline is an antagonist that acts on alphai and betal receptors with the same effect as adrenaline. cholesterol,
ergosterol, and Gamasistosterol (not mentioned previously), these groups of steroids do not play an important role in the
toxic action of the venom. These substances cause cardiovascular problems such as fibrillation, sinus blockage, and

cardiac arrest [23-24].

Although toads can be poisonous, they are extremely important to nature. They feed mainly on insects, such as crickets,
grasshoppers, mosquitoes, flies, larvae, bedbugs, ants, termites, and small rodents, ensuring the balance of species and
the ecosystem. By controlling some of these insects, diseases they transmit can also be avoided, such as dengue fever,

zika, chikungunya, yellow fever, and Chagas disease [24-25].

Although toads can be poisonous, they are extremely important to nature. They feed mainly on insects, such as crickets,
grasshoppers, mosquitoes, flies, larvae, bedbugs, ants, termites, and small rodents, ensuring the balance of species and
the ecosystem. By controlling some of these insects, diseases they transmit can also be avoided, such as dengue fever,
zika, yellow fever, and Chagas disease. The frog of the species Incilius alvarius (Girard, 1859), also known as the
Colorado River frog, is found in the United States, Mexico, and Brazil and has become popular in recent years due to the
psychoactive characteristics of substances in its venom. The venom is released when the animal feels threatened and

occurs because of pressure on the glands in its skin [25-26].

The poison of the bufo toad is caused mainly by the presence of a substance called 5-MeO-DMT, (5-methoxy-N, N-
dimethyltryptamine or O-methyl-bufotenine) is from the tryptamine class of occurrence. 5-MeO-DMT is a potent, fast-
acting, and short-acting hallucinogen in humans. The effects begin three to four minutes after ingestion, peak in about
thirty-five and forty minutes, and end after an hour. The effects are similar to those of other tryptamine psychedelics, such
as those present in mushrooms, and may include distortions in visual, auditory, and temporal perception, emotional

experiences, and memory impairment [27-36].

Therapeutic possibility: Scientific studies point to 5-MeO-DMT as useful in treating mental health problems when
combined with psychological therapies. It can cause rapid and sustained reductions in symptoms of depression, anxiety,
and stress. This substance stimulates neuroendocrine function, immunoregulation, and anti-inflammatory processes in the

brain, which can contribute to mental health treatments (Figure 5). [27-36].
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Figure 5. Some typical toxic amines and steroid derivatives of toads. Source: https://nifc.gov.vn/en/technical-

news/prevention-of-toad-poisoning-post2057.html.

They explain that the substance binds to two serotonergic receptors, 5-HT1A and 5-HT2A, in the Central Nervous System
(CNS). Serotonin is a neurotransmitter closely linked to mood and the feeling of well-being, which is why its activation
provides hallucinogenic effects. The scientists write that subjective effects following the administration of 5-MeO-DMT
include distortions in auditory and temporal perception, amplification of emotional states, and feelings of ego dissolution

that are generally short-lived depending on the route of administration [27-36].

Therapeutic possibility: Different species of amphibians have already identified molecules with antimicrobial properties.
Therapeutic possibility: One of the published studies demonstrated in pre-clinical tests that a peptide isolated from can
eliminate the protozoan Trypanosoma cruzi Chagas, 1909 (Kinetoplatida: Trypanosomatidae), which causes Chagas

Disease [27-36].

Therapeutic possibility: Other research has shown that the skin of the frogPhyllomedusa hypochondrialis (Daudin,
1802) (Anura: Phyllomedusidae) contains antimicrobial compounds. Amphibians are considered nature's apothecaries.
they produce a multitude of substances. We identified antibiotics present in the animal’s skin, which explains why it never

suffers from skin infections [27-36].

According to researchers, most of the compounds present inlncilius alvarius venom are part of our brain metabolism,

such as adrenaline and bufotenin itself. The chemical structure of bufotenine was described in 1934 and synthesized in
the laboratory in 1936. In recent years, some scientific studies have already identified high levels of bufotenine in the urine
of people with schizophrenia and autism spectrum disorder [asd], for example, states. Research published in 2010 found a

correlation between high levels of bufotenine and the severity of ASD [27-36].

Therapeutic possibility: Other research has shown that the skin of the frogPhyllomedusa hypochondrialis (Daudin,
1802) (Anura: Phyllomedusidae) contains antimicrobial compounds. Amphibians are considered nature's apothecaries.

they produce a multitude of substances and never suffer from skin infections [27-36].
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Scientists do not know the origin of the incredible toxicity of the frogPhyllobates terribilis Myers, Daly, and Malkin, 1978,
but these amphibians may absorb poison from plants, which is carried by their prey. P. terribilis frogs raised in captivity
and isolated from insects naturally found in their native habitat do not develop poison. The medical research community
has been exploring possible medicinal uses for P. terribilis toxins. Therapeutic possibility: A synthetic version of one of
the poison's compounds has already been developed and promises to be a powerful painkiller. Active ingredient:
epibatidine, an alkaloid with an analgesic effect that is not addictive but is 200 times stronger than morphine. Its
therapeutic use has already been considered by doctors; it becomes lethal in doses so small that it is not worth the risk

[37-42].

A species of amphibian with venom injection as a defense mechanism was found in the semiarid northeastern region of
Brazil. An interesting feature of the morphology of the frog of the species Corythomantis greeningi Boulenger, 1896
(Anura: Hylidae) is the similarity of its skull to that of a thorny cactus. This ability to inject makes C. greening almost
unique. When threatened, the species tilts its head and stings its enemies, rubbing the spines and stinging the would-be

predator's body [37-42].

Dilemma: Frog poisoning is a dangerous and frequent phenomenon in Vietham, although there have been many
warnings about the risks of using frogs as food. However, some parts of your body contain toxins that can be deadly.
Therapeutic possibility: In traditional medicine, frog meat is used to treat child malnutrition due to its high protein and

zinc content.

The species' head not only serves defensive purposes but also to prevent desiccation. The frog prevents its body from
drying out through a process known as Phragmosis, an adaptive behavior in which frogs lock themselves inside holes,
trees, or rocks, using their bodies. Although frogs do urinate as a measure of self-defense, the liquid itself does not
contain any toxic substances. The real poison is released by the granular glands present in its skin. This is a type of

passive defense (Figure 6) [37-42].

1 Ky=H, Ry=CHy, Ry=Hy, Ry=H Hufalin
W Ry=H. Ry=CHy, Re=OHLH; RyoH  Gamabufotalin
T Ry=OH, Ry=CHy, Ry=Hy, Ryl Telocinobufagin

IV Ry=H. Ry=CHy, Ry=Hy, R=00H  Bufaresogin

P
(CHgly

Vo RymH ByCHy, Ry=Hy ByadH weBufarenogin
HN*‘[’"H’ *N'E“"—‘ VI Ry=0H. Ry=CHOH, Ry=Hy, Ry=H  Hellebrigenal
HN CO0H XIV Ry=0H, Ro=CHO, Ry=Hy. Rg=H  Hellcbrigenin
VI Ry=H, Ry=CH;, Ry=H Resibufogenin
Arglalingd diicd dechintives VI R =H, Ry=CHOH, Re=H  Resibufaginel
Coompd 7 Diocid IX  Ry=O0H, Ry;=CH,y, Ry=H Marmobulagin
1 4 Adipic acid X Ry=H. Ry=CHO, k;=H Resibufagin
2 3 Fimelic acid NI Ryl Ry CHOL RO 19-Ono-desacetylcinobufagin
3 6 Suberic ncid XN R=OM, Ry=CHO, Ry=H  Bufoulinin
_: ; :c‘fm’::‘c ::': XV R=0H, R;=CHy. Rs=OH  Desacetyleinobufomlin
[ @ Undecadienvic aciud

HH *

=N
o rm'J'!“mn-E Bg °
HO H -
o H H [
Al Gunnidinosuceinic scid A2 Dehydrobufotening X Arcnobiulagin

Figure 6. Structure of the compounds A1, A2, genines (bufadienolides) I-XV, and argininyl diacids 1-6 tentatively
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identified in PGS of toad Rhinella horribilis (Wiegmann, 1833). Source: Toxins. 2020: 12(9): 608.
https://doi.org/10.3390/toxins12090608.

Therapeutic possibility: The compound from the Bufadienolidae class called Marinobufagin, isolated from the glandular
secretion known as venom, of the cane toad of the R. marina species, has the control action used in the clinic to treat
many histologically different types of cancer, the drug doxorubicin, by activating apoptosis as a pathway of cell death, but
with the advantage of being approximately 70 times more specific against leukemic cells than against normal leukocytes
also suggest that the potent in vitro antiproliferative activity of the isolated compound is species-specific since only human

tumor cells proved to be sensitive [37-42].
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