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   This article describes various toxins derived from skin glands of various frog species, along with their pharmacological and thera-
peutic uses. Most of these toxic compounds from skin glands, are used to protect against harmful microorganisms, parasites, and 
predators. These can be used as diagnostic tools, mainly experimental molecules to validate postulated therapeutic targets. This 
article discusses various toxins secreted from frog skin glands, primarily examining their antimicrobial, insulinotropic, antitrypano-
somal, hemolytic, wound-healing, anti-HIV, and insecticidal properties. Bufadienolides exhibited cytotoxic, antitumor, anticancer, 
anti-inflammatory, antimicrobial, and analgesic activities. These are also used to create drug libraries, prototypes for drug design, 
cosmeceuticals, therapeutic agents and traditional medicines. This review suggests that the use of frog toxins may contribute to the 
development of novel therapeutic molecules for managing infectious diseases.
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Introduction
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Amphibians have skin that is heavily packed with glands that 
produce toxins and mucus. These secretions show a wide range 
of harmful effects on human health. These have adverse physio-
logical effects due to toxic action on various bodily tissue systems 
that give rise to serious health issues. Thus, envenomation or di-
rect exposure to these toxins or poisons can cause significant eco-
nomic problems and health risks for humans, their pets, and wild 
animals. Among vertebrates, amphibians secrete a wide variety of 
chemicals from their skin glands as a defence against predators, 
parasites, and pathogens. These defensive chemicals are produced 
endogenously through biosynthesis, whereas poison frogs seques-

ter lipophilic alkaloids from their diet. Several frog families pro-
duce skin-secreted peptides [1]. These skin poisons are composed 
of bioactive peptides for defence against pathogens, parasites and 
predators. Bufo toads, Colorado River toad, Giant marine toad, So-
noran Desert toad (Bufo alvarius), and cane toad (Rhinella marina) 
possess poison glands on their backs and behind their eyes. These 
produce a toxic fluid that contains important poisonous compo-
nents, including digoxin, a cardioactive steroid, Catecholamines, 
and tryptamines. These impose life-threatening toxicity and hallu-
cinogenic effects. Alkaloid diversity is highly variable among adult 
poison frogs.
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Anurans belonging to Dendrobatidae secrete several toxins in 
their skin [2]. Rana catesbeiana, a ranid frog also secretes bombe-
sin-like peptide [3]. The ranid frogs also have yielded two new ho-
mologous bombesin peptides, bombesin-OS and bombesin-PE [4]. 
These peptides penetrate cells [5]. Similarly an unique vasoactive 
BPP was discovered in the cutaneous secretion of the frog Brachy-
cephalus ephippium [6]. The skin secretion of the A. loloensis frog 
contains amolopinis [7]. The skin secretions of the European Ed-
ible Frog (Pelophylax kl. esculentus) and the Chinese Piebald Odor-
ous Frog (Odorrana schmackeri) have also been found to contain 
a1 3 peptide [4]. Similarly, a novel vasoactive BPP isolated from 
the skin secretion of the frog Brachycephalus ephippium [6]. Amo-
lopinis occurs in the skin secretions of the frog A. loloensis [7]. 
Similarly, a peptide has been identified in the skin secretions of 
the Chinese piebald odorous frog (Odorrana schmacker) and the 
European edible frog (Pelophylax kl. esculentus) [4]. A novel myot-
ropic tryptophyllin-3 peptide, named Baltikinin, has been isolated 
from the skin secretion of the purple-sided leaf frog (Phyllomedusa 
baltea) [8]. Argenteohyla siemersi (red-spotted Argentina frog) be-
long to the Hylidae family and makes a complex combination of 
anti-predator defense mechanisms by using highly lethal skin se-
cretion [9]. 

Toads, which belong to the family Bufonidae, produce bioactive 
substances in secretions from specialised skin macroglands. Bu-
fonidae, better known as true toads, members of this family con-
tain bufadienolides in their venom [10]. The frog Amolopsloloensis  
secretes antimicrobial peptides, which are proline-rich peptides 
similar to bradykinin-like peptides and algesic peptides. The 
Angiotensin-Converting Enzyme (ACE) is inhibited by these. The 
blunt posterior end of the caecilian Siphonops annulatus, which has 
an internalised mega gland of poison glands in the dermis, may 
function as a chemical defensive mechanism or prevent tunnel 
penetration [11]. The majority of these bufadienolides have cyto-
toxic and anticancer properties against kidney Vero epithelial cells 
[12]. These serve as protective compounds and have been shown 
to vary greatly among adult poison frogs [10]. As a traditional ther-
apy for infectious disorders, these substances were discovered to 
be effective against microbial pathogens [12]. 

Amphibian skin poisonous secretions play fundamental role in 
chemical defense against predators and microorganisms—These 
skin glands. During the breeding season, sexually dimorphic glands 
become active, and males make calls to attract females [13]. These 
assist the animal in intraspecific chemical communication dur-
ing mating [14]. In anurans, reproduction is associated with skin 
glands. The Brazilian microhylid Dermatonotus muelleri (Muller’s 
termite frog) is known for its highly toxic skin secretions [14]. The 
skin secretion of the A. loloensis frog was shown to contain a novel 
insulinotropic peptide called amolopin [7]. Common toads, includ-
ing the natterjack toad (epidalea calamita), produce bufadienolides 
[6]. Secretions of the post-axillary gland are proteinaceous sexual 
pheromones that are believed to attract females during male calling 
intervals [13].

Many frog species secrete toxic compounds from their skin 
glands, which are bioactive peptides serving to protect against 
harmful microorganisms, parasites, and predators. Frog toxins have 
numerous potential therapeutic applications [15]. These can be 
used as diagnostic tools, mainly experimental molecules to validate 
postulated therapeutic targets. These are also used to create drug 
libraries, prototypes for drug design, cosmeceuticals, and therapeu-
tic agents. The creation of toxin-based products and the search for 
new drugs could both benefit from these toxins [16]. This review 
describes toxins from the venoms of various frog species compris-
ing different classes of molecules with diverse pharmacological 
activities. This also highlights bioactive species and their various 
biological activities, including anti-trypanosomal, anticancer, anti-
diabetic, anti-inflammatory, anti-HIV, and insecticidal properties.

Source of data
This comprehensive review examines frog toxins, bioactive 

natural products, and their pharmacological and therapeutic ap-
plications. To gather relevant information, various databases were 
searched using specific keywords such as toxin types, antimicrobial 
peptides, insulinotropic activity, bufadienolides, cytotoxicity, an-
titumor effects, hemolytic activity, and wound healing properties. 
Emphasis was placed on retrieving articles related to frog-derived 
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toxins and their medicinal, pharmacological, and therapeutic uses, 
including treatments for skin cancer, as well as their anti-inflam-
matory, immunomodulatory, and anticancer activities. Additional 
references were obtained by reviewing citations within existing 
studies. Both individual and combined search terms were em-
ployed to ensure a thorough literature review. To incorporate re-
cent developments and update the information, research articles, 
books, conference proceedings, and reports from public health 
organizations were selected and compiled. Searches were con-
ducted across platforms such as Web of Science, PubMed, PMC, and 
Google. Using this standard approach, key discoveries and findings 
were identified and summarized in the final review.

Toxin types
Frog toxins contains varieties of compounds, including  alka-

loids, amines, peptides, proteins, and steroids.  The most well-
known are lipid-soluble alkaloids, such as batrachotoxins, histrio-
nicotoxins, pumiliotoxins, and gephyrotoxins. Frog poison glands 
also secrete antimicrobial peptides, hormones, and enzymes. Al-
kaloids bind to nicotinic acetylcholine receptors all over the body 
and cause convulsions, paralysis and then death. Toxins from ven-
oms of various frog species comprise different classes of molecules 
with wide-ranging pharmacological activities. Toad Bufo marinus 
venom possesses a cardiac glycoside, which has multiple adverse 
effects on human health. 

Bufadienolides
Bufadienolides are cardiotonic steroids compounds derived 

from the venom of toads  (family Bufonidae) (Figure 1). Bufadieno-
lides are C-24 steroids distinguished by a six-membered lactone 
ring containing two double bonds at the C-17 position. They are 
known for their cardioactive and toxic properties, as they inhibit 
the sodium-potassium pump, a mechanism similar to that of oth-
er cardiac glycosides. These compounds have potential medicinal 
uses, including anti-cancer, anti-inflammatory, anti-leishmanial, 
anti-trypanosomal, antithrombotic, and antiviral effects. They can 
increase sodium excretion, cause vasoconstriction, and strengthen 
heart muscle contractions (inotropic effect). They are toxic and can 
cause severe cardiac issues, including bradycardia and cardiac ar-
rest.  These are potent inhibitors of Na+/K+  ATPase with excellent 
anti-inflammatory activity. However, the severe side effects triggered 
by the unbiased inhibition of whole-body cells, specifically the α1-
subtype of Na+/K+ ATPase [4]. The bufadienolides are derived from 
toads and belong to the C-24 steroid family. These are further de-
rived from toads [4]. Bufotalin, which originates from the toad ven-
om family, is a toxic and pharmacologically valuable biotoxin used 
in traditional medicine and holds significant promise in modern 
drug development [18] (Table 1).
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Table 1: Presents the major toxin peptides isolated from amphibian species, along with their corresponding biological effects.

Name of species Toxin Type Effect References
Toad—Epidalea calamita bufotoxin Skin of natterjack Skin toxicity. [6]

Phyllomedusa baltea Baltikinin
Myotropic Tryptophyllin-

3 Peptide
Arterial smooth muscle relaxation 

activity

[9]

Dendrobates tinctorius Pumiliotoxin (PTX)
Decahydroquinolines 

(DHQs), izidines, coccinellines, 
and spiropyrrolizidine alkaloids.

PTX interferes with muscle contraction 
by affecting calcium channels, causing 
locomotor difficulties, colonic convul-

sions, paralysis

[2,53]

Rhinella alata Bufadienolides Polyhydroxy steroids Work against trypomastigotes of T. 
Cruzi. Anti-inflammatory activity. [12]

Pelophylax kl esculentus Bombesin PE 4-amino acid peptide Effects on smooth muscle were deter-
mined in the bladder, uterus, and ileum [17]

Parotoid glands of true 
toads Rhinella marinaR-
haeboquattus Bufo mela-

nosticus Bufo bufo

Bufotalin bufadienolide steroid
apoptosis induction, cell cycle arrest, 
endoplasmic reticulum stress activa-

tion, and inhibition of metastasis
[18]

Dendrobates histrionicus Histrionicotoxins

Spiropiperidine ring system, 
alkene groups in the side chains, 
and an alcohol group (hydroxyl 

group) on the ring

Neurotoxic effects [19]

Odorrana schmacker Bombesin OS Odorranain-BLP-5 The effects smooth muscle inside the 
bladder, uterus, and ileum. [29]

Phyllobates terriblis Batrachotoxins BTX has a rigid steroidal core 
structure with a tertiary amine

Targetsvoltage-gated 
Na+ channel, essential for the 

generation and propagation of action 
potentials in excitable membranes

[21]

Pelophylax 
nigromaculatus

The Brevinin 
peptides antimicrobial peptides Anti-tumour activity through lysosome-

mitochondrial death pathway. [26]

Bufo bufo Bufadienolide toxins. C-24 steroid Antitumor and anti-inflammatory activ-
ity [17]

Ranid frogs,

Ranidae, Hylidae and 
Bombinatorida

antimicrobial peptide Short amino acid peptide Active against bacteria, fungi, viruses 
and protozoans [30]

Physalaemus nattereri Anticancer com-
pounds

antimicrobial and antitumoral 
compounds

Cytotoxiceffects in skin cancer cells, 
antiproliferative effects on in vitro Mela-

noma Cells.

[34]

Cane toad (Rhinella 
marina

Cardenolide agly-
cones

C-3 glycosides and Cardenolide 
aglycones

Exhibit Na+/K+ ATPase inhibitory 
activity [38]

Bufo marinus, the cane 
toad Bufagin Steroid C24H34O5 Analgesic effects and anticancer activity [54]
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Batrachotoxins
Batrachotoxin is a potent, steroidal alkaloid neurotoxin found in 

certain poison dart frogs. The batrachotoxin is derived from 7,8-di-
hydrobatrachotoxinin A, which is an intermediate (Figure 1). The 
molecule contains seven asymmetric carbon atoms. The cis A/B 
and C/D ring junctions cause the molecule to assume the character-
istic shape of cardioactive steroids. These toxins are isolated from 
poison dart frogs. Colombian arrow poison frog with P. terriblis 
Voltage-gated Na+ channels are impacted by Phyllobates aurotae-
nia [19], which keeps them open. BTX affects excitable membranes’ 
voltage-sensitive sodium channels [20]. It is extremely poisonous 
and causes irreversible depolarisation, paralysis, cardiac arrhyth-
mias, and death by attaching itself to voltage-gated sodium chan-
nels and blocking their closure.. Frogs use these toxins to protect 
themselves from predators. Single substitution in five amino acid 
in the muscle Na+ channel of P. terribilis affects channel binding 
[21] (Table 1).

Baltikinin
The epidermis of the purple-sided leaf frog, Phyllomedus baltea, 

contains a new tryptophyllin-3 peptide. . The mature peptide 

Rana pipiens digoxin cardiac glycoside drug class

Induce lethargy, confusion and gastro-
intestinal symptoms (anorexia, nausea, 

vomiting, diarrhoea and abdominal 
pain).

[55]

Skin venom gland of the 
toad

Resibufogenin
C-24 steroids (𝛼

-pyrone ring)

Pharmacologicand toxicologic effects, 
triggered arrhythmias both in cardiac 

fiber in vitro and in beating heart in vivo 
at the high concentrations

[57]

Skin secretion of three ar-
boreal amphibian species Bufotenin Type A (BTX-A)

Act on potent hallucinogenic factor, 
showing similar activity to LSD upon 

interaction with the 5HT2 human 
receptor

[58]

True toads Cardenolides Cardioactive steroid Effects against congestive heart failure 
and atrial fibrillation. [59]

True toads Arenobufagin Bufadienolidessteroides Cardiotonic, analgesic and anti-tumor 
effect [60]

primary structure of this N-terminally pyroglutamylated peptide is 
pGluDKPFGPPPIYPV. With an EC50 of 7.2 nM. baltikinin is a short 
tryptophyllin peptide, it was discovered to relax the smooth muscle 
of the rat tail artery (Figure 1). This demonstrates the relaxing 
activity of arterial smooth muscle [8] (Table 1).

Pumiliotoxin
Pumiliotoxin  denotes  a  class  of  poisonous alkaloids present 

within the skin of poison dart frogs. Pumiliotoxin A and pumiliotox-
in B represent fat-soluble alkaloids; these stand as principal toxic 
alkaloids procured from skin extracts originating from the diminu-
tive dendrobatid frog known as Dendrobates pumilio, encountered 
frequently  on Isla Bastimentos, Panama [50] (Figure 1).  These 
alkaloids  possess substantial fat-soluble attributes.  The pumilio-
toxins,  composing  a  collection  of alkyl and hydroxyl-substituted 
indolizidine alkaloids, are  set apart  from  the majority of  alka-
loids originating from arthropods due to their characteristic highly 
branched carbon  frameworks.  All species across  the Phyllobates 
and Dendrobates  genera contain these particular toxins.Pumilio-
toxins A and B are more potent than those of group C. This group of 
toxins affects the transport of calcium ions in calcium- and sodium-
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dependent processes within nerve and skeletal muscles [22] [23]. 
Pumiliotoxins are often 100 to 1000 times less toxic than their 
batrachotoxin counterparts. Pumiliotoxin acts as a stimulant (like 
PTX-B) and others as depressants (like PTX 251D) [24] (Table 1).

Bufotoxin
Bufotoxins are secreted by the parotid glands of anuran am-

phibians, mainly toads, which belong to the Bufonidaefamily (Fig-
ure 1). These glands also secrete bufagin, bufotenine and serotonin 
that act as a vasoconstrictor. Chemically, these are steroid lactones 
or substituted tryptamines [25]. Bufotoxins act on the cardiovas-
cular system by inhibiting the Na+/K+ ATPase pumps, similar to 
digitalis, which can lead to cardiac effects such as ventricular fi-
brillation. Bufotoxins have a local anaesthetic effect and the ability 
to inhibit cancer cell proliferation in models of leukaemia, mela-
noma, and prostate cancer. In low doses, certain bufagins (a type 
of bufotoxin) are used in traditional medicine. In low doses, certain 
bufagins (a type of bufotoxin) are used in traditional Chinese medi-
cine to treat conditions such as atrial fibrillation, much like digoxin 
is used in Western medicine. Like digitalis, bufotoxins inhibit the 
sodium-potassium pump [25,48] (Table 1).

Bufadienolide toxins
Bufadienolides have been extracted from species belonging to 

the genera Bufo, Bufotes, Duttaphrynus, and Rhinella [12] (Figure 
1). Bufadienolide is a secondary metabolite belonging to the class 
of steroids. This is an important member of the C-24 steroid fam-
ily, characterised by an α-pyrone positioned at C-17. As the pre-
dominantly active constituent in traditional. As the main active 
ingredient in traditional Chinese medicine, bufadienolide has been 
utilized for the treatment of various conditions. Bufadienolides ex-
hibited both antimicrobial and cytotoxic activities against cancer 
cell lines by activating the lysosomal-mitochondrial death pathway 
[26]. These are potent inhibitors of Na+/K+ ATPase with excellent 
anti-inflammatory activity (Table 1).

Bradykinin-related peptides
Bradykinin-related peptides with therapeutic significance have 

been identified from amphibians.

Amphibian species skin possesses hundreds of bioactive pep-
tides, including bradykinin-related peptides (BRPs). They belong 
to the families Ascaphidae (1 species), Bombinatoridae (3 species), 
Hylidae (9 species) and Ranidae (25 species). It  is essential to in-
vestigate  the biotechnological, physiological, and pharmacologi-
cal properties of bioactive rich peptides extracted from the skin se-
cretions of amphibians. In particular, volatile substances present in 
the skin of the treefrog known as Hypsiboas pulchellus   (belonging to 
the Amphibia, Anura, and Hylidae groups) originate from the scent-
ed  secretions  found inside  anuran serous glands.  Serous  glands, 
also referred to as granular or venomous glands, are found in the 
skin of nearly every species of adult amphibians. Such volatile sub-
stances are scented and possess defensive roles. Dendrobates tinc-
torius secretions contain pumiliotoxin. Dendrobatidis skin, which 
interferes with muscle contraction and causes locomotor difficul-
ties [2] (Table 1) (Figure 1).

Bombesin-OS and Bombesin-PE
Two new bombesin-like peptides, bombesin-OS and bombesin-

PE [29] were discovered from Odorrana schmackeri and Pelophylax 
kl esculentus, respectively, and were found in a variety of amphibian 
skin secretions. Bombesin-OS’s precursor is homologous to odorra-
nain-BLP-5, a bombesin-like peptide, and bombesin-PE is a mem-
ber of the theranatensin subfamily. Amphibian-derived bombesin 
is a cell-penetrating short polypeptide that can translocate across 
plasma membranes, interact selectively with the cytoplasmic mem-
brane of particular cell types, and accumulate in the cytoplasm of 
cells, organelles (such as the nucleus and mitochondria), and other 
subcellular compartments. To improve cell selectivity, bioavailabil-
ity, and a variety of target applications, these venom CPPs have un-
dergone structural or chemical modification [5]. BothbombesinOS 
and bombesin-PE exhibited similar contractile activity on ileum 
smooth muscle and uterine smooth muscle, but showed higher po-
tency on bladder smooth muscle. These substances might offer a 
new treatment approach for muscle-related issues and potentially 
be developed into medications suitable for use in humans (Table 1) 
(Figure 1).
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Bombesin-related peptides
Peptides linked to bombesin constitute a family of peptides ex-

tracted  from Bombina skin,  with the original version initially 
identified in amphibian skin, displaying a diverse array of biologi-
cal  functions. Bombesin-resembling  peptide  sourced  from Rana  
catesbeiana at both  the  nucleotide and amino acid levels,  po-
tentially offering insight  for the taxonomic  categorization  of ra-
nid frogs  moving forward [3] (Figure1). Ranatensin-HL  origi-
nates  from the skin secretion of the broad-folded frog,  known 
as  Hylaranala touchii. It is composed of 13 amino acid residues, 
pGlu-RAGNQWAIGHFM-NH2, and resembles an N-terminally ex-
tended form of Xenopus neuromedin B. Ranatensin-HL and its C-
terminal decapeptide. The bombesin-like peptides, bombesin-OS 
and bombesin-PE, were isolated from Odorrana schmacker and 
Pelophylax kl. esculentus, ranid frogs, also in the provision of new 
drugs for human health [4]. 

Pharmacological and therapeutic uses
Antimicrobial activity

Various types of frogs generate a wide variety of chemical sub-
stances from their skin, and these substances possess significant 
possibilities in the field of biomedicine. Included within these sub-

stances are antimicrobial peptides (AMPs), which represent effec-
tor molecules with multiple functions that have been extracted from 
anurans [30]. The specific AMPs that were recognized came from 
the family of wild green paddy frogs and include Hylaranaerythrae-
aesculentin-1, esculentin-2, brevinin-1, and frenatin-4 [31]. These 
show direct antimicrobial activities with signalling or immunomod-
ulatory functions [31]. These bioactive compounds have great bio-
medical importance. These studies showed that secretion extracts 
exhibit inhibitory activity in vitro against clinical isolates of bacte-
ria, including resistant and standard strains, as well as fungal and 
parasitic human pathogens [31]. AMP precursors have been isolat-
ed from Ranidae, Hylidae, and Bombinatoridae [30]. Antimicrobial 
peptides were successfully extracted from the skin’s secretions of 
the Amolops loloensis frog (Figure 2).

Insulinotropic activity
Amphibian  skin secretions  harbor toxin peptides that exhibit 

distinct blood sugar-lowering properties. Many of these peptides 

Figure 2: Shows the biological effects of major toxin peptides 
isolated from different frog species.

Figure 3: Shows the chemical structure of various frog toxins 
isolated from   different species.
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share cationic and amphipathic structural similarities and appear 
to possess cell-penetrating abilities. These compounds showed 
insulinotropic action and regulated the blood glucose levels in 
animal models. Anti-diabetic peptides originating from toxins rep-
resent encouraging potential medications  for  addressing  type 2 
diabetes [33]. 

A  previously unidentified  peptide  that stimulates insulin pro-
duction, known as amolopin, was discovered within the skin secre-
tions of the A. loloensis frog [7] (Figure 2).

Anti-trypanosomal activity
Among bufadienolides, an arginyl-diacid attached to C-3, and 

a hydroxyl group at C-14 was found active against trypanosomia-
sis [13]. Bufadienolides showed cytotoxic activity against epithe-
lial kidney Vero cells; however, bufagins (2 and 10) displayed low 
mammalian cytotoxicity [12] (Figure 2).

Anticancer 
The  skin  of amphibians has a wealth of bioactive com-

pounds, such as peptides, proteins, alcohols, biogenic amines, es-
ters, and alkaloids, that are crucial for different processes, including 
anticancer, immunomodulatory, and  anti-inflammatory activities. 
Anuran secretions are rich sources of bioactive molecules, which 
have shown potent antimicrobial and antitumoral activity. Phy-
salaemus nattereri, a frog belonging to the Leptodactylidae family 
within the Anura order, produces a skin secretion that  has  been 
shown to hold considerable promise in the treatment of skin can-
cer cells. Its crude secretion shows cytotoxic Activity and antipro-
liferative effects on in vitro Melanoma Cells. These peptides, found 
in the secretome, are effective against murine B16F10 tumour cells 
[34]. These naturally occurring anticancer peptides sourced from 
amphibians demonstrate substantial efficacy [5]. Argenteohyla 
siemersi, commonly known as the red-spotted Argentina frog, con-
stitutes a specific type of casque-headed tree frog.

This  frog is  taxonomically classified within  the Hylidae fam-
ily. Certain peptides are secreted by the skin of A. siemersi and are 
essential to the protective systems observed  in casque-headed 
frogs [9]. This secretion exhibited hemolytic and phospholipase A2 

activities, as well as dose-dependent cytotoxicity in cultured C2C12 
myoblasts. Theparotid glands found in agricultural habitats had 
smaller parotoids and secrete lower bufotoxin concentrations [36]. 
Anthropogenic activities influence anti-predatory chemical defence 
[36]. The Odorrana schmackeri and Pelophylaxkl. esculentus ranid 
frogs have great therapeutic importance [37] (Figure 2).

Protective effects
Animals that ingest toxins can become unpalatable and even 

toxic to predators and parasites through the process of toxin se-
questration. Bufagenins found in the cane toad (Rhinella marina) 
attract older conspecific larvae, which are highly cannibalistic and 
can consume an entire clutch. Cardenolide aglycones (e.g., digitoxi-
genin) were active attractors, whereas C-3 glycosides (e.g., digoxin, 
ouabain) were far less effective [38]. Similarly, marinobufagin was 
more effective than marino bufotoxin [38]. Passive toxin accumula-
tion that accompanies increased toxin intake may underlie the early 
origins of chemical defence [39]. Toxins also attract palatable prey 
and assist the animal in feeding on it [40]. The tetrodotoxin, pro-
caine, and manganese ions affect the “Ca spike” of the barnacle fibre 
(Figure 2).

Hemolytic effects
The frog Kaloula pulchra Hainanensis skin secretions showed 

hemolytic activity against human, cattle, rabbit, and chicken eryth-
rocytes. These skin secretions of K. pulchra hainana induce a pore-
forming mechanism to form pores with a diameter of 1.36-2.0 nm 
rather than causing oxidative damage to the erythrocyte mem-
brane [41]. The bullfrog (Rana catesbeiana) enzymatically disso-
ciated hair cells; both a calcium-activated K+ (KCa) current and a 
voltage-dependent K+ (KV) current contributed to the oscillatory 
responses of hair cells in the semi-intact preparation [42]. Frog 
skin synthesises diverse bioactive components, which are used in 
ethnoveterinary medicine and Ethnomedicine [6]. These also act 
as defence chemicals. Defensive chemicals were unrelated to sex, 
independent of size [10] (Figure 2).

Wound healing activity
Prokineticins are a highly conserved small peptide family ex-

pressed in all vertebrates, which contain a broad spectrum of 
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functions. In this  research, a prokineticin-like substance (Bv8-
AJ)  obtained  from the  poison  of the frog Amolopsjing dongen-
sis Bv8-AJ  demonstrated  a  significant growth-promoting  effect 
on  both  fibroblasts and keratinocytes  taken  from  young  mice 
by triggering the generation of interleukin (IL)-1 [43]. For drug de-
velopment, the action of toxins must be studied to facilitate broad-
spectrum analysis and develop taxon-specific effects on cancer cell 
lines [44]. These neglected animals contain bioactive molecules of 
therapeutic importance [45]. In recent times, natural toxins and 
their analogues are used as drug templates (Figure 2).

Anti-HIV activity
Specific frog skin peptides, such as caerin 1.1 and maculatin 1.1, 

exhibit potent anti-HIV activity by  disrupting the virus and pre-
venting its entry into host cells without harming the cells them-
selves [46]. These molecules can inhibit HIV from infecting T cells 
and can also block the transfer of HIV from dendritic cells to T 
cells.  These peptides can disrupt the HIV envelope, a protective 
outer layer of the virus, and prevent the virus from attaching to 
and fusing with target cells. These peptides, from Australian tree 
frogs, inhibit HIV infection of T cells within minutes of exposure at 
non-toxic concentrations [47] (Figure 2).

Insecticidal activity
Frog skin secretions contain a variety of  bioactive molecules 

with potent insecticidal and repellent activities. These compounds, 
including peptides and biogenic amines, can cause significant 
mortality and behavioural changes in various insects, particularly 
mosquitoes and blowflies.  Biogenic amines, such as leptodacty-
line found in  Leptodactylus  species, have marked neuromuscular-
blocking effects that lead to rapid paralysis and death in insects. The 
insecticidal activity of frog toxins primarily involves neuromuscu-
lar disruption and physical damage to cell membrane. The anuran 
skin secretions exhibit insecticidal activity, contact toxicity, and 
repellency against mosquitoes [48-50]. The present study aimed 
to investigate the insecticidal activity of crude skin secretions ex-
tracted from the frogs  Leptodactylus knudseni  and  Phyllomedusa 
vaillantii  on the main vectors of malaria and dengue fever in 
Brazil,  Anopheles darlingi  and  Aedes aegypti, respectively [51]. 
Similarly, Volatiles from Litoria rubella and Uperoleiamjo bergi se-
cretions were repellent to C. annulirostrisin amphibians, which is 

novel and demonstrates that many aspects of frog chemical ecology 
remain unexplored [50] (Figure 2).

Natural toxins and synthetic analogues potentially constitute 
the basis of toxin weapons. These include, for example, cases of 
new toxins from natural sources, their chemical synthesis, and the 
development of toxin weapons [52]. Frogs possess diverse bio-
chemicals/molecules whichare used in skin defence [1]. This is the 
evolutionary character of the frog, which has poison glands actively 
involved in chemical defence [11]. Diverse microbial assemblages 
inhabit amphibian skin and are known to differ among species.

Mode of action
It is clear that actual envenomation (active injection) in frogs is 

rare and involves specialised bony head spines, while typical poi-
sonous frogs rely on passive defence through skin secretions. These 
possess bony spines on their skulls that are covered by a thin layer 
of skin containing highly toxic secretions. This is quite dissimilar 
to other venomous animals. Frogs use poison when threatened by 
a predator. The frogs flex their heads in an unusual vertical and 
lateral motion to jab the spines into the attacker’s skin or mouth. 
Their defense is passive; they secrete toxins onto their skin from 
granular glands. A predator is harmed only if it bites, chews, or oth-
erwise contacts the toxins through a mucous membrane or wound. 
Frog toxins act through exposure to predators’ skin, and their spe-
cific mode of action depends on the chemical. Phyllobates poison 
dart frogs secrete batrachotoxin, which acts on sodium channels to 
cause paralysis and cardiac arrest, while others, like epibatidine, 
block acetylcholine receptors.  Some frogs secrete peptide toxins 
(e.g., caerulein, bombesin, dermorphin) that act as potent ligands 
for various receptors (like cholecystokinin or opioid receptors) in a 
predator’s body. These can induce nausea, hypotension, and muscle 
spasms.Frogs also secrete  antimicrobial peptides (AMPs), which 
act as molecular toxin delivery systems. Pumiliotoxins (PTXs) pri-
marily act as positive modulators of voltage-gated sodium channels 
(VGSCs), which causes a “lethal storm of hyperactivity” in nerve 
and muscle cells by disrupting the normal flow of ions. Few toxins 
directly enter the bloodstream, affect cell permeability, and target 
specific organs. 

Toads of the  Bufo  genus secrete cardioactive steroids (like  di-
goxin) that can cause irregular and life-threatening heart rhythms 
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and even cardiac arrest in predators. The overstimulation of nerve 
and muscle cells can cause them to fire continuously, preventing 
the transmission of proper signals. This leads to a loss of normal 
function, eventually resulting in paralysis. The toxin acts by hyper-
activating the sodium channel that generates action potentials in 
nerves and muscle, thereby causing a lethal storm of hyperactivity 
in nerves, synapses, and muscle cells. Neuropeptides like batracho-
toxin exert their effects on axonal and myelinated fibres. Frog 
venom toxins bind to nicotinic acetylcholine receptors (nAChRs), 
which are prototypical ligand-gated ion channels, provide cholin-
ergic signalling, and are modulated by various venom toxins and 
drugs in addition to neurotransmitters. 

Further, the level of toxicity of toxins depends on the ecology 
of the area, and the molecular physiology and immune defence 
of the animal. It is also true that toxins link the behaviour of prey 
and predators among animals. Cytotoxins from frogs easily target 
cancer cells and disturb their membrane integrity. These toxins 
heavily act upon various ion channels and pumps, which actively 
maintain the flow of ions across the membrane. The vitality of cells 
and tissues depends on respiration or oxygen consumption by the 
body cells. Frog toxins target the endomembrane system and cyto-
chrome systems.

Conclusions
Frog secrete toxins which show diverse structural variability 

and biological activity.. These natural toxin molecules from differ-
ent frog species are poisonous in nature. These show anti-inflam-
matory, anaesthetic, antidiabetic, anticancer, HIV, and insecticidal 
properties. These could be utilised as molecular and cellular biol-
ogy tools to aid in diagnosing the disease. These possess wound 
healing properties and could be used to relieve from severe pain. 
These bound to various channels and inactivate their vitality, hence 
frog toxins could be used as anaesthetics and analgesic agents. 
There is also a need to understand the molecular mechanisms of 
toxin action, and behaviour in biological system. These natural 
toxin molecules could be used to create new drug templates for 
novel therapeutic targets.
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