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Simple Summary: The review consists in the accurate description of the mast cell in the various 

classes of vertebrates proving a common homogeneity in the function 

Abstract: In essence, the paper examines what the mast cell—a cell that comes from urochordates 

and reaches humans with the same morphological profile—is used for. The activated mast cells 

contribute in the regulation of the local immune response and regulate the major processes of 

inflammation and healing with the help of a broad range of mediators. Located primarily at the 

interface between the host and the external environment, MC are widely distributed. The local 

microenvironment directly affects mast cell development, phenotype, and function, which in turn 

affects the cells' capacity to identify and react to different stimuli by releasing a variety of 

physiologically active mediators. By interacting with a range of other cells involved in physiological 

and immunological responses, mast cells are able to react to changes in their surroundings and serve 

as first responders in dangerous situations. Consequently, mast cells' crucial function in innate and 

adaptive immunity, including immunological tolerance, has come to light more frequently. On the 

other hand, mast cell malfunction has identified these cells as the primary culprits in a number of 

autoimmune illnesses, cancer, and chronic allergic/inflammatory conditions. 
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1. Introduction 

Mast cells (MC) are multifunctional cells present in all vascularized tissues and organs, and they 

are increasingly acknowledged as a crucial component of the host defense system [1–5]. MC in 

mammals are associated with innate and adaptive immune responses, wound healing, tissue 

remodeling, homeostasis, and models of inflammatory diseases. The extensive range of MC biology 

in mammals underscores the necessity to comprehend the mechanisms governing their growth and 

extensive dispersion in nonmammalian vertebrates [1–5]. The initial identification of MC in a 

vertebrate was conducted by Friedrich von Recklinghausen in 1863. Since that time, significant 

advancements have been made in the morphological, histochemical, and biochemical characteristics 

of MC. This information will be contrasted with the extensive data available for mammals [1–5]. In 

the early twentieth century, certain authors posited that MC were either completely absent or present 

in minimal quantities within the fish group. MC were initially identified in turtles within the class 

Reptilia. The initial reference to MC in avian species originated from Westphal's research in 1880, 

subsequently supported by findings in chicken bone marrow [6] Electron microscope resolution 

elucidates the closeness of MC to connective tissue cells, blood arteries, and nerves, while offering 

data on microanatomic relationships between MC and diverse cell types (cell-cell communication). 

MC have been identified within nerve fascicles and brain parenchyma in many nonmammalian 

vertebrates, as well as in mammals, including rats and humans [6]. 

The link between MC and neurons suggests the likelihood of reciprocal interaction through the 

release of their metabolic by products. MC can synthesize Nerve Growth Factor (NGF), which may 

function through paracrine and autocrine mechanisms to facilitate the release of cytokines and other 
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mediators generated within the mast cell itself. Data indicates that several neuropeptides and 

neurokines released by nerve fibers activate MC to secrete their chemical mediators. Electrical 

stimulation of cholinergic fibers in frogs prompts MC to discharge their chemical mediators [7–10]. 

2. Mast Cells Evolution 

Ascidians, marine creatures commonly referred to as sea squirts, are putative ancestors of MC. 

These marine invertebrates are classified within the subphylum Urochordata of invertebrate 

chordates, which emerged roughly 500 million years ago [11–15]. The haemolymph of ascidians 

comprises various circulating cell types, some of which migrate from the haemolymph to tissues to 

perform multiple immunological functions, including phagocytosis of self and non-self molecules, 

expression of cytotoxic agents, encapsulation of foreign antigens, and tissue repair. Studies have 

demonstrated that circulating granular haemocytes in the haemolymph of the ascidian Styela plicata 

exhibited intermediate traits of basophils and MC [11–16]. In contrast to the haemocytes of other 

invertebrate species, the granules of these cells contained both heparin and histamine, which are 

primary constituents of mast cell granules in mammals. MCs may have developed in stages during 

the development of vertebrates. The circulating granulocyte is most likely the earliest form of MCs 

in invertebrates [17–19].  Some of the things that these granulocytes do are help with development 

and metabolism, immune system activities, wound healing, blood clotting, phagocytosis, and 

encasing pathogens.  It's possible that MCs evolved a long time before adaptive immune system cells 

did.  The neutrophil found in the ascidian Styela plicata might be related to the earliest form of MC. 

It is a type of cell that is in between MC and basophils.  Like basophils, MCs may have come from a 

basophilic cell parent [17–19].  MCs may have lost their ability to move through the blood during 

development once they turned into cells that stay in one place and go to specific tissues.  MC 

precursors travel through mammalian blood as agranular cells before they reach the tissues on the 

edges of the body and change into adult MC.  It's possible that basophils kept their original traits 

when they were circulating cells but lost their c-kit receptor when they changed into real granulocytic 

cells.  New studies on the development of MC support the idea that they came from a shared 

ancestor with basophils [17–19]. Recently, a cell population (Lin-Kit+FcγRII/IIIhiβ7hi) has been 

identified in the mouse spleen with the characteristics of a bipotent progenitor for the basophil and 

MC lineages. This cell population, termed basophil/MC common progenitor (BMCP), can be 

generated mainly from granulocyte/macrophage progenitors in the bone marrow. It should be noted, 

however, that these findings are not fully consistent with the results of another study which 

demonstrates that a very early haematopoietic progenitor present in the mouse bone marrow can 

give rise to a MC-committed progenitor that appears to have the potential to produce only MC in 

vitro or in vivo. These data underlie the complexity involved in reconstructing MC evolution and 

suggest caution in interpreting individual experimental results [11–19]. 

3. Staining of Mast Cells in Vertebrates 

Eosinophilic granule cells (EGC) are epidermal cell types in flatfish bearing morphological 

resemblance to MC, with red granules after staining with hematoxylin and eosin.  

These cells are recommended for the identification of mammalian MC, which are now widely 

accepted as true MC. EGC described in teleost fishes are MC deprived of their basophilic granular 

material and resemble mammalian intestinal MC (mucosal MC) [1,2,20–25]. These cells might be also 

observed in amphibians (Fig. 1) 
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Figure 1. Presumable eosinophilic granule cell in Triton. Light microscopy, Mallory Azan, x40. 

Specific methods for demonstrating biogenic amines with paraformaldehyde or o-

phthalaldehyde failed to reveal fluorescence in carp or frog MC. A study found that histamine 

fluorescence was observed in the MC of turtle, chicken, rat, monkey, and man after the o-

phthalaldehyde reaction. Chymotrypsin-like esterase activity was observed in rat, monkey, and 

human MC, but not in non-mammalian species. Trypsin-like esterase was also present in turtle, 

monkey, and human MC. Acid phosphatase was found in MC only in frog, monkey, and man. Beta-

Glucuronidase was undetectable in non-mammalian MC except for frog. The maximum activity of 

off glucuronidase occurred at 4.8 pH in rat, monkey, and man. N-acetyl-13-glucosaminidase activity 

was observed in frog, chicken, and several mammalian species' MC. The pH optimum of this enzyme 

activity did not vary significantly among the species. Frog, chicken, rat, and monkey MC displayed 

an optimum activity at pH 4.4 as compared with 4.8 for the human mast cell enzyme [6,25–30]. 

However, the detectability of MC is influenced by various factors, including the type of test tissue, 

the dye used, the pH of the solution, the type of fixation solution, the fixation time, and the final 

processing technique of stained preparations. However, if immunohistochemistry is the most 

sensitive and selective MC identification approach, the histochemical technique of metachromatic 

staining is extensively employed for the identification of mastocytes in histological samples due to 

its simplicity, cost-effectiveness, efficiency [6,26–31] [Fig. 2]. 
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Figure 2. Mast cells with different state of activation in various vertebrates stained respectively with Toluidin 

Blue or Avidin. Light Microscopy x40 Figs 2a-2B; Fluorescence Microscopy x40 Figs 2B-2C. 

4. Structure of Mast Cells in Mammalian  

In mammalian cells, MC, are located in diverse tissues and are frequently situated near blood 

and lymphatic veins, nerves, smooth muscle cells, exocrine glands, hair follicles, and epithelial 

surfaces that are exposed to environmental antigens. The cells exhibit oval, spindle, or spider 

morphology, with chromotropic secretion granules of 0.3-1 μm in diameter [1,2,24,25,32–34]. They 

are readily identifiable by electron microscopy and possess either a paracrystalline matrix with 

lamellar arrangements or whorled and scroll-like structures. Mediators that are preformed and stored 

in designated secretory granules can be released via several morphological secretion types, including 

compound exocytosis, piecemeal degranulation, and localized exocytosis [35–38]. Compound 

exocytosis typically occurs during IgE-mediated anaphylactic degranulation, leading to the rapid and 

extensive release of granule contents. Piecemeal degranulation entails a gradual release of granule 

contents through the exocytosis of shuttle vesicles that transport substances from individual granules 

to the cell surface, facilitating the independently regulated secretion of several compounds contained 

within a single granule [35–38]. 

MC possess several extremely osmiophilic lipid structures that store arachidonic acid, along 

with enzymes for its metabolism, and perhaps tumor necrosis factor (TNF) alpha and basic fibroblast 

growth factor (FGF). MC release lipid derivatives, such as prostaglandins, leukotrienes, 

thromboxanes, and platelet-activating factor. A further secretory product of MC is nitric oxide (NO), 

produced in the cytosol and immediately released through the plasma membrane [1,2,10,13,33–38]. 

Two primary subtypes of MCs exist: connective tissue MC (CTMC) and mucosal MC (MMC). 

CTMC are located in the digestive tract and bone marrow, whereas MMCs are characterized by a 

preponderance of heparin in their secretory granules. A similar dichotomy has been seen in humans, 

determined by the presence of tryptase (MCT) or both tryptase and chymase (MCTC) in MC derived 

from various anatomical locations [1,2,10,13,33–38]. 

MCs and basophils are two separate cell types that share identical features, including the 

synthesis of histamine and heparin. They also derive from a shared precursor and experience 

analogous developmental stages. Basophils finalize their maturation exclusively in the bone marrow, 

but MC can demonstrate considerable lifespan and mature MC can proliferate under certain 

conditions. Stem Cell Factor (SCF) is essential for the regulation of multiple facets of mast cell growth 

and survival. It serves as the ligand for the c-kit receptor, which is part of the receptor tyrosine kinase 

III family of growth factor receptors. Various cytokines facilitate the activation and degranulation of 
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basophils, whereas they induce mast cell movement without triggering granule release 

[1,2,4,16,23,24,38–41]. 

5. Structure of MC in Bony Fishes 

In numerous types of bony fishes, EGC/MC have been identified in nearly all organs and tissues, 

with their prevalence in the gastrointestinal tract being the most notable characteristic. EGC/MC are 

frequently located in the gills and epidermis. The morphology, anatomical distribution, frequency, 

basophilic/acidophilic staining, and heparin content of EGC/MC among the teleostean species 

examined exhibit significant variation in both morphological and distributional aspects [6,11–

13,18,42–46]. No two species of bony fishes possess identical distribution patterns or physical 

characteristics of their MC. For instance, although EGC/MC are prevalent in the intestines of 

cyprinids, such cells are not documented in the intestines of labrids. Likewise, similar cells were 

observed in the liver of only a limited number of the species examined. In summary, EGC/MC have 

only been identified in salmonid and cyprinid fish species.  The fine structure of EGC/MC in teleost 

fishes has been examined across several tissues, including the kidney, blood, skin, gut, peritoneal 

exudate, and gill, in multiple species such as trout, flounder, sucker fish, eel, and carp [6,11,12,46–51]. 

The secretory granules of MC may exhibit a densely homogeneous core, delineated from the 

surrounding membrane by a narrow interstice, or their matrix may present a finely granular 

appearance with low electron density, interspersed with occasional small membrane whorls and 

elongated, thin surface projections resembling a string of beads. Immunogold labeling of the winter 

flounder EGC. using an anti-pleuricidin antibody revealed a substantial quantity of gold particles 

adjacent to the electron-dense granules. The granule matrix may exhibit a highly reticulated 

appearance with a notable electron-lucent halo surrounding it. In the eel, EGC within the peritoneal 

exudate exhibit distinctive cytoplasmic rod-like formations that seem angular or hexagonal in cross-

section, alongside many parallel tubular structures containing an electron-dense core. Fused granules 

are a common phenomenon. In teleost fishes, the substructure is predominantly homogeneous, to the 

condition observed in rodents [6,11,12,46–52]. 

6. Structure of MC in Amphibians 

MC, present in amphibians such as teleost fishes, display a variety of morphologies throughout 

different tissues and organs, especially in the tongue and nervous system.  They demonstrate 

species-specific variations in morphology, tissue prevalence, and distribution. In the amphibians the 

greatest amounts of MC were found in the tongue, stomach, small and large intestines and mesentery. 

In the heart, pancreas, lung spleen, kidney and adrenal gland they were poorly scattered in the 

interstitial connective tissue [6,52,53]. The tongue of R. esculenta exhibits the largest concentration of 

melanocytes (MC) relative to other cerebral areas. The frequency of MC roughly doubles during 

larval development and metamorphic climax in the brains of developing frogs and toads. Adult toad 

brains exhibit a greater MC frequency compared to the brains of permanently watery African clawed 

frogs.  MC are frequently located adjacent to melanocytes and vessels. In the brain, MC are 

preferentially located in the meningeal lining (pia mater), particularly numerous in the stroma of 

choroid plexuses (anterior and posterior) lying juxtaposed to blood capillaries and ventricular 

ependyma, and rarely in the brain parenchyma [6,52–57]. Secretory granules are characterized by 

significant heterogeneity and intricate substructural structures.  They are located in frogs and toads, 

namely within substantial nerves such as the sciatic and brachial nerves, where they exist in the 

endoneurium and epineurium.  In the minor nerve fascicles of the tongue, mast cells are primarily 

situated between the perineurial layers, indicating a function in the tissue-nerve barrier. MC also exist 

in proximity to nerve bundles and nerve ganglia. The fine structural level of the Harderian gland, 

brain, and testis in Amphibia has been examined through the lens of the MC.  MC may comprise 

hexagonally arranged crystalline particles, crystalline structures with parallel arrays of diverse 

periodicities, fusiform inclusions exhibiting a "sandwich-like" architecture, or lamellated structures 

(middle disk). Some authors have suggested that different ultrastructural and/or histochemical 

aspects of the secretory granules in MC from the same tissue of a given species probably represent 

different phases of the functional cycle of a single cell type [6,52–60]. 
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7. Structure of MC in Reptiles 

As compared to other vertebrates, studies on MC in reptiles are comparatively few [6,61–66].  

Still, it's clear that MC have different shapes, are found in many places, and can be found in all 

reptile subgroups except for Sphenodon. These subgroups include lizards, snakes, skinks, crocodiles, 

and turtles. In lizard MC were seen in all the organs, although in greater amounts in mesentery, 

between the muscle fibres of the tongue and in the  submucosa of the stomach and intestines. Lung, 

pancreas, spleen, heart, kidney and adrenal gland had smaller MC. MC were practically absent in the 

liver. The great majority of these cells were either confined to the adventizia of blood vessels or in 

close relationship to capillaries or nerves bundles. The cytoplasmic granules showed mphoteric 

character, they were basophilic and metachromatic with toluidin blue and acidophilic with h 

hematoxylin-eosin and Masson's trichrome. The cytoplasmic granules of the MC of lizards presented 

positivity to PAS and to Vialli's combined technique, PAS positive and Alcian blue positive granules 

were intermingled with- in the same cell. In the frogs, the gran- ules were faintly stained with PAS 

and with Vialli's technique, only the granules stained with Alcian blue could be well evidenced [6,61–

66]. 

In snakes, these cells were found to be relatively small (7–11 mm in diameter) as compared to 

MC of a lizard (8–15 mm), dog, and rat (9–15 mm). Among the various organs examined, MC are 

described to be particularly numerous in the choroids plexus, mesentery, and tongue, underneath 

the serosa of the intestine and in the heart, interspersed among muscle fibers and in the epicardium 

[6,61–66]. 

In a study of the ultrastructure of MC in the reptiles Podarcis s. sicula and Tarentola mauritanica, 

the nucleus was found to be irregular, with big heterochomatin masses and the cytoplasm being full 

of homogeneous, osmophilic secretory granules.  There are a lot of ribosomes, microtubules, and a 

perinuclear Golgi complex in chicken MC. 

8. Structure of MC in Birds 

MC have been most studied in the Galliformes (chicken), and much less in Columbiformes 

(pigeon and ring dove), and even lesser in Passer- iformes, Anseriformes, Psittaciformes, and 

Strigiformes [6,11,16] Also in birds, MC exhibit varying gross morphology: oval and elongated being 

the most common types. Mast cell granules (MC) are found in various parts of the body, including 

the intestines, brain, tongue, stomach, lung, mesentery, thyroid, liver, and oviduct. In chickens, the 

highest frequency of MC is found in the proventriculus, duodenum, middle, and terminal intestine, 

followed by a lesser frequency in other parts.  

There is no report on MC presence in the testis, kidney, pancreas, adrenal, muscles, spinal cord, 

and hypophysis. Medial habenular MC increase in number during development, peaking in 

peripuberal ring doves and declining thereafter. Age-related changes in MC number are observed in 

chicken lymphoid tissues, with the highest number recorded in the bursa of Fabricius in 7-day-old 

chickens. 

Secretory granules in chicken, duck, and pigeon MC have variable internal morphology, with 

some being electron-dense and others being composed of cords arranged in varying degrees of 

complexity. The central nervous system can attract and support MC differentiation, with all bird 

species having one common morphological feature: semicircular concavities. Mast cell secretory 

granules in all bird species have one morphological feature in common: the presence of semicircular 

concavities [6,11,12,18,67–71]. 

9. Common Functions of MC in All Vertebrates 

The MC is primarily recognized for its crucial function in mediating detrimental allergy diseases 

and life-threatening anaphylaxis, while having been conserved across all vertebrate species for over 

500 million years, predating the emergence of adaptive immunity.  This indicates that MCs possess 

substantial yet unidentified vital life-promoting roles.  The MC is a distinctive innate immune cell 

due to two key characteristics: its unique mediator profile and its remarkable capacity to influence 

the vasculature, facilitating selective cell recruitment and permeability changes, so preparing for an 
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appropriate acquired response. The MC is exceptionally reactive to various injurious agents and to 

the major female sex hormones [3–5,35–37,72,73]. 

Molecular mechanisms for mast cell activation in nonmammalian vertebrates are not clear. 

While no IgE are known in nonmammalian vertebrates, a genomal map-based in situ hybridization 

study for FceRI in zebrafish appears to show the presence of FceRI receptor subunits). In amphibians, 

reptiles, and birds, the low molecular weight Ig is IgY which seems to not only share some 

characteristics but also the phylo-genetic story with mammalian IgE and IgG [1,16,19,24,32,34–37] 

The activated MC is able to secrete multiple potent bioactive molecules, including heparin, 

highly efficacious extracellular matrix-degrading enzymes, mitogenic and angiogenic molecules like 

histamine, heparin-binding bFGF, and VEGF-A, as well as heparin-binding angiogenic inflammatory 

cytokines [16,32,37]. 

 Research on the growth and recruitment methods of immature and developing mast cells in 

nonmammalian vertebrates has been sparse; however, new studies on fish and avian species have 

yielded substantial molecular data.  Tyrosine kinase proteins play a role in mast cell proliferation 

and differentiation, and comprehending the expression of adhesion molecules and chemokine 

receptors in these cells is essential for elucidating their migration to specific locations in the body 

[6,11,12]. 

The host defense mechanism entails the activation of mast cells and the secretion of histamine; 

further research is required to elucidate histamine receptors in fish and amphibians.  The 

mechanisms of mast cell activation appear to be highly conserved throughout vertebrate evolution, 

with agents such as 48/80 inducing mast cell degranulation in fish, amphibians, birds, and mammals. 

Additionally, substance P, Concanavalin A, capsaicin, hydrocortisone, and toxins facilitate mast cell 

degranulation in certain teleost fishes and mammals. Complement receptor type 3 (CR3) is involved 

in the response to proinflammatory mediators and chemotactic agents, promoting the chemotactic 

migration of mast cells and eosinophils, while neurokines released from nerve fibers activate mast 

cells to release chemical mediators [6] 

The ability of antimicrobial chemicals derived from frog skin to stimulate histamine release from 

rodent mast cells is an additional component of this conserved mast cell mosaic.  Given their varied 

morphological, developmental, and biochemical characteristics, along with experimental evidence, it 

is plausible to conclude that mast cells in non-mammalian vertebrates exhibit a multifaceted 

functional repertoire [6,11–14,16,17]. 

Research with parasitized animals is crucial for elucidating the mechanisms of mast cell 

development and recruitment, demonstrating that nonmammalian mast cells participate in host 

defense mechanisms akin to those in mammals [6,11–14,16,17]. 

A possible evolutionary importance may be attributed to the trio of extracellular matrix 

degradation/tissue remodeling, de novo tissue-cell proliferation, and de novo angiogenesis that 

occurs after MC-degranulation. This is due to the fact that the activation of MC is essential for the 

effective completion of a pregnancy, as well as for the life-saving activities that occur in inflammation 

and wound healing, which provide humans with the ability to reach reproductive age. Hence, it 

would seem that this triad tissue response is responsible for the generation of a life-sustaining loop, 

which, in theory, might be a factor in the prolonged existence of vertebrates. If this is the case, the 

ability to elicit such a tripartite reaction can be regarded as the fundamental purpose of MC 

organizations [1,2,16,35,36]. 

10. Remarks and Conclusions 

In conclusion, MC are primordial cells, with their lineage tracing back to a mast cell-like 

progenitor from urochordates, approximately 550 million years ago. Despite the initial description of 

mammalian MC over a century ago, their specific roles continue to be unclear. MC are currently 

regarded as multipurpose immune cells involved in several physiological and pathological 

conditions. MC demonstrate significant heterogeneity and plasticity because to their extensive 

distribution and the mediators or pathogens with which they interact. Mast cell development, 

phenotype, and function are increasingly determined by the local milieu, which significantly 

influences their capacity to perceive and respond to stimuli [11–14]. 
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The extensive distribution of MC throughout tissues and their adaptability enable them to act as 

initial responders to dangerous events and to react to environmental changes through interactions 

with other cells involved in physiological and immunological responses. Their widespread 

distribution positions MC to function as protectors of the immune system while also engaging in 

other biological processes and maintaining homeostasis. MC possess both immunomodulatory and 

physiological roles. MC are recognized for their role in modulating both innate and adaptive 

immunological responses, directly and indirectly, by interacting with other immune cells. 

Furthermore, MC can influence immunological responses via their diverse mediators, surface 

chemicals, and co-stimulatory molecules [16,35,36]. 

Throughout a MC lifespan, various variables can modify its phenotypic, and a combination of 

these alterations can dictate mast cell homeostatic or pathologic responses. The characteristics 

enabling MC to engage with the milieu are the same ones that, when improperly regulated, can lead 

to severe repercussions for the organism. The role of MC in various disease states is therefore the 

subject of ongoing evaluation [11–14]. 

Consequently, MC can be regarded as sentinel cells that respond by secreting preformed and 

newly synthesized mediators upon antigen entry, so activating both immediate and delayed 

responses to obstruct and repair potential damage. The absence of specialization for specific antigens, 

which distinguishes Ig-bearing MC from lymphocytes, would optimize these cells' ability to initiate 

a localized reaction against any antigens entering the body. Given that MC respond to many 

neurotransmitters and may be located adjacent to or in direct contact with nerve fibers, they are 

potential mediators of local neuro-immune interactions. The substantial quantity of these cells and 

their capacity to rapidly release significant amounts of strong bioactive chemicals may result in health 

and potentially life-threatening problems when MC are unduly activated [16,35,36,38,39,73]. 
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Abbreviations 

The following abbreviations are used in this manuscript: 
MC Mast cells 

NGF Nerve growth factor 

EGC Eosinophilic granule cells 

TNF Tumor necrosis factor 

FGF Fibroblast growth factor 

NO Nitric oxide 

CTMC Connective tissue MC 

MMC Mucosal MC 

MCT Tryptase positive, chymase negative MC 

MCTC Tryptase positive, chymase positive MC 

SCF Stem cell factor 

CR3 Complement receptor type 3 

TLR Toll-like receptor 
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