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Abstract

Teleostean fins when partially amputated suffer a regenerative process called epimorphic regeneration, characterized 
by the following stages: healing, based on the formation of a multistratified epidermal layer, the formation of a mass 
of pluripotent cells known as blastema, the differentiation of these cells, the synthesis and disposition of the extracel-
lular matrix, morphological growth and restoration.  The epidermis has a fundamental role in the regenerative process 
of fish fins, as the healing time of this structure leads it to a faster regenerative process and it also works as a defense 
against the external environment. In this sense, due to the fast regeneration shown by the epidermis, the aim of this 
paper is to study the histology of the regenerative dynamics of the carp fin tail (Cyprinus carpio), under the light and 
transmission electron microscope. Epidermic regeneration begins right in the first hours after the fin amputation and it 
continues throughout the regenerative process. After 24 hours, an apical epidermal cap is established. Cytoplasmatic 
prolongations and intercellular junctions are observed and the cells of the basal layer of the epidermis change from the 
cubic form to the cylindrical, due to the development of the cytoplasmatic organelles responsible for the synthesis of 
the basal membrane, lost after amputation. These results show the importance of histological studies in regenerative 
processes. We believe that the association of molecular biology with histological studies can throw further light onto 
these regenerative dynamics.
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Estudo histológico da dinâmica da regeneração da epiderme da  
nadadeira caudal da carpa (Cyprinus carpio Linnaeus, 1758)

Resumo

As nadadeiras dos teleósteos, quando parcialmente amputadas, sofrem um processo de regeneração chamado de 
 regeneração epimórfica, caracterizado pelas seguintes fases: cicatrização, a partir da formação de uma capa epidermal 
multiestratificada, formação de uma massa de células mesenquimais multipotentes chamada blastema, diferenciação 
dessas células, síntese e deposição de matriz extracelular, crescimento e restauração morfológica. A epiderme tem 
papel fundamental no processo regenerativo das nadadeiras dos peixes, uma vez que a velocidade de cicatrização 
dessa estrutura leva a um processo regenerativo mais rápido e, também, age como uma defesa contra o ambiente 
 externo. Assim, devido à rápida regeneração que a epiderme apresenta, tivemos como objetivo, neste trabalho, estudar 
a histologia da dinâmica regenerativa da epiderme das nadadeiras caudais da carpa (Cyprinus carpio) ao microscópio 
de luz e eletrônico de transmissão. A regeneração da epiderme tem início já nas primeiras horas após a amputação das 
nadadeiras e continua durante todo o processo regenerativo. Após 24 horas, uma capa epidermal apical é estabelecida. 
Prolongamentos citoplasmáticos e junções intercelulares são observados e as células da camada basal da epiderme 
passam da forma cúbica para a cilíndrica, devido ao desenvolvimento das organelas citoplasmáticas responsáveis 
pela síntese da membrana basal perdida após a amputação da nadadeira. Estes resultados mostram a importância de 
estudos histológicos em processos regenerativos. Acreditamos que a associação da biologia molecular a estes estudos 
histológicos poderá elucidar ainda melhor esta dinâmica regenerativa.

Palavras-chave: regeneração, nadadeira, peixe, epiderme, microscopia eletrônica de transmissão.
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for the studies of genetic expression, especially due to 
the dimorphic processes found in this dynamic.

2. Material and Methods

In the experiment, fish were used from the Cyprinus 
carpio species, purchased from a commercial supplier 
and measuring from five to seven centimetres long. The 
animals were kept at the Histology and Embryology Fish 
Bioassay Laboratory at Unicamp`s Biology Institute, in 
Campinas, SP, in quarantine, in plastic aquaria, with 
clean dechlorinated water, at 26 °C, with constant aera-
tion and fed daily with appropriate fish food. 

At the beginning of the experiment, 16 fish were 
transferred to a glass aquarium with 10 L of clean and 
dechlorinated water with constant aeration. The water 
was kept at 26 °C during the whole experiment. The 
photoperiod was of 12 hours (light/dark) and all the fish 
were fed daily. Twenty-four hours later, all the fish were 
anesthetised, one by one, with benzocaine (1:10000) 
(SYNTH, Brazil) and had their tail fin transversally am-
putated 3 mm from the tail muscular peduncle with a 
sharp knife (according to Becerra et al., 1996). After am-
putation, the fish were returned back to their aquarium so 
that the regenerative study could begin.

After 1, 2, 3 and 4 days of amputation, the animals 
were sacrificed through anaesthesia deepening and the 
regenerative fins were excised and processed to permit 
observation under a light and transmission electron mi-
croscope. Four specimens were used for each interval. 

Half of each collected fin was immediately fixed 
in Bouin solution for 6 hours, paraffin-embedded and 
sectioned at 6 µm thick. The sections were stained with 
picrosirius-hematoxylin (Junqueira et al., 1979) and ob-
served under a conventional light microscope. As for 
the electron microscope analysis, the other half of the 
fin collected was cut in small fragments and which were 
fixed in Karnovsky, for 4 hours at 4 °C, rinsed in a solu-
tion of Phosphate buffer 0.1 M (pH 7.4) with sacharide 
at 7.5% and after, post-fixed in a solution of Osmium 1% 
with Phosphate buffer 0.2 M for 1 hour at 4 °C. The sam-
ples were then washed with glucose saline, dehydrated 
in growing concentrations of acetone, pre-embedded 
in a mixture of acetone and epon (1:1) for 3 hours and 
drenched in pure epon for 24 hours. The tissue fragments 
were polimerised in oven at 60 °C for 48 hours. Thin 
cuts (1 µm) were obtained in ultramicrotome LEICA 
(Germany) and hot coloured with toluidine blue. After 
that, extra thin cuts (60-70 nm) were obtained and con-
trasted with uranyl acetate and lead citrate and examined 
and micrographed with a transmission electron micro-
scope (LEO 906, Germany).

3. Results

Epidermic regeneration occurred in all the specimens 
analysed, showing regeneration right on the first day af-
ter fin excision. Twenty-four hours after amputation, the 
cells had already migrated to cover the wounded sur-

1. Introduction

The general structure of teleostean fins consists of 
skeletal structures known as lepidotrichia (fin rays) and 
actinotrichia, both surrounded by connective tissue and 
skin (Montes et al., 1982; Becerra et al., 1983; Santamaría 
and Becerra, 1991; Géraudie and Singer, 1992).  

The skin that covers the teleostean fins is constituted 
by the epidermis and the dermis. The epidermis, the most 
superficial and external layer of the skin, is composed 
of a stratified squamous epithelium. The dermis, the in-
ternal layer located immediately under the epidermis, is 
constituted by conjunctive tissue. (Becerra et al., 1983). 

The epidermis has a fundamental role in the regener-
ative process of fish fins (Becerra et al., 1983; Akimenko 
et al., 1995), since the healing time of this structure leads 
to a faster  process, avoiding specially, infective biotic 
processes by microorganisms found in water environ-
ments, such as fungus, bacteria and protozoan that can 
transmit diseases. These microorganisms can take ad-
vantage of the physical damage and install themselves in 
these places generating infections that can interfere in the 
healing and consequently the restoration of the wounded 
parts. Epidermis regeneration has, in this sense, a vital 
function as a defense against the external environment 
(Quilhac and Sire, 1999).

Normally, the healing process follows a sequence of 
cellular and biochemical events that result in the resto-
ration of the epidermis (Radice, 1980a; 1980b; Pollack, 
1984; Vanable, 1989).  Similar to the regeneration that 
occurs with amphibians, the regeneration of teleostean 
fins has fundamental distinctions during this process, 
as it presents in the wound healing, the first step for all 
the following processes. Differentiation, which leads to 
blastema formation, is also very important, as well as 
cellular differentiation, morphologic growth and restora-
tion (Nabrit, 1929; Goss and Stagg, 1957; Haas, 1962; 
Santamaría and Becerra, 1991; Géraudie and Singer, 
1992; Becerra et al., 1996; Bechara et al., 2000).

In the regenerative process and in the tail fin heal-
ing, the epidermis cells reconstitute themselves and form 
an apical epidermal cap (Santos-Ruiz et al., 2002). The 
presence of this epidermal layer is extremely important 
in order to stimulate the regeneration of other lost struc-
tures of the fin (Goss, 1991).

Therefore, due to the importance of this regenerative 
epidermic process, particularly for fishes bred in fish-
eries, we studied in the present paper the dynamics in 
the epidermis regeneration of the carp tail fin (Cyprinus 
 carpio) kept in lab conditions at a temperature of 26 °C, 
under light and transmission electron microscope analy-
sis. This work can add to the teleostean regenerative 
model, that has already been shown to be an excellent 
model to work with when studying tissue regeneration 
(Becerra et al., 1996; Bechara et al., 2000; Bechara et al., 
2003; Böckelmann and Bechara, 2004; Böckelmann and 
Bechara, 2007) and that has shown to be equally impor-
tant as a tool to be associated to molecular biology and 
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On the other hand, the cells from the epidermal basal 
layer were well-developed and they formed a single layer 
of cylindrical cells (Figures 1 and 2). In this period of re-
generation, the cells from the basal layer had already ini-
tiated the synthesis of the basal lamina located right be-
neath the new regenerated epithelium (Figures 2 and 3), 
which had been lost at the time of the fin amputation.

On the second day after amputation, the apical 
epidermal cap continued well-developed (Figure 4) 
as well as the cells from the epithelium basal layer 
(Figure 4 and 5). It is possible to clearly observe the 
intercellular spaces between the apical epidermal cap 
and also a slight growth of the conjunctive tissue, which 
was the responsible for promoting the distance between 
the epidermal basal layer and the lepidotrichia that was 
sectioned in the amputation plane (Figures 4 and 5).

In 3 days of regeneration, changes were not ob-
served in the epidermal cap when compared to the pre-
vious days of regeneration (Figure 6). The cells of the 
epidermal basal layer continued to be well-developed, 
forming a single layer of cylindrical cells, as observed 
in the first day of regeneration and continued producing 
a basal membrane right underneath the epithelium in re-
generation (Figure 6). In this period of regeneration, the 
blastema could be observed and it was constituted by an 
agglomerate of cells in the distal extremity of the fins in 

face and formed an apical epidermal cap (thick layer of 
epithelium cells) (Figure 1). Meanwhile, the epidermis 
that covered the rest of the fin, and that had not suffered 
any amputation, continued in its normal size, which was 
smaller than that of the apical epidermal cap (Figure 1).

Observations under the transmission electron mi-
croscope showed that the cells forming the apical epi-
dermal cap, when migrating to the amputated extrem-
ity of the fin, emitted cytoplasmatic prolongations 
(Figures 2 and 3), that left spaces between one cell and 
another (Figures 2 and 3). It is also possible to observe 
the presence of intercellular junctions between the epi-
dermal cells (Figure 2).

Figure 1. Longitudinal section of the distal region of the 
caudal fin of a fish on its first day of regeneration, observed 
under a light microscope. Note the apical epidermal cap (E), 
the cells of the epidermis basal layer with well-developed 
cylindrical cells (white arrow head), the epidermis basal 
membrane (black arrow head), the conjunctive tissue (C), 
the epidermis that did not suffer amputation (black aster-
isks), the lepidotrichia (L) and the fin amputation plane (ar-
rows). 

Figure 2. Longitudinal section of the distal region of the 
caudal fin of a fish on its first day of regeneration, observed 
under a transmission electron microscope (TEM). Note 
some apical epidermal cap cells (E), intercellular spaces 
(black asterisks), intercellular junction (white arrow head), 
epidermis basal layer cells (white asterisks), basal lamina 
from the epidermis (black arrow head), the lepidotrichia (L) 
and the fin amputation plane (white arrow). 

Figure 3. Longitudinal section of the distal region of the 
caudal fin of a fish on its first day of regeneration, observed 
under TEM. Note some cells from the apical epidermal cap 
(E), intercellular spaces (asterisks), intercellular junction 
(white arrow head), cytoplasmatic prolongations (black ar-
row heads), epidermis basal layer cells (white asterisk), basal 
lamina from the epidermis (white arrow), the  lepidotrichia 
(L) and the fin amputation plane (black arrow).
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4. Discussion

The fins of the teleost fish have a relatively simple 
and symmetric structure, with a limited number of cell 
types. When they suffer injury or even when amputated, 
they present an extremely fast capacity to regenerate all 
their structures. This process is known as epimorphic 
regeneration and it involves the fast regeneration of the 
epidermis in order to allow the healing of the wounded 
region. This is a fundamental phase and it highlights the 
importance of the epidermis and the velocity at which it 
completely regenerates.

regeneration in the conjunctive tissue beneath the epider-
mis. The regenerated region of the fin can be seen, as a 
whole, to be more developed (Figure 6).

On the fourth day of regeneration, the healed part of 
the fin had grown (Figure 7) and it was possible to ob-
serve a diminution of the epidermis width, as well as the 
reduction of the intercellular spaces (Figures 7 and 8), 
when compared to the previous days after amputation. 
Also, we noticed that the epithelium that covered the re-
generative region presented a similar width to the one of 
the epithelium that covered the region that did not suffer 
amputation and therefore did not regenerate (Figure 7). 
In this period, the blastema was shown to be as developed 
as on the third day of regeneration, always located in the 
interior of the conjunctive tissue of the distal extremity 
of the fin in regeneration (Figure 7). In this period of 
regeneration, the cells of the epidermal basal layer con-
tinued cylindrical (Figures 8 and 9) indicating that they 
were still in the synthesis activity of the epithelium basal 
membrane (Figure 8).

Figure 4. Longitudinal section of the distal region of the 
caudal fin of a fish with 2 days of regeneration, observed 
under a light microscope. Note the apical epidermal cap (E), 
the cells of the epidermis basal layer (white arrow head), the 
epidermis basal membrane (black arrow head), the conjunc-
tive tissue in regeneration (CR), the epidermis that did not 
suffer amputation (white asterisk), the lepidotrichia (L) and 
the fin amputation plane (arrow). 

Figure 5. Longitudinal section of the distal region of the 
caudal fin of a fish with 2 days of regeneration, observed un-
der TEM. Note the cells of the epidermis basal layer (white 
asterisks), the conjunctive tissue in regeneration (CR), the 
lepidotrichia (L) and the fin amputation plane (arrow).

Figure 6. Longitudinal section of the distal region of the 
caudal fin of a fish with 3 days of regeneration, observed 
under a light microscope. Note the apical epidermal cap (E), 
the cells of the epidermis basal layer (white arrow head), 
the epidermis basal membrane (white arrows), the conjunc-
tive tissue in regeneration (CR), the blastema (black arrow 
head), the epidermis that did not suffer amputation (as-
terisk), the lepidotrichia (L) and the fin amputation plane 
(black arrows). 

Figure 7. Longitudinal section of the distal region of the 
caudal fin of a fish within 4 days of regeneration, observed 
under a light microscope. Compare the epidermis that did 
not suffer amputation (white asterisks) with the epidermis 
that suffered amputation, and is therefore regenerating 
(black asterisks) Note the conjunctive tissue in regeneration 
(CR), the blastema (B), the lepidotrichia that did not suffer 
amputation (L), the lepidotrichia in regeneration (white ar-
rows) and the fin amputation plane (black arrows).
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go through a dimorphism, changing from their original 
cubic form to a cylindrical one, when observing the pro-
duction of the basal membrane. This dimorphic phase 
is an indication of a synthesis process, generated by the 
expression of the genes involved in the production of 
components that constitute the biochemical base of the 
basal membrane.

Molecular studies on the regeneration of zebrafish 
fins have shown the expression of β-catenin in the heal-
ing epidermic cells in the first hours after amputation and 
kept through the whole process (Poss et al, 2000). It is 
assumed that the expression of the β-catenin works in 
the maintenance of the interaction cell-cell that facilitate 
the migration of the epidermis cells and in the mainte-
nance of the epidermis (Poss et al., 2003). Another gene 
detected in the epidermal cap, especially in the epidermis 
basal layer, in the last stages of regeneration, is the gene 
Wnt5. The expression of this gene seems to be strongly 
related to the blastema  formation, leading us to suspect 
that the mature epidermal cap is the source of the grow-
ing factors that stimulate the formation and maintenance 
of the function of the blastema in regeneration, since 
when absent in the epidermal cap, no generation occurs 
(Goss, 1991; Poss et al., 2000).

Other molecular studies suggest that the gene lef1, 
a member of the signalling pathway Wnt, is essential to 
the epithelial-mesenchymal interactions in vertebrate 
growth, as for example, teeth growth, hair follicles and 
mammal gland growth. In fish, Poss et al. (2000) ob-
served that lef1 is expressed in the recently-formed epi-
dermal basal layer of the fin in regeneration and it is kept 
in the epidermal basal layer during blastema formation.

In this sense, the importance of the epidermis is veri-
fied in a first phase where the healing of the wound is in-
volved, due to cell migration, wound healing and the pro-
tection of the fish against biotic and abiotic factors of the 
external environment, and in the second dimorphic phase, 
where the regeneration of the basal membrane allows the 
organisation of the blastema in order to lead the regen-
erative process as a whole. The dynamics, in the sense of 
regeneration velocity, is also mentioned as an important 
factor in zebrafish regeneration, as shown by Santamaría 
et al. (1996), Poleo et al. (2001), Nechipouk and Keating 
(2002), Santos-Ruiz et al. (2002) and Santos-Ruiz et al. 
(2005), where on the first 3 hours after amputation, a thin 
layer of epidermal cells migrate to cover the wound. This 
migration is based on studies where epidermal cells were 
marked with bromodeoxiuridin (BrdU) and showed that 
the wound healing did not occur by cell proliferation but 
by cell migration (Santos-Ruiz et al., 2002). After 12 to 
18 hours of amputation, the epidermis accumulates extra 
cell layers and this process of maturation also seems to 
happen due to cell migration and not cell proliferation 
(Santos-Ruiz et al., 2002).

Our observations, under the light microscope and, 
even better observed, under the transmission electron 
microscope, allowed us to verify that the cells that 
form the apical epidermal layer when migrating to the 

Figure 8. Longitudinal section of the distal region of the 
caudal fin of a fish within 4 days of regeneration, observed 
under a light microscope. Note the epidermis in regenera-
tion (E), the conjunctive tissue in regeneration (CR), the 
epithelium basal layer with well-developed cylindrical cells 
(white arrows) and the basal membrane (black arrow head). 

Figure 9. Longitudinal section of the distal region of the cau-
dal fin of a fish within 4 days of regeneration, observed under 
TEM. Note the cells from the epidermis basal layer (white 
asterisks) and the conjunctive tissue in regeneration (CR). 

During the regenerative process, right in the first 
hours after amputation, the cells of the lateral epidermis, 
that did not suffer any damage, migrate to the amputated 
region of the fin in order to cover the wound in a fast 
way. In sequence, the cells of the epidermis basal layer 
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