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Abstract

A conglomerate of small, rigid, fusiform spicules known as actinotrichia sustains the edge of tail fins of teleost. After 
amputation, these structures show an extremely fast regenerative capacity. In this study we observed the effect of a 
nonsteroidal anti-inflammatory drug, naproxen, used in the treatment of degenerative articular diseases, during the 
process of actinotrichia regeneration. For this purpose, regenerating tissue from animals in contact with the drug was 
submitted to histochemical and ultrastructural analysis in comparison to tissue from animals under normal conditions, 
i.e., not in contact with the drug in question. Actinotrichia regeneration was similar in both animals, indicating that 
naproxen, at the dose used in the present study, did not interfere with actinotrichia synthesis during the regenerative 
process of the tail fin. This could be because naproxen did not influence the expression of the genes required for the 
regeneration process, such as the Sonic hedgehog (Shh) gene, which is involved in actinotrichia formation.
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A regeneração das actinotriquias da nadadeira caudal da carpa  
(Cyprinus carpio, Linnaeus, 1758) sob a ação do naproxeno

Resumo

A borda da nadadeira caudal de teleósteo é sustentada por um conglomerado de espículas pequenas, rígidas e fusifor-
mes chamadas actinotriquias. Essas estruturas, após a amputação, apresentam uma capacidade regenerativa extrema-
mente rápida. Neste trabalho estudamos o efeito de uma droga anti-inflamatória não esteroide, o naproxeno, utilizada 
no tratamento de doenças articulares degenerativas, durante o processo de regeneração da actinotriquia. Para isso 
foram feitas análises histoquímicas e ultraestruturais do tecido em regeneração de animais em contato com a droga 
comparada com animais em condições normais, ou seja, sem contato com a droga em questão. Os animais em contato 
com a droga apresentaram a regeneração da actinotriquia de modo semelhante ao dos animais mantidos em condições 
normais, indicando que o naproxeno, na dose utilizada neste trabalho, não interferiu na síntese das actinotriquias 
durante o processo regenerativo da nadadeira caudal. Isto talvez seja porque o naproxeno não tenha influenciado a 
expressão dos genes necessários para o processo de regeneração, tal como o gene Sonic hedgehog (Shh), que está 
envolvido na formação da actinotriquia. 

Palavras-chave: nadadeira caudal, regeneração tecidual, elastoidina, droga anti-inflamatória não esteroide, peixe.

1. Introduction

The tail fin of teleost fish is a symmetric organ 
composed of multiple skeletal rays, the lepidotrichia 
(Becerra et al., 1983; Géraudie and Singer, 1992; Montes 
et al., 1982; Santamaría and Becerra, 1991). These rays 
originate from the base of the fin and they spread distally, 
towards the edge. Extending from the distal portion of 
each lepidotrichia towards the edge of the tail fin there 

is a cluster of small, fusiform, rigid and slender spicules 
called actinotrichia, which support the border of the tail 
fin (Becerra et al., 1983). Both the lepidotrichia and acti-
notrichia are surrounded by connective tissue containing 
blood vessels, nerves, pigment cells and fibroblasts and 
covered by a multistratified epidermis (Becerra et  al., 
1983).
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naproxen on the extracellular matrix, more precisely 
collagen synthesis, the objective of the present study 
was to observe the possible effects of this drug on acti-
notrichia regeneration. 

2. Materials and Methods

2.1. Animals

Eighty carp alevins, Cyprinus carpio, obtained from 
a fish farm, weighing on average 1.5 g and measuring 
on average 4 cm in length, were used in this experiment. 
The fish were maintained in quarantine in plastic aquaria 
with clean dechlorinated water at 26 °C with constant 
aeration, and fed daily with appropriate fish feed.

2.2. Experiment

Two glass aquaria, each containing 10 L of water, 
were prepared at the beginning of the experiment. The 
water was clean and dechlorinated, the temperature main-
tained at 26 °C, the pH at 8.0 and under constant aeration. 
A dose of 15.6 mg.L–1 of Naproxen (SYNTEX, Brazil) 
was dissolved in the water of one of the aquaria. The 
fish in the other aquarium, containing only water, served 
as the control group. Eighty alevins were anaesthetised 
with benzocaine (SYNTH, Brazil) (1:10000) and their 
tail fins were amputated transversally (in the dorso-ven-
tral direction) at a distance of 3 mm from the tail muscle 
peduncle using a sharp razor (according to Becerra et al., 
1996). After amputation, the fish were divided into two 
groups of 40 animals each. One group was placed in the 
aquarium containing dissolved naproxen and the other 
was placed in the control aquarium. The fish were left 
in these aquaria until regeneration occurred. They were 
then anaesthetised, sacrificed and the regenerating fins 
excised and fixed at intervals of 1, 2, 4, 5, 6, 8, 10 and 12 
days after amputation, using 5 specimens for each time 
interval.	  

2.3. Histology

2.3.1. Histochemical process

The regenerating fins were fixed in Bouin’s solution 
for 6 hours and embedded in paraffin. 6 µm transversal fin 
sections were stained with Picrosirius-Hematoxylin and 
observed and photographed under microscopes (Nikon 
Eclipse E800, Japan) using conventional light and po-
larised light. The regenerating fins collected at intervals 
of 4, 6 and 8 days after amputation (days selected due to 
representation in the whole process of tail fin regenera-
tion) had their images analysed using an image analyser 
(Image Pro-Plus, version 4.1.12, USA). The morphomet-
ric analyses were done according to Böckelmann and 
Bechara (2007). 

2.3.2. Ultrastructural process

Small fragments of regenerating fins were fixed in 
Karnovsky for 4 hours at 4 °C, washed with a 0.1 M 
phosphate buffer solution (pH 7.4) containing 7.5% sac-

Lepidotrichia are structures composed of collagen 
type II fibrils surrounded by a fundamental mineralised 
substance, the major component of which is chondroitin 
sulfate (Montes et  al., 1982). Actinotrichia are formed 
of hyperpolymerised macrofibrils of elastoidin, a protein 
with characteristics similar to those of collagen (Gross 
and Dumsha, 1958; Marí-Beffa et al., 1989). 

The regeneration suffered by the fin after amputation 
is the time when the control mechanisms of form and 
structure start functioning. The phases of the process are: 
formation of a multistratified epidermal layer, disorgani-
sation and distal migration of mesenchymal cells near to 
the amputation plane, proliferation of these mesenchy-
mal cells to form the blastema, continuous proliferation 
of the distal blastema to facilitate growth, and differen-
tiation of the proximal blastemal cells to replace its lost 
structures (Akimenko et al., 2003; Géraudie and Singer, 
1992; Goss and Stagg, 1957; Johnson and Weston, 1995; 
Poss et al., 2000; Santamaría and Becerra, 1991; Santos-
Ruiz et al., 2002).

Fin regeneration in teleost fish is extremely sen-
sitive to external physical and chemical factors, such 
as temperature variations (Johnson and Weston, 
1995), action of some environmental contaminants 
such  as  TCDD  (2,3,7,8-Tetrachlorodibenzo-p-diox-
in) (Fingerman,  1980; Zodrow and Tanguay, 2003) 
and the action of some drugs, for example beta-
aminopropionitrile, penicillamine, dexamethasone and 
acetylsalicylic acid, which inhibit collagen synthesis 
and consequently regeneration (Bechara et  al., 2003; 
2000).

Naproxen is a nonsteroidal anti-inflammatory drug de-
rived from propionic acid, which has three main types of 
action: antipyretic, analgesic and anti-inflammatory. It is 
used in the treatment of osteoarthritis, rheumatoid arthritis, 
gout and rheumatism of soft tissue and is also indicated for 
periarticular and musculoskeletal diseases (Hanson et al., 
2005; Mendias et al., 2004; Ratcliffe et al., 1993).

However, there are controversial reports in the lit-
erature about the action of naproxen on the connective 
tissue, especially regarding collagen synthesis (Bjelle 
and Eronen, 1991; Goodman et al., 2002; Ratcliffe et al., 
1993; Riley et  al., 2001; Smith et  al., 1995; Solheim 
et al., 1986; Srinivas et al., 1994). Muscará et al. (2000) 
observed that naproxen decreased the deposition of col-
lagen when administered in the healing of tissue wounds. 
In addition, Sadowski and Steinmeyer (2001) verified 
that naproxen interfered with the expression of mRNA 
of metalloproteinase-1 so as to reduce its activity, thus 
interfering with the production of collagen type II by 
chondrocytes of bovine articular cartilage. In contrast, 
administration of naproxen to arthritic animals acceler-
ated the synthesis of collagen (Arumugham and Bose, 
1981).

Since actinotrichia are formed of a protein with 
collagen-like characteristics and have the ability to re-
generate quite rapidly, and since there are controver-
sial thoughts in the literature regarding the action of 
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Connective tissue cells, similar to fibroblasts, were 
observed near the regenerating actinotrichia, indicating 
that probably these are the cells involved in the synthesis 
of elastoidin. Cytoplasmic prolongations of these cells, 
partially surrounding the actinotrichia, could also be 
observed (see Figures 3 and 4). When observed under 
microscope with conventional light, these cells presented 
basophilic cytoplasm, and when observed undertransmis-
sion electron microscope, they presented a large amount 

charose and subsequently postfixed with 1% osmium 
solution in 0.2 M phosphate buffer for 1 hour at 4 °C. 
The samples were then washed with glycosated saline, 
dehydrated with increasing acetone concentrations, pre-
embedded in a mixture of acetone and epon (1:1) for 
3 hours and embedded in pure epon for 24 hours. The 
tissue fragments included, transversally to the rays, were 
polymerised in an incubator at 60 °C for 48 hours. Semi-
fine sections (1 µm) were obtained using a LEICA ultra-
microtome (Germany) and stained in hot Toluidine Blue. 
Further ultra-fine sections (60-70 nm) were subsequently 
obtained, contrasted with uranyl acetate and lead citrate, 
and examined and micrographed in a transmission elec-
tron microscope (LEO 906, Germany).

3. Results

Regeneration in the naproxen-treated fish proceeded 
in a similar manner to the control fish. Restoration of 
the lost tissue started immediately after the amputation 
of the tail fin. Regeneration of the epidermis, connec-
tive tissue, lepidotrichia and actinotrichia proceeded as 
reported in the literature (Becerra et al., 1996).

One day after amputation, the epidermal cells com-
pletely covered the cut edge. On the second day a blast-
ema began to form just below the regenerating epider-
mis.

Actinotrichia were initially observed 4 days after 
excision of the fin, in other words, after 4 days of regen-
eration (4D.R.). Their regeneration started in the distal 
region of the fin, on the inside of the connective tissue 
matrix adjacent to the epidermis. They were very thin 
and arranged in bilateral lines, as expected (see Figure 1 
and Figure 2).

Figure 1. Transversal section of the distal region of a 
control animal regenerating tail fin, 4 days after amputa-
tion (4 D.R.). Observe the epidermis (E), the connective 
tissue (C) and the regenerating actinotrichia (arrows). 
Picrosirius-Hematoxylin.
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Figure 2. Transversal section of the distal region of a 
naproxen-treated animal tail fin after 4 days of regen-
eration. Observe the same structures as in Figure 1. 
Picrosirius-Hematoxylin. 

Figure 3. Electron micrograph of a transversal section of a 
control animal tail fin after 6 days of regeneration. Observe 
the regenerating actinotrichia (A) surrounded by cytoplas-
mic processes of connective tissue cells, similar to fibrob-
lasts (arrows). Observe the basal lamina of the epidermis 
(arrowhead).
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the Picrosirius-Polarization method, which is a histo-
chemical method for the detection of collagen in tis-
sue sections, the normal birefringence was greatly in-
creased, thus demonstrating their collagen nature (see 
Figures 11 and 12).

The morphometric analysis confirmed quantitatively 
no significant difference (p > 0.05) between the total area 
of regenerate region of both the control and naproxen 
treated fishes, as shown in Böckelmann and Bechara 
(2007). 

4. Discussion

The teleost tail fin is composed of two structural 
units known as lepidotrichia and actinotrichia. The acti-

of rough endoplasmic reticulum (see Figures 5, 6 and 
10), suggesting their involvement in the synthesis of pro-
teins necessary for the formation of actinotrichia. 

The actinotrichia became increasingly thicker after 
5, 6, 8, 10 and 12 days of regeneration, due to elastoi-
din synthesis, until they reached their normal size (see 
Figures 7,  8,  9 and  10).

Longitudinal sections of the actinotrichia, when 
observed under the transmission electron microscope, 
showed that these structures, like the collagen, also 
presented a transversal striation pattern (see Figures 5 
and 6), and when observed under polarised light using 

Figure 4. Electron micrograph of a transversal section of a 
treated animal tail fin after 6 days of regeneration. Observe 
the same structures as in Figure 3.

Figure 5. Electron micrograph of a transversal section of a 
control animal tail fin after 6 days of regeneration. Observe 
the longitudinal section of the actinotrichium and the regular 
transversal striation characteristic of collagen proteins (A). 
Note the amount of rough endoplasmic reticulum in the cell 
cytoplasm involved in the synthesis of the actinotrichium 
(arrow) and the basal lamina of the epidermis (arrowhead).

Figure 6. Electron micrograph of a transversal section of a 
treated animal tail fin after 6 days of regeneration. Observe 
the same structures as in Figure 5.

Figure 7. Transversal section of a control animal regenerat-
ing tail fin, 10 days after amputation (10 D.R.). Observe the 
epidermis (E) and the regenerating actinotrichia (arrows). 
Picrosirius-Hematoxylin.
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Marí-Beffa et al., 1989). The collagen nature of elastoi-
din was determined from the fact that when viewed under 
polarised light using the Picrosirius-Polarization method, 
the normal birefringence of these structures was greatly 
increased (Junqueira et al., 1979), in addition to the fact 
that the transmission electron microscope showed that 
the actinotrichia presented a transversal striation pattern 
characteristic of collagen (Becerra et al., 1996), also ob-
served in the present study. Biochemical analyses show 

notrichia form a group of small, rigid, fusiform spicules, 
found at the apex of each lepidotrichium (Marí-Beffa 
et al., 1989). When they suffer injury or are amputated, 
the fins of the teleost fish show a capacity to quickly 
regenerate its lost structures. Both lepidotrichia and ac-
tinotrichia are formed during this regenerative process 
known as epimorphic regeneration, a process involving 
the presence of a proliferative mass of pluripotent, pro-
genitorial cells denominated the blastema, and the recon-
stitution of the tissue complex surrounding multiple cell 
types (Akimenko et al., 2003). 

The actinotrichia are formed from hyperpolymerised 
macrofibrils of elastoidin, a protein with characteristics 
similar to those of collagen (Gross and Dumsha, 1958; 

Figure 8. Transversal section of a treated animal regenerat-
ing tail fin, 10 days after amputation (10 D.R.). Observe the 
same structures as in Figure 7. Picrosirius-Hematoxylin. 

Figure 9. Electron micrograph of a transversal section of a 
control animal tail fin, 10 days after amputation (10 D.R.). 
Observe the actinotrichia in an advanced regeneration stage 
(A) and the cells involved in their synthesis (C). 

Figure 10. Electron micrograph of a transversal section of 
a treated animal tail fin, 10 days after amputation (10 D.R.). 
Observe the same structures as in Figure 9. Note the consid-
erable amount of rough endoplasmic reticulum within the 
cell cytoplasm (arrow). 

Figure 11. Transversal section of a control animal tail fin 
after 12 days of regeneration, stained with Picrosirius-He-
matoxylin and observed under polarized light. The arrows 
indicate the regenerating actinotrichia, bright against a dark 
background. Observe the presence of transversal (arrow-
head) and oblique (arrows) actinotrichia.
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did not influence the expressions of the genes required 
for the regeneration process, such as the Sonic hedgehog 
(Shh) gene, that is involved in actinotrichia formation.

According to reports in the literature (Arumugham 
and Bose, 1981; Goodman et al., 2002; Muscará et al., 
2000; Ratcliffe et al., 1993; Sadowski and Steinmeyer, 
2001; Smith et al., 1995; Solheim et al., 1986; Srinivas 
et al., 1994), naproxen may affect, or not, the collagen 
synthesis in mammals depending on the dose applied. 
Böckelmann and Bechara (2004) studied the effect 
of naproxen on the lepidotrichial matrix of the carp 
tail fin, at a dose of 20.8 and 10.4 mg.L–1. The dose 
of 20.8 mg.L–1 was lethal for all fish, while the dose 
of 10.4  mg.L–1 showed no alterations in the synthesis, 
deposition and organisation of collagen fibrils. Thus the 
objective of this study was to evaluate the intermediate 
dose of 15.6 mg.L–1 between the lethal dose 20.8 mg.L–1 
and that failing, to alter the regeneration of the carp tail 
fin (10.4 mg.L–1). 

The first indication of actinotrichia regeneration in 
both the control and naproxen treated animals was ob-
served on the fourth day after excision (4 days of re-
generation), and on the following days (5, 6, 8, 10 and 
12 days), the structure was seen to increase in thickness, 
becoming more and more evident and occupying a distal 
position during the whole process. In the present study, 
the fish treated with 15.6 mg.L–1 of naproxen presented 
no alteration in the regeneration of the tail fin actinot-
richia when compared to the control fish. Studies con-
ducted by Böckelmann and Bechara (2007), using the 
same dose of 15.6 mg.L–1 of naproxen, showed no ef-
fect in the synthesis of the lepidotrichial collagen during 
the regenerative process. Since there are controversies 
in the literature about the effect of naproxen in colla-
gen synthesis and considering that the protein elastoidin 
presents similarities and differences to the protein colla-
gen, our aim in this study was to verify if the same dose 
of naproxen already tested on the lepidotrichial collagen 
would not interfere with the synthesis of elastoidin dur-
ing actinotrichia regeneration. 

Bechara et  al. (2003) observed that aspirin, a non-
steroidal anti-inflammatory drug like naproxen, inhibited 
actinotrichia formation, and they suggested that this in-
hibition could have been because the aspirin probably 
interfered with the Shh signalling pathway. Although as-
pirin and naproxen are both members of the same group 
of non-steroidal anti-inflammatory drug, both inhibiting 
cyclooxygenases 1 and 2, the difference in action of the 
two drugs on actinotrichia regeneration may have been 
due to variations in how these pharmacological agents 
act locally or are metabolised, leading to variable activi-
ties within the same organ.

We emphasise, therefore, the importance of studying 
morphology and the regeneration of the actinotrichia. Its 
fast synthesis and the regeneration of the protein elastoi-
din associated to the use of tools such as light microsco-
py and transmission electron microscopy make of them 

that elastoidin presents two different fractions: a colla-
genic (containing glycine, prolyne and hidroxiprolyne) 
and a non collagenic (the elastoidin richer in tirosyn than 
collagen) (Bouvet, 1974; Gross and Dumsha, 1958). 

Actinotrichia are synthesised distally and are main-
tained by a continuous turnover movement, which means 
that the regeneration of these structures can be described 
by the form of the synthesis and degradation of elastoi-
din, seen as a regulatory mechanism of the number and 
distribution of actinotrichia (Marí-Beffa et  al., 1989). 
This mechanism of synthesis and translocation was not 
affected by the naproxen at the dose used in the present 
study, neither the regeneration of the structures nor the 
birefringence and the striation pattern, as observed by 
light microscopy, transmission electron microscopy and 
also by Böckelmann and Bechara, (2007) through mor-
phometric analysis, who evaluated the total regenerated 
area. 

It is known that fin regeneration in teleosts is intimate-
ly related to the expression of some genes (Akimenko 
et  al., 1995; Borday et  al., 2001; Brulfert et  al., 1998; 
Géraudie et al., 1998; Monnot et al., 1999; Poss et al., 
2000b; White et al., 1994), and that the inhibition of these 
genes could alter the configuration of the newly formed 
fin (Laforest et al., 1998; Poss et al., 2000a). Quint et al. 
(2002) investigated the effects of cyclopamine, an alka-
loid that blocks the Hedgehog (HH) transduction signal, 
under the expression of the Shh signalling genes, and ob-
served a reduction in fin regeneration followed by inhibi-
tion as well as the formation of little or no actinotrichia. 
These effects were accompanied by a reduction in cell 
proliferation within the blastema and a reduction in its 
size. 

According to the results of the present research, 
naproxen in the dose applied did not affect the regenera-
tion of the actinotrichia. This could be because naproxen 

Figure 12. Transversal section of a treated animal tail fin 
after 12 days of regeneration, stained with Picrosirius-
Hematoxylin and observed under polarised light. Observe 
the same structures as in Figure 11. 
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a good model, easy to study the action of drugs that can 
interfere in its regenerative process.

Since the fish treated with naproxen at a dose of 
15.6 mg.L–1, did not present alterations in the regenera-
tion of the actinotrichia, and the morphometric analysis 
showed that there were no significant differences in re-
lation to the total area of the fin regeneration, it would 
be interesting to execute, in the future, experiments with 
higher doses between the dose of 15.6 mg.L–1 and the 
lethal dose of 20.8 mg.L–1.
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