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Abstract

Histopathological investigations have been proved to be a sensitive tool to detect effects of chemical compounds within target organs of fish in laboratory experiments. In this study we wished to find out whether exposure to naphthalene for twelve days has an effect on the gill tissue of Trachinotus carolinus. This study focused on gills because they are the main target for many aquatic pollutants in general, and one of the most seriously affected organ due to direct contact with the aquatic environment. Five types of anomalies in the gills of the fishes were observed. The lesions were typically epitheliocapillary separation, proliferation of epithelial cells and consequent fusion of lamella, aneurysm, hemorrhages and the presence of parasites. The results of these studies clearly indicate that naphthalene has diverse effects on the gill tissues of the fishes. The number of lesions caused by naphthalene is related to its concentration. The naphthalene also makes the fishes more susceptible to diseases and parasites. 
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Introduction

Naphthalene is one of the prominent diaromatic fractions of crude and refined oils and it is a polycyclic aromatic hydrocarbon (PAH). Generally PAHs are less sensitive to photooxidation and therefore are more persistent in water (Rand and Petrocelli, 1985). PAHs are rapidly accumulated by aquatic organisms reaching levels higher than those in the ambient medium and affecting normal function of the aquatic life (Kulkarni and Masurekar, 1984). Hence, naphthalene was selected as a toxicant in the present investigation.

In field studies fish can be used as a monitoring tool for the quality of the aquatic environment. Histopathological studies have been conducted to help establish causal relationships between contaminant exposure and various biological responses. Histopathological investigations have also been proved to be a sensitive tool to detect direct effects of chemical compounds within target organs of fish in laboratory experiments (Schwaiger et al., 1992, 1996). This study focused on gills because they are the main target for many aquatic pollutants in general, and one of the most seriously affected organ due to direct contact with the aquatic environment (Mishra et al., 1985).

The aim of this study was to find out whether exposure of twelve days to naphthalene has an effect on the gill tissue of Trachinotus carolinus. 

Materials and methods

A. Fish

For the investigations, 33 juveniles of Trachinotus carolinus weighting 1.88-2.37 g and measuring 40–75 mm were used for the histological evaluations.

B. Experimental design

The animals were kept in 40 L aquariums with 35 %o saltwater during twelve days. One group of fishes was kept in clean water and another group in ethanol (0.30 ppm) - both were used as controls. Since the pollutant has to be dissolved in ethanol, as it does not dilute in water, it was necessary to keep this control aquarium with ethanol to observe if this compound had any effect on the fish gills. Two other groups of fishes were kept in 0.15 and 0.30 ppm of naphthalene. Therefore three groups of fishes had the same amount of ethanol except the group in clean water. During the experiments, the water was aerated and it was exchanged every twelve hours to avoid the excessive evaporation of the naphthalene. The temperature was maintained at 24°C ( 1.

Histological methods

To examine the effects of naphthalene on the gills of fishes, the first and second gill arch, from both sides of the fishes, were removed and fixed in Dietrich´s solution for 24 hours. They were dehydrated in increasing concentrations of ethanol and included in historesin Leica(. Sections were cut at 4 (m and stained with hematoxylin and eosin (H&E).

C. Morphological analysis

Quantitative differences between the anomalies in all groups of fishes were evaluated. The number of each lesion observed (hyperplastic interlamellar occlusion, aneurysms, epitheliocapillary separation (ECS), hemorrhage or infestation of parasites) were registered and tested for its statistical importance. 

D. Statistical analysis

One-way analysis of variance (ANOVA) was used to test the parameters evaluated. Differences among fishes exposed to clean water, ethanol and the two concentrations of naphthalene were tested by the Tukey´s multiple range test (p<0.05).

Results

As in typical teleost gills, the gill arch of T. Carolinus is composed by gill filaments and secondary lamellae (Fig. 1A). The secondary lamellae are characterized by blood spaces, which are lined by pillar cells. The respiratory epithelium itself consists of two thin layers of epithelial cells (Fig. 1A).
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Histopathological findings in gills of experimental fish could be distinguished from the slight tissue lesions in control individuals. There were observed five types of anomalies in the gills of the fishes. The lesions were typically epitheliocapillary separation (ECS) (Fig. 1B, 2A), proliferation of epithelial cells and consequent fusion of lamella (Fig. 1D), aneurysm (Fig. 1C), hemorrhages (Fig. 2B, 2C) and presence of parasites (Fig. 2D). 
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The average number of lesions were plotted on the following graphs, significant difference (p<0.05) to the control are marked with an asterisk:
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The histopathological alterations were most prominent in individuals exposed to naphthalene. To a minor degree, these findings could also be observed in a  few control fish. Differences were not significant between the clean water and ethanol groups for all the parameters evaluated. 

The mean assessment values based on semiquantitative evaluation of the frequency of lamellar fusion and lamellae hemorrhage showed significant difference between groups exposed to naphthalene, and relative to both  control groups. So, the frequency of the lesion was proportional to the amount of pollutant tested.

The results for ECS did not show distinct differences between the fish exposed to the two concentrations of naphthalene but showed significant difference relative to the control groups. The presence of ECS in fishes exposed to naphthalene was extremely high, affecting almost 100% of the gill epithelium. 

The number of aneurysms in fishes were not significant different. The maximum average number were 2.43 in 0.30 ppm naphthalene group and the minimum mean value were 0.67 in the control group in clean water.

The parasite infestation tended to increase proportional to the naphthalene concentration. Nevertheless, difference was significant only at 0.30 ppm.

Discussion

The fact that some types of histopathological lesions could also be detected in controls should be considered. The background knowledge concerning the control condition is essential in interpreting biomarker responses in fish because for many of them, control values are used as reference. As the alterations in both control groups did not present significant differences, we suppose that the ethanol concentration is too low to affect the gills of the fishes. So, the main reason for the lesions and effects presented in the tissues is due to the naphthalene exposure.

These lesions consisted primarily of local proliferation of primary and secondary lamellae epithelial cells, occasionally resulting in fusion of adjacent secondary lamellae (Figure 1D). Another evident effect of the pollutant was the increasing in epitheliocapillary separation - almost affecting 100% of the tissue – as it was in the increasing number of hemorrhages as the concentration of pollutant increased. 

Since the number of aneurysms was too low we can only observe a slight tendency of increasing in its number per fish as the naphthalene concentration increases (Fig. 3). This lesion could not represent an important parameter to elucidate the effects in the gills of  these fishes.

It is clearly evident that the high number of parasites was related to the higher concentration of naphthalene. So, as for the number of aneurysms in the fishes, there is a tendency in increasing the number of parasites as increases the concentration of naphthalene.

We could observe a large variety of parameters. The mean number of lesions caused by and related to the concentration of naphthalene is evident. The results of these studies clearly indicate that naphthalene makes the fishes more susceptible to diseases and parasites and it affects directly the gills tissues, which are in extremely contact with the water.

In conclusion, our studies of alterations in gills of T. carolinus exposed to naphthalene are continuing. Our next approach is to observe alterations in fishes exposed to another concentrations of the pollutant and different times of exposure.
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Figure 3. Graphics showing anomalies’ average observed in T. carolinus. a. fishes in clean water; b. fishes in 0.30 ppm ethanol water; c. fishes in 0.15 ppm naphthalene; d. fishes in 0.30 ppm naphthalene.
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Figure 2. Longitudinal sections of gill lamellae. A. ECS (880X). B. and C. Gill exhibiting subepithelial hemorrhage (Hm) (1660 and 880X). D. Parasite infestation (P) (820X).





Figure 1. Longitudinal sections of gill filaments of T. carolinus. A. Unaffected gill filament and secondary lamellae (1030X). B. Gill exhibiting moderate ECS (620X). C. Gill exhibiting aneurysm (An) following exposure to 0.30 ppm naphthalene (800X). D.  Gill exhibiting hyperplastic interlamellar occlusion (H) (930X). gf. gill filament; sl. secondary lamella; bs. blood spaces; pc. pillar cells; ec. epithelial cells.
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		peixe		Fusões lamelares		Aneurismas		% de epitélio		Hemorragia		Parasitas				Test		Hyperplastic interlamellar occlusion (absolute number of occurrence)		Aneurisms		Epitheliocapillary separation (ECS)		Hemorrage		Parasites

		controle		1		0		20		0		0				a		1.00		0.67		31.67		0.17		0.50

		controle		2		1		50		1		1				b		4.00		0.33		42.50		0.33		1.00

		controle		1		1		30		0		1				c		30.88		1.50		91.50		6.00		3.75

		controle		0		0		40		0		0				d		54.71		2.43		99.86		9.43		7.57

		controle		2		0		30		0		0

		controle		0		2		20		0		1

		etanol		9		1		60		1		1						Clean water		Ethanol		0,15 ppm naphthalene		0,30 ppm naphthalene

		etanol		3		1		40		1		4				peixe		a		b		c		d

		etanol		9		1		40		1		1				Hyperplastic interlamellar occlusion		1.00		4.00		30.88		54.71

		etanol		3		0		30		0		1				Aneurisms		0.67		0.33		1.50		2.43

		etanol		0		0		30		0		1				Epitheliocapillary separation (ECS)		31.67		42.50		91.50		99.86

		etanol		6		0		60		0		1				Hemorrage		0.17		0.33		6.00		9.43

		etanol		3		0		50		0		1				Parasites		0.50		1.00		3.75		7.57

		etanol		9		1		70		0		0

		etanol		1		0		60		1		1				DESVIO PADRÃO

		etanol		2		0		30		0		1				Hyperplastic interlamellar occlusion		0.894427191		3.4112114617		6.9782826377		17.3562120072

		etanol		3		0		30		0		0				Aneurisms		0.8164965809		0.4923659639		2.32992949		2.1491969707

		etanol		0		0		10		0		0				Epitheliocapillary separation (ECS)		11.6904519445		17.6454990398		8.0178372574		0.377964473

		0,15 ppm		32		0		90		1		0				Hemorrage		0.4082482905		0.4923659639		2.7255405755		3.0472470011

		0,15 ppm		20		2		99		8		7				Parasits		0.5477225575		1.0444659357		3.2841611236		3.8668308668

		0,15 ppm		34		1		99		5		7

		0,15 ppm		27		1		80		9		7

		0,15 ppm		28		1		80		5		1

		0,15 ppm		27		7		90		4		6

		0,15 ppm		36		0		95		8		0

		0,15 ppm		43		0		99		8		2

		0,30 ppm		35		1		99		6		3

		0,30 ppm		34		1		100		5		6

		0,30 ppm		63		3		100		11		9

		0,30 ppm		50		1		100		14		6

		0,30 ppm		61		7		100		10		4

		0,30 ppm		56		2		100		10		12

		0,30 ppm		84		2		100		10		13
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		peixe		Hyperplastic interlamellar occlusion		Aneurismas		Epitélio "separado"		Hemorragia		Parasitas

		controle		1		0.6666666667		31.6666666667		0.1666666667		0.5

		etanol		4		0.3333333333		42.5		0.3333333333		1

		0,15 ppm		30.875		1.5		91.5		6		3.75

		0,30 ppm		54.7142857143		2.4285714286		99.8571428571		9.4285714286		7.5714285714
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		Observação de lesões em peixes de controle de naftaleno

		peixe		Fusões lamelares		Aneurismas		% de epitélio		Hemorragia		Parasitas				Test		Hyperplastic interlamellar occlusion (absolute number of occurrence)		Aneurisms		Epitheliocapillary separation (ECS)		Hemorrage		Parasites

		controle		1		0		20		0		0				a		1.00		0.67		31.67		0.17		0.50

		controle		2		1		50		1		1				b		4.00		0.33		42.50		0.33		1.00

		controle		1		1		30		0		1				c		30.88		1.50		91.50		6.00		3.75

		controle		0		0		40		0		0				d		54.71		2.43		99.86		9.43		7.57

		controle		2		0		30		0		0

		controle		0		2		20		0		1

		etanol		9		1		60		1		1						Clean water		Ethanol		0,15 ppm naphthalene		0,30 ppm naphthalene

		etanol		3		1		40		1		4				peixe		a		b		c		d

		etanol		9		1		40		1		1				Hyperplastic interlamellar occlusion		1.00		4.00		30.88		54.71

		etanol		3		0		30		0		1				Aneurisms		0.67		0.33		1.50		2.43

		etanol		0		0		30		0		1				Epitheliocapillary separation (ECS)		31.67		42.50		91.50		99.86

		etanol		6		0		60		0		1				Hemorrage		0.17		0.33		6.00		9.43

		etanol		3		0		50		0		1				Parasites		0.50		1.00		3.75		7.57

		etanol		9		1		70		0		0

		etanol		1		0		60		1		1				DESVIO PADRÃO

		etanol		2		0		30		0		1				Hyperplastic interlamellar occlusion		0.894427191		3.4112114617		6.9782826377		17.3562120072

		etanol		3		0		30		0		0				Aneurisms		0.8164965809		0.4923659639		2.32992949		2.1491969707

		etanol		0		0		10		0		0				Epitheliocapillary separation (ECS)		11.6904519445		17.6454990398		8.0178372574		0.377964473

		0,15 ppm		32		0		90		1		0				Hemorrage		0.4082482905		0.4923659639		2.7255405755		3.0472470011

		0,15 ppm		20		2		99		8		7				Parasits		0.5477225575		1.0444659357		3.2841611236		3.8668308668

		0,15 ppm		34		1		99		5		7

		0,15 ppm		27		1		80		9		7

		0,15 ppm		28		1		80		5		1

		0,15 ppm		27		7		90		4		6

		0,15 ppm		36		0		95		8		0

		0,15 ppm		43		0		99		8		2

		0,30 ppm		35		1		99		6		3

		0,30 ppm		34		1		100		5		6

		0,30 ppm		63		3		100		11		9

		0,30 ppm		50		1		100		14		6

		0,30 ppm		61		7		100		10		4

		0,30 ppm		56		2		100		10		12

		0,30 ppm		84		2		100		10		13
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		peixe		Hyperplastic interlamellar occlusion		Aneurismas		Epitélio "separado"		Hemorragia		Parasitas

		controle		1		0.6666666667		31.6666666667		0.1666666667		0.5

		etanol		4		0.3333333333		42.5		0.3333333333		1

		0,15 ppm		30.875		1.5		91.5		6		3.75

		0,30 ppm		54.7142857143		2.4285714286		99.8571428571		9.4285714286		7.5714285714
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		a		0.5477225575		0.5477225575

		b		1.0444659357		1.0444659357

		c		3.2841611236		3.2841611236

		d		3.8668308668		3.8668308668



Parasites

Average of occurrence

0.5

1

3.75

7.5714285714



Plan1

		Observação de lesões em peixes de controle de naftaleno

		peixe		Fusões lamelares		Aneurismas		% de epitélio		Hemorragia		Parasitas				Test		Hyperplastic interlamellar occlusion (absolute number of occurrence)		Aneurisms		Epitheliocapillary separation (ECS)		Hemorrage		Parasites

		controle		1		0		20		0		0				a		1.00		0.67		31.67		0.17		0.50

		controle		2		1		50		1		1				b		4.00		0.33		42.50		0.33		1.00

		controle		1		1		30		0		1				c		30.88		1.50		91.50		6.00		3.75

		controle		0		0		40		0		0				d		54.71		2.43		99.86		9.43		7.57

		controle		2		0		30		0		0

		controle		0		2		20		0		1

		etanol		9		1		60		1		1						Clean water		Ethanol		0,15 ppm naphthalene		0,30 ppm naphthalene

		etanol		3		1		40		1		4				peixe		a		b		c		d

		etanol		9		1		40		1		1				Hyperplastic interlamellar occlusion		1.00		4.00		30.88		54.71

		etanol		3		0		30		0		1				Aneurisms		0.67		0.33		1.50		2.43

		etanol		0		0		30		0		1				Epitheliocapillary separation (ECS)		31.67		42.50		91.50		99.86

		etanol		6		0		60		0		1				Hemorrage		0.17		0.33		6.00		9.43

		etanol		3		0		50		0		1				Parasites		0.50		1.00		3.75		7.57

		etanol		9		1		70		0		0

		etanol		1		0		60		1		1				DESVIO PADRÃO

		etanol		2		0		30		0		1				Hyperplastic interlamellar occlusion		0.894427191		3.4112114617		6.9782826377		17.3562120072

		etanol		3		0		30		0		0				Aneurisms		0.8164965809		0.4923659639		2.32992949		2.1491969707

		etanol		0		0		10		0		0				Epitheliocapillary separation (ECS)		11.6904519445		17.6454990398		8.0178372574		0.377964473

		0,15 ppm		32		0		90		1		0				Hemorrage		0.4082482905		0.4923659639		2.7255405755		3.0472470011

		0,15 ppm		20		2		99		8		7				Parasits		0.5477225575		1.0444659357		3.2841611236		3.8668308668

		0,15 ppm		34		1		99		5		7

		0,15 ppm		27		1		80		9		7

		0,15 ppm		28		1		80		5		1

		0,15 ppm		27		7		90		4		6

		0,15 ppm		36		0		95		8		0

		0,15 ppm		43		0		99		8		2

		0,30 ppm		35		1		99		6		3

		0,30 ppm		34		1		100		5		6

		0,30 ppm		63		3		100		11		9

		0,30 ppm		50		1		100		14		6

		0,30 ppm		61		7		100		10		4

		0,30 ppm		56		2		100		10		12

		0,30 ppm		84		2		100		10		13
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Plan2

		peixe		Hyperplastic interlamellar occlusion		Aneurismas		Epitélio "separado"		Hemorragia		Parasitas

		controle		1		0.6666666667		31.6666666667		0.1666666667		0.5

		etanol		4		0.3333333333		42.5		0.3333333333		1

		0,15 ppm		30.875		1.5		91.5		6		3.75

		0,30 ppm		54.7142857143		2.4285714286		99.8571428571		9.4285714286		7.5714285714
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