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Abstract: Rational: Bisphenol A (BPA) is an industrial chemical, used to manufacture polycarbonate and
numerous plastic articles and leach to salt and fresh water. Low levels of BPA have also been found to cause
biological effects and its mode of action appears to mimic that of the female hormone, estrogen. BPA therefore
belongs to a group of chemicals termed “hormone disruptors” or “endocrine disruptors” that are able to disrupt
the chemical messenger system in the body.Objective: Gills are generally considered good indicator of water
quality, being models for studies of environmental impact. So this study was designed to assess the
histological changes caused to the gill tissues of both mosquito-fish (Gambusia affinis) and a guppy-fish
(Poecilia reticulata) after exposure to Bisphenol.Methods: Specimens of both mosquito-fish (Gambusia affinis)
and a guppy-fish (Poecilia reticulata) exposed to (50µg/l of bisphenol A) for 15 days (short term) and 30 days
(long term). After 15-and fifty days experiments were terminated and both treated and control fishes were fixed
in alcoholic Bouin's solution were prepared by routine histological technique. Slides were then microscopically
examined, photographed and described. Results revealed that gills from BPA treated fishes showed several
histopathological lesions manifested in necrosis and desquamation or degenerated of secondary lamellar
epithelium, lifting up of epithelium, intraepithelial edema and fusion of adjacent secondary lamellae,
disorganization and rupture in secondary lamellae as well as hyperplasia of epithelial cells. In conclusions, our
study concluded that, the concentration 50ug/l of BPA has ability to induce harmful effect on the gill tissue of
fishes and these effects are dose and time dependent.

Key words: BPA  Mosquito Fish  Guppy Fish  Histopathology  Gills

INTRODUCTION increased  susceptibility  to other disease agents [3, 4].

Bisphenol A (BPA) is an industrial compound that in aquatic environments has become a globally growing
has generated concerns due to its high production problem of concern in recent decade. EDCs consist of a
volume, wide spread use in many consumer products and wide range of natural and man-made chemicals, most of
its proven estrogenicity; furthermore BPA considered as which are released to natural waters by anthropogenic
exogenous compounds that interfere with the synthesis, activities and whose adverse effects on normal
storage/ release, metabolism, transport, elimination or reproductive functions of aquatic species have widely
receptor binding of endogenous hormones [1, 2]. been confirmed [5-9]. For instance, widespread estrogenic

Various substances released from modern complex chemical input has been regarded as an important factor
human societies and entering waters may produce related to the decline of fish abundance in freshwater
alterations in survivability of aquatic organisms residing systems [10-12].
within such a polluted environment, because many are Water pollution induces histopathological changes
high toxic. Thus fishes are in the unenviable position of in fish [13, 14]. As an indicator of exposure to pollutants;
being within a constantly changing ecosystem, which histology represents a useful tool to assess the degree of
may  at   some  time  either  physiology  or  biochemistry pollution, particularly for sublethal and chronic effects.
or  induce  changes  in  their  bodies  resulting in Gills   perform     numerous     functions      which   include

The occurrence of endocrine-disrupting chemicals (EDCs)
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respiration, osmoregulation, excretion of nitrogenous Transverse sections were cut at 4 to 6 microns and
waste products and acid-base balance because it is the stained with Harri's haematoxylin and subsequently
first organ to be affected by pollutants [14-16]. counter stained with eosin. Finally, the slides were

Previous histopathological studies of fish exposed to microscopically examined and photographed using camera
pollutants have shown that fish gills are primary markers mounted on light microscope and described.
for aquatic pollution [17, 18]. Therefore, functional
impairment of gills caused by pollutants can significantly RESULTS
damage the health of fish. For this reason, fish gills are
considered to be the most appropriate indicators of water The microscopic examination of the gills of both fish
pollution levels [15-17]. species (mosquito-fish and guppy-fish) reared in a control

This study was designed to assess the histological conditions, revealed normal histological structure of fish
changes caused to the gill tissues of both mosquito-fish gills. Each gill arch bears a double row of gill filaments
(Gambusia affinis) and a guppy-fish (Poecilia reticulata) “non-respiratory or primary filaments”. Each gill filament
exposed  to (50µg/l  of   bisphenol   A)   for   15  days carries two rows of gill lamellae “respiratory or secondary
(short term) and 30 days (long term) using light lamellae”. The gill epithelium is composed of a
microscopy. multilayered filament  epithelium  (primary  epithelium).

MATERIALS & METHODS inter-lamellar  spaces.  Scattered  mucous  cells in the

Bisphenol A (>99% pure) was purchased from lamellae. Each  secondary  lamella  consists  of  double
Aldrich Chemical (Milwaukee, WI, USA) and dissolved in thin sheet of epithelial layer (secondary epithelium);
dechlorinated tap water preparing a stock solution of 50 separated by the centrally located pillar cell system that
mg/l. The experimental solution of BPA (50µg/l) was supports the epithelial layer and delimit blood lacunae
prepared by diluting this concentrated stock solution with (Fig.1 , Fig.1 , Fig.2  and Fig.2 )
dechlorinated tap water. Histological examination of mosquito-fish gills

A total of 30 specimens of Mosquito-fish, G. affinis showed different degrees of damage after 15 days of
and 30 specimens of guppy P. reticulata formed the exposure to 50µg/l BPA. The microscopic observation
experimental animals for the present study. Fishes were revealed somewhat extensive hyperplasia of the epithelial
purchased from aquarium fish markets and transported to cells that causes fusion of the adjacent secondary gill
the laboratory in Zoology Department, Faculty of Science, lamellae (Fig.1 ). Separation and lifting of the lamellar
Al-Azhar University; in a plastic package filled with epithelial layers, resulting in the increasing of intercellular
oxygenated water. Then, fishes of each species were spaces between the pillar system and epithelial lining of
allowed to be adapted for two weeks to the laboratory the secondary lamellae was recorded (Fig.1 ).
conditions, in well-aerated dechlorinated tap water glass Furthermore, severe congestion of blood lacunae and
aquaria of 60-liter capacity. They were fed twice daily six rupture of pillar system and capillaries  that  led to
days a week with commercial pelleted fish diet. balloon-like lamellae packed with erythrocytes (Aneurism)

After acclimatization, fishes of each species were or lamellar telangiectasis (Fig.1 ). In addition, edema
divided into 3 groups, each of 10 specimens in a glass between the primary epithelium and secondary lamellae
aquarium of 20 liter capacity. The first group was exposed were noticed (Fig.1  and Fig.1 ). After 30 days of exposure
to only fresh untreated and dechlorinated water and to 50µg/l BPA, the microscopic observation revealed
served as a control group. The second and third groups severe degeneration with fibrosis in primary filaments,
were exposed to 50µg/l BPA for 15days and 30 days, hyperplasia of secondary lamellae that led to total fusion
respectively. of secondary lamellae and completely disappearance of

For histological examination, normal and treated inter-lamellar spaces (Fig.1 ). Also, severe congestion led
fishes of both fish species were dissected and their gill to rupture of primary filaments (Fig.1 ). Congestion was
tissues were excised out and immediately fixed in alcoholic also seen in blood vessels of primary filaments, led to the
Bouin's solution for 24 hours. These specimens were ballooned-like tips packed with erythrocytes or
dehydrated in ascending concentrations of ethyl alcohol, filamentous telangiectasis; and numerous mucous cells
cleared in xylene and embedded in paraffin wax. were noticed (Fig.1  and Fig.1 ).

The  secondary   lamellae   are  separated  by  distinct

inter-lamellar epithelium were seen between the secondary
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Fig. 1: A photomicrograph of gills of control mosquito fish (A and B) stained with H&E, X 100 and400 respectively
demonstrating normal gill structure and normal epithelial cells of secondary lamellae 
(C): Sagittal section in gills of mosquito-fish exposed to 50µg/l BPA for 15 days, showing hyperplasia of
secondary gill lamellae with partial edema (H&E.X100).
(D): Sagittal section in gills of mosquito-fish exposed to 50µg/l BPA for 15 days, showing severe congestion of
blood lacunae, rupture of pillar cells and capillaries that led to ballooned like lamellae packed with erythrocytes
aneurism or lamellar telangiectasis. In addition to edema (H&E. X100).
(E): Sagittal section in gills of mosquito-fish exposed to 50µg/l BPA for 30 days, showing severe degeneration
with fibrosis in primary filaments, hyperplasia of secondary lamellae that led to total fusion of secondary lamellae
and completely disappearance of inter-lamellar spaces (H&E. X100).
(F): Sagittal section in gills of mosquito-fish exposed to 50µg/l BPA for 30 days, showing severe congestion led
to rupture of primary filaments (H&E. X400).
(G and H): Sagittal section in gills of mosquito-fish exposed to 50µg/l BPA for 30 days, showing Congestion of
primary filaments and numerous mucous cells were noticed (H&E. X100 & X400).

A: Anuerism C: Congestion, CD: Complete degeneration, D: Degeneration, F: Fusion, Fi: Fibrosis, HP: Hyperplasia, ILS:
Inter lamellar space, L: Lifting up, M: Mucus cells, N: Necrosis, O: edema, PF: Primary gill filaments, PCS: pillar cell
system, R: Rupture S: Secondary lamellae, T: Telangiectasis.
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Fig 2: A photomicrograph of gills of control guppy fish (A and B) stained with H&E, X100and400 respectively
demonstrating normal gill structure and normal epithelial cells of secondary lamellae.
(C): Sagittal section in gills of Guppyfish exposed to 50ug/l BPA for 2 weeks, showing hyperplasia of the lamellar
epithelium lead to fusion of secondary lamellar epithelium (H&E. X100).
(D): Sagittal section in gills of Guppyfish exposed to 50ug/l BPA for 2 weeks, showing A lot of cellular necrosis
and degenerated of lamellar epithelial (H&E. X400).
(E): Sagittal section in gills of Guppyfish exposed to 50ug/l BPA for 30 days, showing complete fusion of their
secondary gill lamellae and numerous mucous cells (H&E. X400).
(F): Sagittal section in gills of Guppyfish exposed to 50ug/l BPA for 30 days, showing also severe gill filaments
curling and necrotic of secondary lamellae (H&E. X400).

A: Anuerism C: Congestion, CD: Complete degeneration, D: Degeneration, F: Fusion, Fi: Fibrosis, HP: Hyperplasia, ILS:
Inter lamellar space, L: Lifting up, M: Mucus cells, N: Necrosis, O: edema, PF: Primary gill filaments, PCS: pillar cell
system, R: Rupture S: Secondary lamellae, T: Telangiectasis.

Histological examination of the guppy-fish gills after After 30 days of exposure to BPA, the results clarified
exposure to 50µg/l BPA for 15 days showed hyperplasia complete fusion and degeneration of secondary gill
of the lamellar epithelium lead to fusion of secondary lamellae (Fig.2 . Furthermore, severe curling of gill
lamellar epithelium (Fig.2 ). A lot of cellular necrosis and lamellae, with necrotic of secondary lamellae was seenC

degenerated of lamellar epithelial was noticed (Fig.2 ). (Fig.2 ).D
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DISCUSSION only decrease the surface area available for oxygen

Endocrine disrupters (EDs) reach living organisms distance between water and blood [32]. Thus, while
through the air, soil, water and food, thus the major route hyperplasia may indeed be having a protective function,
transmission is the aquatic environment, were these it may also be hindering the respiratory, secretary and
substances bio accumulate through the food chain, fish excretory functions of the gills [33]. The increase of
ingestion is one of the main sources of human exposure cellular layers of lamellar epithelium may be due to an
to endocrine disrupters (EDs) [19]. BPA one of the most increase in the number of mitotic divisions of the lamellar
abundant endocrine disruptors in the environment, is epithelium [34]. On another way the gill hyperplasia may
produced by the acid-catalyzed condensation of acetone increase epithelial thickness to retard or prevent the entry
with two phenols [20]. From an economic view point, fish of toxic ions into the blood stream. [35-36].
form the basis of a large commercial fishery and The separation or lifting of the lamellar epithelium,
aquaculture industry, as well as having wide spread which observed in the present study, can be explained on
recreational value, if EDCs in the aquatic environment are the light of [37] opinion. They stated that this separation
affecting reproductive success of fish, thus threatening of secondary lamellar epithelium leads to the formation of
population sustainability over time, commercial and sport lymphoid space. Enlargement of these lymphoid spaces is
fisheries could be impacted [21]. associated with the presence of lymphatic fluid. Extrusion

Gills are generally considered  good  indicator of of this fluid from the central capillaries causes vascular
water quality [22], being models for studies of stasis. This opinion is agreement with [38-40]. They stated
environmental impact [23-25], since the gills are the that lifting, swelling and hyperplasia of the lamellar
primary route for the entry of any pollutants; in fish, gills epithelium could serve a defense function against irritant.
are critical organs for their respiratory, osmoregulatory In other way alterations like epithelial lifting, hyperplasia
and excretory functions [26,27]. In addition, gills are an and hypertrophy of the epithelial cells, besides partial
important tissue because of its direct contact with water fusion of some secondary lamellae are examples of
and any effect or agency has to go through it to come into defense mechanisms, since, in general, these result in the
the fish body [28]. increase of the distance between the external environment

In the present study, the gills of both Gambusia and the blood, which serve as a barrier to the entrance of
affinis and Poecilia reticulata exposed to 50ug/l BPA at contaminants [23, 41-45]. As a consequence of the
different durations showed different signs of increased distance between water and blood due to
histopathological deformations varies in intensity epithelial lifting, the oxygen uptake is impaired. However,
according to the duration of exposure. The alternations fishes have the capacity to increase their ventilation rate,
occurred in the secondary gill lamellae were easily to compensate low oxygen uptake [43, 46].
identified on the histological level by the microscope, like The interpretation of the lamellar telangiectasis
lifting or separation of the respiratory epithelium; rupture (aneurism) may occur in association with metabolic waste
or hyperplasia of epithelial cell; lamellar thickening or or chemical pollution; histologically it is obvious that the
lamellar fusion; congestion of blood vessels; and lamellar lesion has its genesis in the rupture of the retaining pillar
telangiectasis or aneurism. This result is  confirmed by cells which normally join the dorsal surface of secondary
[16, 29, 30]. Whom concluded that, histopathological lamellae to the ventral. The result is dilation of the lamellar
changes of gills such as cellular hyperplasia and capillary and pooling of the blood, which thrombosis and
hypertrophy, epithelial lifting have been reported after the eventually fibrosis, fuses with adjacent lamellae. If there
exposure of fishes to a variety of noxious agents in the are many telangiectatic lamellae, respiratory function may
water, such as pesticides, phenols and heavy metals in be impaired especially at higher temperatures, when
their mixtures. dissolved oxygen levels are lower and metabolic oxygen

The interpretation of hyperplasia may in some demand is high. But also if such fish are further
situations represent an adaptation by the organism to traumatized, rupture and fatal hemorrhage may supervene
protect underlying tissues from any  irritant  [31]. [47]. Furthermore the formation of an aneurysm is related
However,  increased   thickness  of  the  epithelial  layers to the rupture of the pillar cells [15, 48 ], due to a bigger
including mucous cell hyperplasia and fusion of adjacent flow of blood or even because of the direct effects of
secondary lamellae as a result of hyperplasia wouldn’t contaminants on these cells.

extraction but also would increase the oxygen diffusion
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This study shaded more light on the harmful effects 8. Irwin, L.K., S. Gray and E. Oberdorster, 2001.
of BPA one of the well-known endocrine disruptor Vitellogenin  induction   in   painted  turtle,
worldwide that leach to both fresh and salt water inducing Chrysemys picta, as abiomarker of exposure to
sever harms to gills of the studied fish which perform a environmental levels of estradiol. Aquatic
vital function not only respiration but also Toxicology, 55: 49-60.
osmoregulation and execration. Our study concluded that, 9. Levy, G., I. Lutz, A. Kruger and W. Kloas, 2004.
the concentration 50ug/l of BPA has ability to induce Bisphenol A induces feminization in Xenopus laevis
harmful effect on the respiratory system of fishes and tadpoles. Environ. Rese., 94: 102-111.
these effects are dose and time dependent. 10. Jobling, S., M. Nolan,  C.R.  Tyler,  G.  Brighty  and

ACKNOWLEDGMENT wild fish. Environ. Sci. Techn., 32: 2498-2506.

We would like  to  record  our deepest  thanks to U. Ochsenbein, A. Peter, K. Scheurer,  M.J.F. Suter,
prof. Dr. Ahmad Mossad Azab professor of fish biology U. Ochsenbein, H. Segner and  E.  Staub,  2005.
and ecology, Zoology Department, Faculty of Science, Where  have  all  the fish gone. Environ. Sci. Tech.,
Al-Azhar University, Cairo for helping and supporting 39: 441-447.
this study. 12. Kidd, K.A., P.J. Blanchfield, K.H. Mills, V.P. Palace,

REFRENCES Collapse of a fish population after exposure to a

1. Okada, H., T. Tokunaga,  X.H.  Liu,  S.  Takayanagi, Academy of Sciences, 104: 8897-8901.
A. Matsushima and Y. Shimohigashi, 2008. Direct 13. Barlas, N., 1999. Histopathological examination of gill,
evidence revealing structural elements essential for liver and kidney tissues of carp (Cyprinus carpio L.,
the high binding ability of bisphenol A to human 1758) fish in the upper Sakarya river basin. Turk. J.
estrogen-related receptor-gamma. Environ. Health Vet. Anim. Sci., 23(Suppl. 2): 277-284.
Perspect., 116: 32-38. 14. Cengiz, E.I., E. Unlu and K. Balci, 2001. The

2. Cooper, R.L. and R.J. Kavlock, 1997. Endocrine histopathological effects of Thiodan (R) on the liver
disruptors and reproductive development: a weight- and gut of mosquitofish, Gambusia affinis. J. Environ.
of evidence overview. J. Endocr., 152: 159-66. Sci. Health, B, 36(1): 75-85.

3. Brungs,  W.A.,   R.W.    Carlson,    W.B.   Horning, 15. Heath, A.G., 1995. Water pollution and fish
J.H. McCormick, R.L. Speaker and G.D. Yount, 1978. physiology. Boca Raton, CRC Press.
Effects of pollution on fresh water fish. J. water 16. Azab, A.M., H.M. Shoman, N.F. Abd Al-Hakim and
Pollut. Con. Fed., 50: 1582-1637. M.G. Mostafa, 2006. Histological studies on the

4. Brungs, W.A.,  J.H.  McCormick,  T.W.  Neiheisel, effect of using bad storage diets for feeding the Nile
R.L. Spehar, C. E.Stephan and G.N. Stockes, 1977. tilapia, Orechromis niloticus. African  J. Biol.,  Sci.,
Effects of pollution on fresh water fish. J. water 2(1): 1-15.
Pollut. Con. Fed., 49: 1425-1493. 17. Alazemi, B.M., J.W. Lewis and E.B. Andrews, 1996.

5. Jobling, S., D. Sheahan, J.A. Osborne, P. Matthiessen Gill damage in the freshwater fish Gnathonemus
and J.P. Sumpter, 1996. Inhibition of testicular growth petersii (Family: Mormyridae) exposed to selected
in rainbow trout (Oncorhynchus mykiss) exposed to pollutants: an ultrastructural study. Environ.
estrogenic alkylphenolic chemicals. Environ Toxicol Technol., 17(3): 225-238.
Chem., 15: 194-202. 18. Bernet, D., H. Schmidt, W. Meier, P. Burkhardt-Holm

6. Routledge, D., C. Sheahan, G.C. Desbrow, M. Brighty, and T. Wahli, 1999. Histopathology in fish: proposal
Waldock and J.P. Sumpter, 1998. Identification of for a protocol to assess aquatic pollution. J. Fish Dis.,
estrogenic chemicals in STW effluent. 2. In vivo 22(1): 25-34.
responses in trout and  roach.   Environ.   Sci.   Tech., 19. Mita, L., M. Bianco, E. viggiano, F. Zollo,
32: 1559-1565. U.Bencivenga, V Sica, G. Monaco, M. Portaccio,

7. Oehlmann, J., 2000. Effects of endocrine disruptors N.Diano, A.Colonna, M. Lepore, P. Canciglia and
on prosobranch snails (Mollusca: Gastropoda) in the D.G. Mita, 2011. Is phenol A content in fish caught in
laboratory. Partl: bisphenol A and octylphenol as two different sites of the Tyrrhenian Sea
xeno- estrogens. Ecotoxicology, 9: 383-397. (Italy).Chemosphere., 82: 405-410.

J.P. Sumpter, 1998. Widespread sexual disruption in

11. Burkhardt-Holm,   P.,     W. Giger,    H.   Güttinger,

R.E Evans, J.M. Lazorchak and R.W. Flick, 2007.

synthetic estrogen. Proceeding of the National



World J. Fish & Marine Sci., 5 (6): 693-700, 2013

699

20. Kang, J.H., F. Kondo and Y. Katayama, 2006. Human 33. Eller, L.L., 1975. Gill lesions in freshwater teleosts,
exposure to bisphenol A. Toxicology., 226: 79-89.

21. Mills, L.J. and C. Chichester, 2005. Review of
evidence: Are endocrine-disrupting chemicals in the
aquatic environment impacting fish populations?
Science of the total Environ., 343: 1-43.

22. Rankin, J.C., R.M. Atagg and L. Bolis, 1982. Effects of
pollutants on gills. In-Gills, eds. D. F. Houlihan, J. C.
Rankin, T. J., Shuttleworth. Cambridge University
Press, New York, pp: 207-220.

23. Mallat, J., 1985. Fish gill structural changes induced
by toxicants and other irritants: a statistical review.
Can. J. Fish Aquat. Sci., 42: 630-648. 

24. McKim, J.M. and R.J. Erickson, 1991. Environmental
impacts on the physiological mechanisms controlling
xenobiotic transfer across fish gills. Physiol. Zool.,
64: 39-67.

25. Wenderlaar Bonga, S.E. and A.A.C. Lock, 1992.
Toxicants and osmoregulation in fish. Neth. J. Zool.,
42: 478-493.

26. Velmurugan, B., M. Selvanayagam,  E.I.  Cengiz and
E. Unlu, 2009. Histopathological Changes in the gill
and liver tissues of Freshwater Fish, Cirrhinus
marigala Exposed to Dichlorvos. Braz. Arch. Biol.
Technol., 52(2): 1291-1296.

27. Xing, H., S. Li, Z. Wang, X. Gao, X. Xu and X. Wang,
2012. Oxidative stress response and
histopathological changes due to atrazine and
chlorpyrifos exposure in common carp. Pesticide
Biochemistry and Physiology, (103): 74-80.

28. Patnaik,  B.B.,   H.J.    Howrelia,    T.   Mathews  and
M. Selvanayagam, 2001. Histopathology of gill, liver,
muscles and brain of Cyprinus carpio communis L.
exposed to sublethal concentration of lead and
cadmium. African J. Bio., 10(57): 12218-12223.

29. Ogundiran,  M.A.,   Fawole,  S.O.A  dewoye  and
T.A. Ayandiran, 2009. Pathologic lesions in the gills
of Clarias gariepinus exposed to sublethal
concentrations of soap and detergent effluents.
Journal of Cell and Animal Biology, 3(5): 78-82.

30. Tilak, K.S., R.D. Koteswara and K. Veeraiah, 2005.
Effects  of   Chloropyrifos    on  histopathology of
the fish Catla catala. J. Ecotoxicol. Environ. Monit.,
15: 127-140.

31. Meissner, W.A. and Diamandopoules, G. Th. 1977.
Neoplasia. In: The Pathology (Anderson, W.A.D.
and Kissane, J.M.,eds), I:640-691. St. Louis C.V.
Mosby Co.

32. Skidmore, J.F. and P.W.A. Tovell, 1972. Toxicity of
zinc sulphate on the gills of rainbow trout Water
Res., 6: 217-230. 

pp.305-330. In: The Pathology of fishes. (Ribelin,
W.E. & Magaki, G.,eds.).Wisconsin Univ. Press.
Madison, WI.

34. Karlsson, N.L., P. Runn, C. Haux and L. Forlin, 1985.
Cadmium induced changes in gill morphology of
zebra fish, Brachydanio rerio (Hamilton Buchanan)
and Rainbow trout, Salmo gairdneri Richardson J.
Fish. Biol., 27: 81-95.

35. Kantham, K.P. and R.H. Richards, 1995. Effect of
buffers on the gill structure of common carp,
Cyprinus carpio and rainbow trout, (Oncorhynchus
mykiss). J. Fish. Dis., 18: 411-423.

36. Ayoola, S.O., 2008b. Toxicity of Glyophosate
herbicides    on     Nile     tilapia   (Orechromis
niloticus)   juvenile.    African    J.     Agric.   Res.,
3(12): 825-834.

37. Tietge, J., R.D. Johnson and H. Bergman, 1988.
Morphometric changes in gill secondary lamellae of
brook trout (Salvelinus fontinalis) after long term
exposure to acid and aluminum. Can. J. Fish. Aqua.
Sci., 45: 1643. 

38. Skidmore, J.E., 1964. Toxicity of zinc compounds to
aquatic animals with special reference to fish. Rev.
Biol., 39: 227-248.

39. Burton, D.T., A.H.Jones and J. Cairns, 1972. Acute
zinc toxicity to rainbow trout Salmo gairdneri:
confirmation  of  the  hypothesis  that  death is
related  to  tissue  hypoxia.  J. Fish. Res. Board Can.,
29: 1463-1466.

40. Ayoola, S.O., 2008a. Histopathological Effects of
Glyophosate on juvenile African Catfish (Clarias
garipepinus) Ameri-surasian J. Agric.  Environ.  Sci.,
4(3): 362-367.

41. Hinton, D.E. and D.J. Laurén, 1990. Liver structural
alterations accompanying chronic toxicity in fishes:
Potentioal Biomarkers of Exposure, pp: 51-65. In:
McCarthy, J.F. & L.R. Shugart (Eds). Biomarkers of
Environmental Contamination. Boca Raton, Lewis
Publishers.

42. Poleksic,  V.   and   V.   Mitrovic-Tutundzic,  1994.
Fish gills as a monitor of sublethal and chronic
effects of pollution. In: R. Muller and R. Lloyd
(editors). Sublethal and chronic effects of pollution
on  freshwater  fish.  FAO   Fishing   News  Books,
pp: 339-352.

43. Fernandes, M.N. and A.F. Mazon, 2003.
Environmental pollution and fish gill morphology. In:
Val, A. L. & B. G. Kapoor (Eds.). Fish adapt. Enfield,
Science Publishers, pp: 203-231.



World J. Fish & Marine Sci., 5 (6): 693-700, 2013

700

44. Ortiz, J., M.  De  Canales  and  C.Sarasquete,  2003. 47. Roberts, R.J., 1978. The pathophysiology and
Histopathological   changes   induced   by  lindane systematic pathology of teleost. In: Fish pathology
( -HCH)  in  various  organs  of   fishes.   Sci.  Mar., (Roberts, R.J. ed), pp. 55-91. London, Bailliere Tindal.
67(1): 53-61. 48. Martinez, C.B.R., M.Y. C Nagae, T.B.V. Zaia and

45. Issa, A.M., A.M. Gawish and. G. M. Esmail, 2011. D.A.M. Zaia, 2004. Morphological and physiological
Histological Hazards of Chlorpyrifos Usage on Gills acute effects of lead in the neotropical fish
and Kidneys of Tilapia nilotica and the Role of Prochilodus lineatus. Brazilian Journal  of    Biology,
Vitamin E Supplement in Egypt. Life Science Journal., 64(4): 797-807.
8(4): 113-123.

46. Cengiz, E.I. and E. Unlu, 2005. Sublethal effects of
commercial deltamerthrin on the structure of the gill,
liver and gut tissues of mosquitofish, Gambusia
affinis: a microscopic study. Environmental
Toxicology and Pharmacology, 21: 246-253.


