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Abstract

Male air-breathing catfish, Clarias gariepinus were exposed to hyperosmolar mannitol
solution (250 mM) to determine its effect on the plasma levels of thyroxine (T4) and
triltodothyronine (T3) during the winter, spring, summer and autumn seasons. During the
winter season, hyperosmolar mannitol solution significantly increased the plasma levels of T4
throughout the duration of exposure, whereas the plasma Ts levels significantly increased
only at 12-48 h. During the spring season, significant decreases in the plasma levels of Ty
were observed only at 12 and 48 h, and significant increases in the plasma levels of T; were
observed only at 6-24 h. During the summer season, the plasma levels of T4 significantly
increased at 6 h and decreased at 24-48 h, while the plasma levels of T3 significantly
increased only at 6 and 24 h. During the autumn season, the plasma levels of T4 significantly
increased at 6, 12 and 48 h and the plasma levels of T; significantly decreased at 6, 24 and 48
h. These results indicate the season-dependent and differential effects of the hyperosmolar
mannitol solution on the plasma levels of thyroid hormones in Clarias gariepinus.
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1. Introduction

Osmotic conditions in an aquatic environment have a profound influence on various
metabolic processes in the aquatic vertebrates. Changes in the osmolarity of the aquatic
environment act as a stress and induce increase in the corticosteroid hormones that are
commonly called stress hormones (Eddy F.B., 1981; Hegab S.A., 1984; Patino R.., 1988;
Takei Y., 2006; Arjona F.J., 2008). Osmotic stress, depending on the variation in osmolarity,
induces a number of adaptive responses. Aquatic vertebrates have developed several adaptive
strategies including osmotic regulation for their successful survival (Davenport J., 1985;
Hanke W., 1985; Marshall W.S., 2006; Norris D.O., 2006). Short-term adaptive strategies for
overcoming osmotic stress seem to involve dynamic regulation of electrolytes, water content,
metabolic rate, activity patterns etc., while long-term adaptations against osmotic stress may
influence the neuroendocrine system, reproductive behavior and even reproduction (Leloup J.,
1985; Fineman-Kalio A.S., 1988; McCormick S.D., 1990; Haddy J.A., 2000; Swanson C.,
1998; Orozco A., 2002; Takei Y., 2006). The immediate responses shown by the fish exposed
to osmotic stress have been reported to affect their subsequent adaptations and survival (Eddy
F.B, 1981; Wedemeyer G.A, 1981).

A number of hormones have been reported to be involved in the osmotic and ionic
regulations in fishes (Eddy F.B., 1981; Mancera J.M., 2002; Carrera E.P., 2006; Sakamoto T.,
2006; Sangiao-Alvarellos S., 2006; Arjona F.J., 2008). Cortisol reportedly plays an active
role in the process of osmoregulation in the fish species (Hegab S.A., 1984; Madsen S.S.,
1990; Redding J.M., 1991; Mancera J.M., 1999; Mommsen T.P., 1999; McCormick S.D.,
2001; Mancera J.M., 2002; Takei Y., 2006). An increase in the medium osmolality with
mannitol from 206 to 290 or 353 mosmol caused a significant increase in the spontaneous
secretion of cortisol in the Coho salmon, Oncorhynchus kisutch (Walbaum) (Patino R., 1988).
Further, corticosteroids have been reported to affect thyroid activity and levels of thyroid
hormones in fishes (Brown S.B., 1991; Redding J.M., 1991; Walpita C.N., 2007). Therefore,
there is a possibility that osmotic stress-induced increase in corticosteroids may influence the
thyroid activity as well. Since thyroid hormones are involved in the regulation of a wide
spectrum of fish physiology including metabolic pathways, osmoregulation, oxidative
metabolism, and water and electrolyte metabolism (Knoeppel S.J., 1982; Matty A.J., 1985;
Peter M.C.S., 1987; Gupta B.B.P., 1991; Schreiber A.M., 1999; Leena S., 2000; Lynshiang
D.S., 2000; Peter M.C., 2000; Eales J.G., 2006; Klaren P.H., 2005, 2007), there is also a
strong possibility that the circulating levels of the thyroid hormones may be influenced by the
hyperosmotic stress. However, there is a scarcity of information on the effects of
hyperosmotic stress on the circulating levels of thyroid hormones in fish species in the
tropical/subtropical regions. It is also not known whether the effects of osmotic stress on the
thyroid hormones, if any, depend on the seasons in aquatic vertebrates in general and in
fishes in particular. Therefore, keeping in view the lack of information and the importance of
thyroid hormones in fish physiology, it was thought worthwhile to investigate the effects of
hyperosmotic stress on the plasma levels of thyroid hormones in male catfish, Clarias
gariepinus during the different seasons of the year.
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2. Materials and Methods

All experiments were conducted on adult males of air-breathing catfish, Clarias gariepinus.
C. gariepinus is a teleost that breed during monsoon (June-August), and lives in shallow
rivers, ponds and muddy places. C. gariepinus can survive in low water levels with little
oxygen. C. gariepinus (body weight: 90-100g; body length: 23-27 cm) were purchased from
the local fish suppliers. The fish were maintained in clear plastic tubs and acclimatized at least
for 15 days in the laboratory under natural climatic conditions at Shillong (25°30" N, 91°52" E;
1450 ASL; minimum water temperature varies from 4 to 6° C; maximum water temperature
varies from 23 to 25° C). During acclimatization, the fish were fed daily with minced
earthworms and commercial fish food (Tokyu) ad libitum. Water was changed everyday.

In order to study the influence of hyperosmotic stress, the acclimatized fish were divided in to
2 groups. One group of the fish were maintained in normal water and served as the control
group. In order to expose the fish to hyperosmotic stress, the fish of the second group were
exposed to 250 mM mannitol solution. After exposure to the hyperosmolar mannitol solution,
4 fishes from each group were removed by hand net and killed by a blow to the head. Blood
samples from each group were then collected from the post-caudal region at 6, 12, 24 and 48
h. Also, blood samples from the control group were collected at 0 h and served as the 0-h
control group. For obtaining plasma, blood samples were centrifuged at 3000 xg using a
centrifuge (REMI: Model R23), plasma separated and stored at -10° C in a refrigerator for the
measurement of the total thyroxine (T4) and triiodothyronine (T3;) concentrations. The
experiments were conducted during the winter, spring, summer and autumn seasons.
Radioimmunoassay (RIA) kits were obtained from the Division of Radiopharmaceutical
Operations, Board of Radiation and Isotope Technology (BRIT), Mumbai. Mannitol was
purchased from SISCO Research Laboratories Pvt. Ltd, Mumbai.

2.1 Measurement of plasma levels of total thyroxine (T4) and triidothyronine (T3)

The plasma levels of T4 and total T; were measured with the help of RIA kits, RIAKS/5A for
T4 (sensitivity 0.625 ng/ml based on 93.67% B/Bo intercept) and RIAK4/4A for T;
(sensitivity 0.0375 ng/ml based on 90.77% B/Bo intercept). The RIAs of T4 and T3 were
conducted following the manufacturer’s protocols with slight modifications where the
hormone-free serum was replaced by hormone-free fish plasma (Gupta B.B.P., 2002). RIA
was validated using hormone-free fish plasma and different concentrations of standard
solutions of T3 (range: 0.0375-2.4 ng/ml) and T4 (range: 0.625-20ng/ml). The hormone-free
fish plasma used in the assay was prepared by 2 cycles of addition of dextran-coated charcoal
to pooled fish plasma, continuous stirring for 6 hours and centrifugation. Polyethylene glycol
(PEG) solutions (12% for T3 and 22% for T4) were used to separate the bound and free
fractions of T4and Tsin the respective RIA. The intra- and inter-assay variations were found
to be on an average less than 3.5% and 6.5% for T3 and Ty, respectively. The radioactivity in
the bound fraction was counted with the help of a well-type gamma counter (Electronic
Corporation of India, Hyderabad). The concentrations of total T4 and total T3 were expressed
as ng/ml of plasma.
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The data were statistically analyzed with the help of analysis of variance (ANOVA). A
probability of P < 0.05 was considered as significant.

3. Results

During the winter season, the plasma levels of T4 were significantly increased after 6 hours of
exposure of the fish to hyperosmolar solution of mannitol, and the elevated levels were
maintained up to 48 hours of exposure to the hyperosmolar solution (Figure 1). However,
exposure to the hyperosmolar mannitol solution significantly increased the plasma levels of
T; only after 12 hours, and the Ts levels remained significantly elevated up to 48 hours under
exposure to the hyperosmolar solution (Figure 1).

During the spring season, in general, the plasma levels of T4 were found to be lower as
compared to the control groups following exposure to the hyperosmolar solution of mannitol,
however, significant decreased in T4 levels were recorded only at 12 and 48 hours of the
exposure to the hyperosmolar mannitol solution (Figure 2). Unlike T4 levels, the plasma
levels of T increased significantly only after 6 hours and remained significantly increased for
up to 24 hours of exposure to the hyperosmolar solution of mannitol (Figure 2).

During the summer season, the plasma levels of T4 were found to increase after 6 hours of
exposure to the hyperosmolar mannitol solution, to return to control levels after 12 hours of
the exposure, and thereafter, to decline significantly after 24 hours, and to remain
significantly lower than that of the control group for up to 48 hours of the exposure to the
hyperosmolar solution (Figure 3). In general, the plasma levels of T; were found to be higher
following exposure to the hyperosmolar solution of mannitol, however, significant increases
in plasma levels of Ts; were recorded only at 6 and 24 hours of the exposure to the
hyperosmolar solution of mannitol (Figure 3).

During the autumn season, exposure to the hyperosmolar mannitol solution significantly
increased the plasma level of T4 only at 6, 12 and 48 hours (Figure 4). However, the plasma
levels of T; were significantly decreased following exposure to the hyperosmolar solution of
mannitol only at 6, 24 and 48 hours (Figure 4).

4. Discussion

Thyroid hormone concentrations of fishes increased during seawater (SW) acclimation
(Redding J.M., 1984; Leloup J., 1985). However exposure of fish to SW during
smoltification generally reduces the thyroid hormone concentration (Dickhoff W.W., 1982;
Specker J.L., 1984). In contrast, in the Coho salmon retained in freshwater (FW) after
smoltification, the sudden transfer to SW increases the Ty titer (Folmer L.C., 1981; Redding
J.M., 1984). Recently, it has been reported that the renal and hepatic outer-ring deiodination
(ORD) activities increased concomitantly with the decrease in plasma-free T4 levels in the
fish transferred to extreme salinities (5 per thousand and 55 per thousand) (Arjona F.J., 2008).
It has also has been reported that, hyperosmotic challenge resulted in significant and
sustained decreases in kidney type I deiodinase (D1) and liver type II deiodinase (D2)
activities suggesting an alteration in the levels of thyroid hormones in trout (Orozco A., 2002).
In addition, hypoosmotic stress increased liver iodothyronine deiodinase type 2 (D2)
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activities in euryhaline teleost, Fundulus heteroclitus L. (Orozco A., 1998). But it is
important to mention that these studies were not conducted during different seasons of the
year and hence could not delineate the seasonal responses of the thyroid hormones to the
hyperosmolar stress. Therefore, this might be the first study of its kind in which the study
was conducted during different seasons of the year to determine whether exposure to
different duration of hyperosmolar mannitol solution affects the plasma levels of thyroid
hormones in a season-dependent manner in male Clarias gariepinus.

In the present study on male Clarias gariepinus, we found that hyperosmolar mannitol
solution differentially increased or decreased the plasma levels of T4 and T; in a
season-dependent manner. Hyperosmolar mannitol solution was found to elicit significant
and consistent increase in the plasma levels of T4 throughout the duration of the experiment
during the winter season, and a general decrease in the T4 levels was observed only during the
spring season. However, during the summer season, hyperosmolar mannitol solution
transiently increased and decreased the plasma T, levels, with a significant increase observed
at 6 hours and significant decrease at 24 and 48 hours. Further, exposure to the hyperosmolar
mannitol solution generally increased the plasma Ts levels during all the seasons, except
during the autumn season when the hyperosmolar mannitol solution was found to reduce the
plasma T3 levels throughout the duration of the exposure. It, thus, seems that hyperosmolar
stress, depending on the season, differentially increases or decreases the plasma levels of T4
and Ts in C. gariepinus. Since thyroid hormones are involved in osmoregulation in fishes
(Lebel J.M., 1992; Leena S., 2000; Peter M.C., 2000; Klaren P.H., 2005, 2007), the observed
seasonal-dependent increase or decrease in the T4 and T; levels following exposure to the
hyperosmolar stress might be related to the increased or decreased energy-dependent
osmoregulatory activities of the fish, and this remains to be investigated. The increase in the
circulating thyroid hormones following a hyperosmotic stress in juvenile salmon has been
reported to play an important role in their adaptability to SW (Folmar L.C., 1981). Other
endocrine hormones that are affected by environmental salinity may influence thyroid
activity as well (Brown C.L., 1983; Redding J.M., 1984; Weisbart M., 1987; Young G.,
1989).

Exposure of the juvenile Coho salmon, Oncorhynchus kisutch to the osmotic stress (SW
containing 345 mM NaCl) has been shown to decrease plasma T4 concentrations after 24 h,
while addition of low concentration of NaCl (12 to 24 mM) to FW increases the plasma
levels of T4 (Specker J.L, 1984) suggesting that the inhibitory and stimulatory effects of the
osmotic stress depends on the osmolarity of the aquatic environment. In the rainbow trout,
exposure to hyperosmotic stress was reported to have a quick (within 2-4 h) transient
stimulatory effect on the plasma T4 levels and delayed stimulatory effect (after 24-48 h) on
the Ts levels (Orozco A., 2002). Orozco A. (2002) further reported that transfer of FW
rainbow trout to 5 parts per thousand SW significantly increased the circulating levels of T, at
2, 4 and 48 hours, and circulating levels of the Ts rose sharply only at 24 and 48 hours
post-transfer. Further, recently, it has been reported that the transfer of stenohaline catfish,
Heteropneustes fossilis (Bloch) from FW to 30% SW significantly increased plasma levels of
T4 (Sherwani F.A., 2008). These reports taken together with present findings seem to suggest
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that the levels of thyroid hormones are rapidly but differentially affected by the osmotic
(hyperosmolar/hypoosmolar) stress in a species- and season-dependent manners.

On the basis of the present findings, it may be concluded that hyperosmolar stress, depending
on the season, differentially increases or decreases the plasma levels of T4 and Ts, which
might be related to the increased or decreased energy-dependent osmoregulatory activities of
the fish. Thus, the observed season-dependent different and differential responses in the
levels of the thyroid hormones to the hyperosmotic stress might be an adaptive strategy to
meet the energy demands associated with the osmoregulatory activities of the fish, Clarias
gariepinus

Acknowledgements

Financial assistance in the form of Rajiv Gandhi National Fellowship from the Ministry of
Tribal Affairs, Government of India is gratefully acknowledged.

References

Arjona F. J., Vargas-Chacoff L., Martin del Rio M. P., Flik G., Mancera J. M., & Klaren P. H.
(2008). The involvement of thyroid hormones and cortisol in the osmotic acclimation of
Solea senegalensis. General and Comparative Endocrinolology, 155, pp. 796-803.

Brown C. L., & Stetson M. H. (1983). Prolactin-thyroid interaction in Fundulus heteroclitus.
General and Comparative Endocrinolology, 50, pp. 167-171.

Brown S. B., MacLatchy D. L., Hara T. J., & Eales J. G. (1991). Effects of cortisol on aspects
of 3,5,3'-triiodo-L-thyronine metabolism in Rainbow trout (Oncorhynchus mykiss). General
and Comparative Endocrinolology, 81, pp. 207-216.

Carrera E. P., Garcia-Lopez A., Martin del Rio Mdel P., Martinez-Rodriguez G., Sole, M., &
Mancera J. M. (2006). Effects of 17beta-estradiol and 4-nonylphenol on osmoregulation and
hepatic enzymes in gilthead sea bream (Sparus auratus). Comparative Biochemistry and
Physiology — Part C, 145, pp. 210-217.

Davenport J. (1985). Osmotic control in marine animals. Symposia of the Society for
Experimental Biology, 39, pp. 207-244.

Dickhotff W.W., Folmar L.C., Michell J.L., & Mahnken C.V.W. (1982). Plasma thyroid
hormones during smoltification of yearling and underyearling Coho salmon and yearling
Chinook salmon and steelhead trout. Aquaculture, 28, pp. 39-48.

Eales J. G. (2006). Modes of action and physiological effects of thyroid hormones in fish. In
M. Reinecke, G. Zaccone & B.G. Kapoor (Eds), Fish Endocrinology (pp. 768-808). Science
Publishers, Enfield, NH, USA.

Eddy F. B. (1981). Effects of stress on osmotic and ionic regulation in fish. In A.D. Pickering
(Ed), Stress and Fish, (pp. 77-102). Academic Press, London and New York.

6 www.macrothink.org/jbls



ISSN 2157-6076

\ M acrothink Journal of Biology and Life Science
A Institute ™ 2011, Vol. 2, No. 1: El

Fineman-Kalio A. S. (1988). Preliminary observations on the effect of salinity on the
reproduction and growth of freshwater Nile tilapia, Oreochromis niloticus (L.), cultured in
brackishwater ponds. Aquaculture Research, 19, pp. 313-320.

Folmar L. C., & Dickhoff W.W. (1981). Evalution of some physiological parameters as
predictive indices of smoltification. Aquaculture, 23, pp. 309-324.

Gupta B. B. P., & Premabati Y. (2002). Differential effects of melatonin on plasma levels of
thyroxine and triiodothyronine levels in the air-breathing fish, Clarias gariepinus during
breeding and quiescent periods. General and Comparative Endocrinology ,129, pp. 146-151.

Gupta B. B. P., & Thapliyal J. P. (1991). Endocrine regulation of the oxidative metabolism in
poikilothermic vertebrates. Zoological Science, 8, pp.625-634.

Haddy J.A., & Pankhurst N.W. (2000). The effects of salinity on reproductive development,
plasma steroid levels, fertilisation and egg survival in black bream Acanthopagrus butcheri.
Aquaculture, 188, pp. 115-131.

Hanke W. (1985). A comparison of endocrine function in osmotic and ionic adaptation in
amphibians and teleosts fishes. In B.K. Follett, S. Ishii, & A. Chandola (Eds), The Endocrine
System and the Environment, (pp. 33-43). Japan Sci. Soc. Press, Tokyo/Springer-Verlag,
Berlin.

Hegab S. A., & Hanke W. (1984). The significance of cortisol for osmoregulation in carp
(Cyprinus carpio) and Tilapia (Sarotherodon mossambicus). General and Comparative
Endocrinology, 54, pp. 409-417.

Klaren P. H., Guzman J. M., Mancera J. M., Geven E. J., & Flik G. (2005) The involvement
of thyroid hormone metabolism in gilthead sea bream (Sparus auratus) osmoregulation.
Annal New York Academic of Science, 1040, pp. 360-362.

Klaren P. H., Guzman J. M., Reutelingsperger S. J., Mancera J. M., & Flig G. (2007). Low
salinity acclimation and thyroid hormone metabolizing enzymes in gilthead seabream (Sparus
auratus). General and Comparative Endocrinology, 152, pp. 215-222.

Knoeppel S. J., Atkins D. L., & Packer R. K. (1982). The role of thyroid gland in osmotic and
ionic regulation in Fundulus heteroclitus acclimatd to freshwater and seawater. Comparative
Biochemistry and Physiology — Part A, 73, pp. 25-29.

Lebel J. M., & Leloup J. (1992). Triiodothyronine is needed for the acclimation of brown
trout (Salmo trutta) or rainbow trout (Oncorhynchus mykiss) to seawater. C. R. Academic of
Science, 314, pp. 461-468.

Leena S., & Oommen O. V. (2000). Hormonal control on enzymes of osmoregulation in a

teleost, Anabas testudineus (Bloch): an in vivo and in vitro study. Endocrine Research, 26, pp.
169-187.

7 www.macrothink.org/jbls



ISSN 2157-6076

\ M acrothink Journal of Biology and Life Science
A Institute ™ 2011, Vol. 2, No. 1: El

Leloup J., & De Luze A. (1985). Environmental effects of temperature and salinity in teleost
fishes. In B.K. Follett, S. Ishii, & A. Chandola (Eds), The Endocrine System and the
Environment, (pp. 23-32). Japan Sci. Soc. Press, Tokyo/Springer-Verlag, Berlin.

Lynshiang D.S., & Gupta B.B.P. (2000). Role of thyroidal and testicular hormones in
regulation of tissue respiration in the male air-breathing fish, Clarias batrachus. Indian
Journal of Experimental Biology 38, 705-712.

Madsen S. S. (1990). Effect of repetitive cortisol and thyroxine injections on chloride cell
number and Na'/K'-ATPase activity in gills of fresh water acclimated Rainbow trout, Salmo
gairdneri. Comparative Biochemistry and Physiology — Part A, 95, pp. 171-175.

Mancera J. M., & McCormick S. D. (1999). Influence of cortisol, growth hormone,
insulin-like growth factor I and 3,3',5-triiodo-L-thyronine on hypoosmoregulatory ability in

the euryhaline teleost Fundulus heteroclitus. Fish Physiology and Biochemistry, 21, pp.
25-33.

Mancera J.M., Carrion R.L., & del Pilar Martin del Rio M. (2002). Osmoregulatory action of
PRL, GH, and cortisol in the gilthead seabream (Sparus aurata L). General and Comparative
Endocrinology, 129, pp. 95-103.

Marshall W. S., & Grosell M. (2006). Ion transport, osmoregulation, and acid-base balance.
In D.H. Evans, & J.B. Claiborne (Eds), The Physiology of Fishes, (pp. 177-230). CRC Press,
Taylor and Francis Group, London.

Matty A. J. (1985). The thyroid gland. In Fish Endocrinology, (pp. 54-83). Croom Helm,
London.

McCormick S. D. (2001). Endocrine control of osmoregulation in teleost fish. American
Zoologist, 41, pp. 781-794.

McCormick S. D., & Saunders R. L. (1990). Influence of ration level and salinity on
circulating thyroid hormones in juvenile Atlantic salmon (Salmo salar). General and
Comparative Endocrinology, 78, pp. 224-230.

Mommsen T. P., Vijayan M. M., & Moon T. W. (1999). Cortisol in teleosts: dynamics,
mechanisms of action, and metabolic regulation. Review in Fish Biology and Fisheries, 9, pp.
211-268.

Norris D. O., & Hobbs S. L. (2006). The HPA axis and functions of corticosteroids in fishes.
In M. Reinecke, G. Zaccone, & B.G. Kapoor (Eds.), Fish Endocrinology, (pp. 721-765,
Science Publishers, Enfield, NH, USA.

Orozco A., Linser P. J., & Valverde R. C. (1998). Salinity modifies hepatic outer-ring
deiodinase (ORD) activity in Fundulus heteroclitus. Annals of the New York Academy of
Sciences, 839, pp. 409-411.

8 www.macrothink.org/jbls



| ISSN 2157-6076
Institute™ 2011, Vol. 2, No. 1: El

Orozco A., Villalobos P., & Valverde R. C. (2002). Environmental salinity selectively
modifies the outer-ring deiodinating activity of liver, kidney and gill in Rainbow trout.
Comparative Biochemistry and Physiology — Part A, 131, pp. 387-395.

\ M ac rot h i n k Journal of Biology and Life Science

Patino R., & Schreck C. B. (1988). Spontanecous and ACTH-induced interrenal
steroidogenesis in juvenile Coho salmon (Oncorhynchus kisutch): Effects of monovalent ions
and osmolality in vitro. General and Comparative Endocrinology, 69, pp. 416-423.

Peter M. C. S., & Oommen V. O. (1987). Effect of triiodo-L-thyronine on oxidative
metabolism of a teleost, Anabas testudineus (Bloch). Journal of Reproductive Biology and
Endocrinology, 7, pp. 53-60.

Peter M. C., Lock R. A., & Bonga S. E. W. (2000). Evidence for an osmoregulatory role of
thyroid hormones in the fresh water Masambique tilapia, Oreochromis mossambicus. General
and Comparative Endocrinology, 120, pp.157-167.

Redding J. M., Schreck C. B., Birks E. K., & Ewing R. D. (1984). Cortisol and its effects on
plasma thyroid hormone and electrolyte concentrations in fresh water and during seawater
acclimation in yearling Coho salmon, Oncorhynchus kisutch. General and Comparative
Endocrinology, 56, pp. 146-155.

Redding J. M., Patino R., & Schreck C. B. (1991). Cortisol effects on plasma electrolytes and
thyroid hormones during smoltification in Coho salmon Oncorhynchus kisutch. General and
Comparative Endocrinology, 81, pp. 373-382.

Sakamoto T., & McCormick S. D. (2006). Prolactin and growth hormone in fish
osmoregulation. General and Comparative Endocrinology, 147, pp. 24-30.

Sangiao-Alvarellos S., Arjona F. J., Miguez J.M., Martin del Rio M. P., Soengas J. L., &
Mancera J. M. (2006). Growth hormone and prolactin actions on osmoregulation and energy
metabolism of gilthead sea bream (Sparus auratus). Comparative Biochemistry and
Physiology — Part A, 144, pp. 491-500.

Schreiber A. M., & Specker J. L. (1999). Metamorphosis in the summer flounder,
Paralichthys dentatus: Thyroidal status influences salinity tolerance. Journal of experimental
Zoology, 284, pp. 414-424.

Sherwani F. A., & Parwez I. (2008). Plasma thyroxine and cortisol profiles and gill and
kidney Na+/K+-ATPase and SDH activities during acclimation of the catfish Heteropneustes
fossilis (bloch) to higher salinity, with special reference to the effects of exogenous cortisol
on hypo-osmoregulatory ability of the catfish. Zoological Science, 25, pp. 164-171.

Specker J. L., & Schreck C. B. (1984). Influence of ambient salts on plasma thyroxine
concentration in juvenile Coho salmon. Transactions of the American Fisheries Society, 113,
pp- 90-94.

Swanson C. (1998). Interactive effects of salinity on metabolic rate, activity, growth and
osmoregulation in the euryhaline milkfish (Chanos chanos). Journal of Experimental Biology,

201, pp. 3355-3366.

9 www.macrothink.org/jbls



Institute™ 2011, Vol. 2, No. 1: El

Takei Y., & Loretz C. A. (2006). Endocrinology. In D. H. Evans, & J. B. Claiborne (Eds),
The Physiology of Fishes (, (pp. 271-318). CRC Press, Taylor and Francis Group, London.

i Journal of Biology and Life Science
A\ MacrOthlnk ISSN 2157-6076

Walpita C. N., Grommen S. V., Darras V. M., & Van der Geyten S. (2007). The influence of
stress on thyroid hormone production and peripheral deiodination in the Nile tilapia
(Oreochromis niloticus). General and Comparative Endocrinology, 150, pp. 18-25.

Wedemeyer G. A., & McLeay D. J. (1981). Methods for determining the tolerance of fishes
to environmental stressors. In A.D. Pickering (Ed.), Stress and Fish (pp. 247-275). London
and New York: Academic Press.

Weisbart M., Chakraborti P. K., Gallivan G., & Eales J. G. (1987). Dynamics of cortisol
receptor activity in the gills of the brook trout, Salvelinus fontinalis during seawater
adaptation. General and Comparative Endocrinology, 68, pp.440-448.

Young G., Bjornsson B. T., Prunet P., Lin R. J., & Bern H. A. (1989). Smoltification and
seawater adaptation in Coho salmon (Oncorhynchus kisutch): plasma prolactin, growth
hormone, thyroid hormones, and cortisol. General and Comparative Endocrinology, 74, pp.
335-345.

10 www.macrothink.org/jbls



i Journal of Biology and Life Science
A\ MacrOthlnk ISSN 2157-6076

Institute ™ 2011, Vol. 2, No. 1: El
24
16277 '0' Control XX Control
20 - Y 250 m Mannitol
»n 16+ N b N
PE N N N
® 212- N
&= | =
5= 1z NN
x5 B N N N\
o o »*0’1 \\ \
7 & \
44 o N
. N N\ N
. SN N N
09 -
w 06 4
2 g
£ — = N N
@ N
25 0% - \
3552 N BN
N N N
0.0 e
0 Hr 12Hr 24 Hr

Duration of exposure

Figure 1. Changes in the plasma levels of the thyroid hormones (T4 and Ts) following
exposure to the hyperosmolar mannitol solution in male Clarias gariepinus during the winter
season.

Vertical bars indicate standard error of mean (SEM); N = 4.

5 ¢ Differ significantly from the respective Control group: P < 0.05, 0.01 and 0.001,
respectively.
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Figure 2. Changes in the plasma levels of the thyroid hormones (T4 and T3) following
exposure to the hyperosmolar mannitol solution in male Clarias gariepinus during the spring
season.

Vertical bars indicate standard error of mean (SEM); N = 4.

-° Differ significantly from the respective Control group: P < 0.05 and 0.01, respectively.
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Figure 3. Changes in the plasma levels of the thyroid hormones (T4 and Ts) following
exposure to the hyperosmolar mannitol solution in male Clarias gariepinus during the

Vertical bars indicate standard error of mean (SEM); N = 4.

sSummer s€ason.

b ¢ d Differ significantly from the respective Control group: P < 0.05, 0.02, 0.01 and 0.001,

respectively.
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Figure 4. Changes in the plasma levels of the thyroid hormones (T4 and T3) following
exposure to the hyperosmolar mannitol solution in male Clarias gariepinus during the

autumn season.

Vertical bars indicate standard error of mean (SEM); N = 4.

b ¢ Differ significantly from the respective Control group: P < 0.05, 0.02 and 0.01,

respectively.
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