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Abstract

Taurine (TAU) is an essential or semi-essential amino acid according to the animal species. It has many
basic physiological functions such as membrane stabilization, cell signaling, osmoregulation and bile acid
conjugation. This review focuses on the behavioral and cognitive effects of taurine in different animal
species. Taurine, found in various body tissues, is the most common amino acid after glutamate in the
mammalian nervous system. It is especially common in developing brain. It is distributed in the
cerebellum, cortex and hippocampus. Studies in rats and zebra fish have shown that taurine is effective in
stress-related mechanisms. These effects are induced by inhibiting the hypothalamic-pituitary-adrenal axis
(HPA) and activating the glycine receptor. Taurine prevents the reduction of serotonin, dopamine,
noradrenaline levels in rats under chronic stress, and prevents excessive release of glutamate and
corticosterone. Thus, it has anti-depressive and anxiolytic effects. A study on blue tits revealed that the
amount of taurine taken during the growth period shaped long-term adulthood behaviors. It has been
observed that offspring develop their spatial / spatial learning abilities and increase their risk-taking
potential, especially when researching new objects. A study of zebra fish indicated that taurine use reduces
the risk assessment behavior, which is a defense approach. Spatial learning ability and risk-taking
tendency are influential on an individual's competitiveness and prey success. As a result, taurine affects the
development of brain regions that control the HPA axis. Taurine supplementation enhances hippocampal
development and function, which affects stress response and spatial learning. Interacting with learning
mechanisms, taurine plays an important role in the formation of behavioral phenotypes of offspring. In the
light of all this information, there is almost no scientific study on how taurine, which is widely used as a
nutritional supplement in cat and dog nutrition, affects the behavior in these animals. Because of the
cognitive and behavioral effects mentioned above, taurine is thought to play an active role in cat and dog
breeding and training. Further research is needed to prevent depression and anxiety in pet animals.
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Introduction

Taurine, 2-aminoethylsulfonic acid, is produced mainly in the kidneys and liver (Karan, 1991). It is found
in many other cells and tissues, including the brain, retina, heart, placenta, leukocytes and muscle (Jakaria
et al., 2019). Taurine is a very important factor in various physiological processes such as brain
development, neuroprotection, optic and immune systems, osmotic regulation, reproduction, stabilization
of membranes and heart muscle regulation (Yeon and Kim, 2010; Park et al., 2014).

Taurine is the second most abundant amino acid in the brain after glutamate (Huxtable, 1989). TAU is
common especially in developing brain (Magnusson, 1996). High taurine levels are found in the cerebral
cortical regions, the hippocampus, and the cerebellum. (Jacobsen and Smith, 1968). TAU easily crosses
the blood brain barrier via the taurine transporter (TAUT), commonly expressed in the central nervous
system (Benrabh et al., 1995).

Milk contains taurine, and milk taurine is known to be necessary for the normal development of
offspring. Taurine is considered essential in the early stages of growth; taurine deficiency in cats (Sturman,
1991), rodents (Sharma et al.,1995) and humans (Jung and Choi, 2019) were associated with lower body
weights. Taurine deficiency is also associated with many neuropathological conditions such as
developmental abnormalities for eyes and brain (Aerts and Assche, 2005). It is also essential to maintain
normal retina (Knopf et al.,1978) and ERG function, especially in cats (Wang et al., 2017).

Taurine has been associated with growth factors such as brain-derived nerve growth factors that are
related to neural plasticity (Trenkner et al., 1996). The maintenance of the proliferation and differentiation
of neural stem cells are some of the crucial functions of taurine, effecting the neural physiology (L1 et al.,
2016). Taurine plays an essential role in modulating neurotransmission of glutamate and GABA and
prevent in vitro excitotoxicity through regulation of intracellular calcium homeostasis (Louzada et al.,
2004; Jakaria et al., 2019).

Taurine supplementation prevents the age-related decline of cognitive functions (Idrissi, 2019). It has
been reported that taurine increased cognitive deficits in experimental demented mice to the level of
normal age-matched mice but did not alter the behavior of cognitively normal mice (Kim et al., 2014).

Taurine increases the learning ability and memory; it can improve the performance of animals in
memory tasks, increase exploration efficiency, and interfere with the apoptosis and neurodegeneration
process (Rahmeier et al., 2016). In addition, taurine was found to have antidepressant activity and it has
been speculated that this activity may be associated with the regulation of the hypothalamic-pituitary-
adrenal axis and supporting the formation, survival, and growth of neurons in hippocampus (Wu et
al.,2017). TAU also regulates complex behaviors such as aggression fear and anxiety, and it permanently
changes hippocampal functions (Fontana et al., 2018).

Taurine is an amino acid that has recently attracted attention due to such a wide variety of
neurophysiological functions. This review focuses on the behavioral and cognitive effects of taurine in
different animal species. Despite taurine has a wide use as a nutritional supplement in the feeding of pet
animals, there is limited scientific study focusing on its behavioral effects in these animals. The findings
about the effects of taurine on depression and anxiety, make it a prominent research topic regarding the use
of taurine in pet animals, especially in the frame of animal welfare.

Taurine and chronic stress-induced depression

Depression caused by chronic stress weakens the neuronal structure and function in the hippocampus. It
reduces energy metabolism and brakes the negative feedback system that modulates the accumulation of
corticosterone (CORT) in the hippocampus. (Erickson et al., 2003; Anacker, C. et al. 2013). Hippocampus
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is the main region in the brain involved in learning, memory and emotion and it is vulnerable to stress.
Chronic stress and corticosterone release may develop the accumulation of glutamic acid (Glu) and
disrupts the homeostasis of calcium and causes cytotoxic damage in brain tissues (Herbert, J. et al. 2006).
Meanwhile, Glu accumulation may activate the HPA axis to secrete more glucocorticoids, and it
exacerbates the toxic effects of Glu in the hippocampus (Compere et al., 2005;). Mutations or reductions in
monoamine neurotransmitters such as 5-hydroxytryptamine (5-HT), dopamine (DA) and noradrenaline
(NE) are associated with depression pathogenesis (Lopez-Munoz et al., 2009). In addition, under stress and
depression, the levels of neurotrophic factors that regulate neural proliferation in the hippocampus (such
as BDNF, FGF-2 and VEGF) have been found to be decreased (Bland et al., 2007; Elfving et al., 2010).

Gao-Feng Wu et al. (2017) showed that taurine had an effect on the abovementioned depression-
related functions in rats exposed to chronic unpredictable mild stress (CUMS). In their research pre-
administration of taurine restrained the decrease of the aforementioned neurotransmitters and neurotrophic
factor levels, and the increase of glutamate and corticosterone levels. They found that both the serum and
hippocampal CORT levels were low in taurine-pretreated rats; this indicates that taurine reduces the rate of
corticosterone secretion by regulating HPA under prolonged stress. Their results are consistent with
previous studies, which are reporting that taurine improves and regulates adult neurotrophic protein
expression and neurogenesis in the hippocampus (Chen et al., 2004; Toyoda et al.,2015).

Taurine and anxiety

The GABAergic system has a vital role in regulating the anxiety behavior of animals (Idrissi and
Trenkner, 2004). Taurine is capable of interacting with the GABA-Benzodiazepine system receptors,
which are considered to be involved in the etiology of anxiety; taurine has been found to mimicking
GABA (Kontro and Oja, 1990). Therefore taurine could be a promising agent for the treatment of anxiety-
related diseases (Idrissi et al., 2013).

Exposure to various agents such as cyfluthrin (Rajawat et al., 2015), ethanol (Aragon et al.,1992) or

cyhalothrin (LCT) (Prakash et al., 2015) results in reduced mobility in the open field test which indicates
anxiety. Dose-based pretreatment of taurine may restore these behavioral changes. In another study on
taurine and anxiety, it was observed that acute taurine treatment significantly increased the percentage of
time spent on open arms in elevated plus maze test which indicates an anxiolytic effect (Chen et al., 2004).
Additionally, it has been reported that, taurine resolves neuro-behavioral deficiencies caused by cisplatin
which is used as a chemotherapeutic agent in cancer treatments (Owoeye et al., 2018).
Another task evaluated in these studies is muricide activity. Muricide activity or mouse killing behavior in
rats is one of the most typical predatory aggressive behaviors observed in the laboratory (O'Boyle, 1974).
It is thought that central serotonergic system is involved in inhibition of mouse killing behavior in rats
(DiChiara et al., 1971; Gibbons et al., 1978). In a study on rats exposed to LCT (a synthetic pesticide)
showed that pre-taurine administration inhibited LCT-induced muricide behavior. These results suggest
that taurine’s anxiolytic effects are also associated with serotonergic system (Chakroborty et al., 2019).

Zebrafish, which has been widely used in scientific research, is a suitable model organism for
studying anxiety-like behaviors. Zebrafish anxiety can be measured in different tasks, such as the response
to new environments and to brightly lit environments (Stewart et.al, 2012). Anxiety-like behavior is a
complex behavior in zebrafish caused by danger stimuli. It reduces their exploration behavior and typically
displays as geotaxis (diving), tigmotaxis, scototaxis, increased freezing and irregular movements
(Mezzomo et al., 2016). Zebrafish shoaling behavior is associated with cognitive performance and
decision-making strategies (Sporns, 2010) and modulated by TAU (Jia et al., 2016). Therefore, taurine
may affect the group behavior of zebrafish.
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Risk assessment is a defensive behavior that involves careful investigation of new and / or potentially
hazardous environments (Maximino et al., 2011; Kalueff et al., 2013). Mezzomo, et al. (2016), showed a
significant decrease in the number of risk assessment behaviors in the group receiving high taurine. It has
also shown that the application of taurine significantly increases the time spent in the brightly lit tank.
These results suggest that TAU has an anxiolytic-like effect in zebrafish.

In another study on zebra fish, fish exposed to both TAU and ethanol showed a reduced discovery in
the predatory region and decreased risk assessment sections. Also TAU-treated fish showed a significant
reduction in the number of risk assessment episodes. TAU has a concentration-dependent effect on anxiety
-like behavior, mobility, discovery, and aggression (Fontana et al., 2016; Rosemberg et al., 2012).

Taurine and learning

Studies show that learning and taurine are closely related: Taurine treatments (0.4 g / day) in pre-adult
stages showed that mice can learn faster after weaning than the control group (Chen et al., 2019).

In a 2007 study at the University of Glaskow, the relationship between parental choice of prey and
risk behaviors and spatial learning was investigated (Arnold et al., 2007): In some of the songbirds, there is
an excessive increase in spider consumption during chick development. The researchers found that the
amount of spider in the feeding of blue tits (Cyanistes caeruleus) significantly changed with the age of the
chick. However, this change is not related to the season, environment or population frequency of spiders.
Spiders are a food source similar to caterpillars except that they contain 40-100 times more taurine
(Ramsay and Houston 2003). The period in which the amount of spider supply peaks is the period when
the chicks are about 5 days old and their eyes are newly opened. At the end of the behavioral tests, it was
found that providing taurine rich spiders to offspring improves their spatial / spatial learning abilities and
increases their risk-taking potential while searching for new objects. These results are based on the fact
that taurine influences the development of brain regions that control the HPA axis, and that taurine
supplementation affects stress response and spatial learning that enhances hippocampal development and
function (Koolhaas et al., 1999). In adult birds, spatial learning ability and risk-taking tendency have an
impact on the individual's competitiveness and prey success. As a result of all these reasons, early feeding
of the parents managed by prey selection is a mechanism that can manipulate behavioral phenotype
(Metcalfe and Monaghan, 2003)

A study by McCabe, et al. (2001), provide evidence for the effect of taurine on learning mechanisms
of imprinting behavior in chicks. An imprinting score was determined by a preference test applied to
chicks divided into two groups; held in the dark after hatching or exposed to imprinting stimulants.
Significant correlation was found between GABA and taurine levels and imprinting scores. And it has
been shown that learning increased both GABA and taurine secretion. These results demonstrated that
plasticity in GABAergic neurons is involved in the mechanisms of learning and memory and taurine
contributes to these mechanisms.

Conclusion

In conclusion, all the neurophysiological properties described above shows that taurine effects anxiety,
depression, learning ability, memory, risk assessment and risk taking behavior mechanisms. However,
studies have reported that these effects of taurine are dose-dependent. Taurine exerts different effects
under different types of stresses, as well as shows behavioral differences between acute administration and
chronic treatment. The effect of taurine is varied in different developmental stages of the animals. In the
light of current studies, it has a promising effect on behaviors.
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Taurine is widely used as a nutritional supplement in cat and dog feeding. Because it is essential in cats
and its deficiency is associated with heart disease in dogs. However, there is limited literature on the
behavioral effects of taurine in these animals. Because of the cognitive and behavioral effects mentioned
above, taurine can be used in behavioral disorders as it is involved with aggression mechanisms. In
addition, it is thought that taurine can be used to increase animal welfare due to its anxiolytic and antt
depressive effects. Taurine is also thought to be effective in breeding programs of working dogs such as
search and rescue or livestock guarding dogs. Further research is needed on the behavioral effects of
taurine in pet animals.

References

Aerts, L. & Van Assche, F. (2005). Taurine and taurine-deficiency in the perinatal period. Journal of
Perinatal Medicine, 30(4), pp. 281-286. Retrieved 5 Sep. 2019, from doi:10.1515/JPM.2002.040

Anacker, C. et al. (2013). Glucocorticoid-related molecular signaling pathways regulating hippocampal
neurogenesis. Neuropsychopharmacology: official publication of the American College of
Neuropsychopharmacology. 38, 872—883.

Aragon C.M., Trudeau L.E., Amit Z. (1992) Effect of taurine on ethanol-induced changes in openfield
locomotor activity. Psychopharmacol (Berl)., 107: 337-340

Arnold K.E., Ramsay S.L., Donaldson C., Adam A. (2007) Parental prey selection affects risk-taking
behaviour and spatial learning in avian offspring. Proc. R. Soc. 274 B, 2563-2569.

Bland, S. T. et al. (2007). Expression of fibroblast growth factor-2 and brain-derived neurotrophic factor
mRNA in the medial prefrontal cortex and hippocampus after uncontrollable or controllable stress.
Neuroscience. 144, 1219-1228.

Chen C., Xia S., He J., Lu G., Xie Z., Han H., (2019) Roles of taurine in cognitive function of physiology,
pathologies and toxication. Life Sciences, 231.

Chen S.W., Kong W. X., Zhang Y.J., Li Y.L., Mi X.J., Mu X.S. (2004) Possible anxiolytic effects of
taurine in the mouse elevated plus-maze. Science Direct, Life Sciences. 75. 1503-1511.

Compere, V. et al. (2005). In vivo action of a new octadecaneuropeptide antagonist on neuropeptide Y and
corticotropin-releasing hormone mRNA levels in rat. Brain research. Molecular brain research. 141, 156—
160.

Chakroborty, B. et al. (2019) Taurine modulates neurobehavioral impairments in lambda cyhalothrin
induced male albino rats. World Journal Of Pharmaceutical Research. 8, 3, 907-925

DiChiara G., Canba R., Spano P.F. (1971) Evidence for inhibition by brain serotonin of mouse killing
behaviour in rats. Nature. (Lond.),; 233: 272-273.

Elfving, B., Plougmann, P. H. & Wegener, G. (2010). Differential brain, but not serum VEGF levels in a
genetic rat model of depression. Neurosci Lett. 474, 13-16.

Erickson, K., Drevets, W. & Schulkin, J. (2003). Glucocorticoid regulation of diverse cognitive functions
in normal and pathological emotional states. Neuroscience & Biobehavioral Reviews. 27,233-246.

This work is licensed under the Creative Commons Attribution 4.0 International License.

92


http://creativecommons.org/licenses/by/4.0/

International

VETEXPO

Veterinary Sciences Congress

3

September 20-22, 2019 i
DoubleTree|by Hilton Avcilar / istanbul / TURKEY

International VETEXPQO-2019 Veterinary Sciences Congress
September 20-22 2019. Double Tree by Hilton Hotel, Avcilar /Istanbul, Turkey

Fontana, B.D., Meinerz, D.L., Rosa, L.V., Mezzomo, N.J., Silveira, A., Giuliani, G.S., Quadros, V.A.,
Filho, G.L., Blaser, R.E., Rosemberg, D.B., 2016. Modulatory action of taurine on ethanol-induced
aggressive behavior in zebrafish. Pharmacol. Biochem. Behav. 141, 18-27.

Fontana B.D., Stefancllo F.V., Mezzomo N.J., Miillera T.E., Quadrosa V.A., Parkerd M.O., Ricof E.P.,
Rosemberg D.B. (2018) 182 Taurine modulates acute ethanol-induced social behavioral deficits and fear
responses in adult zebrafish. Journal of Psychiatric Research 104 176-182.

Gibbons J.L., Gordon A., Wagner B., Bridger H., Leibowitz S.F.(1978). Effects of
parachlorophenylalanine and 5-hydroxytryptophan on mouse killing behavior in killer rats Pharmacol
Biochem Behaviour. 9(1): 91-98.

Herbert, J. et al. (2006). Do Corticosteroids Damage the Brain? Journal of Neuroendocrinology. 18,393—
411.

Huxtable, R.J., 1989. Taurine in the central nervous system and the mammalian actions of taurine. Prog.
Neurobiol. 32, 4717533 isgp!

Idrissi A.E. (2019). Taurine Regulation of Neuroendocrine Function. Advances in Experimental Medicine
and Biology. Springer Nature Singapore Pte Ltd. 2019 977 J. Hu et al. (eds.), Taurine 11, 1155.

Idrissi A.E., C.H. Shen, W.J. L’ Amoreaux, (2013) Neuroprotective role of taurine during aging, Amino
Acids 45 735-750.

Idrissi A.E., Trenkner E. (2004) Taurine as a modulator of excitatory and inhibitory neurotransmission.
Neurochem Res., 29: 189-197.

Jung Y.M., Choi M.J. (2019) Relation of Taurine Intake During Pregnancy and Newborns’ Growth.
Advances in Experimental Medicine and Biology. Springer Nature Singapore Pte Ltd. 283 J. Hu et al.
(eds.), Taurine 11, 1155.

Kalueff A.V., M. Gebhardt, A.M. Stewart, J.M. Cachat, M. Brimmer, J.S. Chawla, C. Craddock, E.J.
Kyzar, A. Roth, S. Landsman, S. Gaikwad, K. Robinson, E. Baatrup, K. Tierney, A. Shamchuk, W.
Norton, N. Miller, T. Nicolson, O. Braubach, C.P. Gilman, J. Pittman, D.B. Rosemberg, R. Gerlai, D.
Echevarria, E. Lamb, S.C.F. Neuhauss, W. Weng, L. Bally-Cuif, H. Schneider, (2013) Towards a
comprehensive catalog of zebrafish behavior 1.0 and beyond, Zebrafish 10. 70-86.

Jakaria Md, Azam S., Md. Ezazul H., Jo S., Md. Sahab Uddin ,In-Su Kim, Choi D.K. (2019) Taurine and
its analogs in neurological disorders: Focus on therapeutic potential and molecular mechanisms. Redox
Biology, 24, 101223

Jia, N., Sun, Q., Su, Q., Dang, S., Chen, G., 2016. Taurine promotes cognitive function in
prenatally stressed juvenile rats via activating the AktCREB-PGClalpha pathway.
Redox Biol. 10, 179-190.iske!

Karan S. (1991) Taurine in Infant Nutrition. Indian Journal of Pediatrics, 58 : 311-316

Knopf K., Sturman J. A., Armstrong M., Hayes K.C. (1978) Taurine: An Essential Nutrient for the Cat.
The Journal of Nutrition, Volume 108, 773-778.

This work is licensed under the Creative Commons Attribution 4.0 International License.

93


http://creativecommons.org/licenses/by/4.0/

International

VETEXPO

Veterinary Sciences Congress

3

September 20-22, 2019 i
DoubleTree|by Hilton Avcilar / istanbul / TURKEY

International VETEXPQO-2019 Veterinary Sciences Congress
September 20-22 2019. Double Tree by Hilton Hotel, Avcilar /Istanbul, Turkey

Kim H.Y., Kim. H.V., Yoon J.H., Kang B.R., Cho S.M. , Lee S., Kim J.Y., Kim J.V., Cho Y., Woo J.,
Kim Y.S. (2014) Taurine in drinking water recovers learning and memory in the adult APP/ PS1 mouse
model of Alzheimer’s disease. Scientific Reports 4:7467

Koolhaas, J. M., Korte, S. M., Boer, S. F. D., Vegt, B. J. V. D., Reenen, C. G. V., Hopster, H., Jong, I. C.
D., Ruis, M. A. W. & Blokhuis, H. J. 1999 Coping styles in animals: current status in behavior and stress-
physiology. Neurosci. Biobehav. Rev. 23, 925-935. (doi:10.1016/S0149-7634 (99)00026-3)

Li, X. W., Gao, H. Y. & Liu, J. (2016). The role of taurine in improving neural stem cells proliferation and
differentiation. Nutr Neurosci. 18, 287-301.

Lopez-Munoz, F. & Alamo, C. (2009). Monoaminergic neurotransmission: the history of the discovery of
antidepressants from 1950s until today. Current pharmaceutical design. 15, 1563—-1586.

Louzada P.R., Paula Lima A.C., Mendonca-Silva D.L., Noél F., De Mello F.G., Ferreira S.T. (2004)
Taurine prevents the neurotoxicity of beta-amyloid and glutamate receptor agonists: activation of GABA

receptors and possible implications for Alzheimer's disease and other neurological disorders. FASEB J.,;
18(3): 511-8.

Magnusson, K.R., 1996. Distributions of taurine, and glutamate receptors, during post-natal development
and plasticity in the rat brain. Adv. Exp. Med. Biol. 403, 4357444 sy

Maximino C., J. Araujo, L.K.R. Ledo, A.B.A. Grisolia, K.R.M. Oliveira, M.G. Lima, E.J.O. Batista, M.E.
Crespo-Lopez, A. Gouveia Jr., A.M. Herculano, (2011). Possible role of serotoninergic system in the
neurobehavioral impairment induced by acute methylmercury exposure in zebrafish (Danio rerio),
Neurotoxicol. Teratol. 33 727-734.

Mccabe B. J., Horn G., Kendrick K. M.. (2001) Gaba, Taurine and Learning: Release of Amino Acids
From Slices of Chick Brain Following filial imprinting, Neuroscince Vol. 105 No. 2, pp. 317-324.

Metcalfe, N. B. & Monaghan, P. 2003 Growth versus lifespan: perspectives from evolutionary ecology.
Exp. Gerontol. 38, 935-940. (doi:10.1016/S0531-5565(03)00159-1)

Mezzomo N.J., Silveira A., Giuliania G.S., Quadrosa V.A., Rosemberg D.B. (2016) The Role of taurine on
anxiety-like behaviors in zebrafish: A comparative study using the novel tank and the light—dark tasks.
Neuroscience Letters, 613, 19-24.

O'Boyle M. (1974) Rats and mice together: The predatory nature of the rat's mouse-killing response.
Psychol Bulletin.,; 81: 261-269.:

Owoeye O., Adedara 1. A., Farombi E.O. (2018) Pretreatment with taurine prevented brain injury and
exploratory behaviour associated with administration of anticancer drug cisplatin in rats. Biomedicine &
Pharmacotherapy 102 375-384.

Park E.,S.Y.Park,C.Dobkin,G.Schuller-Levis , (2014).Development of a novel cysteine sulfinic acid
decarboxylase knock out mouse: dietary taurine reduces neonatal mortality, J. Amino Acids 2014.

Prakash N., Waghe P., Pavithra B.H., Lokesh L.V., Ramachandra S.G. (2015) Effect of A-cyhalothrin on
Redox Homeostasis and Neuropharmacological Activities in Wistar Rats. Toxicol Int.,; 22(2)

This work is licensed under the Creative Commons Attribution 4.0 International License.

94


http://creativecommons.org/licenses/by/4.0/

International

VETEXPO

Veterinary Sciences Congress

3

September 20-22, 2019 i
DoubleTree|by Hilton Avcilar / istanbul / TURKEY

International VETEXPQO-2019 Veterinary Sciences Congress
September 20-22 2019. Double Tree by Hilton Hotel, Avcilar /Istanbul, Turkey

Rahmeier, F. L. et al. (2016).The effect of taurine and enriched environment on behaviour, memory and
hippocampus of diabetic rats. Neuroscience letters. 630, 84-92.

Rajawat N.K., Soni 1., Mathur R. (2015) Neurobehavioral Alterations Induced by Cyfluthrin in Male
SwissAlbino Mice. Bull. Env. Pharmacol. Life Sci., 4(2): 119-127.

Ramsay, S. L. & Houston, D. C. 2003 Amino acid composition of some woodland arthropods and its
implications for breeding tits and other passerines. Ibis 145, 227-232. (doi:10.1046/j.1474-
919X.2003.00133.x)

Sharma R, U.P. Kodavanti, L.L. Smith, H.M. Mehendale, The uptake and metabolism of cystamine and
taurine by isolated perfused rat and rabbit lungs, Int. J. Biochem. Cell Biol. 27 (1995) 655e664. iste!

Sporns, O., 2010. Networks of the Brain. MIT Press, Cambridge, MA sk

Stewart, A., Gaikwad, S., Kyzar, E., Green, J., Roth, A., & Kalueff, A. V. (2012). Modeling anxiety using
adult zebrafish: a conceptual review. Neuropharmacology, 62(1), 135-143. doi:10.1016/
j-neuropharm.2011.07.037

Sturman J.A., (1991) Dietary taurine and feline reproduction and development, Journal of Nutrition. 121.
166-170.

Toyoda A., Koike H., Nishihata K., lio W., Goto, T. (2015). Effects of chronic taurine administration on
gene expression, protein translation and phosphorylation in the rat hippocampus. Advances in
experimental medicine and biology. 803, 473—480. 1in 58:

Trenkner, E., el Idrissi, A., Harris, C., 1996. Balanced interaction of growth factors and taurine regulate
energy metabolism, neuronal survival, and function of cultured mouse cerebellar cells under depolarizing
conditions. Adv. Exp. Med. Biol. 403, 507517 .iste!

[l

Wang W., Brooks M., Gardner C., Milgram N. (2017) Effect of neuroactive nutritional supplementation on
body weight and composition in growing puppies. Journal of Nutritional Science.; 6. €56.

Wu G.-F., Ren S., Tang R.-Y., Xu C., Zhou J.-Q., Lin S.-M., Feng Y., Yang Q.-H., Hu J.M., Yang J.C.
(2017) Antidepressant effect of taurine in chronic unpredictable mild stress-induced depressive rats, Sci.
Rep. 7(1) 4989.

Yeon J.A,S. J.Kim, (2010) Neuroprotective effect of taurine against oxidative stress induced damages
inneuronal cells , Biomol Ther 18(1) 24-31.

This work is licensed under the Creative Commons Attribution 4.0 International License.

95


http://creativecommons.org/licenses/by/4.0/



