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ABSTRACT 

Prolactin and Growth Hormone are anterior pituitary hormones having multiple physiological functions and number of neurotransmitters and 
neuropeptides are involved in their regulation. Plasma GH, prolactin and brain GABA levels were determined at 5 and 15 mins after thirdventricular 
injection of glutathione at doses of 15 or 30 µg in ovariectomized steroid-primed rats. Intraventricular glutathione significantly increased plasma 
growth hormone (GH) levels at 5 and 15 min after injection. A 15 µg dose of glutathione significantly decreased prolactin levels at 5 min after 
injection. A higher dose of glutathione (30 µg) however, significantly elevated plasma prolactin levels at 5 and 15 min after injection. Glutathione at 
a 30 µg dose caused a significant increase in hypothalamic GABA levels at 5 and 15 min after injection where as the same dose decreased GABA 
levels in the cerebral cortex. The release of GH and prolactin by higher dose of glutathione may be mediated through enhanced levels of GABA. 
These studies demonstrate a neuroendocrine role of glutathione. 
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INTRODUCTION 

Prolactin (PRL) is a anterior pituitary hormone which modulates 
multiple physiological functions with important implications for 
reproduction and sexual behavior(1,2). Growth hormone (GH) 
synthesized by anterior gland is an important regulator of growth 
and development, body composition and metabolism (3,4,5). A 
number of central neurotransmitters and neuropeptides are 
involved in GH and Prolactin regulation. The tripeptide(L- glutamyl 
L-cysteinyl-glycine; GSH) is the most prevalent low molecular weight 
intracellular thiol, present in virtually all living cells. It’s ubiquitous 
distribution in various tissues of the body including brain suggest 
that glutathione may have some fundamental role in living cells. 
Although a number of biochemical functions such as oxidation-
reduction, detoxification, transport of amino acids and peptides and 
protection against peroxidative damage have been assigned to 
glutathione, its biological role in brain is not fully understood [6, 7, 
10, 11,12, 13]. Earlier studies from this laboratory on the regional 
distribution of glutathione in rat brain at different ages and the 
effect of intraventricular glutathione on gonadotropin levels indicate 
a close interaction between glutathione and gonadotrophic 
hormones (14,15, 20, 21, 22, 23, 24). The present experiments were 
designed to evaluate the role of glutathione, if any, on prolactin and 
growth hormone in ovariectomized steroid-primed rats. Since GABA 
has been shown to have a modulatory role on the secretion of 
anterior pituitary hormones (9, 16, 18, 19, 28, 29), it is of interest to 
see whether glutathione has any effect on brain GABA levels in 
ovariectomized steroid primed rats. 

Materials and methods 

Animals: Rats were sourced from the university animal house, 
where the rats were continuously bred and maintained. Mature 
female rats weighing 180-200 g of Wistar strain were used. They 
were maintained at 12h dark: 12h light with free access to drinking 
water and standard rat pellets. Sexually mature rats were 
ovariectomized under light ether anaesthesia and used for 
experimentation 3-4 weeks later. Animal care protocols were in 
accordance with rules and regulations of animal ethics and approved 
by the animal welfare committee. 

Experimental Procedure 

Ovariectomized animals were used for intraventricular cannulation. 
A stainless steel cannula (17 mm in length) was implanted in to the 
third ventricle of the experimental animals 5-7 days prior to the 
experiment as described earlier [9, 12, 17, 18, 19]. A mandril 
prevented the obstruction of the cannula. The cannula was  

 

 

considered to be located in the third ventricle if cerebrospinal fluid 
flowed continuously upon removal of the mandril. The animals were 
housed in individual cages. The rats were primed with 
estradiolbenzoate (50g, sc) and progesterone (25mg sc) 72 h, 
before intraventricular injection [18]. Estradiolbenzoate and 
progesterone were purchased from Sigma Chemical company, USA. 

Reduced glutathione (Sigma Chemical Company ,USA) was prepared 
freshly in 0.9% saline and microinjected in doses of 15 and 30 g per 
rat in to the third ventricle in a volume of 2 l. Controls received an 
equal volume of saline. The animals were sacrificed by decapitation 
at 5 and 15 min. after injection. Trunk blood was collected and 
plasma separated and stored for the later assay of Prl and GH. Brains 
were quickly removed and the cerebral cortex, cerebellum, brain 
stem and hypothalami were dissected out and assayed for GABA (13, 
17, 27). GABA levels were estimated by paper chromatography 
according to the procedure of Chandrakala et al (8). The contents 
were expressed as µ.moles of GABA / g wet wt. Plasma GH and Prl 
were measured by a double antibody radio immunoassay using kits 
supplied by NIADDK-NIH, USA and according to the guidelines 
provided with the kit. All the samples were run in one assay, each in 
duplicate to avoid inter assay variation.  

Statistical Analysis: Experimental data was analysed by Student’s t 
test. 

Results  

Plasma GH and prolactin levels after intraventricular glutathione 

Plasma prolactin levels were significantly (p 0.01) decreased at 5 
min after intraventricular injection of 15 g glutathione. In contrast 
a higher dose of 30 g of glutathione produced a significant increase 
in plasma prolactin levels at both 5 min (p 0.02) and at 15 min (p  
0.05) (Figure 1). Plasma GH levels increased significantly (p 0.05) 
only at 15 min after a 15 µg dose whereas 30 µg dose of glutathione 
produced a significant (p  0.01) increase in GH levels both at 5 min 
(p 0.01) and at 15 min (p  0.001) after injection (Figure 1). 

Brain GABA levels after intraventricular glutathione injection 

Intraventricular injection of 15 g glutathione failed to modify 
hypothalamic GABA concentration. However, a 30 µg dose of 
glutathione produced a significant (p  0.001) increase in GABA 
concentration at 5 min and 15 min following injection. There was a 
significant (p 0.02) decrease in GABA levels in cerebral cortex in 
these   animals   after   a 30 µg   dose. There   were   no   changes   in 
GABA of brain stem and cerebellum. (Table 1). 
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Table 1: GABA levels in different regions of rat brain after intraventricular glutathione injection 
 

Brain Region Control GLUTATHIONE 

15µg                                                          30µg 

5 min                    15 min                         5 min                       15 min 
Hypothalamus 2.14 ± 0.34 2.34 ± 0.29          1.77 ± 0.28                3.47 ± 0.22           3.44 ± 0.22* 
Cerebral cortex 1.85 ± 0.28 1.72 ± 0.22          1.97 ± 0.44                  1.35 ± 0.07            1.34 ± 0.08** 
Cerebellum 2.04 ± 0.28 2.21 ± 0.16         2.29 ± 0.28                1.97 ± 0.24           1.96 ± 0.13 
Brain stem 1.00 ± 0.14 1.11 ± 0.25         1.02 ± 0.10                1.10 ± 0.17           1.11 ± 0.12 

Values are µmoles/g wet wt of tissue; Values are mean ± SD       n= 6 
* p 0.001     ** p 0.02  

Figure 1: Plasma GH and Prolactin levels after intra-ventricular glutathione injection in ovariectomized steroid primed rats. 

Values are ng/ml of plasma; Values are mean ± SD       n= 6;  
* p 0.05     ** p 0.01   *** p 0.001 

 

DISCUSSION 

The present results indicate that third ventricular injection of 
glutathione has a stimulatory effect on GH release. On the other 
hand, a low dose of glutathione inhibits prolactin release at 5 and 15 
min after injection. The content of hypothalamic glutathione was 
shown to be highest at puberty and glutathione was shown to 
release the gonadotropins at higher doses which suggest that it may 
be acting as a general stimulant for the secretion of anterior 
pituitary hormones (14, 15, 25, 26). It is not clearly understood 
whether the hypothalamic glutathione is directly acting on the 
anterior pituitary since no studies on the content of glutathione in 
the hypophyseal portal system are available. It is possible that 
glutathione may be acting in the indirect way by regulating other 
known factors controlling the hypothalamic peptides or other 
putative neurotransmitters like dopamine and GABA (9, 16). 

It is interesting to note that there was no significant alteration in 
hypothalamic GABA content after the 15 µg dose but it rose 
significantly with higher dose of glutathione. Such an elevation in the 
content of GABA may be responsible for the observed changes in 
prolactin and GH levels. GABA, at higher doses stimulates prolactin 
release and at lower doses inhibits prolactin release (16, 29). 
Incubation of hemipituitaries with varying doses of GABA had no 
effect on GH release (28). The observed effect on GH release may be 
mediated centrally by lowering hypothalamic somatostatin levels. It 
is also possible that one of the factors responsible for the significant 
increase in GH release following the administration of glutathione 
may be by glutathione transhydrogenase reaction in hypothalamus 
in that the disulfide peptide hormone; somatostatin may be 
converted to compound containing sulfhydril groups thus altering 
its biological activity. However the mechanism in the decrease of 
GABA levels in cerebral cortex after a 30 µg dose under these 
experimental cognitions is difficult to explain at the moment. 

Acknowledgements 

I am highly thankful to Prof B. Sadasivudu and Prof B. Sashidhar Rao 
for their interest and help in the work.  

REFERENCES 

1. Ben-Jonathan N., La Pensee C.R., La Pensee E.W. What can we 
learn from rodents about proclactin in humans? 2008; 
Endocrine Rev. 29: 1-41.  

2. Freeman M.E., Kanyicska B., Lerant A., Nagy G. Prolactin: 
Structure, function and regulation of Secretion. 2000; Phyiol. 
Rev. 80: 1523-1631. 

3. Smith R.G., Jiang H., Sun Y. Developments in Ghrelin biology and 
potential clinical relevance. 2005; Trends Endocrinol. Metab. 
16: 436-442.  

4. Delitala G., Tomasi P., Virdis R. Neuroendocrine regulation of 
human growth hormone secretion. Diagnostic and Clinical 
Applications. 1988; J. Endocrinol. Invest. 11: 441-462.  

5. Glustina A., Veldhuis J.D. Pathophysiology of the 
neuroregulation of growth hormone secretion in experimental 
animals and the humans. 1998; Endocr. Rev. 19: 717-797.      

6. Boyland E., Chasseaud L.F. The role of glutathione and 
glutathione S-transferases in mercapturic acid biosynthesis. 
1969; Adv. Enzymol, 32: 173-179. 

7. Chance B., Sies H., Boveris A. Hydroperoxide metabolism in 
mammalian organs. 1979; Physiol. Rev. 59: 527-543. 

8. Chandrakala M.V., Marcus S.R., Nadiger H.A., Sadasivudu B. 
Acute and long term effects of chlorpromazine on glutamine  

9. synthetase and glutaminase in rat brain. 1987; J. Neurochem. 
49: 32-34. 

10. McCann S.M., Vijayan E., Negrovilar A., Mizunuma H., Mangat H. 
GABA, a modulator of anterior pituitary hormone secretion by 
hypothalamic and pituitary action. 1984; 
Psychoneuroendocrinology 9: 97-106. 

11. Meister A. Selective modification of glutathione metabolism. 
1983; Science, 220: 472-477. 

12. Meister A. Glutathione-ascorbic acid antioxidant system in 
animals. 1994; J. Biol. Chem. 269: 9397-9400. 

13. Meister A., Anderson M.E. Glutathione. 1983; 
Ann.Rev.Biochem.52: 711-760. 



Pasha et al. 
Asian J Pharm Clin Res, Vol 5, Suppl  4, 2012, 47-49 

 

49 
 

14. Dickinson D.A., Forman H.F. Glutathione in defence and 
signaling: lessons from a small thiol. 2002; Ann. N. Y. Acad. 
Sci. 973: 488-504. 

15. Vijayan E., McCann S.M. Effects of intraventricular injection 
of GABA on plasma GH and thyrotropin in conscious 
ovariectomized rats. 1978; Endocrinology 103: 1888-1893. 

16. Vijayan E., McCann S.M. In vivo and in vitro effects of 
substance P and neurotensin on gonadotropin and 
prolactin release, 1979; Endocrinology 105: 64-68. 

17. Vijayan E., McCann S.M. The effect of intraventricular 
injection of GABA on prolactin and gonadotropin release in 
conscious female rats. 1978; Brain Research 155: 35-43. 

18. Antunes-Rodrigues J., McCann S.M. Water, sodium chloride 
and food intake induced by injections of cholinergic and 
adrenergic drugs in to the third ventricle of the rat brain. 
1970; Proc. Soc. Exp. Biol. Med. 133: 1464-1470. 

19. Martensson J., Lai J.C.K., Meister A. High affinity transport of 
glutathione is part of a multicomponent system essential 
for mitochondrial function. 1990; Proc. Natl. Acad. Sci. USA. 
87: 7185-7189. 

20. Vali Pasha K., Sadasivudu B. Intracellular content of thiol 
compounds, thiobarbituric acid reactive substances and 
gamma glutamyl transpeptidase in rat brain during anoxia. 
1984; Neurosci. Lett. 46: 209-214. 

21. Vali Pasha K. Studies on the interaction between 
glutathione and hypothalamic peptide hormones in rat 
brain.1988; Ph.D. thesis, University of Hyderabad.  

22. Vali Pasha K., Vijayan E. Glutathione distribution in rat 
brain at different ages   and the   effect   of   intraventricular  
 
 
 
 
 
 
 
 
 

 

glutathione on gonadotropin levels in ovariectomized 
steroid primed rats. 1989; Brain Res. Bull. 22: 617-619. 

23. Ralph Dringen, Metabolism and functions of glutathione in 
brain. 2000; Prog. Neurol. 62: 649-671.  

24. Ojeda S.R., Skinner M.K. Puberty in the rat, In: Neill J.D. (Ed), 
The physiology of reproduction, 3rd ed., Academic 
press/Elsevier, San Diego, pp. 2061-2126; 2005.  

25. Ojeda S.R., Terasawa E. Neuroendocrine regulation of 
puberty. In: Faff D.P., Arnold A., Atgen A., Fahrbach S., Moss 
R., Rubin R (Ed), Hormones, brain and behavior, Vol 4, 
Elsevier, New York, pp.589-659; 2002. 

26. Sergio R.O., Alejandro L., Cludio M., Sabine H., Chritian R., 
Anne-simone P., Valerie M., Alison E. M. Mini review: The 
neuroendocrine regulation of Puberty: Is the time ripe for a 
systems biology approach? 2006; Endocrinology 147: 
1166-1174. 

27. Padmanabhan V., Mc Neilly A.S. Is there an FSH releasing- 
releasing factor? 2001; Reproduction 121: 21-30. 

28. Sadasivudu B., Lajtha A. Metabolism of amino acids in 
incubated slices of mouse brain. 1970; J. Neurochem. 17: 
1299-1311. 

29. Vijayan E., McCann S.M. The effect of intraventricular 
injection of GABA on plasma GH and thyrotropin in 
conscious ovariectomized rats. 1978; Endocrinology 
103:1888-1893. 

30. Vijayan E., McCann S.M. The effect of intraventricular 
injection of GABA on prolactin and gonadotropin release in 
conscious ovariectomized rats. 1978; Brain Res. 155: 3543-
3549. 
 

 

 

 

 

 

 
 
 
 
 
 
 

 

 

 
 

 

 

 

 

 

 


