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ABSTRACT  

Galanin is a regulatory neuropeptide, widely distributed in the nervous 

system and gut, that acts via three subtypes of G protein-coupled 

receptors, named galanin receptor 1 (GAL-R1), GAL-R2 and GAL-R3. 

Galanin and its receptors are expressed in the hypothalamic 

paraventricular and supraoptic nuclei, anterior pituitary and adrenal 

medulla. Galanin is widely expressed in the central and peripheral 

nervous system, endocrine system and co-exists with a number of 

classical neurotransmitters. Galanin mediates widespread about 

partially overlapping distribution in the brain, and by partially different 

transduction mechanisms. The GAL-R1 is coupled to Gi/Go types of 

G-proteins and mediates inhibitory actions of galanin, GAL-R3 is 

coupled to Gi/Go-proteins and mediates a hyperpolarization response. 

The GAL-R2, mainly mediates stimulatory effects of galanin on 

neurotransmitter release, since it is coupled to the phospholipase C 

pathway, intracellular Ca2+ mobilization and Ca2+-dependent Cl− 

channel activation. Galanin is involved in the control of feeding,  

alcohol intake, seizure threshold, cognitive performance and control of pain threshold. This 

review aims to summarize the current data of the importance of the galanin and galanin 
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receptor subtypes  and their involvement in different physiological and pathological 

functions. 

 

KEYWORDS: (3-6 words): Galanin, Neuropeptide, G protein-coupled receptor, 

Hypothalamus. 

 

INTRODUCTION 

Galanin (GAL) is one of the most inducible neuropeptide,
[1]

 with 29–30 amino acids that is 

widely distributed in the brain, including the paraventricular nucleus of hypothalamus,
[2,3]

 Its 

biosynthesis is increased 2–10 fold upon axotomy in the periphery.
[4,5]

 and upon seizure 

activity in the brain.
[6,7]

 By central mechanisms, it is involved in the control of feeding, 

alcohol intake, seizure threshold, cognitive performance and mood, and through peripheral 

mechanisms in the control of pain threshold.
[9]

 Three galanin receptor (GalR) subtypes, 

GalR1 and GalR2  are found in many regions of the central nervous system (CNS) as 

demonstrated with in situ hybridization, radioligand binding, and immunohistochemical 

studies all with a high affinity for galanin. GalR1–3, has been cloned and belong to the 

rhodopsin sub- family of G protein-coupled receptor (GPCR’s),
[7-9]

 GalR1 and GalR3 are 

coupled to Gi/o leading to inhibition of adenylate cyclase, increase in mitogen-activated 

protein kinase (MAPK) activity and opening of G protein-coupled inwardly rectifying K+ 

channels. GalR2 is coupled to Gq/11 and its activation leads to increase in phospholipase C 

with formation of inositol triphosphate (IP3) increasing intracellular calcium levels and of 

diacylglycerol (DAC) with the subsequent activation of the protein kinase C
9
. This review 

serves to summarize the indications that GAL-R subtypes may form heteromers with each 

other and other types of GPCRs in the CNS as a molecular mechanism to modulate the 

function of different types of glianeuronal networks. 

 

DEPRESSION 

Major depressive disorder (MDD) is a common and debilitating condition with pervasive 

impact on the quality of life for both patients and their families,
[10]

 It is estimated that 10% to 

15% of the general population experience clinical depression during their lifetime. MDD is 

twice as common in women as in men,[
11,12]

 and is associated with a high morbidity 

rate,constituting a significant worldwide health burden. The etiology of MDD is not fully 

understood, it is recognized that genetic, environmental, psychological and social factors all 

contribute to the pathogenesis of depression.
[14,15]

 Family, twin, and adoption studies indicate 

that genetic factors play a particularly important role in the development of MDD.
[16,17]

 Twin 
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studies suggested that the heritability of MDD is 40% to 50%, while family studies indicate 

that the first-degree relatives of MDD patients have a two to three-fold increase in the 

lifetime risk of developing the disorder.
[18]

 These studies make it possible to identify genes of 

substantial influence on MDD risk through molecular genetic techniques. Both animal and 

human studies have demonstrated that galanin, which are widely expressed in the brain, 

spinal cord and gut, possesses a potent antidepressant activity.
[19]

 This implies that the GAL 

gene may be involved in the development of MDD. A study done by Yong-Jun Wangs 

showed a significant correlation between GAL gene polymorphisms of rs694066 and the 

susceptibility of MDD, this correlation was gender-dependent: a positive correlation between 

GAL SNPs and the incidence of MDD was observed only in female patients but not in male 

patients. Recent studies have demonstrated that much more women than men suffered 

MDD,
[13,20]

 This difference may be related to the difference in GAL gene polymorphisms 

between male and female patients. The GAL gene polymorphism site of rs948854 showed a 

high degree of correlation with the severity of symptoms of female patients with 

depression.
[21,22]

 suggesting a positive correlation between the GAL gene polymorphism and 

the susceptibility of female patients to depression. The release disturbance of 5-

hydroxytryptamine (5-HT) and norepinephrine (NE) might be associated with an increased 

susceptibility to depression.
[23-25]

 There are direct and indirect evidences suggesting that GAL 

plays a regulatory role in the MDD- associated disorder of 5-HT and NE,
[26,27]

 GAL 

significantly inhibits the stimulation-evoked NE release in a dose dependent manner.
[28]

 and 

exerts an inhibitory effect via increasing the K+ conductance in serotonergic dorsal raphe 

neurons and noradrenergic locus ceruleus (LC) neurons by acting on a postsynaptic 

receptor.
[29,30]

  

 

ALZIEHMER’S DISEASE 

GAL and its cognate G protein-coupled receptors (GALR1–3) are widely distributed in the 

mammalian CNS and modulate several ascending neurotransmitter systems including 

cholinergic, noradrenergic, serotonergic as well as neuroendocrine pathways.
[31,32]

 Galanin 

activity regulates cognitive behaviors mediated by the basal fore-brain, amygdala, 

hippocampus, and entorhinal cortex.
[33,34]

 cholinergic basal forebrain (CBF) neurons that 

provide the major cholinergic innervation to the cortex and hippocampus,
[35] 

and plays a 

keyrole in memory and attention functions.
[36]

 CBF neurons undergo selective degeneration 

during later stages of Alzheimer’s disease (AD), which correlates with disease duration and 

degree of cognitive impairment.
[37]

 Galanin levels increase throughout the cortex in AD,
[38,39]
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and GALR binding sites are amplified in the cortex, CBF, hippocampus, entorhinal cortex, 

and amygdala during the course of the disease.
[40,41]

 Galanin upregulation may promote 

cholinergic neuronal survival in late-stage AD, and gene expression profiling of individual 

CBF neurons in AD tissue suggests that galanin hyperinnervation positively regulates 

mRNAs that promote cholinergic neuron function and survival.
[42-44]

  

 

STRESS 

Galanin decreases the severity of morphine withdrawal symptoms through the activation of 

GalR1 receptors located in the LC.
[45]

 Increased activity of LC neurons may be responsible 

for many of the symptoms observed after withdrawal from morphine, and naloxone 

precipitated morphine withdrawal enhances the activity of the HPA axis.
[46]

 Noradrenergic 

LC neurons send projections to the PVN, these cells also release galanin into the 

hypothalamic nuclei.
[47,48]

 Central administration of galanin reduces stress related responses 

through GalR1 receptors.
[49]

 it is possible that the ability of galanin to alleviate morphine 

withdrawal signs is mediated, through activation of GalR1 receptor, which in turn inhibits 

noradrenergic neurons in the LC that project to the PVN in the hypothalamus.
[50] 

 

FEEDING BEHAVIOUR 

Galanin actions on circulating hormones related to appetite and body weight is well 

documented, such as inhibition of insulin secretion and stimulation of growth hormone 

release,
[51,52]

 It induces ingestion of increased quantities of food with preference for fat.
[53,54]

 

and the presence of substantial fat in the body’s system elicits increased response to galanin 

and may enhance fat deposition through a reduction in energy expenditure.
[53]

 Galanin 

microinjected into the paraventricular nucleus of the hypothalamus and central amygdala 

drastically increased food intake,
[55] 

In women with anorexia nervosa, it is possible that 

reduced galanin expression, as manifest by low CSF levels, may contribute to food avoidance 

and perhaps aversion to fat. Galanin is not strongly responsive to food deprivation or to 

changes in leptin is therefore apparently not a primary response peptide to food scarcity. 

Thus, galanin seems to stimulate, in a non- homeostatic manner, the consumption of foods 

that would promote weight gain rather than meeting short-term metabolic needs.
[53]

  

 

TUMOUR SUPPRESSOR 

Galanin has tumor suppressor activity and is frequently inactivated by aberrant promoter 

methylation in head and neck cancer.
[56,57]

 Antibody blockade of GALR1 enhances 

proliferation of Head and neck squamous cell carcinoma (HNSCC) cells.
[56]

 and galanin and 
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GALR1 induce a marked and prolonged extracellular signal regulated kinase (ERK)1/2 

activation, up-regulation of p27Kip1 and p57Kip2, down-regulation of cyclin D1, and 

consequent inhibition of cell proliferation.
[58] 

 

VASOVAGAL SYNCOPE 

Galanin is present within the central and peripheral nervous system, especially cardiac 

sympathetic neurons.
[59]

 It takes part in the regulation of cardiovascular homeostasis,
[60]

 and 

lowers norepinephrine plasma levels, thus attenuate blood pressure response to orthostasis.
[61]

 

They inhibit acetylcholine, glutamate, and insulin release, stimulation of feeding, stimulation 

of pituitary hormone release, and inhibition of spinal nociceptive reflexes.
[62] 

 

REPRODUCTION 

Galanin stimulates GnRH release, whereas galanin antagonists
63,64

 and antiserum.
[65]

 block 

the LH surge and ovulation and  secreted in a pulsatile manner,
[66,67]

 Galanin receptors on 

GnRH neurons have been detected,
[68]

 and a subset of GnRH neurons expresses galanin.
[69,70]

 

Galanin action at these neurons in a paracrine/autocrine system may be part of the process by 

which the GnRH pulse shape is formed.
[71] 

Galanin is markedly up-regulated by estrogen.
[72-

74]
 via estrogen beta receptors,

[75] 
in galanin neurons and levels peak in GnRH neurons.

[76,77] 

Thus, galanin has bipolar activity, such that at some stages of the cycle when estradiol levels 

are low it can be inhibitory.
[78]

 

 

COLON CANCER 

Galanin’s functions in the GI tract include inhibition of gastric acid secretion and inhibition 

of the release of pancreatic peptides such as insulin, amylase, glucagon and 

somatostatin.GalR1 is  the predominantly expressed galanin receptor in the human colon. 

Different signal transduction pathways associated with each galanin receptor may account for 

distinct biological activities of galanin in different types and possibly different stages of 

cancer,
[79]

 Clinically, galanin mRNA was found to be overexpressed in colorectal tumours, 

high galanin mRNA expression correlated with poor disease free survival in early stage 

disease. GalR1 of cancer-promoting properties is known to signal through the MAPK 

pathway, and mitogenic effects of galanin have been reported in pancreatic cancer cells,
[80]

 

small cell lung cancer cells.
[81]

 and rat pituitary tumour cells in vitro.
[82]

 GalR1 has been 

implicated as a tumour suppressor since loss of the GALR1 locus, 18q23, have been reported 

in HNSCC.
[83]

 and metastatic colorectal cancer,
[79,84]

 Galanin is considered to be a marker of 

pluripotent stem cells. Four of the most significantly over-expressed genes in undifferentiated 
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embryonic tissue are galanin, POU5F1, NANOG and DPPA4.
[85,86]

 with galanin highlighted 

as the most abundantly expressed in human and rodent embryonic stem cells (ESCs),
[85,87]

 

Up-regulation of galanin mRNA and protein expression has been reported in undifferentiated 

embryonal carcinoma, suggesting a diagnostic marker for undifferentiated tumour cells.
[88]

 

Therefore, galanin with stem cell like properties is linked to the novel role in mediating 

chemotherapy resistance in colorectal cancer. 

 

EPILEPSY 

Galanin is released during epileptic seizures and has an inhibitory effect on neuronal activity 

through presynaptic inhibition of glutamatergic transmission, as well as a strong 

neuroprotective effect.
[89]

 In a study by Lin and colleagues (2003), an rAAV constitutively 

overexpressing preprogalanin was injected into the rat hippocampus. Kainic acid-induced 

seizure activity was significantly decreased, confirming the antiepileptic effect of galanin in 

vivo.
[90]

 Administration of rAAV-preprogalanin resulted in long lasting expression of galanin, 

but also in the transport of the neuropeptide along the axonal arborization. Preinfusion of 

AAV-FIB-galanin into the inferior collicular column increased the threshold for seizures. 

Following infusion into the hippocampus, AAV-FIB-galanin resulted in suppression of 

electrographic and behavioral seizures induced by kainic acid and also had a neuroprotective 

effect on the survival of hilar interneurons.
[91]

  

 

PAIN SYNDROMES 

Galanin is expressed in both sensory and spinal cord interneurons and plays a key role in pain 

signaling,
[92]

 Nerve injury such as axotomy leads to a rapid induction of galanin expression in 

the sensory ganglia.
[93-96]

 Galanin has a biphasic response in many pain models, with low 

galanin doses (intrathecally) escalating and high doses suppressing pain,
[97,98]

 It has been 

speculated that GalR1-mediated hyperpolarization of the sensory and interneurons is 

responsible for the analgesic effect and for the synergistic effect with opiates. GalR1 agonists 

are suggested to suppress glutamate release in the spinal cord,
[99]

 The GalR2-mediated 

depolarizing effects, while important for neuroregeneration, contributes to pain sensation. 

Thus, there is a strong effort in progress to find GalR1 agonists for systemic or intrathecal use 

in pain therapy. 

 

ALCOHOL INTAKE 

Studies done on human,
[100]

 and animal.
[101,102] 

 have suggested that galanin action in the 

amygdala, is involved in addictive behavior such as repeated alcohol intake.
[103]

 Study done 
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by Befler et al showed that GalR3 had a significant association with alcoholism that was 

driven by one single nucleotide polymorphism, and there was no effect of GalR1 or GalR2 

haplotypes on alcoholism risk.
[104]

 Therefore, development of galanin receptor antagonists, in 

particular GalR3 antagonists, might be a breakthrough in the addiction relevant field. 

 

LUNG CARCINOMA 

Multiple neuropeptides are screened for their ability to induce a rapid increase in [Ca2+] in 

different SCLC cell lines. Ca2+ mobilization is one of the components of a complex array of 

signaling events rather than the signal that promotes cell growth. Bradykinin, 

cholecystokinin, galanin, neurotensin, and vasopressin induce a rapid and transient increase 

in [Ca2+] in SCLC cell lines. These neuropeptides increased [Ca2+] in a dose-dependent 

fashion in the nanomolar range,
[105,106]

 In pancreatic cells galanin activates an ATP-sensitive 

K+channel, hyperpolarizes the plasma membrane, and inhibits the activity of voltage-

dependent Ca2+ channels.
[107]

 In this manner it reduces Ca2+ influx and blocks the activity of 

various agents that increase the intracellular concentration of Ca2+. Surprisingly, in SCLC 

cell lines galanin caused a rapid and transient increase in [Ca2+],
[105]

 Recent studies showed 

that galanin induced rapid mobilization of Ca2+ from internal stores and stimulated early 

production of inositol phosphates.
[106]

 Thus, these studies suggest that SCLC express a novel 

type of galanin receptors that are coupled to Ca2+ mobilization. 

 

FLUID INTAKE RGULATION 

Galanin coexists with vasopressin in the hypothalamus.
[108]

 It inhibits the release of 

vasopressin under various conditions of osmotic challenge, when vasopressin release is 

maximal,
[109-111]

 Further, experimental manipulations producing hyperosmosis and 

hypovolemia upregulated galanin and GalR1 mRNA in magnocellular paraventricular 

nucleus of the hypothamaus,
[112-118]

 A recent study has demonstrated galanin inhibition of 

angiotensin II-sensitive neurons in the subfornical organ, a brain structure thought to be 

critical to integrating osmotic and hypovolemic thirst messages and then activating behavior 

directed toward water seeking.
[119]

 

 

CONCLUSION 

The role of neuropeptides and their multiple receptors systems is still a more or less 

unexplored area in disturbances related to different pathologies. Galanin is a neuropeptide 

widely distributed in the nervous system, is involved in anti-depressent activity, cognitive 

function, increase apetite, tumour suppressor activity, GnRH release, regulation of 
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cardiovascular homeostasis, decrease the severity of morphine withdrawal symptoms, 

inhibition of gastric acid secretion, inhibition of release of pancreatic peptides, inhibition of 

release of vasopressin, inhibitory effect on neuronal activity, addivtive behavior and a key 

role in pain signaling. Detailing the role of the neuropeptides in brain plasticity during normal 

and pathological conditions is a prerequisite for further progress. A major drawback is the 

limited knowledge of the molecular and neurochemical changes underlying and also critical 

to develop better animal models, to study neuropeptide expression with its receptors that 

integrates information in pathological states. 

 

REFERENCES  

1. Tatemoto K, Rokaeus A, Jornvall H, Mcdonald TJ, Mutt V. Galanin–

anovelbiologicallyactive peptide from porcine intestine. FEBS Lett., 1983; 164: 124–128. 

2. Leibowitz SF. Brain peptides and obesity: pharmacologic treatment. Obes. Res., 1995; 3 

(Suppl. 4): 573S–589S. 

3. Akabayashi A, Koenig JI, Watanabe Y, Alexander JT, Leibowitz SF. Galanin-containing 

neurons in the paraventricular nucleus: a neurochemical marker for fat ingestion and body 

weight gain. Proc. Natl. Acad. Sci. USA., 1994; 91: 10375– 9. 

4. Landry M, Holmberg K, Zhang X, Hokfelt T. Effect of axotomy on expression of NPY, 

galanin, and NPY Y1 and Y2 receptors in dorsal root ganglia and the superior cervical 

ganglion studied with double-labeling in situ hybridization and immunohistochemistry. 

Exp Neurol., 2000; 162: 361–38 

5. Villar MJ, Cortes R, Theodorsson E, Wiesenfeld-Hallin Z, Schalling M, Fahrenkrug J, et 

al. Neuropeptide expression in rat dorsal root ganglion cells and spinal cord after 

peripheral nerve injury with special reference to galanin. Neuroscience., 1989; 33: 587–

604. 

6. Mazarati A, Lu X, Kilk K, Langel U, Wasterlain C, Bartfai T. Galanin type 2 receptors 

regulate neuronal survival, susceptibility to seizures and seizure-induced neurogenesis in 

the dentate gyrus. Eur J Neurosci., 2004; 19: 3235–3244. 

7. Lundstrom L, Elmquist A, Bartfai T, Langel U. Galaninandits receptors in neurological 

disorders. Neuromol. Med., 2005; 7: 157–180. 

8. Branchek TA, Smith KE, Gerald C, Walker MW. Galanin receptor subtypes. Trends 

Pharmacol. Sci., 2000; 21: 109–17. 

9. Mitsukawa K, Lu X, Bartfai T. Galanin, galanin receptors and drug targets. Cell. Mol. 

Life Sci., 2008; 65: 1796–1805. 



www.wjpr.net                                   Vol 4, Issue 10, 2015.                                            

           

 

 

707 

Venkata et al.                                                        World Journal of Pharmaceutical Research 

10. Wray NR, Pergadia ML, Blackwood DH, Penninx BW, Gordon SD. Genome-wide 

association study of major depressive disorder: new results, meta-analysis, and lessons 

learned. Mol Psychiatry., 2012; 17: 36–48. 

11. Andrews G, Poulton R, Skoog I. Lifetime risk of depression: restricted to a minority or 

waiting for most? Br J Psychiatry., 2005; 187: 495–6. 

12. Blair-West GW, Cantor CH, Mellsop GW, Eyeson-Annan ML. Lifetime suicide risk in 

major depression: sex and age determinants. J Affect Disord., 1999; 55: 171–8. 

13. Lohoff FW. Overview of the genetics of major depressive disorder, Curr Psychiatry Rep., 

2010; 12: 539–46.  

14. Kendler KS, Sheth K, Gardner CO, Prescott CA. Childhood parental loss and risk for 

first-onset of major depression and alcohol dependence: the time- decay of risk and sex 

differences. Psychol Med., 2002; 32: 1187–94. 

15. Weizman S, Gonda X, Dome P, Faludi G. Pharmacogenetics of antidepressive drugs: a 

way towards personalized treatment of major depressive disorder, 

Neuropsychopharmacol Hung., 2012; 14: 87–101.  

16. Rhee SH, Waldman ID. Genetic and environmental influences on antisocial behavior: a 

meta-analysis of twin and adoption studies. Psychol Bull., 2002; 128: 490–529.  

17. Malhi GS, Moore J, McGuffin P. The genetics of major depressive disorder, Curr 

Psychiatry Rep., 2000; 2: 165–9. 

18. Kendler KS, Prescott CA. A population-based twin study of lifetime major depression in 

men and women. Arch Gen Psychiatry., 1999; 56: 39. 

19. Murck H, Held K, Ziegenbein M, Ku¨nzel H, Holsboer F. Intravenous administration of 

the neuropeptide galanin has fast antidepressant efficacy and affects the sleep EEG. 

Psychoneuroendocrinology., 2004; 29: 1205–11.  

20. Artero S, Touchon J, Dupuy AM, Malafosse A, Ritchie K. War exposure, 5-HTTLPR 

genotype and lifetime risk of depression. Br J Psychiatry., 2011; 199: 43–8.  

21. Unschuld PG, Ising M, Erhardt A, Lucae S, Kohli M. Polymorphisms in the galanin gene 

are associated with symptom-severity in female patients suffering from panic disorder. J 

Affect Disord., 2008; 105: 177–84.  

22. Unschuld P G, Ising M, Roeske D, Erhardt A, Specht M. Gender- specific association of 

galanin polymorphisms with HPA-axis dysregulation, symptom severity, and 

antidepressant treatment response. Neuropsychophar- macology., 2010; 35: 1583–92.  



www.wjpr.net                                   Vol 4, Issue 10, 2015.                                            

           

 

 

708 

Venkata et al.                                                        World Journal of Pharmaceutical Research 

23. Kiyohara C, Yoshimasu K. Association between major depressive disorder and a 

functional polymorphism of the 5-hydroxytryptamine (serotonin) transporter gene: a 

meta-analysis. Psychiatr Genet., 2010; 20: 49–58.  

24. El Mansari M, Guiard BP, Chernoloz O, Ghanbari R, Katz N. Relevance of 

norepinephrine-dopamine interactions in the treatment of major depressive disorder. CNS 

Neurosci Ther., 2010; 16: 1–17. 

25. Xu Y, Li F, Huang X, Sun N, Zhang F. The norepinephrine transporter gene modulates 

the relationship between urban/rural residency and major depressive disorder in a Chinese 

population. Psychiatry Res., 2009; 168: 213–7.  

26. Christiansen SH, Olesen MV, Wortwein G, Woldbye DP. Fluoxetine reverts chronic 

restraint stress-induced depression-like behaviour and increases neuropeptide Y and 

galanin expression in mice. Behav Brain Res., 2011; 216: 585–91.  

27. Kuteeva E, Hokfelt T, Wardi T, Ogren SO. Galanin, galanin receptor subtypes and 

depression-like behaviour. EXS., 2010; 102: 163–81.  

28. Yoshitake T, Reenila I, Ogren SO, Hokfelt T, Kehr J. Galanin attenuates basal and 

antidepressant drug-induced increase of extracellular serotonin and noradrenaline levels 

in the rat hippocampus. Neurosci Lett., 2003; 339: 239–42.  

29. Xu Z-Q D, Zhang X, Pieribone VA, Grillner S, Ho¨kfelt T. Galanin-5- 

hydroxytryptamine interactions: electrophysiological, immunohistochemical and in situ 

hybridization studies on rat dorsal raphe neurons with a note on galanin R1 and R2 

receptors. Neuroscience., 1998; 87: 79–94.  

30. Xu Z-Q D, Zheng K, Ho¨kfelt T. Electrophysiological studies on galanin effects in brain–

progress during the last six years. Neuropeptides., 2005; 39: 269–752.  

31. Bartfai T, Hokfelt T, Langel U. Galanin–a neuroendocrine peptide. Crit Rev Neurobiol., 

1993; 7: 229–74.   

32. Hokfelt T, Xu Z Q, Shi T J, Holmberg K, Zhang X. Galanin in ascending systems. Focus 

on coexistence with 5-hydroxytryptamine and noradrenaline. Ann N Y Acad Sci., 1998; 

863: 252–63.   

33. Coumis U, Davies CH. The effects of galanin on long-term synaptic plasticity in the CA1 

area of rodent hippocampus. Neuroscience., 2002; 112: 173–82.   

34. Wrenn CC, Crawley JN. Pharmacological evidence supporting a role for galanin in 

cognition and affect. Prog Neuropsychopharmacol Biol Psychiatry., 2001; 25: 283–99.  

35. Mesulam MM, Mufson EJ, Levey AI, Wainer BH. Cholinergic innervation of cortex by 

the basal forebrain: cytochemistry and cortical connections of the septal area, diagonal 



www.wjpr.net                                   Vol 4, Issue 10, 2015.                                            

           

 

 

709 

Venkata et al.                                                        World Journal of Pharmaceutical Research 

band nuclei, nucleus basalis (substantia innominata), and hypothalamus in the rhesus 

monkey. J Comp Neurol., 1983; 214: 170–97.  

36. Bartus RT. On neurodegenerative diseases, models, and treatment strategies: lessons 

learned and lessons forgotten a generation following the cholinergic hypothesis. Exp 

Neurol., 2000; 163: 495– 529.  

37. Wilcock GK, Esiri MM, Bowen DM, Smith CC. Alzheimer’s disease. Correlation of 

cortical choline acetyltransferase activity with the severity of dementia and histological 

abnormalities., J Neurol Sci., 1982; 57: 407–17.  

38. Bierer LM, Haroutunian V, Gabriel S, Knott P J, Carlin LS, Purohit DP, et al. 

Neurochemical correlates of dementia severity in Alzheimer’s disease: relative 

importance of the cholinergic deficits. J Neurochem., 1995; 64: 749–60.  

39. Gabriel SM, Bierer LM, Davidson M, Purohit DP, Perl DP, Harotunian V. Galanin-like 

immunoreactivity is increased in the postmortem cerebral cortex from patients with 

Alzheimer’s disease. J Neurochem., 1994; 62: 1516–23.  

40. McMillan PJ, Peskind E, Raskind MA, Leverenz JB. Increased galanin receptor 

occupancy in Alzheimer’s disease. Neurobiol Aging., 2004; 25: 1309–14.  

41. Rodriguez-Puertas R, Nilsson S, Pascual J, Pazos A, Hokfelt T. 125I-galanin binding sites 

in Alzheimer’s disease: increases in hippocampal subfields and a decrease in the caudate 

nucleus. J Neurochem., 1997; 68: 1106–13.  

42. Counts SE, Perez SE, Ginsberg SD, De Lacalle S, Mufson EJ. Galanin in Alzheimer 

disease. Mol Interv., 2003; 3: 137–56.  

43. Counts SE, He B, Che S, Ginsberg SD, Mufson EJ. Galanin hyperinnervation upregulates 

choline acetyltransferase expression in cholinergic basal forebrain neurons in Alzheimer’s 

disease. Neurodegener Dis., 2008; 5: 228–31.  

44. Counts SE, He B, Che S, Ginsberg SD, Mufson EJ. Galanin fiber hyperinnervation 

preserves neuroprotective gene expression in cholinergic basal forebrain neurons in 

Alzheimer’s disease. J Alzheimers Dis., 2009; 18(4): 885–96.  

45. Zachariou V, Brunzell DH, Hawes J, Stedman DR, Bartfai T, Steiner RA, et al. The 

neuropeptide galanin modulates behavioral and neurochemical signs of opiate 

withdrawal. Proc Natl Acad Sci USA., 2003; 100: 9028–33.  

46. Nunez C, Foldes A, Laorden ML, Milanes MV, Kovacs KJ. Activation of stress-related 

hypothalamic neuropeptide gene expression during morphine withdrawal. Journal of 

Neurochemistry., 2007a; 101: 1060–71.  



www.wjpr.net                                   Vol 4, Issue 10, 2015.                                            

           

 

 

710 

Venkata et al.                                                        World Journal of Pharmaceutical Research 

47. Levin MC, Sawchenko PE, Howe PR, S.R. B, J.M. P. Organization of galanin-

immunoreactive inputs to the paraventricular nucleus with special reference to their 

relationship to catecholaminergic afferents. J Comp Neurol., 1987; 261: 562–82.  

48. Sawchenko PE, Swanson LW. Central noradrenergic pathways for the integration of 

hypothalamic neuroendocrine and autonomic responses. Science., 1981; 214: 685–7.  

49. Mitsukawa K, Lu X, Bartfai T. Bidirectional regulation of stress responses by galanin in 

mice: Involvement of galanin receptor subtype 1. Neuroscience., 2009; 160: 837–46.  

50. Fuertes G, Laorden ML, Milanés MV. Noradrenergic and dopaminergic activity in the 

hypothalamic paraventricular nucleus after naloxone-induced morphine withdrawal. 

Neuroendocrinology., 2000: 71. 

51. Dunning BE, Taborsky GJ Jr. Galanin-sympathetic neurotransmitter in endocrine 

pancreas? Diabetes., 1988; 37: 1157–62.  

52. Gundlach AL, Burazin TC, Larm JA. Distribution, regulation and role of hypothalamic 

galanin systems: renewed interest in a pleiotropic peptide family. Clin. Exp. Pharmacol. 

Physiol., 2001; 28: 100–5.  

53. Leibowitz SF. Regulation and effects of hypothalamic galanin: relation to dietary fat, 

alcohol ingestion, circulating lipids and energy homeostasis. Neuropeptides., 2005; 39: 

327–32.  

54. Tempel DL, Leibowitz KJ, Leibowitz SF. Effects of PVN galanin on macronutrient 

selection. Peptides., 1988; 9: 309–14.  

55. Kyrkouli SE, Stanley BG, Leibowitz SF. Galanin: stimulation of feeding induced by 

medial hypothalamic injection of this novel peptide. Eur. J. Pharmacol., 1986; 122: 159–

60.  

56. Henson BS, Neubig RR, Jang I, Ogawa T, Zhang Z, Carey TE, et al. Galanin receptor I 

has antiproliferative effects in oral squamous cell carcinoma. J. Biol. Chem., 2005; 280: 

22564-71. 

57. Misawa K, Ueda Y, Kanazawa T, Misawa Y, Jang I, Brenner JC, et al. Epigenetic 

inactivation of galanin receptor I in head and neck cancer. Clin Cancer Res., 2008; 14, 

7604-13. 

58. Kanazawa T, Iwashita T, Kommareddi P, Nair T, Misawa K, Misawa Y, et al. Galanin 

and galanin receptor type-I suppress proliferation in squamous carcinoma cells : 

activation of the extracellular signal regulated kinase pathway and induction of cyclin-

dependent kinase inhibitors. Oncogene., 2007; 26: 5762-71. 



www.wjpr.net                                   Vol 4, Issue 10, 2015.                                            

           

 

 

711 

Venkata et al.                                                        World Journal of Pharmaceutical Research 

59. Vrontakis ME. Galanin: A Biologically Active Peptide. Curr Drug Targets CNS Neurol 

Disord., 2002; 1(6): 531-41. 

60. Diaz-Cabiale Z, Narvaez JA, Yanaihara N, Gonzales-Baron SM, Fuxe K. Galanin/alpha2-

receptor interactions in central cardiovascular control. Neuropharmacology., 2000; 39(8): 

1377-85. 

61. Degli Uberti EC, Ambrosio MR, Bondanelli M, Trasfori G, Margutti A, Valentini A, et 

al. Human galanin reduces plasma norepinephrine levels in man. J Clin Endocrinol 

Metab., 1995; 80(6): 1894-8. 

62. Crawley JN. Biological actions of galanin. Regul Pept., 1995; 59(1): 1-16. 

63. Sahu A, Xu B, Kalra S. Role of galanin in stimulation of pituitary luteinizing hormone 

secretion as revealed by a specific receptor antagonist, galantide. Endocrinology., 1994; 

134: 529–36. 

64. Lopez FJ, Negro-Vilar A. Galanin stimulates luteinizing hormone-releasing hormone 

secretion from arcuate nucleus-median eminence fragments in vitro: involvement of an a-

adrenergic mechanism. Endocrinology., 1990; 127: 2431–6. 

65. Lopez FJ, Meade EH, Negro-Vilar A. Endogenous galanin modulates the gonadotropin 

and prolactin proestrous surges in the rat. Endocrinology., 1993; 132: 795–800. 

66. Lopez FJ, Merchenthaler I, Ching M, Wisniewski MG, Negro-Vilar A. Galanin: A 

hypothalamic-hypophysiotropic hormone modulating reproductive functions. Proc Natl 

Acad Sci USA., 1991; 88: 4508–12.  

67. Weller MJ, McDonald JK, Reboussin DM, Terasawa E. Neuropeptide Y is a 

neuromodulator of pulsatile luteinizing hormone-releasing hormone release in the 

gonadectomized rhesus monkey. Endocrinology 1992; 130: 2332–2342. 

68. Mitchell V, Bouret S, Prevot V, Jennes L, Beauvillain JC. Evidence for expression of 

galanin receptor Gal-R1 mRNA in certain gonadotropin releasing hormone neurones of 

the rostral preoptic area. J Neuroendocrinol., 1999; 11: 805–12. 

69. Coen CW, Montagnese C, Opacka JJ. Coexistence of gonadotropinreleasing hormone and 

galanin: immunohistochemical and functional studies. J Neuroendocrinol., 1990; 2: 107–

11. 

70. Merchenthaler I, Lopez FJ, Negro-Vilar A. Colocalization of galanin and luteinizing 

hormone-releasing hormone in a subset of preoptic hypothalamic neurons: anatomical and 

functional correlates. Proc Natl Acad Sci USA., 1990; 87: 6326–30. 



www.wjpr.net                                   Vol 4, Issue 10, 2015.                                            

           

 

 

712 

Venkata et al.                                                        World Journal of Pharmaceutical Research 

71. Rossmanith WG, Clifton DK, Steiner RA. Galanin gene expression in hypothalamic 

GnRH-containing neurons of the rat: a model for autocrine regulation. Horm Metab Res., 

1996a; 28: 257–66. 

72. Ceresini G, Merchenthaler A, Negro-Vilar A, Merchenthaler I. Aging impairs galanin 

expression in luteinizing hormone-releasing hormone neurons: effect of ovariectomy 

and/or estradiol treatment. Endocrinology., 1994; 134: 324–30. 

73. Marks DL, Lent KL, Rossmanith WG, Clifton DK, Steiner RA. Activation-dependent 

regulation of galanin gene expression in gonadotropin-releasing hormone neurons in the 

female rat. Endocrinology., 1994; 134: 1991–8. 

74. Rossmanith WG, Marks DL, Clifton DK, Steiner RA. Induction of galanin mRNA in 

GnRH neurons by estradiol and its facilitation by progesterone. J Neuroendocrinol., 

1996b; 8: 185–91. 

75. Merchenthaler I, Hoffman GE, Lane MV. Estrogen and estrogen receptor-beta (ERbeta)-

selective ligands induce galanin expression within gonadotropin hormone-releasing 

hormone-immunoreactive neurons in the female rat brain. Endocrinology., 2005; 146: 

2760–5. 

76. Gabriel SM, Koenig JI, Kaplan LM. Galanin-like immunoreactivity is influenced by 

estrogen in peripubertal and adult rats. Neuroendocrinology., 1990; 51: 168–73. 

77. Rossmanith WG, Clifton DK, Steiner RA. Galanin gene expression in hypothalamic 

GnRH-containing neurons of the rat: a model for autocrine regulation. Horm Metab Res., 

1996a; 28: 257–66. 

78. Splett CL, Scheffen JR, Desotelle JA, Plamann V, Bauer-Dantoin AC. Galanin 

enhancement of gonadotropin-releasing hormone-stimulated luteinizing hormone 

secretion in female rats is estrogen dependent. Endocrinology., 2003; 144: 484–90. 

79. Lang R, Gundlach AL, Kofler B. The galanin peptide family: receptor pharmacology, 

pleiotropic biological actions, and implications in health and disease. Pharmacol Ther., 

2007; 115: 177–207.  

80. Tjomsland V, El-Salhy M. Effects of single, double or triple combinations of octreotide, 

galanin and serotonin on a human pancreatic cancer cell line. Histol Histopathol. 2005; 

20:537–541.  

81. Seufferlein T, Rozengurt E. Galanin, neurotensin, and phorbol esters rapidly stimulate 

activation of mitogen-activated protein kinase in small cell lung cancer cells. Cancer Res., 

1996; 56: 5758–64.  



www.wjpr.net                                   Vol 4, Issue 10, 2015.                                            

           

 

 

713 

Venkata et al.                                                        World Journal of Pharmaceutical Research 

82. Hammond PJ, Smith DM, Akinsanya KO, Mufti WA, Wynick D, Bloom SR. Signalling 

pathways mediating secretory and mitogenic responses to galanin and pituitary adenylate 

cyclase-activating polypeptide in the 235-1 clonal rat lactotroph cell line. J 

Neuroendocrinol., 1996; 8: 457–64.  

83. Misawa K, Ueda Y, Kanazawa T, Misawa Y, Jang I, Brenner JC, et al. Epigenetic 

inactivation of galanin receptor 1 in head and neck cancer. Clin Cancer Res., 2008; 14: 

7604–13.  

84. Knosel T, Petersen S, Schwabe H, Schluns K, Stein U, Schlag PM, et al. Incidence of 

chromosomal imbalances in advanced colorectal carcinomas and their metastases. 

Virchows Arch., 2002; 440: 187–94.  

85. Zeng X, Miura T, Luo Y, Bhattacharya B, Condie B, Chen J, et al. Properties of 

pluripotent human embryonic stem cells BG01 and BG02. Stem Cells., 2004; 22: 292–

312.  

86. Kimber SJ, Sneddon SF, Bloor DJ, El-Bareg AM, Hawkhead JA, Metcalfe AD, et al. 

Expression of genes involved in early cell fate decisions in human embryos and their 

regulation by growth factors. Reproduction., 2008; 135: 635–47.  

87. Anisimov SV, Tarasov KV, Tweedie D, Stern MD, Wobus AM, Boheler KR. SAGE 

identification of gene transcripts with profiles unique to pluripotent mouse R1 embryonic 

stem cells. Genomics., 2002; 79: 169–76.  

88. Skotheim RI, Lind GE, Monni O, Nesland JM, Abeler VM, Fossa SD, et al. 

Differentiation of human embryonal carcinomas in vitro and in vivo reveals expression 

profiles relevant to normal development. Cancer Res., 2005; 65: 5588–98.  

89. Mazarati A, Lu X. Regulation of limbic status epilepticus by hippocampal galanin type 1 

and type 2 receptors. Neuropeptides., 2005; 39: 277–80.  

90. Lin EJ, Richichi C, Young D, Baer K, Vezzani A, During MJ. Recombinant AAV-

mediated expression of galanin in rat hippocampus suppresses seizure development. Eur J 

Neurosci., 2003; 18: 2087–92.  

91. Haberman RP, Samulski RJ, McCown TJ. Attenuation of seizures and neuronal death by 

adeno-associated virus vector galanin expression and secretion. Nat Med., 2003; 9: 1076–

80.  

92. Wiesenfeld-Hallin Z, Xu XJ. Neuropeptides in neuropathic and inflammatory pain with 

special emphasis on cholecystokinin and galanin. Eur J Pharmacol., 2001; 429: 49–59. 



www.wjpr.net                                   Vol 4, Issue 10, 2015.                                            

           

 

 

714 

Venkata et al.                                                        World Journal of Pharmaceutical Research 

93. Hokfelt T, Wiesenfeld-Hallin Z, Villar M, Melander T. Increase of galanin-like 

immunoreactivity in rat dorsal root ganglion cells after peripheral axotomy. Neurosci 

Lett., 1987;  83: 217–20.  

94. Villar MJ, Cortes R, Theodorsson E, Wiesenfeld-Hallin Z, Schalling M, Fahrenkrug J, et 

al. Neuropeptide expression in rat dorsal root ganglion cells and spinal cord after 

peripheral nerve injury with special reference to galanin. Neuroscience., 1989; 33: 587–

604. 

95. Zhang X, Nicholas AP, Hokfelt T. Ultrastructural studies on peptides in the dorsal horn of 

the spinal cord – I.Co-existence of galanin with other peptides in primary afferents in 

normal rats. Neuroscience., 1993; 57: 365–384. 

96. Landry M, Aman K, Dostrovsky J, Lozano AM, Carlstedt T, Spenger C, et al. Galanin 

expression in adult human dorsal root ganglion neurons: initial observations. 

Neuroscience., 2003; 117: 795–809.  

97. Liu HX, Brumovsky P, Schmidt R, Brown W, Payza K, Hodzic L, et al. Receptor 

subtype-specific pronociceptive and analgesic actions of galanin in the spinal cord: 

selective actions via GalR1 and GalR2 receptors. Proc Natl Acad Sci USA., 2001;  98: 

9960–4. 

98. Liu HX, Hokfelt T. The participation of galanin in pain processing at the spinal level. 

Trends Pharmacol Sci., 2002; 23: 468–74. 

99. Hua XY, Hayes CS, Hofer A, Fitzsimmons B, Kilk K, Langel U, et al. Galanin acts at 

GalR1 receptors in spinal antinociception: synergy with morphine and AP-5. J Pharmacol 

Exp Ther., 2004; 308: 574–82. 

100. Belfer I, Hipp H, McKnight C, Evans C, Buzas B, Bollettino A, et al. Association of 

galanin haplotypes with alcoholism and anxiety in two ethnically distinct populations. 

Mol Psychiatry., 2006; 11: 301–11.  

101. Rada P, Avena NM, Leibowitz SF, Hoebel BG. Ethanol intake is increased by PVN 

galanin injection and reduced by a GAL antagonist. Alcohol., 2004; 33: 91–7.  

102. Lewis MJ, Johnson DF, Waldman D, Leibowitz SF, Hoebel BG. Galanin microinjection 

in the third ventricle increases voluntary ethanol intake. Alcohol Clin Exp Res., 2004; 28: 

1822–8.  

103. Morilak DA, Cecchi M, Khoshbouei H. Interactions of norepinephrine and galanin in the 

central amygdala and lateral bed nucleus of the stria terminalis modulate the behavioral 

response to acute stress. Life Sci., 2003; 73: 715–26. 



www.wjpr.net                                   Vol 4, Issue 10, 2015.                                            

           

 

 

715 

Venkata et al.                                                        World Journal of Pharmaceutical Research 

104. Belfer I, Hipp H, Bollettino A, McKnight C, Evans C, Virkkunen M, et al. Alcoholism is 

associated with GALR3 but not two other galanin receptor genes. Genes Brain Behav., 

2007 6: 473–81. 

105. Woll PJ,  Rozengurt E. Multiple neuropeptides mobilise calcium in small cell lung 

cancer: effects of vasopressin, bradykinin, cholecystokinin, galanin and neurotensin. 

Biochem. Biophys. Res. Commun., 1989; 64: 66-73. 

106. Sethi T, Rozengurt E. Galanin stimulates ( V ' mobilization, inositol phosphate 

accumulation and clonal growth in small cell lung cancer cells. Cancer Res., 1991; 51: 

1674-9. 

107. Dunne MJ, Bullett MJ, Li GD, Wollheim C B, Petersen OH. Galanin activates 

nucleotide-dependent K* channels in insulin-secreting cells via a pertussis toxin-sensitive 

G-protein. EMBO J., 1989; Â«4: 13-420. 

108. Skofitsch G, Jacobowitz DM, Amann R, Lembeck F. Galanin and vasopressin coexist in 

the rat hypothalamo-neurohypophyseal system. Neuroendocrinol., 1989; 49: 419–27. 

109. Ciosek J, Cisowska A. Centrally administered galanin modifies vasopressin and oxytocin 

release from the hypothalamo-neurohypophysial system of euhydrated and dehydrated 

rats. J. Physiol Pharmacol., 2003; 54: 625–41. 

110. Kondo K, Murase T, Otake K, Ito M, Oiso Y. Centrally administered galanin inhibits 

osmotically stimulated arginine vasopressin release in conscious rats. Neurosci. Lett., 

1991; 22: 245–248.  

111. Landry M, Roche D, Calas A. Short-term effects of centrally administered galanin on the 

hyperosmotically stimulated expression of vasopressin in the rat hypothalamus. An in situ 

hybridization and immunohistochemistry study. Neuroendocrinology., 1995; 61: 393–

404.  

112. Burazin TC, Larm JA, Gundlach AL. Regulation by osmotic stimuli of galanin-R1 

receptor expression in magnocellular neurones of the paraventricular and supraoptic 

nuclei of the rat. J Neuroendocrinol., 2001; 13: 358–70.  

113. Koenig JI, Hooi S, Gabriel SM, Martin JB. Potential involvement of galanin in the 

regulation of fluid homeostasis in the rat. Regul Pept., 1989; 24: 81–6.  

114. Landry M, Aman K, Hökfelt T. Galanin-R1 receptor in anterior and mid-hypothalamus: 

distribution and regulation. J. Comp. Neurol., 1998; 399: 321–40.  

115. Meister B, Cortes R, Villar MJ, Schalling M, Hökfelt T. Peptides and transmitter 

enzymes in hypothalamic magnocellular neurons after administration of hyperosmotic 



www.wjpr.net                                   Vol 4, Issue 10, 2015.                                            

           

 

 

716 

Venkata et al.                                                        World Journal of Pharmaceutical Research 

stimuli: comparison between messenger RNA and peptide/protein levels. Cell Tissue 

Res., 1990; 260: 279–97.  

116. Rökaeus Å, Young WS III, Mezey É. Galanin coexists with vasopressin in the normal ra 

hypothalamus and galanin's synthesis is increased in the Brattleboro (diabetes insipidus) 

rat. Neurosci. Lett., 1988; 19: 45–50. 

117. Villar MJ, Meister B, Cortes R, Schalling M, Morris M, Hökfelt T. Neuropeptide gene 

expression in hypothalamic magnocellular neurons of normal and hypophysectomized 

rats: a combined immunohistochemical and in situ hybridization study. Neurosci., 1990; 

36: 181–99. 

118. Yagita K, Okamura H, Ibata Y. Rehydration process from salt-loading: recovery of 

vasopressin and its coexisting galanin, dynorphin and tyrosine hydroxylase 

immunoreactivities in the supraoptic and paraventricular nuclei. Brain Res., 1994; 667: 

13–23.  

119. Kai A, Ono K, Kawano H, Honda E, Nakanishi O, Inenaga K. Galanin inhibits neural 

activity in the subfornical organ in rat slice preparation. Neuroscience., 2006; 143: 769–

77.  

 

 


