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Abstract
Aim: To assess serum HGF concentration in individuals with schizophrenia and investigate the efficacy of zinc and B-6 therapy on 
these levels.
Subjects and methods: Serum from 18 individuals diagnosed with schizophrenia and 19 age and gender similar controls (P = 0.18) 
were tested for HGF concentration using ELISAs, and tested for copper and zinc plasma levels using inductively-coupled plasma-mass 
spectrometry.
Results: HGF serum levels of individuals with schizophrenia, before zinc and B-6 therapy, were significantly lower than age and gender 
similar controls (P = 0.016), and significantly lower in schizophrenia patients pre-therapy compared to post therapy (P = 0.028). HGF 
levels normalized (reached levels similar to controls) post-therapy. Zinc levels in these same individuals also normalized, and perceived 
symptoms, particularly anxiety (P = 0.03), improved significantly after therapy.
Discussion: These results suggest an association between low HGF levels and schizophrenia and demonstrate that zinc and B-6 therapy 
may be associated with the normalization of HGF levels and perceived improvement in symptoms.
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Introduction
Schizophrenia is a chronic, severe, and disabling brain 
disorder that has affected people throughout history. 
About 1 percent of Americans have this illness,1 but it 
occurs in 10 percent of people who have a first-degree 
relative with the disorder. The risk is highest for 
an identical twin of a person with schizophrenia 
(40 to 65 percent chance of developing the disorder), 
suggesting a strong genetic link.2

Symptoms of schizophrenia may include hallucina-
tions, delusions and thought and movement disorders.3 
The disease affects men and women equally and 
occurs at similar rates in all ethnic groups around the 
world. Symptoms such as hallucinations and delu-
sions usually start between ages 16 and 30, with men 
experiencing symptoms a little earlier than women. 
Most of the time, people do not acquire schizophrenia 
after age 454 and the disease rarely occurs in children, 
but awareness of childhood-onset schizophrenia is 
increasing.5,6

Although the etiology of schizophrenia remains 
elusive, there have been several genes found to be 
associated with an increased risk of schizophrenia, 
but no gene by itself is causative.7

Dysfunction of the dorsolateral prefrontal cortex 
may be a central feature of the pathophysiology of 
schizophrenia, and this dysfunction may be related 
to alterations in gamma aminobutyric acid (GABA) 
neurotransmission. More specifically, axon terminals 
of GABA related chandelier neurons, as revealed by 
immunoreactivity for the GABA membrane trans-
porter, are reduced substantially in the middle layers 
of the PFC in schizophrenic subjects.8

Disrupted GABAergic circuitry has been reported  
in patients with schizophrenia and frontal lobe epilepsy, 
and may contribute to their associated impairments 
in behavioral flexibility. Recent research has shown 
that hepatocyte growth factor (HGF) modulates 
GAB Aergic inhibition and seizure susceptibility.9 
One type of behavioral flexibility, reversal learning, 
is dependent upon proper numbers of GABAergic 
interneurons and both the anatomical and functional 
deficiencies associated with behavioral impairment 
can be restored with exogenous postnatal hepatocyte 
growth factor (HGF) supplementation.10,11

Mice with a targeted mutation of the gene encoding 
urokinase plasminogen activator receptor (uPAR), a 
key component in HGF/SF activation and function, 

have decreased levels of HGF/SF and a 50% reduction 
in neocortical GABAergic interneurons at embryonic 
and perinatal ages,12 which further supports a link 
between HGF and GABA

Hepatocyte growth factor (HGF), an 82 kDa, 674 
amino acid residue heterodimeric glycoprotein, was 
originally isolated from rat platelets.13,14 This growth 
factor has also been called scatter factor, hepatopoi-
etin A, and mammary growth factor.15 It is one of a 
small family of factors lacking significant homol-
ogy with other known growth factors, but including 
an HGF-like factor known as macrophage stimulat-
ing protein (MSP).16–19 HGF has mitogenic, mor-
phogenic, and motogenic effects on hepatocytes, as 
well as endothelial, mesenchymal and hematopoietic 
cell types,18,20,21 and demonstrates noticeable species 
cross-reactivity.22

HGF regulates cell growth, cell motility, and 
 morphogenesis by activating a tyrosine kinase 
 signaling cascade after binding to the  proto- oncogenic 
c-Met receptor (translated by the MET gene). HGF 
is secreted by mesenchymal cells and, although it 
was first considered to exert biological effects only 
on specific target cells, it has since been demon-
strated to mediate inflammatory responses to tissue 
injury, and regulate cell growth, cell motility, and 
morphogenesis in a wide variety of cells. Its ability 
to stimulate branching morphogenesis, cell migra-
tion, survival and proliferation gives it a central 
role in angiogenesis, tissue regeneration, as well as 
tumorogenesis.23–29

Signaling by HGF has also been found to have 
anti-inflammatory, antifibrotic, and pro-regenerative 
activity on various types of tissue. But it seems to 
be particularly active in the nervous system, where it 
has been found to have neurotrophic and angiogenetic 
activity on CNS neurons, promote both the survival 
of neurons and the regeneration of injured nerves, and 
function as a target-derived axonal chemoattractant, 
guiding axons to their target. As a result, it plays sig-
nificant roles in the development of the CNS.30

Because of the potential association between HGF 
and neurological development and differentiation, 
and its association with the etiology of neurological 
diseases, we tested patients with Schizophrenia for 
serum concentration of HGF and then compared those 
levels before and after zinc and B-6 supplementation 
therapy.
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Materials and Methods
eLISA to measure serum hgF (eLISA 
Kit, R&D Systems, Minneapolis, Minn.)
All reagents and specimens were equilibrated to room 
temperature before the assay was performed. A 1:51 
dilution of the patient samples was prepared by mixing 
10 µl of the patient’s sera with 0.5 ml of Serum Diluent. 
One hundred microliters of calibrators (20–200 Eu/ml 
antibodies), positive and Negative control serums, 
serum diluent alone, and diluted patient samples were 
added to the appropriate microwells of a microculture 
plate (each well contained affinity purified polyclonal 
IgG to HGF). Wells were incubated for 60 minutes 
(±5 min) at room temperature, then washed 4× with 
wash buffer. One hundred microliters of pre-diluter 
anti-human IgG conjugated with HRP was added to 
all microwells, incubated for 30 minutes (±5 min) 
at room temperature, then washed 4× with wash 
buffer. One hundred microliters of enzyme substrate 
was added to each microwell. After  approximately 
30 minutes at room temperature, the reaction was 
stopped by adding 50 µl of 1 M sulfuric acid, then 
the wells were read at 405 nm with an ELISA reader 
(BioRad Laboratories, Inc., Hercules, CA, USA).

copper and zinc serum concentration
Assay to establish copper and zinc plasma concentration 
was performed by LabCorp, Inc. (Naperville, IL 60563) 
using inductively-coupled plasma-mass spectrometry.

subjects
experimental and controls
Serum from individuals with diagnosed schizophre-
nia (n = 18; 8 male; mean age 32.5 ± 10 years) and 
controls (n = 19; 17 male mean age 43.2 ± 12 years) 
was obtained from patients at the Health Research 
Institute/Pfeiffer Treatment Center.a Patient consent 
was obtained from all patients involved in this study.

Controls were normal healthy volunteers, all 
employees of the Pfeiffer Treatment Center.

Severity of disease
A modified PANSS questionnaire31 for schizophrenia 
assessment was used to determine the overall severity 
of schizophrenia. Patients or guardians were asked to 

rate behaviors such as irritability and anger, depression, 
hallucinations, delusions, suicidal tendencies, anxiety 
and paranoia. The patients were rated on a scale of 
0–5 (5 being the highest) for each of these behaviors. 
We evaluated the overall severity of schizophrenia 
by establishing the mean of all of the scores for each 
patient, and we also compared the overall anxiety and 
overall depression rating of each patient. The overall 
schizophrenia assessment includes assessment of all 
the behaviors (above). The anxiety and depression 
rating includes assessment of just anxiety and depres-
sion behavior alone, respectively.

serums
All serums, experimental and control serums were 
treated in an identical fashion—frozen at -70C imme-
diately after collection and cell/serum separation, then 
stored at -70C until thawed for use in ELISAs.

Zinc and Anti-oxidant Therapy
Individuals in this study who presented to the 
 Pfeiffer Treatment Center with Schizophrenia were 
tested for zinc, copper and anti-oxidant levels. 
Based on deficiencies, they were then prescribed 
the appropriate dose of anti-oxidants. Pre-therapy 
patients represent those who were tested when 
they first presented and were not previously  taking 
any zinc or anti-oxidants. Post-Therapy patients 
received anti-oxidant therapy (Vitamin C, E, B-6 as 
well as Magnesium, and Manganese if warranted), 
and zinc supplementation (as zinc picolinate), for a 
minimum of 8 weeks.

statistics
All inferential statistics were derived from unpaired 
t-test and Mann-Whitney with 95% confidence 
intervals.

Results
Serum from 18 individuals diagnosed with schizo-
phrenia and 19 age and gender similar controls were 
tested for HGF concentration using ELISAs, and 
copper and zinc plasma levels were established using 
inductively-coupled plasma-mass spectrometry (Lab-
corp, Naperville IL).

HGF serum levels of individuals with schizophre-
nia, before zinc and B-6 therapy, were significantly 
lower than age and gender similar controls (t-test 

aThe Pfeiffer Treatment Center is a comprehensive treatment and research center, 
specializing in the care of with neurological disorders, including schizophrenia.
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P = 0.016; Mann-Whitney P = 0.015) (Table 1), and 
significantly lower in schizophrenia patients pre-
therapy compared to post therapy (t-test P = 0.028; 
Mann-Whitney P = 0.046) (Table 2). HGF levels 
normalized (reached levels similar to controls) post-
therapy (Table 3). Zinc levels in these same individuals 
also normalized (Fig. 1) (Normal; 90–150 mg/dL). 
Perceived severity of schizophrenia (scale of 0–5 
(5 being the most severe)) was lower after zinc and 
B-6 therapy, particularly anxiety (P = 0.03) (Fig. 2).

Discussion
HGF has been found to be associated with a variety of 
diseases of the CNS. For instance, immunohistochem-
istry using anti-HGF antibody has revealed more 
intense immunolabeling in Alzheimer’s disease (AD) 
than in control brains, and there appears to be a sig-
nificant correlation between CSF HGF levels and white 
matter high-signal foci determined on brain magnetic 
resonance imaging (MRI) in AD patients.32 In Amyo-
trophic lateral sclerosis (ALS), overexpression of 
hepatocyte growth factor (HGF) in the nervous system 
attenuates motoneuron death and axonal degeneration 
and prolongs the life span of transgenic mice overex-
pressing mutated Cu2+/Zn2+ superoxide dismutase.33 
Overexpression of HGF after gene transfer prevented 
neuronal death in a Parkinson’s Disease rat model,34 
and decreased levels of HGF has been found in autistic 
children with GI disease.35

The etiology and pathophysiology of schizophre-
nia remain unknown. However, almost half the altered 
proteins identified by proteomics in schizophrenia 
have been associated with mitochondrial function 
and oxidative stress responses, suggesting a role of 
oxidative stress.36

Postmortem analysis shows that fast-spiking 
interneurons, expressing the calcium-binding protein 
parvalbumin and modulating cortical networks through 

their release of GABA, are depleted in the cortex of 
patients with schizophrenia.37,38

Ketamine and other NMDA-type glutamate recep-
tor blockers induce psychotic and dissociative behav-
iors indistinguishable from those seen in schizophrenia 
patients. Ketamine exposure also depletes interneurons 
in culture of parvalbumin and GAD6739 and exposure 
of mice to ketamine induced a persistent increase 
in brain superoxide due to activation in neurons of 
reduced nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase.40 Decreasing superoxide produc-
tion prevented the effects of ketamine on inhibitory 
interneurons in the prefrontal cortex. This suggests 
that blocking NMDA signaling in GABAergic neurons 
causes a loss in GABA transmission, which in turn 
frees glutamatergic neurons from inhibitory innerva-
tion leading to heightened glutamate release and that 
oxidative stress may be an underlying mechanism.

Recently, Burdick et al demonstrated an association 
between a genetic variation of the MET gene and 
schizophrenia and general cognitive ability and sug-
gested that MET variation influences schizophrenia 
risk and neurocognition, supporting a neurodevel-
opmental role across CNS-relevant phenotypes.41 
HGF, the only ligand for the cMET membrane pro-
tein, translated by the MET gene, has been shown to 
modulate GABAergic activity42 and enhance NMDA 
currents in the hippocampus.43

Table 1. Serum hgF (pg/ml) in individuals with Schizo-
phrenia pre-therapy is significantly lower than in healthy 
controls.

pre-therapy controls
Mean 418.8 573.9
SD 108.6 142.8
SeM 41.0 32.8
n 7 19

note: The two-tailed P value equals 0.0158.

Table 2. hgF serum levels (pg/ml) in individuals with 
Schizophrenia are significantly higher post zinc/anti- 
oxidant therapy.

HGF pre-therapy HGF post-therapy 
Mean 418.8 577.0
SD 108.6 148.7
SeM 41.0 44.8
n 7 11

note: The two-tailed P value equals 0.0276.

Table 3. hgF serum levels (pg/ml) in individuals with 
Schizophrenia normalize post zinc/anti-oxidant therapy.

post-therapy controls
Mean 577.0 573.9
SD 148.7 142.8
SeM 44.8 32.8
n 11 19

notes: The two-tailed P value equals 0.9552; t = 0.0567; df = 28; standard 
error of difference = 54.920.
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Figure 1. Zinc levels (mg/dL) increase after zinc and B-6 therapy.
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Figure 2. Perceived severity of symptoms (scale of 0-5; 5 being the most severe) was lower after zinc and B-6 therapy, particularly with respect to anxiety 
symptoms.

Our results demonstrate that HGF is significantly 
lower in schizophrenic patients compared to controls 
and we suggest a potential role for HGF deficiency in 
the etiology of schizophrenia by modulating NMDA 
and GABA deficiency.

Zinc is well known as one of the most important 
trace elements in the body. Dietary zinc defici-
ency is associated with a variety of physiological 
defects including anorexia, skin lesion, and growth 
retardation.44 Mechanistic studies demonstrated that 

zinc deficiency affects a large number of hepatic 
genes involved in multiple cellular functions. In 
particular, zinc deficiency has been shown to down-
regulate hepatic gene expression of metallothionein 
(MT), insulin-like growth factor I (IGF-I), insulin-
like growth factor binding protein 1 (IGFBP1), 
cyclin D1, and HGF, which are involved in cell 
proliferation.45–47

Zinc supplementation has also been found to prevent 
liver cell injury through attenuation of oxidative 
stress,48 and there is evidence suggesting that alcohol-
induced liver damage initiates hepatocyte prolif-
eration, and zinc supplementation accelerates liver 
regeneration, through up-regulating cell proliferation-
related proteins such as HGF.49

Vitamin B-6 is a co-factor for the conversion of 
glutamate to GABA.50,51 It has also been suggested 
that it may be efficient as the treatment for tardive 
dyskinesia and parkinsonism and successful as an 
add-on treatment in schizophrenia.52,53

The present data raise the intriguing possibility 
that HGF levels, low in schizophrenic patients before 
therapy, are raised by zinc and B-6 therapy and that 
these higher levels may be associated with improved 
symptoms, particularly anxiety. This suggests that 
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HGF, through the modulation of GABA, may be 
playing a role in the etiology of the disease.

Acknowledgements
We would like to thank Scott Filer, Executive Director 
and the entire staff of The Health Research  Institute/
Pfeiffer Treatment Center, for their support of this 
research.

We would also like to thank Laurie Myers and 
Kyle Andrews for their technical assistance.

Disclosure
This manuscript has been read and approved by all 
authors. This paper is unique and is not under consid-
eration by any other publication and has not been pub-
lished elsewhere. The authors and peer  reviewers of 
this paper report no conflicts of interest. The authors 
confirm that they have permission to reproduce any 
copyrighted material.

References
 1. Regier DA, Narrow WE, Rae DS, Manderscheid RW, Locke BZ, Goodwin FK. 

The de facto US mental and addictive disorders service system. Epi-
demiologic catchment area prospective 1-year prevalence rates of dis-
orders and services. Archives of General Psychiatry. 1993 Feb;50(2): 
85–94.

 2. Cardno AG, Gottesman II. Twin studies of schizophrenia: from bow-and-
arrow concordances to star wars Mx and functional genomics. American 
Journal of Medical Genetics. 2000;97(1):12–7.

 3. World Health Organization (WHO). Catatonic Schizophrenia. The ICD-10 
Classification of Mental and Behavioural Disorders: Clinical descrip-
tions and diagnostic guidelines. 1992. Geneva, Switzerland: World Health 
Organization.

 4. Mueser KT, McGurk SR. Schizophrenia. Lancet. 2004 Jun 19;363(9426): 
2063–72.

 5. Nicolson R, Lenane M, Hamburger SD, Fernandez T, Bedwell J, Rapoport JL. 
Lessons from childhood-onset schizophrenia. Brain Research Review. 
2000;31(2–3):147–56.

 6. Masi G, Mucci M, Pari C. Children with schizophrenia: clinical picture and 
pharmacological treatment. CNS Drugs. 2006;20(10):841–66.

 7. Harrison PJ, Weinberger DR. Schizophrenia genes, gene expression, and 
neuropathology: on the matter of their convergence. Molecular Psychiatry. 
2005;10(1):40–68.

 8. Lewis DA, et al. Altered GABA neurotransmission and prefrontal cor-
tical dysfunction in schizophrenia. Biological Psychiatry. 1999;46: 
616–26.

 9. Bae MH, et al. Hepatocyte growth factor (HGF) modulates GABAergic  
inhibition and seizure susceptibility. Exp Neurol. 2010;221(1):129–35.

 10. Bissonette, et al. Astrocyte-Mediated Hepatocyte Growth Factor/Scatter 
Factor Supplementation Restores GABAergic Interneurons and Corrects 
Reversal Learning Deficits in Mice. The Journal of Neuroscience. 2010; 
30(8):2918–23.

 11. Levitt P, Eagleson KE, Powell EM. Regulation of neocortical interneuron 
development and implications for neurodevelopmental disorders. TINS. 
2004;27:400–6.

 12. Powell EM, et al. Genetic disruption of cortical interneuron development 
causes region- and GABA cell type-specific deficits, epilepsy, and behav-
ioral dysfunction. J Neurosci. 2003;23(2):622–31.

 13. Nakamura T, et al. Purification and characterization of a growth factor from 
rat platelets for mature parenchymal hepatocytes in primary cultures. Proc 
Natl Acad Sci U S A. 1986;83:6489.

 14. Nakamura T, et al. Partial Purification and Characterization in hepatocyte 
growth factor from serum of hepatectomized rats. Biochem Biophys Res 
Commun. 1984;122:1450.

 15. Sasaki M, et al. Identification of mouse mammary fibroblast-derived  
mammary growth factor as hepatocyte growth factor. Biochem Biophys Res 
Commun. 1994;199:772.

 16. Michalopoulos G, et al. Control of Hepatocyte Replication by Two Serum 
Factors. Cancer Res. 1984;44:4414.

 17. Thaler FJ, Michalopoulos G. Hepatopoietin A: Partial Characterization and 
Trypsin Activation of a Hepatocyte Growth Factor. Cancer Res. 1985;45: 
2545.

 18. Zarnegar R, Michalopoulos GK. The many faces of hepatocyte growth  
factor: from hepatopoiesis to hematopoiesis. J Cell Biol. 1995;129:1177.

 19. Weidner KM, et al. Evidence for the identity of human scatter factor and human 
hepatocyte growth factor. Proc Natl Acad Sci U S A. 1991;88:7001–5.

 20. Comoglio PM, Graziani A. In: Nicola NA, editor. Guidebook to Cytokines 
and their Receptors. Oxford University Press, 1994:182.

 21. Comoglio PM, Graziani A. In: Nicola NA, editor. Guidebook to Cytokines 
and their Receptors. Oxford University Press; 1994:185.

 22. Grant DS, et al. Scatter factor induces blood vessel formation in vivo. Proc 
Natl Acad Sci U S A. 1993;90:1937–41.

 23. Nakamura T, et al. Purification and characterization of a growth factor from 
rat platelets for mature parenchymal hepatocytes in primary cultures. Proc 
Natl Acad Sci U S A. 1986;83:6489.

 24. Nakamura T, et al. Partial Purification and Characterization in hepatocyte 
growth factor from serum of hepatectomized rats. Biochem Biophys  Res 
Commun. 1994;122:1450.

 25. Sasaki M, et al. Identification of mouse mammary fibroblast-derived mam-
mary growth factor as hepatocyte growth factor. Biochem Biophys Res 
Commun. 1994;199:772.

 26. Michalopoulos G, et al. Control of Hepatocyte Replication by Two Serum 
Factors. Cancer Res. 1994;44:4414.

 27. Thaler FJ, Michalopoulos G. Hepatopoietin A: Partial Characterization 
and Trypsin Activation of a Hepatocyte Growth Factor. Cancer Res. 1985; 
45:2545.

 28. Zarnegar R, Michalopoulos GK. The many faces of hepatocyte growth  
factor: from hepatopoiesis to hematopoiesis. J Cell Biol. 1995;129:1177.

 29. Weidner KM, et al. Evidence for the identity of human scatter factor and 
human hepatocyte growth factor. Proc Natl Acad Sci U S A. 1991;88: 
7001–5.

 30. Hamanoue M, et al. Neurotrophic effect of hepatocyte growth factor on cen-
tral nervous system neurons in vitro. J Neurosci Res. 1996;43(5):554–64.

 31. Kay SR, Fiszbein A, Opler LA. The positive and negative syndrome scale 
(PANSS) for schizophrenia. Schizophr Bull. 1987;13(2):261–76.

 32. Tsuboi Y, et al. Increased hepatocyte growth factor level in cerebrospinal fluid 
in Alzheimer’s disease. Acta neurologica scandinavica. 2003;107:81–6.

 33. Sun W, et al. Overexpression of HGF Retards Disease Progression and 
Prolongs Life Span in a Transgenic Mouse Model of ALS. The Journal of 
Neuroscience. 2002;22(15):6537–48.

 34. Koike H, et al. Prevention of onset of Parkinson’s disease by in vivo gene 
transfer of human hepatocyte growth factor in rodent model: a model of 
gene therapy for Parkinson’s diseaseGene therapy for Parkinson’s disease. 
Gene Therapy. 2006;13:1639–44.

 35. Russo AJ, et al. Decreased Serum Hepatocyte Growth Factor (HGF) in 
Autistic Children with Severe Gastrointestinal Disease. Biomarker Insights. 
2009:2181–90.

 36. Prabakaran S, et al. Mitochondrial dysfunction in schizophrenia:  evidence for 
compromised brain metabolism and oxidative stress. Molecular  Psychiatry. 
2004;9:684–97.

 37. Beasley CL, Zhang ZJ, Patten I, Reynolds GP. Selective deficits in prefron-
tal cortical GABAergic neurons in schizophrenia defined by the presence of 
calcium-binding proteins. Biol Psychiatry. 2002;52(7):708–15.

http://www.la-press.com


publish with Libertas Academica and 
every scientist working in your field can 

read your article 

“I would like to say that this is the most author-friendly 
editing process I have experienced in over 150 

publications. Thank you most sincerely.”

“The communication between your staff and me has 
been terrific.  Whenever progress is made with the 
manuscript, I receive notice.  Quite honestly, I’ve 
never had such complete communication with a 

journal.”

“LA is different, and hopefully represents a kind of 
scientific publication machinery that removes the 

hurdles from free flow of scientific thought.”

Your paper will be:
• Available to your entire community 

free of charge
• Fairly and quickly peer reviewed
• Yours!  You retain copyright

http://www.la-press.com

Decreased hepatocyte growth factor in individuals with schizophrenia

Proteomics Insights 2010:3 77

 38. Hashimoto T, Volk DW, Eggan SM, et al. Gene expression deficits in 
a subclass of GABA neurons in the prefrontal cortex of subjects with 
 schizophrenia. J Neurosci. 2003;23(15):6315–26.

 39. Kinney JW, Davis CN, Tabarean I, Conti B, Bartfai T, Behrens MM. 
A specific role for NR2 A-containing NMDA receptors in the maintenance 
of parvalbumin and GAD67 immunoreactivity in cultured interneurons. 
J  Neurosci. 2006;26(5):1604–15.

 40. Behrens M, et al. Ketamine-Induced Loss of Phenotype of Fast-Spiking 
Interneurons Is Mediated by NADPH-Oxidase. Science. 2007;318:1645–7.

 41. Burdick K, et al. Association of Genetic Variation in the MET Proto- 
Oncogene With Schizophrenia and General Cognitive Ability. Am J 
Psychiatry. 2010;167:436–43.

 42. Bae MH, et al. Hepatocyte growth factor (HGF) modulates GABAergic inhi-
bition and seizure susceptibility. Experimental Neurology. 2010;221: 129–35.

 43. Akimoto M, et al. Hepatocyte growth factor as an enhancer of nmda 
currents and synaptic plasticity in the hippocampus. Neuroscience. 
2004;128:155–62.

 44. McClain CJ, Adams L, Shedlofsky S. Zinc and the gastrointestinal system. 
Essential and Toxic Trace Elements in Human Health and Disease. Edited 
by AS Prasad. New York, Alan R. Liss Inc, 1988:55–73.

 45. McNall AD, Etherton TD, Fosmire GJ. The impaired growth induced by 
zinc deficiency in rats is associated with decreased expression of the hepatic 
insulin-like growth factor I and growth hormone receptor genes. J Nutr. 
1995;125:874–9.

 46. Pfaffl MW, Gerstmayer B, Bosio A, Windisch W. Effect of zinc  deficiency on 
the mRNA expression pattern in liver and jejunum of adult rats:  monitoring 
gene expression using cDNA microarrays combined with real-time RT-
PCR. J Nutr Biochem. 2003;14:691–702, 2002;283:C623–30.

 47. Dieck HT, Do¨ ring F, Roth HP, Daniel H. Changes in rat hepatic gene 
expression in response to zinc deficiency as assessed by DNA arrays. J Nutr. 
2003;133:1004–10.

 48. Zhou Z, Wang L, Song Z, Saari JT, McClain CJ, Kang YJ. Zinc supplemen-
tation prevents alcoholic liver injury in mice through attenuation of oxida-
tive stress. Am J Pathol. 2005;166:1681–90.

 49. Kang X, et al. Zinc Supplementation Enhances Hepatic Regeneration by 
Preserving Hepatocyte Nuclear Factor-4′ in Mice Subjected to Long-Term 
Ethanol Administration. The American Journal of Pathology. 2008;172: 
916–25.

 50. Petroff OA. “GABA and glutamate in the human brain”. Neuroscientist.  
2002;8(6):562–73.

 51. Schousboe A, Waagepetersen HS. “GABA: homeostatic and pharmacologi-
cal aspects”. Prog Brain Res. 2007;160:9–19.

 52. Miodownik C, Cohen H, Kotler M, Lerner V. Vitamin B6 add-on therapy 
in treatment of schizophrenic patients with psychotic symptoms and move-
ment disorders. Harefuah. 2003 Sep;142(8–9):592–6, 647.

 53. Lerner V, et al. Vitamin B6 as add-on treatment in chronic schizophrenic 
and schizoaffective patients: a double-blind, placebo-controlled study.  
J Clin Psychiatry. 2002 Jan;63(1):54–8.

http://www.la-press.com
http://www.la-press.com

