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Abstract 
MNA response applied methylnicotinate (MNA) results in an arachidonic acid and cyclooxyge-
nase-dependent vasodilatatory response which is diminished in patients with schizophrenia. This 
observation has been suggested to form the basis of a diagnostic test for the illness although the 
potential utility of such a procedure is diminished since the underlying mechanism is unclear. In 
this study we sought to discover if reduced MNA response in schizophrenia is related to increased 
oxidative stress i.e. whether or not the two measures are negatively correlated with each other. 
MNA response was assessed visually in 17 patients with schizophrenia and 16 healthy controls 
and compared to the extent of oxidative stress in each participant assessed by quantifying the li-
pid peroxidation product ethane in breath. Serum vitamin E, a lipid soluble antioxidant, concen-
trations was also assessed. While MNA response was correlated with breath ethane concentra-
tions, the expected relationship between the two measures was not observed. Instead a positive 
relationship between them suggests that some patients with schizophrenia have impaired fatty 
acid utilization leading to both diminished lipid peroxidation and cyclo-oygenation. This was not 
related to vitamin E concentrations, however, suggesting that lipid soluble anti-oxidant availabili-
ty did not underlie our findings. Our data shed further light on the mechanism of impaired MNA 
response in schizophrenia and support the notion that this occurs consequent to a change in lipid 
metabolism. 
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1. Introduction 
Schizophrenia is a common mental illness affecting approximately 1% of the world’s population [1]. The dis-
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order is characterized by so-called positive symptoms such as delusions and hallucinations, and negative symp-
toms which include flattened affect and avolition [1]. Schizophrenia is likely caused by the interplay of genetics 
and the environment leading to altered brain chemistry and/or structure [1], however the major mechanism(s) 
responsible are unclear. As such objective biologically based diagnostic tests for the disorder are unavailable. It 
has been long been argued, however, that an altered response to the B-vitamin niacin (nicotinic acid; NA) could 
form the basis of such a test for schizophrenia [2]-[4]. When administered orally at sufficient doses NA causes 
in the relaxation of smooth muscle cells in the wall of blood vessels resulting in skin erythema (“flushing”) and, 
in some cases, significant hypotension [5]. NA has this effect by binding to rGPR109b, a G-protein coupled re-
ceptor present on Langerhan cells residing in the skin and mucosa, resulting in the release of free fatty acids 
from membrane phospholipid molecules via the activation of the enzyme phospholipase A2 (PLA2) [5] [6]. One 
type of fatty acid, arachidonic acid, is further metabolized by cyclooxygenase and prostaglandin D2 synthase to 
form prostaglandin D2 (PGD2). PGD2 then diffuses from the Langerhan cell and acts via a second receptor 
present of the capillary wall to produce vasodilatation [5]. It has been known for some time that patients with 
schizophrenia have a lesser or absent vasodilatatory response to oral NA assessed either visually or by measur-
ing skin temperature [2] [3]. Further insight into the phenomenon was gained by using an ester of NA, methyl 
nicotinate (MNA). MNA, unlike NA, can traverse the skin allowing it to be administered topically to produce a 
localized vasodilatatory rather than the subjectively unpleasant systemic response NA [4]. In a similar manner to 
NA the response to MNA is reduced in patients with schizophrenia, whether measured by the visual or mecha-
nized estimation of erythema, or by direct measurement of blood flow, findings which has been replicated many 
times [7]-[12]. By using multiple simultaneous doses of MNA investigators have concluded that patients with 
schizophrenia have an altered MNA dose response [10], namely an increased EC50 for MNA, meaning that pa-
tients require a higher dose to give the same response as healthy controls. Reduced MNA and NA vasodilatatory 
response in schizophrenia has been associated with clinical features of the illness however the field remains 
phenomenological in nature given that where in the multi-step and multi-cell NA pathway a deficit(s) lies is un-
clear. While a genetic linkage between MNA response and the membrane synthetic enzyme fatty acid CoA li-
gase in the healthy population does indicate an involvement of fatty-acid dependent signaling in the upstream 
Langerhan cell, precisely what makes patients with schizophrenia less responsive to NA eludes investigators [13] 
although interest in the phenomenon remains [14] [15]. 

Such a lack of understanding of the mechanism of impaired MNA response has reduced the likelihood that the 
procedure can be used as an objective non-invasive diagnostic test [4]. One hypothesis, however, is that the 
bioavailability of the fatty acids required for the vasodilatatory response is decreased due to their increased uti-
lization in other reactions with oxygen free radicals, otherwise known oxidative stress, thereby reducing the pool 
of fatty acids available to initiate the MNA response. Free radicals, formed during all oxidative metabolism, can 
react with cellular constituents including fatty acids, DNA and proteins resulting in damage to cells [16]. To reduce 
this deleterious effect the cell has various anti-oxidant chemicals and enzymatic means to detoxify free radicals, the 
resulting balance between their production and removal being termed the level of oxidative stress [16]. 

Many investigators have shown elevated oxidative stress in schizophrenia using a variety of chemical assays 
[17]-[20]. This includes our own findings which utilized the measurement of breath ethane and pentane to assess 
oxidative stress, volatiles biomarkers which are generated in the reaction of free radicals with omega-3 and 
omega-6 fatty acids respectively [21] [22]. We have previously shown both elevated levels of breath ethane and 
pentane, and reduced MNA response in patients with schizophrenia [11] [21]. In a subset of participants, how-
ever, data for all measurements are available giving us the opportunity to compare the two non-invasive meas-
ures, specifically to test the specific hypothesis that reduced MNA response is associated with elevated oxidative 
stress as estimated by measuring breath ethane concentrations. Furthermore, whether reduced MNA response is 
associated with lower concentrations of the lipid-soluble anti-oxidant vitamin E (alpha-tocopherol), an occu-
rence which would be expected to raise oxidative stress, is also investigated. 

2. Methods 
2.1. Participants 
Subjects, both male and female, aged between 18 and 54, were recruited to the study over a 1-year period 
(Table 1). Patients with schizophrenia all met DSM-IV criteria [23] for the illness and were recruited either 
during admission to hospital for an acute exacerbation of their illness, or from the community, where it was  
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Table 1. Participant characteristics.                                                                         

Measure 
Participant group 

Healthy control Schizophrenia 

na 16 17 

Age (years) 34 ± 9b 34 ± 10b 

Male/Female 6/10 9/8 

PANSSc NA 81± 14b 

BPRSd NA 27 ± 13b 

Breath ethane (PPBVe) 0.9 ± 0.7b 2.7 ± 2.1b,g 

VNR20
f 30 ± 11b 12 ± 7b,h 

Serum vitamin E (µmol/l) 24 ± 7b 29 ± 9b 

anumber of participants; bvalues are mean ± standard deviation; cpositive and negative syndrome scale; dbrief psychiatric rating scale; eparts per billion 
by volume; fvolumetric niacin ratio over 20 minutes. The two groups were compared using a series of t-tests: g : P < 0.01, h : P < 0.001. 
 
noted that they were symptomatic but not yet requiring hospitalisation. Patients with schizophrenia were in re-
ceipt of a variety of psychotropic medications: typical antipsychotics (droperidol (9), chlorpromazine (3), thi-
oridazine (2), zuclopenthixol (3), flupentixol (2), sulpiride (1)) atypical antipsychotics (clozapine (5), amisulpi-
ride (1), olanzapine (4), risperidone (1)), selective serotonin reuptake inhibitors (sertaline (2), paroxetine (3), 
fluoxetine (1)), benzodiazepines (lorazepam (6), temazepam (1), diazepam (1)). Healthy volunteers were re-
cruited by advertisement in a local hospital and in a local office. All healthy volunteers had no current physical 
health problems (as screened using a general health questionnaire), and had no current or past history of mental 
illness, this being determined using an interview and the Brief Symptom Inventory [24]. The study had the ap-
proval of the Highland Health Board Ethics committee (UK) and each subject gave written consent after receiv-
ing a full explanation of the study. Patients with schizophrenia were assessed using the Brief Psychiatric Rating 
Scale (BPRS) [25] and the Positive and Negative Symptom Scale (PANSS) [26]. Data were also collected on 
non-psychotropic current medication. Any subject taking non-steroidal anti-inflammatory drugs within 48 hours 
of tested were excluded since these compounds interfere with the methyl nicotinate response.  

2.2. Methyl Nicotinate Response 
The measurement of methylnicotinate response was performed as per our previous publications [4] [11]. Briefly 
aqueous solutions 1, 10 and 100 mM MNA, along with a vehicle control containing no MNA, were applied to 
the forearms of participants in the form of a paper “patch” applied for 1 minute. The resulting erythema was 
rated every 5 minutes over a 20 minute time period using a 4 point scale using visual inspection by a rater 
blinded to the diagnosis. The approximate ‘area under the curve’ is then calculated to produce the final score 
known as the volumetric niacin response over 20 minutes (VNR20) as described [8]. 

2.3. Breath Analysis 
The measurement of breath ethane was performed exactly as described in our previous publications [21] [22]. 
Briefly, the final 130 ml of the full exhalation of the lungs is collected and applied to a solid sorbent to store and 
concentrate the trace gas compounds present in breath. The sorbent is then heated to release the gases which are 
then separated by gas chromatography and ethane quantified using electron ionisation mass spectrometry.  

2.3. Quantification of Serum Vitamin E Concentrations 
Serum was prepared from venous blood collected from fasted subjects by allowing blood to clot at room tem-
perature followed by centrifugation at 1000 g. Vitamin E concentration was determined by HPLC as described 
[27]. 

3. Results 
We have previously reported MNA response and breath ethane concentrations in a subset of these patients [11] 
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[18] but summary data showing that patients with schizophrenia show reduced (P < 0.05) MNA-induced erythe-
ma and elevated breath ethane (P < 0.05) compared to healthy controls is shown in Table 1. Serum vitamin E 
concentrations, previously unreported, were unchanged. Since all three measures are available for each subject it 
was possible to investigate, for the first time, any relationship between them using regressional analysis (Table 2). 
MNA response was not correlated with serum vitamin E concentration but was significantly correlated with 
breath ethane concentrations (P < 0.05) in the schizophrenia group (Figure 1) but, contrary to the hypothesized 
negative correlation, the correlation was positive (Pearson correlation coefficient = 0.76) i.e. reduced MNA re-
sponse is associated with lower breath ethane concentration rather than higher. 

4. Discussion 
Our data support the hypothesis that there is a relationship between impaired MNA response in schizophrenia 
and the level of oxidative stress in these patients as estimated using breath ethane concentrations. However a 
causative role for oxidative damage to cellular fatty acids in reducing MNA response is unlikely given that that 
apparently higher oxidative stress is associated with higher MNA response and vice versa. Instead the possibility 
must be considered that persons with decreased MNA response possess a reduced ability to utilize fatty acids in 
multiple oxygenation reactions, these being the enzymatic cyclo-oxygenase pathway essential to producing the 
MNA response, and to non-enzymatic reaction with reactive oxygen species. In other words the bioavailability 
of membrane fatty acids is compromised for these, and possibly other reactions. In such a scenario, while the 
average extent of oxidative stress may be elevated in schizophrenia as suggested by our own and many other 
studies (see Introduction), our results suggest that oxidative stress is lower or even normal (compared to healthy 
controls) in patients who also exhibit the greatest impairment of MNA-induced vasodilatation. This offers a po-
tential explanation as to why, even though we [11] and many other researchers find that arachidonic acid abun-
dance is reduced in schizophrenia [for example see reference 19], this does not correlate with reduced MNA re-
sponse. Specifically, the analysis of chemically extracted lipids does not assess their biological availability for 
particular reactions, but merely their chemical concentration. Instead impairment on MNA response may be in-
dicative not of less arachidonic acid but of its decreased metabolic utilization. While it could be argued that ele-
vated activity of antioxidants could be responsible for both cyclo-oxygenase inhibition and reduced ethane pro- 
duction [13] [28] we found no correlation between MNA response and the serum concentration of the major li-
pid-soluble anti-oxidant vitamin E although it should be noted that other anti-oxidant systems need to be ex-
amined to confirm such a conclusion. Instead, other metabolic alterations may underlie our findings including 
the decreased release of arachidonic acid from membrane phospholipids and/or elevated rates of fatty acid reup-
take, both of which could reduce MNA response [6] [12]. This in turn would be compatible with neuroscientific 
 
Table 2. Correlationa between methyl nicotinic acid response (VNR20) and breath ethane and erythrocyte fatty acid concen- 
trations.                                                                                                

Group 
Measure 

Breath ethane Serum vitamin E 
Healthy controls −0.03 −0.04 
Schizophrenia 0.76b 0.21 

avalues shown are Pearson correlation coefficients; b. P < 0.01. 
 

 
Figure 1. Relationship between methyl nicotinate response (VNR20) and breath ethane concentration. 



B. M. Ross, I. Glen 
 

 
145 

findings which suggest that impaired arachidonic acid signaling in the brain could potentiate dopaminergic neu-
rotransmission in a manner which may heighten psychosis [29]. 

5. Conclusion 
In summary, while a correlation was found between MNA response and oxidative stress, it is unlikely that ele-
vated oxidative stress in schizophrenia plays any causative role. Instead, it is postulated that the bioavailability 
of fatty acids, in particular arachidonic acid, is reduced in patients exhibiting both impaired MNA response and 
a low extent of oxidative stress. Such findings shed further light on the mechanism of decreased MNA-induced 
vasodilatation in schizophrenia. 

Acknowledgements 
We thank the European Development Fund and Laxdale Ltd. for their support of this work. Note that one of the 
authors, Prof. Iain Glen, died while this manuscript was being prepared. This paper is published in his memory. 

References 
[1] Mueser, K.T. and McGurk, S.R. (2004) Schizophrenia. Lancet, 363, 2063-2072. 

http://dx.doi.org/10.1016/S0140-6736(04)16458-1 
[2] Horrobin, D.F. (1980) Schizophrenia: A Biochemical Disorder. Biomedicine, 32, 54-55. 
[3] Hudson, C.J., Lin, A., Cogan, S., Cashman, F. and Warsh J.J. (1997) The Niacin Challenge Test: Clinical Manifesta-

tion of Altered Transmembrane Signal Transduction in Schizophrenia? Biological Psychiatry, 41, 507-513. 
http://dx.doi.org/10.1016/S0006-3223(96)00112-6 

[4] Ward, P.E., Sutherland, J., Glen, E.M.T. and Glen, A.I.M. (1998) Niacin Skin Flush in Schizophrenia: A Preliminary 
Report. Schizophrenia Research, 29, 269-274.http://dx.doi.org/10.1016/S0920-9964(97)00100-X 

[5] Morrow, J.D., Awad, J.A., Oates, J.A. and Roberts, L.J. (1992) Identification of Skin as a Major Site of Prostaglandin 
D2 Release Following Oral Administration of Niacin in Humans. Journal of Investigative Dermatology, 98, 812-815. 
http://dx.doi.org/10.1111/1523-1747.ep12499963 

[6] Benyó, Z., Gille, A., Kero, J., Csiky, M., Suchánková, M.C., Nüsing, R.M., Moers, A. and Pfeffer, K. (2005) GPR 
109A (PUMA-G/HM74A) Mediates Nicotinic Acid-Induced Flushing. The Journal of Clinical Investigation, 115, 
3634-3640. http://dx.doi.org/10.1172/JCI23626 

[7] Easton, T., Hirsch, S.R., Das, I., Kidane, L., Richardson, A.J. and Puri, B.K. (2000) The Relationship of the Area under 
the Niacin Flush Dose-Response Curve and Schizophrenia Status. Schizophrenia Research, 41, 244. 
http://dx.doi.org/10.1016/S0920-9964(00)90914-9 

[8] Puri, B.K., Hirsch, S.R., Easton, T. and Richardson, A.J. (2002) A Volumetric Biochemical Niacin Flush-Based Index 
that Noninvasively Detects Fatty Acid Deficiency in Schizophrenia. Progress in Neuropsychopharmacology and Bio-
logical Psychiatry, 26, 49-52. http://dx.doi.org/10.1016/S0278-5846(01)00220-2 

[9] Shah, S.H., Vankar, G.K., Peet, M. and Ramchand, C.N. (2000) Unmedicated Schizophrenic Patients Have a Reduced 
Skin Flush in Response to Topical Niacin. Schizophrenia Research, 43, 163-164. 

[10] Ross, B.M., Hughes, B., Turenne, S., Seeman, M. and Warsh, J.J. (2004). Reduced Vasodilatory Response to Methyl-
nicotinate in Schizophrenia as Assessed by Laser Doppler Flowmetry. European Neuropsychopharmacology, 14, 191- 
197. http://dx.doi.org/10.1016/S0924-977X(03)00145-7 

[11] Maclean, R., Ward, P.E., Glen, I., Roberts, S.J. and Ross, B.M. (2003) On the Relationship between Methylnicotinate- 
Induced Skin Flush and Fatty Acids Levels in Acute Psychosis. Progress in Neuropsychopharmacology and Biological 
Psychiatry, 27, 927-933.http://dx.doi.org/10.1016/S0278-5846(03)00152-0 

[12] Nadalina, S., Buretić-Tomljanović, A., Rubesa, G., Tomljanović, D. and Gudelj, L. (2010) Niacin Skin Flush Test: A 
Research Tool for Studying Schizophrenia. Psychiatria Danubia, 22, 14-27. 

[13] Covault, J., Pettinati, H., Moak, D., Mueller, T. and Kranzler, H.R. (2004) Association of a Long-Chain Fatty Ac-
id-CoA Ligase 4 Gene Polymorphism with Depression and with Enhanced Niacin-Induced Dermal Erythema. Ameri-
can Journal of Medical Genetics Part B: Neuropsychiatric Genetics, 127, 42-47. 
http://dx.doi.org/10.1002/ajmg.b.20156 

[14] Nadalina, S., Giacomettib, J., Jonovskac, S., Tomljanovićd, D. and Buretić-Tomljanovića, A. (2013) The Impact of 
PLA2G4A and PTGS2 Gene Polymorphisms, and Red Blood Cell PUFAs Deficit on Niacin Skin Flush Response in 
Schizophrenia Patients. Prostaglandins, Leukotrienes and Essential Fatty Acids, 88, 185-190. 
http://dx.doi.org/10.1016/j.plefa.2012.11.005 

http://dx.doi.org/10.1016/S0140-6736(04)16458-1
http://dx.doi.org/10.1016/S0006-3223(96)00112-6
http://dx.doi.org/10.1016/S0920-9964(97)00100-X
http://dx.doi.org/10.1111/1523-1747.ep12499963
http://dx.doi.org/10.1172/JCI23626
http://dx.doi.org/10.1016/S0920-9964(00)90914-9
http://dx.doi.org/10.1016/S0278-5846(01)00220-2
http://dx.doi.org/10.1016/S0924-977X(03)00145-7
http://dx.doi.org/10.1016/S0278-5846(03)00152-0
http://dx.doi.org/10.1002/ajmg.b.20156
http://dx.doi.org/10.1016/j.plefa.2012.11.005


B. M. Ross, I. Glen 
 

 
146 

[15] Lien, Y, Huang, S. Liu, C, Hwu, H., Faraone, S.V., Tsuang, M.T. and Chen, W.J. (2013) A Genome-Wide Quantitative 
Linkage Scan of Niacin Skin Flush Response in Families with Schizophrenia. Schizophrenia Bulletin, 39, 68-76. 
http://dx.doi.org/10.1093/schbul/sbr054 

[16] Halliwell, B. and Gutteridge, J.M. (1999) Free Radicals in Biology and Medicine. 3rd Edition. Oxford University Press, 
Oxford. 

[17] Akyol, O., Herken, H., Uz, E., Fadillioğlu, E., Unal, S., Söğüt, S., Ozyurt, H. and Savaş, H.A. (2002) The Indices of 
Endogenous Oxidative and Antioxidative Processes in Plasma from Schizophrenic Patients. The Possible Role of Oxi-
dant/Antioxidant Imbalance. Progress in Neuropsychopharmacology and Biological Psychiatry, 26, 995-1005. 
http://dx.doi.org/10.1016/S0278-5846(02)00220-8 

[18] Reddy, R., Sahebarao, M.P., Mukherjee, S. and Murthy, J.N. (1991) Enzymes of the Antioxidant Defense System in 
Chronic Schizophrenic Patients. Biological Psychiatry, 30, 409-412. http://dx.doi.org/10.1016/0006-3223(91)90298-Z 

[19] Mahadik, S.P. and Mukherjee, S. (1996) Free Radical Pathology and Antioxidant Defense in Schizophrenia: A Review. 
Schizophrenia Research, 19, 1-17.http://dx.doi.org/10.1016/0920-9964(95)00049-6 

[20] Kuloglu, M., Ustundag, B., Atmaca, M., Canatan, H., Tezcan, A.E. and Cinkilinc, N. (2002) Lipid Peroxidation and 
Antioxidant Enzyme Levels in Patients with Schizophrenia and Bipolar Disorder. Cellular and Biochemical Function, 
20, 171-175.http://dx.doi.org/10.1002/cbf.940 

[21] Ross, B.M., Maxwell, R. and Glen, I. (2011) Increased Breath Ethane Levels in Medicated Patients with Schizophrenia 
and Bipolar Disorder Are Unrelated to Erythrocyte Omega-3 Fatty Acid Abundance. Progress in Neuropsychophar-
macology and Biological Psychiatry, 35, 446-453.http://dx.doi.org/10.1016/j.pnpbp.2010.11.032 

[22] Ross, B.M., Shah, S. and Peet, M. (2011) Increased Breath Ethane and Pentane Concentrations in Currently Unmedi-
cated Patients with Schizophrenia. Open Journal of Psychiatry, 1, 1. http://dx.doi.org/10.4236/ojpsych.2011.11001 

[23] American Psychiatric Association (1994) Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Ameri-
can Psychiatric Association, Washington DC. 

[24] Derogatis, L.R. and Melisaratos, N. (1983) The Brief Symptom Inventory: An Introductory Report. Psychological 
Medicine, 13, 595-605. http://dx.doi.org/10.1017/S0033291700048017 

[25] Overall, J.E. and Gorham, D. (1962) The Brief Psychiatric Rating Scale. Psychological Reports, 10, 799-812. 
http://dx.doi.org/10.2466/pr0.1962.10.3.799 

[26] Kay, S.R., Fiszbein, A. and Opler, L.A. (1987) The Positive and Negative Syndrome Scale (PANSS) for Schizophrenia. 
Schizophrenia Bulletin, 13, 261-276.http://dx.doi.org/10.1093/schbul/13.2.261 

[27] Catignani, G.L. and Bieri, J.G. (1983) Simultaneous Determination of Retinol and Alpha-Tocopherol in Serum or 
Plasma by Liquid Chromatography. Clinical Chemistry, 29, 708-712. 

[28] O’Leary, K.A., de Pascual, T.S., Needs, P.W., Bao, Y.P., O’Brien, N.M. and Williamson, G. (2004) Effect of Flavon-
oids and Vitamin E on Cyclooxygenase-2 (COX-2) Transcription. Mutation Research, 551, 245-254. 

[29] Glen, A.I.M. and Ross, B.M. (2004) Eicosanoids in the Central Nervous System. In: Curtis-Prior, P., Ed., The Eicosa-
noids, Wiley, London, 210-220. 

http://dx.doi.org/10.1093/schbul/sbr054
http://dx.doi.org/10.1016/S0278-5846(02)00220-8
http://dx.doi.org/10.1016/0006-3223(91)90298-Z
http://dx.doi.org/10.1016/0920-9964(95)00049-6
http://dx.doi.org/10.1002/cbf.940
http://dx.doi.org/10.1016/j.pnpbp.2010.11.032
http://dx.doi.org/10.4236/ojpsych.2011.11001
http://dx.doi.org/10.1017/S0033291700048017
http://dx.doi.org/10.2466/pr0.1962.10.3.799
http://dx.doi.org/10.1093/schbul/13.2.261

	The Relationship between Impaired Methylnicotinate Response and Oxidative Stress in Schizophrenia
	Abstract
	Keywords
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Methyl Nicotinate Response
	2.3. Breath Analysis
	2.3. Quantification of Serum Vitamin E Concentrations

	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgements
	References

