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Abstract

Background and Purpose—α-Melanocyte stimulating hormone (α-MSH) is an endogenously

produced neuropeptide derived from the same precursor as adrenocorticotropic hormone. α-MSH

has profound immunomodulatory properties and may also be neuroprotective. Nothing is known

about α-MSH and changes in its plasma concentrations in patients with acute ischemic stroke.

Methods—In this prospective observational study, plasma concentrations of α-MSH,

adrenocorticotropic hormone, cortisol, and interleukin 6 were assessed longitudinally over the

course of 1 year after stroke onset in 111 patients. Logistic regression was used to the effect of

initial plasma α-MSH, adrenocorticotropic hormone, cortisol, and interleukin 6 on long-term

outcome.

Results—There was an early decrease in plasma α-MSH in patients with severe stroke (National

Institutes of Health Stroke Scale ≥17) that normalized over the course of the year; these same

patients evidenced elevations in plasma cortisol and interleukin 6. Higher initial plasma α-MSH,

but not adrenocorticotropic hormone, cortisol, or interleukin 6, was independently predictive of

good long-term outcome.

Conclusions—This research is the first to study endogenous changes in plasma α-MSH after

stroke. The independent effect of early plasma α-MSH on stroke outcome, as well as a growing

body of experimental data demonstrating improved stroke outcome with exogenous α-MSH

administration, suggests a potential therapeutic role for α-MSH in the treatment of stroke.
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Alpha-melanocyte stimulating hormone (α-MSH) is a 13 amino acid neuropeptide derived

from proopiomelanocortin (POMC), a prohormone polypeptide expressed in the brain, the

pituitary gland, and in peripheral tissues, such as the immune system and skin.1 The

processing of POMC depends on a series of prohormone convertases (PCs), and the tissue in
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which POMC is processed determines its eventual end products. In brain, POMC is

expressed in the arcuate nucleus of the hypothalamus. Cleavage by PC1 leads to the

production of adrenocorticotrophic hormone (ACTH) and β-lipotropin; further processing by

PC2 leads to production of smaller peptides, including α-MSH and β-endorphin.1,2 α-MSH

production is, thus, more robust in tissues that highly express PC2.

As part of the acute phase/stress response in stroke, cortisol is elevated, and these elevations

correlate with both stroke severity and outcome.3–5 Cortisol production depends largely on

the expression of ACTH, and given the common origin of ACTH and α-MSH, we

hypothesized that there might be stroke-induced alterations in α-MSH. In patients with

traumatic brain injury, for instance, decreases in plasma α-MSH occur and are associated

with worse outcome.6 To our knowledge, no studies have evaluated endogenous changes in

α-MSH after stroke. Based on experimental data, however, a decrease similar to that seen in

patients with traumatic brain injury is anticipated.7 We, thus, sought to describe the time

course of changes in plasma α-MSH after ischemic stroke in relation to ACTH and cortisol.

Because not all cortisol production depends on ACTH, however, we also assessed plasma

interleukin (IL) 6, a cytokine that activates the hypothalamic-pituitary-adrenal axis and can

directly stimulate cortisol production by the adrenal gland.8

Methods

Research Subjects

This study was part of a larger prospective study that followed immune responses over the

course of the year after stroke onset.9,10 The study was approved by the institutional review

board, and all of the patients or their surrogates provided informed consent. Patients with

ischemic stroke admitted to either Harborview Medical Center or the University of

Washington Medical Center from September 2005 through May 2009 who were ≥18 years

of age could be enrolled within 72 hours of symptom onset and were felt not likely to die

from their stroke were eligible. Patients with ongoing therapy for malignancy, known

history of HIV or hepatitis B or C, history of brain tumor, anemia (hematocrit <35 on

admission), and those taking immunomodulatory drugs were excluded. Blood was drawn as

soon as possible after stroke onset and at 3, 7, 30, 90, 180, and 365 days after stroke onset.

Plasma was frozen at −80° until use.

Clinical Data

Demographic and clinical data were collected on all of the patients. Stroke severity was

determined by the National Institutes of Health Stroke Scale score and outcome by the

modified Rankin Scale. Total infarct volume on initial diffusion-weighted MRI was

calculated by the ABC/2 method by a single radiologist trained in the Cardiovascular Health

Study and Atherosclerosis Risk in Communities protocols for infarct scoring.11 Information

about therapeutic interventions for the treatment of stroke and stroke-related complications,

such as infection, was collected. Infection was defined as clinical symptoms of an infection

(fever and/or pyuria for urinary tract infection and fever and/or productive cough and

radiographic evidence of consolidation for pneumonia) and positive culture data (for both

pneumonia and urinary tract infection).10
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Laboratory Studies

Leukocyte counts, plasma cortisol, and ACTH concentrations were determined by the

clinical laboratory. Plasma α-MSH concentrations were determined using a commercially

available enzyme immunoassay kit (Phoenix Pharmaceuticals, Belmont, CA). Briefly,

peptides were eluted from 0.5 mL of acidified plasma using C18-SEP columns containing

200 mg of C18 (Phoenix Pharmaceuticals, Belmont CA); the samples were evaporated by

centrifugal vacuum concentration and reconstituted in 125 μL of buffered saline before

enzyme immunoassay. The concentration of circulating IL-6 was measured with a

cytometric bead-based system (Fluorokine MAP, R&D Systems); the lower limit of

detection was 1.11 pg/mL. Values below the limit of detection are referred to as not detected

and assigned the lowest limit of detection for statistical testing.

Statistics

Descriptive data are presented as median and interquartile range. Group comparisons were

performed using the Mann-Whitney U test or Kruskal-Wallis H test. Data were normalized

and associations tested using the Pearson correlation. Logistic regression was used to

estimate the odds ratio and 95% CI for the effect of the highest initial α-MSH concentration

(within 72 hours of stroke onset) on neurological outcome at 1, 3, 6, and 12 months after

stroke onset. Given the relatively severe strokes seen in this study, good outcome was

defined as independent ambulation (modified Rankin Scale ≤3). Significance was set at

P≤0.05.

Results

A total of 114 patients were enrolled in the parent study; plasma α-MSH concentrations

were determined in 111 of these patients, who are the subject of this article. The

characteristics of the overall study population have been described elsewhere.9,10 For the

111 patients in whom α-MSH was assessed early (by 72 hours), the median age was 57

years (range: 44–66 years), the median National Institutes of Health Stroke Scale score was

11 (range: 4–19), the median infarct volume was 12 mL (range: 1–80 mL), and 35% of the

patients were women. As in other publications related to this study population, we divided

patients into tertiles based on stroke severity to assess changes in plasma α-MSH over the

course of time.9,10 Patients with the most severe strokes (National Institutes of Health Stroke

Scale ≥17) had lower concentrations of plasma α-MSH than patients with the least severe

strokes at both 24 hours and 72 hours after stroke onset (Figure A). There was still a trend

toward decreased α-MSH at 1 week after stroke onset in these severely affected patients, but

the differences normalized over the course of time. At 1 year after stroke, the median α-

MSH concentration among all of the patients was 12.8 pg/mL (range: 6.4–21.1 pg/mL),

which is similar to that reported in the literature for healthy adults.12 Stroke severity

appeared to have little impact on plasma ACTH (Figure B), but patients with more severe

strokes evidenced increases in cortisol and IL-6 that persisted for ≥1 month after stroke

onset (Figure C and D).

Early relationships among α-MSH, ACTH, cortisol, and IL-6, as well as the relationships of

α-MSH, ACTH, cortisol, and IL-6 with infarct volume and stroke severity, are displayed in
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Table 1. Table 2 depicts the differences in the highest α-MSH concentration within the first

72 hours after stroke as a function of clinical and demographic differences between patients,

none of which are significant after controlling for stroke severity. Initial plasma α-MSH was

not predictive of early poststroke infection in either univariate analyses or analyses

controlling for covariates (data not shown).

The effect of α-MSH, ACTH, cortisol, and IL-6 on early and long-term outcomes is shown

in Table 3. Univariate associations between initial IL-6 and worse outcomes are seen early

after stroke (1 and 3 months), but this effect seems to be related solely to stroke severity.

Higher plasma cortisol is independently associated with worse outcomes at 1 month after

stroke onset, but this relationship attenuates over the course of time and is lost after

controlling for stroke severity and other important predictors of outcome. The effect of early

plasma α-MSH concentrations on outcome was not apparent until later time points after

stroke and was independent of initial stroke severity, patient age, and infection status.

Discussion

In this study we found early and sustained elevations in both plasma cortisol (to 1 month)

and IL-6 (to 6 months) among patients with severe stroke, whereas ACTH concentrations

were largely unchanged and α-MSH concentrations decreased early after stroke. That

elevated plasma cortisol is seen in patients with severe strokes and is associated with worse

outcome is well documented.3,5,13–15 Increased cortisol is considered to be a marker of the

acute phase/stress response in stroke and is variably attributed to increased ACTH and/or

IL-6.16,17 We found both plasma cortisol and IL-6 to be highly correlated with stroke

severity and infarct volume. As might be expected, there was a correlation between plasma

ACTH and cortisol, and this correlation was essentially unchanged after controlling for

stroke severity. Also, similar to previous studies, we saw a correlation between IL-6 and

plasma cortisol. This correlation was slightly attenuated but not lost after controlling for

stroke severity, suggesting that IL-6 may drive some cortisol production independent of

stroke severity and ACTH expression. Despite the common origin of α-MSH and ACTH

from POMC, the plasma concentrations of these neuropeptides were not correlated after

stroke, and the association between plasma α-MSH and stroke severity/infarct volume was

not nearly as robust as that seen for cortisol and IL-6. Given that the half-life of α-MSH in

circulation is on the order of minutes, it is possible that more significant associations

between α-MSH and stroke severity were missed because of timing of blood draws.

Despite the limitations of this study with regard to timing of blood draws, we were still able

to demonstrate a decrease in plasma α-MSH among patients with severe strokes (National

Institutes of Health Stroke Scale ≥17) early after stroke onset. To our knowledge, this is the

first study that addresses endogenous changes in plasma α-MSH after ischemic stroke,

although we did find a similar decrease in plasma α-MSH in an animal study of severe

stroke.7 Further, we found that higher plasma α-MSH was associated with an increased

likelihood of experiencing a good clinical outcome, an effect that was most apparent at later

time points after stroke and independent of stroke severity, patient age, and infection status.

In contrast, the associations between cortisol and IL-6 on outcome were most robust at early

time points after stroke and explained almost entirely by the fact that cortisol and IL-6 are
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markers of stroke severity. The lack of an independent association among cortisol, IL-6, and

stroke outcome has been documented previously.5,18

Both the independent association of α-MSH with stroke outcome and the delay in this

observed association suggest that the effect of early plasma α-MSH on outcome is more

than a reflection of the stress response related to stroke severity and that maintenance of

plasma α-MSH after stroke onset may be protective. Furthermore, a growing body of

experimental data shows that exogenous administration of α-MSH decreases infarct volume

and improves stroke outcome.7,19–22 There are numerous mechanisms by which α-MSH

(and related neuropeptides) could improve stroke outcome, and these effects are mediated

through 5 different melanocortin receptors (MCRs). Potent antipyretic properties of α-MSH,

which could potentially be capitalized on in the treatment of stroke, are mediated through

the MCR3/MCR4 receptor complex in the brain.23 MCR1 is expressed by cells of the

immune system and is responsible for mediating the robust anti-inflammatory and

immunomodulatory properties of α-MSH, which include the prevention of T-helper 1

responses and the induction of T regulatory responses to selected antigens.24–27 Given the

effect of α-MSH on the immune response, it is not surprising that it has been shown to

improve outcome in animal models of experimental allergic encephalomyelitis.28,29 We also

found that α-MSH administration decreased infarct volume and improved neurological

outcome 24 hours after transient middle cerebral artery occlusion in an animal model of

stroke.7 Consistent with the known effects of α-MSH on the immune response, we found

that splenocytes harvested from α-MSH–treated animals responded less well to

phytohemagglutinin (a lymphocyte mitogen) than splenocytes harvested from saline-treated

animals. Furthermore, the animals treated with α-MSH in this study were less likely to

develop autoimmune responses to myelin basic protein, a response associated with worse

stroke outcome.30,31 Finally, α-MSH has neurotrophic properties that could aid in stroke

recovery.32–37 At least some of these neurotrophic effects appear to be mediated by

MCR4.36,37 These effects of α-MSH, along with the immunomodulatory effects, may help

to explain why delayed administration of α-MSH can improve outcome and why the

association between early α-MSH and stroke outcome is not apparent until later time

points.20,37–39

α-MSH is an attractive candidate for stroke therapy given its multiplicity of actions and the

possibility that delayed administration may still be of therapeutic value. The attractiveness

of α-MSH as a therapeutic agent is further enhanced by its potential ease of administration;

MSH-related neuropeptides are absorbed through the nasal mucosa rapidly after

inhalation.40 In addition to exogenous administration of the neuropeptide, plasma α-MSH

concentrations could be augmented by strategies that favor α-MSH processing from POMC/

ACTH (ie, enhancing PC2 activity). The potent immunomodulatory properties of α-MSH,

however, suggest the possibility that this peptide could predispose to infection, a

complication that was seen in an animal model of stroke.41 In the current study, however,

we did not find an independent association between α-MSH and infection risk. Furthermore,

we did not see infectious complications related to α-MSH administration in our animal

model of stroke.7
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Limitations of this study include the lack of tightly controlled timing of blood draws early

after stroke onset. The median time from stroke onset to the “24-hour” blood draw was 28

hours (N=30), whereas the median time from stroke onset to the “72-hour” blood draw was

68 hours (N=101). It is certainly possible that rapid changes in plasma α-MSH were missed

by this sampling protocol. For the logistic regression, we chose to use the highest α-MSH

(ACTH, cortisol, and IL-6) in the first 72 hours of stroke onset to increase statistical power

(if only the 72-hour values are used, the results are similar but not quite as robust). To better

address dynamic changes in α-MSH after stroke, future studies will need to enroll patients

as soon as possible after stroke onset and perform frequent assays for both α-MSH and

related neuropeptide. Another limitation of this study is the fact that the statistics were not

corrected for multiple comparisons; results should, therefore, be interpreted as hypothesis

generating.

In summary, decreased plasma α-MSH is seen early after stroke onset in patients with

severe stroke. In addition, higher concentrations of plasma α-MSH are independently

associated with better stroke outcome. These data, along with a robust body of experimental

data, suggest that strategies to increase α-MSH may be a viable therapeutic intervention for

the treatment of acute ischemic stroke and should be further investigated.

Acknowledgments

Sources of Funding

This work was supported in part by NINDS R01NS049197.

References

1. D’Agostino G, Diano S. α-Melanocyte stimulating hormone: production and degradation. J Mol
Med. 88:1195–1201. [PubMed: 20617297]

2. Bicknell AB. The tissue-specific processing of pro-opiomelanocortin. J Neuroendocrinol. 2008;
20:692–699. [PubMed: 18601691]

3. Christensen H, Boysen G, Johannesen HH. Serum-cortisol reflects severity and mortality in acute
stroke. J Neurol Sci. 2004; 217:175–180. [PubMed: 14706221]

4. Slowik A, Turaj W, Pankiewicz J, Dziedzic T, Szermer P, Szczudlik A. Hypercortisolemia in acute
stroke is related to the inflammatory response. J Neurol Sci. 2002; 196:27–32. [PubMed: 11959152]

5. Neidert S, Katan M, Schuetz P, Fluri F, Ernst A, Bingisser R, et al. Anterior pituitary axis hormones
and outcome in acute ischaemic stroke. J Intern Med. 2011; 269:420– 432. [PubMed: 21205022]

6. Magnoni S, Stocchetti N, Colombo G, Carlin A, Colombo A, Lipton JM, et al. α-Melanocyte-
stimulating hormone is decreased in plasma of patients with acute brain injury. J Neurotrauma.
2003; 20:251–260. [PubMed: 12820679]

7. Savos AV, Gee JM, Zierath D, Becker KJ. α-MSH: a potential neuroprotective and
immunomodulatory agent for the treatment of stroke. J Cereb Blood Flow Metab. 2011; 31:606–
613. [PubMed: 20700130]

8. Path G, Scherbaum WA, Bornstein SR. The role of interleukin-6 in the human adrenal gland. Eur J
Clin Invest. 2000; 30(suppl 3):91–95. [PubMed: 11281377]

9. Becker K, Kalil A, Tanzi P, Zierath D, Savos A, Gee JM, et al. Auto-immune responses to brain
following stroke are associated with worse outcome. Stroke. 2011; 42:2763–2769. [PubMed:
21799171]

10. Tanzi P, Cain K, Kalil A, Zierath D, Savos A, Gee JM, et al. Post-stroke infection: a role for il-1ra?
Neurocrit Care. 2011; 14:244–252. [PubMed: 21174170]

Zierath et al. Page 6

Stroke. Author manuscript; available in PMC 2014 August 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



11. Sims JR, Gharai LR, Schaefer PW, Vangel M, Rosenthal ES, Lev MH, et al. ABC/2 for rapid
clinical estimate of infarct, perfusion, and mismatch volumes. Neurology. 2009; 72:2104–2110.
[PubMed: 19528517]

12. Shishioh-Ikejima N, Ogawa T, Yamaguti K, Watanabe Y, Kuratsune H, Kiyama H. The increase of
α-melanocyte-stimulating hormone in the plasma of chronic fatigue syndrome patients. BMC
Neurol. 2010; 10:73. [PubMed: 20731841]

13. Mulley GP, Wilcox RG, Harrison MJ. Plasma cortisol as a measure of stress response in acute
stroke. Stroke. 1989; 20:1593. [PubMed: 2815197]

14. Anne M, Juha K, Timo M, Mikko T, Olli V, Kyosti S, et al. Neuro-hormonal activation in ischemic
stroke: effects of acute phase disturbances on long-term mortality. Curr Neurovasc Res. 2007;
4:170–175. [PubMed: 17691970]

15. Fassbender K, Schmidt R, Mossner R, Daffertshofer M, Hennerici M. Pattern of activation of the
hypothalamic-pituitary-adrenal axis in acute stroke: relation to acute confusional state, extent of
brain damage, and clinical outcome. Stroke. 1994; 25:1105–1108. [PubMed: 8202965]

16. Johansson A, Olsson T, Carlberg B, Karlsson K, Fagerlund M. Hyper-cortisolism after stroke–
partly cytokine-mediated? J Neurol Sci. 1997; 147:43–47. [PubMed: 9094059]

17. Szczudlik A, Dziedzic T, Bartus S, Slowik A, Kieltyka A. Serum interleukin-6 predicts cortisol
release in acute stroke patients. J Endocrinol Invest. 2004; 27:37–41. [PubMed: 15053241]

18. Orion D, Schwammenthal Y, Reshef T, Schwartz R, Tsabari R, Merzeliak O, et al. Interleukin-6
and soluble intercellular adhesion molecule-1 in acute brain ischaemia. Eur J Neurol. 2008;
15:323–328. [PubMed: 18312408]

19. Forslin Aronsson S, Spulber S, Popescu LM, Winblad B, Post C, Oprica M, et al. α-Melanocyte-
stimulating hormone is neuroprotective in rat global cerebral ischemia. Neuropeptides. 2006;
40:65–75. [PubMed: 16414116]

20. Giuliani D, Ottani A, Mioni C, Bazzani C, Galantucci M, Minutoli L, et al. Neuroprotection in
focal cerebral ischemia owing to delayed treatment with melanocortins. Eur J Pharmacol. 2007;
570:57–65. [PubMed: 17588564]

21. Chen G, Frokiaer J, Pedersen M, Nielsen S, Si Z, Pang Q, et al. Reduction of ischemic stroke in rat
brain by αmelanocyte stimulating hormone. Neuropeptides. 2008; 42:331–338. [PubMed:
18359516]

22. Huh SK, Lipton JM, Batjer HH. The protective effects of α-melanocyte stimulating hormone on
canine brain stem ischemia. Neurosurgery. 1997; 40:132–139. discussion 139–140. [PubMed:
8971835]

23. Huang QH, Hruby VJ, Tatro JB. Systemic α-MSH suppresses LPS fever via central melanocortin
receptors independently of its suppression of corticosterone and IL-6 release. Am J Physiol. 1998;
275:R524–R530. [PubMed: 9688689]

24. Namba K, Kitaichi N, Nishida T, Taylor AW. Induction of regulatory T cells by the
immunomodulating cytokines α-melanocyte-stimulating hormone and transforming growth factor-
β2. J Leukoc Biol. 2002; 72:946–952. [PubMed: 12429716]

25. Ng TF, Kitaichi N, Taylor AW. In vitro generated autoimmune regulatory T cells enhance
intravitreous allogeneic retinal graft survival. Invest Ophthalmol Vis Sci. 2007; 48:5112–5117.
[PubMed: 17962463]

26. Taylor A, Namba K. In vitro induction of CD25+ CD4+ regulatory T cells by the neuropeptide α-
melanocyte stimulating hormone (α-MSH). Immunol Cell Biol. 2001; 79:358–367. [PubMed:
11488983]

27. Taylor AW, Streilein JW, Cousins SW. α-Melanocyte-stimulating hormone suppresses antigen-
stimulated t cell production of γ-interferon. Neuroimmunomodulation. 1994; 1:188–194.
[PubMed: 7489333]

28. Han D, Tian Y, Zhang M, Zhou Z, Lu J. Prevention and treatment of experimental autoimmune
encephalomyelitis with recombinant adeno-associated virus-mediated α-melanocyte-stimulating
hormone-transduced PLP139–151-specific T cells. Gene Ther. 2007; 14:383–395. [PubMed:
17066098]

Zierath et al. Page 7

Stroke. Author manuscript; available in PMC 2014 August 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



29. Taylor AW, Kitaichi N. The diminishment of experimental autoimmune encephalomyelitis (EAE)
by neuropeptide α-melanocyte stimulating hormone (α-MSH) therapy. Brain Behav Immun. 2008;
22:639– 646. [PubMed: 18171609]

30. Gee JM, Kalil A, Thullbery M, Becker KJ. Induction of immunologic tolerance to myelin basic
protein prevents central nervous system auto-immunity and improves outcome after stroke. Stroke.
2008; 39:1575–1582. [PubMed: 18323496]

31. Becker KJ, Kindrick DL, Lester MP, Shea C, Ye ZC. Sensitization to brain antigens after stroke is
augmented by lipopolysaccharide. J Cereb Blood Flow Metab. 2005; 25:1634–1644. [PubMed:
15931160]

32. Demeneix B, Grant NJ. α-Melanocyte stimulating hormone promotes neurite outgrowth in
chromaffin cells. FEBS Lett. 1988; 226:337–342. [PubMed: 2828106]

33. van der Neut R, Hol EM, Gispen WH, Bar PR. Stimulation by melanocortins of neurite outgrowth
from spinal and sensory neurons in vitro. Peptides. 1992; 13:1109–1115. [PubMed: 1337376]

34. Antonawich FJ, Azmitia EC, Strand FL. Rapid neurotrophic actions of an ACTH/MSH(4–9)
analogue after nigrostriatal 6-OHDA lesioning. Peptides. 1993; 14:1317–1324. [PubMed:
7907791]

35. Strand FL, Saint-Come C, Lee TS, Lee SJ, Kume J, Zuccarelli LA. ACTH/MSH(4–10) analog bim
22015 aids regeneration via neurotrophic and myotrophic attributes. Peptides. 1993; 14:287–296.
[PubMed: 8387188]

36. Adan RA, van der Kraan M, Doornbos RP, Bar PR, Burbach JP, Gispen WH. Melanocortin
receptors mediate α-MSH-induced stimulation of neurite outgrowth in neuro 2a cells. Brain Res
Mol Brain Res. 1996; 36:37–44. [PubMed: 9011763]

37. Giuliani D, Ottani A, Minutoli L, Stefano VD, Galantucci M, Bitto A, et al. Functional recovery
after delayed treatment of ischemic stroke with melanocortins is associated with overexpression of
the activity-dependent gene zif268. Brain Behav Immun. 2009; 23:844– 850. [PubMed: 19345727]

38. Giuliani D, Mioni C, Altavilla D, Leone S, Bazzani C, Minutoli L, et al. Both early and delayed
treatment with melanocortin 4 receptor-stimulating melanocortins produces neuroprotection in
cerebral ischemia. Endocrinology. 2006; 147:1126–1135. [PubMed: 16254026]

39. Giuliani D, Leone S, Mioni C, Bazzani C, Zaffe D, Botticelli AR, et al. Broad therapeutic
treatment window of [nle(4), d-phe(7)]α -melanocyte-stimulating hormone for long-lasting
protection against ischemic stroke, in mongolian gerbils. Eur J Pharmacol. 2006; 538:48–56.
[PubMed: 16647700]

40. Born J, Lange T, Kern W, McGregor GP, Bickel U, Fehm HL. Sniffing neuropeptides: a transnasal
approach to the human brain. Nat Neurosci. 2002; 5:514–516. [PubMed: 11992114]

41. Schulte-Herbruggen O, Quarcoo D, Brzoska T, Klehmet J, Meisel A, Meisel C. α-MSH promotes
spontaneous post-ischemic pneumonia in mice via melanocortin-receptor-1. Exp Neurol. 2008;
210:731–739. [PubMed: 18304533]

Zierath et al. Page 8

Stroke. Author manuscript; available in PMC 2014 August 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure.
Plasma concentrations of α-melanocyte stimulating hormone (α-MSH; A),

adrenocorticotrophic hormone (ACTH; B), cortisol (C), and interleukin (IL) 6 (D) over the

course of 1 year after stroke. Box plots depict the median and interquartile range. Data are

depicted by tertile of stroke severity, differs from the lowest tertile by *P≤0.05 or †P≤0.001.
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Table 2

Differences Between Initial Plasma α-MSH Concentrations (pg/mL) Based on Clinical and Demographic

Variables

Patient Characteristics Variables Unadjusted P Adjusted for Stroke Severity P

Sex Yes No

 Female 12.2 (6.1–20.5), N=39 11.6 (1.8–17.6), N=72 NS NS

Ethnicity Yes No

 White 11.6 (1.9–17.9), N=100 13.3 (10.5–45.8), N=11 0.140 0.076

Medical history Yes No

 AF 16.1 (9.9–27.9), N=16 11.5 (1.9–15.8), N=95 0.080 0.165

 CHD 12.3 (4.7–23.5), N=26 11.4 (2.0–17.0), N=85 NS NS

 DM 13.5 (0.6–22.8), N=27 11.6 (4.3–15.5), N=84 NS 0.154

 HTN 12.5 (0.5–21.4), N=59 11.0 (6.1–17.1), N=52 NS NS

 Smoker 10.2 (0.6–14.3), N=43 12.6 (4.7–18.7), N=68 0.123 NS

 Previous stroke (on imaging)* 13.0 (0.2–22.3), N=26 11.6 (3.7–18.0), N=82 NS NS

Oxfordshire Stroke Classification Yes

 TACS (N=17) 7.4 (0.3–11.4) 0.050 0.072

 PACS (N=62) 11.8 (3.7–19.3)

 LACS (N=10) 12.5 (6.6–13.7)

 POCS (N=22) 15.4 (6.6–30.2)

Stroke therapy Yes No

 IV tPA 10.5 (3.7–17.3), N=26 11.8 (2.0–18.2), N=85 NS NS

 Endovascular intervention 12.4 (0.5–29.7), N=15 11.8 (2.6–17.4), N=96 NS 0.075

 Hemicraniectomy 7.4 (0.2–10.8), N=9 12.3 (4.3–19.3), N=102 0.015 NS

Stroke complications Yes No

 Infection within 15 d 10.7 (0.4–13.9), N=26 12.5 (4.3–19.7), N=85 0.112 NS

 PNA within 15 d 9.8 (0.3–16.7), N=12 11.8 (4.4–18.4), N=99 0.198 NS

Statistics are by Mann-Whitney U test or Kruskal-Wallis H test and are either unadjusted or adjusted for stroke severity (using the NIHSS score as
a continuous variable).

AF indicates atrial fibrillation; CHD, coronary heart disease; DM, diabetes mellitus; HTN, hypertension; TACS, total anterior circulation stroke;
PACS, partial anterior circulation stroke; LACS, lacunar stroke; POCS, posterior circulation stroke; PNA, pneumonia; NIHSS, National Institutes
of Health Stroke Scale; NS, not significant; IV tPA, intravenous tissue-type plasminogen activator; MSH, melanocyte stimulating hormone. α-
MSH values indicate the highest α-MSH concentration within the first 72 h after stroke onset.

*
Three patients did not have MRI imaging and are not included in this analysis (P≥0.200).
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