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Abstract 

Background: Hormones can play a significant role in the 

pathogenesis of multiple sclerosis (MS). The aim of this 

study was to compare levels of ghrelin, leptin, and 

testosterone hormones of MS patients with healthy 

subjects, and assess the relationship between levels of 

peptide hormone and sex hormones in MS patients. 

Methods: 35 MS patients with definite relapsing 

remitting multiple sclerosis (RRMS) (male = 9, female = 26) 

and 13 healthy subjects (male = 4, female = 9) were 

enrolled in the study. Levels of serum ghrelin, leptin, and 

testosterone hormones were measured in this study. 

ANOVA and Pearson correlation were used for data 

analysis (P < 0.05). 

Results: The female and male participants of the patient 

group were compared with the healthy group. No 

significant differences were found in serum of leptin, 

ghrelin, testosterone, ghrelin/leptin, and 

testosterone/leptin (P < 0.05). Spearman correlation 

coefficient showed that leptin had a significant negative 

correlation with the variability of testosterone (r = -1.00) 

in the healthy male group. Moreover, leptin had a 

significant positive correlation with the variability of BMI 

(r = 0.68) and weight (r = 0.59), at the 0.01 level (2-tailed), 

in the female patient group. In addition, in the healthy 

male group, ghrelin had a significant negative correlation 

with the variability of weight (r = -1.00). 

Conclusion: According to the results, there was no 

significant difference between peptide and sex hormones 

of MS patients and healthy persons. Furthermore, there 

was no significant relationship between peptide and sex 

hormones of MS patients and healthy persons. 

Introduction 

Recently it has been shown that leptin, a cytokine-like 
hormone mainly secreted by adipocytes, can play a 
significant role in the pathogenesis of Multiple 
sclerosis (MS).1,2 

Leptin is a peptide hormone which regulates food 
intake, energy expenditure and metabolism.3 It also acts 
on the immune system cells by influencing the 
production of cytokines.1,2 It has been previously 
observed that in RRMS (relapsing remitting multiple 
sclerosis) patients, leptin causes the production of 
cytokines by peripheral blood mononuclear cells 
(PBMC) in the acute phase of the disease and these 
changes in leptin serum levels are related to disease 
activity.1,4-6 

Ghrelin is functionally a natural leptin 
antagonist.7,8 Recently, It has been shown that ghrelin 
as a polypeptide hormone exerts anti-inflammatory 
effects through inhibiting the secretion of both acute 
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and chronic cytokines and chemokines in human 
endothelial cells, and mediates the opposite effects of 
leptin on peripheral immune responses.9,10 In fact, 
ghrelin blocks the leptin-caused secretion of pro-
inflammatory cytokines by human T cells.10,11 

The difference in serum leptin concentration of the 
two genders is well known.12,13 Moreover, the results 
suggest that testosterone, as a gonadal hormone, may 
be one of the important regulators of leptin 
secretion.14 Recently it has been shown that 
testosterone therapy is safe and has potential 
neuroprotective effects in men with relapsing-
remitting MS, and that muscle mass significantly 
increased after this treatment.15 

Based on this evidence, the aim of this study was 
to compare levels of ghrelin, leptin, and testosterone 
hormones of MS patients with healthy subjects, and 
assess the relationship between levels of peptide 
hormone and sex hormone in MS patients. 

Materials and Methods 

The protocol of this study was approved by the Ethics 
Committee of Al-Zahra Multiple Sclerosis Center, and 
all individuals gave written informed consents. 35 MS 
patients with definite RRMS and 13 Healthy subjects 
were enrolled into the study.  

Exclusion criteria were as follows: presence of any 
concurrent psychiatric disease, regular drug use 
including oral contraceptives except for interferons or 
glatiramer acetate, presence of other diseases 
(neurological, endocrinological, rheumatological, 
hematological, acute or chronic infectious and/or 
inflammatory), liver or kidney dysfunction, or a body 
mass index (BMI) of over 28 Kg/m2. The patients and 
healthy groups matched for age, height, weight, and 
BMI. None of the healthy subjects had a history of 
autoimmune disorders, infection, or endocrine disease.  

Levels of serum ghrelin, leptin, and testosterone 
hormones were measured in this study. Serum levels 
were measured in blood samples collected from each 
participant’s antecubital vein at 8 a.m. after 12 hours 
of fasting. The blood samples were immediately 
centrifuged, and stored at -80°C until analyzed. The 
concentration of ghrelin hormone was measured 

through enzyme immunoassay using kits from EIA 
(Ghrelin "Human" EIA Kit, EK-031-31, 600808, Phonex 
Pharmaceuticals, Inc. California, U.S.A.). The 
concentration of leptin was measured through 
enzyme Immunoassay using kits from EASIA 
(KAP2281: 96 determinations BoiSource Europe S.A. 
rue the industry 8 B-1400 Nivelles Belgium). The 
concentration of total testosterone was measured 
through enzyme immunoassay using ELISA kits 
(DRG instruments GmbH, Germany division of DRG 
International Inc. Frauenbergstr.18, D-35039 
Marburg.LOT:29K048-4). All samples from the tested 
subjects were analyzed using the IA counter (ELISA 
reader, stat fax). The Intra-assay coefficients of 
variation (CV) for blood samples were 2.2% for 
ghrelin, 3.6% for leptin, and 3.28% for testosterone.  
Statistical analysis 
Data are expressed as mean ± SD. Statistical analysis 
was performed using ANOVA and followed by LSD 
post-hoc multiple comparisons test. The correlation 
between variables was calculated by Pearson 
correlation. P-values of less than 0.05 were considered 
to be statistically significant. Data were statistically 
evaluated with SPSS for Windows (version16; SPSS 
Inc., Chicago, IL., USA).  

Results 

Demographic and clinical characteristics of all 48 
participants of this study are given in table 1. There 
were no significant differences at baseline in terms of 
weight, height, and BMI in males and females 
between the two groups (healthy and patients).  

 The female and male participants of the patient 
group were compared with the healthy group. There 
was no significant difference in serum of leptin, ghrelin, 
testosterone, ghrelin/leptin, testosterone/leptin 
(P < 0.05), which can be observed in table 2. 

To assess the relationships between leptin, ghrelin, 
or testosterone levels, and several variables, Spearman 
correlation coefficient analysis was carried out and 
adjusted for age, gender, BMI, leptin, ghrelin, and 
testosterone for four groups of healthy subjects and 

patients (Table 3).  

 
Table 1. Characteristics of the 13 male and 35 female subjects of this study are given as mean ± SD and independent sample 
t-test 

Variables 

Healthy  
male group 
mean ± SD  

(n = 4) 

Patients' 
male group 
mean ± SD  

(n = 9) 

t P 

Healthy female 
group 

mean ± SD 
(n = 9) 

Patients' 
female group 
mean ± SD 

(n = 26) 

t P 

Height (m) 1.77 ± 0.06 1.74 ± 0.04 1.02 0.33 1.63 ± 0.06 1.60 ± 0.05 1.8 0.07 

Weight (kg) 74.50 ± 2.51 69.57 ± 5.44 1.68 0.12 60.77 ± 6.09 61.03 ± 8.97 0.08 0.93 

BMI (Kg.m2) 23.60 ± 0.95 22.95 ± 2.24 0.53 0.60 22.72 ± 2.95 23.87 ± 3.53 0.87 0.37 
P < 0.05, df = 11 for males, df = 33 for females 
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Table 2. Measured parameters (mean ± SD) and Student’s Independent t-test in measured variables in the male and female 
healthy subjects and patients with multiple sclerosis 

Variables 

Healthy  
male group 
mean ± SD 

(n = 4) 

Patients'  
male group 
mean ± SD  

(n = 9) 

t P 

Healthy  
female group 
mean ± SD  

(n = 9) 

Patients' 
female group 
mean ± SD  

(n = 26) 

t P 

Leptin (ng/ml) 5.07 ± 3.78 1.02 ± 1.23 -2.03 0.07 17.93 ± 1.41 16.45 ± 8.51 0.29 0.77 
Ghrelin (ng/ml) 6.32 ± 2.40 8.53 ± 0.32 0.16 0.87 6.69 ± 1.51 7.15 ± 1.51 0.76 0.44 
Testosterone (ng/ml) 6.88 ± 2.96 6.60 ± 2.07 1.7 0.10 0.39 ± 0.41 0.43 ± 0.13 0.26 0.79 
Ghrelin/Leptin 1.97 ± 1.26 31.87 ± 37.7 1.58 0.21 0.60 ± 0.46 1.53 ± 3.31 0.83 0.42 
Testosterone/Leptin 2.11 ± 1.41 30.53 ± 40.04 1.40 0.25 0.03 ± 0.03 0.08 ± 0.15 0.90 0.39 

P < 0.05, df = 11 for males, df = 33 for females  
 

Table 3. Relationships between hormone plasma levels as leptin, ghrelin, testosterone, and anthropometric parameters in 
healthy and multiple sclerosis subjects 

Relationship 
Healthy group  

M (n = 4) 
Healthy group 

F (n = 9) 
Patients' group 

M (n = 9) 
Patients' group 

F (n = 26) 
R P r P r P r P 

Leptin         
Ghrelin 0.31 0.68 -0.26 0.48 -0.17 0.70 -0.10 0.60 
Testosterone -1.00*  -0.05 0.89 -0.35 0.43 0.09 0.66 
BMI -0.40 0.60 0.35 0.35 0.64 0.11 0.68**   < 0.01 
Weight 0.31 0.68 0.20 0.58 0.68 0.90 0.59**  0.01 
Age 0.80 0.20 0.38 0.30 0.37 0.40 0.29 0.14 

Ghrelin         
Testosterone 0.31 0.68 0.18 0.64 0.07 0.87 -0.35 0.07 
BMI 0.31 0.68 -0.46 0.20 0.01 0.96 -0.15 0.44 
Weight -1.00*  -0.36 0.34 0.09 0.84 -0.09 0.64 
Age 0.31 0.68 0.51 0.16 0.12 0.78 0.26 0.20 

Testosterone         
BMI 0.40 0.60 -0.51 0.15 -0.03 0.93 0.44 0.02 
Weight 0.31 0.68 -0.02 0.94 0.18 0.69 0.25 0.21 
Age 0.80 0.20 -0.15 0.68 0.39 0.37 0.31 0.11 

F = female, M = male, n= number 
**Correlation is significant at the 0.01 level (2-tailed) 
*Correlation is significant at the 0.05 level (2-tailed) 

 
The Spearman correlation showed that, in the 

healthy male group, leptin had a significant negative 
correlation with the variability of testosterone  
(r = -1.00), and also in the patient female group, leptin 
was associated positively and significantly with the 
variability of BMI (r = 0.68) and weight (r = 0.59), at the 
0.01 level (2-tailed). 

In addition, in the healthy male group ghrelin was 
had a significant negative correlation with the 
variability of weight (r = -1.00).  

Discussion 

In our study there was a significant difference in 
leptin levels. We found that leptin in females was 
higher than in males, and the mean plasma level of 
leptin in female patients was higher than in healthy 
female participants; this was not significant. 
Researchers concluded that males have lower plasma 
leptin concentrations than their female counterparts at 
any level of adiposity.16-19 Wauters has previously 

mentioned the existence of gender differences in 
leptin levels; leptin levels were found to be two to 
threefold higher in females than in males with the 
same BMI.14,17-19 These differences reflect the 
difference in body composition between the two 
genders, and higher percentage of body fat and a 
higher ratio of subcutaneous to visceral fat in 
females.14 Furthermore, it was shown that females 
have higher cerebro-spinal leptin levels.20 Leptin acts 
through its receptor present on the immune cells, and 
supports the inflammatory response by causing the 
cascade of pro-inflammatory cytokines.21,22 Therefore, 
two to threefold higher leptin levels in females than in 
males could be associated with the prevalence of MS 
in females.34 Munger et al. have shown that obesity at 
the age of 18 (BMI = 30 kg/m2) is associated with a 
greater than twofold increased risk of MS; weight 
during adolescence is one of the critical factors in 
determining risk of MS.23 

The hypothesis is that obesity could be mediated 
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by a low-grade chronic inflammatory state. Adipose 
tissue secretes cytokines that influence the immune 
system function, including leptin, and interleukin-6, 
both of which have been shown to reduce regulatory 
T cell activity.24-27 The elevation of leptin levels were 
inversely correlated with frequency of regulatory T 
cells in MS patients.4 There are several studies which 
suggest the pathogenesis of the effects of leptin 
hormone in MS patients.5,6,22,28  

Leptin may modulate the MS inflammatory 
process during relapses.5 In a study by Batocchi et al., 
an increase of leptin was observed before the first 
clinical exacerbation in relapsing patients, but after 
two months of INF-beta therapy, leptin significantly 
decreased.6 Therefore, they suggested that leptin be 
considered as a marker of disease activity.6 They 
found that leptin has serum levels in RRMS patients, 
in a stable phase of the disease, which is comparable 
with healthy subjects. However, there was no 
correlation between serum leptin and disease 
duration, EDSS (Expanded Disability Status Score), or 
number of relapses during the two years of the 
observation period.6  

Another study reported that leptin caused 
interleukin-6, and interleukin-10 production by 
peripheral blood mononuclear cells (PBMCs) of 
patients in the acute phase of the disease; whereas, 
this has not been observed in patients in a stable phase 
or in healthy subjects. Moreover, they found no effect 
of leptin on monocytes in relapsing MS patients. 
Therefore, they concluded that leptin may modulate 
the MS inflammatory process during relapses.1,5 
Overall, the majority of the studies in this field 
emphasize the inflammatory effect of leptin on the 
immune system function.  

We observed that gherlin levels in both male and 
female patient groups were lower than in healthy 
subjects, but this difference was not significant. 
Whereas, Berilgen et al. reported that the level of 
ghrelin in MS patients was significantly higher than in 
healthy subjects.29 Our findings did not confirm this. 
This difference may be related to the number of 
subjects. In the study by Berilgen et al. serum ghrelin 
levels were measured in 40 MS patients and 20 
healthy subjects. They concluded that the increase in 
circulating ghrelin level may function against the 
proinflammatory process; thus, this increase may 
support the anti-inflammatory capacity of the 
patients. Another reason could be the difference in the 
subjects’ BMI (25 < BMI < 28kg/m2). They had eight 
subjects with BMI of higher than 25; 2 subjects were 
placed in the healthy group and 6 subjects in the 
patient group. The overall mean range of BMI in each 
group was less than 25 and no significant difference 
was observed between the two groups in terms of BMI 

at baseline. One of the most important points is the 
difference of fat distribution between the two genders, 
and the secretion of leptin from adipose tissue, and 
inverse relation between gherlin level and leptin level. 
In the study by Berilgen et al. there was no gender 
separation in patient and control groups; this could be 
a confounding factor in the statistical analysis 
results.29 Furthermore, one of the limitations of our 
study could be a smaller number of subjects. 

In our study, no significant difference was 
observed between testosterone level of males and 
females in healthy and patient groups. In their study, 
Safarinejad concluded that the mean basal 
testosterone serum levels in MS patients were 
significantly lower than the mean for normal controls 
in male MS patients.30 Whereas, in the study by 
Tomassini et al. testosterone serum was significantly 
lower in the female MS group than the healthy 
subjects group.31 Moreover, strikingly, they stated that 
more brain lesions were detected by MRI in women 
suffering from MS who had the lowest testosterone 
concentrations.31 While men with relapsing-remitting 
or secondary progressive MS, and healthy men had 
generally similar sex hormone levels.31  

The male MS patients had lower testosterone levels 
than healthy males.32 The hormone related 
modulation of pathological changes supports the 
hypothesis that sex hormones play a role in the 
inflammation and damage, and have a 
neuroprotective effect.31 Therefore, testosterone 
treatment could be beneficial for MS patients.15,33,34 
The contradiction between these results and the 
results of our study could be due to the small sample 
size of our study. Testosterone plays an important role 
in the regulation of serum leptinlevels.35 

Another dimension of our study was the relation 
between levels of peptide hormones, similar to 
toleptin and gherlin, and sex hormones such as 
testosterone. The correlations between sex hormone 
levels and the activity of cytokine-secreting immune 
cells from rodents as well as humans could lead to the 
idea that sex hormones directly influence the cytokine 
milieu in the immune system.36,37 The results of this 
study indicated that there was a negative correlation 
between the level of ghrelin and leptin (r = -1.00) in 
healthy males, and also there was a positive 
correlation between leptin and BMI (r = 0.68), and 
leptin and weight (r = 0.59) in female patients. 
Moreover, there was a negative relation between 
ghrelin and weight (r = 1.00) in healthy males.  

We found no correlation between leptin or gherlin 
and testosterone. However, Elbers et al. showed that 
the sex steroid hormones, in particular testosterone, 
are significant determinants of the difference in serum 
leptin levels of men and women.35 Leptin is not only 
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produced primarily by adipocytes, but is also 
produced by T lymphocytes and neurons.26,38 Several 
evidences indicate that leptin contributes to EAE 
(experimental autoimmune encephalomyelitis) /MS 
pathogenesis, influencing its onset and clinical 
severity.4,38 Since the leptin plasma concentrations are 
proportional to the amount of fat tissue, 
obese/overweight individuals produce higher levels 
of leptin. Whether the increased MS prevalence in 
women vs. men, as mentioned earlier, is related to the 
worldwide increased prevalence of obesity and an 
enhanced immune sensitivity in women to leptin 
remains to be examined.34 

The lack of a negative correlation between leptin 
and testosterone in patients, in our study, and the 
consistency of the results with other researches could 
be related to the small sample size of male subjects. 

Conclusion 

Our data confirms the anti-inflammatoryrole of leptin, 
and its relation with the pathogenesis of MS. Increase 
in leptin serum levels activates the immune cells and 
causes the release of cytokines, which in turn are able 
to further increase leptin production and reverse the 
inflammatory process. Therefore, controlling the 
leptin level might slow down the ongoing progression 
of the disease. 

Conflict of Interests 

The authors declare no conflict of interest in this study. 

Acknowledgments 

The authors would like to thank Dr. Kordi and Dr. 
Baradaran for their gracious assistance. 

 

References 

1. Angelucci F, Mirabella M, Caggiula M, 
Frisullo G, Patanella K, Sancricca C, et al. 
Evidence of involvement of leptin and IL-6 
peptides in the action of interferon-beta in 
secondary progressive multiple sclerosis. 
Peptides 2005; 26(11): 2289-93. 

2. Coppack SW. Pro-inflammatory cytokines 
and adipose tissue. ProcNutrSoc 2001; 
60(3): 349-56. 

3. Jequier E. Leptin signaling, adiposity, and 
energy balance. Ann N Y AcadSci 2002; 
967: 379-88. 

4. Matarese G, Carrieri PB, La Cava A, Perna 
F, Sanna V, De Rosa V, et al. Leptin 
increase in multiple sclerosis associates with 
reduced number of CD4(+)CD25+ 
regulatory T cells. ProcNatlAcadSci U S A 
2005; 102(14): 5150-5. 

5. Frisullo G, Angelucci F, Mirabella M, 
Caggiula M, Patanella K, Nociti V, et al. 
Leptin enhances the release of cytokines by 
peripheral blood mononuclear cells from 
relapsing multiple sclerosis patients. J 
ClinImmunol 2004; 24(3): 287-93. 

6. Batocchi AP, Rotondi M, Caggiula M, 
Frisullo G, Odoardi F, Nociti V, et al. 
Leptin as a marker of multiple sclerosis 
activity in patients treated with interferon-
beta. J Neuroimmunol 2003; 139(1-2):  
150-4. 

7. Diz-Chaves Y. Ghrelin, appetite regulation, 
and food reward: interaction with chronic 
stress. Int J Pept 2011; 2011: 898450. 

8. Wu JT, Kral JG. Ghrelin: integrative 
neuroendocrine peptide in health and 
disease. Ann Surg 2004; 239(4): 464-74. 

9. Kojima M, Kangawa K. Ghrelin: a novel 
growth-hormone releasing peptide. Nihon 
Rinsho 2001; 59(7): 1400-7. [In Japanese]. 

10. Dixit VD, Schaffer EM, Pyle RS, Collins 
GD, Sakthivel SK, Palaniappan R, et al. 
Ghrelin inhibits leptin- and activation-
induced proinflammatory cytokine 
expression by human monocytes and T 
cells. J Clin Invest 2004; 114(1): 57-66. 

11. Li WG, Gavrila D, Liu X, Wang L, 
Gunnlaugsson S, Stoll LL, et al. Ghrelin 

inhibits proinflammatory responses and 
nuclear factor-kappaB activation in human 
endothelial cells. Circulation 2004; 109(18): 
2221-6. 

12. Hickey MS, Israel RG, Gardiner SN, 
Considine RV, McCammon MR, Tyndall 
GL, et al. Gender differences in serum 
leptin levels in humans. BiochemMol Med 
1996; 59(1): 1-6. 

13. Kennedy A, Gettys TW, Watson P, Wallace 
P, Ganaway E, Pan Q, et al. The metabolic 
significance of leptin in humans: gender-
based differences in relationship to 
adiposity, insulin sensitivity, and energy 
expenditure. J ClinEndocrinolMetab 1997; 
82(4): 1293-300. 

14. Wauters M, Considine RV, Van Gaal LF. 
Human leptin: from an adipocyte hormone 
to an endocrine mediator. Eur J Endocrinol 
2000; 143(3): 293-311. 

15. Sicotte NL, Giesser BS, Tandon V, Klutch 
R, Steiner B, Drain AE, et al. Testosterone 
treatment in multiple sclerosis: a pilot study. 
Arch Neurol 2007; 64(5): 683-8. 

16. Frederich RC, Hamann A, Anderson S, 
Lollmann B, Lowell BB, Flier JS. Leptin 
levels reflect body lipid content in mice: 
evidence for diet-induced resistance to 
leptin action. Nat Med 1995; 1(12): 1311-4. 

17. Saad MF, Damani S, Gingerich RL, Riad-
Gabriel MG, Khan A, Boyadjian R, et al. 
Sexual dimorphism in plasma leptin 
concentration. J ClinEndocrinolMetab 1997; 
82(2): 579-84. 

18. Havel PJ, Kasim-Karakas S, Dubuc GR, 
Mueller W, Phinney SD. Gender differences 
in plasma leptin concentrations. Nat Med 
1996; 2(9): 949-50. 

19. Rosenbaum M, Nicolson M, Hirsch J, 
Heymsfield SB, Gallagher D, Chu F, et al. 
Effects of gender, body composition, and 
menopause on plasma concentrations of 
leptin. J ClinEndocrinolMetab 1996; 81(9): 
3424-7. 

20. Schwartz MW, Peskind E, Raskind M, 
Boyko EJ, Porte D Jr. Cerebrospinal fluid 
leptin levels: relationship to plasma levels 

and to adiposity in humans. Nat Med 1996; 
2(5): 589-93. 

21. Fernandez-Riejos P, Najib S, Santos-
Alvarez J, Martin-Romero C, Perez-Perez 
A, Gonzalez-Yanes C, et al. Role of leptin 
in the activation of immune cells. Mediators 
Inflamm 2010; 2010: 568343. 

22. Matarese G, Moschos S, Mantzoros CS. 
Leptin in immunology. J Immunol 2005; 
174(6): 3137-42. 

23. Munger KL, Chitnis T, Ascherio A. Body 
size and risk of MS in two cohorts of US 
women. Neurology 2009; 73(19): 1543-50. 

24. Maffei M, Halaas J, Ravussin E, Pratley RE, 
Lee GH, Zhang Y, et al. Leptin levels in 
human and rodent: measurement of plasma 
leptin and ob RNA in obese and weight-
reduced subjects. Nat Med 1995; 1(11): 
1155-61. 

25. Mohamed-Ali V, Goodrick S, Rawesh A, 
Katz DR, Miles JM, Yudkin JS, et al. 
Subcutaneous adipose tissue releases 
interleukin-6, but not tumor necrosis factor-
alpha, in vivo. J ClinEndocrinolMetab 1997; 
82(12): 4196-200. 

26. De Rosa V, Procaccini C, Calì G, Pirozzi G, 
Fontana S, Zappacosta S, et al. A key role of 
leptin in the control of regulatory T cell 
proliferation. Immunity 2007; 26(2): 241-55. 

27. Pasare C, Medzhitov R. Toll pathway-
dependent blockade of CD4+CD25+ T cell-
mediated suppression by dendritic cells. 
Science 2003; 299(5609): 1033-6. 

28. Chatzantoni K, Papathanassopoulos P, 
Gourzoulidou E, Mouzaki A. Leptin and its 
soluble receptor in plasma of patients 
suffering from remitting-relapsing multiple 
sclerosis (MS) In vitro effects of leptin on 
type-1 and type-2 cytokine secretion by 
peripheral blood mononuclear cells, T-cells 
and monocytes of MS patients. J 
Autoimmun 2004; 23(2): 169-77. 

29. Berilgen MS, Bulut S, Ustundag B, Tekatas 
A, Ayar A. Patients with multiple sclerosis 
have higher levels of serum ghrelin. 
NeuroEndocrinolLett 2005; 26(6): 819-22. 

30. Safarinejad MR. Evaluation of endocrine 



 

 
Peptide and sexual hormone relationship in MS Iran J Neurol 2013; 12(2) 65 

 
http://ijnl.tums.ac.ir      3 April 

profile, hypothalamic-pituitary-testis axis 
and semen quality in multiple sclerosis. J 
Neuroendocrinol 2008; 20(12): 1368-75. 

31. Tomassini V, Onesti E, Mainero C, Giugni 
E, Paolillo A, Salvetti M, et al. Sex 
hormones modulate brain damage in 
multiple sclerosis: MRI evidence. J 
NeurolNeurosurg Psychiatry 2005; 76(2): 
272-5. 

32. Simon EV, Topalli I, Touray A, Sadiq SA. 
Decreased serum testosterone levels in 
multiple sclerosis. Neurology 2006; 
66(Suppl 2): A225. 

33. Gold SM, Chalifoux S, Giesser BS, Voskuhl 

RR. Immune modulation and increased 
neurotrophic factor production in multiple 
sclerosis patients treated with testosterone. J 
Neuroinflammation 2008; 5: 32. 

34. Nicot A. Gender and sex hormones in 
multiple sclerosis pathology and therapy. 
Front Biosci 2009; 14: 4477-515. 

35. Elbers JM, Asscheman H, Seidell JC, Frolich 
M, Meinders AE, Gooren LJ. Reversal of the 
sex difference in serum leptin levels upon 
cross-sex hormone administration in 
transsexuals. J ClinEndocrinolMetab 1997; 
82(10): 3267-70. 

36. Verthelyi D. Sex hormones as 

immunomodulators in health and disease. 
IntImmunopharmacol 2001; 1(6): 983-93. 

37. van den Broek HH, Damoiseaux JG, De 
Baets MH, Hupperts RM. The influence of 
sex hormones on cytokines in multiple 
sclerosis and experimental autoimmune 
encephalomyelitis: a review. MultScler 
2005; 11(3): 349-59. 

38. Sanna V, Di Giacomo A, La Cava A, 
Lechler RI, Fontana S, Zappacosta S, et al. 
Leptin surge precedes onset of autoimmune 
encephalomyelitis and correlates with 
development of pathogenic T cell responses. 
J Clin Invest 2003; 111(2): 241-50. 

 


