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compared to other experimental groups (P > 0.05, Fig. 3C).
Levels of GSH were not significantly changed among experimental

groups. The SD group showed increased GSSG levels, and GSH/GSSG
ratio compared to other groups. On the other hand, no significant

change was noted in GSSG level, and the ratio of GSH/GSSG among the
Omega-3/SD, control, WPF and Omega-3 groups (Fig. 4). No changes in
the levels of TBARs among all experimental groups (Fig. 5, P > 0.05).

Fig. 3. Effect of chronic Omega-3 fatty acids treatment on activities of antioxidant enzymes in the hippocampus of chronically sleep-deprived rats. (A) Activity of
glutathione peroxidase (GPx), and (B) activity of catalase, and (C) activity of superoxide dismutase (SOD) among experimental groups. While no change was observed
in the activity of SOD, Omega-3 fatty acids treatment prevented chronic sleep deprivation-induced reduction in the enzymatic activities of GPx and catalase. Each
column is the Mean ± SEM, N=13 animals/group. * Indicates significant difference from other groups (P < 0.05).
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errors slowly started to decrease with no differences among the ex-
perimental groups (p > 0.05, Fig. 1).

In terms of memory testing, the number of errors observed for the
SD group was higher than other groups for both short and long term
memory tests (P < 0.05, Fig. 2). Moreover, the Omega-3/SD group
exhibited a similar number of errors as compared to those made by the
control, WPF and Omega-3 groups.

3.2. The effect of sleep deprivation and/or omega-3 fatty acids on the
hippocampal oxidative stress biomarkers

Both Glutathione Peroxidase (GPx) and catalase activities were
significantly lowered by SD compared to control group (P < 0.05,
Fig. 3A and B). On the other hand, catalase and GPx activities in
Omega-3/SD group were similar to control, WPF, and Omega-3 groups.
No significant difference in SOD activity was noticed in the SD group as

Fig. 1. Animal learning performance in the radial arm water
maze. Learning performance among control (control), wide
platform (WPF), Omega-3 fatty acids, chronic sleep depriva-
tion (SD), and chronic sleep deprivation with Omega-3 fatty
acids (Omega-3/SD) groups. Each rat had to undergo twelve
learning trials that were divided into two sessions, six trials
for each session with five min rest between the two sessions.
No difference was observed in learning ability among ex-
perimental groups. Each point is the Mean ± SEM, N=13
animals/group.

Fig. 2. Omega-3 fatty acids prevented hippocampal memory impairment induced by chronic sleep deprivation. Short-term memory (A) and long-term memory
performance (B) among control, wide plates form (WPF), Omega-3 fatty acids (Omega-3), chronic sleep deprivation (SD), and chronic sleep deprivation with Omega-
3 fatty acids (Omega-3/SD). Each column is the Mean ± SEM, N=13 animals/group. * Indicates significant difference from other groups (P < 0.05).

K.H. Alzoubi, et al. Life Sciences 227 (2019) 1–7
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the epidermal layer of the skin. Therefore, by definition,
vitamin D cannot be considered as a true vitamin but
rather as a pro-hormone. Two forms of vitamin D can be
obtained by nutritional intake: vitamin D2 (also known as
ergocalciferol) is present in fungi/yeast, while vitamin D3

(also known as cholecalciferol) is found in foods from
animal origin. Only few foods naturally contain significant
amounts of vitamin D. For example cod-liver oil and oily
fish are considered as rich sources, whereas butter, cream,

and egg yolk contain only small amounts. Human and
cow’s milk, on the contrary, are poor sources of vitamin D
[11]. Despite the fact that vitamin D3 can be obtained by
nutrition, the most important source of this pro-hormone
is the skin, which has a great capacity to produce vitamin
D3 upon sunlight exposure. In the skin, UV rays promote
photolytic cleavage of 7-dihydrocholesterol (7-DHC) into
pre-vitamin D3, which is subsequently converted by a
spontaneous thermal isomerization into vitamin D3 [12].

Vitamin D: modulator of the immune system Baeke et al. 483

Figure 1

Metabolism of vitamin D3.
Synthesis of vitamin D3 occurs in the skin where 7-dehydrocholesterol (7-DHC) is converted to pre-vitamin D3 in response to UV exposure. Vitamin D3,
obtained from pre-vitamin D3 in the skin or by intestinal absorption of dietary components, binds to vitamin D-binding protein (DBP) in the circulation
and is transported to the liver. Here, vitamin D3 is hydroxylated by liver 25-hydroxylase (CYP2R1). The resulting 25(OH)D3 is then hydroxylated in the
kidney by 1-a-hydroxylase (CYP27B1), generating the active hormone 1,25(OH)2D3.

www.sciencedirect.com Current Opinion in Pharmacology 2010, 10:482–496

Baeke et al. Curr Opin Pharmacol. 2010 Aug;10(4):482-96
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Already since the mid-19th century 1,25(OH)2D3 is
known to induce anti-mycobacterial activity in human
monocytes and macrophages and various mechanisms are
likely to underlie these actions (reviewed in [23]). For
instance, 1,25(OH)2D3 was demonstrated to exert pro-
differentiating effects on monocytes and monocyte-
derived cell lines, as these cells acquire phenotypical
features of macrophages when exposed to the hormone
[24]. In addition, 1,25(OH)2D3 enhances the chemotactic
and phagocytic capacity of macrophages [25]. More
recently, the antimicrobial actions of 1,25(OH)2D3 were
demonstrated to be mediated via the VDR and associated

with the upregulation of cathelicidin hCAP-18 gene.
Addition of the active peptide, which is cleaved from
cathelicidin, could specifically counteract mycobacterial
growth in culture [26]. Importantly, TLR activation of
monocytes and macrophages (but not DCs) results in
upregulation of VDR and other VDR-target genes and
leads to the induction of cathelicidin antimicrobial pep-
tide (CAMP) and killing ofMycobacterium tuberculosis [27].
The link between vitamin D-triggered antimicrobial
activity in monocytes/macrophages and cathilicidin has
been confirmed using siRNA inhibition of 1,25(OH)2D3-
induced CAMP protein production, which resulted in

486 Immunomodulation

Figure 3

The immunomodulatory effects of 1,25(OH)2D3.
1,25(OH)2D3 targets different players of the innate and adaptive immune compartment. 1,25(OH)2D3 stimulates innate immune responses by enhancing
the chemotactic and phagocytotic responses of macrophages as well as the production of antimicrobial proteins such as cathelicidin. On the contrary,
1,25(OH)2D3 also modulates adaptive immunity. At the level of the APC (like DCs), 1,25(OH)2D3 inhibits the surface expression of MHC-II-complexed
antigen and of co-stimulatory molecules, in addition to production of the cytokines IL-12 and IL-23, thereby indirectly shifting the polarization of T cells
from a Th1 and Th17 phenotype towards a Th2 phenotype. In addition, 1,25(OH)2D3 directly affects T cell responses, by inhibiting the production of
Th1 cytokines (IL-2 and IFN-g), Th17 cytokines (IL-17 and IL-21), and by stimulating Th2 cytokine production (IL-4). Moreover, 1,25(OH)2D3 favors Treg
cell development via modulation of DCs and by directly targeting T cells. Finally, 1,25(OH)2D3 blocks plasma-cell differentiation, IgG and IgM
production and B-cell proliferation.

Current Opinion in Pharmacology 2010, 10:482–496 www.sciencedirect.com

Baeke et al. Curr Opin Pharmacol. 2010 Aug;10(4):482-96

Association between low levels
of serum 25-hydroxyvitamin D 
and increased risk of 
developing several immune-
related diseases and disorders, 
including psoriasis, type 1 
diabetes, multiple sclerosis, 
rheumatoid arthritis, 
tuberculosis, sepsis and  
respiratory infection, has been
observed.
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Panossian Mechanisms of adaptogenic activity of botanicals

Figure 4. Hypothetical mechanism of action of adaptogens on the stress system in depression. Stress-induced release of CRH from
the hypothalamus, followed by release of ACTH from the pituitary, simulates release of adrenal hormones and NPY in order to cope
with the stress. Feedback regulation of overreaction is initiated by cortisol release from the adrenal cortex, followed by binding to
glucocorticoid receptors (GR) in the brain. This signal stops the further release of brain hormones, and the stress-induced increase
in cortisol decreases to normal levels in the circulatory system. While short and mild stress (eustress) is essential to life, severe
stress can cause disease depression, which is associated with generation of active oxygen-containing molecules, including nitric
oxide, which is known to inhibit ATP formation. Stress-induced signaling protein JNK was found to inhibit GR; consequently, this
feedback normalization is blocked and cortisol content in blood of depressive patients is permanently high. This is associated with
impaired memory, impaired ability to concentrate, fatigue, and other symptoms. Adaptogens suppress elevated JNK and cortisol
in stress and stimulate the formation of HSP70, which is known to inhibit JNK. Consequently, nitric oxide levels no longer increase
and ATP generation is not suppressed. Adapted from Ref. 16.

contributes to the maintenance of muscle fiber
integrity and facilitates muscle regeneration and
recovery. On the other hand, HSP70 expression is
reduced during muscle inactivity and aging. Dys-
function of HSP70 generation may drive mus-
cle atrophy, contractile dysfunction, and reduce
regenerative capacity (associated with aging). The
beneficial effects of activating the biosynthesis of
HSP70 in skeletal muscle have been established
in animal studies, suggesting that HSP70 is a key
therapeutic target for the treatment of various con-
ditions that negatively affect skeletal muscle mass
and function.89,90

Thus, the strategy of therapeutic intervention in
age-associated disease is directed toward the fail-
ure of specific signaling pathways that ameliorate
and postpone aging by their activation of multi-
ple genes. At the transcriptional level of regulation,
there are two molecular targets that are related to
complimentary longevity pathways, HSF1/HSP70

and FOXO.73 Modulating these two pathways may
delay the onset of neurodegenerative disease and
other age-related pathologies, including cognitive
decline, cancer, diabetes, and cardiovascular disease,
owing to multigene effects.

Salidroside and extracts of Schisandra chinen-
sis and R. rosea were found to be the most active
inhibitors of stress-induced p-SAPK/p-JNK. It has
been shown that oral supplements of rhodioloside,
or extracts of Eleutherococcus senticosus, S. chinensis,
or R. rosea, administered over a 7-day period to rab-
bits subject to restraint stress, significantly decreased
their levels of stress-activated protein kinases (i.e.,
the phosphorylated forms of SAPK/JNK) in circu-
lating blood.66 This is in line with other observations
in which adaptogens upregulate HSF1 and HSP70
(hypothesis; Fig. 3).

In experiments using the nematode C. elegans,
it was shown that adaptogens induce the translo-
cation of DAF-16 (mammalian FOXO; dFoxO

55Ann. N.Y. Acad. Sci. 1401 (2017) 49–64 C© 2017 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals Inc. on behalf of The New York Academy of Sciences.

Panossian A. Ann N Y Acad Sci. 2017 Aug;1401(1):49-64

Nutraceutica, esercizio ed immunità



Paoli A. 

Neuropsychiatric Disease and Treatment 2017:13 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

893

Rhodiola rosea extract in burnout

current panic attack, a current agoraphobia, and a current 

bulimia nervosa were reported by one patient each. No further 

neuropsychiatric disorders were detectable among the FAS 

members. The analysis of the HAM-D showed an average 

total score (o� standard deviation) of 10.2o2.5 points at 

screening, which indicates only mild depressive symptoms 

in the FAS cohort. 40/117 patients (34.2%) had already been 

treated for stress-related complaints in the past. The average 

duration of stress was 2.7o3.0 years. Demographic data are 

summarized in Table 1.

The overall treatment compliance evaluated according 

to the number of tablets dispensed and returned in rela-

tion to the respective number of treatment days, was high. 

In the FAS, the average compliance was 98.6%o6.1% with 

a median of 99.4%.

Clinical outcomes
A decrease by 0.4o1.2 and 0.3o1.0 points, respectively, was 

observed in the MBI-D subscales “depersonalization” and 

“emotional exhaustion” between screening and week 12. 

No change could be detected in the subscales “involvement” 

and “personal accomplishment” (Table 2). 

Figure 2 illustrates the time courses of the NASs for sub-

jective stress symptoms. All the seven items showed signifi-

cant improvement between screening and week 12, with the 

greatest change occurring during the first week of treatment 

(P�0.001, two-sided Wilcoxon signed-rank test, FAS, and 

last observation carried forward [LOCF]). Subscores with the 

most obvious change were “exhaustion,” “impaired concen-

tration,” and “somatic symptoms,” with a decrease by 3.1o2.8, 

2.5o2.6, and 2.4o2.5 points, respectively, at week 12.

All subscores of the PSQ as well as the total PSQ global 

score distinctly decreased between screening and end of the 

intervention period. The PSQ subscores with the greatest 

change after 12 weeks of administration of R. rosea were 

“lack of joy,” “tension,” and “fatigue,” which improved by 

2.8o4.1, 2.4o2.6, and 2.4o3.0, respectively (Table 3).

Table 4 summarizes the total average values for the 

BOSS I and II assessments before and after the interven-

tion period. The global scores as well as all subscales had 

improved at week 8 and also until week 12. The BOSS II 

interim measurement at day 7 showed an alleviation of 

symptoms (Table 4 and Figure 3).

The NAS score for Impairment of Sexual Life improved 

considerably, as well as most of the items of the PSFQ. 

The improvement of the “ability to have and/or maintain 

an erection” was marked though not statistically sig-

nificant, while the “ability to ejaculate” and “relevance of 

Table 1 Demographic data: absolute (relative) frequency and 
mean o standard deviation, FAS (N�117)

Measure Number

Female 68 (58.1%)
Male 49 (41.9%)
Age 43.7o8.0
Height (cm) 172.2o10.1
Weight (kg) 78.4o18.7
Duration of stress/stress-related complaints (years) 2.7o3.0
Prior treatment for stress-related complaints 40 (34.2%)
Family history related to study indication 22 (18.8%)

Abbreviation: FAS, full analysis set.

Table 2 MBI-D: mean o standard deviation, median and P-value of 
the two-sided Wilcoxon signed-rank test, FAS, LOCF (N�117)

Subscale Screening Week 12 Change  
week 12 – 
screening

P-value

Depersonalization 1.8o1.2 1.4o1.3 
0.4o1.2 �0.001
1.6 1.2 
0.2

Emotional exhaustion 2.6o0.3 2.3o1.0 
0.3o1.0 �0.001
2.7 2.2 
0.2

Involvement 2.1o1.3 2.0o1.3 
0.1o1.3 0.171
2.0 2.0 0.0

Personal 4.3o0.4 4.3o0.9 0.0o0.8 0.464
accomplishment 4.3 4.4 0.0  

Note: High scores indicate a high burnout level, except for the subscale “personal 
accomplishment” in which a lower score indicates a higher level.
Abbreviations: MBI-D, Maslach Burnout Inventory; FAS, full analysis set; LOCF, 
last observation carried forward.
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Figure 2 NAS for subjective stress symptoms.
Note: N�117, mean o95% confidence interval, FAS.
Abbreviations: NAS, Numerical Analogue Scale; FAS, full analysis set.
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a mean treatment duration of 81.3o18.0 days. A total of 145 

AEs, which were either reported by the trial participants or 

revealed by the investigator at scheduled visits, were observed 

in 70/118 (59.3%) patients during the active treatment phase 

and a subsequent 7 days risk phase. AE intensity was 

predominantly rated as mild (59/145 [40.7%]) or moderate 

(68/145 [46.9%]), and severe (18/145 [12.4%]). For 46/145 

AEs (31.7%), a causal relationship with the investigational 

product could not be excluded but was assessed as “unlikely” 

in 41/46 (89.1%) cases. A causal relationship with the study 

drug was rated “possible” in 5/46 (10.9%) subjects who 

reported head pressure, light-headedness, nausea, feeling 

irritated, and eye swelling. One serious adverse event (SAE) 

occurred in a male subject who had to be hospitalized for 

3 days due to urinary tract infection after cystoscopy. The 

SAE was assessed as “not related” to the investigational 

product and had resolved at the end of the study. Except 

for this case of hospitalization, no other SAE was reported. 

The calculated overall incidence of AEs per observation day 

was 0.015 and was found to be low during the whole study 

period. None of the safety laboratory parameters presented a 

significant mean change during the course of the study. The 

AEs are summarized in Table 7. 
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Figure 3 Burnout Screening Scale BOSS II.
Note: N�117, mean o95% confidence interval, FAS.
Abbreviations: FAS, full analysis set; BOSS, Burnout Screening Scales.

Table 5 Numerical Analogue Scale for “Impairment of Sexual Life” and PSFQ: number of subjects, mean o standard deviation, median, 
and P-value of the two-sided Wilcoxon signed-rank test, FAS, LOCF

Scale Item Screening Week 12 Change week 12 – 
screening

P-value

NAS Impairment of sexual life 117 117 117 �0.001
6.8o1.5 4.2o3.1 
2.6o2.8

 6.3 5.0 
2.0  
Thinking about sex with 116 116 116 �0.001
interest/desire 2.7o1.5 3.3o1.4 0.6o1.3

3.0 4.0 0.0  
Enjoyment of sex 115 112 112 �0.001

2.6o1.3 3.3o1.3 0.6o1.3
3.0 4.0 0.0  

Ability to become 116 114 114 �0.001
sexually aroused 2.9o1.4 3.4o1.2 0.5o1.3

3.0 4.0 0.0  
Frequency of sexual 115 113 113 �0.001
activity 2.2o1.2 2.8o1.4 0.6o1.3

2.0 3.0 0.0  
PSFQ Ability to have orgasm 116 114 114 0.005

3.0o1.3 3.3o1.2 0.3o1.1
3.0 4.0 0.0  

Overall satisfaction with 113 114 112 �0.001
sexual life 2.5o1.1 3.2o1.2 0.6o1.2

2.0 3.0 0.5  
Ability to have and/or 49 49 49 0.002
maintain an erection 3.2o0.9 3.6o0.9 0.4o0.8

3.0 4.0 0.0  
Ability to ejaculate 49 49 49 0.745

3.7o0.9 3.7o0.7 0.0o0.7
4.0 4.0 0.0  

Relevance of sexual 117 117 117 0.609
functioning for current 3.9o1.4 3.8o1.6 
0.1o1.7

 well-being 4.0 4.0 0.0  

Abbreviations: PSFQ, Patient Sexual Function Questionnaire; FAS, full analysis set; LOCF, last observation carried forward; NAS, Numerical Analogue Scale.
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Paoli A. (200mg, twice-daily) over 12weeks. The aim of the treatment
with RRE was to increase stress resistance and thus to aim at the
source rather than at the symptoms of the syndrome and to fur-
ther prevent subsequent diseases associated with a history of
burnout. A broad spectrum of rating scales was employed to

evaluate the therapeutic effect of RRE in the treatment of burnout
symptoms, such as fatigue, cynicism, difficulties to concentrate,
impaired sexual life and also somatic symptoms. A wide range of
the evaluated outcome measures improved considerably over the
course of treatment. Some of these changes were already

Table 3. Clinical studies with Rhodiola rosea extract (RRE) in subjects with burnout symptoms.

Reference Study design Patient population Treatment Duration Outcome measures Results

Kasper and Dienel
(2017)

Open, multicentre,
single-arm

n¼ 118 male (n¼ 49)
and female (n¼ 68)
outpatients (44 ± 8
years) with burnout
symptoms

RRE
(WSVR 1375, RosalinVR )
200mg BID

12 weeks Seven Numerical
Analogue Scales (NAS) of
subjective stress symp-
toms; Burnout-Screening-
Scales BOSS I and BOSS II;
Maslach-Burnout-Inventory
(MBI); Perceived Stress
Questionnaire (PSQ);
Numbers Connecting Test
(NCT); Sheehan Disability
Scale (SDS); Clinical Global
Impression (CGI);
Multidimensional Mood
State Questionnaire
(MDMQ); Patient question-
naire for sexual function
(PSFQ); Numerical
Analogue Scales of
Subjective Stress
Symptoms (NAS).

Treatment caused a
significant and clinic-
ally relevant improve-
ment in burnout
symptoms from week
1 to week 12 (NAS,
BOSS I and II, NCT,
CGIand MDMQ).

Goyvaerts and Bruhn
(2012)

Open, multicentreand
single-arm

330 patients (> 18
years) with at least
two of the following
symptoms: exhaustion,
depression, insomnia,
fatigue and drop in
performance

Proprietary SHR-5
RRE 288mg BID

8 weeks Burnout total score. Significant improve-
ment in burnout symp-
toms total score after
4–8 weeks.

Figure 5. Intervention stages for treatment of physical/psychological stress and exhaustion. Patients with medical conditions that may result in symptoms of stress
and exhaustion such as anaemia, migraine, IBS (irritable bowel syndrome), cancer and hormonal disturbances, may also receive RRE after assessment and management
of the medical condition. ""‘Control’ in this context means: normal functioning in daily life.

INTERNATIONAL JOURNAL OF PSYCHIATRY IN CLINICAL PRACTICE 249

Anghelescu et al. Int J Psychiatry Clin Pract. 2018 Nov;22(4):242-252
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Rhodiola rosea as an adaptogen to enhance exercise performance:
a review of the literature
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Abstract
Rhodiola rosea (RR) is a plant whose bioactive components may function as adaptogens, thereby increasing resistance to stress and improving
overall resilience. Some of these effectsmay influence exercise performance and adaptations. Based on studies of rodents, potential mechanisms
for the ergogenic effects of RR include modulation of energy substrate stores and use, reductions in fatigue and muscle damage and altered
antioxidant activity. At least sixteen investigations in humans have explored the potential ergogenicity of RR. These studies indicate acute RR
supplementation (∼200mg RR containing∼1 % salidroside and∼3 % rosavin, provided 60min before exercise) may prolong time-to-exhaustion
and improve time trial performance in recreationally active males and females, with limited documented benefits of chronic supplementation.
Recent trials providing higher doses (∼1500 to 2400 mg RR/d for 4–30 d) have demonstrated ergogenic effects during sprints on bicycle
ergometers and resistance training in trained and untrained adults. The effects of RR on muscle damage, inflammation, energy system
modulation, antioxidant activity and perceived exertion are presently equivocal. Collectively, it appears that adequately dosed RR
enhances dimensions of exercise performance and related outcomes for select tasks. However, the current literature does not unanimously
show that RR is ergogenic. Variability in supplementation dose and duration, concentration of bioactive compounds, participant
characteristics, exercise tests and statistical considerations may help explain these disparate findings. Future research should build on the
longstanding use of RR and contemporary clinical trials to establish the conditions in which supplementation facilitates exercise
performance and adaptations.

Keywords: Arctic root: Dietary supplement: Golden root: Physical performance: Rosavin: Roseroot: Salidroside

Rhodiola rosea (RR) is a flowering perennial plant found in Arctic
regions of Europe, Asia and North America. Known by several
other names – including roseroot, rosenroot, golden root, arctic
root and more – this member of the Crassulaceae family has been
used formedicinal purposes for centuries,with theGreekphysician
Dioscorides describing medicinal application in 77 AD(1,2). The
physiological effects of RR ingestion are thought to arise from its
roles as an adaptogen, a term historically applied to substances that
cause ‘a state of non-specifically increased resistance to stress’(3).
Adaptogens can be defined as substances that promote physio-
logical resilience, resistance to stress and maintenance or
restoration of physiological function when homoeostasis is
challenged. In this regard, adaptogens may enhance physical
and cognitive performance under duress, as well as general well-
being, and several purported adaptogens are experiencing

increased popularity in the dietary supplement industry(4). The
adaptogenic actions of RR are primarily attributed to bioactive
compounds within the root, with salidroside and rosavin often
noted as the most influential compounds(5). As a result, many
commercial RR preparations are standardised to specific
concentrations of salidroside and rosavin. However, at least
109 chemical compounds have been identified in RR(2).
Collectively, these bioactive components have been observed
to exert anti-stress and anti-fatigue effects, as well as enhance
aspects of cognitive and physical performance, in part through
their antioxidant properties(6,7,8,9). The effects of RR on cognitive
and physical function could also relate to interactions with
components of physiological stress-response systems, such as
monoamine neurotransmitters (e.g. serotonin and catechol-
amines) and opioid peptides (e.g. β-endorphins)(10).

* Corresponding author: G. M. Tinsley, email grant.tinsley@ttu.edu

Abbreviations: 1RM, 1-repetition maximum; RR, Rhodiola rosea; TTE, time-to-exhaustion.
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Walsh NP. Sports Med. 2019 Dec;49(Suppl 2):153-168.

ZINCO Anche se il meccanismo esatto (o i meccanismi) richiede(no) ulteriori 
chiarimenti lo zinco può agire come agente antivirale aumentando 
l'interferone gamma e riducendo l'attracco dei virus del raffreddore comune 
ai siti di legame; quest'ultima azione  riducendo i livelli di molecola di 
adesione intercellulare-1. Gli effetti terapeutici della supplementazione di 
zinco  oralenel trattamento dell'IRU sono stati attribuiti anche alle sue 
proprietà antiossidanti e anti-infiammatorie; come tale, la supplementazione 
di zinco può anche avere effetti tollerogenici sull'immunità. 

VITAMINA C Poiché l'integrazione di vitamina C (0,25-1,0 g/giorno) è 
economica, sicura e può prevenire i sintomi dell'IRU in coloro che sono 
sottoposti a sforzo intenso, gli atleti dovrebbero considerare l'integrazione di 
vitamina C durante i periodi di rischio di infezione elevato, ad esempio i 
viaggi all'estero per importanti competizioni.



Paoli A. Walsh NP. Sports Med. 2019 Dec;49(Suppl 2):153-168.
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L'asse cervello-
intestino è un sistema 
bidirezionale integrato 
composto da strutture 
del sistema 
immunitario, 
endocrino e nervoso. 
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that were long thought to be under the sole control of the CNS 
(38, 39). The evidence that perturbations in the gut precipitate 
serious mood disorders through the vagus nerve underscores the 
importance of this component of the GBA in the maintenance of 
normal behavior (40).

The gut also receives spinal innervation (Figure 2). Thoraco-
lumbar and lumbosacral DRG neurons provide nociceptive inner-
vation to the gut (41) and also project to the second-order spinal 
neurons, which in turn project to the brainstem. Unlike the bidi-
rectional signaling of the vagus nerve, DRG-mediated circuitry is 
unidirectional (41). Recently, Lai et al. presented evidence of local 
immunomodulatory functions of this circuitry in the gut (42), sug-
gesting control of local functions by these neurons, although we 
do not yet know whether these also involve higher-order neurons 
that would constitute a CNS-mediated effect. In addition, the gut 
also receives indirect spinal innervation through post-ganglionic 

The gut-brain axis
Evolutionarily, it may be argued that the ENS was the “first 
brain” (35), given that the primordial neural networks dedicated 
to regulating intestinal functions evolved earlier than the CNS. 
Over time, executive functions evolved and diverged to form 
the CNS, while the gut-centric functions remained in these pri-
mordial networks to become the ENS. Despite the divergence, 
the ENS and CNS remain in constant communication through 
diverse neural networks known as the gut-brain axis (GBA) (Fig-
ure 2). In recent years, progress in our understanding of the GBA 
has come from studies of the vagus nerve, which carries both 
afferent (80%–90%) and efferent (10%–20%) nerve fibers. The 
vagus nerve innervates various visceral organs, including the gut 
(36), allowing the CNS to regulate specific gut functions, such as 
gastric motility (37). At the same time, vagus nerve innervation 
allows the gut to regulate functions, such as satiety and mood, 

Figure 2. Neuronal connectome between the CNS and the gut. The CNS is connected to the gut, both through its interactions with the ENS and inde-
pendently through interaction with diverse gastrointestinal cells. The neural pathways that connect the CNS to the gut include the vagus nerve, which 
consists of the vagal afferent nerve (whose neurons reside in the bilateral NG) and the vagal efferent nerve (whose neurons reside in the brainstem); the 
spinal nociceptive nerves (whose neurons reside in the DRG, which are sensory neurons that innervate the viscera and the spinal cord neurons); the post-
synaptic sympathetic nerves (whose neurons reside in sympathetic superior mesenteric ganglia [SMG] and inferior mesenteric ganglia [IMG]); and the spi-
nal sacral nerve, which directly connects the spinal neurons to the colon. Vagal efferent neurons are known to innervate gastric mucosa, but whether they 
innervate mucosa in other gut regions is yet unknown. The gut has its own ENS, whose neurons are present in two networks or plexuses. The myenteric 
plexus is present between the longitudinal muscle layer and the circular muscle layer, whereas the submucosal plexus is present between the CM layer and 
the lamina propria. The submucosal plexus and myenteric plexus neurons innervate various tissue regions, including the mucosa. The barrier function of 
the gut is regulated by the epithelial cell layer, which protects the gut wall from luminal contents, including intestinal microbiota. Illustration adapted with 
permission from Noelle Burgess at the Institute for Cellular Engineering of Johns Hopkins University.

Singh et al. J Clin Invest. 2021 Jul 1;131(13):e143775

dorsal root ganglia

sympathetic
superior
mesenteric
ganglia

inferior mesenteric ganglia

Nodose ganglia

Nutraceutica, esercizio, immunità… intestino



Paoli A. 

Microbioma: il complesso dei genomi dei microorganismi 
in un particolare ambiente.
Microbiota: la comunità dei microorganismi stessi.

An increasing number of different gut microbial species are now
postulated to regulate brain function in health and disease. 

Microbiome/microbiota is “the ecological community of 
commensal, symbiotic, and pathogenic microorganisms that
share our body space” Joshua Lederberg - Scientist. 2001 15:8
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• l tratto gastrointestinale umano ospita milardi di microrganismi, noti 
collettivamente come "microbiota intestinale". 

• Questi microrganismi intestinali svolgono un ruolo fondamentale nello 
sviluppo del sistema immunitario e nervoso, e sono fondamentali per la 
salute, l'omeostasi e la fisiologia dell'ospite.

• Grazie a una relazione simbiotica con l'ospite, il microbiota intestinale gioca 
un ruolo importante nel mantenimento dell'omeostasi metabolica attraverso 
la produzione di numerosi metaboliti. 

• Mentre il genoma umano è composto da circa 23.000 geni, il microbioma ne 
codifica oltre tre milioni, generando migliaia di metaboliti che sostituiscono 
molte funzioni dell'ospite e di conseguenza influenzano la sua fitness.
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SCIENCE AND POLITICS OF NUTRITION

Role of the gut microbiota in nutrition and health
Ana M Valdes and colleagues discuss strategies for modulating the gut microbiota through diet 
and probiotics

KEY MESSAGES

Ŷũ��Gut microbiota in"uences many areas 
of human health from innate immu-
nity to appetite and energy metabo-
lism

Ŷũ��Targeting the gut microbiome, with 
probiotics or dietary fibre, benefits 
human health and could potentially 
reduce obesity

Ŷũ��Drugs, food ingredients, antibiotics, 
and pesticides could all have adverse 
e$ects on the gut microbiota

Ŷũ��Microbiota should be considered a key 
aspect in nutrition; the medical com-
munity should adapt their education 
and public health messages

Ŷũ��Fibre consumption is associated with 
bene&cial e$ects in several contexts

MLFURELRPH�UHIHUV�WR�WKH�FRO-
OHFWLYH�JHQRPHV�RI�WKH�PLFUR�
RUJDQLVPV� LQ�D�SDUWLFXODU�
HQYLURQPHQW��DQG�PLFURELRWD�
LV�WKH�FRPPXQLW\�RI�PLFUR�

RUJDQLVPV�WKHPVHOYHV��ER[�Ǎ���$SSUR[LPDWHO\�
Ǎǌǌ�WULOOLRQ�PLFUR�RUJDQLVPV��PRVW�RI�WKHP�
EDFWHULD��EXW�DOVR�YLUXVHV��IXQJL��DQG�SURWR-
]RD��H[LVW�LQ�WKH�KXPDQ�JDVWURLQWHVWLQDO�WUDFWǍ�
2ŬWKH�PLFURELRPH�LV�QRZ�EHVW�WKRXJKW�RI�DV�D�
YLUWXDO�RUJDQ�RI�WKH�ERG\��7KH�KXPDQ�JHQRPH�
FRQVLVWV�RI�DERXW�ǎǏԜǌǌǌ�JHQHV��ZKHUHDV�WKH�
PLFURELRPH�HQFRGHV�RYHU�WKUHH�PLOOLRQ�JHQHV�
SURGXFLQJ�WKRXVDQGV�RI�PHWDEROLWHV��ZKLFK�
UHSODFH�PDQ\�RI�WKH�IXQFWLRQV�RI�WKH�KRVW�Ǎ�Ǐ�
FRQVHTXHQWO\�LQƴXHQFLQJ�WKH�KRVWůV�ƳWQHVV��
SKHQRW\SH��DQG�KHDOWK�2

Studying the gut microbiota
7ZLQ�VWXGLHV�KDYH�VKRZQ�WKDW��DOWKRXJK�
WKHUH� LV� D�KHULWDEOH� FRPSRQHQW� WR�JXW�
PLFURELRWD��HQYLURQPHQWDO�IDFWRUV�UHODWHG�
WR�GLHW��GUXJV��DQG�DQWKURSRPHWULF�PHDV-
XUHV�DUH�ODUJHU�GHWHUPLQDQWV�RI�PLFURELRWD�
�FRPSRVLWLRQ�ǐ�Ǒ
*XW�PLFUREHV�DUH�NH\�WR�PDQ\�DVSHFWV�

RI� KXPDQ� KHDOWK� LQFOXGLQJ� LPPXQH�6�
PHWDEROLFǑ�DQG�QHXUREHKDYLRXUDO�WUDLWV��ƳJ�
Ǎ��Ǔ�ǔ�'LƲHUHQW�OHYHOV�RI�HYLGHQFH�VXSSRUW�WKH�
UROH�RI�JXW�PLFURELRWD�LQ�KXPDQ�KHDOWK��IURP�
DQLPDO�PRGHOVǕ�Ǎǌ�DQG�KXPDQ�VWXGLHV�ǐ�ǍǍ�ǍǏ
$QLPDO�PRGHOV�FDQ�KHOS�LGHQWLI\�JXW�

PLFUREHV� DQG� PHFKDQLVPV�� WKRXJK�
WKH�GHJUHH�WR�ZKLFK�ILQGLQJV�WUDQVODWH�
WR� KXPDQV� LV� XQNQRZQ�� ,Q� KXPDQV��
REVHUYDWLRQDO�VWXGLHV�FDQ�VKRZ�FURVV�
VHFWLRQDO�DVVRFLDWLRQV�EHWZHHQ�PLFUREHV�

DQG�KHDOWK�WUDLWV�EXW�DUH�OLPLWHG�E\�WKH�
LQDELOLW\�WR�PHDVXUH�FDXVDO�UHODWLRQV��7KH�
VWURQJHVW�OHYHO�RI�HYLGHQFH�LV�REWDLQHG�
IURP�LQWHUYHQWLRQDO�FOLQLFDO�VWXGLHVŬLQ�
SDUWLFXODU��UDQGRPLVHG�FRQWUROOHG�WULDOV�

7KH� FRPSRVLWLRQ� RI� JXW�PLFURELRWD�
LV� FRPPRQO\� TXDQWLILHG� XVLQJ� '1$�
EDVHG�PHWKRGV��VXFK�DV�QH[W�JHQHUDWLRQ�
VHTXHQFLQJ�RI�Ǎǒ6�ULERVRPDO�51$�JHQHV�
RU�ZKROH�JHQRPH�VKRWJXQ�VHTXHQFLQJ��

Box 1: Glossary
Ŷũ��Microbiome—the collective genomes of the micro-organisms in a particular envi-

ronment
Ŷũ��Microbiota—the community of micro-organisms themselves
Ŷũ��Microbiota diversity—a measure of how many di$erent species and, dependent on 

the diversity indices, how evenly distributed they are in the community. Lower 
diversity is considered a marker of dysbiosis (microbial imbalance) in the gut and 
has been found in autoimmune diseases and obesity and cardiometabolic conditions, 
as well as in elderly people

Ŷũ��Operational taxonomic unit—a de&nition used to classify groups of closely related 
organisms. DNA sequences can be clustered according to their similarity to one 
another, and operational taxonomic units are de&ned based on the similarity thresh-
old (usually 97% similarity) set by the researcher

Ŷũ��Colonocytes—epithelial cells of the colon
Ŷũ��Germ-free animals—animals that have no micro-organisms living in or on them
Ŷũ��Short chain fatty acids—fatty acids with two to six carbon atoms that are produced 

by bacterial fermentation of dietary &bres
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Fig 1 | Schematic representation of the role of the gut microbiota in health and disease giving 
some examples of inputs and outputs. CVD=cardiovascular disease; IPA=indolepropionic acid; 
LPS=lipopolysaccharide; SCFA=short chain fatty acids; TMAO=trimethylamine N-oxide
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Studi recenti sul microbioma 
mostrano che la sua composizione 
è altamente eterogenea e che 
avvengono rapidi cambiamenti 
nelle abbondanze relative delle 
principali popolazioni microbiche 
negli individui. Fattori esterni 
influenzano il microbioma 
intestinale come il sonno, lo stress, il 
fumo, i farmaci, l'esercizio fisico e la 
dieta, forse l'elemento influente più 
rilevante quando si considera la 
composizione della microbiota.
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Il microbiota dei bambini che crescono nelle aree 
rurali dell'Africa, allattati al seno per due anni e 
alimentati con una dieta ricca di fibre e povera di 
grassi animali e latticini

paragonato con il

microbiota dei campioni isolati da bambini delle 
aree urbane dell'Europa occidentale, allattati al seno 
per un anno e poi alimentati con una dieta ricca di 
proteine e grassi animali, zuccheri raffinati e amidi

Il microbiota intestinale africano rurale mostrava 
un'abbondanza di specie appartenenti al Phylum 
Bacteroidetes e una riduzione dei Firmicutes. E aveva 
livelli aumentati di acidi grassi a catena corta (SCFA).

De Filippo  et a l. Proc Natl Acad Sci U S A. 2010 Aug 17;107(33):14691-6
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Schema che illustra la 
moltitudine di 
cambiamenti registrati 
nei topi privi di germi 
rispetto ai topi allevati 
in modo 
convenzionale, con 
particolare enfasi sulle 
alterazioni neurali.

Cryan et al. Physiol Rev. 2019 Oct 1;99(4):1877-2013
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All'interno dell'intestino, i microrganismi intestinali possono produrre peptidi 
bioattivi (metaboliti) come: 

Neurotransmittori  acido Gamma amino butirrico, noradrenalina, dopamina, 
e serotonina (5HT);

Amino acidi tiramina e triptofano;

Metaboliti microbici (SCFA, acetato, butirrato, proprionato, e lattato; BCAA e 
4- ethylphenylsulfate). 
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In altre parole, queste sostanze prodotte dai 
microrganismi intestinali:

• Entrano nel circolo sanguigno attraverso la 
vena porta, che collega l'intestino al fegato.

• Interagiscono con il sistema immunitario, 
influenzando la nostra capacità di difenderci 
da malattie e infezioni.

• Regolano il metabolismo, aiutando il corpo a 
utilizzare nutrienti ed energia in modo efficiente.

• Agiscono sulle cellule nervose del sistema 
nervoso enterico, che controlla la digestione e 
altre funzioni dell'intestino.

• Inviano segnali al cervello attraverso il nervo 
vago, che influenza varie funzioni, tra cui 
l'umore, l'appetito e la digestione.

Kennedy et al. Neuropharmacology. 2017 Jan;112(Pt B):399-412
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Il microbiota influenza anche la 
produzione di altri neuropeptidi, 
dell'istamina, di steroidi e 
endocannabinoidi. 

Strandwitz P. Brain Res. 2018 Aug 15;1693(Pt B):128-133
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• L’esercizio fisico produce effetti positivi sulla salute ma per raggiungere questo 
risultato bisogna dosarlo accuratamente: NÉ TROPPO POCO , NÉ TROPPO

• L’esercizio fisico modula molte molecole con effetti positivi su infiammazione, 
cervello, stress e sistema immunitario

• L’esercizio fisico moderato migliora la risposta immunitaria e può agire in 
sinergia con il digiuno

• Alcuni integratori possono modulare in maniera appropriata la risposta 
dell’organismo allo stress e quindi sostenere il sistema immunitario

• Non «sostituiscono» la risposta endogena ma la aiutano e supportano…

MA MIGLIOR FARMACO RIMANE L’ESERCIZIO!

CONCLUSIONI
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142 Cohen et al.

did not affect the moderating effect of the percentage of 
days with hugs on the association between the percent-
age of days with tension and infection risk, their incorpo-
ration did result in the loss of the main effect of hugs on 
infection (OR = 0.57, 95% CI = [0.23, 1.38], p = .21).

Is the buffering effect of hugs responsible for sup-
port buffering tension? To determine the overlap of 
the respective moderating effects of perceived support 
and hug frequency on the association of tension fre-
quency with infection, we entered both relevant cross-
product terms into the same model along with the 
standard covariates and the main effects of the percent-
age of days with tension, the percentage of days with 
hugs, and perceived social support. When the two inter-
actions were included in the model predicting infection, 
there was a 32% reduction in the regression coefficient 
for the Percentage of Days With Tension × Perceived 
Support interaction, as well as a loss of statistical signifi-
cance (b = −0.29, 95% CI = [−0.68, 0.10], p = .15). More-
over, the addition of the Tension × Support cross-product 

did not improve model fit, F2(1) = 2.35, p = .125. By 
comparison, the moderating effect of the percentage of 
days with hugs remained largely unchanged (b = −11.08, 
95% CI = [−20.07, −2.09], p = .016), and addition of the 
Tension × Hug interaction term to a model already 
including the interaction with social support significantly 
improved model prediction, F2(1) = 6.44, p = .011.

Do buffering hugs occur on tension days? A possi-
ble explanation for the buffering effects of hugs is that 
participants engaged in hugs with persons involved in 
the tension or conflict as a means of resolving that con-
flict or at least its emotional effects. As data were not 
collected on the sources of tension or conflict or on who 
provided hugs, we could not test this hypothesis directly. 
However, we could address the question indirectly by 
first determining whether hugs were received more fre-
quently on days with tension or conflicts than on nonten-
sion days and, second, whether hugs received on tension 
relative to nontension days were more likely to buffer the 
association of tension with infection.

Among participants who reported tension or conflict 
during at least one interview (n = 279), comparison of 
tension and nontension days revealed only a marginal 
difference in the frequency of being hugged (z = −1.63, 
p = .103), with hugs occurring on 69.1% (95% CI = [−8.5, 
146.7]) of tension days versus 66.9% (95% CI = [3.2, 
130.6]) of nontension days. In regard to the buffering 
effect, receiving hugs on a greater proportion of nonten-
sion days was associated with a lower risk of infection for 
participants with a high percentage of conflicts (OR = 
0.19, 95% CI = [0.06, 0.64], p = .007, n = 279). Receiving 
hugs on a greater proportion of tension days also was 
related to lower infection risk, but the association failed 
to meet the .05 significance criterion (OR = 0.54, 95% 
CI = [0.23, 1.30], p = .170, n = 279).

Signs of illness among infected 
participants

An independent set of analyses was conducted to assess 
whether tension, social support, and hugging could pre-
dict which of the participants who were infected by the 
experimental virus (315 of the original 404) developed 
objective signs of illness.

Tension and perceived social support. We examined 
whether the percentage of days with tension, perceived 
social support, and their interaction were associated with 
the severity of two objective signs of illness—nasal-
mucus weights and nasal mucociliary clearance time. 
More social support was associated with more-rapid 
nasal clearance (b = −0.01, 95% CI = [−0.02, 0.00], E = 
−0.12, p = .046, ∆R2 = .013; without standard covariates: 
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Fig. 4. Scatter plot showing the adjusted predicted probability of infec-
tion as a function of the percentage of days during which participants 
experienced interpersonal tension and the frequency with which par-
ticipants were hugged. High and low groups were created by splitting 
the sample at the median for the percentage of days with hugs (67.9%). 
Curved lines indicate 95% confidence intervals.

Cohen et al. Psychol Sci. 2015 Feb;26(2):135-47.

Ma anche un abbraccio non è male…
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