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ORIGINAL ARTICLE

INTRODUCTION

Asthenia or fatigue is a symptom difficult to be defined 
because of the symptom of asthenia is often vague, 
and it may be influenced by several subjective 

variables, including sensation and affect. In any case, asthenia 
may be defined as a subjective privation of force and absence 
of energy (1,2). The advanced cancer is often characterized by 
the occurrence of important asthenia. If we exclude anaemia, 
depression and important cardiopathy, the neurochemical 
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ABSTRACT

Asthenia, which is defined as a subjective privation of force, may occur in all chronic inflammation-related diseases, and it 
would be due to alterations in neurotransmitter pathways induced by an abnormal production of inflammatory cytokines. 
Chronic disease-related enhanced production of inflammatory cytokines may be controlled by the pineal hormone melatonin 
(MLT) and angiotensin 1-7 (Ang 1-7), the active molecule produced by the action of ACE2, which is widely expressed by 
most tissue, including brain. Therefore, both MLT and Ang 1-7 could be effective in the treatment of asthenia. On these 
bases, a study was planned to evaluate the effects of a concomitant administration of high-dose MLT plus low-dose Ang 
1-7 in patients suffering from asthenia due to different causes. The study included 72 consecutive patients with asthenia, 
which was due to advanced cancer in 23 patients, Covid19 infection in 17, post-Covid19 syndrome in 15, cardiopathy in 7, 
neurodegenerative pathologies in 4, multiple sclerosis in 3, and diabetes in the remaining 3 cases. MLT was given orally at 
100 mg/day in the evening. Ang 1-7 was also given orally at 0.5 mg twice/day. Irrespectively of the pathology, a rapid relief 
of asthenia was achieved in 51/72 (71%) patients. Moreover, the relief of asthenia was associated with an improvement of 
the inflammatory status. In conclusion, this preliminary study shown that the neuroendocrine regimen of high-dose MLT in 
association with low-dose Ang 1-7 is an effective and well tolerated therapy of asthenia.
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mechanisms responsible for the asthenia are still understood, 
despite the recent great advances in the knowledge of the 
neurochemical mediation of the different psychological 
conditions. In fact, it is known that stress is mainly related 
to an enhanced catecholamine secretion, pain is controlled 
by the opioid system, mood is under a serotoninergic control, 
pleasure is mediated by dopamine, GABA-A and endogenous 
cannabinoids (3), sleep is promoted by the pineal hormone 
melatonin (MLT) (4), while no clear neurochemical mediation 
has been suggested to explain the occurrence of fatigue for 
reasons other than anaemia, depression and cardiopathy. 
Erythropoietin, in addition to its fundamental role in promoting 
erythrocyte production, would exert direct nervous effects 
by reducing the intensity of fatigue, but the results are still 
controversial (5). In any case, at present it is known that there 
are two fundamental inter-neuronal brain circuits, consisting 
of opioid (6) and cannabinoid systems (3), The opioid system 
is mainly related to the control of pain and stress, whereas the 
cannabinoid one is involved in the perception of pleasure and 
in the amplification of sensitivity and emotions. In addition, 
more recently it has been demonstrated the existence of a 
third fundamental inter-neuronal brain system, represented by 
ACE-ACE2 system (7). ACE is the enzyme responsible for 
producing angiotensin II (Ang II), while ACE2 is involved 
in the production of angiotensin 1-7 (Ang 1-7), the so-
called angioliberine (8). At brain level, ACE2 receptors 
are expressed by neurons, glial cells, and endothelial cells. 
Neurons expressing ACE-ACE2 receptors are widely present 
into the brain, particularly localized into the motor cortex, 
amygdala, hypothalamus, raphe, and nuclei involved in the 
control of cardiovascular function (9). Then, ACE-ACE2 
system would be involved in motor, cognitive and emotional 
functions. Moreover, a local renin-angiotensin system has been 
also documented in the pineal gland (10). Finally, it has been 
shown that ACE2/Ang 1-7/Mas receptor axis   would play a 
fundamental role in several neurological and psychological 
conditions, including mood disorders, cerebrovascular 
ischemic and haemorrhagic diseases, and neurodegenerative 
pathologies (11). In more detail, the biological effects of 
Ang 1-7 are opposite with respect to those played by Ang II. 
In fact, Ang II has appeared to promote neuroinflammation 
and endothelial alterations responsible for ischemic and 
haemorrhagic brain disorders. From this point of view, in 
addition to IL-17 and endothelin-1 (ET-1), Ang II may be 
considered one of the most toxic endogenous molecules 
because of its hypertensive, inflammatory, pro-tumoral, pro-
thrombotic and pro-fibrotic activities (11). Similar effects 
are played by both IL-17 (12) and ET-1 (13), which have 
also appeared to stimulate Ang II secretion, by constituting 

a positive feedback circuit (14,15). On the contrary, Ang 
1-7 may act as a neuroprotective molecule by reducing 
neuroinflammation, neuronal apoptosis, oxidative stress, and 
infarct size (16). Therefore, asthenia could also be influenced 
by Ang II-Ang 1-7 balance. As well as Ang 1-7, cannabinoids 
(3) and MLT (4) may also play a neuroprotective action and 
an inhibitory effect on the neuroinflammatory processes. 
Moreover, the ACE-ACE2 system has appeared to be under 
a pineal regulatory control, since MLT has appeared to 
inhibit ACE expression and to promote that of ACE2 and the 
following Ang 1-7 production (17). Brain ACE system would 
be mainly connected to the opioid system, whereas ACE2 
activity would be mainly connected to cannabinoid-pineal 
axis. Then, because of the involvement of cannabinoids and 
pineal in pleasure perception and mood, asthenia could be 
due at least in part on a functional deficiency of cannabinoid-
pineal-Ang 1-7 brain axis. On these bases, a study was planned 
with MLT plus Ang 1-7 in the treatment of asthenia due to 
different causes. 

PATIENTS AND METHODS
The study included 72 consecutive patients (M/F: 38/34; 
median age: 55 years, range 15-83) suffering from asthenia 
depending on specific diseases. Eligibility criteria were, as 
follows: important or moderate asthenia for more than one 
month, absence of important anaemia, no clinical evidence of 
depression, no concomitant psychopharmacological therapy, 
and no relevant dyspnoea. After the approval by the Ethical 
Committee, the clinical experimental protocol was explained 
to each patient, and written consent was obtained.  The reasons 
responsible for asthenia were, as follows: advanced cancer: 
23; Covid19 symptomatic infection: 17: post-Covid 19 
syndrome: 15; cardiopathy: 7; neurodegenerative diseases: 4; 
multiple sclerosis: 3; diabetes mellitus: 3.  Moreover, tumour 
histotypes were, as follows: glioblastoma: 5; colorectal 
cancer: 4; lung cancer: 3; pancreatic cancer: 3; breast cancer: 
3; sarcoma: 3; biliary tract cancer: 2. MLT was given orally 
at a dose of 100 mg/day in the evening, according to its 
physiological light/dark circadian rhythm (4). Ang 1-7 was 
also given orally in gastro-protected capsules at a dose of 0.5 
mg twice/day (8 AM and 8 PM). The treatment was continued 
for one month without interruption. Ang 1-7 was given at low 
dosage because of the possible amplification of its biological 
activity through a concomitant administration of the pineal 
hormone MLT (17). The supportive care also included other 
natural agents, mainly 5-methoxytryptamine, cannabidiol, 
Magnolia and Lotus extracts. Asthenia was assessed through 
self-analysis by assigning 1 point to low asthenia, 2 points to 
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mild asthenia, 3 points to important asthenia and 4 points to 
severe asthenia. Moreover, the degree of asthenia of patients 
was evaluated in relation to the immune status, as assessed by 
detecting lymphocyte-to-monocyte ratio (LMR), since whose 
decline has appeared to reflect the degree of the inflammatory 
immunosuppressive status (18). Normal values of LMR 
observe in our laboratory (95% confidence limits) was greater 
than 2.1. Data were reported as mean +/- SE, and statistically 
evaluated by the chi-square test and the Student’s t test. 

RESULTS
A severe asthenia was present in 18/72 (25%). An important 
asthenia occurred in 21/72 (29%), while asthenia was moderate 
in 23/72 (32%) patients, and low in the remaining 10 (14%) 
patients. A progressive relief of asthenia was achieved in 51/72 
(71%) patients, and it was obtained within the first two weeks 
of therapy. Then, the mean values of asthenia subjective score 

significantly decreased on therapy (2.9 +/- 0.3 vs 1.4 +/- 0.4, 
P<0.05). Moreover, as shown in Table 1, the relief of asthenia 
was not related to the type of pathology, since no significant 
difference was seen in the percentage of efficacy in relation to 
the various pathologies. No therapy-related toxicity was seen, 
and particularly no important decline in blood pressure values 
occurred on Ang 1-7 treatment. On the contrary, most patients 
referred an improvement in well-being and sleep quality, 
as well as a relief of anxiety. Finally, an evident increase in 
diuresis volume was referred by 53/72 (74%) patients. As far 
as changes in the immune status are concerned, the control of 
asthenia was associated with a concomitant increase in 
LMR, and LMR mean values observed after one month 
of therapy in patients, who achieved a relief of asthenia, 
were significantly higher than in patients, who obtained 
no benefit from the treatment (3.4 +/- 0.3 vs 2.3 +/- 0.2, 
P< 0.05), while no difference was seen prior to therapy 
(2.4 +/- 0.4 vs 2.1 +/- 0.3). 
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Table 1: Percentage of Efficacy in the Treatment of Asthenia by Melatonin Plus Angiotensin 1-7 In Relation to 
the Type of Pathology.

PATHOLOGY                                                                               n                                 PERCENTAGE OF EFFICACY

OVERALL PATIENTS                                                                72                                                 51/72 (71%)

ADVANCED CANCER                                                               23                                                 15/23 (65%)

COVID19 INFECTION                                                               17                                                 13/17 (76%)

POST-COVID19 SYNDROME                                                   19                                                15/19 (68%)

CARDIOPATHY                                                                            7                                                  3/7  (43%)

NEURODEGENERATIVE DISEASES                                       4                                                  2/4  (50%)                                                                                                              

MULTIPLE SCLEROSIS                                                             3                                                  1/3 (33%)

DIABETES MELLITUS                                                              3                                                   2/3 (66%)     

DISCUSSION
The results of this study show that the neuroendocrine 
regimen with high-dose MLT plus low-dose Ang 1-7 
may be effective in the treatment of asthenia due to 
systemic diseases. MLT alone was also appeared to 
induce some benefits in advanced cancer patients with 
asthenia (19), with, however, lower results than those 
reported in the present study with MLT plus Ang 1-7.. 
As far as the mechanisms of action are concerned, since 

the inflammatory status is characterized by an enhanced 
secretion of inflammatory cytokines, namely IL-17A 
and IL-6, it is probable that both MLT and Ang1-7 may 
be effective in the treatment of asthenia by acting on 
both brain neurotransmissions and on cytokine network, 
because of the connections occurring between nervous 
system and cytokine network. Moreover, it has been 
shown that the inflammatory cytokines may influence 
the neurotransmitter pathways and induce changes in 
mood and status of consciousness (20). Therefore, the 
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symptom of fatigue may depend not only on brain 
neurochemical conditions, but also on the endogenous 
secretion of cytokines. Since human systemic diseases are 
characterized by an enhanced secretion of inflammatory 
cytokines, which may influence the nervous functions, 
MLT and Ang 1-7 may be effective in the treatment of 
asthenia by inhibiting the secretion of inflammatory 
cytokines. This statement is justified by the evidence 
that the relief of asthenia has appeared to be associated 
with an increase in LMR, since the occurrence of an 
important decline in LMR values has been shown to 
reflect the intensity of the inflammatory status (18). In 
fact, both MLT (21) and Ang 1-7 (8) have been proven to 
inhibit the secretion of inflammatory cytokines, namely 
that of IL-17 itself.

CONCLUSION
These results would justify further randomized studies 
with ML alone versus MLT plus Ang 1-7 to confirm 
whether the association of Ang 1-7 may clearly enhance 
the efficacy of MLT in the treatment of asthenia. 
Moreover, must be remembered that cytokine secretion 
is also under a neuroendocrine control, and on the other 
hand, nervous system function is influenced by cytokines, 
Therefore, further studies by monitoring changes in the 
secretion of inflammatory cytokines will be required to 
establish whether the efficacy of MLT plus Ang 1-7 in 
the treatment of chronic inflammatory disease-related 
asthenia may be due at least in part to an inhibition of 
cytokine-induced inflammatory status.
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