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Abstract

In experimental conditions, it has been demonstrated that vaccine efficacy and the toxicity is depending on cytokine-induced immunoinflammatory response, and that
they may be modulate through a neuroimmune approach, which neuroendocrine agents, such as the pineal hormone melatonin (MLT) and the enzymatic product of
ACE2, the angiotensin 1-7 (Ang 1-7). On these bases, a preliminary study was planned to evaluate the influence of an oral peri-vaccination regimen with MLT plus
Ang 1-7 on the subjective safety of Covid19 Pfizer-BioNTech (PF) and AstraZeneca (AZ) vaccines. The study included 60 subjects, 30 of whom received PF vaccine,
while the other 30 subjects were treated by AZ vaccine. Both groups of subjects were randomized to receive the only vaccine or vaccine plus Ang 1-7 (0.5 mg/day in
the morning) and MLT (10 mg/day in the evening) regimen, starting 3 days prior to vaccine and for the successive 4 days. The percentage of episodes of fever higher
than 38°C, asthenia and myalgia were significantly reduced by the concomitant administration of Ang 1-7 plus MLT. This preliminary study shows the possibility to
modulate the safety of Covid19 vaccine through a neuroimmune approach consisting of Ang 1-7 plus MLT. Further studies will be required to confirm these data,

and to evaluate the impact not only on the safety, but also on the efficacy of Covid19 vaccination..

Introduction

The dramatic planetary experience of Covid 19 infection has
confused the theoretical bases of the Medical Sciences, which has
appeared to be unable to understand the physiopathology of the
cytokine network, whose exaggerated activation is responsible for
the complications of disease and death [1]. IL-17 would be the main
inflammatory cytokine involved in Covid 19 disease [2], because
of its thrombotic properties and cytotoxic action for both lung and
heart [3]. The link of viral spike protein to ACE2 receptor induces
a downregulation of ACE2 expression, with a following acute and
severe deficiency of its enzymatic product, the angiotensin 1-7 (Ang
1-7) [4], which exerts opposite effects with respect to those played
by angiotensin II (Ang II). In fact, Ang II has been proven to exert
hypertensive, inflammatory, angiogenic, pro-tumoral, pro-thrombotic
and pro-fibrotic effects, whereas Ang 1-7 plays hypotensive, anti-
inflammatory, anti-angiogenic,anti-tumoral, anti-thrombotic and
anti-fibroticeffects [5]. Moreover, it has been shown that IL-17 may
stimulate ACE expression and inhibit that of ACE2 [6], by furtherly
worsening Ang 1-7 deficiency. Most cytokines of the cytokine network
play a pro-inflammatory action [7], and only few cytokines exert an
anti-inflammatory action, including IL-10, TGF-beta, IL-21, IL-30, IL-
35, and IL-37. Moreover, the anti-inflammatory action of IL-10, TGF-
beta and IL-35 is associated with a concomitant immunosuppressive
activity. Therefore, in physiological conditions, the anti-inflammatory
control is mainly played by a neuroendocrine axis constituted of the
pineal gland, whose main hormone is melatonin (MLT) [8-10], the
cannabinoid system [11], and Ang 1-7 [12], which are all characterized
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by an anticancer activity and an inhibitory action on the secretion of
IL-17 and macrophage-related cytokines, including IL-1beta, IL-6
and TNF-alpha. The immunomodulating properties of both MLT and
Ang 1-7 are also confirmed by the expression of receptors for MLT
and Ang 1-7 by the various immune cells [8,13]. Macrophages would
mainly express Ang 1-7 receptors [13], while lymphocytes mainly
express MLT receptors [8]. An anti-inflammatory action is also played
by alpha-MSH [14] and by the adrenal gland trough the release of
cortisol [15], which, however, exert a concomitantimmunosuppressive
effect [14]. As far as Covid 19 vaccine is concerned, it is known that
all vaccinations require an adequate function of the immune cells to
be effective, including the dendritic cells because of their function as
antigen presenting cells, whose activity has appeared to be enhanced
by MLT, which has also been proven to stimulate IL-2 secretion from
Th1 cells [8-10]. Finally, it is known that the possible side-effects of the
vaccination, including fever, myalgia, asthenia, headache, are due to a
transient enhanced endogenous production of inflammatory cytokines
concomitantly to the activation of an effective immune response.
Moreover, in the case of Covid 19 vaccine, the action of the spike
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protein could determine a transient endogenous Ang 1-7 deficiency
due to its interaction with ACE2 receptor.Therefore, a short-time
preparation with neuroendocrine anti-inflammatory agents, such as
low-dose MLT and Ang 1-7 itself, could better improve the safety of
vaccination, because of their inhibitory action on the secretion of IL-
17, IL-6, and TNF-alpha [8-12]. Therefore, the potential therapeutic
role of both MLT and Ang 1-7 in the treatment of Covid 19 infection
is also suggested by the fact that Covid 19 infected patients under
chronic treatment with MLT for different reasons may present a better
prognosis with less complications [16], as well as by the fact that all
patients at higher risk for disease complications, including male aged
subjects and those with hypertension, obesity and diabetes mellitus,
are characterized by a diminished ACE2 expression and a consequent
diminished Ang 1-7 endogenous production [17]. Finally, MLT has
been proven to counteract ACE expression and stimulate that of ACE2,
by enhancing Ang 1-7 secretion [18]. On these bases, a preliminary
study was planned to evaluate the influence of a neuroendocrine
regimen with low-dose MLT plus Ang 1-7 administered for some
days prior and after BNT162b2 mRNA (Pfizer-BioNTech) (PF) [19] or
Oxford-AstraZeneca (AZ) Covid19 vaccine [20].

Subjects and Methods

The study included 60 consecutive healthy subjects. According to the
dispositions of the Healthy Ministry in relation to several variables,
including age and sex, 30 of whom received PF Covid-19 vaccine,
while the other 30 patients were treated by AZ Covid-19 vaccine.
After the approval of the Ethical Committee, the clinical protocol was
explained to each patient, and written consent was obtained. Both
groups of subjects were randomized to receive vaccine alone or vaccine
in association with a neuroendocrine peri-vaccination regimen of
MLT plus Ang 1-7. Both vaccines consisted of two injections at 21-day
interval for PF vaccine and after 3 months for AZ vaccine. Because of
the apparent more pronounced side-effects after the second injection
of PF vaccine and after the first dose for AZ vaccine [19,20], the study
was limited to the evaluation of the effects of both PF vaccine injections,
and only after the first AZ vaccine administration. In both groups of
subjects, MLT was given orally at 10 mg/day during the dark period
of the day. Ang 1-7 also was given orally in gastro-protected capsules
at a dose of 0.5 mg/day in the morning. The treatment was started 3
days before vaccination, and it was continued for other 4 days after
vaccine injection. The following symptoms were considered: feverless
than 38°C, fever higher than 38°C, myalgia, asthenia, headache, loss of
taste, nausea, vomiting, diarrhoea, pain at site of injection, thrombosis,
allergy, and cardiovascular complications. Data were statistically
analysed by the chi-square test.

Results

The characteristics of subjects and their reactions to PF or AZ vaccine
are reported in Table 1 and in Table 2, respectively. As shown in
the Table 1, cardiovascular complications, thrombosis, and allergy
events occurred in no subject of both groups treated by PF vaccine.
Moreover, taken together, both groups of subjects referred a better
safety after the first vaccine injection with respect to the second one.
The concomitant preparation with MLT and Ang 1-7 improved the
safety of vaccine. In more detail, the percentage of episodes of fever
higher than 38°C, myalgia, and asthenia observed in subjects who
received the only PF vaccine was significantly greater than that found
in subjects concomitantly treated with MLT plus Ang 1-7 (P<0.05). As
far as AZvaccine is concerned, as shown in Table 2, the peri-vaccination
treatment with MLT and Ang 1-7 statistically significantly reduced the
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Table 1. Characteristics of subjects who received the only Covid 19 Pfizer-BioNTech
vaccine as a control group (n=16; M/F: 7/9; median age 55 years, range 28-72) or vaccine
plus melatonin (MLT) and angiotensin 1-7 (Ang 1-7) (n=14; M/F: 6/8; median age 58
years, range 20-74), and their side effects

Controls (n=16) MLT plus Ang 1-7

Symptoms (n=14)
1*DOSE 2" DOSE 1*DOSE 2" DOSE

Fever Less Than 38°C 4(25%) | 7 (44%) 3 (21%) 4(29%)
Fever More Than 38°C 3(19%) = 6 (38%)* 1 (7%) 2 (14%)
Myalgia 4(25%) | 5(31%)* 0 1 (7%)
Asthenia 4(25%) | 6(38%)* 1. (7%) 2 (14%)
Taste Loss 2 (13%) 0 1(7%) 0
Pain At Injection Site 5(32%) 8 (50%) 2 (14%) 4 (28%)
Headache 2(12%) | 4(25%) 1 (7%) 2 (14%)
Nausea 2(12%) | 3(19%) 0 2 (14%)
Vomiting 1 (6%) 0 0 0
Diarrhoea 1 (6%) 0 0 0
Thrombosis 0 0 0 0
Cardiovascular Complications 0 0 0 0
Allergy 0 0 0 0

*P<0.05 vs MLT plus Ang 1-7

Table 2. Characteristics of subjects who received the only Covid 19 AstraZeneca as
a control group (n=15; M/F: 7/8; median age 41 years, range 31-54) or vaccine plus
melatonin (MLT) and angiotensin 1-7 (Ang 1-7) (n=15; M/F: 6/9; median age: 42 years,
range 32-53), and their side-effects

Symptoms Controls (n=15) MLT ﬁf’fi;ﬂg 17
Fever Less Than 38° C 5(33%) 3(20%)
Fever More Than 38° C 3 (20%)** 0
Myalgia 4 (27%)* 1 (7%)
Asthenia 6 (40%)* 2 (13%)
Taste Loss 1 (7%) 0
Pain At Injection Site 4 (27%) 3 (20%)
Headache 2 (13%) 0
Nausea 2 (13%) 0
Vomiting 1.(7%) 0
Diarrhoea 1.(7%) 0
Thrombosis 0 0
Cardiovascular Complications 0 0
Allergy 0 0

*P <0.05 vs MLT plus Ang 1-7; **P < 0.01 vs MLT plus Ang 1-7.

percentage of episodes of fever higher than 38°C, asthenia, and myalgia
(P<0.05). No important decline in blood pressure values was observed
under Ang 1-7 administration in both groups of subjects treated by PF
or AZ vaccine. On the contrary, two hypertensive subjects experienced
a normalization of blood pressure on Ang 1-7 treatment.

Discussion

The results of this preliminary study would suggest that the already
low side-effects of both PF and AZ Covid-19 vaccines may be furtherly
reduced by a short peri-vaccinal treatment with anti-inflammatory
neuroendocrine agents, such as the pineal hormone MLT and Ang
1-7. Then, these results would confirm the previous proposals of other
authors [4], which in experimental conditions had already demonstrated
that both Ang 1-7 [4] and MLT [21,22] may modulate viral infection-
induced inflammatory response. The importance of these preliminary
results could be more important from a psychological and social point of
view rather than the medical one, because of the great social confusion
concerning both Covid19 disease and Covid 19 vaccination, which
is due to the ambiguous news of the social communication. In more
detail, as far as the possible connection between Covid19 vaccine and
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thrombotic events, particularly in the case of AZ vaccine, which in any
case has been already excluded by the scientific authorities, at least from
a theoretical point of view, it is possible to hypothesize the occurrence of
a transient spike protein-induced endothelia damage, with a following
predisposition to thrombotic events. In any case, this theoretical risk
could be completely abrogated by a concomitant administration of Ang
1-7 because of its fundamental anti-thrombotic activity [4], and whose
deficiency could constitute the main pathogenetic event responsible for
the clinical complications of Covid19 disease [1].
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