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Abstract The new pandemic disease COVID-19 has wreaked havoc worldwide. Its infectious
agent, SARS-CoV-2, uses two key human enzymes called angiotensin-converting
enzyme 2 (ACE2) and transmembrane serine protease 2 (TMPRSS2) to invade body
cells. The first one is encoded by the ACE2 gene and the second by the TMPRSS2 gene.
Both have an outstanding expression of RNA and proteins in the small intestine
compared with other tissues. This prominent location may be related to the main entry
route of SARS-CoV-2 into the organism. In the process of infection, two other genes can
play a fundamental role: NOS2, which expresses inducible nitric oxide synthase (iNOS),
and AOC1, which encodes diamine oxidase (DAO). Both also highlight in the small
intestine and are involved in polyamine metabolism. These biogenic amines are
important for viral replication, being enhanced when NOS2 and AOC1 genes are
downregulated. In addition, NOS2 shows a negative correlation with ACE2 and
TMPRSS2, while nondegraded histamine by DAO can lead to an upregulation of
both genes on which the virus depends. Taken together, these data suggest that
inhibition or underexpression of NOS2 and AOC1 determines the susceptibility to get
sick, increasing the risk of infection. On the other hand, a therapeutic approach to the
disease could be made with homeopathic medicines. Experiments show the remedies’
ability to stimulate gene and protein expression, but a correlation between the
symptoms of each drug and these expressions has not yet been established. Here
an analysis of the pathogenesis of Silicea terra and Arsenicum album supported on the
scientific literature is done. The objective is to propose a theory about their relationship
with key genes whose protein expressed in deficiency can give rise to the chain of
events that imbalance the internal environment (homeostasis) and allow the develop-
ment of symptoms. Silicea seems to be related to NOS2 (gene)/iNOS (protein) and
Arsenicum with AOC1 (gene)/DAO (protein), being necessary to carry out studies to
corroborate these links. Therefore, the aim of this article is to show the importance of
NOS2 and AOC1 genes in the development of COVID-19 and to propose a line of
investigation to evaluate if homeopathy can improve their protein expression.
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Introduction

SARS-CoV-2 is the causal agent of coronavirus disease 19
(COVID-19).1 It has been evidenced that the virus needs
angiotensin-converting enzyme 2 (ACE2), which allows the
conversion of angiotensin-II into angiotensin (1–7),2 to enter
the human cells with its spike (S) protein. SARS-CoV-2 uses
the SARS-CoV receptor ACE2 for entry and the serine prote-
ase TMPRSS2 for S protein priming.3 Other associated pro-
teases for SARS-CoV-2 entry into cells are cathepsins B and L,
which are encoded by the respective CTSB and CTSL genes,4

but they are not indispensable as TMPRSS2.3 Although the
disease is primarily a severe acute respiratory syndrome
(SARS) with symptoms ranging from mild influenza to criti-
cal pneumonia, the presentation of intestinal disturbances as
the first manifestation of the disease has been reported.5

Approaching the illness from the patient is a good way to
understand his susceptibility. ACE2 and TMPRSS2 are genes
with an outstanding expression of RNA and proteins in the
small intestine compared with the rest of the body tissues,6

even more than in the kidney and large intestine where virus
replication can also take place according to the pathophysio-
logical model that will be discussed later. ACE2 attracts
researchers’ attention because the virus needs to enter the
cells.3 Interestingly, ACE2 has a negative correlation with the
NOS2 gene, which encodes inducible nitric oxide synthase
(iNOS; producer of nitric oxide) andwhosemRNA is enhanced
in the same intestinal tissue.6 Said correlation has been
observed in experiments with angiotensin II, which is pro-
duced by ACE1 from angiotensin I. Angiotensin II exerts a
proinflammatory response in vascular smooth muscle cells
through the activation of NADPH oxidase and nuclear factor
(NF)-κB, and the induction of nitric oxide from NOS2.7 Upre-
gulationofACE2decreases the expression of the previous ones
because angiotensin (1–7) reduces NADPH oxidase activity,
prevents NF-κB activation, and hence inhibits the induction of
iNOS.7 AlthoughNOS2modulates inflammatory reactions and
the immune response,8 its frequent involvement in the patho-
physiology of inflammation9 makes iNO a target for pharma-
cological inhibition.7,10 In addition, the vascular protective
activityofACE211,12 invites to itspharmacological stimulation,
which can result in a combined downregulation of NOS2 and
upregulation of ACE2 as is pointed out in the referred study.7

AOC1 gene encodes diamine oxidase (DAO; before hista-
minase). This is a copper-containing enzyme with high
expression in the small intestine. Its function is to deaminate
biogenic amines proceeding from food.13 Its main substrate
is peripheral and extracellular histamine, in contrast with
the central nervous and intracellular degrading enzyme
histamine N-methyl transferase (HNMT).14 However, DAO
also catabolizes 1-methylhistamine, agmatine, cadaverine,
and the so-called polyamines putrescine, spermidine, and
spermine.15 Polyamines are necessary for viral replication16;
so, the importance of the peripheral histaminase is that it
plays a role in regulating the amount of polyamines in the
body. Histamine should also be regulated, assuming a mod-
ulation in signalling for a proper immune response, which
will all together reduce the risk of infections.17

As iNOS and DAO are involved in the metabolism of
polyamines,18,19 this article aims to build a pathophysiologi-
cal model for COVID-19 based on the relationship between
the ACE, ACE2, TMPRSS2, NOS2, and AOC1 genes. For this, the
different sections of the article discuss the following issues:

• The biological basis for the development of the disease
from the underexpression or inhibition of the NOS2 gene
or the AOC1 gene, and the genetic and environmental
factors that favour the said functional deficiencies.

• The common physiological characteristics of NOS2 and
AOC1 to understand the infection beyond polyamines
metabolism.

• The pathophysiology on a genomic scale model derived
from the previous points, where the interferon (IFN)
family can make the difference between the NOS2 and
AOC1 genes in relation to SARS-CoV-2 infection.

• The homeopathic medicines whose pathogenesis show a
correlation with the disabilities of iNO and DAO, and
would serve to treat COVID-19 along with basic measures
(diet, healthy habits and so on).

Section 1

The Importance of GENREs, Polymorphisms,
Epigenetics and Environmental Factors that Interact
with NOS2 and AOC1 or Their End Products for the
Development of Infections after Gene
Underexpression or Inhibition (Functional Deficiency)
Genome-scalemetabolic reconstructions (GENREs) constitute
a fundamental tool for understanding physiology and bio-
chemistry through gene andprotein expression. This allows us
to understand the function of thehumanbodyandother living
organisms for which there are GENREs studies.20 These inves-
tigations facilitate the understanding of a protein function by
analysing the tissues of the body where the gene that encodes
it is expressed. Thus, the development of a disease can be
explained by building the process from the organ or cells
where such RNA and protein highlight. In summary, it helps
establish pathogenesis and pathophysiology.

The construction of the present disease development
model begins with the proposition of the existence of a basic
or primary functional deficiency, whichwould correspond to
one of the NOS2 or AOC1 genes and which would result in a
state of inhibition, blockade or underexpression that leads to
the functional disability of iNOS or DAO. This approach
results from the combination between the perspective of
the disease as a deficiency state in traditional Chinese
medicine21 and the unicist homeopathic medical current
of assigning a single ultra-diluted remedy to the patient to
resolve all his symptoms.22 In the author’s experience, the
fusion of said therapeutic systems, already reflected in
medical manuals,23,24 improves clinical efficacy because it
helps diagnose based on a better understanding of the most
probable way in which pathological processes should hap-
pen. In the last section of the article about the homeopathic
treatment proposed to fight coronavirus infection, informa-
tion on how to establish the relationship of the drugs with
the genes to be stimulated will be expanded.
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Continuing with the explanations, since Dr. Samuel Hahne-
mann laid the foundations of homeopathy, a chronic disease is
a pathological conditionwhich results from a previous state of
weakness. Such debility constitutes a diathesis or predisposi-
tion to get sick in a certain way.25 This susceptibility makes
possible the development of acute processes, because the
sensitivity to environmental factors is increased. The concept
is brightly summarized in paragraph 31 of the Organon26 and
deeply explained in Hahnemann’s Treatise of Chronic Diseases,
establishing the relationship between the constitutional
weakness and the most ancient infectious miasma called
Psora.27 In the same line, Dr. James Tyler Kent tries to clear
in his Homeopathic Philosophy how the complex and conta-
gious psoric disease has been able to cause the general
susceptibility of the human being to develop sickness in
multiplewayssinceancient times. For this famoushomeopath,
the constitutional weakness is the result of bad habits and
unhealthy lifestyles.28 Although he did not try to bind science
and religion, some people link his statements to the original
sin.29 Time has proved Dr. Tyler Kent was right, as biologist
Richard Dawkins explains in his famous book The Selfish Gene
that memes are the cultural and educational factors that
influence genetic inheritance.30 Taking all these together
and considering that all body functions are regulated by
proteins,31 the transition from the physiological state to the
pathological condition can be supported by a preexisting
functional deficiency in terms of downregulated genes that
result in lessmRNAandproteinexpression.Ashomeostasis is a
state of balance,32 its disturbance in the form of protein
downregulation is usually accompanied by an overexpression
of other substances as compensatory mechanism that take
part in the clinical picture. In the case ofNOS2, iNOS inhibition
results in upregulation of arginase pathway due to substrate
competition,33 while AOC1/DAO suppression leads to an in-
crease in biogenic amines bioavailability (mainly histamine
and polyamines).34

Reached this point, how a specific functional deficiency
develops? The downregulation of RNA and protein expres-
sion for a certain gene is related to an essential biological
concept: the phenotype is the sum of the genotype and the
environment.35,36 As we have a unique DNA, the way to get
sick is also individual.37 Therefore, genetic and environmen-
tal factors determine functional deficiencies. The main ge-
netic ones that define the idiosyncrasy of diseases are gene
polymorphisms and epigenetic agents.38,39 Polymorphisms
are little changes in the sequence of nucleotides that can
modify the functionality of the gene promoting or reducing
its activity, although there can also exist structural alter-
ations without influence in the function.40 Epigenetic agents
are environmental factors, such as DNA binding substances
or climatic variables, that also modulates gene expression
through its downregulation or upregulation.41 Without go-
ing into technical aspects, both genetic factors are thebasis of
evolution and condition of health and disease creating
advantages, susceptibilities or predispositions depending
on the circumstances.42

There are studies on NOS2 polymorphisms in terms of
overexpression and underexpression. Upregulation of promot-

er regions with a pathological increase of nitric oxide has been
seen in diseases like asthma, rheumatoid arthritis, cardiovas-
cular injuries, and cancer.43 On the other hand, and favouring
the purpose of this article, iNOS-downregulation polymor-
phisms alter the protecting role of iNO against infectious
diseases, such as tuberculosis, hepatitis C and malaria.43

Researches about these genetic variabilities reveal their exis-
tence or absence according to racial type,43 which can be used
to understand population morbidity and mortality. Regarding
epigenetics forNOS2, examples of positive regulationof iNOare
hypomethylation44 andphosphorylation,45whilenegative reg-
ulation occurs by hypermethylation,46 ubiquitylation,47

SUMOylating48 and, in relation to macrophages competency
against infections, acetylation.49,50 Single nucleotide polymor-
phism (SNP) is the variant for AOC1/DAO deficiency that
explains the so-called disease histamine intolerance.51 Its
clinical picture is constituted by several symptoms mediated
byhistamine receptors (H1R,H2R,H3R,H4R), amongwhich are
respiratory disturbances such as congestion of thenose, rhinor-
rhoea, sneezing, cough, bronchoconstriction and dyspnoea.52

Although susceptibility to getting sick (diathesis) is ge-
netic, polymorphisms and epigenetic interact with environ-
mental factors to cause disease.53 ►Tables 1 and 2 list some
of these factors that can inhibit iNOS and DAO in different
ways. Some comments on the referenced studies have been
added to highlight their importance. Perhaps, those which
are common for both enzymes could be more relevant for
coronavirus infection due to double protein subexpression.
This is not an attack against the cited factors since a varied
selection has been made to reflect the possible abuses in a
global consumer society. Therefore, the problem is the
quantity, sum and combination of them. Surely the reader
can think in many more, whether from the West, the East,
natural medicine or conventional medicine. Another detail
regarding the tables is the way in which the environmental
factors affect gene expression. The regulation of NOS2 is
mainly transcriptional and post-transcriptional,54 although
it can also be translational55 and post-translational.56 On the
other hand, DAO activity can take place without expression
of the AOC1 gene. The enzyme is stored in plasma mem-
brane-associated vesicular structures of epithelial cells and
can be activated if any stimulus causes the release of hista-
mine.57 For this reason, environmental factors for AOC1/DAO
are enzymatic inhibitors or enhancers of the bioavailability
of biogenic amines. An example of increased concentration
of histamine and polyamines in the body is spoiled food
poisoning. In this case, a polymorphism of histamine intol-
erance is not essential to develop symptoms since DAO and
histamine N-methyltransferase (HNMT) cannot process as
many substrateswithout injury.58However, the combination
of factors of►Table 2 could generate an acquired intolerance
to biogenic amines that ends up leaving a genetic footprint
over time, that is, affecting the expression of the AOC1 gene.
In the case ofNOS2, metabolites of the arginase pathway that
competitively inhibit iNO, including biogenic amines, are
also present in ►Table 1. In this sense, the gene shares
problem with AOC1: the epigenetic character of
polyamines.59
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Section 2

Common Functional Characteristics and Contribution
to Body Physiology and the Protection against
Infections from the Small Intestine of the NOS2 and
AOC1 Genes, Happening through Their Respective
Protein End Products—Inducible Nitric Oxide
Synthase/Nitric Oxide and Diamine Oxidase
The NOS2 and AOC1 genes encode their respective
enzymes iNOS and DAO, with common functional charac-
teristics that contribute in an essential way to body
physiology and the protection against infections. From
the perspective of GENREs studies, the outstanding ex-
pression of a gene and its protein end product in a tissue
indicates the prominent importance of their function in
that part of the body. However, minor expression of the
gene and protein can happen in other type of organs and
cells, pointing out their involvement in physiological
processes that do not necessarily have to be related to
the enriched tissue.105 In this sense, an imbalance in the
organism can develop after starting in the highlighting
location or may occur in secondary places. This will
depend on the environmental factors that cause the
disease, being something well known in homeopathic
medicine through the concept “disorder by (plus the
stimulus that triggers the symptoms).”106

Here a set of functions of iNO and DAO is discussed that
have common characteristics and influence the rest of the
body from the small intestine, although additional data
linked to other organic systems are added. The goal is to
support the pathophysiology of COVID-19 that will be dis-
cussed in the next section.

1. Maintenance of the structure, integrity and functionali-
ty of the intestinal tract: Proteins expressed in the intesti-
nal epithelium to perform their functions, such as DAO and
iNOS, are often used as biomarkers of the structural integ-
rity of the organ.107–109 Furthermore, both DAO and iNOS
regulate the absorptive function of the small intestine. On
theonehand, a correlationbetween lowserumDAOactivity
and carbohydratemalabsorptionhas beenpublished.110On
the other hand, DAO controls the activity of histamine over
H1R and H2R digestive receptors to guarantee that the
involvement of the biogenic amine in the assimilation of
lipids do not become into an aberrant signalling with
muscle cramps, pain and diarrhoea.57,111 iNO may help in
thismodulating role because it has suppressive effects over
histamine secreted by mucosal mast cells.109 In addition,
this vasodilator gas increases the permeability of the intes-
tinal epithelial cells for nutrient absorption, while also
acting as a sentinel, triggering an inflammatory defence
mechanism in response to cytokines and lipopolysacchar-
ides (LPS) to prevent harmful effects of microbial toxins or
bacterial translocation.112 The involvement of NOS2 in the
absorptive function of the small intestine is controversial
due to its inducible character linked to immunological
stimuli. But this is compatible with nutrient assimilation
because the interaction of the gut with the bacterial flora

during digestion leads to the expression of cytokines.
Among them we can find tumour necrosis factor-α (TNF-
α), interferon-gamma (IFN-γ) and interleukin-22 (IL-22),
which induce iNOS113,114 and increase the intestinal per-
meability.115 It is comprehensible that a proper expression
of all the above for gut barrier permeability regulation,
integrity and assimilative functionality depends on the
balance with the intestinal microbiota.116,117

2. Influence on local and systemic proteinmetabolism: For
the structural integrity of the digestive system to be main-
tained, DAO and iNOS participate in the proteinmetabolism
of the enterocytes and this affects the rest of the body. DAO
transforms histamine into imidazole-4-acetaldehyde,
which leads to alanine and glutamate metabolism when it
is transformedby the enzymealdehyde dehydrogenase into
imidazole-acetic acid (IAA) and then aspartate is formed.118

It is usual to give IAA little anabolic value, considering that
its habitual destination is elimination through urine.119

However, patients with DAO deficiency will have altered
protein turnover due to reduced intestinal integrity and
absorptive capacity,52,58 and this makes a metabolic route
involved in body homeostasis important. Moreover, aspar-
tate, alanine and glutamate metabolism connect to the iNO
pathway.120 When there is a deficient expression of iNOS,
arginase is upregulated because it is the competitive en-
zyme for arginine.121 This leads to the replenishment of the
common substrate through the degradation of other amino
acids (glutamine, glutamate, alanine, aspartate, proline and
citrulline),120 resulting in an increase in protein catabolism
similar to that of DAO deficiency.

3. Regulation of histamine and polyamines levels and
bioavailability: It has already been commented that
DAO catabolizes biogenic amines from food, but its regu-
latory role in thismetabolic route does not end here. It has
been shown that when intestinal cells produce putrescine
from ornithine through the enzyme ornithine decarbox-
ylase (ODC), the latter stimulates DAO activation.122 Con-
sidering that putrescine generates the polyamines
spermidine and spermine with the common goal of
adhering to DNA for cell proliferation or apoptosis,123

the AOC1 gene is important in limiting the activity of
endogenous biogenic amines. If these are overexpressed,
aberrant responses can occur, such as necrosis,124 can-
cer125,126 and, in the present case, an advantage for viral
replication.127 To this wemust add that histamine and the
others have synergy and capacity to potentiate their
biological effects mutually.128 The relationship of the
NOS2 gene with the aforementioned metabolic routes is
that upregulation of the arginase pathway by inhibition of
iNOS allows the production of ornithine from arginine,
activating OCD and forming putrescine.120

4. Cushion the impact of exogenous toxins over the cleans-
ing organs and the remaining tissues: The three great
“filters” of the body (liver, kidney, lung) have DAO and iNOS
activity.13,129 This is a second opportunity to clearance
biogenic amines from the organism, while it allows to
neutralise pathogens and toxic debris that overcome the
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gut barrier. The problem is that an inhibition of the afore-
mentioned enzymes in the cells with the highest expres-
sion, that is the enterocytes,6 supposes a significant
reduction of the protection against translocation through
the loss of influence in zonulin balance by DAO130 and the
reduction of tight junctions regulation by iNO.112 If any of
the inhibitory factors cited in►Tables 1 and 2 extend their
suppressive action to the liver thanks to its close anatomic
relationshipwith the intestinal tract, the consequenceswill
be worse, and even more if genetic predisposition to gene
underexpression exists. It is true that the body has com-
pensatory mechanisms to metabolise exogenous biogenic
amines when they are too much, but an excess from food
can inhibit both histaminase enzymes DAO and HNMT and
exert harmful effects on all organic systems.131

5. Participation in neurological balance and nervous ac-
tivity: It has been suggested that iNOS can affect synaptic
transmission through astrocytes in the central nervous
system.132 Although the transcriptional induction of this
nitric oxide seems to be “too slow” to modulate neuronal
activity and synaptic plasticity, experiments with NOS2
knockout mice show an inadequate adaptation response
to environmental stimuli.133,134 iNO can also react in
response to infection in the brain, existing a regulatory
pathway to avoid overexpression and injuries. It consists
of the activation of the third possible route of arginine
metabolism, different from arginase and iNOS. This one is
the conversion of arginine into agmatine by arginine
decarboxylase. The biogenic amine reduces the formation
of nitric oxide in the form of aldehyde, for which DAO is
necessary.135 It is widely accepted that HNMT is the main
catabolic enzyme for histamine in the central nervous
system,136 but DAO has protein expression in the brain6

and compensate HNMT if it is deficient.137 Furthermore,
an increase in thebioavailability of biogenic amines due to
DAO or iNOS inhibition improves their vasoactive activity
and they can reach the central nervous system in different
possible ways to alter the nervous centres.138–142 Some of
the impairments are seizures and tremors through hista-
mine H3R receptors143 and polyamines NMDA recep-
tors.144 Additional pro-convulsive mechanisms for NOS2
will be discussed in next sections.

6. Contribution to cardiovascular function:Westernmod-
ern science and traditional Chinese medicine coincide in
admitting the existence of a heart–intestine axis.145–147

This should not be uncommonwhen intestinal cells have a
high expression of RNA and proteins for genes with end-
products active in the cardiovascular system, as is the case
of serotonin formed from tryptophan hydroxylase 1
(TPH1) or angiotensin II and angiotensin (1–7) produced
from the respective ACE1 and ACE2.6 In this same sense,
NOS2 and AOC1 influence circulatory physiology. iNO
stimulates vascular endothelial growth factor (VEGF),148

which is essential for angiogenesis that leads to tissue
growth, development, and repair. This process does not
onlyoccur in response to trauma or endotoxins149 but also
happens in physiological conditions such as tooth erup-

tion,150,151 ovulation,152 and placentation.153 For its part,
DAO participates too in the establishment of the mater-
nal-filial circulation154 and constitutes a biomarker of
haemorrhagic shock.155 Moreover, both iNOS and DAO
control the vasoactive activity of histamine, but in differ-
ent ways. While the former inhibits its release from
mucosal mast cells,109 the latter is more important be-
cause it stops its signalling by catching the biogenic amine
from H1R to H4R binding receptors.156

7. Modulation of the immune response: iNO and DAO can
have either positive and negative regulation in immune
processes.8,157,158 While the NOS2 gene is expressed in
response to mediators of inflammation, ischaemia or
bacterial toxins,159,160 AOC1 does so in relation to hista-
mine release by similar stimuli (in addition to non-im-
munological liberators).99,100 The biogenic amine is again
in the connection between the end-products of the genes.
iNO is necessary for phagocytosis by M1 macrophages,
which activate lymphocytes T helper type 1 (Th1) for
removing pathogens.161 Th1 can be upregulated by hista-
mine binding directly to its H1R receptor or through
dendritic cells type 1 (CD1), with the same classic recep-
tor. The pathway implicates phospholipase C and NF-κB,
leading to nitric oxide induction.162 DAO is essential to
avoid an aberrant response due to too strong or prolonged
signalling on the H1R receptor. The aforementioned abili-
ty of histamine to enhance the action of other biogenic
amines connects with infectious agents that are favoured
by the arginase pathway, highlighting among them hepa-
titis C virus, Helicobacter pylori, Salmonella enterica sero-
var Typhimurium, Mycobacterium tuberculosis, Candida
albicans, Leishmania sp., Trypanosoma cruzi, Trypanosoma
brucei, Toxoplasma gondii, Schistosomamansoni, and Giar-
dia lamblia. As with coronaviruses,16 polyamines act as
growth factors.163,164 In this sense, the iNOS and DAO
enzymes are important for substrate control and a proper
immune response.

Section 3

Pathophysiological Model for COVID-19 on a Genomic
Scale with the ACE, ACE2, TMPRSS2, NOS2 and AOC1
genes—The Interferon Family Could Make the
Difference between iNOS and DAO Deficiency in SARS-
CoV-2 Infection
So far,whatweknow is that SARS-CoV-2dependsonACE2and
TMPRSS2 to infect epithelial cells of theairways and the gut.165

To make invasion possible, other genes may play an essential
role. ACE, the one that encodes the ACE,166 participates in the
process because ACE2 competes for its substrate angiotensin I
and the end-product angiotensin II to produce angiotensin
(1–9) and angiotensin (1–7), respectively.167 This supposes a
negative correlation between both, where the upregulation of
ACE2 means the downregulation of ACE. On the other hand,
TMPRSS2 seems to be enhanced by interleukin-13 (IL-13),168

which is a cytokine produced by lymphocytes Th2 cells,
lymphocytes B (B-cells), mast cells, eosinophils, basophils,
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and alveolarmacrophages (M2 cells)169; so, there shouldbe an
increase in the activity of these immune cells during the
infection. In addition, a recent study referring to the relation-
ship between TMPRSS2 and IL-13 demonstrates the implica-
tion of the IFN family in the improvement of ACE2 for the virus
to enter into nasal goblet secretory cells, lung type II pneumo-
cytes, and ileal absorptive enterocytes.170 A remarkably inter-
esting extra datum from this research is that the airway
epithelial cells used to evidence the positive regulation of
ACE2 when the samples are cultivated with IFN-γ proceed
from asthmatic patients. This pathological condition could
make the difference and create a divergence between iNO and
DAO in relation to the IFN family if DAO deficiency underlies
the asthma (see►Figs. 2 and3 to comparedata). Therefore, the
connection of all the aforementioned points together with the
augmented bioavailability of polyamines for viral replication
can be done through NOS2 or AOC1 gene underexpression, as
we will be discussing in the following paragraphs.

The construction of the pathophysiological model for
COVID-19 begins with the linkage of ACE, ACE2, TMPRSS2,
NOS2 and AOC1 to specific organs. ►Table 3 shows the main
places of the body where the five genes and their enzymatic
end-products related to SARS-CoV-2 infection have a promi-
nent expression of RNA and proteins. Obviously, NOS2 and
AOC1 are the new proposals. Consensus data come from the
Human Protein Atlas version 19.6 Common tissues with the
most prominent expression are highlighted in bold.

As canbeseen, thesmall intestine, thelarge intestine and the
kidney constitute key tissues which can be interpreted as three
important places for viral replication, but considering that

reaching the nephrons means overcoming the enterocytes.
Tissueenrichment for thefivegenesand theirencodedenzymes
is greater in the small intestine compared with the large
intestine (graphics in the Human Protein Atlas version 196),
and for this reason the former is a more important gateway to
thebody forSARS-CoV-2 than thelatter. Although in theHuman
Protein Atlas version 19 there is variability in the tissue hierar-
chy related to the expression of RNA and proteins, a global
interpretation of the data allows to build the infectious process
following theorderof small intestine> large intestine> kidney.

The logical question about how the gut can be the main
front door to the body for the virus when respiratory
symptoms predominate in the clinical picture needs some
explanations. First, we must consider the fact that gene and
protein expression also occurs in other organs. The airways
manifest ACE2 and TMPRSS2,170 and iNOS and DAO are
present in all the epithelia, not only in the intestinal one
(DAO reaches mucosal surfaces through serum after AOC1
gene expression in the bowel, kidney and placenta).6,107,172

In all mucous membranes, the functional deficiency of both
enzymes will lead to similar impairments as those that
would develop in the bowel. What it is suggested here is
that the outstanding abundance of all the cited genes and
their enzymes in the same tissue has a significant influence
on other parts of the organism, conditioning the working
capacity of the remaining cells. Therefore, themore enriched
the organ is, the more important it is in the function related
to the expressed genes and the more responsibility it has in
the associated metabolism, even in distant areas of the body
(there is a reason for a tissue to express one gene more than

Fig. 1 Symptoms of COVID-19 recorded in scientific publications. The clinical manifestations are grouped by organic systems and their
references are the following: general and respiratory symptoms5,177–181,188,189; digestive symptoms5,177–180,188,189; cutaneous symptoms187;
renal symptoms180,181,190,191; cardiovascular symptoms181,182; neurological symptoms.177,183–186
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Fig. 2 Enhancement of ACE2 and TMPRSS2 for cell infection by SARS-CoV-2 beginning with the inhibition of NOS2/iNOS after exposition to
certain environmental factors and with the help of gene polymorphisms and epigenetics. Green box ¼ unique in this colour to symbolize the
causes of the functional deficiency. Blue boxes¼ cells damaged, or genes and proteins downregulated. Grey boxes¼ angiotensin receptors AT-
1R and related effects due to negative regulation. Orange boxes¼ cells, genes or proteins upregulated; derived injuries. Red boxes¼ key genes
and associated processes that allow the development of COVID-19. Clarification: The whole process is explained in the previous
paragraph.7,161,165,168,169,192,209–217 Abbreviations: NF-κB, nuclear transcription factor kappa B; NADPH oxidase, nicotinamide adenine
dinucleotide phosphate oxidase; STAT-1, signal transducer and activator of transcription 1; NOS2/iNOS, nitric oxide synthase isoform 2/inducible
nitric oxide synthase; ANG I, angiotensin 1; ANG II, angiotensin 2; ANG (1–9), angiotensin 1–9; ANG (1–7), angiotensin 1–7; AT-1R, angiotensin 2
receptor type 1; ACE, angiotensin-converting enzyme isoform 1; ACE2, angiotensin-converting enzyme isoform 2; M1 cells, macrophages type 1;
M2 cells, macrophages type 2; Th1 cells, lymphocytes T helper type 1; Th2 cells, lymphocytes T helper type 2; lymphocytes T CD4þ, lymphocytes
T expressing cluster of differentiation 4; B-cells, lymphocytes B; IL-1β, interleukin 1β; IL-1, interleukin 1; IL-6, interleukin 6; IL-13, interleukin 13;
TNF-α, tumour necrosis factor-α; IFN-γ, interferon-gamma; TMPRSS2, transmembrane serine protease 2; SARS-CoV-2, severe acute respiratory
syndrome by coronavirus 2.
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others, even if its protein product acts on other organs).173 In
this way, the functional deficiency of NOS2 or AOC1 can
promote the development of symptoms in any part of the
body, in the case of COVID-19, when their respective
enzymes iNOS and DAO fail in the small intestine. Enzymatic
inhibition by substances involved in their metabolic path-
ways, such as the biogenic amines indicated in ►Tables 1

and 2, partly supports the hypothesis, although it is more
sensible to think that the saturation of the system is pro-
duced by the interactive participation of diverse environ-
mental factors.174 In addition, we must not forget what has
been said about the “disorder by” of homeopathic medicine,
which explain the development of symptoms in those parts
of the body where the causal factors impact and generate
imbalances.106 However, there will be a tendency to develop
impairments in the most prominent tissue because of the
cause–effect relationship and the meaning of the protein
function in such organ. Thus, for example, the disability of
DAO is related to decomposing protein poisoning after
bacterial decarboxylation or excessive consumption of foods
rich in biogenic amines due to its involvement in their
metabolism within the enterocytes and in the portal circu-
lation.52,58 Then, DAO deficiency is a pathological condition
that ismore probable to develop linked to nutrition, although
a disposition to suffer symptoms in other locations with
enzymatic expression should exist because inhibition will
also develop elsewhere once themaster organ succumbs and
its buffering capacity is lost. This suggests that the pre-
existence of the functional disability favours the develop-
ment of coronavirus infection16,17 and it is in this approach
to diseases, as a consequence of the previous loss of homeo-
stasis, where the underlyingmedical philosophyof this study
is supported. In the case of NOS2, iNOS disfunction does not
show the side effects of an excessive amount of its substrate
like the previous one, but there will also be an overexpres-
sion of polyamines and an upregulation of arginase pathway
that depletes arginine.175 Its replenishment at the expense of
other amino acidswill lead again to arginase activity because
iNOS suppression will still go on and this catabolic trend in
protein turnover will lie behind the immunodeficiency that
precedes viral invasion.120,176

The genomic-scale model continues with the relationship
of COVID-19 symptoms with iNO and DAO. ►Fig. 1 summa-
rizes the wide range of morbid manifestations reported in
scientific publications, highlighting fever, fatigue and dry
cough.5,177–187 Diarrhoea is the most common digestive
disturbance188,189 and among those who evolve to a severe
respiratory clinical picture, there is a quarter part that
develops acute kidney injury.190,191

According to what has been commented in Section 2,
there are three main reasons to justify the prominent
expression of iNOS in the bowel: regulation of intestinal
wall permeability, control of microbial flora, and participa-
tion in protein metabolism of enterocytes (arginine path-
way).192 Genetic and environmental factors (see ►Table 1)
show NOS2 inhibition through downregulation of NAPDH
oxidase, reactive oxygen species (ROS), nuclear transcription
factor-kappa B (NF-κB), and signal transducer and activator

of transcription-1 (STAT-1). The result is the disturbance of
the aforementioned functions, affecting gap junctions, alter-
ing the nourishment of gut cells, and favouring translocation
which increases the risk of sepsis.193 Something similar can
happen in the respiratory system, because NOS2 is found in
epithelial cells194 and the highest concentration of nitric
oxide in the exhaled breathe comes from the inducible
isoform.172 This means that the constitutive nitric oxide
synthases, that is the neuronal (nNOS) and the endothelial
(eNOS), make a little contribution despite they are also
present in the airways.194 So, limited bronchodilation in
this case is significantly more influenced by a reduction in
the formation of nitrosothiols (nitric oxideþ -SH group)
derived from iNOS195 than from nNOS activity as part of
the inhibitory nonadrenergic noncholinergic system.196 iNO
also produces peroxynitrite when it reacts with superoxide
anion (O2

�), being an important ROS against pathogens.195

However, the inflammatory condition proceedsmainly from
the positive regulation of arginase andwe can conclude that it is
linked to iNOS inboth the intestine and the lung. Thispathway is
responsible not only for the immunodeficiency already men-
tioned, but also for fever197 and fatigue.198 Although inflamma-
tion of the respiratory system should have an analogous
manifestation in the intestinal tract, evenmore if thehypothesis
is to consider it as the main gateway for SARS-CoV-2, some
interestingaspectsofargininemetabolismshouldbeanalysedto
present the enterocytes as a silenced front door. When the
replenishmentof the aminoacidoccurs at theexpenseofothers,
glutamate is themost affectedwitha consumption ratioof three
molecules for each arginine produced.120 This increase in pro-
tein turnover with a predominance of catabolism ends up
altering glutamatergic pathway, which is the main excitatory
nervous signalling formed by the synergistic activity of co-
expressed acetylcholine and glutamate.199 Thus, slowed intesti-
nal transit is more likely to occur than diarrhoea.200 This effect
can be reinforced by the observed negative correlation between
constitutiveand inducibleNOS.133,134,195While thismusthavea
minor consequence in the lung as has been explained, its impact
is relevant in the digestive and central nervous systems. Upre-
gulation of nNOS when iNOS is blocked also consumes argi-
nine,201opposes resistancetourgent intestinal excretion,202and
contributes to the development of seizures.203 Convulsionsmay
also be associated with downregulation of GABA, which comes
fromglutamate,204augments its degradation throughactivation
of GABA transaminase by nNOS,205 and suppresses its hippo-
campal activity linked to the GABAA receptor when melatonin
bins to the Mel1B receptor.206 In addition, the sleep hormone
inhibits NOS2.207 Two other highly discussed neurological dis-
orders are loss of taste andsmell,whichcanbecausedby limited
expression of acetylcholine.208

The imbalance between iNO and arginase alters the
expression of immune cells and damages vascular cells,
with their injury being the basis of all the symptoms. This
has a special impact on the brain, heart and kidney due to
their sensitivities related to the occurrence of circulatory
events. M1macrophages, which express iNOS for nitric oxide
production against pathogens,161 suffer downregulation and
reduce the response of lymphocytes Th1 cells and vascular
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cells via nitric oxide. These last cells have angiotensin II
receptor type 1 (AT-1R) and produce angiotensin II that binds
to the former for NADPH oxidase/NF-κB/STAT-1 activation,
even in M1 macrophages.209–212 The process implicates
chemokines and cytokines, among which the tumour necro-
sis-α (TNF-α) stands out because it allows the production of
IFN-γ to protect the body against viruses.213 Furthermore,
the minor production of TNF-α linked to NOS2 downregula-
tion also reduces ACE activity.7 Then, the inhibition of all the
above leads to the transformation of angiotensin I and II into
angiotensin (1–9) and angiotensin (1–7), respectively, by
ACE2, which competes with ACE substrate/end-product
and inhibits NADPH oxidase/NF-κB activation to reinforce
iNOS blockade.7 Exogenous administration of angiotensin
(1–7) or ACE2 enhancers will favour the biological effect.
Although angiotensin (1–7) is anti-inflammatory,7 upregu-
lation of arginase in vascular cells leads to oxidative stress
and inflammation.214 This is potentiated by granulocytes,
mainly neutrophils, which express arginase and cause tissue
damage through excessive degranulation because the endo-
thelial process of adhesion andmigration is in part limited by
iNO.192 Neutrophils can also produce endogenous pyrogens
(IL-1, IL-6),215 stimulating the liver for the release of acute
phase proteins and contributing to the development of
systemic inflammation, fever and sepsis.216 Finally, arginase
is expressed too in M2 macrophages,161 provoking trans-
membrane serine protease 2 (TMPRSS2) upregulation
through IL-13 production168 by themselves, lymphocytes
Th2 cells and lymphocytes B (Th2 cells are activated by M2
macrophages and B-cells by the former).169 The increment of
ACE2 and TMPRSS2 allows SARS-CoV-2 infection in epithelial
cells of the gut and airways,165 considering the possibility
that the virus reaches the respiratory system through the
bloodstream once the intestinal barrier is overcome. The
same environmental factors that inhibit iNOS in enterocytes

can do the same over respiratory cells once they pass the
digestive tract, weakening evenmore the body and favouring
the spread of the disease by aerosol droplets. It is also
convenient to study the contagious potential through the
faeces. The protective role of NOS2 gene against SARS-CoV-2
has been suggested in a recent study.217 ►Fig. 2 schemati-
cally summarizes the main steps of this suggested infection
process.

Regarding DAO, the reduction of its intestinal activity
allows histamine to augment its concentration with vaso-
active effects that lead to an increase in vascular perme-
ability, hypotension and the development of
inflammation.19,218 The resulting fever and fatigue are
potentiated by other biogenic amines such as putrescine,
spermidine and spermine. These have the ability to block
sodium and calcium channels in nerve, musculoskeletal and
cardiac cells, which intensifies the sensation of col-
lapse.219–221 Aberrant histamine signalling on the H1R
receptor is the most important. Its activation in immune
and vascular cells supports the febrile and inflammatory
process, since dendritic cells type 1 (DC1), M1 macrophages,
lymphocytes Th1, and muscle and endothelial cells of blood
vessels express this receptor.162 The chain response of these
cells shown in ►Fig. 3 includes the recruitment and migra-
tion of neutrophils and the production of cytokines, among
which there are endogenous pyrogens such as interleukin 1
(IL-1), interleukin 6 (IL-6) and TNF-α from granulocytes and
macrophages.215,222 The liver also contributes to the pro-
cess by producing acute phase proteins through the same
H1R receptor.223

One of the effects of the “cytokine storm” is the release
of IFN-γ from IL-12/TNF-α-activated immune cells.213,216

This one, along with IFN-α and interferon-β (IFN-β) syn-
thetized by infected cells,216 induces the overproduction of
nitric oxide to promote systemic inflammation, fever and

Table 3 Tissues with an outstanding expression of RNA and protein for ACE, ACE2, TMPRSS2, NOS2, and AOC1 genes

ACE ACE2 TMPRSS2 NOS2 AOC1

Small intestine Small intestine Small intestine Small intestine Small intestine

Large intestine Large intestine Large intestine Large intestine Large intestine

Kidney Kidney Kidney Kidney Kidney

Lung Gallbladder Stomach Cerebral cortex Placenta

Male tissuesa Testis Pancreas Lower airways Appendix

Female tissuesb Seminal vesicle Epididymis Liver Lower airwaysc

Lungc Seminal vesicle Muscle tissues

Prostate Appendix

Appendix

Lungc

Note: Common organs where values are highest have been highlighted in bold.
aMale tissues are testis, epididymis, seminal vesicle and prostate.
bFemale tissues are the fallopian tube and the endometrium. Consensus data come from The Human Protein Atlas version 19.6
cLung has been added despite it has not a prominent expression according to the Human Protein Atlas version 19,6 but a recent study has elucidated
the presence of ACE2 in respiratory cells (Ziegler et al170). For TMPRSS2, no score has been assigned at the protein level in the Human Protein Atlas
version 19.6 AOC1 has a low RNA expression in the lungs and a mild protein expression in the bronchi, but it conditions the expression of HNMT
(main histaminase in the airways171) as explained in section 2.
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sepsis.224,225 Thus, we see that here the roads of the NOS2
and AOC1 genes separate, since stimulation of ACE2 by IFN-
γ in cells of asthmatic patients170 is in line with DAO
deficiency. This pathological condition leads to the devel-
opment of symptoms similar to those of COVID-1952,58

(including biogenic amines-mediated cell proliferation
and necrosis124–126). Precisely, patients with allergic
symptoms belonging to histamine intolerance tend to
suffer the consequences of an increase in the activity of
eosinophils, basophils and mast cells, which produce IL-

Fig. 3 Enhancement of ACE2 and TMPRSS2 for cell infection by SARS-CoV-2 beginning with the inhibition of AOC1/DAO after exposition to
certain environmental factors and with the help of gene polymorphisms and epigenetics. Green box ¼ unique in this colour to symbolize the
causes of the functional deficiency. Blue boxes¼ cells damaged, or pathways downregulated. Orange boxes¼ cells, genes or proteins
upregulated; derived injuries. Red boxes¼ key genes and associated processes that allows the development of COVID-19. Clarifications: The
whole process is explained in the three previous paragraphs.19,52,58,124–126,130,162,168–171,213,215,216,218–233 M1 macrophages and neutrophils
produce IL-1, IL-6 and TNF-α∙213,215,216 M1 macrophages also synthetize IL-12, which together with TNF-α activates NK cells.162 NF-κB from
vascular and immune cells participates in the induction of IFN-γ209–212 Abbreviations: NF-κB, nuclear transcription factor kappa B; AOC1/DAO,
amine oxidase copper containing type 1/diamine oxidase; IgE, immunoglobulin E; FcεRI, high-affinity receptor for the Fc region of IgE; H1, H2,
H3, histamine receptors without the “R” due to reduced space; DC1, dendritic cells type 1; M1 cells, macrophages type 1; Th1 cells, lymphocytes
T helper type 1; Th2 cells, lymphocytes T helper type 2; Ne, neutrophils; NK, natural killer; B-cells, lymphocytes B; VSMC, vascular smooth muscle
cells; VEC, vascular endothelial cells; IL-1, interleukin 1; IL-6, interleukin 6; IL-12, interleukin 12; IL-13, interleukin 13; TNF-α, tumour necrosis
factor-α; IFN-γ, interferon-gamma; IFNs, interferons, referring to the rest of the family; iNOS, inducible nitric oxide; ANG I, angiotensin 1; ANG II,
angiotensin 2; AT-1R, angiotensin 2 receptor type 1; ACE, angiotensin-converting enzyme isoform 1; ACE2, angiotensin-converting enzyme
isoform 2; TMPRSS2, transmembrane serine protease 2; SARS-CoV-2, severe acute respiratory syndrome by coronavirus 2.
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13169,226 and we have already seen that this cytokine is an
enhancer of TMPRSS2.168 In this case, the typology of cells
expressing IL-13 increases, since Th2 and B lymphocytes
activated by H1R and H2R receptors are also present
here.227 Furthermore, these two immune cells are involved
in the pathophysiology of respiratory processes such as
asthma,162,226 in which DAO disability situations are pro-
moted by the functional incompetence of the enzyme
HNMT228,229 (the main histaminase in the respiratory
system171).

An interesting fact regarding immunoglobulin E (IgE)-medi-
ated histamine release in mast cells is that the process requires
downregulation of chymase.230,231 This enzyme has the ability
to convert angiotensin I to angiotensin II without the need for
ACE.230 The consequence is that if it is inhibited, the AT-1R
receptor will also be underexpressed and angiotensin I can be
processed by ACE2. The situation can be aggravated if ACE
inhibitors are used, since they cause the degranulation of
mast cells232 and chain processes that increase the activity of
TMPRSS2 and ACE2 are stimulated.►Fig. 3 outlines this and all
the fundamental steps that would favour SARS-CoV-2 infection
fromAOC1/DAO inhibition. LikeNOS2, triggering environmental
factors can act directly on the respiratory system, but may also
reach the airways via the bloodstream once they pass through
the intestine. Furthermore, the increase in the bioavailability of
biogenic amines after failing DAO in the enterohepatic circula-
tion may promote viral replication in respiratory cells as just
explained.We cannot forget that dysbiosis is a bowel imbalance
often associated with histamine-mediated inflammation and
this produces zonulin upregulation that allows pathogens to
enter across the gut wall.130,233

Section 4

Homeopathic Approach to COVID-19 Treatment Using
Drugs that Could Stimulate the NOS2 and AOC1 Genes
Since its conception, homeopathy has been considered a
therapy that stimulates the body to solve the symptoms of
disease.234 The consequential cellular reaction to undertake
a function that allows recovering health or enhancing phys-
iology is evidenced in scientific publications about human
medicine, veterinary medicine and botany.235–237 The con-
troversy over its efficacy lies in the fact that ultradilutions
defy chemistry and pharmacology because their effect does
not depend on Avogadro’s number (nonexistent over
12CH25) nor of the dose.238 Then, a possible mechanism of
action focuses on genetic material, since experimentation in
this field shows that homeopathic medicines produce gene
expression.239,240 Furthermore, the existence of nanopar-
ticles in the ultradilutions241 allows to establish a physical
connection between drugs and cellular response. However,
there are nanoparticles within the quantum dots size
range242 and the identification of electromagnetic waves in
DNA ultradilutions243–245 and homeopathic preparations246

points to an energetic effect that goes beyond matter.
While waiting for the unknowns to be clarified, the

hypothesis can be raised that if homeopathy produces a
biological effect through the expression of DNA, there may

be a key gene for each medicine that, in inhibition or under-
expression, justifies the symptoms of the corresponding
pathogenesis. To reach this conclusion, traditional Chinese
medicine has been considered. Its concept of energy defi-
ciency in relation to a specific meridian and its associated
physical organ translates into a functional deficiency that
gives rise to all of the patient’s symptoms.21,23 To this we
must add that there is a correlation between the pathophys-
iology from the eastern point of view and the toxicology of
the natural substances used in the preparation of homeo-
pathic ultradilutions, which allows each drug to be linked to
a specific organ by virtue of its functional characteristics
defined by its meridian and correlated to occidental medi-
cine.23,24 Therefore, knowing the correspondence between
remedies and acupuncture channels, the data can be ex-
panded for a more accurate homeopathic diagnosis. This is
essential and particularly useful when patients (animals and
plants) cannot answer the anamnesis questions that allow
their symptoms to be compared by similarity with those of
the appropriate remedy for their cases (Law of Similars247).
The result of the fusion between traditional Chinese medi-
cine and homeopathy is an increase in therapeutic efficacy in
the daily veterinary clinic (data not shown).

Silicea terra and Arsenicum album are broad-spectrum
homeopathic medicines used in infectious and immune-
mediated diseases.248 Studies have been published suggest-
ing the use of homeopathy to treat COVID-19.249 Interest-
ingly, the repertorisation of the common symptoms of the
disease with the Radar software results in the presence of
Silicea and Arsenicum in the first positions.250 In another
study, the second is also one of the most prescribed.251 Their
respective pathogenesis shows a close link with the small
intestine, where the NOS2 and AOC1 genes are enhanced
(►Table 3). This article aims to serve as a theoretical basis for
the experimental demonstration of homeopathy. The hy-
pothesis is that the specific action of eachmedicine should be
the stimulation of a key gene that allows the function of its
encoded protein, causing the remission of the patient’s
symptoms by chain reaction. It is an ambitious goal, but
with the conviction of its existence due to the aforemen-
tioned improvement in therapeutic efficacy in animals when
this reasoning is applied to homeopathic diagnosis and
prescription.

Over the course of a year, the author has preliminarily
linked different remedies with intestinal proteins that stand
out in the small intestine, including enzymes. In this unpub-
lished article, a correlation has been seen between Silicea terra
and iNOS, Arsenicum album and DAO, Argentum nitricum and
the sodium-glucose transport protein type 1 (SGLT1), Vera-
trum album and the serotonin transporter (SERT), and Lycopo-
dium clavatum and serotonin (5-HT). The symptoms of these
drugs can be explained from the inhibition, blockade or
functional deficiency of said protein products, and the genes
that encode them could be the specific place of action of each
homeopathic remedy to regulate them (there are various
studies that support these statement239,240). As it has already
beenmentioned, itmustbeverified.Here,weexposedonly the
relationships found between the most prominent symptoms
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of Silicea and iNOS, as well as Arsenicum and DAO. It should be
understood that pathogeneses present their numerous symp-
toms and symptomatic modalities with a hierarchy, but with-
out a logical connection between them. Not all the morbid
manifestations exist inpatients, and sometimes the samedrug
can improve them with diseases symptomatically different.
Therefore, it is most likely that the conformation of clinical
pictures similar to the pathogenesis of a remedy depends on
the environmental factors that cause each disease, adding the
genetic predisposition or weakness to explain the individual
way of getting sick.

The dataset in ►Table 4 attempts to show that the
pathogenesis of Silicea terra can be explained as the result
of an iNO inhibition that leads to a positive regulation of the
arginase pathway, including polyamines, and a compensato-
ry overexpression of neuronal nitric oxide. Both excesses
allow a negative regulation of the glutamatergic pathway
(glutamateþ acetylcholine) and derivatives such as GABA.
Note thatmany details and symptoms byorgans and systems
have been omitted, except for necessary references, due to
the large amount of information contained in the pathogen-
esis. The selected symptoms are considered sufficient and
representative to establish the hypothetical drug–gene–pro-
tein relationship. Numbers have been assigned to the symp-
toms for better linkagewith corresponding reference studies.

The dataset in ►Table 5 tries to explain that the patho-
genesis of Arsenicum album can be the result of an inhibition
of DAO that leads to a secondary functional disability of the
other histaminase enzyme HNMT, and a positive regulation
of biogenic amines (histamine, polyamines) with various
pathophysiological effects. The table has similar presenta-
tion characteristics as the previous one.

Discussion

This analytical study presents a pathophysiological model for
the infectious disease COVID-19, with the small intestine as the
main gateway to the body for its causative agent SARS-CoV-2.
The hypothesis is based on the richness of the intestinal tissue
with respect to five genes whose interaction under certain
conditions makes infection possible, with two other important
points ofpossible replication (large intestine andkidney). These
conditioning circumstances are genetic and environmental
factors that cause a negative regulation of NOS2/iNOS or
AOC1/DAO, so thatACE is also inhibitedandall leads toapositive
regulation of ACE2 and TMPRSS2. Thus, two different ways of
developing the infection are proposed depending on whether
the inhibition is of the NOS2 gene or the AOC1 gene.

Immune and vascular cells that support immune-incompe-
tence and systemic inflammation are affected in the process.
This is interesting because in traditional Chinesemedicine, the
small intestine connects with the heart and together form a
Yin–Yang pair that ispart of the Fire element,which comprises
body functions related to vessels and blood circulation.145 The
article respects the transmission of the virus through the
airways, but along the text it is explained that the respiratory
epithelium may be compromised due to the cardiovascular
effects of cytokine storm after the intestinal imbalance, theTa
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exposure to inhibitors of iNO and DAO, and the increased
protein turnover in a catabolic sense to rebalance the enter-
ocytes. This last fact is especially important because these
intestinal cells burn glutamine asmain fuel and the consump-
tion of the amino acid increases during sepsis, but is less in the
intestine to supply the liver and immune cells.313 In any case,
the reserves are depleted, and the activity of the enterocytes
and the immune system is limited.314 To thiswemust add that
glutamine is essential for transglutaminase enzymes to main-
tain the structure and integrity of epithelia.315 Therefore, the
lower the bioavailability of the amino acid, the greater the
sensitivity to infections. This article also exposes the impor-
tance of the functions of iNOS and DAO in the small intestine
and how they influence the rest of the organism to maintain
homeostasis, in addition to being decisive enzymes to control
viral replication through polyamines. However, NOS2 and
AOC1 present a fundamental difference in their respective
pathophysiological pathways for the upregulation of ACE2and
TMPRSS2, being the familyof IFNs (especially IFN-γ) thatmake
the difference based on the recent study by Ziegler et al.170

The approach to the functional deficiencyofNOS2 andAOC1
genes and their protein products has been made from the
oncoming between experimental classical science, oriental
medicine and homeopathy, since all perspectives have in
common that the development of disease symptoms can occur
fromabasicweakness.Modern sciencedescribes thisphenom-
enon through the GENREs studies, traditional Chinese medi-
cine does it through the energy insufficiency associated with
the functions of an organ or part of the organism, and home-
opathy relates the process to a single medicine capable of
regulating theentirebody ina specificway that this article tries
to begin to elucidate.

The proposed homeopathic treatment should be under-
stood as one more tool in the fight against the disease as it is
equally important to control the triggering factors in a society
of excessive consumption in general. Criticism of homeopathy
on its efficacy is not based on science because it has amply
demonstrated that high dilution drugs have a biological effect,
as noted in this article. If the rejection focuses on arguments
such as that the patient is not frequently observed to change
and the remedies act as a placebo, it should be borne in mind
that the same result is observedwith traditional drugs and this
does not make them less useful. The reality is that when an
inappropriate medicine of any specialty is prescribed, its null
or debatable action must be discussed based on the wrong
choice of the treatment and not on whether it works per se
when it has been seen that it does. On the other hand, the
argument about Avogadro’s number is obsolete because it is
governed by themolecule as a functional unit ofmeasurement
and experiments with nanoparticles show that they stimulate
the expression of genes, which are ultimately those that
encode the proteins that make possible the reproduction of
physiological and pathological responses in living organ-
isms. In this sense, the silica nanoparticles, analogous to
those present in the homeopathic remedy Silicea terra (from
silicon dioxide248), provoke the expression of iNO.316,317

Corbalan et al’s experiment317 shows results that deserve
to be analysed. All the nanoparticles used (10, 100, 150, and

500 nm) produce harmful effects that increase with the
dose, but the most severe are caused by the smallest. This is
interesting because it is presumable that as the dose is
lowered, only a response to the 10-nm particle will be seen.
This expected effect has been observed in a study with
Terminalia arjuna (cardioprotective), whose dose with ther-
apeutic efficacy decreased from 1 to 2 g per day to 0.083 g as
the size of the active particles was reduced from 50 µm to
23 nm.318 In different studies on the presence of nanoparticles
in homeopathic dilutions, sizes vary from 10 or 15 nm to the
quantumdot,241,242,319,320 so it would be necessary to consid-
er whether the smaller size confirms a classic homeopathic
precept: the higher the dilution, the greater the strength of
action and less risk of adverse effects.

Regarding this article, the correlation between the toxi-
cological symptoms of the pathogenesis of Silicea terra and
Arsenicum album and the scientific publications on iNO and
DAO allows to relate the first homeopathic remedy with the
functional deficiency ofNOS2/iNOS and the second drugwith
the functional deficiency of AOC1/DAO. It should be clear that
it is a theoretical study, so it requires further investigation
and evidence of the hypothesis. However, these reasonings
improve the therapeutic efficacy of homeopathy in daily
clinical practice with animals.

Conclusions

Two possible pathophysiological pathways based on out-
standing intestinal genes, polyamines metabolism, hista-
mine, nitric oxide, and beyond have been exposed. Several
studies have been written around the world to request the
use of homeopathy against COVID-19. The present article
joins them in proposing a theory where the homeopathic
remedies Silicea terra and Arsenicum album could help
improving the health of patients. Both drugs appear in the
repertorisation of homeopaths worldwide. It is time to
include them in experimental procedures to elucidate their
specific mechanism of action.
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