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1. INTRODUCTION

Migraine affects 12-17% of the adult
population in western countries, without
much variation in other countries, more than
I in 10 people. According to the latest
PALM study from 2006 (Action Plan to
Fight Migraine) published in Cephalalgia, a
journal of the International Headache
Society, over 3.5 million people in Spain
have this condition.” Moreover, it is
nowadays a very costly pathology to society:
First, because of direct costs, particularly
medical costs (diagnostic studies,
consultations and pharmacological
treatments); second, and just as significant,
because of the economic losses it causes in
the labour environment due to absenteeism
from work and therefore reduced
productivity.® In Spain, 20 million working
days are lost every year for this reason,
which involves an approximate cost of 2,000
million euro. At European level, this cost
reaches 27,000 million euro every year. ®)

There are different known causes that can
trigger migraine, but the importance of
nutrition is not known or not taken into
account by most of the healthcare
professionals who study and treat this
syndrome. For decades, the correlation
between migraine and nutrition has been
limited to the listing of alleged trigger foods
based on patient surveys but without any
scientific basis. This project attempts to go
further and clarify the true origin of this
correlation between nutrition and migraine.
It has been proven that food itself is not the
cause, but the patient's individual

susceptibility depending on his/her body
functionality. In other words, the purpose of
this paper is to highlight the important and
possibly prevailing correlation between
nutrition and the triggering causes of
migraine, but with a focus on the individual
patient rather than food.

1.1. DEFINITION OF MIGRAINE

Migraine is a complex syndrome with
relapsing and incapacitating episodes or
attacks. It is suspected to be of genetic
origin, but its etiopathogenesis seems to be
unclear. There are many clinical,
histochemical, electrophysiological,
molecular and genetic approaches that make
up a set of findings which are shedding light
on the aforementioned etiopathogenesis.

Unilateral or throbbing headache associated
with photophobia and phonophobia, nausea
and vomiting is a major clinical sign of
migraine.

It is a syndrome with multiple symptoms
characterized by relapsing headache attacks
with pulsating and throbbing pain, usually
located in the sinus area; it occurs at certain
intervals and there is no pain between
intervals. Pain is generally located on one
side, but the affected side can change from
attack to attack (actually, the word
"migraine" is derived from the Greek word
"hemikrania", meaning "half-skull"). A
migraine episode or attack is highly variable
in severity, frequency and duration. For
adult patients, its duration is 4-72 hours;
when it exceeds 72 hours, it is regarded as
migraine complications, normally due to
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drug abuse. In children, an episode or attack
may last less than 4 hours.

The common symptoms of a migraine
episode, in addition to the pain, include:
nausea, vomiting, diarrhoea, sensitivity to
sounds (phonophobia), light (photophobia),
odours (osmophobia) or movement, loss of
appetite, dizziness, gastric distress and
cold/hot sensation.

It is known that three out of four migraine
patients are women, that is to say, women
account for 75% of affected patients
compared to 25% of men.

A migraine episode process usually
progresses in a similar manner, including
five phases that match certain vascular
disorders that involve superficial temporal
arteries and progress from a normal state to
vasodilation and pain:

1. - Prodromal phase

Three or four hours before the onset of head
pain or headache, patients begin to feel
intolerance to light, increased thirst,
excessive sleepiness and hypersensitivity to
environmental noises. All of this, in
combination, can produce a character
disorder. At a vascular level, there is no
artery involvement in this first phase.

2. - Vasoconstriction and aura phase

This phase usually lasts 1-2 hours before the
onset of pain; it is characterized by diverse
visual disturbances, dizziness and numbness
of limbs. This sensation is actually caused
by reduced blood flow and therefore oxygen
after an arterial vasoconstriction. When
symptoms in this phase become noticeable
and severe, it is known as aura phase;
however, only a small percentage of patients
suffer it as such.

3. - Headache phase

The third phase is when head pain or
headache starts; it corresponds to the
arterial vasodilation phase. It is a very
severe pain that lasts many hours, usually
accompanied by pulsating pain. After the
first hours of the onset of pain, nausea and
vomiting occur.
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4. - Resolution phase

The migraine patient tries to relieve the
symptoms by falling asleep, but it is not
always possible. It can be said that the
resolution phase begins with sleep.

5. - Postdrome phase

After the migraine episode, patients present
with asthenia, fatigue, weakness and
depressive mood.

1.2. TYPES OF MIGRAINE

The definition and classification of migraine
has always been difficult, either for the high
variability of symptoms among its many
patients or for the different episodes
observed in the same patient. However, its
origin begins to unravel with the support of
new laboratory tests and other objective
diagnostic = markers.  This  diagnosis
improvement shows the current need for
optimizing the quality of life of migraine
patients. It is an advancement that will
benefit all industries that, for one reason or
another, are in any way involved in the
disease.

Nowadays, the current classification
globally accepted by the medical community
is that published by the International
Headache Society (IHS); it identifies the
different types basically based on one very
specific symptom associated with the
disease, aura. More specifically, the
classification is made according to the
trigger factor (origin) of the disease. )

- Migraine without aura: formerly known as
common migraine. It is a condition in which
the patient had five or more headache
episodes with duration of 4-72 hours without
treatment and with two of these qualities:
unilateral, pulsating, moderate to severe
intensity, worsening due to physical activity,
nausea with or without vomiting,
photophobia and phonophobia. It is
characterized by the absence of focal
neurological symptoms. It is more common
than migraine with aura.

- Migraine with aura: formerly known as
classic migraine. It includes the above-
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mentioned qualities but it is also preceded
by neurological symptoms in the cerebral
cortex or the brainstem. In general, these
symptoms develop gradually for 5-20
minutes and they persist 60 minutes at most;
they are described above. For people who
have migraine with aura, this is a warning
sign before the development of headache
and pain.

More than 40% of patients with migraine
present with both episode types on an
alternating basis. However, the occurrence
of migraine without aura alone is more
common (1 out of 3-4 cases of migraine
involves aura). ¢ 6D

1.3. "TRIGGER FACTORS"

There are many potential factors that are
considered as migraine triggers; for this
reason, not every patient should be treated
similarly. It is influenced by physical,
biological and psychological factors.

It is important to know the exact origin of
the disease, the root cause as it can facilitate
the treatment approach and improve the
management of migraine by the patient and
the healthcare professional and minimize the
effects of this condition”; this is why the
best migraine treatment starts with an
accurate diagnosis.

The following factors are generally
identified as triggers :(®

- Nutrition: The importance of some specific
foods has always been discussed in relation
to the occurrence of migraine, but the true
origin of this connection has never been
sought so far; this is the objective of this
project.

- Fasting: It has been proven that skipping
meals can trigger a migraine, which is
related to the previous factor.

- Sleep disorders: Especially due to a lack of
sleeping routine because a person is getting
either too much or too little sleep. Getting 7-
8 hours of sleep and waking at the same
time each morning can help prevent some
episodes. In fact, there are people who suffer
from migraine on holidays, because it is
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usual to spend more time in bed (commonly
known as "weekend migraine").

- Lifestyle: People with migraine are usually
very active, which means that certain habits
are influenced by a busy lifestyle. A person
with migraine should set up, as much as
possible, a certain daily routine and avoid
any disturbance.

- Stress: It clearly has a connection to the
patient's personality; this does not mean that
a migraine patient lives under special
conditions, but a migraine patient has less
tolerance for those situations considered to
be stressful. This project will also address
the correlation between this condition and a
biological origin.

- Hormonal disorders: Three-quarters of
migraine patients are women and hormonal
disorders are a trigger factor for them.
Changes in hormone levels during
menstruation and ovulation can trigger
migraine episodes. In the case of childhood
migraine, the proportion of male and female
patients is similar. There is always a
balanced proportion of migraine patients
during pregnancy and after menopause. The
secondary objective of this project is to
demystify this statement.

- Environmental factors: atmospheric
changes that impact the weather or the
temperature, differences in pressure (as
during flights), prolonged exposure to
fluorescent lights, computer screens, strong
odours and high altitudes are other triggers
that may be involved in the occurrence of
migraine episodes.

Obviously, all these trigger factors can
overlap at some point in the same patient.
This is why it is important to know the
scientific explanation of every possible
cause of migraine.

1. 4. NUTRITION, ONE OF THE MAIN BUT
UNKNOWN CAUSES

Already at the beginning of the 2nd century
A.D., migraine was considered different
from common headache; this theory would
be described by Dr Areteo de Capadocia.
This doctor did not believe in migraine or
other diseases medical treatments; he

3
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preferred to use his nutrition expertise to
resolve these conditions. ©- 19

Until well into the 20th century, no
importance is given to this key migraine
trigger factor. In fact, there are many who
still don't believe it. The correlation between
nutrition and migraine episodes occurrence
has always been taken into account, but this
correlation was remote, as it was based on
descriptions provided by the patients
according to their own experience. For this
reason, there are lists of "migraine trigger
foods" that had no scientific basis but were
equally valid. Throughout all of this time, a
balanced diet was recommended to avoid
those foods that could trigger episodes at
some point.

After establishing this clear correlation, it
remains to be seen its real and ultimate
origin. So, in order to find out the truth of
this matter, a number of questions arise:
Why the way in which foods can affect an
individual changes from one person to
another? What is the difference, since they
are the same foods? Where is the problem?
Could this difference be caused by the
individual rather than the food? Why do we
still consider food as the cause of the
problem?

This is where genetic factors come in. About
70% of patients have a family history of
headache. The risk of migraine in children is
about 70% if both parents are affected, 45%
if only one parent has migraine, 30% if a
family member who is not a parent is
affected, and 20% if there is no family
history of headache. 19 It is clear that the
individual is the answer to this correlation
between nutrition and migraine; otherwise,
some foods like chocolate (a common food
mentioned by migraine patients) would
affect all patients equally, and it does not.

The correlation between foods and
individuals regarding the occurrence of
migraine is currently being explored. It has
been observed that histamine-rich foods or
those involved in histamine metabolism can
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cause a number of disorders, including
migraine. However, this only applies to
people who have a deficient or reduced
activity of diamine oxidase (DAO), one of
the most important enzymes for histamine
metabolism.

I1. OBJECTIVES

2.1. Examine nutrition as one of the
predominant trigger factors of migraine.
2.1.1. Understand the importance of
histamine in the human body and its role
related to nutrition factors causing migraine
by observing its functions and metabolism.
2.1.2. Find justification for the role of
histamine based on individuals with DAO
enzyme deficiency.

2.1.3. Relate histamine to foods historically
identified as migraine triggers through a
case series of patients, as well as other
amines and factors that promote the
accumulation of histamine.

2.2. Plan a dietary treatment for the
accumulation of histamine in patients with
DAO deficiency and explain it based on real
cases while assessing the outcomes.

I11. METHODOLOGY

The research method used in this project
consists mainly of an  extensive
bibliographic research through digital
format, book articles and scientific studies.
However, in order to plan a dietetic
treatment (one of the key points of this
project); in addition to using the
bibliography, the knowledge acquired in the
academic field will be applied.

IV.RESULTS

4.1. HISTAMINE

Histamine is a molecule derived from an
essential amino acid, histidine, and it is
produced by decarboxylation through
enzyme L-histidine decarboxylase.
Histamine is a biogenic amine, of the
aromatic amines family, with physiologic
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cell functions. Biologic amines are basic
organic nitrogenous compounds of low
molecular weight, and have in common the
presence of an amino group and the biologic
nature. Tyramine, B-phenethylamine,
tryptamine and serotonin are included in the
group of aromatic amines. !V

4.1.1. Functions

Histamine has many physiological and
patho-physiological functions: It takes part
in the regulation of local blood circulation,
in capillary permeability, contraction and
relaxation of smooth muscles and blood
vessels, secretion of hydrochloric acid in
stomach, immediate hypersensitivity
responses, allergic processes, inflammatory
ones as part of the immune response to
external pathogens, tissue healing, and its
action has also been observed as
neurotransmitter n the nervous
system. (121319

Therefore, and taking into consideration its
multiple roles, indispensable for the efficient
functioning of many metabolic processes, it
is not surprising that histamine appears to a
higher or lower quantity in a great variety of
food, both of animal and plant origin. This
is the reason why it is important to know
how to control the adverse effects that the
accumulation of histamine may cause.

4.1.2. Location

Histamine is produced by all living beings,
and it is a natural constituent of tissues, this
data have been known since 1927 when
Best, Dale, Dualery and Torpe discovered its
presence in fresh samples of liver and
lung.!>  Therefore, the main histamine
source is the human body, i.e. endogenous
histamine. Histamine is made from histidine,
it is stored in mast cells (immune system
cells) and basophils (granulated blood cells)
and excreted through the bowel, being
degraded when passing through the
intestinal mucosa by diamine oxidase (also
known as amoloride-binding protein or
histaminase), located in this area. The
second source is the derived from food.
Obviously, the same molecule is involved,
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but with different functions.

One of the main functions of endogenous
histamine is its intervention in the immune
system, in allergic reactions. It is
synthesized within mast cells and basophils
of connective tissue and mucosa, then, it is
deposited in its secretory granules ready to
be expelled by exocytosis any time the
known allergen contacts the sensitized must
cell producing the allergic reaction.

Nevertheless, histamine location within the
body is not specific, as there are four types
of histamine receptors (H1, H2, H3 and H4)
in different areas. Type HI is located in
smooth muscle cells membrane in vessels,
bronchi and intestinal tract, in heart
conduction tissue, in some secretory cells
and in sensory nerve endings. H2 receptors
are mainly located in parietal cells
membrane in gastric mucosa, in smooth
cells of vessels, in myocardial cells and
sinus node, in basophils and in mast cells
where H2 receptors act as autoreceptors.
Despite H3 receptors' low-density, presence
of this type has been detected in several
tissues such as lung, stomach, bowel and
pancreas tissues. CNS has the three
receptors in histaminergic neurons. !¢

The second histamine source (food), may
represent more problems, as its regulation
depends on the person. If some alteration in
its metabolism occurs and normal histamine
concentrations in blood do not remain (50-
70 mg/l), free circulation of this amine in
high concentrations triggers undesirable
effects, such as migraine.

4.1.3. Histamine origin in food

Biogenic amines, including histamine, are
formed in food from amino acid precursors
by the action of decarboxylase enzymes
present in microorganisms. This event does
not occur in natural or physiological amines,
which are formed during metabolic
processes of plants and animals.

In any case, the capacity and intensity to
form one or more biogenic amines vary
depending on the strain, and it is affected by

5
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the conditions in which they develop.

The possibility of alternative biosynthetic
routes and combined participation of
different types of microorganisms and their
possible interactions makes it more
complicated to determine the exact

responsibility of amine biogenesis in food.
(n

Therefore, for histamine to grow in food
specific requirements are needed:

1. Growth of micro-organisms with
decarboxylase activity.

2. Availability of amino acid precursors and
cofactors.

3. Favourable environmental conditions for
synthesis and decarboxylases activity (pH,
Aw, T*...)(D

4.2. METABOLISM OF FOOD
HISTAMINE

Foods are complex and consist of nutrients
that require to be degraded from the moment
they enter the oral cavity. Digestive organs
carry out the digestion of food thanks to
digestive enzymes that reach the intestinal
tract through several digestive secretions
(salivary, gastric, pancreatic, intestinal and
biliary) obtaining the nutrients required for
the proper functioning of the organism. !®

Histamine, a molecule which is present in
every food of animal and plant origin,
should be metabolized in order to be
eliminated by urine without problems. Note
that exogenous histamine does not have a
functional role within the organism, and for
this reason, it is eliminated without using
any property.

There are two known main routes of
histamine metabolism in living beings,
where  Histamine  N-methyltransferase
(HMT) and diamine oxidase (DAO) are
implicated.

4.2.1. Degradation by Histamine-N-
metyltransferase (HMT or HNMT)
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In this route, HMT inactivates histamine by
methylation of the imidazole ring forming
N-methylhistamine, which becomes N-
methylimidazole acetaldehyde by
Monoamine Oxidase (MAO) and finally
enzyme aldehyde dehydrogenase (ALDH)
converts it in N-methylimidazole acetic acid.

HMT is an enzyme that degrades histamine
in the liver tissue, but it is also present in
lower quantity in other tissues. Many studies
establish a small relation of HMT in
histamine metabolism in intestinal mucosa,
as its activity is almost insignificant
compared to DAO activity. ' According to
a study carried out by the University of
Extremadura, HMT deficiency is not linked
to the appearance of migraine either. ?%

It is a cytosolic protein and therefore, it can
only convert histamine in the intracellular
space of cells. This proves that its capacity
to degrade histamine is lower than the
diamine oxidase route, which has a role in
inactivation and removal of extracellular
histamine; and this confirms therefore that
pathologies related to a high histamine
concentration in blood, are associated with
DAO deficiency and not with HMT. @V

4.2.2. Degradation via diamine oxidase

(DAO)

In this route histamine suffers an oxidative
deamination by DAO. The products are
imidazole acetic acid and at the end, its
riboside. Both metabolites of histamine
route, the imidazole acetic acid and the N-
methylimadazole acetic acid (of HMT route)
have low activity and are removed by urine.

DAO is the most important enzyme that
degrades histamine; but it is only located in
some tissues; specifically in intestinal
mucosa, kidneys, placenta, thymus and
seminal vesicles. DAO also has little
participation, not always, in the liver tissue.
It is mainly located in intestinal epithelium,
where it absorbs histamine (endogenous
histamine too) and where DAO degrades it
controlling the pass into portal blood. DAO
located in liver controls the pass of
histamine towards systemic circulation and

6
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when it is in the kidney, DAO degrades the

reabsorbed histamine in the proximal tubule.
(22)

As stated earlier, diamine oxidase is the
main enzyme that degrades ingested
histamine. Moreover, when DAO acts like a
secretion protein, it can be responsible for
waste collection after extracellular histamine
is released and, therefore, tissues containing
DAO are decisive in the systematic control
of histamine bioavailability. !

Diamine Oxidase is involved in other
processes such as regulation of cellular
division or differentiation in rapid
proliferation tissues (bone marrow and
intestinal mucosa), and can act as
neurotropic link.

In pregnant females, DAO activity is higher
than in not pregnant, from 500 to 1000 times
higher. Placenta produces additional DAO
amounts as a fetus-protection measure,
ensuring correct histamine degradation, and
as a result, migraine disappears during
pregnancy. ¥

4.2.3. Alteration in the metabolism of food
histamine

DAO deficiency is an alteration in the
metabolism of food histamine that appears
when diamine oxidase (DAO) enzyme
activity is low, in other words, when for
some reason (see point 4.2.5) there is a
significant deficiency in the functional
activity of the main enzyme in the
metabolism of histamine. The imbalance
between ingested histamine and histamine
released from the storage cells, and the
capacity for histamine degradation, leads to
histamine accumulation in plasma and the
occurrence of adverse effects on health, ?%

Of these two routes, the most affected is the
one that develops via DAO, mainly located
in the intestinal mucosa. The other route,
within the liver tissue, is less affected as
DAO does not always act.

4.2 4. Differentiation of adverse effects

In healthy people, histamine taken with food
is degraded quickly by diamine oxidase
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(DAO) enzyme, but people with low
functional DAO activity have the risk of
suffering from histamine intolerance or food
histaminosis. @V

A distinction must be made between
histamine  poisoning and  histamine
intolerance, as these terms represent two
different concepts likely to cause confusion.
Besides this, histamine accumulation could
also occur as a result of an IgE allergic
response or pseudo-allergic without IgE.

In short, all listed cases show an important
accumulation of histamine in plasma that
gives rise to many adverse effects. However,
the most important process that should be
explained in detail, in order to distinguish it
from the other concepts, is histamine
intolerance, since this is the only one related
to diamine oxidase enzyme.

4.2 .4.1. Histamine poisoning

This occurs due to an excessive ingestion of
histamine. During the 50s, it was described
as a cause of a food allergy, and even today
there are incorrect diagnoses. Currently, this
theory has been discarded for two reasons:
mainly because the person was not affected
in other occasions by the same food product;
and secondly because there were outbreaks
in which all affected persons who had
consumed the food product with an

excessively  high  histamine  content,
presented symptoms of  histamine
toxicity.®

Epidemiological data is numerous, but
dispersed:

In the recent years, the reported cases of this
kind of poisoning have increased. During
2003, 9 outbreaks were reported in Spain; by
contrast, in 1994 only 6 cases were reported.
Moreover, in Catalonia 2 outbreaks were
reported between 1982 and 1990, whereas
only 3 cases occurred in Barcelona in 2005.
a7

This poisoning is also known as scombroid
poisoning or scombrotoxicosis, as this
mainly appears due to the consumption of
contaminated fish of the Scombridae and
Scomberesocidae families, *> such us tuna,
bonito, sardines, fresh anchovy, mackerel



End-of-Degree Project

and horse mackerel.®® It has not been
observed free histamine in white fish.”
Histamine is formed by the action of the
micro-organisms present in the fish muscles.
When disturbed, the fish releases the
histamine precursor, histidine, and the
micro-organisms use this free amino acid to
uncontrollably generate histamine. ?®

The two main causes of histamine poisoning
are the unsanitary handling of this type of
fish and the inadequate  storage
temperatures. The key for maintaining a low
number of bacteria, and thus also of
histamine, is to cool immediately after fish
capture and maintain adequate temperatures
during storage and handling. Some countries
have created guide-lines stablishing the
maximum histamine levels permitted in fish,
but the fact that its concentration can vary
from one contaminated of fish to another,
make it difficult to lay down some
regulatory limits useful for warning of the
potential health hazards.?®

Symptomatology may become substantial,
but in most cases symptom pictures are not
severe, as not all symptoms are always
present, and remit in few hours. However, if
histamine concentration reaches 500 ppm,
poisoning symptoms may appear in sensitive
individuals, and if concentration exceeds
1000 ppm, poisoning is almost assured in
any consumer. ?® Taking this data into
account, the FDA (Food and Drug
Administration) has seen that the minimum
toxicity level of histamine is 500 mg/kg in
fish. But the limit was stablished at 50
mg/kg, as some parts of the fish have been
found to contain higher concentrations than
others, ie. histamine is not evenly
distributed.®” For its part, the European
Union has stablished a higher limit,
100mg/kg.

Obviously, this value is not useful for
avoiding adverse effects in people with
histamine intolerance, as in those cases
lower limits should be applied. !”)

Some of the most typical symptoms of
histamine poisoning are: hives, redness,
nausea, vomiting, diarrhoea, hypertension
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and headache. 7 These are characteristic
signs of food allergy and some of them of
intolerance; this is why both concepts can be
confused at first sight.

4.2.4.2. Histamine intolerance

Also known as food histaminosis, it occurs
when the body has a low capacity to degrade
histamine. Many studies carried out during
the last 10 years have demonstrated that the
factor causing this inability to synthesise
food histamine, is the lack of diamine
oxidase. A reduced activity of this enzyme,
caused by different reasons which are
described in the next section, results in
histamine accumulation within the body
triggering many adverse effects.

Unlike food allergy, the occurrence of
symptoms or adverse effects is not linked to
the intake of specific food; by contrast it can
be related to a wide variety of food with
different histamine contents. Symptoms can
also occur even after the ingestion of
products with low histamine levels. This
imposed considerable difficulty when
establishing a maximum tolerable dose; in
fact, there is no clear consensus on this
value.

Values that range from 50ug of histamine
(in one serving of wine, 125ml, for example)
to  60-75mg, prior pure histamine
administration, have been listed as triggers

of DAO deficiency symptoms.!”
(19,21,30,31,32,33,34)

Adverse effects caused by histamine
accumulation

Central Nervous | Migraine, headaches,

System dizziness...

Cardiovascular Hypotension,

System hypertension and
arrhythmia

Epithelium Hives, oedema, atopic
skin, eczema, rash...

Respiratory Nose congestion,

System sneezing, asthma...

Digestive System | Irritable bowel, Crohn
disease, diarrhoea,
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stomach pain, nausea,
vomiting...

Muscular System = Muscle pain,
fibromyalgia

Bone System Bone pain

Due to the wide variety of symptoms
derived from DAO deficiency, which
represent chronic pathologies with a high
prevalence in  population, immediate
research and advances on its origin and
possible treatments are required.

It is not necessary for all symptoms to
manifest, although most patients with low
functional DAO activity present other
related symptoms, being migraine the
prevalent one.®? 20% of patients experience
1 or 2 of these associated symptoms, 41.3%
of patients experience 3 or 4 of these
symptoms and 33.8% present more than 5.
Migraine is always de most highlighted
syndrome when interviewing the patients
due to its disabling character. ¢

The most frequent symptoms that normally
come across with migraine are:

- Gastrointestinal disorders
(constipation, flatulence or swollen
feeling).

- Dry or atopic skin.

- Bone and/or muscle pain.

- Unjustified chronic fatigue.

The biological process of food histaminosis
is different for each adverse effect, this is
why it is necessary to explain how migraine
appears, distinguishing it from the other
effects.

As it has been said before, migraine is the
most  highlighted symptom of food
histaminosis. This has been compared with a
study carried out by the Nutrition and
Bromatology Department of the Barcelona
University in 2010, which reveals that 95%
of patients with migraine have reduced DAO
activity.®® This concluding data reflects an
important relation between migraine onset
and DAO deficiency which is not relevant in
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other symptoms. This is one of the reasons
why it is important to study the food-borne
migraine.

In the metabolism of histamine, it should be
degraded by DAO enzyme in order to
become N-acetyl aldehyde imidazole; an
accumulation of the amine is produced due
to the lack of enzyme in the intestinal
mucosa cells. Low enzyme activity causes
the concentration of food histamine, which
cannot be metabolized and a transepithelial
permeation of exogenous histamine occurs.
This way, histamine enters the bloodstream
increasing its plasma concentration and once
located in blood it spreads throughout the
body, and to the superficial arteries.
Histamine acts in this area causing
inflammation followed by one of the most
common effects, vasodilatation, and
migraine process starts. The vasodilatation
caused by histamine is linked to the side
effects suffered in the Nervous and
Cardiovascular Systems mainly, but also in
the epithelium. 7-2%

A recent study presented by the Colomina
General Hospital, in Mexico, in January
2011, established the hypothesis of a causal
connection between histamine accumulation
and migraine onset. It explains a mechanism
different from the enzymatic deficiency, but
in both cases there is a genetic base. It is
linked to histamine H3 receptor, which is the
only one present in the Central Nervous
System. They confirm that patients with
migraine involved in the study, present an
allelic variant of H3 receptor compared to
the controls, and therefore the receptor is not
able to carry out its main function (regulate
histamine activity, as well as its synthesis
and release mechanisms), resulting in
histamine accumulation.®?

4.2.5. DAO deficiency in patients with
migraine

The main cause of the enzymatic
dysfunction has a genetic origin.

Some people have or produce few diamine
oxidase, this is the reason why until
recently, migraine was believed to be
hereditary, when in fact; the hereditary

9
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factor is the deficiency of DAO. Moreover,
drugs represent another factor that enables
histamine decrease, and it is well known that
people with migraine normally use drugs as
a treatment.

Below 80 HDU/ml (Histamine Degrading
Units), DAO activity is considered low. It
has been proved that this value represents
the minimum amount to ensure a correct
histamine metabolism and to avoid adverse
effects. Different reasons can cause a
deficiency of this enzyme; they can
accumulate intensifying the deficiency, and
therefore, the symptoms.

4.2.5.1. Genetic factors

Clearly, genetics is one of the factors that
causes DAO deficiency. This is why in the
same family unit; several members may
suffer from migraine.

The enzyme alteration together with the
cause of the genetic deficiency, have not
been properly studied yet, but it may be
related to the genetic polymorphism of a
DAO nucleotide. According to the National
Centre for Biotechnology Information
(NCBI) data, the gene encoding DAO is a
polymorphic gene. The genetic sequence of
DAO is found in a fragment located on
chromosome 7 (7q34-q36) of the human
genome and it consists of 5 exons and 4
introns. ¥

Many differences between the sequence of
exons and introns of this gene, due to their
genetic polymorphism, have been found. In
total, there are 85 single nucleotide
polymorphisms located and identified in the
DAO human gene (17 in exons, of which 7
have substitution of amino acids).

Among all polymorphisms found in DAO
sequence, it has been proved that only one
of the 7 polymorphisms, (with reference
rs1049793) located in the third exon, has
relation with low DAO activity.

The discovery was the result of a study
carried out in 134 white people, and showed
that the individuals carrying  this
polymorphism, present lower DAO activity
than controls with significant effect.
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Preliminary studies suggested that this
polymorphism has an overall prevalence
close to 0.30% (30% of mutated alleles).

Other studies on polymorphisms of the same
type of substitution of amino acids do not
show changes in DAO activity. This is the
case, for example, of the polymorphism with
reference  rs4558339, changing from
methionine to isoleucine amino acid; or
rs35070995, changing from asparagine
amino acid to histidine. In both examples,
no further alterations occur in the properties
of the enzyme, as amino acids were replaced
by others of similar size and attributes.

In 2006, the University of Extremadura
together with the Complutense University of
Madrid carried out a cohort study to prove
whether the polymorphism linked to low
DAO activity affects the susceptibility and
phenotypic expression of patients with
ulcerative colitis (UC). The study involved a
total of 490 individuals (229 with UC and
261 healthy volunteers). After 11 years of
follow-up, it was confirmed that
polymorphism  rs1049793  coding for
His645Asp, which is the altered protein of
DAO enzyme, is related to the severity of
UC. Mutation carriers were more vulnerable
to suffer from UC and presented higher
disease activity. %

After seeing the results of this study, in
2008, Complutense University of Madrid,
wanted to find out if there exists a higher
proportion of the mentioned genetic
polymorphism (in the substitution of
histidine by aspartic acid) in patients
suffering from Crohn Disease (CD), an
illness also affected by histamine
accumulation in the body. Therefore, this
new study would allow knowing if DAO
may influence genetic susceptibility to CD
and have repercussions on its phenotypic
variables.

The epidemiological study involved a total
of 212 CD patients and 261 healthy
volunteers. Results did not show a clear
relationship as there was no difference in the
distribution of genotypes between CD
patients and healthy controls, and there was
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a minimum difference in the mutation
between both groups. 1

However, now it would be necessary to
develop an epidemiological study following
the same methodology than the previous
ones in order to find out if there is a link
between His645Asp polymorphism of DAO
in patients with migraine.

4.2.5.2. Pharmacological factors
“Natural food products are complex
mixtures comprising chemical substances,
many of which have not a defined role in
human nutrition yet. Most substances
without known nutritional function which
exist in products that we normally use do not
seem to have harmful effects, or they may be
present in such small amounts that they do
not represent any danger to human health.
Nevertheless, in some circumstances these
substances may have damaging effects that
must be taken into account. Some known
substances found in fermented foods are not
toxic in normal subjects, but they may be
when the subject consuming the food is
under treatment with certain drugs that are
able to modify their metabolism within the
organism."

Francisco GRANDE COVIAN, 1981

There is a set of drugs involved in the
deficiency or low activity of diamine
oxidase enzyme. They block or inhibit
enzymes involved in the metabolization of
histamine, DAO in particular, or release
endogenous histamine. This is a very
significant risk, since over 90 drugs have
been reported to be involved, many of them
widely used. It has been estimated that 20%
of the population use some of these drugs,
increasing the risk of food histaminosis, that
will trigger migraine, and of other symptoms
or pathologies derived from histamine
accumulation.

Moreover, in pathologies such as migraine,
an effect of the consumption of these drugs
may be the chronification of symptoms, as
most drugs prescribed to palliate the effects
of the illness are DAO inhibitors or
endogenous histamine-releasing drugs. 4%

Migraine, a food-borne disease caused by DAO deficiency

Some of the reported drugs are: analgesics,
antidepressants, antirheumatics,
antiarrhythmics, antihistamines and
mucolytic, among others, being these last
ones used especially in children.

See here below most representative drugs
with inhibitory effect on the enzyme
degrading histamine, DAQ: (40:41-42)

Substance class

Active substance

Analgesics Metamizole, aspirin
(acetyl salicylic acid)

Antihistamics Diphenhydramine,
Cimetidine, Promethazine

Antiarrhythmics Quinidine, Propafenone

Antiasthmatics Theophylline

Antidepressants Amitriptyline,
tranylcypromine

Antihypertensives | Dihidralazine, Verapamil

Antirheumatics Acemetacin

Antiseptics Acriflavine

Antituberculosis Isoniazid

Bronchiolitics Aminophylline

Inotropic Dobutamine

Diuretics Amiloride, Furosemide

Expectorants Ambroxol (Mucosan)

Mucolytics Acetylcysteine (Fluimicil,
Frenacil)

Antimalarials Chloroquine

Antibiotics Clavulanic acid, Isoniazid
(Augmentine,
Amoxiplus)

Antiemetics Metaclopramide
(Primperan)

Neuroleptics Haloperidol

Prokinetics Metaclopramide

Tranquillizers Diazepan

Muscle relaxants | Pancuroni

Substance class
Analgesics

Anesthetics

Antitussives
Cytostatics

See below most representative drugs with

releasing effect of endogenous histamine: 4%
41,42)

Active substance
Acetyl salicylic acid,
Meclofenamic acid,
Mefenamic acid,
Diclofenac,Indomethacin,
Ketoprofen, Meperidine,
Morphine of animal
origin
Thiopental, Prolocaine,
Barbiturates
Codeine
Cyclophosphamide
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Expectorant Ambroxol

Mucolytics Acetylcysteine
Muscle relaxants N-tubocurarine, Alcuronie
Anti-inflammatories | Naproxen

4.2.5.3. Pathological factors

DAO deficiency seems to be more prevalent
in population with inflammatory bowel
diseases. It has been mainly detected in
patients with colon cancer.

It was observed in a study conducted in
1993 in Italy, an important DAO decrease in
colon cancer patients. Levels of different
amines such as putrescine, spermidine and
spermine were investigated, together with
their respective enzymes including DAO
(also involved in putrescine metabolism).
Results showed that DAO was the only
component presenting a low activity that
impedes degradation of this amine. 4

Ulcerative colitis and Crohn disease,
pathologies with DAO deficiency, are
always monitored when developing any
study related to endogenous histamine
accumulation. When distributing patients in
controls and patients with DAO deficiency,
those subjects with inflammatory bowel
diseases (such as UC, CD, irritable bowel
and celiac disease) are usually excluded.
These patients present higher permeability
in the intestinal mucosa and low DAO
activity which can interfere in the results. 44
This was the case of a study conducted in
January by the Innsruck University that
evaluated a new method for diagnosing
histamine intolerance. 4%

DAO deficiency has also been demonstrated
in postoperative bowel. Diamine oxidase is
mainly located in the small bowel and if part
of the mucosa decreases, so does the enzyme
production area. “®

In Crohn's disease patients, where DAO
activity in the intestinal bowel is reduced by
50% regarding healthy population, a higher
recurrence rate of the disease has been
observed after surgery (mainly in those with
low enzyme activity). Therefore, DAO is
said to be a useful marker to foresee
recurrence risks or complications in CD. 19
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4.2.6. Identifying DAO deficiency

After extensive search on the current
methods available to detect DAO deficiency
in human beings, only two methods have
been found.

It should be noted that there exists
bibliography from the 80s that contains
investigations where the measurement of
DAO in plasma was proposed as a method
to determine the enzymatic deficiency. 7 It
has been also found a study of the 90s
conducted in rats where the enzyme level in
the intestinal mucosa was measured through
the expired CO,, “®. In 2000, rats were
used again to measure DAO in plasma “°),
and in 2006 radio extraction assays using H3
receptor determined labelled putrescine-
dihydrochloride as a substrate. %

The tests used nowadays, called D-HIT and
DAO-REA, were created by an Austrian
Laboratory in 2008, and have been
implemented n many European
laboratories. D-HIT test applies ELISA
technique; using a sample, this test measures
the amount of histamine that DAO enzyme
is able to degrade, thus evaluating its
activity. By contrast, DAO-REA compares
biological histamine degradation with
putrescine degradation. Find here below the
description of D-HIT, as this test is not
focused in putrescine metabolism but in
histamine: ©?

1. PRINCIPLE OF THE ASSAY:

- 50 pl of patient’s serum or plasma may be
used as analyte.

- If using plasma, apply a correction factor
when making the calculation.

- For first time, with D-HIT, activity of
diamine oxidase is determined by
degradation of histamine. All essays carried
out by now, employed putrescine as a
substrate for the enzyme; putrescine is
another amine in which DAO is also
involved but presents some differences.

- The result is given in HDU (histamine
degrading units) per ml. 1 HDU corresponds
to the activity of DAO that degrades 1
pmol/ml (0,11 ng/ml) of histamine.

- In the first step 50 pl of sample and 50 pl
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of histamine-solution are pipetted in a micro
well plate. During the incubation overnight
histamine is degraded by DAO present in
the sample.

N

\ N
HN, DAO /
P INYR R RN amm }
~ B HN\/,\/CHO

- In the next step the remaining histamine is
acetylated.

\
HN\/ \‘*/\NH: ‘.‘;—N\ ’ oo
------------- > HN\,,/'\H/ !
H

2. CONTENTS OF THE KIT

- Standard: 6 vials that contain diamine
oxidase from porcine kidney, lyophilized.
The real activity is stated on the label and in
the QC-protocol.

- Control: A single vial that contains
diamine oxidase from porcine Kkidney,
lyophilized.

- Incubation Plate. (The wells contain
lyophilised histamine).

- Antibody lyophilized

- ELISA-Plate, the wells are coated with
acylated histamine.

- Assay Reagent 35 ml, ready to use.

- 4 lyophilized tubs of lyophilized acylation
reagent.

- 5Sml of acylation diluent (to dilute acylation
reagent).

- Assay Buffer 30 ml, ready to use.

- Washing buffer concentrate 60 ml.

- Conjugate 13 ml, ready to use.

- Substrate 13 ml, ready to use.

- Saturated Solution 7 ml, ready to use.

- Instruction manual.

- 4 sealing tapes.

- Quality Control Protocol of the respective
batches.

- Protocol sheet.

3. ADDITIONAL MATERIAL AND
EQUIPMENT REQUIRED

- Precision pipettes in the range of 30 pl to
1000 pl

- Multichannel pipette

- Incubator 37°C

- ELISA-reader with filter 450 nm (optional
reference 620 nm)

- Software for calculation of results
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4. PERFORMANCE OF THE ASSAY

As the activity of DAO strongly depends on
the actual physical status of the patient, and
to avoid incorrect values, it is recommended
to carry out the test 2 days after the presence
of symptoms of histamine intolerance, i.e. 2
days after the migraine episode.

Freshly collected samples (of serum or
plasma) must be cooled to 4°C during 48
hours. For prolonged storage samples must
be frozen at —20°C.

After 48 hours, the samples are removed
from the cooling zone and should be mixed
well before assay performance to avoid
erroneous results (lipemic or hemolytic
samples). It is recommended that all
reagents reach room temperature before use
and also recommended duplicates for all
determinations.

The steps used in this assay are described
below:

Day 1

1. Take needed microtiter strips of
incubation plate out of the foil
pouch (wells may be different
depending on the plate, but this fact
does not affect test quality). Store the
unused strips, sealed in plastic, into
foil pouches at 4°C together with the
desiccant (this desiccant bag, with
silicate gel beads, shall remain
orange; otherwise the material
should be discarded).

2. Dissolve standard in 0,5 ml of assay
reagent; leave for 15 min at RT (18-
26°C), and mix well (Vortex). Store
unused standard up to 3 days at 4°C,
for prolonged storage freeze at -
20°C. Do not thaw solution more
than 2 times.

3. Dissolve controls in 0,5 ml of assay
reagent; leave for 15 min at RT (18-
26°C), and mix well (Vortex). Store
unused control up to 3 days at 4°C,
for prolonged storage freeze at -
20°C. Do not thaw solution more
than 2 times.
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Day 2

10.

1.

1.

12.

13.

14.

15.

16.

17.

18.

Mark in the protocol sheet the wells
of the incubation plate used for
standard samples.

Mix dissolved incubation reagent
and add 50 pl into each well of
incubation plate.

Incubate the strips at room
temperature (18-26 °C) during 30
minutes without covering.

After that, add each of 50 pl
standards, controls and samples
into respective wells of incubation
plate.

Cover strips and incubate over night
at 37°C, shake at 400 rpm.

Dilute washing buffer concentrate
with aqua deion (60 ml washing
buffer concentrate plus 540 ml aqua
deion.) Diluted washing buffer is
stable at 4°C until expiry date stated
on the label.

Reconstitute antibody in 20 ml of
assay buffer. Store unused antibody
up to 3 days at 4°C, for prolonged
storage freeze at -20°C.

Reconstitute each acylation reagent
by mixing it with 1ml of acylation
diluent. Mixture can be used for 30
minutes.

Add 20 pl of the previous mixture to
each well of the incubation plate.
Incubate strips for 30 minutes at 37
°C (shaker at 400 rpm) without
covering with sealing tape.

Add 150 pl of assay reagent to all
wells.

Incubate strips again for 30 minutes
at 37 °C (shaker at 400 rpm).

Take needed microtiter strips of
ELISA plate.

Transfer 30 pl of reaction mixture
from incubation plate into respective
wells of ELISA plate (use a multi-
channel pipette).

Add 150ul of dissolved antibody into
each well.

Cover strips and incubate for 45 min
at 37°C on a shaker at 400 rpm.
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19. Discard contents of wells and wash 4
times with 350 pl of diluted washing
buffer (point 9).

20. Pipette 100 pl of substrate into all
wells.

21. Cover and incubate the strips for 30
minutes at 37 °C on a shaker.

22. Discard contents of wells and wash 4
times with 350 pl of diluted washing

buffer (point 9).
23.Add 100 pl of substrate into all
wells.

24.Incubate for 15 minutes at room
temperature (18-26 °C).

25. Add 50 pl of saturated solution into
all wells.

26. Finally, read absorbance at 450 nm
in an ELISA-Reader.

5. CALCULATION

Following the standard results, draw the
standard curve. It is recommended to use a
specialised program; otherwise, graph paper
could be also used. Sample concentration
can be observed in this standard curve.

ENABLED AND DISABLED MEAN VALUES

1.2 —
1.0 —
. —
ENY) /
s //'/ Enab,
foe % Disab
cal
0.4 '/./ “

The graphic shows a typical example of the
calibration curve. Results obtained from
plasma samples shall be multiplied by the
factor 1.25 to adjust matrix effects.

6. RESULTS

Reference values:

DAO>80 HDU/ml: normal DAO activity
DAO 40-80 HDU/ml: reduced activity
DAO<40 HDU/ml: highly reduced activity

It is impossible to determine histamine
intolerance in case of anaphylactic shock
and during pregnancy. Also the intake of
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alcohol and particular drugs may influence
DAO value.

Standard range of results: between 2 and
400 HDU/ml (normally 20-100)

Sample volume: 50 pl serum or plasma
Duration: overnight and 150 minutes
Storage of the Kit: Reagents should be
stored at 2 — 8°C; the rest of the equipment
could be stored at room temperature.

4.3. FOOD WHICH INTERFERES IN
HISTAMINE METABOLISM

Several foods provoke histamine
accumulation in the organism, but not all are
necessarily rich in this amine.

Until now, the cause had been searched for
in food as during years patients have linked
several foods to migraine. Considering all
the information disclosed until now, it can
be concluded that the origin of this
syndrome is in the individual itself, being
food the access road of the component that
leads to this accumulation.

In order to help histamine accumulation,
food labelling has been proposed to indicate
its presence, as it is done with those
compounds related to food allergies. Only
by providing proven existence of people
(particularly  sensitive) or  situations
(diseases or pharmacological treatments)
that result in histaminosis, food industry will
accept the challenge of obtaining low
histamine foods, applying production
technologies that directly indicate in which
stages of the production process histamine is
most likely to be formed.®?

Besides histamine-rich foods, other factors
causing histamine accumulation in the
organism should be taken into account.
Therefore, if histamine-rich foods were
labelled, it would seem appropriate to clarify
that food is not the only factor interfering in
histamine metabolism.

These factors may be other biogenic amines
that compete with histamine through the
same metabolism routes, endogenous
histamine releasing substances or even
blocking enzyme diamine oxidase (DAO)
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components, such as acetyl aldehyde
(ALDH) present in alcohol. Like histamine,
biogenic amines could be modified applying
technologies, but neither the methodology
nor its costs have been described yet.

For this reason, it is recommended to follow
a diet low in histamine, but not as a single
preventative measure, since there are more
obstacles to be taken into account. Several
parameters should be modified, and this
would make achieving a balanced diet
difficult.

4.3.1. Histamine-rich foods

There are discrepancies on the criteria that
helps consider a food rich in histamine or
not.

Some authors suggest eliminating from diet
those foods with concentrations higher than
20 mg/kg, while other authors are more
demanding and consider low histamine
foods those with quantities below 1mg/kg.
2) What is clear, however, is that the
symptomatic dose is much lower in
histaminosis than in toxicity, 15-20mg and
150mg respectively, since the tolerable dose
in both cases is 100mg/kg. *¥

Traditionally, research on  histamine
contents had been focused on foods related
to histamine poisoning episodes, such as
oily fish, but this is a mistake since its
mechanism of rising histamine levels is
different. They are sporadic outbreaks which
affect general population as a result of
unsanitary food effects.

Even so, in Europe there are some initiatives
(ALBA, Allergen databank; TNO Nutrition
& Food Research) that seek to provide an
exhaustive  database about histamine
contents in food, due to the decarboxylation
of its amino acid precursor, histidine. The
downside of this data is that it can vary
greatly from one food to another. Histamine
and other biogenic amines concentrations in
food are highly variable within the same
family and even among two samples of the
same product. %

See below a table of histamine content in
food:
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Food product ?rzlgl/tliz)t
Eggplant©®¥ 26
Avocado®? 23
Alcoholic drinks (red, =~ "4~ 13
white and sparkling nd 21
wine, bottled beer)©? n:li d__6é3
Chards®? nd -2
Cooked meat (ham)®? nd -5
Champagne®? 67
ek 10200
Spinach®? 20 -30
Wheat and rice flour®? nd -5
Goat cheese™ nd — 87,1
Cured cheese®> nd —162,1
Emmental cheese®¥ 10 — 500
Fresh cheese®? nd -5
Shredded cheese®® nd — 556,4
sty
Roquefort cheese® 2000
Yogurt®? nd - 13
glfigclligl:;s(ellirglli?;ans)(sz) nd - 10
Raw milk®> nd — 389,9

nd: not detected.

Values are not properly coincident in any
food among different sources, since
histamine amount varies depending on the
fermentation degree. For this reason, it is

Migraine, a food-borne disease caused by DAO deficiency

difficult to define a specific value for each
food product. Taking into account the listed
values, it is difficult to keep in our diet only
those foods with a maximum content of
20mg/kg, since every product contains
histamine.

In addition to this list, we find all those food
products that, without being histamine-rich,
influence too. In short, those foods that
easily get damaged microbiologically, such
as meat and fish or products and drinks
produced by fermentation and maturation,
are likely to present high histamine values.
Although in lower concentrations, histamine
has also been observed in food products
containing blood or viscera, and in some
vegetable products such as derived from
soya. 2

4.3.2. Foods rich in other biogenic amines

Biogenic amines are part of the body and
catalyst products acting as hormones. All of
them come from amino acids metabolism,
and therefore, they can be found in every
food with moderate or high levels of protein.
Amines have a biological nature, hence the
name, and present a physiological activity in
animal, plants and microorganisms. ¢

Besides histamine, there are other biogenic
amines not widely known among population
because they do not have such a well-known
paper as histamine in allergic processes.
However, serotonin, also acts as a mediator
in the immune response to allergens

Amines are classified into three groups :(!V)

a)  Aromatic amines: histamine, tyramine,
b-phenethylamine, tryptamine and serotonin.
b)  Aliphatic diamines: putrescine and
cadaverine.

c¢) Aliphatic  polyamines:
spermidine and spermine.

agmatine,

Studies on these amines started in the 60s as
a result of the severe hypertensive crisis
caused by the interaction between tyramine-
rich foods and monoamine oxidase (MAQO)
inhibitor ~ drugs, basically used as
antidepressant ©®. Later on, it has been
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observed that amines play a more important
role in food intolerances.

Histamine, putrescine and cadaverine appear
in higher concentrations in food due to
microbiological contamination, by contrast,
tyramine is linked to bacteria used in
specific fermented products.!Y Moreover,
the presence of these amines together with
b-phenethylamine, tryptamine, serotonin and
agmatine®”) may increase histamine adverse
effects, as they compete for the same
metabolic routes, at both intestinal and
endogenous levels.!'” The Allergy Service
of Vall d’Hebron Hospital supports it, and
confirms that histamine, tyramine and
phenethylamine are vasoactive amines that
promote the onset of migraine.

Two studies already mentioned, one
conducted by the Medical University of
Lodz (Poland) in 2007 and the other by
Innsbruck University (Austria) in 2011, also
state that DAO is responsible for putrescine
degradation. 4449

The same occurs with cadaverine, neither of
the two aliphatic diamines present a great
biological activity, but they empower
histamine intolerance, partially inhibiting
DAO activity in histamine degradation
process. ¥
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Tyramine, derived from tyrosine, stimulates
heart activity and blood pressure; which lead
to migraine. ®°® It has been always reported
that tyramine interferes in histamine
metabolism through monoamine oxidase
route. There exists a lot of bibliography on
the adverse effects of food tyramine as a
result of an interaction with MAO drugs.
However, other studies on DAO deficiency

show a relation between histamine
accumulation and the intake of tyramine-
rich food.

The same occurs with serotonin, derived
from tryptophan. Serotonin influences the
respiratory  rate and  volume, the
cardiovascular and digestive  systems,
stimulates the intestinal and stomach smooth
muscles, takes part in the carbohydrates

metabolism and it is also a neurotransmitter.
(58)

In 1994, a team of the Chilean Fisheries
Department presented a new indicator
named “Bai index” that measures, especially
in marine products, the level of some
amines. It was observed that the levels of

histamine, putrescine and cadaverine
increase as  product’s  decomposition
progresses. By contrast, spermidine’s

concentration decreases. % ¥ Currently,
this indicator is called “Quality Index (QI)”
and is used to determine fish hygienic
conditions. (')

QI= histamine + putrescine + cadaverine
1 + spermidine + supermini

In 2005, a Catalan group proposed another
index that also measured tyramine, but
excluding aliphatic polyamines as they do
not affect. It was determined that values
lower that 5 mg/kg correspond to a fresh
product, between 5 and 20 mg/kg to an
acceptable product, from 20 to 50 mg/kg to
a poor quality product, and if the value is
higher than 50 mg/kg the product is
decomposed.

Apart from histamine-rich foods, in patients
with low DAO activity the high intake of
foods rich in other amines such as
putrescine, cadaverine, b-phenylethylamine,
tryptamine,  serotonin, tyramine and
agmatine can trigger DAO saturation,
avoiding it to degrade ingested histamine

properly.

The most competitive amines against
histamine to be degraded by DAO are
putrescine and cadaverine, since their
degradation is quicker than histamine and
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they capture the enzyme faster. Therefore,
these two amines should be taken into
account when planning a diet. ®3-1)

Amines amount can be different in each type
of food, as in the case of histamine.
Depending on the higher or lower presence
of biogenic amines, food with the same
histamine amount, could trigger symptoms
or not. 17 Nevertheless, for symptoms not to
appear, specific amounts for amines are
established, indicating the maximum
tolerable level. However, these amounts
only refer to toxicity since values relating
the intake of foods rich in amines to DAO
saturation have not been established yet,
with all the consequences that the effects of
food histaminosis will entail. It has only
been found that the oral intake of 100-125
mg of tyramine can trigger migraine in
susceptible patients, such as patients with
DAO deficiency. "V Toxicity effects may
appear in 100-200 ppm of tyramine and 30
ppm of phenyletilamine. A total of 100-200
ppm of biogenic amines. However no
conclusive studies have been developed by
now. !V *It has been shown that in the first
day of storage, chicken already contains two
amines, spermidine and spermine. 15 days
later, the rest of amines appear. ®2

The fruits that contain higher level of
biogenic amines that compete with
histamine in order to be degraded by DAO
are: Orange, tomato (mainly in sauces),
banana, papaya, grapefruit and pineapple. °¥

According to the Biological Sciences’
research team of the Institut d’Estudis
Catalans, tyramine is found in the flesh of
bananas in 7 ppm, and in lower
concentrations  in  oranges, apples,
pineapples, potatoes, tomatoes, and spinach.
(D) However, orange, as it is one of the most
common fruits in the Mediterranean diet, is
more often associated with migraine than
other fruits, despite having lower tyramine
concentration.

Histamine is found in tomato and spinach,
and serotonin in egg, banana and tomato.
Beans contain dopa, which becomes
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dopamine within the body. (")

Taking into account these foods rich in
biogenic amines that can interfere in
histamine metabolism by saturating DAO
function, they can be classified into three
groups: !V

- Food with preformed amines: Food
products containing blood or viscera, and
some vegetables products (banana, orange,
avocado, tomato, spinach, nuts). They are
not linked to fermentation or deterioration
processes.

- Food that easily deteriorates: Due to the
own deterioration or to the rapid growth of
microorganisms  responsible  for  its
degradation, such as meat and fish in
particular.

- Fermented food: Such as non-distilled
alcoholic  drinks (wine, beer), meat
derivatives (cold meat), cheese and
vegetable products (fermented cabbage,
soya sauce).

4.3.3. Endogenous histamine-releasing foods
This group consists of those foods which

release endogenous histamine, i.e. histamine
located in mast cells. Its presence causes
symptoms similar to those of food allergy,
but in this case it is not an immunologic
mechanism.

Several foods with this characteristic have
been described: alcohol 7, citrus fruits ¢4,
strawberries ©Y, pineapple ©¥, kiwi ©9,
tomato sauce ¥, seafood ©¥, chocolate ©¥,
fish 9 mushrooms ¥, pig ©%, cereals
and egg white ),

The mechanism that explains the release of
endogenous histamine has not been found
yet, only stress and several emotional factors
have been noted.“Y However, there is an
hypothesis that could be related to the high
content of histidine (precursor to histamine)
in certain foods (such as dairy products,
meat, chicken, fish and other protein-rich
foods).©? It would not be strange to think
that its accumulation may result in excess
histamine, even within mast cell triggering a
release not caused by immune factors.
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The above mentioned foods, described as
endogenous histamine-releasing foods, also
contain other amines. Therefore, these foods
can cause more severe symptoms than a
product which is only rich in histamine. That
is why a low-histamine diet would not be
enough.

Some food additives such as glutamate,
benzoate, several colorants (yellow E-102
and E-110, E-124, amarant E-123), sulphites
and nitrites can release endogenous
histamine. ¥

According to the Dermatology Department
of the University of Bonn (Germany), the
intake of endogenous histamine-releasing
foods or drugs causes the same symptoms as
the consumption of histamine-rich food;
diarrhoea, migraine, asthma, hypotension,
hives... They are all symptoms of food
histaminosis or histamine intolerance. !

4.3.4. DAO-blocking foods

This last food group can empower plasma
absorption and accumulation of histamine
The most important is alcohol, mainly wine
and spirits.®®D Its metabolizing system
interacts with histamine's system, not
because both are synthesized by DAO, but
because their metabolite, the acetaldehyde
(ALDH), competes with N-imidazole
acetaldehyde or N-methylimidazole
acetaldehyde (histamine metabolites) for the
enzyme aldehyde dehydrogenase, both
involved in alcohol and histamine
degradation.®” The consequence of this
competition is that histamine metabolites
build up inhibiting DAO and as a result,
histamine levels increase in blood.

Alcohol is one of the most harmful products
for people with DAO deficiency. It contains
histamine, cadaverine and other amines, it
releases endogenous histamine and has the
property of blocking DAO, with the
possibility of interfering in the metabolism
of its own histamine and of the one found in
ingested food.

Ethanol intake causes DAO activity
reduction, even in healthy people without
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genetic DAO deficiency, and not only in
people predisposed to low DAO levels.(?
Ethanol aggressively attacks DAO, so even
with a normal level of DAO (activity higher
than 80 HDU/ml) histamine saturation in
blood occurs. This is perfectly reflected in
the mechanism taking place in the hangover.
Most people, even without having low DAO
activity, present a typical picture of general
discomfort (red eyes, occasional memory
loss,  vomiting, flatulence, vascular
headache, intense thirst, abdominal pain, and
even diarrhoea) that encompasses the set of
symptoms, and these alcohol effects are due
to the increased histamine in blood ©®V and
most of them coincide with migraine
symptoms.

The Centre de Recerca del Metabolisme
(CEREMET) of the University of Barcelona
together with the Hospital Universitari Tries
1 Pujol (Can Ruti), are conducting a clinical
trial which is focused on the relation
between hangover symptoms and DAO
activity, since it is believed that if the
individual has high concentrations of
diamine oxidase with high activity, will not
develop hangover.

4.4. CURRENT MIGRAINE TREATMENTS

Migraine has always been treated
pharmacologically. Neurologists, who are
among the healthcare professionals who
treat the highest number of migraine patients
on a daily basis, have always considered
pharmacological intervention as one major
approach; in fact, they do not generally
recommend a different approach.
Fortunately, an important change is being
gradually implemented taking into account
nutrition and other non-pharmacological
treatments.

Other treatments that are currently being
implemented and supported by neurologists
include neurostimulator implants and Botox
injections in the sinus area. These measures
are obviously very aggressive for the body
as they can cause diverse symptoms and
their efficiency has not been proven.
Therefore, they should wunder no
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circumstances be recommended.

Recent research from the last 10 years on the
genetic origin of migraine have leaded
professionals to choose other non-
pharmacological  treatment approaches;
these treatments aim to resolve the issue at
its source, using preventive treatments that
include exclusion diets and/or diamine
oxidase dietary supplements, as well as
palliative care like sinus controlled pressure,
acupuncture and more.

As explained above, most currently used
drugs can block the DAO enzyme and, in
conclusion, it does not make sense to
recommend these drugs since they have only
proven to cause a vicious circle that is
difficult to break.

From the point of view of nutrition and
dietetics, a very useful approach can be
adopted in the scope of prevention because,
as stated above, there are many foods
involved that can promote the occurrence of
symptoms in people with a genetic
predisposition. However, exogenous DAO
supplementation will have to be used in
order to prevent nutritional deficiencies.

4.4.1. Pharmacological

There are two different pharmacological
treatments for migraine. One is a
symptomatic treatment for the occurrence of
pain to improve symptoms (it will vary
depending on whether it is mild/moderate or
severe migraine); the other is a prophylactic
or preventive treatment, used in patients
who suffer more than 3 monthly episodes.

For mild to moderate episodes, analgesics or
nonsteroidal anti-inflammatory drugs are
used; with or without antiemetic purposes.
These drugs aim to stop migraine and
symptoms that go along with vascular
headache and are present during the episode
(nausea, vomiting, tingling, etc.). Simple
analgesics are those that block pain and can
be purchased in any drugstore without a
prescription. Their components include
acetylsalicylic acid [C¢H4(OCOCH3)COz],
paracetamol [CgHoNO>] and metamizole
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[Ci13H17N304S8].%»  Among these three
components, metamizole has been described
as a DAO enzyme inhibitor and
acetylsalicylic acid as an endogenous
histamine liberator. Therefore, they should
not be recommended for patients with DAO
deficiency.

Anti-inflammatory drugs, as their name
implies, can reduce inflammation in blood
vessels. This group includes compounds like
ibuprofen, naproxen or diclofenac. The latter
two have been defined as an histamine
liberator and a DAO enzyme inhibitor
respectively.  Furthermore, they have
stomach side effects (gastritis and ulcers).
©3) Therefore, they should also not be
recommended.

Triptans are used for moderate to severe
episodes. They act at presynaptic serotonin
5-HT receptors, located on the wall of the
cerebral blood vessels, inhibiting the release
of vasoactive and toxic peptides and thus
preventing the development and spreading
of neurogenic inflammation. They also
prevent  the  vasodilatation in  the
extracerebral cranial arteries. However,
attention should be drawn to the list of
adverse reactions, including: sleepiness,
dizziness, nausea, fatigue, sensation of
heaviness in the limbs, paresthesia and
throat and chest tightness. They are
contraindicated in cases of severe kidney or
liver failure, ischemic heart disease,
peripheral vascular disease, stroke, high
blood pressure and others.”)

Major triptans include:  Sumatriptan,
Rizatriptan,  Naratriptan, = Zolmitriptan,
Eletriptan, Almotriptan and Frovatriptan. ¢4
Ergotics are also available as a symptomatic
treatment, but their use is not recommended
as they can cause increased vomiting and
nausea and lead to abuse and dependence.

The second type of treatment is called
preventive therapy. It responds to the need
to reduce the frequency and severity of
episodes. This type of treatment consists of
taking a drug that can prevent the
occurrence of acute migraine attacks; this
drug should be used for 3-6 months.
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Examples: Sumial, Topamax, Tonopan,
Triptisol (antidepressant) and antiepileptics,
among others; according to Dr Jordi Pascual
i Calvet, neurologist at Hospital del Mar,
Barcelona. All these drugs are aggressive
and, if the origin of migraine is correctly
diagnosed, they are unnecessary.

Apart from these typical and known drugs
for the treatment of migraine, since the
importance of histamine accumulation is
known, the use of antihistaminics for 14
days is recommended. ©% This is a
completely counterproductive measure and
it 1s not recommended. These drugs have
proven to be DAO enzyme inhibitors and
therefore they should not be recommended
for patients with DAO deficiency.

4.4.2. Dietary

Once these explanations are known, the
importance of exclusion diet therapies
becomes clear: low levels of histamine,
amines that compete for DAO, endogenous
histamine-releasing foods and DAO
inhibitors. There are also studies showing
the efficacy of low-histamine diets. ¢!

Since there are so many proposed
restrictions, it is necessary to assess and
prioritise the use and avoidance of certain
foods in order to prevent nutritional
deficiencies. However, as it will be seen
further on, this may be a difficult goal to
achieve.

A one week diet is proposed so that all the
possible combinations can be seen.
Fictitious example: 50 years old menopausal
woman, normal weight, with diagnosed
DAO activity deficiency (below 45
HDU/mL for a more restrictive diet) and
migraine symptoms, atopic dermatitis and
irritable bowel (three prominent symptoms
among these patients).

It seems to be a well-balanced diet with
some points that need improvement, but
there are many foods involved in the
accumulation of histamine (most of them). It
seems impossible to plan a diet without
these foods, so only the essential ones are
removed (histamine-rich, amine-releasing
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foods and foods with high levels of
putrescine, cadaverine and alcohol). If
everything is really removed, the result is a
poor diet.

It has been decided to exclude or reduce
those foods that have the greatest impact in
one way or another, but most foods contain
amines. This is the case of salted ham (one
of the sausage products with the lowest
levels of histamine), tomatoes, potatoes,
cereals, champignon mushrooms, seafood or
chocolate. There are also some foods like
chard, olives or legumes that contain
histamine, but it is only occasionally present
and always in low concentrations, so their
exclusion from the diet is not justified. %

It was also decided to exclude oranges
because it is a very recurrent fruit in her diet
and, even if it is not the fruit with the
highest levels of histamine, in this case it is
very important to take into account
histamine accumulation in the body. The
same applies to cow milk, because it is a
daily use histamine-rich product and it can
lead to problems in the long term.

Seafood contained in rice meals, for
example, is allowed but it is important to
observe how it is tolerated. The same occurs
with chocolate; it is an occasional craving
but it is required to be dairy-free chocolate,
otherwise it would cause symptoms. The
same applies to other food products, but it is
difficult to know which one is best tolerated
in the short term, since amines accumulation
occur and most patients only feel some
discomfort after a few days of eating that
particular food. It does not have a short-term
effect.

The professor of Nutrition and Bromatology
at the University of Barcelona, M. Carmen
Vidal Carou, explains that it is extremely
difficult to plan well-balanced diets with low
histamine concentrations. > Therefore, it is
clear that this diet, which was planned
taking into account every other factor that
interfere with histamine metabolism and not
only histamine-rich foods, gives rise to
doubts about its quality. This is why it is
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important to pay attention to essential
nutrients.

Efforts have been made to avoid deficiencies
by replacing removed foods with other
similar foods. If citrus fruits are excluded
and the intake level of tomatoes is reduced,
a vitamin C deficiency can occur or it can be
difficult to reach the recommended daily
intake; to prevent this, it was proposed to
add red bell pepper to salads, as this food
has high levels of vitamin C. For this very
reason, it is also highly recommended to
avoid smoking because it contributes to
oxidative stress.

This is also the case with omega-3, more
specifically DHA, as the consumption of
oily dish is not enough, linseed is proposed
to be added to soy yogurts; as this will not
be enough, DHA supplements are also
required.

What should be done is to assess, once the
diet is implemented, the evolution of the
patient within 4 weeks and verify whether
she still has the same number of episodes or
she has improved®” (if DAO inhibitor or
endogenous histamine-releasing drugs are
used, the results would change and could not
be objectively interpreted).

After 4 weeks, if the patient has not
improved, the diet would need to become
more restrictive and, as it becomes more and
more difficult to find food substitutes,
another method should be used like diamine
oxidase enzyme direct supplementation.
This supplementation has been
recommended in numerous studies. This
would allow planning a near-normal diet
that would exclude only those foods that
cause most problems. As a consequence, the
patient would feel better and better over
time and she would finally stop their use and
reserve them only for an occasional use
when an acute episode occurs.

44.2.1. Dietary recommendations

Some recommendations are given to the
patient along with the diet to facilitate the
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adherence to the instructions provided.
These recommendations are specific for
histamine intolerance:

- It is important to follow the diet guidelines
to avoid an increased level of blood
histamine and avoid the occurrence of
migraine and other symptoms.

- A good solution is to consume soybean
products as an alternative to dairy products.
- They also contain isoflavones, they
improve menopause symptoms and they
protect against cardiovascular pathologies,
among others. If soy drink is not well
tolerated, a different vegetable drink can be
used instead, like rice or barley drink, as
long as they are enriched with calcium.

- It is possible to replace morning orange
juice with a different fruit, like pear or
apple. It is possible to make, for example,
pear and soy drink shakes as they are very
tasty.

- For salads, it is recommended to substitute
tomatoes with red bell pepper, as it contains
a very high amount of vitamin C and it does
not cause histamine accumulation.

- One daily coffee is beneficial for the
vasoconstrictive effect of caffeine, so it is
recommended.

- For light cooking: steaming, baking,
microwave, greased paper, grilling. Avoid
heavy cooking (sauces, etc.).

- Eat more whitefish and less oily fish (it is
recommended to limit oily fish to 1-2 times
weekly). Initially, seafood must be avoided
(the amount contained in seafood rice is
usually small).

- Eat chicken in moderation. There are other
types of meat like ostrich, rabbit, horse or
veal (lean parts only). Pork can be
consumed, but pork sausage products are not
recommended.

- To replace animal protein, in some cases it
is possible to use rice with vegetables or
vegetarian meat.

- If cereals or bread cause discomfort
because of wheat, it should be replaced with
another kind of cereal like barley, spelt or
quinoa. It is also possible to eat rice or corn
"pancakes".
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- It is also important to avoid the
consumption of alcohol, as it has a multiple
effect: high content of histamine and other
amines, DAO enzyme inhibitor and
endogenous histamine liberator.

It is recommended to use a notebook for
taking notes during the 4 weeks about the
diet to be followed, state of pain, mood, etc.
This will be a useful record to follow the

progress.
44.2.2. Dietary recommendations

In addition to following a 4-week diet
without or low in all factors involved in the
accumulation of histamine in the body, and
to the dietary recommendations, it 1is
advisable to follow the nutritional guidelines
in order to favour an increase of Diamine
Oxidase activity through dietary
supplements.

Since 1986, the correlation between a
potential vitamin B6 deficiency and the lack
of DAO activity has been discussed.

Vitamin Bs is a cofactor for the enzyme,
which allows the development of its activity.
©% In 2007, an article published by the
Department of Dermatology at the
University of Bonn (Germany)
recommended taking a supplement of
vitamin B6 in order to help migraine
patients, since it can increase DAO activity.
@D Currently, it is advisable to give a
supplement of 1mg/kg of this vitamin to
patients with DAO deficiency. ¢?

Along with Bg, vitamin B> also acts as an
activator and promotes DAO activity. It has
been proven that the symptoms of migraine
episodes may increase if the intestinal flora
is altered by the use of anti-inflammatory
drugs, irritant laxatives or antibiotics. As it
1s known, vitamin B, is absorbed in the
intestinal tract and, if the surface is
damaged, the vasoactive and psychoactive
effects of aromatic amines may cause the
onset of migraine. 11

Another related component is vitamin C. @V
In 1980, a study conducted in 400 patients at
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the Methodist Hospital in Brooklyn showed
that patients whose levels of vitamin C were
lower than 1mg/100ml had high levels of
histamine in plasma. They concluded that
vitamin C deficiency is one of the main
causes of high levels of histamine. ©7
Vitamin C acts as an antihistamine,
destroying the histamine excess. On the
basis of these results, plasma concentrations
of histamine could decrease with the daily
administration of 1 g of vitamin C, as it
applies to other pathologies. Additionally,
the consumption of vitamin C is
recommended since this diet is poor in citrus
fruits, which are rich in this vitamin, and the
patient might not like peppers.

Another nutritional deficiency is omega-3
DHA (docosahexaenoic acid), found in oily
fish. For this reason, it is recommended to
take a supplement of minimum one capsule
of 1,000 mg of DHA per day, since the
recommended daily dose is around 300-400
mg. It is important that the supplement
contains only DHA. ¢7-1)

Furthermore, some studies indicate the
importance of copper and zinc in DAO
activity. It has been shown that deficiencies
of these minerals, which act as enzyme
cofactors, may cause a decreased activity of
the enzyme and, thus, it would be advisable
to consume them as a dietary supplement.
(30 Copper is linked to the Diamine Oxidase
in oxidation and reduction reactions. ©®
Therefore, a dietary supplement of these
minerals may be effective, but the potential
improvements in migraine patients have not
yet been demonstrated by conclusive
studies.

Lastly, the Diamine Oxidase enzyme itself is
the most innovative dietary supplement and
it is expected to reduce the accumulation of
histamine in plasma. Even before it was
produced, there was already a debate about
the beneficial effects of the oral
administration in patients with DAO
deficiency.
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Effect of DAO supplementation (n = 63)
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Numerous studies refer to the exogenous
administration of DAO as a treatment for
food histaminosis —preventing thus the
accumulation of food histamine in plasma or
the competitiveness with other biogenic
amines— since DAO level would enable the
metabolization of other amines and it would
also prevent a total blocking of the enzyme
activity. G169 7172

This dietary supplement was developed in
2007 by SCIOTEC, an Austrian laboratory
mentioned previously in this paper.

A study was conducted in four Austrian
medical centres together with the University
of Vienna and the Medical University of
Graz. This study included three groups: the
first group was treated with a capsule of
DAO and histamine, the second group with
a capsule of DAO with tea, and the third one
with placebo and histamine. The results
concluded that the oral administration of one
capsule of Diamine Oxidase per meal
significantly reduced the symptoms of the
first and the second group. ©%-70

The preparation is obtained from the
Diamine Oxidase enzyme produced in pig
kidney. It seems that there is a high degree
of homogeneity between human and swine
DAO. This study indicates that DAO is easy
to extract and, then, a method of purification
with a high performance of the enzyme can
be applied to it. Next, the enzyme is
stabilized by precipitation at a temperature
below 5°C. Additionally, the enzyme is
introduced in small, Imm diameter pellets,
covered by a thin protective layer to ensure
the enzyme does not become inactive once it
gets into the acidic environment of the
stomach. Finally, the pellets are introduced
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in the gelatine capsule, producing the dietary
supplement ready to degrade the biogenic
amines present in food.

After the capsule intake, it dissolves rapidly
in the stomach and the pellets get to the
small intestine, where the enzyme is
released. (9

It has been demonstrated that the enzyme
degrades amines if they are in quantities
equal to or less than S0um. If the amount is
higher, the enzyme is not able to degrade
them. % This is one of the reasons why, if
the patient decides to use this dietary
supplement, it is necessary to follow the
therapeutic diet or, at least, avoid the most
dangerous food products.

Nutritional value for 100 g

Energy value 342 Kcal / 1432 kJ

Proteins 20.1¢g
Carbohydrates 63.1¢g
Lipids <0.lg

1.65 g (4.2 mg for
each capsule)

Protein extract with
Diamine Oxidase

A food supplement developed by a Catalan
laboratory containing caffeine (because of
its vasoconstrictor effect), vitamin B¢ and
vitamin Bi2 has come out in the market.

After taking a look at the results in Austria
and the prevalence observational study that
was conducted in Barcelona in 2010, a
double-blind study will be carried out by the
General Hospital of Catalonia and the
Nutrition and Bromatology Department at
the University of Barcelona, where the
effect of the exogenous administration of
DAO in migraine patients will be directly
addressed

4.4.3. Non-pharmacological palliative
treatments

One of the techniques that has always been
used and still is, and that can be performed
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by the patient, is applying pressure to the
temples (with the fingers or other methods).
Nowadays,  non-pharmacological  new
techniques are available. A study conducted
by the Cagliari University Hospital (Italy) in
2009, showed that the prolonged
compression of the superficial temporal
arteries —the area where the greatest
sensation of pain focuses— using a device,
relieved the pain in a high percentage of
migraine attacks. It was seen, from a group
of 22 patients, that the number of migraine
attacks decreased from 125 —during the
month prior to the first use of the device—
to 27, two months later.(”®

In 2008, the Spanish Association of Patients
with Headache (AEPAC) already supported
one of these new solutions to relieve the
pain caused by vascular headache; it
consisted of a plastic headband made by a
Catalan laboratory. This device applies
controlled pressure to the temples in order to
produce a sense of relief from the very start,
stopping the pain from vascular headache.”
This headband was supported a year later by
the Faculty of Medicine of the Autonomous
University of Barcelona and the Vall
d'Hebron University Hospital and is
currently sold in pharmacies.”®

4.5.RESULTS OF THE DIETARY TREATMENT
IN REAL CASES

On the basis of the information obtained to
elaborate this project, we have been able to
put the theory into practice in patients
diagnosed with DAO Deficiency that
presented a variety of symptoms, most
frequently migraine.

Below, there are three real cases of patients
with DAO deficiency, a brief description of
their habits, some changes we made and the
results achieved. All three patients suffered
from migraine and had other symptoms
related to the accumulation of histamine —
very frequent in this pathology.

Case n°l: Female - 37 years old -
Symptoms: Migraine, dermatitis and
feeling of swelling
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During the dietary interview, we could
perceive that she was not on a balanced diet
and, most importantly, she was following a
diet rich in histamine and other amines. In
one single day, she had a high consumption
of milk, citrus fruits and factory baked
products. Therefore, the first dietary
intervention was to replace these foods for
other products, such as calcium rice drink
(we considered soya drink but she also
suffered from poor digestion), fruits with
low levels of histamine, corn toasts and
whole-grain  crackers.  Besides, = we
prescribed her the dietary supplement
“Migrasin” for the weekends —she always
had lunch with her family in restaurants,
where the elaboration of food is often
unknown—, on special occasions and
celebrations, as well as for those days when
she fancied a histamine-rich product that
was listed as histamine or other amine-rich
food.

After a month and a half, she came up for a
second visit and the results were very good.
She had not suffered any migraine episode
—which was actually very unusual in their
everyday life—, her skin had improved
significantly and the feeling of swelling had
disappeared. The only issue that remained
was some flatulence, which disappeared
after some specific recommendations.

Case n°2: Female - 36 years old -
Symptoms: Migraine, muscle problems,
feelings of swelling and dry skin

This profile is indeed similar to the last one,
but it is common for this enzymatic
deficiency. The first time she came to the
examination room she was on a slimming
diet which was not really balanced and
based on some misconceptions. The
consumption of amino-rich foods consisted
on strawberry jam every morning, semi-
cured cheese every mid-morning, orange
juice before dinner and some oily fish per
week. In this case, the patient did not want
to establish a diet because she was on one;
she preferred just some guidelines and
recommendations she could apply by
herself. We tried to make the diet more
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balanced by filling empty slots during the
day with foods with low content of
histamine and other amines; we replaced
other foods and recommended “Migrasin”
when necessary as a complement and
“Daosin” (caffeine-free product) together
with some meals at dinner.

She felt better in less than a month. The
migraine episodes decreased, they went
from being almost daily to sporadic and of
lower intensity. The skin hydration
improved significantly and the feeling of
swelling disappeared in a few days. She also
experienced an improvement in the
muscular load.

Case n°3: Male - 41 years old -
Symptoms: Migraine and poor digestions

He had recently undergone a blood test to
detect the functional deficiency of the
Diamine Oxidase enzyme. The results
showed that there was a very limited
activity. Then he started to change his diet
based on suggestions he found on the
Internet. Still, migraine did not disappear
and his digestions did not improve.

At the end, he came to the examination
room. He still used to consume strawberries
every day after lunch and he drank milk
every morning. Both strawberries and milk
are not especially rich in histamine, but their
daily ingestion causes amine to accumulate
and makes them impossible to degrade,
which  triggers symptomatology. We
changed these two foods and some others
and introduced a supplement of exogenous
DAO.

He experienced a noticeable improvement in
short time as well and now the migraine
episodes belong to his past.

V. DISCUSSION

After considering all the objectives and
opinions of some authors about this topic as
well as the importance of migraine
nowadays, we can sense that there is still a
need for many validated scientific theories
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in both social and professional sectors in
which migraine is present.

First, there are discrepancies among authors
even in the definition of “migraine” itself.
Different publications describe it as an
illness, others as a syndrome. After studying
what migraine really involves, it has been
concluded that it should be considered a
syndrome, as it is a group of symptoms, and
not an illness that triggers a group of
symptoms. Thus, each symptom should be
considered independently in order to find
out its origin.

Symptoms are perfectly recognizable and
they are mainly gastrointestinal (nausea,
vomits, irritable bowel syndrome...),
epithelial (atopic dermatitis...) and cerebral
(constriction and dilation of vessels that
prevent oxygen from reaching the brain
which produces photophobia, phonophobia,
tingling in the Ilimbs and, obviously
headache, the most incapacitating
symptom).

It is important to clarify the origin of these
symptoms and some studies around the
world have been focused on this. A possible
origin of all those symptoms could be
related to a deficiency of the Diamine
Oxidase enzyme in the intestinal mucosa.
The cause can be either genetic or, less
likely, as a result of taking some drugs. So it
is pointless to keep on stating that digestive
symptomatology can arise from vascular
headaches. That is not reasonable. However,
it is logical to talk about a common origin:
the accumulation of histamine in the plasma,
which triggers the multiple issues that
migraine can involve. Why, after this has
been proved, we continue hearing the same
speech?

The reason why at the beginning of this
paper we have listed some possible factors
that could cause migraine is because some
external factors are still considered its main
cause, despite the fact that many recent
studies conclude that migraine could be
mainly caused by genetic factors or the
effect of some drugs.
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Another important issue is the difficulty to
find reliable lists of foods that contribute to
increase histamine in the body. It is true that
this point of view is very recent and that
more analysis are required in order to
confirm data, as they may vary depending
on the source (taking into account that the
samples are different). Due to the
importance of this topic, it would be
necessary to establish a final list including
those foods. This way, foods could be
labelled including the content of histamine
or other important amines.

In short, we should aim to guarantee that
food labels include every ingredient or
substance present in the final product,
including those identified as possible
triggers of histamine intolerance. It would
be helpful for consumers with DAO
deficiency because they would be able to
identify the ingredients to which they are
sensitive.

Finally, after seeing the possible treatments,
another issue arises. A reflexion should be
made and food industry should set new
objectives in this sense. It is clear that drug
treatments are risky for patients suffering
from migraine as they prevent them from
healing or improving. For this reason, it
would be necessary to take a step further and
bring up new proposals. Some years ago, the
food industry was already suggested to
develop foods with low content of histamine
and, if possible, of other amines as well. For
now, this has not been implemented but it
would be a great solution. The other option
would be to consider developing functional
products containing Diamine Oxidase
enzyme which would help our body to better
metabolize food. Patients could be on a diet
based on low ingestions of foods causing
histamine to accumulate in the plasma.
However, this diet would not need to be
totally strict, which will avoid nutritional
deficiencies.

There are no known functional foods
containing DAO, but some bibliography
states that it could be added to any product
like yoghurts, milk-based beverages, ice-
creams, juices, soya drinks, other vegetal
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drinks, cereals... and it could be added, as
powder, in microcapsules or nanocapsules
(best option to avoid premature degradation
in the stomach).

V1. CONCLUSION

At the end of this paper, all the initial
questions have been answered. Our aim now
is to continue researching, finding out and
even suggesting new studies or publications
that could somehow explain a decrease of
migraine episodes caused by a deficiency of
diamine oxidise enzyme due to a therapeutic
diet. It would also be necessary, as
recommended in one of the sections of this
paper, to carry out an epidemiologic study in
order to find out if it could be connected to
the polymorphism of the amino acid
His645Asp of the DAO enzyme in migraine
patients.

The first objective, to go into detail about
the food-related origin of migraine, has been
achieved thanks to different proves that have
been shown along this paper. Foods are the
vehicle of components that trigger migraine
symptoms. This point of view is new in
many sectors, which still consider some
foods as its cause. It has been proved that
those foods, although they contain the main
triggers, are not the main factors by
themselves.

In order to get to know how these foods
work inside our body, it was necessary to
state what really causes the activation. One
of the objectives here was to explain the role
of histamine in the food-related migraine,
studying its functions and metabolism. In
addition, the role of histamine in migraine
has been proved in patients showing a
decreased activity of the DAO enzyme. The
prevalence was higher in women, which
demonstrates that, genetically, women have
less DAO. This proves that the higher
average of women suffering from migraine
is not due to hormonal factors.
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We tried to point to what happens in the
body of this people and the situation is
supposed to be clear. Later, histamine has
been related to foods traditionally classified
as migraine triggers due to patients’
casuistry and pure biochemical research.
Apart from that, all other components and
factors contributing to the accumulation of
histamine have been shown, which helps to
get to know the whole process and not only
a part.

Finally, we have suggested a dietetic
treatment for those individuals suffering
from migraine due to a DAO deficiency. We
have seen that a strict diet with no trace of
factors that could contribute to histamine
accumulation is practically impossible
because many foods are involved. We
suggested, then, a diet with a low content of
the most relevant foods and, at the same
time and in order to avoid the appearance of
any symptom, to introduce an exogenous
dietetic supplement of DAO enzyme.

Migraine, a food-borne disease caused by DAO deficiency
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