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RESUM
[CAT]

La intolerancia a la histamina és una reaccié d'hipersensibilitat no al-lérgica que
s'observa com a resultat del consum de quantitats normalment tolerables d’histamina
en persones susceptibles, principalment per un deficit en I'activitat de I'enzim diamino
oxidasa (DAO) a nivell intestinal. L'enzim DAO és I'encarregat de degradar la histamina
procedent de la dieta, de manera que genera un efecte barrera per prevenir el pas
d'aquesta amina al sistema circulatori. Davant d'una situacié de deficiéncia d'aquest
enzim, la histamina s'absorbeix a plasma donant lloc al quadre clinic d'aquesta
intolerancia. Les manifestacions cliniques inclouen un ampli ventall de simptomes
gastrointestinals (distensié abdominal, diarrea, dolor abdominal i restrenyiment, entre
d‘altres) i extra-intestinals (cefalees, taquicardia, rinorrea, rinitis, pruija i envermelliment
cutani, entre d‘altres). En la darrere década, la intolerancia a la histamina ha esdevingut
un tema d'interés creixent, encara que segueix essent necessari sumar evidéncia
cientifica que ajudi a definir, diagnosticar i gestionar clinicament aquesta intolerancia.
L'objectiu general d'aquesta tesi doctoral és aportar noves evidencies en relacié a

aquests aspectes de la intolerancia a la histamina.

Un primer objectiu d'aquesta tesi va ser aprofundir en la relacié entre la intolerancia a
la histamina i la dieta, aixi com estudiar altres factors, a part de la preseéncia d'histamina,
que podrien ser la causa de I'aparicié de la simptomatologia. A partir d'una revisio critica
de les diferents dietes baixes en histamina disponibles en la literatura cientifica es va
observar una clara falta de consens en quant als aliments que han de ser eliminats en el
tractament dietétic de la intolerancia a la histamina. A més, de tots els aliments exclosos,
Unicament el 32% sén susceptibles de contenir histamina. L'eliminacié d'altres aliments
gue, en principi, no contenen histamina es podria explicar perque presenten un elevat
continguts d'altres amines, principalment, putrescina. Estudis /n vitro realitzats en el
marc d'aquesta tesi doctoral han demostrat que la preséncia d'altres amines,
putrescina (diamino-buta) i cadaverina (diamino-penta), redueixen significativament la

velocitat de degradacio de la histamina per I'enzim DAO.
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Respecte a l'etiologia de la intolerancia a la histamina, el deficit de DAO pot tenir un
origen genétic o adquirit. Aquest Ultim pot ser degut a la preséncia de malalties
inflamatories intestinals que limiten la secrecié de la DAO, o bé, a I'accié de certs farmacs
que poden inhibir-la. Un altre possible origen, del qual encara no hi ha una evidéncia
clara, seria I'existéncia d'una disbiosi o alteracié de la microbiota intestinal en aquests
individus. Per tant, un altre objectiu d'aquesta tesi va ser estudiar el perfil i la composicié
de la microbiota intestinal d'individus amb aquesta intolerancia i comparar-los amb els
d'una poblacié sana. En aquest sentit, es va observar que els pacients intolerants
presentaven una disbiosiintestinal, caracteritzada per una major abundancia de bacteris
descrits com a formadors d’histamina i una menor proporcié d'aquells associats a una
bona salut intestinal. A més, el perfil microbia en aquests individus intolerants va diferir
significativament i era més heterogeni (beta-diversitat) que el de la poblacié control.
Addicionalment, es va estudiar en un petit subgrup de pacients, els possibles canvis en
la composicié de la microbiota intestinal al llarg de nou mesos de tractament dietétic,
observant una disminucié significativa de certs bacteris formadors d'histamina

(Morganellaceae, Pseudomanadaceae, Raoultella, Proteusi Proteus mirabillis)

En I'ambit del diagnostic es va avaluar la validesa de la determinacio del perfil metabolic
de la histamina en orina com a biomarcador d'aquesta intolerancia alimentaria. Els
individus intolerants a la histamina van mostrar un perfil metabolic de la histamina en
orina diferent al del grup control, amb una reduccié significativa del principal metabolit
de la histamina en orina, I'T-metilhistamina. Aquests resultats obririen la possibilitat de
que es puguin utilitzar com a biomarcadors no invasius de la intolerancia a la histamina

i que puguin complementar els actuals criteris basats en I'avaluacié dels simptomes.
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ABSTRACT

[ENG]

Histamine intolerance is a non-allergic hypersensitivity reaction triggered in susceptible
individuals by the ingestion of normally tolerable amounts of histamine, mainly due to
deficient intestinal activity of the enzyme diamine oxidase (DAO). Responsible for the
degradation of dietary histamine, DAO constitutes the main barrier against histamine
entry into the systemic circulation. In front of a DAO deficiency, histamine is absorbed
into the plasma, provoking the clinical picture of histamine intolerance. Clinical
manifestations include a wide range of symptoms, both gastrointestinal (e.g,
abdominal distension, diarrhoea, abdominal pain, and constipation) and extraintestinal
(e.g., headache, tachycardia, rhinorrhoea, rhinitis, pruritus, and skin redness). Although
histamine intolerance has been increasingly studied in the last decade, more scientific
evidence is required to help define, diagnose, and clinically manage this condition. Thus,
the general aim of this doctoral thesis is to provide new evidence concerning these

aspects of histamine intolerance.

The first objective of the thesis was to study in more detail the relationship between
histamine intolerance and diet, as well as to investigate factors that could trigger the
symptomatology other than the ingestion of histamine. After carrying out a critical
review of the different low-histamine diets described in the scientific literature, a clear
lack of consensus was observed regarding the foods that should be eliminated in the
dietary treatment of histamine intolerance. Another striking observation is that among
the excluded foods, only 32% are likely to contain histamine. The elimination of other
foods that in principle are histamine-free is based on their high content of other amines,
mainly putrescine. /n vitro studies carried out as part of this doctoral thesis have shown
that the presence of other amines, putrescine (diamino-butane) and cadaverine
(diamino-pentane), significantly reduces the rate of histamine degradation by DAO

enzyme.

Regarding the etiology of histamine intolerance, DAO deficiency can have a genetic

origin or be acquired, for example, in people with inflammatory intestinal diseases that
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limit DAO secretion, or to the action of certain drugs that can inhibit it. Another possible
cause, for which clear evidence is still lacking, is the existence of dysbiosis or alteration
of the intestinal microbiota in susceptible individuals. Therefore, another objective of
this thesis was to study the profile and composition of the intestinal microbiota of
histamine intolerants in comparation with healthy population. In this sense, it was found
that intolerant individuals presented intestinal dysbiosis, characterized by a greater
abundance of histamine-secreting bacteria and a lower proportion of bacteria
associated with good intestinal health. The microbial profile also differed significantly
and was more heterogeneous (beta-diversity) in the intolerant than in the control
population. Additionally, possible changes in the composition of the intestinal
microbiota over nine months of dietary treatment were studied in a small subgroup of
patients, observing a significant decrease in certain histamine-secreting bacteria

(Morganellaceae, Pseudomanadaceae, Raoultella, Proteus and Proteus mirabillfs).

In the field of diagnosis, the validity of the determination of the metabolic profile of
histamine in urine was evaluated as a biomarker of this food intolerance. The metabolic
profile in histamine intolerant individuals differed from that of the control group, with
significantly lower levels of the main metabolite, 1-methylhistamine. These results open
new perspectives for the use of urinary histamine metabolites as non-invasive
biomarkers of histamine intolerance and complement the current symptom-based

diagnostic criteria.
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1. INTRODUCCIO

Les reaccions adverses als aliments poden classificar-se en reaccions de tipus toxic,
que es donen per I'exposicié a quantitats elevades d'un compost de caracter toxic
present en l'aliment; i les de tipus no toxic o reaccions d'hipersensibilitat
alimentaria, en les quals s'engloben tant les allergies com les intolerancies
alimentaries [1]. Els processos fisiologics implicats en l'al-lergia es basen en una
resposta immunologica a una proteina de I'aliment mediada, principalment, per la
immunoglobulina E (IgE). En canvi, la intolerancia alimentaria es caracteritza per una
resposta no immunologica provocada per un aliment o un dels seus components a
una dosi normalment tolerada per la poblacié sana [2]. Segons la revisidé de la
nomenclatura de les al-lérgies i reaccions afins proposada I'any 2004 per la World
Allergy Organitzation, les intolerancies alimentaries també poden denominar-se

hipersensibilitat alimentaria no al-lergica [1].

La intolerancia alimentaria explicaria la major part de les reaccions
d'hipersensibilitat, ja que s'estima que afecta fins a un 20% de la poblacié, mentre
que l'al-lergia alimentaria n'afecta aproximadament al 10% [2-4]. En la literatura
cientifica es troben descrites un ampli ventall d'intolerancies alimentaries, com per
exemple, les causades per diferents mono- i disacarids com la lactosa, la fructosa o
la sacarosa; la intolerancia al sorbitol, la malabsorcio de FODMAPs (Oligosacarids,
Disacarids, Monosacarids i Poliols Fermentables) o la sensibilitat al gluten no celiaca
[2,5]. Encara que menys coneguda, la intolerancia a la histamina es troba
reconeguda des de principis del segle XXI per diferents societats i autoritats
cientifiques de I'ambit de I'al-lergologia i la seguretat alimentaria com un dels riscos
associats a la ingesta d’histamina, dotant-la aixi d'entitat clinica diferenciada de la

ja coneguda intoxicacio histaminica [6].

En aquesta introduccio es revisara |'evidencia cientifica disponible fins al moment

en relacio als continguts d'histamina i altres amines en els aliments i, especialment,
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sobre la intolerancia a la histamina, que és el principal objecte d'estudi d’aquesta

tesi doctoral.

1.1. Histamina i altres amines biogenes en els aliments

La histamina (2-[4-imidazolilletilamina), descoberta I'any 1910 per Dale i Laidlaw, és
una amina biogena heterociclica amb dos grups amino. A part de les conegudes
funcions que té aquesta amina en |'organisme (estimulacié dels sucs gastrics,
contraccio de cel-lules del muscul llis, dilatacio dels vasos sanguinis, entre d'altres),
la histamina també es pot trobar en els aliments. En aquests, es forma,
principalment, com a consequencia de la descarboxilacio de la histidina, el seu
aminoacid precursor, per accio de I'enzim L-histidina descarboxilasa (HDC) d'origen
bacteria (Figura 1) [6,7]. A part de la histamina, en els aliments també s’hi poden
trobar altres amines biogenes, com la tiramina (4-hidroxi-fenetilamina), la
putrescina (1,4-diaminobuta) i la cadaverina (1,5-diaminopenta) sintetitzades
també, per la descarboxilaci6 microbiana de la tirosina, l'ornitina i la lisina,
respectivament. Per tant, I'acumulacié d'histamina i altres amines en els aliments
requereix de la confluéncia de diferents factors: a) presencia de microorganismes
amb capacitat aminogenica (activitat aminoacid-descarboxilasa), b) disponibilitat
dels aminoacids precursors i ¢) condicions ambientals favorables pel creixement i

I'activitat enzimatica dels microorganismes [8-10].

(NNOH L-histidina descarboxilasa (Nj/\‘

HN I NH, pirido@l-S’-fcsfat \ HN NH,
co,

(B

Figura 1. Sintesi d'histamina a partir de la descarboxilacié del seu aminoacid precursor
(histidina).
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Encara que l'activitat aminoacid descarboxilasa és una propietat bacteriana soca
depenent, s'han identificat un gran nimero de generes, tant bacteris Gram positius
com Gram negatius capacos de formar amines (Taula 1) [6,11,12]. En el cas de la
histamina, diferents generes bacterians de la familia £nterobacteriaceae, com
Morganella, Enterobacter, Hafnia, Proteusi Photobacterium, han estat descrits com
importants formadors d’histamina, especialment en peixos i derivats [12-15]. En els
productes fermentats, com els formatges, els derivats carnis crus-curats fermentats,
la cervesa o el vi, a part de certes soques d’enterobacteries, els bacteris de I'acid
lactic sén els principals responsables de la formacié d'histamina (p. ex. Lactobacillus

hilgardii, Lactobacillus buchnerii i Oenococcus oeni) (Taula 1) [6,12].

Aixi, tots aquells aliments alterats microbiologicament com a conseqliéncia d'una
conservacié i/o elaboracié higienicament inadequada sén susceptibles de
presentar grans quantitats d'histamina, i per suposat, d'altres amines. D'altra banda,
també poden acumular quantitats importants d’amines biogenes els aliments
fermentats/curats degut a la capacitat aminogenica dels bacteris responsables de

la fermentacio [16,17].
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Taula 1. Bacteris amb capacitat de formar histamina en els aliments [6,12-15].

Aliments Bacteris

Morganella morgani, Morganella psychrotolerans, Klebsiella pneumonia,
Hafnia alvei; Proteus vulgaris, Proteus mirabilis, Enterobacter cloacae,
Enterobacter aerogenes, Serratia fonticola, Serratia liquefaciens, Citobacter
freundlij, Clostridium sp, Pseudomonas fluorescens, Pseudomonas putida,
Aeromonas  spp, Pleisomonas shigelloides, Photobacterium spp,
Photobacterium phosphoreum i Photobacterium psychrotoerans

Peixos i derivats

Lactobacillus  buchner, Oenococcus oeni, Lactobacillus  hilgardii
Pedliococcus parvulus, Pediococcus damnosus, Lactobacillus bavaricus,
Lactobacillus brevis, Lactobacillus curvatus, Lactobacillus parabuchners
Lactobacillus rossiae, Lactobacillus saerimneri 30a, Enterobacter aerogenes,
Enterobacter cloacae, Enterobacter aerogenes,, Escherichia colj, Hafnia alve;,
Klebsiellsja oxycata, Enterobacter cloacae, Enterobacter aerogenes,
Morganella morganii, Serratia liquefaciens, Tetragenococcus spp /I

Productes fermentats
(formatges, derivats
carnis crus-curats
fermentats, vi i
cervesa)

Leuconosctoc spp.

Degut al seu origen eminentment bacteria, el contingut d'histamina i altres amines
en els aliments és molt variable. La Figura 2 mostra, a titol il-lustratiu, els continguts
mitjans d'amines biogenes (histamina, tiramina, putrescina i cadaverina) en
diferents categories d'aliments del mercat espanyol i procedents de la base de
dades del grup de recerca amb més de 1800 mostres d'aliments diferents [7]. Com
es pot observar a la figura, els continguts de les diferents amines entre les diferents
categories d'aliments sén molt variables, i sovint també, dins d'una mateixa

categoria (amb coeficients de variacié que en molts casos superen el 100 %).

El peix fresc i els seus derivats (semiconserves i conserves de peix) normalment no
contenen histamina o en nivells molt baixos. Com es pot veure en la Figura 2.A, el
valors mitjans d'histamina i altres amines en peixos i derivats del mercat espanyol,
no superaven en cap cas els 15 mg/kg. Per exemple, en el cas de la histamina el

95% de les mostres de peix fresc es trobaven per sota dels 5 mg/kg d'histamina [6].
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Aquestes dades coincideixen amb les publicades per |I'European Food Safety
Authority (EFSA) en el seu informe cientific sobre I'avaluacié del risc d’amines
bidgenes, on només un 27% de les 6329 mostres de peix fresc i productes derivats
procedents de diferents paisos europeus contenien histamina, i generalment en
baixes concentracions (valor mitja de 2,5 mg/kg) [6]. No obstant aixo, la falta de
frescor en el peix i/o I'aplicacié de condicions higiénicament inadequades en els
processos d'elaboracié dels productes pesquers (conserves i semiconserves) pot
conduir a I'acumulacié de nivells molt elevats d’histamina. Un exemple sén els 657
mg/kg d’histamina trobats en una mostra de sardines en conserva o els 8910 mg/kg
registrats per EFSA per aquesta categoria d'aliments [6,7]. Es important destacar
gue quan existeixen problemes en la qualitat higienica dels aliments, a més d'altes
quantitats d’histamina, també es poden formar alts nivells d'altres amines
relacionades amb l'activitat descarboxilasa de bacteris alterants, com la cadaverina

i la putrescina.

En la carn fresca i en els derivats carnis cuits o curats, a l'igual que en el cas del peix,
no s'espera que hi hagi formacié d'histamina sempre i quan es mantingui la frescor

i unes condiciones higieniques adequades d'aquests productes [18,19].

Per contra, en el cas dels aliments fermentats I'escenari és ben diferent. En aquests
tipus d‘aliments, l'aparicié d'histamina no depen només de les condicions
higieniques de les materies primeres i/o processos d'elaboracié, siné també de la
capacitat aminogenica dels bacteris responsables de la fermentacié [18]. A part,
I'obtencié d'aquests productes proporciona també unes condicions favorables per
la formacié d'amines, com fenomens proteolitics (que augmenten la disponibilitat
dels aminoacids precursors) i la produccié d'acids organics débils amb la
consequent disminucié del pH [6,20,21]. Com es pot veure en la Figura 2.A, entre
les diferents amines biogenes trobades en el productes carnis fermentats i els
formatges, la tiramina és I'amina biogena més freqiient i abundant en aquest tipus
de productes a causa de I'activitat aminogénica dels bacteris fermentatius de I'acid

lactic [22]. La preséencia de les diamines putrescina i cadaverina és també bastant
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comu, encara que sovint es troben en quantitats més variables que les de tiramina.
Pel contrari, la preséncia d’histamina sol ser menys freqiient i normalment baixa. Tal
com mostra la Figura 2.A, els valors mitjans d'histamina en derivats carnis
fermentats i formatges es troben al voltant dels 30 mg/kg d'histamina, estant el
85% de les mostres per sota dels 20 mg/kg [7]. No obstant, en alguns casos els
nivells d’histamina poden arribar a ser notablement alts, com els 1850 mg/kg
reportats en mostres de formatges europeus [6]. Normalment, la preséncia d'alts
continguts d'histamina, generalment acompanyats de quantitats importants de
putrescina i cadaverina, sol indicar la preséncia de bacteris relacionats amb el

deteriorament dels aliments [18].

En el cas de les begudes fermentades, com la cervesa i el vi, els continguts
d’'histamina i tiramina sén molt més baixos que els reportats per altres aliments
fermentats, amb valor mitjans que no arriben als 5 mg/kg (Figura 2.B). Certament
en alguns casos si s'’han assolit nivells propers als 100 mg/kg [23]. En aquests
productes, la putrescina pot tenir un origen natural, es troba present en el raim, el
llupol i la malta, pero també pot derivar de I'activitat microbiologica [7]. Daltra
banda, la cadaverina practicament no s’ha trobat en begudes fermentades, la seva

preséncia en la cervesa, és de forma ocasional.

Des d'una perspectiva legal, només s’han fixat limits tolerables per a la histamina en
peix i productes derivats. Per als productes de la pesca procedents d'espéecies de
peixos associats a un alt contingut d'histidina (particularment peixos de les families
Scombridae, Clupeidae, Engraulidae, Coryfenidae, Pomatomidae i
Scomberesocidae), el Reglament (CE) num. 2073/2005 de la Comissié, de 15 de
novembre de 2005, relatiu als criteris microbioldgics aplicables als productes
alimentaris, estableix un limit inferior (m) de 100 mg/kg i un limit maxim (M) de 200
mg/kg, i un pla de mostreig de nou mostres. El resultat es considera satisfactori
quan es compleixen aquestes tres condicions a la vegada: el valor mig d'histamina
de les mostres és inferior a 100 mg/kg; cap mostra no supera els 200 mg/kg i, de

les nou mostres, només dues poden tenir un contingut d’histamina d’entre 100 i

12



Introduccié

200 mg/kg. En els productes de la pesca sotmesos a un tractament de maduracio
enzimatica en salmorra, obtinguts a partir d'espécies de peix amb un alt contingut
d'histidina, el valor mig maxim permés és 200 mg/kg, el valor maxim individual és
400 mg/kg i només hi pot haver dues mostres entre aquests dos valors en un pla
de mostreig de nou mostres [24]. La Food and Drug Administration (FDA) dels
Estats Units estableix un nivell maxim tolerable de 50 mg/kg d'histamina per
tonyina i mahi-mahi o entre 50 i 500 mg/kg d'histamina per les altres especies
marines [25]. En Canada, Suissa i Brasil, el limit maxim permes en peix i productes

derivats és de 100 mg/kg i a Australia i Nova Zelanda és de 200 mg/kg [14].
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Figura 2. Continguts d'amines bidgenes (mg/kg) en diferents tipus d'aliments del mercat

espanyol. Dades procedents de la base de dades del grup de recerca.

D’altra banda, en aliments d'origen vegetal com les fruites, fruits secs, hortalisses,

llegums i cereals, la putrescina destaca per ser I'amina més freqlient i abundant

(Figura 2.B). Per exemple, la putrescina es troba en altes concentracions en aliments

com els citrics, el pebrot verd, el blat de moro, el platan, el blat, els brots de soja i

els festucs [26]. En molts casos aquesta amina té un origen natural, sent la

precursora de les poliamines, espermidina i espermina, que tenen diferents

funcions fisiologiques a la planta. En els productes vegetals, la presencia

d'histamina no és habitual, trobant-se només en un nimero molt restringit
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d‘aliments, fet que explicaria que els valors mitjans d’histamina mostrats en la figura
siguin molt baixos o practicament zero. Els Unics vegetals que normalment mostren
quantitats significatives d’'histamina son els espinacs, I'alberginia i el tomaquet. En
aquests aliments, la presencia d'aquesta amina sol tenir un origen natural, encara
que a vegades també pot ser deguda a una activitat microbiologica [7,27,28].
Lavizzari i col. (2007) ha atribuit alts continguts d'histamina en espinacs a l'activitat
de bacteris contaminants durant |I'emmagatzematge, pertanyents als grups
Enterobactericeae i Pseudomonadaceae [27]. Malgrat aix0, son necessaris meés
estudis per entendre amb més detall I'origen de la histamina en els aliments
d'origen vegetal. Els vegetals fermentats com el xucrut també poden acumular alts
nivells d'histamina procedents de I'acci6 microbiana dels bacteris tecnologics

utilitzats en la seva elaboracié.

1.2. Metabolisme de la histamina i altres amines biogenes en
I'organisme

Com que la histamina és una substancia sintetitzada de forma enddgena que,
alhora, també es por trobar en els aliments, sembla coherent pensar que
I'organisme huma ha d'estar preparat per a contrarestar tant I'alliberament massiu
d'histamina per part dels mastocits, com els efectes derivats de la ingesta de nivells
elevats d'aquesta amina. En I'organisme huma, existeixen dues vies principals per al

metabolisme de la histamina:
a) la desaminacié oxidativa del grup amino primari a través de I'enzim diamino
oxidasa (DAO).

b) la metilacié del grup amino secundari de I'heterocicle imidazole de la histamina

catalitzada per I'enzim histamina-N-metiltranferasa (HNMT).

L'enzim DAO, també conegut com a histaminasa en I'ambit de les ciencies dels
aliments, és una glicoproteina homodimerica codificada al cromosoma 7935, que

es troba emmagatzemat en estructures vesiculars de la membrana plasmatica i és
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el responsable de degradar la histamina a nivell extracel-lular. En els mamifers,
I'expressio de la DAO es troba limitada a certs teixits especifics. La major activitat
DAO es localitza en l'intesti prim i el colon ascendent, la placenta i els ronyons [29-

31].

L'enzim HNMT és una proteina codificada al cromosoma 2qg22 present en el citosol
de les cellules de manera que es capa¢ de degradar la histamina a nivell
intracel-lular. Aquest enzim s'expressa en multitud de teixits de I'organisme huma,
com son els ronyons, el fetge, la melsa, la prostata, els ovaris, en cel-lules de la

medul-la espinal, els bronquis i la traquea [32].

Tot i que s'ha descrit que la HNMT és altament selectiva per a la histamina, la
principal barrera d'absorcié de la histamina dietética a nivell intestinal és I'enzim
DAO [29]. A part de la histamina, I'enzim DAO és també capac de degradar altres
amines bidogenes, principalment, les diamines putrescina i cadaverina [13,15]. En el
cas de la tiramina, encara que el seu catabolisme és a duu a terme, principalment,
per I'enzim monoamino oxidasa (MAOQO), també s'ha descrit que la DAO podria
metabolitzar-la encara que en menor mesura [33,34]. Una altra oxidasa intestinal, la
poliamino oxidasa (PAO), és l'encarregada de metabolitzar les poliamines,
espermidina i espermina, encara que certs autors han atorgat a la DAO certa

capacitat per degradar-les [33,35].

La DAO és constantment secretada al lumen intestinal, de manera que en situacions
de normalitat, és capac de degradar la histamina present a nivell intestinal, ja sigui
procedent de la dieta o secretada per la microbiota [36-38]. No obstant aixo,
existeixen dos escenaris en els que la capacitat metabolica de I'enzim DAO es troba

compromesa i que poden desencadenar efectes adversos per a la salut:

e Intoxicacié histaminica: Reaccié adversa de tipus toxic derivada del consum
d'aliments amb continguts molt elevats d’histamina que superen la capacitat
catabolica normal de I'enzim DAO. Aquesta intoxicacio alimentaria, ampliament

coneguda causa anualment brots de gravetat lleu-moderada, generalment pel
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consum de productes derivats de la pesca [39]. A nivell europeu els brots
d'intoxicacié histaminica es troben recollits en els informes anuals de I'EFSA i
I'European Centre for Disease Prevention and Control (ECDC), aixi com en el

Rapid Alert System for Food and Feed (RASFF)

e Intolerancia a la histamina: Reaccié d'hipersensibilitat no allergica a la
histamina dietetica com a consequéncia d'un deéficit en I'activitat DAO a nivell
intestinal. A diferencia de la intoxicacid, aquest trastorn pot aparéixer fruit del
consum d’aliments amb contingut normals o, fins i tot, baixos d’'histamina,

generalment tolerables per a la poblacié sana [6,18,32].

1.3. Intolerancia a la histamina

La intolerancia a la histamina és el terme frequentment utilitzat per descriure la
reaccio adversa que s'observa com a resultat del consum de quantitats normalment
tolerables d’histamina en persones susceptibles, principalment per déficit de DAO.
No obstant, també s’han suggerit altres termes com “reaccio adversa a la ingesta
d'histamina” [40], "histaminosi enteral” o “sensibilitat a la histamina dietetica” [10].
En termes generals, la intolerancia a la histamina es pot definir com un desequilibri
en la homeostasi de la histamina degut principalment, a una reduida capacitat de
degradacié d'aquesta amina per part de I'enzim DAO a nivell intestinal, el que
provoca una acumulacié d'histamina en plasma i I'aparicié de simptomes diversos
[18,29,32,38].

Al llarg de la ultima decada, la recerca cientifica sobre la intolerancia a la histamina
i el déficit de DAO ha incrementat significativament. De fet, malgrat que les
primeres referencies cientifiques sobre la intolerancia a la histamina sén de fa més
de 30 anys [41-43], gairebé el 85% han aparegut durant els darrers deu anys,
generant un degoteig constant de treballs cientifics que contribueixen a definir i

millorar les eines disponibles per gestionar aquesta intolerancia alimentaria.
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Es ampliament conegut que la histamina té un paper important en nombrosos
processos fisiologics i patologics. La histamina exerceix els seus efectes a través de
la interacci6 amb quatre receptors especifics (H1, H2, H3 i H4) que es troben
distribuits en diferents drgans i teixits de I'organisme (Figura 3) [29,38,44]. Aquest
fet, fa que els efectes adversos observats després de la ingesta d’histamina en
persones intolerants, siguin nombrosos i variats i que, per tant, no es pugui definir
un quadre clinic concret [10,45]. Aquesta complexitat es posa de manifest en un
estudi del 2019 d'un grup investigadors austriacs on de 133 individus diagnosticats
amb intolerancia a la histamina, el 97% patien tres o més simptomes, normalment
afectant diferents organs o sistemes, amb un valor mig d’onze simptomes per
pacient [46]. A més, aquest estudi va concloure que les manifestacions a nivell del
tracte gastrointestinal van ser les més freqlients i de major severitat. Entre elles se’'n
destaquen, la presencia de distensié abdominal en un 92% dels pacients i sensacio
de plenitud postprandial, diarrea, dolor abdominal i restrenyiment entre el 55% i el
73% dels pacients. L'alta frequencia de simptomes gastrointestinals en individus
amb intolerancia a la histamina es pot explicar pel fet que el tracte gastrointestinal
conté els quatre receptors de la histamina [10]. A part del simptomes
gastrointestinals, en aquest estudi també, van ser descrites afectacions del sistema
nervios i de I'aparell cardiovascular com, marejos, cefalees i palpitacions, seguits de

simptomes a l'aparell respiratori i dermatologic [46].
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Tract gastrointestinal Pell
(H1,H2,H3,H4) (H1,H2,H4)
Distensié abdominal Pruija
Plenitud postprandial Urticaria
Diarrea Eczema
Dolor abdominal Edema
Restrenyiment Rubor/envermelliment
Flatuléncies

Nausees/vomits

Sistema nerviés Sistema respiratori Sistema cardiovascular
(H2,H3) (H1,H2,H3) (H1,H2)

oy

Cefalees Rinorrea

: Taquicardia
Marejos Rinitis Hipotonia
Congestio nasal Lipotimia
Dispnea

Figura 3. Principals simptomes de la intolerancia a la histamina i localitzacié dels receptors

d'histamina en I'organisme [10,45].

L'heterogeneitat de les manifestacions cliniques associades a la intolerancia a la
histamina fa que el seu diagnostic sigui complex i per tant, també la determinacié
de la incidencia actual d'aquesta intolerancia. Alguns autors han estimat que
aquesta incidéncia podria oscillar entre un 1 i un 6% de la poblacié general
[29,38,45,471.

1.3.1. Etiologia de la intolerancia a la histamina

En laintolerancia a la histamina, aixi com en altres tipus d'intolerancies alimentaries,
I'enzim encarregat de degradar la histamina dietetica es troba inhibit o reduit,
provocant, en aquest cas, I'acumulacié d'histamina en plasma i l'aparici6 de

simptomes gastrointestinals i extra-intestinals inespecifics. Son nombrosos els
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estudis clinics que donen suport al paper de I'enzim DAO com a factor etiologic de
la intolerancia a la histamina. En tots ells, es relacionen afectacions tipiques
d'aquesta intolerancia, com son les cefalees i els desordres gastrointestinals o
dermatologics, amb una prevalenca de déficit de DAO [47-56]. En I'estudi portat a
terme per Musi¢i col. (2013) es va observar un deficit de I'enzim DAO en el 80% dels
pacients (n=316) amb simptomes associats a intolerancia a la histamina (p. ex.
urticaria, pruija, diarrea, dolor abdominal, vomits, restrenyiment, tos, rinitis i
cefalea), aixi com una menor activitat DAO plasmatica comparada amb un grup
control [52]. L'estudi retrospectiu realitzat per Manzotti i col. (2016) van trobar una
elevada prevalenca de deéficit de DAO (71%) en pacients diagnosticats
d'intolerancia a la histamina (simptomes gastrointestinals, dermatologics i cefalea)
[49]. En un estudi publicat I'any 2021, Mayo-Yafez i col. també van identificar una
elevada prevalenca de déficit de DAO, en aquest cas en individus amb rinitis
al-lergica persistent (46%). A més, aquest déficit enzimatic era més prevalent en el

grup de pacients amb una rinitis d'intensitat moderada o severa [56].

Es coneixen tres possibles origens d'aquesta deficiencia de I'enzim DAO, genétic,
farmacologic o bé patologic [18,32,47,51]. Més recentment, la idea d'una disbiosi o
alteracio de la microbiota intestinal com a possible origen de la intolerancia a la

histamina esta guanyant interes (Figura 4) [36].
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Figura 4. Resum del mecanisme d'acci6 de I'enzim DAO en l'enterocit i els diferents factors

que poden influir en la seva activitat. Adaptada de Hrubisko i col. (2021).

1.3.1.1. Origen genétic

La preséncia de variacions genetiques en |'enzim que degrada la histamina podrien
ser les responsables de les diferéncies interindividuals observades en la capacitat
per metabolitzar la histamina dietetica [59]. Diversos estudis han confirmat
I'existéncia de més de cinquanta polimorfismes de nucleotids simples (SNP) que
afecten al gen que codifica I'enzim DAO [55,57-60]. En la majoria dels casos, |'efecte
d'aquests polimorfismes actua a través de modificacions en la cinetica enzimatica
provocant una elevacio de la constant de Michaelis-Menten (Ky), i per tant una
reduccio en |'activitat degradant de la histamina [59]. Concretament, els SNPs que
més afecten la funcionalitat de I'enzim DAO en poblacié caucasica son rs10156191,
rs1049742, rs2268999 i, especialment, rs1049793 [59]. Aixi mateix, també s'han
identificat certes variacions genétiques de I'enzim DAO en individus d'origen asiatic
i africa (rs45558339 i rs35070995, respectivament) [61]. En poblacié espanyola
caucasica, Garcia-Martin i col. (2015) han associat la presencia dels SNPs
rs10156191 i rs2052129 amb una menor activitat DAO i un major risc de patir

migranyes [62]. De la mateixa manera, Meza-Velazquez i col. (2017) han descrit una
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major freqiiencia del polimorfisme rs1049793 en un grup de dones amb migranya
[63]. D'altra banda, pero, en un estudi més recent dut a terme amb 298 individus
amb migranya i 360 individus sans, la frequencia dels polimorfismes genetics
(rs1049793, rs10156191 i rs1049742) va ser similar entre ambdos grups [64].
Malgrat que s'han identificat diversos SNPs relacionats amb una menor
funcionalitat de I'enzim, encara sén necessaris més estudis enfocats a conéixer la
relacio entre la preséncia de certes variants genétiques de I'enzim DAO i els fenotips

caracteristics de la intolerancia a la histamina.

1.3.1.2. Origen patologic

Actualment esta augmentant 'evidencia que recolza que un dels possibles origens
de la intolerancia a la histamina per deficit de DAO es podria trobar a nivell
intestinal. Concretament, la recent revisi6 realitzada per Schnedl i Enko (2021)
detalla la relacié existent entre una menor activitat de I'enzim DAO i diverses

patologies o trastorns intestinals que afecten la integritat de la mucosa [65].

Per exemple, en malalties inflamatories intestinals (malaltia de Chron i colititis
ulcerosa) i en adenoma colonic s'ha descrit un menor catabolisme de la histamina
degut a una afectacié de la mucosa derivada d'aquestes patologies [66,67]. De fet,
s'ha proposat la determinacié de I'activitat enzimatica de la DAO intestinal com un

predictor de dany de la mucosa intestinal [68-71].

Tanmateix, altres estudis també han reportat una reduida activitat de I'enzim DAO
en individus diagnosticats d'intolerancia a la lactosa [54,72-75]. En un estudi
realitzat per Schnedl i col. (2020) es va observar que els nivells d’hidrogen espirat i
la preseéncia de simptomes eren molt més elevats en el grup de pacients amb
intolerancia a la lactosa i una baixa activitat DAO en comparaci6 als individus amb
una activitat DAO normal [74]. Un estudi retrospectiu dut a terme al 2022 per aquest
mateix grup d'investigadors va confirmar aquesta relacié amb un major nombre de
pacients, trobant que la meitat d'un grup de 402 individus intolerants a la lactosa
presentaven a més una reduccio de l'activitat DAO serica. A més aquests pacients

amb intolerancia a la lactosa i a la histamina van mostrar també majors nivells
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d’'hidrogen espirat [75]. Segons aquests autors, una alteracié de I'estat de la mucosa

intestinal seria I'origen d'aquestes intolerancies alimentaries.

Per ultim, dos estudis recents han assenyalat una possible relacié entre la
sensibilitat al gluten no celiaca i la intolerancia a la histamina [76,77]. En un dels
estudis es comparen els diferents simptomes gastrointestinals i extra-intestinals
associats ala sensibilitat al gluten no celiaca amb els de la intolerancia a la histamina
identificant grans similituds en els quadres clinics d'ambdds desordres. Griauzdaité
i col. (2020) van reportar que 9 de 10 pacients amb sensibilitat al gluten no celiaca

mostraven un deéficit d'activitat de I'enzim DAO [77].

1.3.1.3. Influéncia de farmacs i altres substancies

Una deficiencia de I'enzim DAO també pot tenir un origen adquirit com a
consequencia de |'efecte inhibitori de determinats farmacs. Aquest efecte inhibitori
és reversible ja que s'elimina quan desapareix I'agent causant [29]. Diversos farmacs
ampliament utilitzats per la poblacié general han estat descrits com a potencials
inhibidors de I'enzim DAO, com per exemple, l'acid clavulanic (antibiotic), el
verapamil (antihipertensiu), l'acetilcisteina (mucolitic) i el suxametoni (relaxant
muscular), entre d'altres [78-80]. De fet, s'ha estimat que aproximadament el 20%
de la poblaci6 europea pren de forma regular algun d'aquests farmacs, provocant
un augment important en la susceptibilitat als efectes adversos de la histamina [6].
En molts casos aquest efecte inhibitori podria explicar-se per la similitud estructural
que presenten certs farmacs amb la forma de la histamina. Aquests farmacs serien
capagos d'unir-se a la zona activa de I'enzim, provocant una disminucié en la
degradacié enzimatica de la histamina [80]. Malgrat que a la literatura cientifica
apareixen sovint llargs llistats de farmacs als quals se'ls atribueix aquesta capacitat
inhibitoria, en general, 'evidencia experimental que ho suporta és encara escassa i

normalment procedeix d'antics estudis /n vitro [78-80].

També s’ha descrit que altres substancies, com certes amines biogenes i I'alcohol,
podrien mostrar un efecte inhibitori sobre la degradacié de la histamina al competir

per les mateixes vies de metabolitzacioé [32]. Certs estudis /n vitro i en animals
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d’'experimentacioé apunten la capacitat de certes amines per inhibir la degradacié
de la histamina per part de I'enzim DAO, al competir també per aquest enzim. No
obstant, l'evidencia sobre aquesta inhibicié competitiva procedeix d’'escassos
estudis i desactualitzats [81-84]. En el cas de I'alcohol, el seu metabdlit acetaldehid,
pot competir amb la histamina per I'enzim aldehid deshidrogenasa (ALDH), el qual
també participa en el metabolisme de la histamina, donant Illoc a una acumulacié

d’'histamina en plasma [6,17].

Aixi doncs, la presencia de farmacs, d'altres amines o d'alcohol pot explicar els
diferents graus de reaccié entre persones que han consumit aliments amb

quantitats similars d'histamina [18].

1.3.1.4. Disbiosi intestinal

Un altre possible origen del qual encara no es disposa de suficient evidencia
cientifica seria que una disbiosi intestinal podria afavorir una menor activitat de
I'enzim DAO o bé una major formacié d’histamina a nivell intestinal en individus
intolerants. Encara que durant I'Gltima década han aparegut diversos estudis que
relacionen determinades patologies o fins i tot intolerancies alimentaries amb una
alteracié de la microbiota intestinal, els estudis centrats en la intolerancia a la
histamina sén encara molt escassos. Segons el nostre coneixement només existeix
un unic treball, publicat I'any 2018, enfocat en I'estudi sobre la relacié entre la
intolerancia a la histamina i la microbiota intestinal. Aquests autors van reportar
diferencies en la composici6 de la microbiota intestinal en pacients amb
intolerancia a la histamina amb déficit de DAO comparada amb un grup d'individus
sans no intolerants [36]. Concretament, es va observar una major proporcio de
Proteobacteria, grup bacteria relacionat amb inflamacié intestinal, una menor
proporcié de bifidobacteris i una menor diversitat d'espécies bacterianes en el grup
d'individus intolerants. Aquests mateixos autors apunten que aquesta disbiosi
podria contribuir a una inflamacié de la mucosa intestinal i, en Ultim terme, afavorir
una reduccio de I'enzim DAO [36]. D'altra banda, un altre factor que podria tenir

rellevancia en I'etiologia de la intolerancia a la histamina és la preséncia de soques
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bacterianes histaminogeniques a nivell intestinal. La preséncia d'altes proporcions
d'aquest tipus de bacteris en l'intesti huma (p. ex. lactobacillis i enterobacteries,
entre d'altres) podria contribuir a un increment dels nivells d'histamina, afavorint
aixi els seus efectes adversos en I'organisme. No obstant, es important considerar
que una disbiosi intestinal no seria, per si sola, la Unica causa d'aquesta intolerancia,
sind que probablement agreujaria els simptomes derivats d'altres causes primaries

del déficit de DAO (genetiques o adquirides).

1.3.2. Diagnostic de la intolerancia a la histamina

En general, pel diagnostic de les intolerancies o malabsorcions alimentaries
existeixen diferents estrategies o proves analitiques validades que permeten
identificar objectivament les persones afectades [45]. En el cas de la intolerancia a
la histamina, i malgrat els importants avancos en el seu coneixement que s'han
produit al llarg dels darrers anys, la inespecificitat dels simptomes i la falta de proves
analitiques validades fa que no existeixi un algoritme de diagnostic de consens
[2,32,72,85]

Actualment, el diagnostic de la intolerancia a la histamina s'esta portant a terme en
base a un examen exhaustiu de la historia clinica del pacient. Fonamentalment, es
té en compte la presencia de 2 o més simptomes tipics d'aquesta intolerancia i la
seva millora o remissio després del seguiment d'una dieta baixa en histamina
[2,10,29,32,38,40,45]. La durada d'aquesta dieta per tal de confirmar el diagnostic
no esta del tot estipulada, malgrat aixo alguns autors aconsellen un periode d'entre
1 o 2 mesos. Parallelament, també és necessari excloure altres possibles
intolerancies, malalties gastrointestinals, al-lergies mediades per IgE, I'existéncia de
mastocitosi (mitjangant la determinacio de triptasa plasmatica), aixi com la presa de

farmacs inhibidors de la DAO [2].

A part de I'anamnesi, diversos autors han proposat un ventall de proves analitiques

que podrien emprar-se com a eines complementaries en el diagnostic d'aquesta
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intolerancia. Algunes d'elles, com la determinacié de I'activitat DAO sanguinia o la
identificacié de SNPs, ja s’estan duent a terme en la practica clinica, malgrat que
encara s'ha d'acabar d'avaluar la seva eficacia a I'hora d'identificar tots els individus

afectats.

1.3.2.1. Activitat de I'enzim DAO en sang i en mucosa intestinal

Una tecnica ampliament utilitzada pel diagnostic de la intolerancia a la histamina
és la determinacié de l'activitat DAO sanguinia, basada en la mesura de la quantitat
d’'histamina que es degrada en una mostra de sang en un temps determinat a través
d'un immunoassaig tipus ELISA (enzyme-linked immunosorbent assay) o a través
d'un radio-immuno assaig (RIA). Valors d'activitat DAO per sota dels 10 U/mL
indicarien una possible deficiencia d'aquest enzim. No obstant, actualment existeix
certa controversia en quant a I'Us de l'activitat DAO sanguinia com a biomarcador
de laintolerancia a la histamina. De fet existeixen estudis que demostren unarelacié
entre una DAO reduida i la presencia dels simptomes d'aquesta intolerancia
[47,49,52,86]. Inclus alguns han reportat una relaci¢ inversa entre la severitat dels
simptomes i l'activitat DAO. Cucca i col. (2022) van observar que els simptomes
gastrointestinals i cutanis, sovint associats a cefalees, van ser els més frequiients en
un total de 146 pacients amb intolerancia a la histamina, la severitat dels quals

correlacionava amb el grau de deficieéncia de I'enzim DAO [86].

D’altra banda, altres autors no han trobat una relacio significativa entre la historia
clinica de simptomes tipics d'intolerancia a la histamina d‘alguns pacients i la seva
activitat DAO sanguinia [87-89]. Segons aquests, existeix una variabilitat
intraindividual al llarg del dia i entre diferents dies que dificulta la interpretacio dels
resultats. També és important tenir en compte que els nivells plasmatics d'activitat
DAO podrien no reflectir els nivells de DAO de la mucosa intestinal, que és la que
es troba directament implicada en la degradacié d’histamina procedent dels
aliments [32,45]. A més, actualment, no existeixen dades procedents d'estudis
cientifics en humans que permetin establir els valors de normalitat de la DAO

sanguinia en poblacié sana, i que per tant, permetin establir el llindar a partir del
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qual es pot considerar un deficit d'aquesta activitat enzimatica. De fet, els Unics
valors existents son els proporcionats pels propis laboratoris comercialitzadors dels
testos d'activitat DAO. Segons les societats d'al-lergologia alemanya i suissa, és
necessari seguir investigant en aquest camp abans d'atorgar a I'activitat DAO

sanguinia un valor diagnostic definitiu per a la intolerancia a la histamina [85].

Un metode alternatiu que també s'ha estudiat per avaluar la funcionalitat de la DAO
és la mesura de l'activitat d'aquest enzim en la mucosa intestinal, malgrat que és
una tecnica més invasiva ja que es realitza mitjangant una biopsia del teixit colonic.
La recerca realitzada en aquest ambit ha mostrat una reduida activitat intestinal de
I'enzim DAO en individus amb urticaria, al-lergia alimentaria i en persones amb
adenoma de colon, juntament amb un increment dels nivells d'histamina [90-94].
Encara que aquesta prova representa un potencial metode de diagnostic, son
necessaris més estudis que relacionin aquesta activitat enzimatica amb els

simptomes de la intolerancia a la histamina.

1.3.2.2. Identificacié de SNPs del gen que codifica I'enzim DAO

Degut al possible origen genétic del deficit de DAO, una de les estrategies pel seu
diagnostic que s'esta duent a terme per alguns laboratoris clinics és la determinacié
dels polimorfisme geneétics o SNPs associats a una activitat DAO reduida.
Actualment, existeix la possibilitat de fer un analisi no invasiu capag d'identificar 4
SNPs (rs1049742,rs1049793, rs10156191 i rs2052129) tant en mostres de sang com
de mucosa oral [32]. Malgrat la seva potencial utilitat com a biomarcadors de la
intolerancia a la histamina, encara no hi ha estudis publicats que validin aquest
metode diagnostic en persones que mostren un fenotip caracteristic de la
intolerancia a la histamina. Una possible limitacié d'aquest metode de diagnostic
és que no té en compte altres origens d'una deficiencia de l'enzim DAO,

especialment el derivat de desordres que afecten el tracte gastrointestinal.
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1.3.2.3. Prova cutania: histamine 50-skin-prick test

L'histamine 50-skin-prick test és una variant de la prova d'al-lergia cutania
intradérmica proposada per Kofleri col. (2011) com a eina pel diagnostic d'aquesta
intolerancia. Aquesta prova consisteix en realitzar una lectura de la mida de la fava
passats 50 minuts després de I'administracié cutania d'histamina, a diferéncia de la
prova d'al-lérgia cutania habitual en la que aquesta lectura s'acostuma a realitzar
passats 20 minuts [95]. En I'estudi de Kofler i col. (2011) van observar que passats
aquests 50 minuts, tot i que la mida de la fava no va variar, si que es van observar
diferéncies en el temps de resolucié d'aquesta fava entre els grups estudiats [95].
Darrerament, un altre estudi ha observat una correlacié entre aquest retard en la
remissio de la fava i una menor activitat de la DAO plasmatica en individus amb
al-lergia [96]. Encara que aquesta prova esta descrita en la literatura cientifica,
actualment i segons el nostre coneixement, no s'utilitza en la practica clinica pel

diagnostic de la intolerancia a la histamina.

1.3.2.4. Test de provocacié oral de la histamina

Els testos de provocacié oral doble cec i control amb placebo s’han descrit com els
millors metodes per verificar una reaccié adversa als aliments que a més permeten
establir un Ilindar de tolerancia individual [40]. En el cas del test de provocacié oral
a la histamina, no existeix un procediment establert ni una dosi llindar
estandarditzada [40]. Diferents autors han proposat una dosi de provocacié de 75
mg d’histamina ja que semblaria ser una dosi inofensiva per individus sans i per ser
una quantitat que es podria trobar habitualment en els aliments [97,98]. El fet que
la realitzacié d'aquest test s’hagi de sotmetre a supervisio médica i hospitalitzacio
del pacient conjuntament amb l'alt risc de poder patir efectes adversos greus, fa

que la seva aplicacio i el seu estudi siguin encara limitats [32].

28



Introduccié

1.3.2.5. Determinacié d’histamina i els seus metabolits en orina

Actualment, la recerca cientifica s'esta enfocant en el desenvolupament de proves
de diagnostic no invasives que permetin establir un criteri de diagnostic solid i
clinicament irrefutable de la intolerancia a la histamina per deficit de DAO. Un d'ells
seria l'aplicacié de la metabolomica com a eina per a la identificacio de
biomarcadors del metabolisme de la histamina en orina. Per a aixo, Comas-Basté i
col. (2017) van desenvolupar i validar un metode cromatografic per determinar de
manera rapida i inequivoca els nivells urinaris d'histamina i el seu metabolit metilat,
la metilhistamina [99]. L'aplicacié d'aquest metode en un petit estudi pilot amb 22
pacients amb intolerancia a la histamina va permetre identificar una disminucié
significativa de la metilhistamina en comparacié amb un grup d'individus sans
[100]. Cal confirmar aquest resultats amb un major nombre de pacients per validar

la utilitat diagnostica d'aquest parametre.

1.3.3. Gestio dietética de la intolerancia a la histamina

El tractament dietétic que s'utilitza per minimitzar o evitar l'aparicié dels simptomes
relacionats amb la intolerancia a la histamina és el seguiment d'una dieta baixa en

histamina i/o la suplementacié amb enzim DAO exogen [45,101].

1.3.3.1. Dieta baixa en histamina

La dieta baixa en histamina és la principal eina de la qual es disposa actualment per
la gestio dietetica de la intolerancia a la histamina. Conceptualment, aquestes
dietes es basen en |'exclusio dels aliments que els pacients relacionen amb l'aparicio
de la simptomatologia, principalment, aquells que potencialment poden contenir
elevats nivells d'histamina. En la literatura cientifica existeixen diverses publicacions
ons'indiquen els aliments a excloure en el seguiment d'una dieta baixa en histamina
[50-52,102-107]. En general, s'eliminen tots aquells aliments susceptibles de
contenir histamina com derivats del peix, productes fermentats i alguns productes

d'origen vegetal (tomaquet, espinacs i alberginia). No obstant, s'observa que no
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existeix un Unic tipus de dieta baixa en histamina i que no hi ha un consens en
aquells aliments que cal eliminar segons les diferents dietes disponibles en la

literatura.

Algunes publicacions diferencien tres fases al llarg del seguiment d'una dieta baixa
en histamina (Figura 5) [40,45,85]. La primera fase consisteix en I'eliminacié de tots
aquells aliments que freqlientment els pacients relacionen amb I'aparicié dels
simptomes. Aquesta fase és la més curta (fins a 2 setmanes) perd també la més
restrictiva. El fet que la histamina es trobi ampliament distribuida en els aliments i a
diferents concentracions fa que per precaucié s’hagin d'excloure una gran quantitat
de productes. Es important assegurar la frescor dels aliments, sobretot aquells
d'origen animal (carns i peixos) ja que la presencia d’histamina es relaciona amb
una inadequada qualitat higienica de les materies primeres i/o dels processos de
conservacié i/o elaboracié [18,22]. En aquesta fase també es tenen en compte
factors que puguin influir en I'aparicié dels simptomes, com per exemple, el consum
d‘alcohol o de certs farmacs que puguin inhibir I'enzim DAO. En la segona fase de
la dieta baixa en histamina s'introdueixen gradualment alguns dels aliments
exclosos en la primera, valorant la tolerancia de cada pacient. Per ultim, en la darrera
fase, que té com a objectiu facilitar al maxim I'adherencia a la dieta a llarg termini,
es continua amb la reintroduccié d'aliments exclosos per fer-la el més complerta i

equilibrada possible, sempre i quan la tolerancia de cada pacient ho permeti.
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Fase 1 o fase d'exclusié

Objectiu:

- Minimitzar I'aparicié dels simptomes al maxim possible.

Recomanacio:

- Reduir la ingesta d'aliments susceptibles de contenir histamina (aliments i
begudes fermentades, espinacs, bledes i tomaquets).

- Prioritzar els aliments frescos sobretot aquells d'origen animal (peixos i
carns).

- Considerar factors de risc individuals (ingesta d'alcohol, estrés, processos
menstruals, Us de farmacs, etc.).

- Optimitzar l'aportacié de nutrients.

- Suplementar amb enzim DAO exogen.

Duracié:

- Entre 10 14 dies.

Fase 2 o fase de reintroduccio

Objectiu:

- Avaluar la tolerancia individual a la ingesta d'histamina.
Recomanacio:

- Reintroduir gradualment aquells aliments exclosos en la Fase 1.
- Realitzar, al maxim possible, una dieta complerta i equilibrada.
- Considerar factors de risc individuals (ingesta d'alcohol, estrés, processos
menstruals, Us de farmacs, etc.).

- Suplementar amb enzim DAO exogen si es necessari.

Duracio:

- Fins a 6 setmanes.

Fase 3 o dieta a llarg termini

Objectiu:

- Mantenir una bona qualitat de vida.

Recomanacio:

- Seguir introduint aliments exclosos segons la sensibilitat mostrada a la
ingesta d'histamina.

- Continuar amb la realitzaci¢ d'una dieta complerta i equilibrada.

- Considerar factors de risc individuals (ingesta d'alcohol, estrés, processos
menstruals, Us de farmacs, etc.).

- Suplementar amb enzim DAO exogen si es necessari.

Duracio:

- Indefinida.

Figura 5. Fases proposades pel seguiment d'una dieta baixa en histamina. Adaptada de
Reese i col. (2021) i de Hrubisko i col. (2021).
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L'eficacia del seguiment de les dietes baixes en histamina ha estat avaluada en
diferents estudis clinics amb resultats favorables pel que fa a la millora o remissio
total dels simptomes associats a la intolerancia a la histamina per déficit de DAO
(Taula 2) [50-53,86,102-104,108-114]. Malgrat que el nombre de participants
reclutats en aquests estudis és reduit, la taxa d'eficacia del seguiment d'una dieta
baixa en histamina és significativa. En la gran majoria d’aquests treballs (14 de 15)
s'ha reflectit una millora de la simptomatologia en més del 75% dels participants.
Nomeés en l'estudi reportat per Park i col. (2008) no es van observar millores en cap
dels pacients avaluats (Taula 2). En dos treballs recents, en comptes d'avaluar
I'efecte de la intervencié dietetica en el percentatge de pacients que van millorar la
simptomatologia, han avaluat com influeix aquesta en la duracié i la severitat dels
simptomes, observant-se millores en ambdds parametres (Taula 2). En I'estudi
realitzat per Cucca i col. (2022) es va observar una millora del 40% en la severitat
dels simptomes en 146 pacients amb intolerancia a la histamina després de la
intervencio dietética. A més, aquesta millora en la simptomatologia va ser més gran

en aquells individus amb un déficit de I'enzim DAO [86].

La duracié del tractament dietétic aplicat en aquests estudis va ser, en general, de
3-4 setmanes, no apreciant-se una relacié positiva entre una major durada i el
percentatge d'eficacia en la millora o remissié de la simptomatologia. Com es pot
veure també en la Taula 2, alguns estudis també han avaluat I'efecte de la dieta en
altres variables com la histamina i/o I'activitat DAO en sang. Quant a |'activitat de la
DAOQ, els estudis publicats per Steinbrecher i col. (2005), Maintz i col. (2006), Musi¢
i col. (2013) i Lackner i col. (2019) van assenyalar un augment de l'activitat
enzimatica plasmatica en més del 50% dels pacients després de la intervencio
dietetica, si bé encara no s'ha suggerit cap hipotesi explicativa. Per contra, Guida i
col. (2000), Wagner i col. (2017) i Son i col. (2018) no van detectar canvis en I'activitat
de la DAO en sang.
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1.3.3.2. Suplementacié amb enzim DAO exogen

En la gestio dietetica de la intolerancia a la histamina, la dieta baixa en histamina es
pot suplementar oralment amb enzim DAO exogen. Aquest enzim ajudaria a
degradar la histamina de la dieta a nivell intestinal [115]. De la mateixa manera que
per la dieta, la suplementacié amb I'enzim DAO també es modula al llarg de les

diferents fases del tractament, per adaptar la dosi a la resposta de cada pacient.

L'any 2017, la Comissié Europea va permetre la comercialitzacié de I'enzim DAO
com a complement alimentari o com aliment per a usos medics especials [116].
Concretament, aquesta normativa europea autoritza la formulacié del complement
a base d'extracte proteic de ronyo6 porci amb un recobriment entéric per assegurar-
ne la integritat durant el seu pas pel medi acid de I'estomac [116]. Actualment,
existeixen diversos complements d'enzim DAO disponibles al mercat, tant a nivell
nacional com internacional, tots ells formulats amb la mateixa dosi unitaria d’enzim
DAO (4,2 mg d'extracte de ronyd porci per capsula que contenen 0,3 mg d'enzim
DAO).

Actualment, només existeixen cinc estudis d'intervencié on han provat l'eficacia
clinica de la suplementaci6 amb DAO exogen en individus amb simptomes
d'intolerancia a la histamina. Malgrat que amb certa variabilitat, els investigadors
apunten l'eficacia d'aquest complement per reduir I'aparicid i la intensitat dels
simptomes. Komericki i col. (2011), Manzotti i col. (2016) i Schned! i col. (2019) van
assajar l'eficacia de la suplementacié amb DAO en pacients amb diferents
simptomes gastrointestinals, cardiovasculars, respiratoris, dermatologics i/o
neurologics) [49,97,101]. Aquests tres estudis van descriure una millora important
en la intensitat o freqiencia dels simptomes, encara que la poblacié estudiada (14,
281 39 pacients) i el temps d'intervencié (de 2 a 4 setmanes) van ser reduits. D'altra
banda, Yacoub i col. (2018) van observar una reduccié significativa en la severitat
dels simptomes en 20 pacients amb urticaria cronica espontania després de la
suplementacié amb I'enzim DAO [117]. L'any 2019, un estudi clinic aleatori doble

cec va avaluar I'eficacia de la suplementacié amb DAO en pacients amb migranya.
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Aquest estudi va considerar un major nombre de pacients (100 pacients) i va obtenir
una disminucié estadisticament significativa en la durada dels atacs de dolor sense
efectes secundaris adversos registrats [118]. Malgrat aquests resultats positius
sobre |'ds d'una suplementacié amb enzim DAO exogen, son necessaris estudis
clinics més ambiciosos amb un disseny experimental rigorés, periodes d'intervencié
dietetica més prolongats i una mostra de grandaria adequada per a establir

I'eficacia clinica d'aquest tractament dietétic.

Per ultim, a més de I'enzim d'origen porci, alguns estudis han descrit una alta
capacitat catalitica de I'enzim DAO d'origen vegetal en la degradacié de la
histamina [33,34,119]. En concret, s'ha assenyalat que els brots de certes
lleguminoses comestibles poden ser fonts interessants d'enzim DAO. Comas-Basté
i col. (2020) van demostrar que la germinacié de lleguminoses és capag
d'augmentar la capacitat enzimatica DAO fins a 250 vegades respecte a les llavors
sense germinar. A més, en aquest mateix estudi, certes especies de lleguminosa van
mostrar activitats enzimatiques comparables o inclos majors que la reportada per
extractes de rony6 porci [115]. La disponibilitat d'un complement DAO extret d’'una
font vegetal permetria el seu Us en poblacié vegetariana/vegana, aixi com en
aquelles persones amb restriccions religioses al consum de productes derivats del

porc.
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Fruit de la revisio bibliografica realitzada al llarg de la tesi doctoral s'ha publicat un

capitol de llibre d'accés obert.
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Abdtract

Histamine intolerance, also referred to as enteral histaminosis or
sensitivity to dietary histamine, is a disorder associated with an
impaired ability to metabolize ingested histamine that was
described at the beginning of the 21st century. Although interest
in histamine intolerance has considerably grown in recent years,
more scientific evidence is still required to help define, diagnose
and clinically manage this condition. This book chapter will
provide an updated review on histamine intolerance, mainly
focusing on its etiology and the existing diagnostic and treatment
strategies. In this work, a glance on histamine intoxication will
also be provided, as well as the analysis of certain uncertainties
historically associated to histamine intoxication outbreaks that
may be better explained by the existence of interindividual
susceptibility to ingested histamine.

Keywords

Histamine; Food Intolerance;  Histamine Intolerance;
Histaminosis; Histamine Intoxication; Diamine Oxidase (DAO);
Low-Histamine Diet; Food Supplement
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In 2011 the European Food Safety Authority (EFSA) issued a
scientific report warning that the levels of biogenic amines found
in foods marketed in European Union countries may still entail a
consumer health risk [1]. Among them, histamine has the highest
toxic potential, along with tyramine, and is therefore of great
interest in terms of food safety. First described more than 60
years ago, the deleterious effects of excessive histamine
ingestion were initially referred to as scombroid fish poisoning
or scombrotoxicosis, as they were associated with the
consumption of fish in this family, but the condition is now
known as histamine intoxication or histamine poisoning. In
recent years, another disorder associated with histamine intake,
arising from an enzymatic deficiency, has been described. The
inability of certain individuals to metabolize histamine in the
intestine, resulting in sensitivity to normal or even low histamine
levels in food, may help to explain some of the uncertainties
historically associated with histamine intoxication.

During the last decade, histamine intolerance has gained social
and scientific recognition, with a significant increase in the
interest of researchers to investigate this disorder. This review
aims to analyze the pathophysiological relevance of dietary
histamine, giving special focus to the adverse effects derived
from histamine intake and, in particular, to the state of the art
concerning the etiology, diagnosis and treatment of histamine
intolerance.

Higamine

Histamine (2-[4-imidazolyl]ethylamine) is a bioactive amine that
is synthesized by decarboxylation of its precursor amino acid,
histidine, in an enzymatic reaction first described by Windaus
and Vogt in 1907 involving L-histidine decarboxylase (EC
4.1.1.22) (Figure 1) [2]. Due to its chemical structure and
number of functional groups, histamine can be defined as a
heterocyclic diamine with an imidazole ring and ethylamine (i.e.
an organic compound that provides a functional group in the
form of a primary amine) [1,3].

3 www.videleaf.com
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Figure 1: Synthesis of histamine by decarboxylation of its precursor amino
acid.

The physiological and pathophysiological effects of histamine on
the body were first described in 1910 by Dale and Laidlaw, two
pioneering researchers who studied the functions of this organic
compound at the Wellcome Physiological Research Laboratories
[4-6]. Specifically, histamine is synthesized and stored in high
concentrations in secretory granules, mainly in basophils and
mast cells, and also in gastric enterochromaffin cells, lymph
nodes and the thymus [1,7]. Functionally, this amine is involved
in various immune and physiological mechanisms, stimulating
gastric acid secretion, inflammation, smooth muscle cell
contraction, vasodilation and cytokine production, among other
processes [8-11]. In addition, histamine functions as a
neurotransmitter, being synthesized by neurons located in the
posterior region of the hypothalamus whose axons extend
through the brain [12]. These wide-ranging physiological effects
occur by interaction with four G-protein-coupled receptors with
seven transmembrane domains (H1, H2, H3, and H4), which
activate signal transduction pathways upon perceiving their
ligand, histamine [7,12].

Two main histamine metabolic pathways are known in humans,
involving the enzymes diamine oxidase (DAO) and histamine-N-
methyltransferase (HNMT) (Figure 2) [10,11,13]. DAO (EC
1.4.3.22), also called histaminase or amiloride-binding protein, is
a copper-dependent amino oxidase encoded by the AOC1 gene
located on chromosome 7 (7q34-36) [14-16]. This functional
enzyme, a homodimer with two isoforms, catalyzes the oxidative
deamination of the primary amine group of histamine[14,16,17].
On the other hand, histamine can be metabolized to 1-
methylhistamine by the enzyme HNMT (EC 2.1.1.8), a small
monomeric protein encoded by a gene located on chromosome

4 www.videleaf.com
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2022.1 [18]. HNMT catalyzes the methylation of the secondary
amine group of the histamine imidazole aromatic heterocycle by
a reaction requiring the S-adenosyl methionine co-substrate as a
methyl group donor [11,13,19].

Thus, depending on its location, the histamine present in the
body is deaminated or methylated by the action of the enzymes
DAO and HNMT, respectively [1,10,20]. DAO is a secretory
protein stored in vesicular structures of the plasma membrane
and is responsible for the degradation of extracellular histamine
[1,15]. In mammals, the expression of DAO is restricted to
certain tissues, mainly the small intestine, ascending colon,
placenta, and kidneys [14,21]. In the intestine, DAO activity
increases progressively from the duodenum to the ileum and is
located mainly in the intestinal villi [22]. In contrast, the enzyme
HNMT is expressed in a wide range of human tissues, above all
in the kidneys and liver, and also the spleen, colon, prostate,
ovaries, spinal cord cells and the trachea and respiratory tract
[10,13]. HNMT is a cytosolic protein responsible for the
inactivation of intracellular histamine and can be synthesized in
the cell itself or incorporated from the extracellular space by
binding to a receptor or by membrane transporters [7,18].
Regarding substrates, HNMT is highly selective for histamine,
whereas DAO can also metabolize other biogenic amines such as
putrescine and cadaverine, although it shows a preference for
histamine [14,16,23]. The affinity of DAO and HNMT for
histamine is very similar, although the latter shows a slightly
lower Michaelis-Menten enzymatic constant (kM: 6-13 pmol/L)
than DAO (kM: 20 umol/L) [10].

5 www.videleaf.com
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Figure 2: Histamine metabolism in humans. DAO: diamine oxidase; HNMT:
histamine-N-methyltransferase; ALDH: aldehyde dehydrogenase; MAO:
monoamine oxidase.

The gateway for dietary histamine in the body is the intestinal
epithelium. Therefore, although HNMT is also present in the
gastrointestinal tract, the more highly expressed DAO plays the
major role in protecting the body against exogenous histamine,
whether originating from ingested food or generated by the
intestinal microbiota [24—-26]. The protective effect of DAO has
been demonstrated in animal experimentation models that were
administered aminoguanidine for irreversible and selective DAO
inhibition followed by a dose of histamine [24,27,28]. The
development of anaphylaxis symptoms in DAO-inhibited pigs
and sheep compared to control groups indicates that the enzyme
exerts a significant barrier effect against the absorption of

6 www.videleaf.com
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exogenous  histamine into the systemic circulation
[1,13,19,24,29]. The HNMT enzyme ranks second to DAO in
protecting against the absorption of dietary histamine from the
intestinal lumen but appears to be more effective against
intravenously or intradermally supplied histamine [13,30].

Higamine in Foods

Histamine is present in a wide range of foods in highly variable
concentrations, which are the main exogenous source of this
compound [31]. The main route for histamine formation in food
is decarboxylation of histidine through the action of L-histidine
decarboxylase, an enzyme of bacterial origin [32,33]. Apart from
histamine, food can also contain other biogenic amines, mainly
tyramine  (4-hydroxy-phenethylamine),  putrescine  (1,4-
diaminobutane) and cadaverine (1,5-diaminopentane), which are
formed through enzymatic deamination of the amino acids
tyrosine, ornithine (and/or agmatine) and lysine, respectively
[31,34]. The accumulation of these compounds in food is the
result of the transformation of amino acids by microorganisms
and depends on various factors, such as the availability of the
precursor amino acids and environmental conditions favorable
for growth and/or the bacterial decarboxylase activity [31,34,35].

These decarboxylation reactions have been described as a
survival strategy for microorganisms in acidic environments, as
well as an alternative source of metabolic energy in situations of
suboptimal substrate availability [1,9]. This enzymatic activity in
bacteria is a species- and strain-dependent property [32]. Several
gram-positive and gram-negative bacteria responsible for
microbial spoilage or fermentative processes in food are able to
produce histamine [1,36]. Specifically, the Enterobacteriaceae
species Hafnai aluei, Morganella morganii and Klebsiella
pneumonia have been identified as some of the most prolific
histamine-forming bacteria in fish [9,37]. On the other hand, in
cheeses, fermented meat, vegetable derivatives, and fermented
beverages, various lactic acid bacteria have also been described
as histamine-producing microorganisms (e.g. Lactobacillus
hilgardii, Lactobacillus buchnerii, Lactobacillus curvatus and
Oenococcus oeni) as well as certain strains of Enterobacteriaceae
[1,38,39].

7 www.videleaf.com

45

Introduccié



Noves evidéncies de la intolerancia a la histamina

Prime Archives in Nutrition

Foods that potentially contain high levels of histamine are: a)
those microbiologically altered, such as fish and meat, or derived
products that may have been preserved or processed in
unsuitable hygienic conditions; and b) fermented products, in
which the bacteria responsible for the fermentation process may
also have aminogenic capacity [3,40]. Table 1 shows histamine
content in the different food categories from the Spanish market
[31].

Table 1: Histamine content in different food categories. Adapted from [31].

Food Histamine content (mg/kg)

n Mean (SD) | Median | Minimum [ Maximum
Fruits, vegetables and plant-based products
Fruits 136 0.07 (0.20) ND ND 251
Nuts 41 0.45 (1.23) ND ND 11.86
Vegetables 98 2.82 (7.43) ND ND 69.72
Legumes 11 ND ND ND ND
Cereals 28 0.12 (0.33) ND ND 0.89
Chocolate 25 0.58 (0.44) 0.17 0.16 0.56
Spices 12 ND ND ND ND
Alcoholic beverages
Beer 176 1.23 (2.47) 0.70 ND 21.60
White wine 83 1.24 (1.69) 0.45 0.10 13.00
Red wine 260 3.81 (3.51) 1.90 0.09 55.00
Fish and seafood products
Fresh fish 136 0.79 (0.71) ND ND 36.55
Canned fish 96 14.42 (16.03) 5.93 ND 657.05
Semi-preserved 49 3.48 (3.37) 2.18 ND 34.90
fish
Meat and meat products
Fresh meat 6 ND ND ND ND
Cooked meat 48 0.30 (0.26) ND ND 4.80
Cured meat 23 12.98 (37.64) 0.80 ND 150.00
Dry-fermented 209 32.15(14.22) 8.03 ND 357.70
sausages
Dairy products
Unripened 20 ND ND ND ND
cheese
Raw milk cheese | 20 59.37 (106.74) | 18.38 ND 389.86
Pasteurized milk | 20 18.05 (38.23) 4.59 ND 162.03
cheese

ND: not detected.

8 www.videleaf.com
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Uncertainties assocated with Histamine
Poisoning: A Paradigm Shift towards
Histamine I ntolerance

Although histamine has important physiological functions in the
body, it can pose a health risk when ingested in high levels [41].
The proper functioning of histamine degradation systems is key
in preventing its accumulation. Histamine intoxication, a kind of
food poisoning, may occur after the consumption of foods with
an unusually high histamine content that overpowers the
degradation mechanisms (generally higher than 500 mg/kg)
[1,3,42].

Historically, histamine intoxication has also been termed
scombroid fish poisoning or the mahi-mahi flush because of its
repeated association with the consumption of fish in the
Scombridae and Scomberesocidae families (e.g. tuna, herring
and mackerel) [43]. Histamine was first identified in 1946 as the
causative agent of the toxic effects of consuming poorly
transported tuna, and for a long time histamine poisoning was
associated almost exclusively with the consumption of spoiled
fish [44,45]. Over the years, the World Health Organization
(WHO) has recommended the use of the term histamine
intoxication to better designate this pathology, as it can be
caused by marine species from other families (e.g. Clupeidae,
Engraulidae, Coriphaenidae and Pomatomidae) and even other
foods, such as cheese [43]. A meta-analysis carried out in 2018
of the different scientific reports of histamine intoxication
between 1959 and 2013 established that the causative food in
98% of cases was fish, the remaining percentage being attributed
to cheese [46]. Currently, international health administrations
consider histamine intoxication to be one of the main problems
of global food security, both for its effects on human health and
its impact on trade [47,48].

Histamine intoxication is characterized by occurring in outbreaks
and having a short incubation period (i.e. 20-30 minutes post-
ingestion), with symptoms that are generally of low/moderate
severity and remit in a few hours [3]. The symptoms are closely
linked to the various physiological functions of histamine in the

9 www.videleaf.com
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body, affecting the skin (e.g. redness, rash, urticaria, pruritus,
edema and local inflammation), the gastrointestinal tract (e.g.
nausea, vomiting and diarrhea) and the hemodynamic
(hypotension) and neurological (e.g. headache, palpitations and
tingling) bodily functions [1,41]. The symptomatic similarity of
histamine intoxication with allergy means it is likely to be under-
diagnosed [43,48,49]. The diagnosis of histamine intoxication is
based primarily on the determination of elevated plasma
histamine levels and/or the identification of an ingested food
with an unusually high histamine content [13]. In general, an
outbreak of histamine poisoning tends to involve more than one
individual, lasts a short period of time and a particular causative
food is identified [38].

In terms of incidence, the data available for the European Union
shows an increase in histamine intoxication outbreaks in the last
ten years, unlike other types of food poisoning, and with an
almost hegemonic predominance of fish as the causative agent
(over 90% of cases) [42,50]. The most recent data from the
EFSA and European Center for Disease Prevention and Control
(ECDC) show that in 2017 there was a 22% increase in
outbreaks compared to the previous year [50]. Specifically, in
2017 there were a total of 117 outbreaks of histamine
intoxication involving 572 people, 9% of whom required
hospitalization. Fortunately, no deaths have been attributed to
histamine poisoning over the past decade [42]. The same trend is
observed in the information provided by the European Union
Food and Feed Warning System (RASFF), with a progressive
rise in the number of cases of histamine poisoning linked to tuna
consumption in 2014-2017 and a particular high increase in 2017

[3].

Although histamine intoxication has been extensively studied in
recent decades, unresolved questions remain, concerning, for
example, the variable histamine concentrations in the foods
triggering outbreaks, or the heterogeneity in the degree and type
of adverse effects [46]. Furthermore, the fact that oral
administration of histamine in doses equivalent to those normally
found in foods causing illness does not produce the same range
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and/or severity of symptoms, is a paradox that has led to multiple
hypotheses [30].

Several authors have proposed that alcohol and certain food
components, such as other biogenic amines, may have a
potentiating effect on histamine toxicity [13,48]. Amines such as
putrescine and cadaverine, which are usually found in foods
along with histamine, can also act as DAO substrates. It has
therefore been suggested that these amines could weaken the
protective barrier against dietary histamine by competitively
interacting with degradation enzymes in the intestine [3,49].
Other possible potentiators are alcohol and its metabolite
acetaldehyde, as they compete with histamine for the enzyme
ALDH, which is simultaneously involved in histamine and
alcohol metabolism [1,32]. The potentiation effect of these
components could help explain the differences in absorption of
the same dose of histamine when ingested in isolation or in a
food matrix [48,49]. The FAO and WHO have acknowledged
that the involvement of potentiators can alter the threshold dose
for toxicity, and they recommend that future studies focus on
clarifying the ambiguities in the pathogenesis of histamine
intoxication [30].

Finally, several authors have reported considerable
interindividual variability in histamine tolerance, which has been
demonstrated in intervention studies [1,3,10,13]. After the oral
administration of the same histamine dosage, not all participants
showed symptoms, and those who did varied in symptom type
and severity and even had different blood histamine levels
[48,51,52]. These results indicate the existence of population
subgroups with greater sensitivity and clinical responses to
histamine, likely linked to a diminished histamine degradation
capacity, which could explain some of the historical
uncertainties associated with histamine intoxication outbreaks
[1]. Without disputing the clinical entity of histamine
intoxication, the paradigm shift lies precisely in moving the
focus from food to the human body, maintaining histamine as the
causative agent, but focusing on how each person is able to
respond to the intake of variable levels of histamine from food.
Thus, histamine intolerance is the clinical condition that
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describes the inability of certain individuals to degrade histamine
and results in the onset of symptoms caused by its accumulation
in the blood (Figure 3).

Healthy individual Histamine intoxication Histamine intolerance
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Figure 3: Intestinal degradation of histamine by the DAO enzyme in three
different situations: a healthy individual, histamine intoxication and histamine
intolerance. Adapted from [13].

Histamine I ntolerance

According to the 2003 review of allergy nomenclature by the
World Allergy Organization, adverse reactions to food without
an immunological basis should be referred to as non-allergic
food hypersensitivity, in order to clearly differentiate them from
food allergies initiated by a specific immune mechanism [53].
Non-allergic food hypersensitivity is commonly known as food
intolerance, a response triggered by a food or any of its
components at a dose normally tolerated by the healthy
population [54]. While the prevalence of food allergies is
estimated at 1-2% in adults, currently almost 20% of the
westernized world’s population suffers from some type of food
intolerance, with lactose intolerance being the most common
[54].

Histamine intolerance, also referred to as enteral histaminosis or
sensitivity to dietary histamine, can be defined as a disorder

arising from a reduced histamine degradation capacity in the
intestine due to an impaired DAO activity, leading to its
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accumulation in plasma and the appearance of adverse effects
[11,41,55].

Regarding DAO enzyme, it was firstly identified back in 1929
by Charles H. Best in autolysing lung tissue, which he called
histaminase because of its ability to degrade histamine [56].
Years later, given its ability to also degrade other diamines, as
described above, the more accurate designation of DAO was
proposed [57,58]. Beyond its role in the intestinal degradation of
histamine in humans, DAO is also present in microorganisms,
plants and animals, where it also catalyzes the oxidative
deamination of the primary amino group of histamine into its
corresponding aldehyde, concomitantly producing stoichiometric
amounts of ammonia and hydrogen peroxide (Figure 4)
[14,59,60].

== ==
/T DAO o
HN +0;+H,0 —— HN + NH3 + H0;
== === x
NH,

o

Histamine Imidazole-4-acetaldehyde

Figure 4: Oxidative deamination of histamine by the DAO enzyme.

Although the first scientific references to histamine intolerance
date from more than 20 years ago, it is significant that almost
80% are from the last decade, reflecting the growing interest of
researchers in this disorder (Figure 5). In 2011, EFSA already
considered histamine intolerance as one of the risks associated
with histamine intake, clinically differentiating it from histamine
intoxication [1]. In a subsequent joint report, the WHO and FAO
emphasized that the no observed adverse effect level (NOAEL)
established for histamine was only valid for healthy people, and
not for members of susceptible populations, such as those with
histamine intolerance [30]. EFSA concluded that only foods with
histamine levels below the detection limits are safe for
individuals with histamine intolerance [1].

13 www.videleaf.com

51

Introduccié



Noves evidéncies de la intolerancia a la histamina

Prime Archives in Nutrition

&0

Publications count

N .

1996-2000 2001-2005 2006-2010 2011-2015 2016-2020
Period

Figure 5: Count of scientific publications containing the key words
histamine intolerance or histaminosis according to a search performed
through the PubMed search engine at the MEDLINE bibliographic
database (Search performed in july 2020).

Clinical manifestations of histamine intolerance consist of a wide
range of non-specific gastrointestinal and extra-intestinal
symptoms, due to the ubiquitous distribution of the four
histamine receptors in different organs and tissues of the body
(Figure 6) [10,13,54,61]. In a very recently published study, a
team of Austrian researchers comprehensively analyzed the
symptoms experienced by 133 patients diagnosed with histamine
intolerance [62]. The most frequent and severe manifestations
were gastrointestinal, with abdominal distension observed in
92% of patients and postprandial fullness, diarrhea, abdominal
pain and constipation in 55-73%. Impairments of the nervous
and cardiovascular systems, such as dizziness, headaches and
palpitations, were recorded in second place, followed by
respiratory and dermatological symptoms. Highlighting the
complexity of the clinical picture of histamine intolerance,
combinations of three or more symptoms involving different
organs were recorded in 97% of cases, with an average of 11
symptoms per patient. The low specificity and complex
variability of symptoms undoubtedly contribute to the current
difficulty in achieving consensus on the diagnostic criteria for
histamine intolerance, as will be discussed in detail below [13].
A lack of data also makes it difficult to determine the current
incidence of this condition, although some authors have
estimated that it affects 1-3% of the population, a percentage that
will possibly increase as more knowledge and diagnostic tools
for histamine intolerance become available [10,13,63].
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Figure 6: Main symptoms of histamine intolerance and possibly
corresponding histamine receptors [10,64].

The Etiology of Histamine I ntolerance

As mentioned in previous sections, the main barrier against
exogenous histamine in the intestines is the DAO enzyme, which
prevents its passage into the systemic circulation [10,13,65].
Numerous clinical studies have provided data on the prevalence
of low plasma DAO levels in individuals showing symptoms of
histamine intolerance, mainly headaches and gastrointestinal or
dermatological disorders [66]. Although certain studies have
limitations, either in the design or number of participants, the
majority point to an association between symptoms and DAO
deficiency, establishing a general trend that supports the key role
of DAO in the etiology of these disorders. A DAO deficiency
that predisposes a population subgroup to histamine intolerance
may have a genetic, pathological, or pharmacological origin
[1,41].
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Regarding the genetic background of histamine intolerance,
several studies have analyzed in depth the polymorphisms in
genes encoding the enzymes L-histidine decarboxylase, DAO
and HNMT, as well as the different histamine receptors. More
than 50 non-synonymous single-nucleotide polymorphisms
(SNPs) in the DAO-encoding gene have been identified, some of
which can produce a protein with altered activity and lead to
symptoms of histamine intolerance [67—72]. Specifically, the
most relevant SNPs affecting DAO enzyme functionality in
Caucasian individuals are rs10156191, rs1049742, rs2268999,
and especially rs1049793 [69,71]. On the other hand, it has also
been identified an SNP in the promoter region of the gene that
causes a lower transcriptional activity of the DAO-encoding
gene (rs2052129), as well as several genetic variations
responsible for enzyme deficiency in people of Asian or African
origin (rs45558339 and rs35070995, respectively) [67,72]. In
most cases, the effect of these genetic variations on DAO
functionality is through changes in enzyme kinetics, the resulting
increase in KM causing a reduction in the rate of histamine
degradation [69]. In parallel, three SNPs have been identified as
responsible for enhanced DAO enzyme activity (rs2071514,
rs1049748 and rs2071517) [72]. There is also evidence of DAO
mutations in patients with certain cardiovascular, gastrointestinal
and nervous system pathologies, although with contradictory
results regarding positive/negative effects [68].

DAO deficiency can also be an acquired condition, caused by
certain pathologies or interaction with drugs. Several
inflammatory bowel pathologies affecting mucosal integrity are
known to result in impaired DAO activity, the degree of which
can be correlated with the severity of mucosal damage [73-75].
Thus, DAO activity has been proposed as a marker of integrity
of the intestinal mucosa. Miyoshi et al. demonstrated that DAO
activity can be a useful predictor of intestinal mucosal damage in
patients receiving chemotherapy [76]. Additionally, DAO
deficiency has also been linked to certain functional
gastrointestinal disorders, such as carbohydrate malabsorption
and non-celiac gluten sensitivity (NCGS) [63,73,77—79]. Enko et
al. found that a concomitant reduction in DAO and lactase
enzyme activities could be a consequence of mucosal damage in
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the small intestine due to gastrointestinal disorders (e.g.
gastroenteritis, irritable bowel syndrome, short bowel syndrome
and gastrointestinal surgery) [73]. Moreover, patients with
lactose intolerance and plasma DAO deficit showed higher end-
expiratory H2 levels and the appearance of more symptoms
during the H2 breath test in comparison with lactose-intolerant
individuals with normal DAO activity [79]. More recently, two
works have suggested a potential relationship between a reduced
DAO activity and the presence of NCGS. Schnedl et al. based
this relationship on the broad parallelism between the
symptomatology of NCGS and histamine intolerance while the
pilot study conducted by Griauzdaite et al. reported a strong
association between reduced DAO activity and the presence of
NCGS, although with a reduced number of patients [77,78]. In
fact, Griauzdaite et al., found out that 9 of 10 patients with
NCGS had decreased serum DAO activity levels [78]. This
recently indicated relationship between both disorders, NCGS
and histamine intolerance, should be further explored as it may
be of interest for the correct clinical management of affected
patients.

Finally, DAO deficiency can be a temporary and reversible
condition, caused by the inhibitory effect of substances such as
biogenic amines and alcohol, as discussed above, as well as
several widely used drugs (Table 2) [1,10]. It has been estimated
that approximately 20% of the European population regularly
take DAO-inhibiting drugs, which significantly increases the
number of people susceptible to the adverse effects of dietary
histamine [28]. In vitro experimental results show a potent
inhibitory effect (greater than 90%) of chloroquine, a historical
antimalarial active ingredient, and clavulanic acid, a pB-lactam
antibiotic widely used in combination with amoxicillin [80]. A
significant inhibition of the enzymatic activity has also been
observed with the antihypertensive drug verapamil and the
histamine H2 receptor antagonist cimetidine, although the
clinical use of the latter is currently anecdotal [23,80]. Other
substances have also shown an inhibitory effect, albeit to a lesser
extent (Table 2) [23,80,81]. In most cases, the structural
similarity of the cited drugs with histamine could explain their
potential to bind to the active site of DAO and reduce its
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enzymatic activity [23]. Along the same lines, substances with
an inhibitory effect on other enzymes involved in any of the
metabolic pathways of histamine in the body (i.e. HNMT,
ALDH and MAO) may act as a trigger of histamine
hypersensitivity [82].

Table 2: Active ingredients with an experimentally demonstrated inhibitory
effect on the DAO enzyme [23,28,80,81].

Active ingredient Indication

Cloroquine Antimalarial

Clavulanic acid Antiobiotic

Colistimethate Antiobiotic

Cefuroxime Antiobiotic

Verapamil Antihypertensive

Clonidine Antihypertensive
Dihydralazine Antihypertensive

Pentamidine Antiprotozoal

Isoniazid Antituberculous

Metamizole Analgesic

Diclofenac Analgesic and anti-inflammatory
Acetylcysteine Mucoactive

Amitriptyline Antidepressant
Metoclopramide Antiemetic

Suxamethonium Muscle relaxant

Cimetidine Antihistamine (H2 antagonist)
Prometazina Antihistamine (H1 antagonist)
Ascorbic acid Vitamin C

Thiamine Vitamin B1

Prevalence of DAO Deficit in Persons with Symptoms
Related to Histamine I ntolerance

Several studies have evaluated the prevalence of DAO deficit in
plasma of individuals with symptoms of histamine intolerance
and/or diagnosed with certain chronic disorders.

Musi¢ et al. found DAO deficiency in 80% of 316 adult patients
showing various symptoms associated with histamine intolerance
(e.g. urticaria, pruritus, diarrhea, abdominal pain, vomiting,
constipation, cough, rhinitis and headache), as well as
significantly lower plasma DAO activity compared to the control
group [83]. Similarly, in a retrospective study, Manzotti et al.
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evaluated DAO activity in 14 patients with a confirmed
diagnosis of histamine intolerance who showed mainly
gastrointestinal and dermatological symptoms, but also
headaches [84]. In this case, patients showed a high prevalence
of DAO deficit (71%) and a significantly lower mean DAO
activity compared to healthy volunteers. A lower percentage of
DAO deficiency in histamine- intolerant patients (24%) was
reported by Pinzer et al. [63]. Those patients featured elevated
histamine levels and constantly reduced DAO activities
throughout the day.

In a study focused only on headache symptoms, Steinbrecher and
Jarisch reported DAO deficiency in 23 of 27 patients (85%) [85].
In parallel, the authors described a significant increase in DAO
activity after patients followed a low-histamine diet for four
weeks, along with a remission or reduction in frequency of
headaches in almost 90% of individuals. More recently,
Izquierdo et al. studied the prevalence of DAO deficit in 137
patients diagnosed with a confirmed migraine diagnosis and in a
control group of 61 non-migraine individuals [66]. In this study,
a high prevalence of DAO deficiency was observed in the
migraine group (87%) and with a mean DAO activity
significantly lower in comparison with that obtained from
control volunteers. However, the prevalence of DAO deficiency
in the control population amounted up to 44%, what was
attributed to the fact that certain individuals could present other
symptoms associated with histamine intolerance or DAO
deficiency other than migraine. Another study with 44 migraine
patients reported a 60% prevalence of DAO deficiency and a
significant co-presence of certain gastrointestinal disorders, such
as celiac disease and NCGS [78].

In the field of dermatological symptomatology, several studies
have monitored plasma DAO activity in patients with eczema,
chronic idiopathic urticaria, and atopic dermatitis. Overall, the
reported prevalence of DAO deficiency ranges from 19 to 57%,
with the exception of the study by Worm et al., who did not
detect statistically significant differences in plasma DAO activity
between control patients and those with atopic dermatitis [86—
89].
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Finally, regarding gastrointestinal symptoms, Honzawa et al.
assessed the clinical significance of plasma DAO activity levels
in 98 patients suffering inflammatory bowel disease [90]. This
study showed that DAO activity in blood was significantly lower
in patients with Crohn's disease and ulcerative colitis compared
to the control population, suggesting its potential importance as a
marker of intestinal permeability. In a pediatric population under
15 years of age, Rosell-Camps et al. determined DAO deficiency
in 88% of patients with abdominal pain, diarrhea and vomiting
[91]. In contrast, in a more recent study by a group of Austrian
researchers, DAO deficiency was found only in 8% of 394
children with chronic abdominal pain [92].

To date, little data is available on the prevalence of this
enzymatic deficiency related to gender, and it is inconclusive.
Klockler et al. found no differences in plasma DAO activity
between men and women, although the number of individuals
considered was scarce (n = 28) [93]. Likewise, the study
performed by lzquierdo et al. reported similar percentages of
DAO deficiency in migraine women (83%) and men (90%) [66].
On the contrary, Garcia-Martin et al. did describe differences in
plasma DAO activity by gender, with the prevalence of this
enzyme deficiency being higher in women [94]. Significant
fluctuations in DAO activity values have also been reported in
women associated with different stages of the menstrual cycle
[94,95].

One factor that could explain the discordance among the
prevalence data of DAO deficit in patients with disorders
associated with histamine intolerance is that the parameter
considered in all of them was serum DAO activity, which, a
priori, would not reflect an enzymatic deficiency derived from
certain intestinal pathologies. Overall, in spite of the varying
percentages in DAO deficiency, the currently available studies
seem to indicate an etiological relationship between DAO
deficiency and certain symptoms or disorders related to
histamine intolerance. Nevertheless, more studies are needed to
assess the clinical significance of the determination of plasma
DAO activity as well as to develop new diagnostic methods
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aimed at identifying individuals with histamine intolerance due
to DAO deficiency.

Diagnosis of Histamine I ntolerance

Despite significant advances in the understanding of histamine
intolerance, reaching a consensus on a diagnostic algorithm
remains a pending challenge. The inspecificity of symptoms and
lack of validated diagnostic tools prompts many affected
individuals to go —doctor shoppingl, that is, to consult several
medical specialists in search of an explanation and solution for
their varied symptomatology [13,63]. In the absence of a
consensual and clinically validated diagnosis, Figure 7 shows a
schematic summary of the diagnostic algorithm for histamine
intolerance based on the available scientific evidence reviewed

below.
ANAMNESIS

« Presenting = 2 symptoms of histamine
intolerance

+ Dismiss food allergies (skin prick test) and
systemic mastocytosis (tryptase)

* Dismiss other concomitant gastrointestinal
pathologies

* Dismiss DAO-inhibitor drugs

HISTAMINE EXCLUSION

+ Follow-up of a low-histamine diet (4-8 weeks)
* Thorough 24-hour record of food
consumption and symptomatology

* Remission or improvement of symptoms

COMPLEMENTARY TESTS

+ Determination of DAO enzymatic activity in
plasma or intestinal biopsy

* Histamine challenge/provocation test

» Histamine 50-skin-prick

* Identification of genetic polymorphisms (SNPs)

» Determination of biomarkers of histamine

metabolism in urine or stocl samples

Figure 7: Summary of the described approaches to the diagnosis of histamine
intolerance.
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The combination of diagnostic criteria currently in use includes
the appearance of typical clinical manifestations and the
exclusion of other related disorders [10,13,54]. All the authors
who have proposed a diagnostic algorithm for histamine
intolerance emphasize the need to initially rule out other
potential causes of symptoms associated with an increase in
plasma histamine [10,13,54]. For this purpose, it is advisable to
carry out an intradermal skin allergy test (i.e. skin prick test) to
discard IgE sensitization caused by food allergy, and to measure
plasma tryptase to exclude an underlying systemic mastocytosis
[10]. It is also important to know whether the patient is taking
any medication with a possible inhibitory effect on DAQ activity
[55]. If these conditions are negative, the appearance of two or
more typical symptoms of histamine intolerance and their
improvement or remission after the following of a low-histamine
diet (i.e. a diet excluding foods that, a priori, contain high
histamine levels) will confirm the diagnosis of histamine
intolerance [10,54,96,97]. In the diet follow-up, a thorough 24-
hour record of all the foods consumed and symptoms
experienced is recommended in order to establish a relationship,
if any, between a food and the onset of symptoms [10,13]. The
duration of the low-histamine diet to confirm the diagnosis is not
clearly stipulated, although some studies suggest a period of 4 to
8 weeks [54,97]. In addition to the diet, testing the effect of
antihistamine treatment on symptoms has also been proposed,
although its usefulness once dietary histamine is removed is
unclear [10,54].

Once it has been established that dietary histamine is responsible
for the intolerance-associated symptoms, the diagnosis of this
disorder is virtually confirmed. A range of non-validated
complementary tests have also been proposed by several authors
with the aim of obtaining a marker to confirm the diagnosis [97].
However, it has to be taken into account that not all of the tests
consider the different origins of DAO deficiency (i.e. genetic,
pathological, or pharmacological). Thus, a genetic origin would
lead to a reduction of the DAO enzymatic activity in the whole
organism. Likewise, the pharmacological blockade of DAO
would take place in all tissues where the drug is distributed after
entering the systemic circulation, although in a punctual manner

22 www.videleaf.com

60



Prime Archives in Nutrition

upon the substance presence. Lastly, the scope of a DAO deficit
due to intestinal pathologies would be limited to the local
intestinal environment.

Due to the genetic background of DAO deficiency, one of the
strategies for the diagnosis could be the determination of genetic
polymorphisms (SNPs) that characterize the population
genetically susceptible to histamine [54]. Currently, there is
already the possibility of performing a non-invasive genetic
analysis capable of identifying three of the SNPs associated with
reduced DAO activity (i.e. rs10156191, rs1049742 and
rs1049793) from a sample of the oral mucosa, although
evidence-based studies on the diagnosis potential of this test are
still needed. It is important to note that this test will only reflect
the existence of a genetic DAO deficiency.

The most studied, and possibly also the most controversial, is the
determination of plasma DAO activity. This analytical test
consists of measuring the amount of histamine degraded in a
blood sample in a given time interval. Two types of commercial
testing kits are currently available on the market, one consisting
of an ELISA-type immunoassay, and the other a
radioimmunoassay using radioactively labeled putrescine
[83,84]. The evidence for the validity of blood DAO activity
measurements for the diagnosis of histamine intolerance is
neither abundant nor conclusive. Some studies have proposed
that determining blood DAO activity may be helpful in
identifying subjects with symptoms associated with histamine
intolerance [63,83,84]. In contrast, three studies did not find a
significant relationship between the clinical history of patients
with typical symptoms of histamine intolerance and blood DAO
activity values, concluding that this technique cannot be
recommended as a diagnostic tool in routine clinical practice
until studies have validated its effectiveness [98-100].
Moreover, the work performed by Schnoor et al. also reported a
high interassay variation in DAO activity values that made the
proper classification of histamine intolerant subjects impossible
[100]. This controversy is described in a joint article published in
2017 by the German and Swiss allergology societies, which
emphasizes the need for more research before giving plasma
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DAO activity a definitive diagnostic value for histamine
intolerance [97]. A variant of the intradermal skin allergy test
called the histamine 50-skin-prick test was also proposed by
Kofler et al. to diagnose histamine intolerance [101]. In this
technique, the results were read after 50 minutes (as opposed to
the usual 20 minutes) and showed that, although the size of the
wheal did not differ between the histamine intolerant and control
groups, the time course was significantly different. Patients with
symptoms of intolerance showed a delayed remission of the
wheal induced by cutaneous administration of histamine,
signaling a reduced degradation ability. The same results were
obtained in a study recently published by Wagner et al., who re-
evaluated this skin test as a diagnostic tool of histamine
intolerance, also observing a correlation between the delay in
wheal disappearance and a lower plasma DAO activity [102].

Both the determination of plasma DAOQO activity and the
histamine 50-skin-prick test could be suitable tests to identify a
DAO deficiency from genetic or pharmacological origin, but
they would not be useful to determine a deficit secondary to
certain intestinal diseases.

On the contrary, there are certain alternatives, such as the
intestinal biopsy, the histamine provocation test or the histamine
metabolomics in urine that could make it possible to diagnose
histamine intolerance due to DAO deficiency without excluding
any of the possible etiological causes.

The measurement of intestinal DAO activity by a colon biopsy
during endoscopic procedures has been studied as a possible
diagnostic marker. The few available studies have shown a
reduced intestinal DAO catabolic activity in patients with
recurrent urticaria, food allergy and colon adenoma,
accompanied by an increase in histamine levels [103-106].
Although this test has interesting diagnostic potential, more
studies are needed to validate its clinical significance and its
relationship with the symptoms of histamine intolerance [97]. If
proven, this diagnostic test would be very adequate since this
disorder originates from a reduced ability of the intestinal DAO
enzyme to cope with dietary histamine.
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Histamine challenge/provocation test has also been proposed by
some authors as a diagnostic tool for intolerance, which would,
at the same time, establish the individual tolerance threshold.
This double-blind, placebo-controlled test involves oral
administration of histamine and requires patient medical
supervision and hospitalization. In the study by Wohrl et al., half
of the healthy volunteers developed symptoms after the
administration of a solution containing 75 mg of histamine [107].
In contrast, the results of a multicenter study by Komericki et al.
using the same oral dose of histamine indicated the challenge test
was unreliable for diagnosing histamine intolerance due to a lack
of intraindividual reproducibility of symptoms after two different
provocation tests [108]. The application of this procedure is still
limited because of the risk of serious adverse side effects and the
absence of a standardized dose of histamine and properly
established protocol [97].

Finally, in recent years, efforts have been made to identify a non-
invasive marker to establish a solid and clinically irrefutable
diagnostic criterion for histamine intolerance due to DAO
deficiency. Currently, the application of metabolomics as a tool
for the identification of biomarkers of histamine metabolism in
urine is also being challenged as a possible new diagnostic
strategy [11]. The hypothesis is that individuals with histamine
intolerance could have a different excretion profile of histamine
and its metabolites in urine than normal individuals. For this
purpose, Comas-Basté et al. have recently proposed a
chromatographic approach that allows for determining in a fast
and unequivocally manner the urinary levels of histamine and its
methylated metabolite, methylhistamine [11]. It is still necessary
to validate the potential diagnostic utility of this approach in
patients with histamine intolerance, as well as complementing
the excretion profile with other histamine metabolites to obtain a
more accurate image of the possible alterations produced in this
intolerance.

Treatment Approachesto Histamine I ntolerance

Currently, the main strategy to avoid the symptoms of histamine
intolerance is to follow a low-histamine diet. Supplementation
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with exogenous DAO has recently been postulated as a
complementary treatment to enhance dietary histamine
degradation in intolerant individuals who have a deficiency of
this enzyme in the intestine [109,110].

Low-Histamine Diet

A low-histamine or histamine- free diet has been proposed as the
main strategy for the preventive treatment of histamine
intolerance [10,54,82,111]. Conceptually, these diets exclude a
number of foods that patients associate with the onset of
symptoms, primarily those that may contain high levels of
histamine [82]. However, there is no a single dietary
recommendation of a low-histamine diet. As it may be seen in
Table 3, there is no coincidence in all the foods excluded in the
different low-histamine diets found in the literature
[10,87,91,112-118].

Table 3: Foods excluded in the different low-histamine diets found in the
literature [10,87,91,112—-118].

Foods excluded by low-histamine diets
<20%* 20-60%* >60%*
Milk Shellfish Cured and semi-cured cheese
Lentils Eggs Grated cheese
Chickpeas Fermented soy Oily fish
derivatives
Soybeans Eggplant Canned and semi-preserved oily
fish derivatives
Mushrooms | Avocado Dry-fermented meat products
Banana Spinach
Kiwi Tomatoes
Pineapple Fermented cabbage
Plum Citrus
Nuts Strawberries
Chocolate Wine
Beer

* Percentage of low-histamine diets from the literature that are excluding each
foodstuff.

Histamine is widely distributed in different food categories and
in highly wvariable concentrations, as its accumulation is

influenced by multiple factors [3,119]. In fresh foods such as fish
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and meat, and in some derived products, the presence of
histamine is due to a lack of freshness or an inadequate hygienic
quality of raw materials and/or production processes [31]. For
this reason, meat and fish can be consumed in the framework of
a low-histamine diet, as long as their freshness is ensured. In
contrast, fermented products are systematically excluded, due to
a high probability of containing histamine [31]. Other foods such
as spinach, eggplant and tomatoes should also be avoided for the
same reason. In general, all these above-mentioned foods are
unanimously eliminated in most published low-histamine diets
(Table 3).

On the other hand, there are certain foods that a priori do not
contain histamine but that patients associate with the appearance
of symptoms. For these foods there is much more variability
when it comes to their exclusion from low-histamine diets (Table
3). The exclusion of foods could be based on their content of
other biogenic amines, such as putrescine and cadaverine, which
act as competitive substrates for DAO and may therefore inhibit
intestinal degradation of histamine if present in significant
quantities [1,82]. Thus, the onset of symptoms after the
consumption citrus fruits, mushrooms, soybeans, bananas and
nuts may be due to high levels of other amines, specially
putrescine [82]. These diets may also exclude certain foods free
of histamine and with too low concentrations of other amines to
justify their exclusion. This is the case, for example, of papaya,
kiwi, strawberries, pineapple and plums, which have reported to
trigger the release of endogenous histamine, although the
mechanism responsible has not yet been elucidated [8,13].

The effectiveness of a low-histamine diet has been demonstrated
in clinical studies, which report favorable results in terms of
improvement or total remission of symptoms frequently
associated with histamine intolerance and DAO deficiency
(Table 4). As shown in Table 4, over the past three decades,
various clinical studies have assessed the effect of a low-
histamine diet on the evolution of various symptoms, mainly
dermatological, gastrointestinal, and neurological, including
cases with more than one type. Although most studies have
involved only a small group of patients (mean of 38 per study,
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with a minimum of 10 and maximum of 157), they report an
efficacy rate for the diet ranging from 33% to 100%.
Specifically, 10 of the 13 studies reviewed found an
improvement in symptoms in more than 50% of patients who
followed the diet; two studies show success rates of less than
50% (33% and 46%) and only one did not observe any beneficial
effects (Table 4). Most of the studies involved patients with
dermatological symptoms, primarily chronic idiopathic urticaria,
atopic dermatitis, and eczema. In this field, a recent systematic
literature review included a total of 1,668 patients with chronic
urticaria undergoing different exclusion diets, including a low-
histamine, pseudoallergen-free (i.e. without preservatives and
artificial colors present in processed foods or aromatic
compounds from certain natural products) and the fish exclusion
diets [120]. Overall, following any of the exclusion diets resulted
in the total or partial remission of symptoms in 4.9% and 37.5%
of patients, respectively. A low-histamine diet for an average of
3 weeks resulted in one of the highest remission rates. Despite
the promising results of a low-histamine diet for the treatment of
dermatological conditions, scientific societies of dermatology
still consider this exclusion diet of unproven utility pending
randomized, double-blind, placebo-controlled clinical trials to
confirm its effectiveness [121].

In general, the duration of the dietary treatment considered in the
different clinical studies ranges from 3 to 4 weeks, and no
positive relationship could be established between a longer
duration and the success rate in symptom remission (Table 4).
As may also be seen in this table, some studies have also
assessed the effect of diet on other variables, such as plasma
histamine levels or plasma DAO activity [83,85-
87,112,122,123]. Regarding DAO activity, the studies published
by Steinbrecher et al., Maintz et al., Musi¢ et al. and Lackner et
al. all point out an increase in plasma enzymatic activity in more
than 50% of patients after the dietary intervention, although no
explanatory hypothesis has been yet suggested [83,85,86,123]. In
contrast, Guida et al., Wagner et al and Son et al., reported no
changes in serum DAO activity [87,112,122]. The inconsistency
of these data highlights the need to develop more research in this
specific field before conclusions can be drawn.
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Exogenous DAO Supplementation

Similar to the current treatment for lactose intolerance, the
possibility of oral supplementation with exogenous DAO has
been proposed by several authors to facilitate dietary histamine
degradation [13,127]. Improving intestinal DAO activity would
allow a less restrictive diet, which could include foods with a
tolerable dose of histamine [10,61]. In this context, in the update
of the official list of novel foods in 2017, the European
Commission gave the green light to the marketing of a DAO
supplement as food supplement or as food for special medical
purposes [128]. Specifically, European regulations authorize the
formulation of porcine kidney protein extract with an enteric
coating to ensure its integrity during its passage through the
gastric environment [128]. In this specific regulation, the
minimum DAO enzymatic capacity required for the supplement
is determined through a radioextractionassay (REA). This
technique, based on the radioactive labeling of putrescine and the
scintillation counting of its consumption, is advantageous in
terms of rapidity and sensitivity but it was mainly conceived to
be applicable to serum samples. Comas-Basté et al. have recently
developed a rapid and reliable UHPLC-FL method for the in
vitro determination of DAO activity specifically for the analysis
of unpurified complex matrixes, such as porcine Kidney extract
and DAO supplements [129]. This methodological approach is
based in the direct determination of histamine degradation and
overcomes certain drawbacks in terms of matrix interferences
and handling of radioactive materials.

Porcine kidneys are the main source of DAO enzyme according
to the literature. Several studies have demonstrated the capacity
of this product to degrade histamine and other biogenic amines
in vitro [57,129-133]. A wide variability of the DAO capacity of
porcine kidney extracts has been reported (with values ranging
from 0,1 to more than 100 mU/mg), depending on the
purification grade applied to the matrix and/or the amine
compound used as reaction substrate [57,129-133]. In fact, many
of these works sought the selective purification of the DAO
enzyme to design biosensors for the biorecognition of biogenic
amines as indicators of freshness in foods [134]. More recently,
two studies have been published specifically focused in
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investigating the in vitro DAO activity of porcine kidney protein
extract expressly used as active ingredient to formulate food
supplements for the preventive treatment of histamine
intolerance [129,130]. Comas-Basté et al. studied the in vitro
enzymatic activity of 13 different production batches of porcine
kidney protein extract used in the elaboration of food
supplements, reporting a low influence of the raw material
(porcine kidney) on the DAO activity of the extract, with a mean
value of 0,23 + 0.01 mU/mg [129]. Later, Kettner et al. obtained
a porcine kidney crude extract with an in vitro DAO activity of
0.5 + 0.06 mU/mg and described a 10-fold increase of this
enzymatic activity through the application of several consecutive
purification steps [130].

Regarding the food supplement, divergent results have also been
reported, since while certain authors discard its enzymatic
capacity, DAO activity values ranging from 0.04 to 0.20 mU/mg
have also been described for different commercial products
available in the market [129,130]. Overall, these works coincide
in the need to identify alternative sources to the porcine kidney
DAO for exogenous supplementation in histamine-intolerant
individuals.

A higher catalytic capacity of DAO enzymes of plant origin in
degrading certain amino substrates has been described by some
authors in comparison with those of animal origin [129,135-
137]. Specifically, the germinated sprouts of certain edible
legumes have been pointed out as interesting sources of DAO
enzyme. Germination is a physiological process that has been
described as capable of increasing the DAO enzymatic capacity
of sprouts up to 250 times compared to ungerminated seeds
[61,138]. The increased presence of DAO enzyme in legume
sprouts could be associated with the importance of hydrogen
peroxide, by-product of the deamination reaction, in cell wall
structuring, lignification and mobilization of seed reserves
during germination [139-142]. In fact, it has been demonstrated
that the germination of legume seeds for a period of 6-8 days in
darkness provides the optimal environment to maximize the
DAO activity of this plant-origin matrix [61,138,143]. From a
commercial point of view, having a plant source of this enzyme
would expand the target of this novel food for vegetarian/vegan
population, as well as religious restrictions on the consumption
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of pork products. In addition, obtaining DAO enzyme from
legumes would be a practice in accordance with the current call
for action of the Sustainable Development Goals.

Nowadays, only 5 published intervention studies (4 of them in
the last 5 years) have tested the clinical efficacy of exogenous
DAO supplementation in patients with symptoms of histamine
intolerance (Table 5). Although with some variability, the
available research points to the effectiveness of DAO
supplements in reducing the appearance and intensity of
symptoms. However, it is difficult to compare the different
studies since they differ in the design, the enzyme dosage, the
intervention time and the measurement of efficacy outcomes.
Komericki et al., Manzotti et al., and Schnedl et al. assayed the
efficacy of DAO supplementation in patients with diverse
symptoms associated with histamine intolerance
(gastrointestinal, cardiovascular, respiratory, dermatological
and/or neurological complaints) [84,108,109]. All three studies
reported an important improvement in the intensity or frequency
of symptoms, although they involved a short-sized population
(14, 28 and 39 patients) and/or a reduced intervention time (from
two to four weeks). Moreover, Schnedl et al. also evaluated the
changes in plasmatic DAO activity, reporting a slight increase in
61% of patients during the intervention, which the authors linked
to a possible improvement in the integrity of the intestinal
mucosa due to the supplementation [109].

The clinical trials developed by Yacoub et al. and lzquierdo-
Casas et al. were focused on a single disorder related to
histamine intolerance (chronic spontaneous urticaria and
migraine, respectively) [110,144]. Yacoub et al. considered 20
patients with chronic spontaneous urticaria, who showed a
significant reduction in the severity of the complaint according
to the Urticaria Activity Score (UAS-7) [144]. Regarding
migraine, the randomized double-blind clinical trial conducted
by lIzquierdo et al. considered a larger number of patients (100
patients) and obtained a statistically significant decrease in the
duration of pain attacks with no recorded adverse side effects
[110]. However, the authors did not find statistical differences
when considering other research outputs, such as the frequency
and intensity of pain.
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Overall, despite the promising results, more ambitious clinical
studies with a rigorous experimental design, longer treatment
periods and a properly sized sample are essential to establish the
clinical efficacy of this treatment.

Conclusonsand Per gpectives

Histamine intolerance is currently a clinical entity of increasing
interest, which can appear due to the intake of histamine from
foods, mainly caused by a deficiency of the DAO enzyme at the
intestinal level. Novel knowledge and study of histamine
intolerance has helped clarify many of the uncertainties that were
classically associated with histamine intoxication. Etiologically,
various SNPs have been identified in the gene encoding the
DAO enzyme related to lower enzyme activity. Moreover,
certain inflammatory bowel diseases that limit enzyme secretion
or some DAO-inhibiting drugs have also been identified as
possible causes of DAO deficiency. This intolerance manifests
through a plethora of non-specific gastrointestinal and
extraintestinal symptoms.

The diagnosis of histamine intolerance is usually performed after
ruling out allergic symptoms and by the presence of at least two
clinical manifestations and their improvement or remission after
following a low-histamine diet. VVarious complementary tests are
currently being proposed to improve the diagnosis of this
intolerance based, among others, on determining the DAO
activity in blood or intestinal biopsy samples or on identifying
genetic or metabolic urinary markers by non-invasive
techniques.

The clinical management is carried out mainly through the
follow-up of a low-histamine diet, although there is no consensus
on the list of foods to be excluded. Even so, there are different
clinical studies that show the efficacy of this dietary intervention
in improving the quality of life of patients with symptoms of
histamine intolerance. Oral supplementation with exogenous
DAO enzyme from porcine kidney is also being used to enhance
the intestinal capacity to degrade dietary histamine. Although
few works have assayed the clinical efficacy of this preventive
treatment, promising results have been obtained so far. Research
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is currently also being made to identify new sources of DAO
enzyme, especially of plant origin, due to its higher catalytic
capacity and other potential productive and commercial
advantages.

In this context, it is necessary to keep promoting the
multidisciplinary study of this disorder, both from basic (i.e.
analytical chemistry, food science, physiology and biochemistry)
and clinically applied research, meant to increase the scientific
base and the currently available diagnostic and treatment
strategies for histamine intolerance.
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2. PLANTEJAMENT I OBJECTIUS

En els darrers anys s'ha observat un increment significatiu en la incidéncia
d'intolerancies alimentaries en les societats desenvolupades, entre elles la
intolerancia a la histamina. Es tracta de trastorns molt discapacitants que causen
una perdua notable de la qualitat de vida dels individus que les pateixen. La
intolerancia a la histamina és un trastorn d'interés creixent, tant per a la societat
com per a la comunitat cientifica, tot i aixi, encara es requereixen esforcos en la

investigacio per tal d'aprofundir en el coneixement d'aquesta intolerancia.

En aquest context, aquesta tesi doctoral pretén aportar noves evidéncies en relacié
amb la intolerancia a la histamina. La tesi es divideix en tres ambits d'estudi i, per
cadascun d'ells, es presenten algunes de les incerteses que existeixen actualment i

els objectius plantejats per donar-les resposta.

Ambit 1. Intolerancia a la histamina i dieta

Actualment, la principal estratégia per evitar 'aparici6 dels simptomes de la
intolerancia a la histamina és el seguiment d'una dieta baixa en histamina. Fins al
moment, la seva eficacia s'ha demostrat en una quinzena d'estudis clinics (amb
certes limitacions metodologiques), amb millora o remissié de la simptomatologia
associada. Conceptualment, aquest tipus de dietes exclouen aquells aliments que
els pacients relacionen amb l'aparici6 de la simptomatologia. Per tant, amb
I'objectiu de realitzar una gestio dieteética correcta de la intolerancia a la histamina
és necessari coneixer quins aliments contenen o poden contenir aquesta amina i si

la seva exclusi6 en aquest tipus de dietes esta justificada.

Incerteses:
e Lainformacio¢ disponible sobre el contingut d’histamina i altres amines biogenes
en aliments no fermentats d'origen vegetal és escassa, especialment si es

compara amb els d'origen animal.
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e No existeix, a dia d'avui, un Unic tipus de recomanacié dietética pel tractament
de la intolerancia a la histamina i no hi ha un consens entre les diferents dietes
baixes en histamina disponibles a la literatura sobre quins aliments s'haurien
d’eliminar.

e Malgrat les dietes baixes en histamina exclouen aliments que poden contenir
quantitats elevades d'histamina, també n’eliminen d‘altres que, a priori, no

contenen o contenen nivells molt baixos d'aquesta amina.

Per tant, I'objectiu d'aquesta part de la tesi doctoral és aprofundir en la relacié
entre la intolerancia a la histamina i la dieta, aixi com estudiar altres factors, a part
de la presencia d’'histamina, que podrien ser la causa de l'aparicié de la
simptomatologia. Aquest coneixement permetra el disseny de pautes alimentaries
més adequades pel tractament preventiu d'aquest trastorn, millorant, en Ultim

terme, la qualitat de vida d'un sector important de la poblacié.
Objectius especifics:

Objectiu 1. Estudiar la preséncia d’'histamina i altres amines biogenes en
aliments d'origen vegetal.

Obijectiu 2. Revisar criticament les dietes baixes en histamina descrites en la
literatura en base als continguts d’'histamina i altres amines biogenes dels
aliments exclosos d'aquestes dietes.

Objectiu 3. Avaluar la influencia d'altres amines bidogenes en la degradaci6 de
la histamina per part de I'enzim DAO.
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Ambit 2. Intolerancia a la histamina i microbiota intestinal

Darrerament han aparegut diversos estudis que relacionen certes intolerancies i
desordres gastrointestinals amb una alteracié de la microbiota intestinal. En aquest
sentit, s’ha plantejat la hipotesi que una disbiosi a nivell intestinal podria estar
també implicada en I'etiologia de la intolerancia a la histamina. Per exemple, un
sobrecreixement d'espécies bacterianes amb capacitat de formar histamina
explicaria una major acumulacié d'aquest compost a nivell intestinal que podria
superar la capacitat metabolitzadora de la DAO. A més, també es planteja que el
tractament dietétic de la intolerancia a la histamina podria modificar el perfil o

composicio de la microbiota intestinal en individus amb aquesta intolerancia.

Incerteses:

e Esdesconeix el paper de la microbiota intestinal en la intolerancia a la histamina
i si el seu perfil o composicié difereix significament del de la poblacié sana.

e La gesti6 dietetica de la intolerancia a la histamina ha mostrat eficacia en la
millora de la simptomatologia de la intolerancia a la histamina, perd no es
disposa d'informaci6é sobre el seu efecte en la composicié de la microbiota

intestinal.

En aquesta segona part de la tesi es planteja iniciar I'estudi del rol de la microbiota

intestinal en la intolerancia a la histamina.
Objectius especifics:

Objectiu 4. Estudiar el perfil i la composicié de la microbiota intestinal
d'individus amb simptomes d'intolerancia a la histamina i comparar-los amb els
d'una poblacio sana.

Objectiu 5. Avaluar potencials canvis en el perfil i composicié de la microbiota
intestinal en un petit subgrup de pacients al llarg de nou mesos del tractament
dietetic de la intolerancia a la histamina.
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Ambit 3. Intolerancia a la histamina i perfil metabolic en orina

La intolerancia a la histamina per déficit de DAO pot hipotéticament donar lloc a
canvis en el perfil metabolic urinari de la histamina. De fet, resultats previs del grup
de recerca han identificat diferencies en la concentracié urinaria del metabolit
metilat de la histamina (1-metilhistamina) en els individus amb intolerancia a la

histamina en comparacié amb un grup control.

Incertesa:

» Malgrat les dades preliminars indiquen una reduccio de I'excrecié urinaria de la
1-metilhistamina en individus amb simptomes d’intolerancia a la histamina,
encara no es pot afirmar que aquesta alteraci¢ del perfil de metabolits pot

esdevenir un biomarcador no invasiu d'aquesta intolerancia.

En el marc d'aquesta tesi doctoral es pretén avaluar la validesa de la determinacio
del perfil metabolic de la histamina en orina com a biomarcador d'aquesta
intolerancia alimentaria. Els resultats d'aquest estudi podrien ser de gran interes
pel diagnostic d'individus amb intolerancia a la histamina, complementant o

substituint els actuals métodes de diagnostic.
Objectiu especific:

Objectiu 6. Estudiar si els individus amb intolerancia a la histamina mostren un
perfil d'excrecié de la histamina en orina significativament diferent al dels
individus sans. Addicionalment, també es planteja avaluar, en un petit subgrup
de pacients, el comportament dels nivells urinaris d'histamina i el seu
metabolit, 1-metilhistamina, durant nou mesos del tractament dietetic de la
intolerancia a la histamina.
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3. RESULTATS

Aquest apartat s'organitza en tres seccions, atenent els diversos ambits d'estudi
plantejats en els objectius d'aquesta tesi doctoral (Figura 6). Els resultats de la tesi
es troben recollits en un total de set publicacions incloent sis articles cientifics i un

capitol de llibre.

Cada article es presenta precedit per un breu resum que sintetitza els objectius, la

metodologia i els principals resultats obtinguts.
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Resultats

INTOLERANCIA A LA HISTAMINA | DIETA

Objectiu 1 Objectiu 2 Objectiu 3

Sanchez-Pérez, S i col.

Sanchez-Pérez, S i col.

Sanchez-Pérez, Sicol.

Biogenic amines in plant- Low-histamine diets: Is the The rate of histamine
origin foods: Are they exclusion of foods justified degradation by diamine
frequently underestimated by their histamine content? oxidase is compromised by
in low-histamine diets? Nutrients, 2021. other biogenic amines.

Foods, 2018.

Frontiers in Nutrition, 2022.

AMBIT 2.
INTOLERANCIA A LA HISTAMINA | MICROBIOTA INTESTINAL
|

Objectiu 4 Objectiu 5
Sanchez-Pérez, S i col.
Intestinal  dysbiosis in
with histamine
Nutrients, 2022

Sanchez-Pérez, S i col.

The effect of dietary treatment on
the intestinal microbiota of women
with histamine intolerance.

Frontiers in Nutrition, 2022

patients
intolerance.

AMBIT 3.
INTOLERANCIA A LA HISTAMINA | PERFIL METABOLOMIC EN ORINA
|

Objectiu 6

Sanchez-Pérez, S i col.
1-methylhistamine as
intolerance.

Frontiers in Nutrition, 2022

urinary biomarker of histamine

Figura 6. Resum dels diferents ambits d'estudi amb els corresponents objectius i
publicacions derivades.
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AMBIT 1

Intolerancia a la histamina i dieta

Objectiu 1: Estudiar la preséncia d'histamina i altres amines biogenes en aliments
d'origen vegetal.

Objectiu 2: Revisar criticament les dietes baixes en histamina descrites en la
literatura en base als continguts d’histamina i altres amines biogenes dels aliments
exclosos d'aquestes dietes.

Objectiu 3: Avaluar la influéncia d'altres amines bidgenes en la degradacié de la
histamina per part de I'enzim DAO.






Resultats

3.1. Estudi de la preséncia d'histamina i altres amines biogenes
en aliments d’origen vegetal

PUBLICACIO 2

Biogenic amines in plant-origin foods: Are they frequently underestimated in
low-histamine diets?
Sonia Sanchez-Pérez, Oriol Comas-Basté, Judit Rabell-Gonzalez, M. Teresa Veciana-

Nogués, M. Luz Latorre-Moratalla i M. Carmen Vidal-Carou.
Foods, 2018, 7, 205.
index d'impacte (JCR: 2018): 3,011
Posici6 en I'area "Food Science & Technology”: Q2 (36/135)
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biégenas en alimentos de origen vegetal: ;Estan frecuentemente subestimadas
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Carmen Vidal-Carou. Histamine-free diets: What about legumes?. X// Conferéncia
Internacional de Dieta Medliterrania, 2018, Barcelona.
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Les dietes baixes en histamina utilitzades per a la gesti6 dietética de la intolerancia
a la histamina exclouen principalment els aliments que els pacients relacionen amb
el desencadenament dels simptomes. Per tal de realitzar un correcte tractament

dietétic és necessari conéixer quins aliments contenen histamina i altres amines.

Tradicionalment, els continguts d’histamina i altres amines han estat ampliament
descrits en productes com el peix i els seus derivats i en productes fermentats
(formatges, derivats carnis fermentats, xucrut, vi i cervesa), en els quals la seva
preseéncia es pot atribuir a l'activitat aminogenica tant de microorganismes
alterants com d'alguns amb una funcié tecnologica. No obstant, la informacié
disponible sobre els continguts d'amines bidogenes en productes no fermentats

d’'origen vegetal és molt més escassa.

L'objectiu d'aquest treball va ser estudiar la presencia d'histamina i altres amines
biogenes en aliments no fermentats d'origen vegetal, ja que alguns d'ells son

exclosos amb relativa frequiéncia en les dietes baixes en histamina.

METODOLOGIA

Es va realitzar una recerca exhaustiva dels continguts d’amines bidogenes en
aliments no fermentats d'origen vegetal (verdures/hortalisses, fruites i cereals) en
la literatura cientifica, utilitzant les bases de dades PubMed | Web of Science i
incloent tots els articles publicats a partir de I'any 1990. A més, també es van
incloure els continguts d'histamina i altres amines procedents de la propia base de
dades del grup de recerca, amb un total de 52 aliments d'origen vegetal del mercat

espanyol [7].

104



Resultats

RESULTATS

La cerca bibliografica va proporcionar un total de 20 estudis que reportaven dades
sobre continguts d’amines bidogenes en aliments no fermentats d'origen vegetal.
Segons aquesta revisio, els Unics productes que contenien nivells significatius
d’'histamina van ser l'alberginia (4,2 - 100,6 mg/kq), els espinacs (9,5 - 69,7 mg/kg) i
el tomaquet (<0,05 - 17,17 mg/kg) mostrant una gran variabilitat en els seus
continguts tant entre mostres d'un mateix estudi com de diferents estudis. En el cas
dels esparrecs, la carbassa i les bledes, la presencia d'aquesta amina ha estat
descrita puntualment per alguns autors i sempre en quantitats extremadament

baixes (<2 mg/kg).

Per contra, la putrescina es va trobar en tots els aliments d'origen vegetal revisats,
principalment en el pebrot verd, el blat de moro, la soja, els pesols, els citrics, el
platan i els fruits secs, assolint valors de fins a 200 mg/kg. El germen de blat va ser
el cereal que més va destacar en continguts de putrescina, amb valors mitjans de
fins a 62 mg/kg. Les amines tiramina i cadaverina es van trobar en un major nimero
daliments que la histamina, encara que sovint en concentracions més baixes,
rarament excedint els 10 mg/kg. Es destacable que els aliments que contenien
histamina també acostumaven a tenir tiramina, com en el cas de I'alberginia, el

tomaquet, els esparrecs, les bledes i I'alvocat.

TAKE-HOME MESSAGE R

/La histamina no es troba ampliament distribuida entre els aliments no\\
fermentats d'origen vegetal. Els tomaquets, I'alberginia i els espinacs sén els
que sovint la contenen i, per tant, seran els que a priori s'haurien de tenir en
compte en la gestié dietetica de la intolerancia a la histamina. L'exclusio

d'alguns aliments vegetals no fermentats a les dietes baixes en histamina

Qembla, per tant, no estar en general justificada pel seu contingut d’histaminzy
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Abstract: Low-histamine diets are currently used to reduce symptoms of histamine intolerance, a disorder
in histamine homeostasis that increases plasma levels, mainly due to reduced diamine-oxidase (DAO)
activity. These diets exclude foods, many of them of plant origin, which patients associate with the
onset of the symptomatology. This study aimed to review the existing data on histamine and other
biogenic amine contents in nonfermented plant-origin foods, as well as on their origin and evolution
during the storage or culinary process. The only plant-origin products with significant levels of
histamine were eggplant, spinach, tomato, and avocado, each showing a great variability in content.
Putrescine has been found in practically all plant-origin foods, probably due to its physiological
origin. The high contents of putrescine in certain products could also be related to the triggering
of the symptomatology by enzymatic competition with histamine. Additionally, high spermidine
contents found in some foods should also be taken into account in these diets, because it can also be
metabolized by DAQ, albeit with a lower affinity. It is recommended to consume plant-origin foods
that are boiled or are of maximum freshness to reduce biogenic amine intake.

Keywords: histamine; putrescine; tyramine; cadaverine; biogenic amines; histamine intolerance;
low-histamine diet; plant-origin foods; culinary process; storage conditions

1. Introduction

In recent years, various diets have been proposed for the treatment of histamine intolerance [1-8].
These diets, known as low- or free-histamine diets, usually exclude foods that patients associate with
the onset of intolerance symptoms. Such foods tend to be rich in histamine, but some, surprisingly,
are not usually regarded as sources of this amine.

As described in the literature and scientific reports issued by the European Food Safety Authority
(EFSA) and a joint Food and Agriculture Organization of the United Nations (FAO)/World Health
Organization (WHO) committee, histamine intolerance (also called food histaminosis or food histamine
sensitivity) is a disorder associated with increased plasma histamine levels and is recognized as
clinically different from the more established histamine intoxication [9,10]. Although in both cases,
histamine is the causative agent, the etiology of the disorders differs. Intoxication appears after the
consumption of foods with unusually high histamine concentrations, while intolerance is due to a

Foods 2018, 7, 205; d0i:10.3390/foods7120205 www.mdpi.com/journal/foods
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deficiency in histamine metabolism, so that symptoms may be triggered even by the intake of low
amounts [1,9-11].

Diamine oxidase (DAO) is the main enzyme responsible for the metabolism of histamine and
other amines at the intestinal level, and impaired DAO activity is one of the main causes of histamine
intolerance [1,12,13]. This enzymatic deficit may have its origins in genetic mutations. Different
polymorphisms of a single nucleotide in the gene that encodes this enzyme (AOCI on chromosome 7)
have been associated with lower DAO activity [14-16]. The deficit may also be due to acquired
causes such as inflammatory bowel diseases that block the secretion of DAO [1,3,12], or to the
inhibitory action of drugs, some of them with a very widespread use (e.g., acetylcysteine, clavulanic
acid, metoclopramide, verapamil) [1,17]. Another enzyme involved in histamine metabolization is
monoamine oxidase (MAO) [13]. Therefore, MAO inhibitor drugs, such as selegiline or rasagiline,
could also favor the plasmatic accumulation of histamine and the onset of symptoms of histamine
intolerance. In addition, the presence of other biogenic amines, mainly putrescine and cadaverine,
may compromise the intestinal degradation of histamine by enzymatic competition with DAO [9].

The symptoms of histamine intolerance are numerous and highly variable, due to the effects
and functions of histamine in multiple organs and systems of the body. They include gastrointestinal
(abdominal pain, diarrhea, vomiting), dermatological (urticaria, dermatitis, or pruritus), respiratory
(rhinitis, nasal congestion, and asthma), cardiovascular (hypotonia and arrhythmias), and neurological
(headaches) symptoms, and it is common for more than one disorder to occur simultaneously [1,11,12].
Several clinical studies have shown that patients with a potential diagnosis of histamine intolerance or
with a diagnosis of migraine, intestinal, or dermatological diseases (atopic dermatitis, eczema, or chronic
urticaria) have a higher prevalence of DAO deficits compared to the control population [3,6,18-28].

In order to carry out a correct dietary treatment of histamine intolerance, it is necessary to know
what foods may contain this amine and what factors influence its accumulation. Likewise, it is also
important to consider the occurrence of other amines that are also metabolized by the DAO enzyme.
In contrast to plant-origin foods, there is more available information on the contents of histamine
and other amines in fish and fish derivatives and all types of fermented products (cheeses, sausages,
sauerkraut, wines, beer), in which their presence is attributed to the aminogenic activity of spoilage
microorganisms and also to fermentative microorganisms [9,10,29]. Therefore, the freshness of the
food and the hygienic conditions of the raw materials and manufacturing processes, as well as the
adequate selection of starter cultures without decarboxylase activity, are of vital importance to avoid
or reduce the formation of these compounds [9,29-31].

Due to the information available on the contents of biogenic amines in nonfermented plant-origin
foods being scarce, the aim of this study was to review the existing data on the contents of histamine
and other biogenic amines in these types of products, as well as their origin and evolution during
storage or cooking.

2. Methods

A selective search of scientific literature dealing with biogenic amine contents in nonfermented
plant-origin foods, including vegetables, fruits, and cereals, was performed. The bibliographic
search was carried out in the PubMed and Web of Science databases using the following keywords:

" ou ”ou a a

“histamine”, “biogenic amines”, “tyramine”, “putrescine”, “cadaverine”, “plant-origin food”, “food
samples”, “storage”, “cooking”, “fruit”, “vegetable”, “legume”, “cereal”, “spinach”, “eggplant”,
“tomato”, “citrus”, “modified atmosphere packaging”, and “microbial decarboxylase activity”.
Original analytical studies, reviews, and table compilations of content in food were included. Articles
published before 1990 were excluded from this review.

Apart from data obtained from the literature, data on the biogenic amine content of plant-origin
foods from our own database of Spanish market products were also used. Specifically, histamine,
tyramine, putrescine, and cadaverine contents of 25 types of vegetables, 19 fruits, and 8 cereals
were included.
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3. Content of Biogenic Amines in Plant-Origin Foods

In this section, the contents of biogenic amines (histamine, tyramine, putrescine, and cadaverine)
in different plant-origin foods are reviewed, using our own database and data from studies published
by other authors. A total of 20 studies reporting data on biogenic amine contents in such foods were
found. Most provided data on putrescine contents (normally together with the polyamines spermine
and spermidine, not dealt with in this section), and only a few included other amines, such as histamine,
tyramine, and cadaverine.

3.1. Vegetables and Legumes

Table 1 shows the contents of biogenic amines in different types of vegetables and legumes
(nonfermented).

The only products found to contain significant levels of histamine were eggplant, spinach,
and tomato, each showing a great variability in content, both in samples from the same study and
among different studies. Histamine values ranged from 4.2 to 100.6 mg/kg in eggplant, from 9.5 to
69.7 mg/kg in spinach, and from not detected to 17.1 mg/kg in tomato. In the case of asparagus,
pumpkin, and chard, histamine was found in only a few samples and at very low levels (<2 mg/kg).

Histamine occurs naturally in certain foods [29,32], which explains why it was recorded in
practically all samples of spinach, eggplant, and tomato. The variability observed may have been due
to botanical variety, as reported by Kumar et al. [33] for eggplant. However, as occurs in foods of
animal origin, the presence of high contents of histamine and other amines in plant-origin products
could also be associated with microbial activity [29,32,34]. Lavizzari et al. [32] attributed the high
contents of histamine in spinach to the activity of contaminating bacteria during storage, belonging
mainly to the groups Enterobacteriaceae and Pseudomonadaceae. There is currently a need for more
research to understand in more detail the origin of histamine in plant foods such as spinach, eggplant,
and tomatoes.

Tyramine has been found in more foods than histamine, although in lower concentrations,
in no case exceeding 10 mg/kg. It should be noted that histamine-containing foods also contained
tyramine (eggplants, tomatoes, spinach, chard, and asparagus). Although there is very little information
about the origin of tyramine in nonfermented vegetables, its presence seems to be associated with
microbial aminogenic activity. The ability to form tyramine has been reported for bacteria of the genus
Enterococcus isolated from plants and fruits, mainly E. faecium, E. mundtii, and E. casseliflavus [35].

Putrescine has been detected in all the studied vegetables and legumes, although its content
varied greatly among foods and sometimes also within the same product. In most vegetables and
legumes, the average values ranged from 1 to 25 mg/kg. However, some samples of green pepper,
eggplant, sweet corn, green and purple beans, spinach, tomato ketchup, soybeans, and peas had
strikingly high putrescine contents, in some cases exceeding 200 mg/kg (Table 1). The putrescine
found in food can have a dual origin. In plant-origin foods, low contents of this amine generally have
a physiological source, as it performs different functions in plants, as do the polyamines spermidine
and spermine, ranging from the activation of organogenesis to protection against stress [34,36,37].
On the other hand, the presence of putrescine is also associated with the decarboxylase activity of
different groups of spoilage bacteria, mainly Enterobacteriaceae and Clostridium spp. [36]. According
to Kala¢ et al. [38], the high amounts of putrescine found in frozen peas are due to bacterial activity in
the period between harvesting and freezing or during thawing. However, high putrescine contents
cannot always be attributed to bacterial decarboxylase activity. Toro-Funes et al. [39] have suggested
that the considerable levels of putrescine found in soybean sprouts arise from the germination process,
as this amine is a plant growth factor. In general, based on the available information, and due to the
great variability in the reported contents, it is difficult to establish to what degree the presence of
putrescine in plant-origin products can be considered physiological or the result of bacterial activity.
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Cadaverine, like tyramine, has been described in few vegetables and legumes and in relatively
low concentrations, with average values that in no case exceeded 8 mg/kg. The values reported by
Nishimura et al. [40] in onion (29 mg/kg) and tofu (18 mg/kg) were an exception.

3.2. Fruits and Nuts

Table 2 shows the content of biogenic amines in different types of fresh fruits, fruit juices, and nuts.
There were fewer publications reporting amine data for this type of food than for vegetables and
legumes. In general, the contents were low, putrescine being in many cases the only amine found
(in addition to the polyamines spermidine and spermine).

Avocado and kiwi, and grapefruit, orange, and pineapple juices, are the only products in this
category for which the presence of histamine has been reported, but not in all studies. The 23 mg/kg of
histamine in avocado reported by Jarisch et al. [12] stands out, although no relevant information about
its possible origin was provided. A study conducted by Preti et al. [41] concluded that the presence
of histamine in grapefruit, orange, and pineapple juices is due to a lack of hygienic quality during
processing or storage, since this amine is not found in the original fresh fruit.

Similarly, very few fruits contained tyramine, and levels have always been low (Table 2). Avocado
and plum stand out for their content of this amine, although in no case has it exceeded 7 mg/kg.

Putrescine has been found in practically all the fruits and nuts, with the highest levels in orange,
orange juice, mandarin, grapefruit, grapefruit juice, banana, passion fruit, and pistachio. The range of
contents of this amine in citrus fruits and their juices has been very broad, varying from not detected
to as high as 200 mg/kg. Suggested explanations for this variability have included different origins,
cultivation, and transport and storage conditions [41-44]. As reported by Gonzalez-Aguilar et al. [45],
the contents of putrescine in mandarin (flavedo) can be increased by a drop in temperature before
harvesting and by damage of mechanical origin. Its presence in most of the samples, unaccompanied by
high levels of other amines (related to bacterial activity), seemed to indicate that, with some exceptions,
putrescine in fruits has a physiological origin. To confirm this, it would be necessary to carry out
more studies analyzing the fruit at the moment of collection. The only fruits reported as having no
putrescine were avocado and plum, although interestingly, these did contain histamine and tyramine.

The only fruits with a notable content of cadaverine were bananas and sunflower seeds, for which
Nishimura et al. [40] reported average levels of 11 and 22 mg/kg, respectively, although these data
were from the analysis of only two samples.

3.3. Cereals and Derivatives

Table 3 shows the contents of biogenic amines in cereals and some derivatives such as breakfast
cereals, pasta, and bread. The quantitative information available on amines in cereals is very limited.
In principle, these foods do not contain amines other than putrescine, which has a physiological
origin [36]. The only standout source of putrescine is wheat germ, which, like soya bean sprouts, has a
high rate of cell division, in which putrescine and polyamines play a significant role [36].
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Putrescine contents in wholemeal bread were slightly higher than in bread made with refined
flour. In white bread, low contents of cadaverine have also been reported, although only in one study,
and from the analysis of two samples.

4. Evolution of Amine Contents during Storage and Cooking

The variability of amine contents observed among samples of the same product can be attributed
mainly to conditions of production, transport, and storage [42].

The storage temperature is one of the most important factors in the formation of biogenic
amines [11,29]. Refrigeration delays or reduces the aminogenic potential of microorganisms, although
the formation of amines at refrigeration temperatures (4-10 °C) has been reported. The influence of
the conservation temperature has been widely studied in foods such as meats, fish, and fermented
products [29,30,58], but scarcely in plant-origin foods.

A study conducted by Simon-Sarkadi et al. [59] showed a clear increase in putrescine in different
types of green leafy vegetables (lettuce, endives, Chinese cabbage, and radicchio) during six days
of storage at 5 °C. The authors concluded that there was a positive correlation between putrescine
contents and the hygienic state of these foods (total microorganism counts). Tyramine contents also
showed a tendency to increase slightly. Histamine was present only in Chinese cabbage and in very
low concentrations, remaining stable throughout the study period. In contrast, when Moret et al. [34]
studied the effect of storage temperature on the amine content in various vegetables (parsley, zucchini,
broccoli, and cucumber), no significant changes in histamine, tyramine, putrescine, and cadaverine
were observed after three weeks of refrigeration.

Lavizzari et al. [32] also reported an increase in histamine in different spinach samples over
12-15 days of storage at 6 °C, noting that the relatively high pH of this vegetable favored the growth of
Gram-negative bacteria, which could have been responsible for the formation of this amine during
storage. The contents of tyramine and putrescine did not undergo significant changes under these
storage conditions. It should be noted that in two of the five trials carried out in this study, histamine
levels decreased in the last days of storage. The authors suggested that this histamine degradation
could have been due to the action of bacteria with DAO activity, as well as the effect of the pH,
which reached values above 8 [32]. Another study also recently reported the complete degradation of
histamine in a spinach sample (61 mg/kg) after three weeks of storage at 4 °C [54].

Modified atmosphere packaging, together with low storage temperatures, is commonly used to
extend the life of fresh vegetables and fruits. This type of packaging can influence the capacity of
microorganisms to form amines [30,58,60]. Esti et al. [43] monitored the contents of amines during the
ripening of cherries and apricots packaged in modified atmospheres and stored at 0 °C, and found that
after 20 days of storage the contents of amines (mainly putrescine) had decreased by 20% compared to
the initial value. Although the authors did not provide an explanation for this reduction, it could have
been due to putrescine serving as a substrate for polyamine formation [36].

Another factor that can affect the content of biogenic amines in foods of plant origin, especially
vegetables, is the culinary process. Again, the results reported in the literature were variable, depending
on the type of cooking and the amine in question.

Latorre-Moratalla et al. [61] evaluated the effect of cooking spinach in water, with or without
salt. The cooking process reduced the histamine content in all the samples by an average of 83%
with respect to the raw product (after a correction for the dilution effect of the cooking). Analysis
confirmed a transfer of histamine to the cooking water, which was not enhanced by the addition
of salt. Likewise, Kumar et al. [33] observed the loss of 11-14% histamine in eggplants boiled at
100 °C for 10 min. Veciana et al. [62] also concluded that the putrescine content in certain vegetables
(spinach, cauliflower, Swiss chard, potato, and green beans) is reduced by transfer to the cooking
water. However, this heat treatment had no effect on the putrescine content in other vegetables such
as pepper, pea, and asparagus. Eliassen et al. [42] also found no significant differences in putrescine
levels among different types of raw and boiled vegetables (carrot, broccoli, cauliflower, and potato),
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although they acknowledged that the low number of samples analyzed (two per food) was a limitation
when trying to reach a conclusion.

Conversely, three recent studies have shown an increase in amine levels after a cooking process.
According to Lo Scalzo et al. [63], boiling and grilling enhanced the putrescine content in a specific
variety of eggplant by 55% and 32%, respectively. In the other two varieties of eggplant tested,
the cooking had no effect. Similarly, Preti et al. [46] reported a significant increase in putrescine in
green beans after boiling, whereas steaming did not modify the contents. According to the work
performed by Chung et al. [64], frying brought about a 2.5- and 4-fold increase in histamine in carrots
and seaweed, respectively. The authors attributed this increase to the loss of water caused by the high
heat treatment. The same process had no effect on spinach and onions. However, it should be noted
that in this study, the contents of histamine in all foods were well below 1 mg/kg, both before and
after frying.

Amines are thermostable compounds, so in principle changes in contents can only be due to their
transfer to the cooking water or by dilution or concentration effects of the culinary process, in which
the food gains or loses water.

5. Plant-Origin Foods in Low-Histamine Diets

At present, the main strategy to prevent the onset of histamine intolerance symptoms is to follow
a low-histamine diet. Its efficacy has been demonstrated in different clinical studies, which have
always described an improvement or remission of gastrointestinal, dermatological, and neurological
symptoms [3,6,18-20,22,24,27,65-67] if the diet was followed.

Current low-histamine diets exclude foods that patients associate with the onset of symptoms [1-8],
such as blue fish and their preserves, and all kinds of fermented products (cheeses, sausages, wine,
beer, sauerkraut, and fermented soy derivatives), all of which are susceptible to having high contents
of histamine and other amines. A high number of nonfermented plant-origin foods are also excluded:
The average contents of biogenic amines and polyamines in these foods are shown in Table 4. As can
be seen, with the exception of spinach, eggplant, tomatoes, and avocado, for which high amounts of
histamine have been described, the rest contained very little or no histamine, so a priori should not be
responsible for triggering symptoms. However, some of them had relatively high contents of other
biogenic amines and polyamines.

Table 4. Content of histamine and other biogenic amines (mg/kg fresh weight) in plant-origin foods
excluded from different low-histamine diets [1-8]. Data obtained from own database and from different
scientific studies [5,12,34,38-42,47-55,57].

Food Items Histamine Putrescine Cadaverine Tyramine Spermidine Spermine
Spinach ? 9-70 nd-119 nd-9 1-10 14-53 nd-9
Eggplant 4-101 24-49 nd-5 nd-2 2-12 nd-6
Tomato ? nd-17 5-122 nd-2 nd-6 2-16 nd-2
Ketchup @ nd-22 nd-165 nd nd nd-33 nd-12
Avocado * nd-23 nd nd 0.5-5 nd-7 2-8
Citrus (fresh and juices) b nd-2 7-200 nd-2 nd-5 nd-12 nd-5
Mushroom nd nd-156 nd nd 9-155 nd-13
Banana © nd 15-50 nd-10 nd-2 8-16 nd-3
Soybean or soybean sprouts nd 2-57 nd-0.3 nd 33-389 7-114
Nuts ® nd nd—40 nd-23 nd-3 6-40 2-33
Pears - 2-25 nd-0.4 - 30-76 849
Lentils ® nd nd-21 nd nd 15-107 5-18
Chickpeas b nd 1-6 nd-0.5 nd-0.5 15-85 4-32
Peanuts © nd nd-3 nd nd 23-48 5-13
Kiwi © nd-2 nd-15 nd nd 3-6 nd-2
Papaya ¢ - 5-20 nd - 4-8 nd-2
Strawberry ¢ nd 2-6 nd—4 nd 5-10 nd-2
Pineapple © nd nd-8 nd-3 nd nd-3 nd-1
Plum ¢ nd nd nd 1-7 2-3 nd-4

Here, nd: not detected; -: values not reported by the studies; * plant-origin foods with histamine; b plant-origin
foods without histamine but with high contents of other amines; ¢ plant-origin foods with low levels of all amines.
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Putrescine, cadaverine, and tyramine are all substrates of the DAO enzyme, so if present in high
amounts they may increase the adverse effects of histamine by competing as rival substrates or for
binding sites in the intestinal mucosa [1,9,68,69]. The high putrescine contents found in citrus fruits,
mushrooms, soybeans, bananas, and nuts could thus explain why patients associate their consumption
with the onset of histamine intolerance symptoms. However, it should be noted that some foods with
similar or even much higher putrescine contents, such as green pepper, peas, or corn, are permitted in
low-histamine diets (Table 1).

The polyamines spermidine and spermine can also be metabolized by DAO, albeit with a lower
affinity [68,69], and therefore their presence should also be taken into account in this type of diet
(Table 4). Thus, the exclusion of foods such as soybeans, mushrooms, lentils, chickpeas, peanuts, nuts,
and pears may be justified by their high polyamine content.

Finally, the levels of biogenic amines and polyamines found in kiwi, papaya, strawberry,
pineapple, and plum are too low to justify their exclusion. Some authors consider these foods,
along with others such as milk, shellfish, and eggs, as endogenous histamine releasers, although
by mechanisms still not well understood [1,11,70].

6. Conclusions

Biogenic amine data in nonfermented plant-origin foods from the different reviewed studies
showed a great variability both within the same food item and among them. Putrescine was the most
frequent biogenic amine found in fresh vegetables, legumes, fruits, and cereals, and only a limited
number of products contained relevant levels of histamine (eggplant, spinach, tomato, and avocado).
Tyramine and cadaverine were usually more scarcely found in plant-origin foods. Generally, low
levels of histamine and putrescine may have a physiological origin. However, undesirable microbial
enzymatic activity during production or storage may lead to the accumulation of high levels of
these amines.

No single trend has emerged in the evolution of amine contents during refrigerated storage,
which might be at least partly due to the different experimental designs of the studies. In some cases,
refrigeration seems to have prevented the formation of certain amines, but this remains a hypothesis,
as no study performed a comparative analysis of samples stored under refrigeration and at room
temperature. The increase in the biogenic amine content during refrigerated storage reported by
other authors may be attributed to bacterial activity. Additionally, some studies have observed an
influence of culinary process on the biogenic amine content, mainly derived from the transfer of these
compounds to the boiling water or by dilution or concentration effects of the applied treatment.

The exclusion of a high number of plant-origin foods from low-histamine diets cannot be
accounted for by their histamine contents, but is more likely due to high levels of putrescine or
spermidine. The plant-origin foods consumed by people with histamine intolerance should be of
maximum freshness, since histamine and other amines may continue to form during refrigerated
storage. The cooking of vegetables in water (boiling) is another relevant strategy for this population,
since it can reduce the contents of histamine and other amines in the food.
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PLANTEJAMENT | OBJECTIU

Conceptualment, les dietes baixes en histamina haurien d'eliminar aquells aliments
susceptibles de contenir histamina. No obstant, realitzar aquest tipus de dietes, o
dit d'una altra manera, evitar el consum d'aliments rics en histamina, no resulta tan
facil com podria semblar. En primer lloc, no existeix un nivell d'histamina
consensuat per sota del qual un aliment es considera baix en aquest compost. Hi
ha autors que apunten que aliments amb nivells per sota dels 50 mg/kg es poden
considerar baixos en histamina, mentre que d‘altres autors son molt meés exigents i
mantenen aquest llindar per sota d'1 mg/kg [120-123]. D'altra banda, no existeix
una regulacié especifica que permeti o obligui a la indUstria alimentaria a declarar
la preséncia o abséncia d'histamina en |'etiquetatge. Aquesta informacié ajudaria
als individus amb intolerancia a la histamina a seleccionar de forma conscient
aquells aliments més apropiats. A més, la disparitat que existeix en el tipus
d'aliments a excloure segons les diferents dietes descrites en la literatura cientifica
dificulta la recomanacié de pautes adequades en el marc d’'una dieta baixa en

histamina.

L'objectiu d’aquest estudi va ser revisar criticament les dietes baixes en histamina
descrites en la literatura en base als continguts d'histamina i altres amines biogenes

dels aliments exclosos.

METODOLOGIA

Es va realitzar una recerca exhaustiva d'articles cientifics relacionats amb dietes
baixes en histamina a través de les bases de dades PubMed i Web of Science.
Només es van considerar aquelles publicacions que clarament especificaven quins
aliments son permesos o exclosos en el marc d'una dieta baixa en histamina. Els
continguts d'amines (histamina, putrescina, cadaverina, tiramina, espermidina i
espermina) es van obtenir de la base de dades del grup de recerca que inclou més

de 1800 mostres d'aliments i begudes del mercat espanyol [7].
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Es van identificar un total de 10 publicacions cientifiques que especificaven els
aliments que es poden o no consumir en el context d'una dieta baixa en histamina.
Es va observar una gran heterogeneitat en els aliments que s’haurien d'excloure en
les diferents dietes revisades, essent els productes fermentats els Unics que
s'eliminaven en tots els casos. Es important destacar que la majoria d'aliments tant

sols s'excloien en el 50% o menys de les dietes revisades.

Tots els productes fermentats, els peixos i derivats i certs aliments d'origen vegetal
(tomaquet, alberginia i espinacs), aliments que sovint presenten continguts
destacats d’'histamina, van representar tants sols el 32% del total d'aliments
exclosos de les dietes. En general, els diferents tipus de productes fermentats
exclosos mostren, segons la base de dades del grup [7], nivells d'histamina
relativament baixos (valors mitjans d'entre 22 i 74 mg/kg), encara que, en alguns
casos, aquests poden arribar a ser forca elevats. En aquest sentit, el 5% de les
mostres de derivats carnis fermentats, formatges i derivats de la soja fermentats
presentaven valors d'histamina per sobre dels 130 mg/kg, 203 mg/kg i 486 mg/kg,
respectivament [7]. Pel que fa als peixos i derivats, generalment no contenen
histamina o en valors molt baixos, com correspon al productes frescos, encara que,
en algunes mostres de salmé i de conserves de peix es van assolir continguts de fins
a 111 mg/kg i 657 mg/kg d'histamina, respectivament [7]. Per contra, segons la
nostra base de dades, es troba histamina en practicament totes les mostres
d'espinacs, alberginia i tomaquet, encara que generalment en continguts més

baixos (amb valors mitjans de 32 mg/kg, 39 mg/kg i 3 mg/kg, respectivament) [7].

Pel que fa al 68% d'aliments exclosos restants, i segons les nostres dades, no
contenen histamina [7]. En canvi, alguns d'aquests aliments presenten quantitats
rellevants de putrescina (citrics, platans, soja, carbassa i fruits secs). Per exemple, en
el cas dels citrics és molt frequient trobar valors destacables d'aquesta amina amb

valors de fins a 170 mg/kg [7].
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A part dels aliments que contenen histamina o nivells significatius de putrescina, es
va identificar un elevat nombre de productes (41%) que, en principi, no contenen
cap amina o en continguts molt baixos [7]. Aquest seria el cas per exemple, de les
cireres, les prunes, els fruits vermells, I'alvocat, la xocolata o el té, que no obstant,
també sén exclosos de les dietes publicades pel tractament de la intolerancia a la

histamina.

TAKE-HOME MESSAGE b

5

Actualment existeix una clara falta de consens en quant als aliments que han
de ser eliminats en el tractament dietetic de la intolerancia a la histamina.
Unicament el 32% dels aliments exclosos en les dietes publicades contenen
histamina. No obstant aix0, la presencia d'altres amines, especialment de

)

putrescina, podria justificar I'eliminacié d'alguns dels aliments.
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Abstract: A low-histamine diet is currently the most advised strategy to prevent the symptomatology
of histamine intolerance. Conceptually, these diets should be founded on the exclusion of histamine-
containing foods, although a certain disparity is found within the list of excluded foods in accordance
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Diets: Is the Exclusion of Foods
Justified by Their Histamine Content?.
Nutrients 2021, 13, 1395.

hitps:/ /dot org/ 103390 intestinal level, could partly explain the reason why certain foods (i.e., citrus fruits and bananas)

were also frequently reported in low-histamine diets. Finally, there was a range of excluded foods

i1 with an absence or very low levels of biogenic amines. In this case, certain foods have been tagged as
Academic Editor: Bahram histamine-liberators, although the mechanism responsible has not yet been elucidated.
H. Arjmandi

Keywords: histamine; low-histamine diet; histamine-free diet; histamine intolerance; biogenic
Received: 26 March 2021 amines; histamine-releasing foods

Accepted: 19 April 2021
Published: 21 April 2021

Publisher’s Note: MDPI stays neutral 1. Introduction

with regard to jurisdictional claims in In recent years, a significant increase in the frequency of food intolerances (i.e., non-
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societies. Food intolerances are disabling disorders that provoke an important decrease in
the quality of life of this population [1,2]. Among them, histamine intolerance, also referred
to as food histaminosis or hypersensitivity to food histamine, arises from the failure of the
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Plasma histamine accumulation can provoke a wide number of nonspecific gastroin-
testinal and extraintestinal clinical manifestations (i.e., dermatological, respiratory, neu-
rological and hemodynamic complaints) [3-5]. The most frequent and severe symptoms,
according to a recent comprehensive study, were abdominal distension, diarrhea, post-
prandial fullness, abdominal pain and constipation, followed by headaches, dizziness, and
palpitations [2]. Moreover, in 97% of cases the onset of three or more symptoms concerning
different organs were reported, thus, underlining the complexity of the clinical picture of
histamine intolerance [2].

Currently, the most advised strategies to prevent the onset of symptoms are the follow-
up of a low-histamine diet and the supplementation with exogenous DAO enzyme to
enhance the intestinal histamine degradation [11-13]. As regards low-histamine diets,
several clinical studies are continuously gathering increasing evidence on their efficacy on
the improvement or remissions of symptoms [5,14-23]. The vast majority of these studies
report efficacy rates higher than 70%, although some of them face certain limitations in
terms of the number of patients and/or in the duration of the dietary intervention [3].

Conceptually, low-histamine diets should be based on the exclusion of histamine-
containing foods. Histamine in foods is mainly formed by the bacterial decarboxylation
of its precursor amino acid, histidine [24]. Therefore, foods susceptible to accumulating
high contents of this amine are those that are microbiologically altered by spoilage bacteria;
fermented products, due to the histaminogenic capacity of fermentative bacteria [25].

The design of a low-histamine diet is challenging due to different handicaps. One
of these is the lack of consensus on the histamine level below which a food is said to be
considered low in histamine. Thus, variable histamine levels in food ranging between
5-50 mg/kg have been pointed out as potential thresholds, while other authors are much
more demanding and consider foods with low histamine concentrations to be those that
contain amounts below 1 mg/kg [12,26-28]. Moreover, there is no specific regulation for
the food industry to declare the occurrence or absence of histamine in food labelling, which
could help histamine intolerant individuals to make suitable and informed choices.

Overall, providing dietary recommendations and guidelines in the frame of a low-
histamine diet is difficult for healthcare professionals. In fact, disparity is found in the list of
excluded foods reported by the different available low-histamine diets. Therefore, the aim
of this work was to critically review the low-histamine diets from the literature, according
to the contents of histamine and other biogenic amines found in the excluded foods.

2. Materials and Methods
2.1. Identification of Low-Histamine Diets

A selective search of scientific articles concerning low-histamine diets was performed
through the PubMed and Web of Science bibliographic databases using the following
keywords: “low-histamine diet”, “histamine-free diet”, “histamine elimination diet”, “his-
tamine restricted diet”, “histamine intolerance treatment” and “dietary management of
histamine intolerance”. Only studies that clearly specified the foods allowed and/or
excluded within a low-histamine diet were considered for further assessment.

2.2. Content of Histamine and Other Biogenic Amines in Foods and Beverages Excluded from
Low-Histamine Diets

Data on histamine and other biogenic amines (i.e., putrescine, cadaverine, tyramine,
spermidine and spermine) content in foods and beverages from the Spanish market were
obtained from the self-produced and updated database [11,29].

3. Results

The selective search performed in this study resulted in a total of ten scientific publications,
which provided specific recommendations about the range of foods that may be consumed
or must be avoided within the framework of a low-histamine diet [14,16,17,20,23,26,30-33].
Overall, most of these studies based their recommendations on previous studies (mainly
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dealing with histamine contents in foods) or on those foods that patients associated with the
onset of symptoms. Figure 1 graphically summarizes the extensive list of the avoided foods
according to the literature review and the count of low-histamine diets that exclude each
foodstuff. This comparative review showed great heterogenicity in the foods that should be
excluded by histamine intolerant people. Firstly, all low-histamine diets unanimously advised
the elimination of many fermented foods and beverages (i.e., dry-fermented sausages, cured
cheese, wine and beer). On the other hand, it is worth highlighting that the majority of foods
were only excluded by 50% or less of the revised diets. These results confirm the lack of
consensus that currently exists in this type of diet.

Dry-fermented saus ages
Cured, semi-cured and grated cheese
Beer

Wine
Fishandderivatives
Tomato

Spinach

Sauerkraut

Citrus fruits

Strawberry

Chocolate

Eggs

Soy-fermented products
Pineapple

Banana

Red fruits

Yogurt

Fresh meat

Eggplant

Avocado
Seafood
Cured meat
Pumpkin
Nuts
Plum
Kiwi
Papaya
Tea
Olives
Soybeans ‘
Grapes :
Chemy
Apricot ‘
Milk ‘ i

0 1 2 3 4 5 6 7 8 9 10

Count of low-histamine diets excluding each foodstuff

Figure 1. List of the avoided foods according to the literature review on low-histamine diets and count of references that
exclude each foodstuff [14,16,17,20,23,26,30-33].

The distribution of histamine levels in all excluded foods is shown in Figure 2. The
exclusion of all foods listed above could not be explained by the occurrence of histamine.
In fact, most of the foodstuffs retailed in Spain showed histamine levels below 1 mg/kg,
considered by some authors as the threshold to define a food low in histamine. Contrarily,
fermented foods had a large variability, even within samples of the same production batch
due to the essentially microbial origin of histamine. Moreover, the nature of the food, the
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bacterial strain and many other factors that influence the growth and metabolic activity
of the bacteria can also have an impact on the accumulation of this compound. This
variability is precisely one of the causes of the complexity of issuing recommendations and,
consequently, as a precautionary measure all the foods, that a priori may contain histamine,
are eliminated.

Histamine ocaurrence (mg/kg or L)
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Figure 2. Histamine distribution (mg/kg or L) in foods marketed in Spain excluded from low-histamine diets [11,29].

Fermented foods (i.e., dry-fermented sausages, cured-cheese, sauerkraut and soy-
fermented derivatives) are products that can potentially accumulate high histamine con-
tents (Figure 2). In fermented foods, the presence of histamine depends on both the
hygienic quality of the raw materials and/or manufacturing processes, and the histamino-
genic capacity of technological bacteria [34,35]. As can be seen in Table 1, histamine levels in
fermented foods marketed in Spain were relatively low (with mean values ranging between
22 and 74 mg/kg), but in certain cases these types of foods reached high histamine levels,
with 5% of samples measuring above 203 mg/kg in cheese, 130 mg/kg in dry-fermented
sausages and 486 mg/kg in soy-fermented products. Apart from histamine, in this food
category, other biogenic amines could be frequently found, mainly tyramine. The presence
of tyramine is strongly associated with the enzymatic activity of many fermentative lactic
acid bacteria species. Maximum tyramine levels of 750 mg/kg in dry-fermented products,
1500 mg/kg in cheese and 1700 mg/kg in fermented vegetables were found. The occur-
rence of putrescine and cadaverine was also frequent, though at lower and more variable
levels than tyramine (Table 1).
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Table 1. Biogenic amines occurrence (mg/kg or L) found in different food and beverages from the Spanish market. Data are
presented as average (standard deviation), P95 and minimum-maximum [11,29].

Occurrence of Biogenic Amines (mg/kg or L)

Foods n . . . . . e -
Histamine Putrescine Cadaverine Tyramine Spermidine Spermine
Dry-fermented 424 21.57(52.10) 68.23(101.40) 32.45(72.96) 1409 (119.59)  5.39 (5.94) 25.12 (23.85)
sausages 129.95 280.3 172.10 378.51 18.80 59.94
ND-474.82 ND-537.05 ND-658.05 ND-742.60 3.04-32.65 0.34-224.15
Cured, semi-cured 80  33.10(77.10) 68.90(141.30) 87.25(283.55) 128 (264.41) 8.49 (12.40) 1.84 (4.46)
and 203.30 423.00 356.52 613.46 36.38 12.58
grated cheese ND-389.86 ND-666.92 ND-2036.90  ND-1567.50 ND-68.92 ND-21.03
Soy-fermented 21 73.95(184.51)  13.48(6.71) 6.88 (11.97) (ﬁzgg) 34.84 (38.23) 4.81(5.24)
products 486.31 222 35.08 930 105.47 11.15
ND-730.06 2.73-31.06 ND-36.95 ND-1730.17 ND-124.03 ND-21.89
Sauerkraut 5 43.74 (51.45) (ﬁggg) 76.49 (73.85)  43.47 (28.05) 5.29 (3.86) 0.85 (0.40)
76.48 327.18 123.49 61.32 7.75 1.10
7.36-80.12 11’»2?:7766?;3_ 24.27-128.71 23.63-63.3 2.56-8.02 0.56-1.13
Beer 176 1.23 (2.47) 3.16 (2.89) 1.28 (3.94) 6.31(8.04) 0.48 (0.81) 0.19 (0.61)
3.28 7.61 4.66 25.44 17 1.14
ND-21.60 ND-14.50 ND-31.40 0.55-46.80 ND-6.30 ND-3.90
Wine 299 3.63 (5.86) ND ND 242 (247) ND ND
12.3 7.5
0.09-34.25 ND-15.85
Fresh white fish 31 1.14 (6.46) 1.33 (2.67) 1.61 (6.01) 1.03 (3.39) 2.25(1.91) 6.78 (2.65)
ND 743 4.8 6.51 5.32 11.27
ND-36.55 ND-10.50 ND-33.65 ND-17.10 ND-7.85 2.05-13.50
Fresh oily fish 49 3.27 (15.71) 237 (6.71) 13.22 (67.40) 1.18 (5.43) 6.69 (3.09) 14.47 (9.75)
6.66 5.02 10.45 2.19 11.39 31.67
ND-111.26 ND-39.89 ND-400.23 ND-37.20 1.20-11.90 1.05-37.03
Preserved and 151 10.03 (53.32) 2.79 (3.81) 7.41(10.79) 8.23 (14.87) 3.61(2.78) 7.48 (6.05)
semi-preserved 20.39 9.02 29.23 40.6 7.94 17.05
fish ND-657.05 ND-21.15 ND-55.80 ND-88.50 0.37-11.80 ND-35.20
Seafood 7 ND 3.02 (3.01) ND 0.15(0.27) 4.03 (3.23) 10.63 (6.92)
7.62 0.58 7.94 19.21
1.44-9.79 ND-0.65 0.82-8.37 4.93-19.73
Fresh meat 199 ND 1.35 (2.66) 5.02 (14.55) 4.32 (8.62) 1.16 (4.59) 17.08 (4.59)
3.04 28.71 35.89 34 29.55
ND-9.68 ND-51.16 ND-38.77 ND-13.96 9.70-25.69
Cured meat 23 4.89 (22.70) 4.65 (5.18) 38.03 (92.82)  3.43(10.56) 6.05 (0.92) 37.82 (10.46)
3.54 9.24 49.64 42.58 6.88 42.58
ND-150 ND-17.40 ND-305 ND-46.50 4.5-7.30 24.9-62.10
Milk 5 ND ND ND ND ND ND
Yogurt 5 ND 2.04 (2.01) ND ND 1.07 (0.75) 0.28 (0.39)
223 0.69 0.3
ND-4.05 0.50-1.75 ND-0.50
Eggs 14 ND ND ND ND 3.61 (1.54) 448 (1.72)
443 5.27
ND-4.47 0.32-5.31
Soybeans 5 ND 19.07 (4.39) 9.04 (1.09) ND 99.55 (3.52) 25.92 (7.34)
21.86 9.74 101.79 30.58
15.96-22.17 8.27-9.81 97.06-102.04  20.73-31.10
Eggplant 23 39.42(30.66)  34.30 (6.98) ND 0.60 (0.90) 5.06 (1.93) 0.47 (0.48)
98.84 46.29 224 77 1.29
4.17-100.64 24.10-48.63 ND-2.27 2.54-7.97 ND-1.38
Spinach 18 31.77(17.02) 4.48 (2.46) ND (0.02) 2.05 (0.83) 28.22 (9.72) 3.33(1.89)
63.37 7.70 0.01 3.10 44.53 6.13
9.46-69.72 0.14-9.20 ND-0.08 0.79-4.28 15.63-52.98 ND-8.85
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Table 1. Cont.
Occurrence of Biogenic Amines (mg/kg or L)
Foods Histamine Putrescine Cadaverine Tyramine Spermidine Spermine
Tomato 53 2.51 (4.08) 16.48 (6.93) 0.50 (0.48) 0.49 (0.92) 3.04 (1.41) 0.08 (0.16)
13.83 30.16 142 1.21 5.69 0.36
ND-17.07 6.29-35.55 ND-2.33 ND-6.38 2.91-7.90 ND-0.73
Pumpkin 13 ND 9.87 (6.19) 0.58 (0.78) ND 10.32 (2.83) 1.77 (1.99)
19.17 1.82 13.88 521
2.95-24.23 ND-2.15 6.19-14.98 0.5-6.88
Apricot 4 ND ND ND ND 5.86 (1.59) ND
6.50
4.16-7.68
Avocado 5 ND ND ND 1.81 (2.06) 3.15(3.27) 4.50 (2.52)
4.65 6.69 7.61
0.58-5.44 0.18-6.72 2.02-7.92
Banana 8 ND 37.94 (8.32) ND 0.53 (0.79) 11.91 (2.90) 1.33(0.97)
47.37 ND 15.10 2.67
25.50-49.49 ND-1.85 7.62-15.79 ND-2.75
Citrus fruits 38 ND 79.75 (44.36) ND ND 2.57 (1.28) 0.12 (0.36)
146.16 4.86 1.02
1.21-173.81 0.18-6.24 ND-1.14
Cherry 5 ND 3.42 (0.06) ND ND 2.37(0.16) ND
3.46 247
3.42-3.46 2.26-2.47
Grapes 10 ND 2.69 (0.34) ND ND 5.25(2.61) 259 (0.11)
4.05 8.6 2.56
1-4.30 ND-9.70 2.35-2.68
Kiwi 13 ND 1.47 (0.47) ND ND 5.35 (1.06) 0.73 (0.56)
2.07 6.39 1.41
0.48-2.17 2.72-6.39 ND-1.50
Papaya 6 ND 7.25 (5.80) ND ND 14.35 (4.32) 1.16 (1.59)
11.86 15.45 2.06
ND-12.48 10.32-19.07 ND-2.99
Pineapple 5 ND 2.69 (1.42) ND ND 1.92 (1.26) 0.48 (0.21)
3.89 3.15 0.75
0.56-3.97 0.27-3.18 0.32-0.77
Plum 6 ND ND ND 4.02 (4.32) 2.68 (0.30) 1.74 (2.47)
6.76 2.87 331
0.96-7.07 2.47-2.89 ND-3.48
Red fruits 7 ND ND ND 7.37 (1.03) 5.58 (1.16) 1.97 (1.61)
9.36 2.54 1.65
3.34-11.52 0.78-3.98 ND-3.73
Strawberries 9 ND 3.77 (1.52) ND ND 6.00 (1.56) 0.46 (0.69)
6.09 8.52 15
2.04-6.41 4.62-9.86 ND-1.62
Olives 5 ND 2.64 (1.58) ND 1.95 (1.85) ND ND
42 3.7
1.54-4.45 0.28-3.94
Nuts 47 ND 440 (7.11) 0.25 (1.69) 0.11 (0.41) 28.64 (24) 11.14 (8.91)
12.58 ND 0.66 55.23 23.73
ND-39.51 ND-11.58 ND-2.63 6.21-140.55 ND-50.81
Chocolate 15 ND 0.41 (0.65) 0.42 (0.96) 3.70 (1.24) 3.11(0.70) 2.00 (0.90)
1.89 ND 5.69 423 2.65
ND-1.98 ND-2.78 2.27-5.81 2.17-4.65 ND-2.72
Tea 9 ND 2.61(0.49) ND 5.07 (3.80) 5.86 (1.18) 18.32 (5.31)
3.12 8.34 6.59 22.84
2.66-3.37 ND-10.08 3.66-7.64 8.23-23.94

In fermented beverages (e.g., wine and beer) histamine and other biogenic amine
contents were much lower than those reported for other fermented foods. However, it must

134



Nutrients 2021, 13, 1395

Resultats

70f 10

be noted that the presence of alcohol will enhance the toxic effect of histamine [11,36,37].
In fact, alcohol and its metabolite, acetaldehyde, compete with histamine for the enzyme
responsible for their metabolization (aldehyde dehydrogenase), thus, resulting in the
accumulation of this amine in the organism [35,38].

Fish and fish derivatives are also usually excluded in low-histamine diets. As shown
in Table 1, in most of the fresh fish and derivatives retailed in Spain (i.e., semi-preserved
and preserved) no histamines or only in low amounts were detected (P95 below 20 mg/kg).
The low occurrence of histamine was also reported by EFSA for this same food category.
In fact, only 27% of a total of 6329 European fishery products showed histamine, and
generally at low levels [38]. Nevertheless, high histamine concentrations could be achieved
in the case of inadequate freshness of raw fish and/or hygienic deficiencies during the
manufacturing of fish derivatives. An example is the 111 mg/kg found in fresh salmon
and the 657 mg/kg of histamine determined in canned sardines (Table 1). For this reason,
low histamine diets usually advise the against the consumption of fish, specifically certain
scombroid species (e.g., mackerel, tuna, sardines and anchovy), which are susceptible
to histamine accumulation due to their high free histidine contents [25]. Moreover, the
action of some of spoilage bacteria derived from the lack of freshness could also entail the
formation of other amines, especially putrescine and cadaverine (Table 1). The thermostable
nature of biogenic amines implies that thermal treatments applied for the obtention of
preserved canned fish do not help diminish their occurrence [5].

As regards fresh, cooked and cured meat, as in fish, the absence of histamine or other
biogenic amines is expected, so long as freshness and correct hygienic conditions of the
products or manufacturing processes are guaranteed (Table 1). In fact, as can be seen in
Figure 1, fresh and cured meat were only excluded by three and two low-histamine diets,
respectively. However, the presence of these foods in most low-histamine diets could entail
a risk for histamine intolerant individuals if freshness is not guaranteed.

Histamine was also found in some plant-origin products, such as tomato, eggplant and
spinach (Figure 2). The origin of low histamine levels in these foods may be physiological,
but a high accumulation of this amine has been related to bacterial decarboxylase activity
which occurs during storage [11,39]. The study performed by Lavizzari et al., showed a
significant increase in histamine concentrations in spinach samples during 15 days of re-
frigerated storage [39]. The relatively high pH of spinach would allow for the implantation
and growth of some Gram-negative bacteria (Enterobacteriaceae and Pseudomonadaceae
groups), which would ultimately be responsible of histamine formation [39].

On the other hand, 68% of the not-allowed foods in low-histamine diets did not
show significant histamine levels in any of the analyzed samples (Figure 2). Among
them, citrus fruits, bananas, soybeans, pumpkins and nuts showed relevant amounts of
putrescine (Table 1). In the case of citrus fruits, outstanding levels of putrescine are very
often found, with mean levels of 79 mg/kg and maximum levels up to 173 mg/kg in the
case of mandarines. In fact, despite the absence of histamine in citrus fruits, 60% of the
revised low-histamine diets advised for their exclusion (Figure 1). Paradoxically, there are
also certain foods with relevant amounts of putrescine, the exclusion of which is not listed
in low-histamine diets [11,36,37]. This is the case for zucchini, peas, green peppers and
sweet corn, among others, which could achieve maximum levels of putrescine ranging
25-150 mg/kg, depending on the product.

It has been reported that certain biogenic amines, mainly putrescine and cadaverine,
could interfere with histamine degradation by the DAO enzyme at the intestinal level,
being responsible for the major absorption and subsequent toxic potential enhancement of
histamine. However, there is still scarce experimental evidence supporting this working
hypothesis. The studies carried out years ago by Arunlakshana et al. (1954), Mongar (1957)
and Hui and Taylor (1985) pointed out this potentially inhibitory effect of other biogenic
amines on histamine metabolism both through in vitro assays and in animal models [40-42].
Concretely, Mongar (1957) observed that different aliphatic diamines, such as putrescine
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and cadaverine, could potentiate histamine-induced contractions of guinea pig ileum due
to the fact that they could competitively inhibit the DAO enzyme [41].

Apart from the foods containing histamine or significant levels of putrescine, there
was a wide range (53%) of excluded foods without histamine and with no detected or a
low /very low occurrence of putrescine, cadaverine, tyramine, spermidine and /or spermine.
Thus far, the available evidence does not help to explain to what extent the presence of
low levels of these amines (alone or combined) may interfere with histamine degradation
by the DAO enzyme and be responsible for the triggering of the symptoms of histamine
intolerance. According to our knowledge, there is only one study on this topic, which was
performed back in 1985 by Hui and Taylor, demonstrating the inhibitory effect of putrescine
and cadaverine on histamine degradation in rats when these amines were present at levels
four to five-fold higher [42]. Curiously, as may be seen in Figure 1, the vast majority of
these foods are only excluded in one to three of the low-histamine diets, with the exception
of chocolate, strawberry, eggs, pineapple and yogurt.

Moreover, certain foods have been tagged as histamine-liberators, as they could trigger
the release of endogenous histamine. The list of foods with suggested histamine-releasing
capacity, that may be found in various scientific articles, includes citrus fruits, seafood,
papaya, tomato, nuts, pineapple, spinach, chocolate and strawberries, among others [4,5,43].
However, the mechanism responsible for this potential effect has not yet been elucidated.
In fact, the only available extensive review as regards the putative histamine-releasing
capacity of certain foods performed by Vlieg-Boerstra et al. (2005), clearly stated that there
is a lack of evidence supporting this mechanism. There are no clinical studies in humans
supporting the widely held belief that foods could have the ability to release histamine and
this hypothesis is only based on few and no conclusive in vitro or animal studies [43].

In summary, while the evidence supporting the clinical efficacy of low-histamine
diets is progressively growing, there is still a lack of consensus on the foods that must be
avoided in the dietary management of histamine intolerance. The critical review performed
herein demonstrates that the exclusion of only 32% of foods could be justified by their
histamine content. The presence of other biogenic amines could partly help to explain
the relationship that some patients have established between the consumption of certain
histamine-free foods and the onset of symptoms. However, low-histamine diets continue
to require the attention of researchers, both to clarify the specific interaction of other
amines in histamine metabolism and to elucidate the potential mechanisms of the so-called
histamine-releasing foods.
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PLANTEJAMENT | OBJECTIU

Segons la revisio critica de les dietes baixes en histamina de l'apartat anterior,
alguns aliments sense histamina perd que contenen alts nivells d'altres amines
biogenes, com per exemple putrescina, podrien ser també responsables de
I'aparicioé de simptomes clinics en individus intolerants a la histamina. Aixi, sembla
factible que la preséncia d'altres amines, especialment les diamines, puguin influir
en la degradacio de la histamina a nivell intestinal per competéncia amb I'enzim
DAO. Tot i aixo, les dades experimentals disponibles sobre |'efecte d'aquestes altres
amines en la degradacio de la histamina procedeixen d'escassos estudis realitzats a
finals del segle XX [81-84]. Per tant, I'objectiu d'aquest estudi va ser avaluar /n vitro
si la presencia de diferents amines pot influir en la degradacioé de la histamina per

part de I'enzim DAO.

METODOLOGIA

En primer lloc, es va estudiar l'activitat catabolica /n vitro de I'enzim DAO d'origen
porci en sis substrats amino diferents: histamina, putrescina, cadaverina, tiramina,
espermidina i espermina, cadascuna a una concentracio de 25 mg/L. Seguidament,
es van realitzar diferents assajos per avaluar la velocitat de degradacié d'una
concentracié coneguda d’histamina (25 mg/L) en preséncia de diferents quantitats
d'aquests altres substrat amino. Les proporcions assajades van ser les seglients
(histamina:substrat amino) 1:0,25; 1:1; 1:4; 1:20. Addicionalment, també es van
realitzar assajos considerant una combinacié de putrescina i cadaverina, a les

mateixes proporcions abans mencionades.

L'activitat DAO /n vitroes va determinar segons la metodologia préviament descrita
per Comas-Basté i col. (2019), basada en la determinacioé de la taxa de degradacio
dels diferents substrats amino per cromatografia liquida d'alta eficacia i deteccio
fluorimetrica (UHPLC-FL).
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RESULTATS

Es va confirmar que totes les amines assajades eren substrat de I'enzim DAO. La
histamina va ser el substrat que es va degradar a una major velocitat (28,16 + 1,00
mU), essent significativament diferent a I'observada per les altres amines (p<0,001).
L'activitat DAO per la putrescina i la cadaverina va ser aproximadament un 50% més
baixa que l'observada per la histamina i molt menor en el cas de la tiramina,

I'espermidina i I'espermina.

Quant a la interferencia d'altres amines en la degradacio de |a histamina per la DAO,
la preséncia de putrescina o cadaverina va reduir significativament I'activitat
enzimatica a totes les proporcions estudiades (p<0,05). El major efecte es va
observar quan la putrescina o la cadaverina es trobaven a concentracions 20
vegades superiors a la de la histamina, reduint-se aquesta velocitat fins a un 70% i
un 80%, respectivament. Segons l'estudi cinétic, quan la histamina es trobava sola
al medi, als 90 minuts d'assaig la histamina va ser totalment degradada, mentre que
a aquest mateix temps, la histamina degradada en presencia d‘alts nivells de
putrescina i/o cadaverina va ser 5 vegades menor. Cal destacar que la preséncia
concomitant de les dues diamines al medi de reaccié no va provocar cap efecte

addicional sobre la degradacié de la histamina.

En el cas de la tiramina, I'espermidina i I'espermina només concentracions molt
elevades reduirien significativament la velocitat de degradacié de la histamina,
observant-se percentatges de reduccié d'entre un 32% i un 45%, en funcié de

I'amina present.
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TAKE-HOME MESSAGE Ry

La preséncia de putrescina, cadaverina, tiramina, espermidina i espermina
provoquen una reduccio de la velocitat de degradacioé /n vitro de la histamina
per I'enzim DAO. Aquesta inhibicié depén tant del substrat amino com de la
seva concentracio.
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Nowadays, certain uncertainties related to the onset of histamine adverse effects remain
unsolved and still require further research. Questions still to be resolved include the
wide range of doses at which dietary histamine may trigger symptoms of intoxication
(100-10,000 mg/kg) or the appearance of symptoms of histamine intolerance after
the consumption of foods presumable without histamine. It seems feasible that other
amines, by acting as competitive substrates, could interfere with histamine degradation
by the intestinal enzyme diamine oxidase (DAO). Therefore, the aim of this study was
to elucidate the interference of different amines on the rate of histamine degradation
by DAO. A series of in vitro enzymatic assays were performed using histamine as
the reaction substrate combined with different proportions of putrescine, cadaverine,
tyramine, spermidine, and spermine (1:0.25, 1:1, 1:4, 1:20). Putrescine and cadaverine
significantly delayed histamine degradation at all tested concentrations (p < 0.001).
The greatest effect was observed when putrescine or cadaverine concentrations were
20-fold higher than that of histamine, its degradation being reduced by 70 and 80%,
respectively, compared to histamine alone (28.16 & 1.0 mU). In contrast, tyramine,
spermidine and spermine significantly inhibited the histamine degradation rate only at
the highest concentration (1:20), reducing it by 32-45%. These results demonstrate that
other biogenic amines interfere with histamine metabolization by DAQ in vitro, the extent
depending on the substrate. These findings could explain why susceptibility to dietary
histamine is so variable and account for the discrepancies in the scientific databases
regarding the amount of histamine that triggers adverse health effects.

Keywords: histamine, putrescine, toxicity,

histamine intolerance, histamine degradation

amines, (DAO),

ine, b

INTRODUCTION

According to data from the European Food Safety Authority (EFSA) and the European Center
for Disease Prevention and Control (ECDC), histamine is one of the main causal agents of
adverse health effects associated with food consumption (1). Histamine intoxication occurs after
the ingestion of foods with unusually high amounts of histamine, which overwhelm the intestinal
enzymatic capacity for its degradation (2-4). In the last decades, numerous studies have been
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carried out in this field, but certain uncertainties remain to be
clarified, such as why symptoms of intoxication are triggered by
extremely variable amounts of histamine in the ingested foods,
the reported values ranging from 100 to 10,000 mg/kg (5-11).

The possibility that individuals differ in their histamine-
metabolizing capacity has attracted interest in recent years, as
it could account for the variable reactions to dietary histamine
(2, 3, 12-14). Deficient activity of the intestinal enzyme diamine
oxidase (DAO) can explain why some individuals are sensitive
to doses of histamine that are safe for the healthy population,
the severity of symptoms being correlated with the degree
of deficit (12, 13, 15). The inability (or impaired ability) to
degrade histamine from food is a clinical disorder known as
histamine intolerance. Histamine intolerance, beyond helping to
resolve the aforementioned uncertainties, includes a wide range
of non-specific gastrointestinal and extra-intestinal symptoms
(dermatological, respiratory, neurological, and hemodynamic),
due to the ubiquitous distribution of the four histamine receptors
in organs and tissues (4, 15, 16). Despite the similarity of certain
symptoms, histamine intolerance differs from allergy in that
no immune mechanism is involved. DAO deficiency may have
a genetic, pathological, or pharmacological etiology. Another
explanation, proposed recently, is that it is caused by dysbiosis
of the intestinal microbiota, although this hypothesis still needs
further study (17-21).

On the other hand, there is evidence that the copresence
of other biogenic amines could enhance the adverse effects of
histamine (14, 22-24). For example, dose-response studies have
found that pure histamine triggers symptoms of intoxication
at far higher doses than the histamine ingested from spoiled
fish, which may contain other amines, such as putrescine and
cadaverine (2, 14, 22). Moreover, according to a recent critical
review of different low-histamine diets, certain foods without
histamine but containing high levels of other biogenic amines
could be responsible of the onset of clinical symptoms in
histamine-intolerant individuals (16). Thus, it seems feasible
that these other biogenic amines, especially diamines, could
compete for deamination by DAO in the intestines, and thus
impede histamine degradation, with more noticeable effects
in susceptible individuals. However, the available experimental
data about the effect of other biogenic amines on histamine
degradation are scarce and outdated (25-28). Therefore, the
aim of the present study was to elucidate if different amines
interfere with the degradation rate of histamine by DAO.
For this purpose, a series of in vitro enzymatic assays were
performed using histamine as the reaction substrate combined
with different proportions of putrescine, cadaverine, tyramine,
spermidine, and spermine.

MATERIALS AND METHODS

Reagents and Chemicals

Histamine  dihydrochloride, putrescine  dihydrochloride,
cadaverine dihydrochloride, tyramine hydrochloride, spermidine
trihydrochloride and spermine tetrahydrochloride, and purified
DAO from porcine kidney were purchased from Sigma-Aldrich

(St. Louis, MO, United States). UHPLC-grade methanol
and acetonitrile, hydrochloric acid 0.1 M, perchloric acid
70%, sodium di-hydrogen phosphate anhydrous, and di-
sodium hydrogen phosphate anhydrous were obtained from
PanReac Quimica (Castellar del Valles, Spain). Acetic acid,
boric acid, 1-octanesulfonic acid sodium salt, ammonium
formate, phthaldialdehyde (OPA), and brij® L23 solution were
acquired from Sigma-Aldrich (St. Louis, MO, United States),
and formic acid, sodium acetate anhydrous, potassium
hydroxide and 2-mercaptoethanol from Merck (Darmstadt,
Germany). A LaboStar System from Evoqua Water Technologies
(Warrendale, PA, United States) was used to produce ultrapure
water (18.2 MQ cm).

Experimental Design

The catabolic activity of porcine DAO was tested on six
different amino substrates: histamine, putrescine, cadaverine,
tyramine, spermidine and spermine, each at a concentration of
25 mg/L. Additionally, several assays were performed to test
the degradation rate of a specific concentration of histamine
(25 mg/L) by DAO in the presence of different amounts
of the other individual amino substrates. Thus, the resulting
substrate proportions assayed in this study were the following
(histamine:amino substrate): 1:0.25, 1:1, 1:4, and 1:20. Moreover,
additional assays considering a mixture of putrescine and
cadaverine were also performed at the same four substrate
proportions (the proportion refers to the sum of both diamines
in equivalent amounts). Three independent experiments were
performed in duplicate for each condition.

In vitro Determination of Diamine
Oxidase Activity

DAO activity in vitro was determined following the procedure
previously described by Comas-Basté et al. (29). This method
is based on the measurement of the degradation rate of amino
substrates during the oxidative deamination reaction catalyzed
by DAO. Briefly, purified DAO (0.14 U/mL) was homogenized
in 20 mL of 0.05 M phosphate buffer solution (pH 7.2) and
placed in a shaker incubator (Ivymen 100-D, JP SELECTA S.A.,
Abrera, Spain). The addition of a standard solution of the
corresponding amino substrate to the working mixture marked
the start of the enzymatic reaction. The mixture was kept at
37°C under constant stirring (200 rpm). Aliquots of 500 WL were
progressively subtracted every 15 min until 180 min of the assay
or until the complete disappearance of the substrate. To stop the
enzymatic reaction, 15 pL of 2N perchloric acid solution was
added to the working mixture and centrifuged at 27,216 x g for
5 min. The supernatant was filtered through a 0.22 pm GHP
filter and stored at 4°C until UHPLC-FL analysis. The aliquots
underwent chromatographic analysis to monitor the degradation
rate of the amino substrates and calculate DAO activity, which
was expressed as nmol of degraded amine per minute (mU).

Statistical Analysis
Statistical analysis of data was performed using IBM SPSS
Statistics 23.0 software package (IBM Corporation, Armonk,
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NY, United States). One-way ANOVA followed by a Tukey’s
post hoc test was applied to investigate the statistical significance
of changes in the enzymatic activity in the different studied
conditions. Differences with p < 0.05 were considered
statistically significant.

RESULTS AND DISCUSSION

Degradation Rate of Different Amino

Substrates by Diamine Oxidase

All the assayed amino compounds acted as substrates of
the enzyme DAO of porcine origin (Table 1). The highest
rate of degradation by DAO was observed in histamine
(28.16 + 1.00 mU), with significant differences compared
to the other tested amines (p < 0.001). DAO activity

was approximately 50% lower on the diamines putrescine
and cadaverine than on histamine, whereas on tyramine,
spermidine and spermine it was considerably lower than
on histamine, putrescine or cadaverine. These results agree
with those of Ignesti et al. who demonstrated that porcine
kidney DAO had a higher affinity for histamine than other
assayed amines; it was 9 and 12-fold lower for putrescine
and cadaverine, respectively, and almost 300-fold lower for
spermidine (30).

The affinity of DAO seems to be influenced by the chemical
nature of each compound, especially the molecule length and
presence of aliphatic or aromatic moieties (31). According to
Blaschko et al. (32), during the enzymatic oxidation of a diamine,
the amino substrate is anchored to the enzyme through the two
amino groups, forming an intermediate ring compound. It has
been suggested that the longer the chain separating the two amino

TABLE 1 | Enzymatic activity (mU) of porcine diamine oxidase (DAO) (mean =+ SD) on different amino substrates.

Substrates DAO activity (mU)
Common name Chemical name Chemical structure
Histamine 2-(1H-imidazol-4-yl) ethanamine 28.16 + 1.00%
Putrescine Butane-1,4-diamine 14.11 + 0.99°
Cadaverine Pentane-1,5-diamine 16.20 + 1.20°
Tyramine 4-(2-Aminoethyl) phenol 1.77 £ 0.61¢
Spermidine N1-(3-Aminopropyl) butane-1,4-diamine 0.65 £ 0.24°
Spermine N1,N4-Bis (3-aminopropyl) butane-1,4-diamine i e 0.58 + 0.10°
Different letters denote statistically significant differences (p < 0.001).
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FIGURE 1 | Comparison of diamine oxidase (DAO) activity (mU) on histamine by itself (gray) and on histamine together with different proportions of putrescine,
cadaverine, tyramine, spermidine or spermine: 1:0.25 (light blue), 1:1 (yellow), 1:4 (dark blue) and 1:20 (orange). Different letters denote statistically significant
differences (p < 0.05). HA, Histamine; PU, Putrescine; CA, Cadaverine; TY, Tyramine; SD, Spermidine; SM, Spermine.
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FIGURE 2 | Degradation of histamine (25 mg/L) by itself or with different amounts of putrescine, cadaverine or a mixture of both diamines (sum of equivalent
amounts of putrescine and cadaverine). The resulting substrate proportions assayed were the following (histamine:amino substrate): 1:0.25 (A), 1:1 (B), 1:4 (C), and
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groups, the weaker the bond of the molecule with DAO of animal
origin (32).

Substrate preference also seems to depend on the origin of

DAO. When extracted from mammals, such as pig, rat or human
(30, 33, 34), DAO is reported to have a greater affinity for
histamine than for other amines, whereas DAO of plant origin
prefers putrescine and cadaverine. Pietrangeli et al. found that
DAO from red pea (Lathyrus cicera L.) degraded histamine at a
slightly lower rate than putrescine and cadaverine (31).

Interference of Other Amines With
Histamine Degradation by Diamine

Oxidase
Having demonstrated that other amines frequently found in
foods are also substrates of DAO, a quantitative assessment was
performed to determine the extent of their interference with
DAO degradation of histamine. The competition of these rival
substrates for deamination in the intestine would lead to an
increase of histamine in plasma, with potentially toxic effects.
The influence of different amounts of putrescine, cadaverine,
tyramine, spermidine and spermine on the rate of histamine

degradation by porcine kidney DAO is shown in Figure 1. When
histamine was assayed together with putrescine or cadaverine,
its degradation rate was significantly reduced, regardless of the
added amount of these other diamines (p < 0.05). When the
proportions of putrescine or cadaverine were fourfold higher
than histamine, the reduction was approximately 35%, and
when 20-fold higher, it increased significantly to 70 and 80%,
respectively (p < 0.001). Regarding tyramine, spermidine and
spermine, no inhibitory effect was observed when these amino
substrates were present in concentrations lower than, equal to or
fourfold higher than histamine (Figure 1). Only high amounts of
tyramine, spermidine or spermine (1:20) significantly inhibited
the histamine degradation rate, reducing it by 32-45%. These
results confirm that the interference of other biogenic amines
with histamine degradation by DAO is directly related to their
specific enzymatic activity.

To date, only a few studies carried out in the 1950s and
1980s have assessed the potential influence of competing amino
substrates on histamine metabolization by DAO, examining the
physiological effects provoked by histamine in animal models
(25-28). For example, in 1954 Arunlakshana et al. reported
that cadaverine potentiated the contractile effects of histamine
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in the ileum, trachea and uterus in guinea pigs (26), whereas
other compounds added that were not DAO substrates had no
impact on histamine metabolization. Lyons et al. reported a 45%
increase in histamine absorption in rat intestinal segments when
coperfused with cadaverine, accompanied by a 19.6% reduction
of imidiazoleacetic acid, the product generated by DAO activity
on histamine (28). A few years later, Hui and Taylor similarly
reported an increase of unmetabolized histamine in the urinary
excretion of rats when putrescine and/or cadaverine were also
administered (27), whereas tyramine had no significant effect.
Therefore, the current findings confirm these previously reported
results, although to the best of our knowledge, the present study
is the first to demonstrate the inhibitory effect of other amines
(mainly putrescine and cadaverine) on histamine degradation by
DAO by directly measuring the enzymatic activity in vitro.

A kinetic study of histamine degradation in the presence
of different amounts of putrescine, cadaverine, or a mixture
of both diamines (sum of equivalent amounts of putrescine
and cadaverine) was performed (Figure 2), as these were
the diamines that most compromised the degradation rate of
histamine by DAO. Moreover, both substrates are found in food
and their formation is frequently linked to the same type of
bacteria as histamine.

As can be seen in Figure 2, putrescine and cadaverine had
similar inhibitory effects throughout the oxidative deamination
of histamine by DAO (p > 0.05). Moreover, the concomitant
presence of both diamines in the reaction mixture had no
significant additional effect (p > 0.05). These results can be
attributed to both substrates having very similar affinity values
for DAO (30).

When histamine by itself (25 mg/L) was exposed to DAO
enzyme, it disappeared completely after 90 min (Figure 2). In
contrast, in the presence of increasing proportions of putrescine
and/or cadaverine, the percentage of histamine remaining at
90 min also increased. Thus, 10% of undegraded histamine
was found when assayed with lower or equal amounts of other
diamines (Figures 2A,B). This amount increased to 20% when
the proportion of putrescine and/or cadaverine was fourfold
higher than that of histamine (Figure 2C). Notably, when these
diamines were added in the highest proportion (1:20, taking
into account the sum of both diamines), histamine degradation
was strongly delayed and almost 80% remained at 90 min
(Figure 2D). Correspondingly, Mongar reported that the capacity
of cadaverine to potentiate the effects of histamine progressively
increased with concentration (25). On the other hand, in 1985,
Hui and Taylor observed that putrescine or cadaverine had to
be administered at levels 4-5-fold higher than histamine to
inhibit its degradation by DAO (27), and had no inhibitory effect
at an equal dose.

Overall, these results demonstrate that other biogenic amines
interfere with histamine degradation by DAO, the extent
varying according to the substrate. These findings could help
explain the variable susceptibility to dietary histamine and the
discrepancies in the literature and scientific databases regarding
the amount of histamine responsible for triggering adverse
health effects. In fact, certain fermented products (i.e., dry-
fermented sausages, cheeses, and plant-fermented products) and

semi-preserved fish derivatives frequently contain higher levels
of putrescine and/or cadaverine than histamine (16, 35). For
example, 71% of samples of dry-fermented sausages and 55% of
ripened cheeses were found to have concentrations of putrescine
and/or cadaverine at least fourfold higher than histamine. In
fermented foods, high amounts of biogenic amines are related
to poor hygienic conditions of the raw materials and/or the
manufacturing processes, as well as to the aminogenic capacity
of the fermentative bacteria (4). In the case of fresh fish, the food
category more frequently associated with histamine intoxication
outbreaks (In 2020, 100% of these outbreaks occurred at
European level were caused by the consumption of fish according
to data provided in the joint Zoonoses Report issued by EFSA and
ECDC), the occurrence of other biogenic amines is less common
than in fermented foods (only 28% of samples had concentrations
of putrescine and/or cadaverine at least fourfold higher than
histamine) (36). The larger serving size of fish products,
together with the extremely high histamine content arising
from hygienic defects in their manufacturing or conservation
processes, could explain their stronger association with histamine
intoxication outbreaks in comparison with fermented products
(that often also contain other diamines together with histamine).
Furthermore, it is also important to highlight that, in the
context of the whole diet, many histamine-free food items are a
potential source of significant amounts of other diamines, which
could interfere with the intestinal degradation of histamine and
enhance its toxicity.
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PLANTEJAMENT | OBJECTIU

Segons la majoria d'estudis, la intolerancia a la histamina per deficit de DAO té un
origen genétic o adquirit [32]. S'han identificat diferents mutacions en el gen que
codifica I'enzim DAO que es relacionen amb una menor activitat enzimatica.
Igualment, aquest déficit pot ser degut a malalties inflamatories intestinals que

limiten la secrecio de la DAO, o bé, a l'accié de certs farmacs que poden inhibir-la.

Un altre possible origen, del qual encara no hi ha prou evidéncies, seria |'existencia
d'una disbiosi o alteracid de la composicié de la microbiota intestinal en els
individus intolerants a la histamina. Segons I'Unica referencia que hem trobat a la
literatura cientifica, una disbiosi i una menor diversitat bacteriana estarien
contribuint a una inflamacié de la mucosa intestinal i, conseqiientment, afavoririen
una menor activitat DAO a nivell intestinal [36]. A més, també s'ha descrit la
capacitat de formar histaminai altres amines per certs bacteris de la microbiota [37].
Per tant, un desequilibri en la microbiota a favor d'una major preséncia de bacteris

formadors d'histamina podria estar associat també a aquesta intolerancia.

En aquest context, I'objectiu d’aquest estudi va ser estudiar el perfil i la composicié
de la microbiota intestinal en pacients amb intolerancia a la histamina, comparant-

los amb els d'una poblacio sana.

METODOLOGIA

L'estudi es va dur a terme amb 26 voluntaris, 12 d’ells diagnosticats d'intolerancia a
la histamina i reclutats en un centre de nutricid i dietéetica especialitzat en el
tractament dietétic del deficit de DAO (Institut Clinic del Déficit de DAO, Barcelona,
Espanya). Els criteris d'inclusio per aquests pacients van ser: tenir entre 181 65 anys,
un diagnostic d'intolerancia a la histamina basat en la preséncia de simptomes
associats a aquesta intolerancia en dos o més sistemes o organs i resultats negatius
d‘al-lérgia alimentaria per IgE. Es van excloure de l'estudi aquelles pacients

embarassades o en periode de lactancia i aquells individus que havien comencat

154



Resultats

una dieta baixa en histamina o que havien pres antibiotics i/o probiotics durant el
mes anterior a l'inici de |'estudi. El grup control va incloure 14 individus sans sense
simptomes d'intolerancia a la histamina que van ser reclutats en el Campus de

I'Alimentacio de la Universitat de Barcelona.

Per tots els participants es va recollir informacié sobre les seves dades
demografiques i els simptomes clinics. La composicié de la microbiota intestinal es
va analitzar a partir de I'ADN aillat de mostres de femta. Es van sequenciar les
regions V3-V4 d’ARNr 16S bacteria mitjangant la plataforma lllumina MiSeq (Servei
Genomic i Bioinformatic de la Universitat Autonoma de Barcelona). L'analisi
bioinformatic de les dades es van dur a terme amb la base de dades EzBioCloud
(ChunlLab, Inc., Seul, Corea). L'alfa-diversitat es va mesurar utilitzant l'index de
Shannon i I'index de Simpson. La determinacié de la beta-diversitat es va realitzar
mitjangant l'index de dissimilitud de Bray-Curtis representat en un analisi de

coordinades principals (PCoA).

La concentracié d'histamina en les mostres fecals es va determinar per un test ELISA
(Histamine ELISA kit, Immunodiagnostik AG, Bensheim, Alemany) i, a més, en el
grup de pacients intolerants, I'activitat DAO sanguinia es va analitzar mitjangant un

radio-immuno assaig (Sciotec Diagnostic Technologies, Tulln, Austria).

L'estudi va ser aprovat pel Comitée de Bioética de la Universitat de Barcelona

(IRBO0003099).

RESULTATS

El 83% dels individus diagnosticats d'intolerancia a la histamina va mostrar
simptomes gastrointestinals i/o neurologics, la meitat va mostrar també
manifestacions dermatologiques i un 33% simptomes respiratoris. El valor mitja de
simptomes va ser de 4,3 manifestacions per individu, encara que dos pacients van
arribar a reportar 7 i 8 simptomes. En general, les manifestacions més freqients van

ser inflor i dolor abdominal, mal de cap, flatuléncies, diarrea, acidesa i dolor
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muscular i articular. Deu dels dotze pacients van presentar una activitat DAO
sanguinia reduida (<10 U/mL o <80 HDU/mL).

Pel que fa a I'analisi de la microbiota intestinal, no es van observar diferéncies
significatives a nivell de filums. Si que es van trobar diferéncies significatives entre
els dos grups en I'abundancia relativa de quatre families bacterianes, destacant la
baixa proporcié de Prevotellaceae en el grup d'intolerants a la histamina, el que es

podria associar a un increment de la permeabilitat intestinal.

En general, es van trobar diferencies significatives en I'abundancia relativa de 21
generes i 30 espécies entre el grup control i el d'intolerants a la histamina.
Concretament, en el grup d'intolerants es va trobar una proporcié significativament
inferior del géneres Ruminococcusi Faecalibacterium, aixi com també, de |'especie
Faecalibacterium prausnitzii; els quals es troben relacionats amb efectes
beneficiosos per la salut intestinal. Contrariament, no es van trobar diferéncies en
I'abundancia de Bifidobacterium i Lactobacillus, géneres bacterians estretament

associats a una bona salut intestinal.

D’altra banda, el percentatge d'alguns generes i especies descrits com a formadors
d’'histamina va ser significativament més alt en el grup d'individus intolerants a la
histamina (p<0,05), com per exemple, els géneres Staphylococcus i Proteus,
diferents generes no identificats pertanyents a la familia £nterobacteriaceae i les

espéecies Clostridium perfringensi Enterococcus faecalls.

Quant a la diversitat bacteriana, no es van observar diferéncies significatives entre
ambdods grups en relacio a l'alfa-diversitat, és a dir, quant a la riquesa d'especies i
I'abundancia de cada una d'elles que presenta cada individu (index de Shannon,
p=0,411iindex de Simpson, p=0,681). En canvi, el perfil microbia d'ambdds grups
si que va ser significativament diferent a nivell de géneres i espécies (beta-
diversitat, p<0,05). A més, els individus intolerants a la histamina van mostrar una

major heterogeneitat en aquest perfil en comparacio al grup d'individus sans.
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Els valors d’histamina en femta no van ser significativament diferents entre els dos
grups estudiats. La majoria dels individus, tant els sans (71%) com els intolerants
(92%), van presentar nivells d'histamina fecals dins dels valors considerats normals

(<959 ng/g femta).

Les principals limitacions del present estudi sén la mida de la mostra, la falta de
representacié masculina en el grup d’intolerants a la histamina i, en alguns casos, la
impossibilitat de classificar els bacteris més enlla del nivell de familia o génere.
Aquestes limitacions han de tenir-se en compte en futurs estudis destinats a

dilucidar la relacié entre la disbiosi intestinal i la intolerancia a la histamina.

TAKE-HOME MESSAGE 5
(e

principalment caracteritzada per una menor abundancia d'alguns grups

Is individus amb intolerancia a la histamina mostren una disbiosi intestinal

bacterians beneficiosos per la salut intestinal i una major proporcié d'aquells
freqUentment descrits com a formadors d’'histamina. A més, el perfil microbia
en aquests individus és significativament diferent i més heterogeni (beta-

kdiversitat) que el d'una poblacié sana. /
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Abstract: An underlying cause of histamine intolerance is diamine oxidase (DAO) deficiency, which
leads to defective homeostasis and a higher systemic absorption of histamine. Impaired DAO activity
may have a genetic, pharmacological or pathological origin. A recent proposal also suggests it can
arise from an alteration in the gut microbiota, although only one study has explored this hypothesis to
date. A greater abundance of histamine-secreting bacteria in the gut could lead to the development of
histamine intolerance. Thus, the aim of this study was to characterize the composition of the intestinal
microbiota of patients with histamine intolerance symptoms and compare it with that of healthy
individuals. The study was performed by sequencing bacterial 165 rRNA genes (V3-V4 region) and
analyzing the data using the EzBioCloud Database. Dysbiosis of the gut microbiota was observed in
the histamine intolerance group who, in comparison with the healthy individuals, had a significantly
lower proportion of Prevotellaceae, Ruminococcus, Faecalibacterium and Faecablibacterium prausnitzii,
which are bacteria related to gut health. They also had a significantly higher abundance of histamine-
secreting bacteria, including the genera Staphylococcus and Proteus, several unidentified genera
belonging to the family Enterobacteriaceae and the species Clostridium perfringens and Enterococcus
faecalis. A greater abundance of histaminogenic bacteria would favor the accumulation of high levels
of histamine in the gut, its subsequent absorption in plasma and the appearance of adverse effects,
even in individuals without DAO deficiency.

Keywords: histamine; histamine intolerance; gut microbiota; intestinal dysbiosis; histamine-secreting
bacteria; diamine oxidase (DAO) enzyme

1. Introduction

In the last several years, there has been growing interest in characterizing the gut
microbiota, both in healthy and unhealthy individuals. It is well known that the eubiotic gut
microbiota has an impact on human health and well-being [1]. Although its composition
is age-related and becomes more stable in adulthood, it can be altered by a wide range of
factors, such as dietary habits, lifestyle, stress, antibiotic use and diseases [1,2]. While the
connection between the gut microbiota and certain noncommunicable diseases, such as
obesity, diabetes, cancer, gastrointestinal and neurological disorders, is being extensively
studied, its role in food intolerance, including that of histamine, is still under explored [3-9].

Histamine intolerance is an adverse reaction to dietary histamine that appears in
susceptible individuals [10,11]. This disorder is mainly provoked by a deficiency in the
key enzyme responsible for histamine degradation at the intestinal level, diamine oxidase
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(DAO), which leads to higher absorption [12-14]. The accumulation of histamine in plasma
can affect numerous organs and tissues due to the wide distribution of the four histamine
receptors in the organism, resulting in a plethora of gastrointestinal and extra-intestinal
symptoms (i.e., dermatological, respiratory, neurological and hemodynamic complaints).
According to the retrospective study by Schnedl et al. (2019), the most common symp-
toms in histamine-intolerant patients are gastrointestinal in nature, above all abdominal
distension, postprandial fullness, diarrhea, abdominal pain and constipation [15].

DAO deficiency may have a genetic origin and has been associated with single-
nucleotide polymorphisms encoding a protein with reduced histamine degradation capac-
ity [16,17]. On the other hand, impaired DAO activity can also be temporary and reversible,
arising as a side effect of some widely used pharmacological drugs, such as clavulanic
acid or acetylcysteine, or a secondary symptom of gastrointestinal disorders [18]. In fact,
evidence supporting an intestinal origin of histamine intolerance is growing [3]. A group
of Austrian researchers found that the mucosal damage caused by gastroenteritis, irritable
bowel syndrome (IBS), short bowel syndrome or gastrointestinal surgery led to a concomi-
tant decrease in DAO and lactase activities [19]. Moreover, recent studies have suggested
that reduced DAO activity may be linked to nonceliac gluten sensitivity [20-22]. Another
cause of DAO deficiency could be an alteration in the composition of the gut microbiota,
although to date only one study has explored this hypothesis [23]. Schink et al. (2018)
reported that the intestinal dysbiosis in patients diagnosed with histamine intolerance
could contribute to mucosal inflammation, a condition that impairs DAO activity [23].
Additionally, the fact that a range of bacterial strains in the human gut are able to pro-
duce (Enterococcus faecalis, Bifidobacterium pseudocatenulatum, Lactobacillus gasseri, Escherichia
coli, Morganella morganii and Proteus mirabillis) and degrade (Escherichia coli and Klebsiella
pneumoniae) histamine suggests that dysbiosis could influence histamine levels in the intes-
tine [24]. In this context, the aim of this work was to characterize the composition of the
gut microbiota of patients with symptoms of histamine intolerance and compare it with
that of healthy individuals.

2. Materials and Methods
2.1. Study Design

The study was carried out with 26 volunteers, including 12 patients diagnosed with
histamine intolerance (HIT group), who were recruited from a nutrition and dietetic centre
specialized in the dietary management of DAQO deficiency (DAO Deficiency Clinical Insti-
tute, Barcelona, Spain). The inclusion criteria for the histamine-intolerant patients were
as follows: age between 18 and 65 years; diagnosis of histamine intolerance based on two
or more symptoms described by Maintz and Novak (2007) [25]; and negative results for
food allergen-specific IgE. The exclusion criteria were pregnancy, lactation, having started
a low-histamine diet and having taken antibiotics and/or probiotics the month before the
study. The 14 healthy individuals in the control group, who were free of histamine intol-
erance symptoms, were recruited from the Food and Nutrition Campus of the University
of Barcelona.

Demographic characteristics and clinical symptoms of all study participants were
recorded. For the intestinal microbiota and histamine concentration analysis, walnut-sized
stool samples were self-collected in sterile vials and stored at —80 °C until their analyses.
For the HIT group, plasma DAO activity was also analyzed using a Radio Extraction
Assay (REA) according to the manufacturer’s instructions (Sciotec Diagnostic Technologies,
Tulln, Austria).

All participants were informed in detail about the aim and procedure of the study and
gave their written informed consent prior to study inclusion. The study was approved by
the Bioethics Committee of the University of Barcelona (IRB00003099).
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2.2. Intestinal Microbiota and Histamine Concentration Analysis in Stool Samples

Bacterial DNA was isolated from stool samples using a QIAamp Power Fecal Pro
DNA kit (QIAGEN, Germantown, MD, USA) following the manufacturer’s instructions.
DNA concentration was measured by BioDrop uLite (Biotech, Madrid, Spain). To analyze
the composition of the gut microbiota, sequencing of the V3-V4 region of bacterial 16S
rRNA was performed on the Illumina MiSeq platform by the Genomic and Bioinformatic
Service of the Autonomous University of Barcelona. Then, bioinformatics analysis of the
microbiota composition was performed with EzBiocloud Database (ChunLab, Inc., Seoul,
Korea). For the 165 rRNA amplicons, sequence data were deposited on the NCBI database
by the Bioproject PRINA811749.

Stool histamine was determined by a competitive enzyme linked immunoassay using
the Histamine ELISA kit from Immunodiagnostik AG (Bensheim, Germany) according to
the instructions provided by the manufacturer.

2.3. Statistical Analysis

Statistical analyses of participant characteristics and the histamine concentrations in
stool samples were performed using the IBM SPSS Statistics 25.0 statistical software package
(IBM Corporation, Armonk, NY, USA), applying Student’s t or Mann-Whitney tests after
the Kolmogorov-Smirnov test for normal distribution. Differences in the microbiota com-
position between groups were analyzed by the Kruskal-Wallis test for non-parametric data.
Alpha diversity was measured using the Shannon index and Simpson’s index, and, for beta
diversity, Bray—Curtis dissimilarity analysis was performed and visualized using principal
coordinates analysis (PCoA). p-values of p < 0.05 were considered statistically significant.

3. Results and Discussion
3.1. Participant Characteristics

All participants in the HIT group were female and aged between 21 and 65 years
(mean 40.4 + 12.4). In the control group, the volunteers were 71.4% female and 24-55 years
old (40.4 £ 12.4), and no significant differences were observed between the sexes in any of
the study parameters (Table 1).

Table 1. Characteristics of the participants from the control and HIT groups.

.. , - Groups
Participants’ Characteristics Control HIT
1 (%) 14 (53.9%) 12 (46.2%)
Age (average years & SD) 404 +125 404 +124
Male [n (%)] 4 (28.6%) 0 (0%)
Female [1 (%)] 10 (71.4%) 12 (100%)
Body Mass Index (BMI) [average + SD] 23.7+32 222+6.0

The symptoms described by histamine-intolerant patients are summarized in Table 2.
Gastrointestinal and neurological disorders were reported by 83% of patients with his-
tamine intolerance, followed by dermatological (50%) and respiratory complaints (33%).
The mean number of symptoms per patient was 4.3, although it was striking that two
patients reported 7 and 8 symptoms, respectively. Overall, the most frequently reported
symptoms were bloating and headache, followed by flatulence; diarrhoea; heart burn; and
abdominal, muscular and articular pain. These were also the most common symptoms in
histamine-intolerant patients identified by Schendl et al. (2019) in a cohort of 133 individu-
als [15]. It is worth mentioning that approximately half of the patients in the present study
were underweight, with body mass index (BMI) values below 18.5.
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Table 2. Clinical manifestations reported by the HIT group (n = 12).

Symptoms Frequency (%) *
Gastrointestinal tract
Bloating 75
Flatulencies 33
Abdominal pain 25
Diarrhoea 25
Heartburn 25
Constipation 17
Nausea 17
Skin

Urticaria 17
Atopic skin 17
Pruritus 8
Eczema 8

Neurologic system

Headache 75
Dizziness 8
Respiratory apparatus
Asthma 17
Rhinitis 8
Shortness of breath 8
Other symptoms
Muscular/articular pain 25
Fatigue 17
Insomnia 8

* The frequency (%) refers to the number of patients suffering these symptoms within the HIT group.

DAO plasmatic activity was deficient in 10 out of the 12 patients with symptoms of
histamine intolerance (<10 U/mL). Although DAO plasmatic activity has been proposed as
a potential marker of histamine intolerance, its reported prevalence varies greatly (values
ranging from 8% to 88%), depending on the study and the symptoms [26]. Discrepancies
in the data could be explained by the variable etiology of DAO deficiency, which may be
genetic in origin, a secondary symptom of gastrointestinal pathologies, or arise from the
consumption of DAO-inhibitor drugs.

3.2. Intestinal Microbiota Composition and Stool Histamine Concentration

The intestinal microbiota of HIT and control groups was analyzed and compared
in terms of phylum, family, genus and species. The two study groups shared a similar
profile of phyla (Figure 1a), with Firmicutes and Bacteroidetes being the most dominant
(approximately 90% of the total gut microbiota). Although without statistical significance,
the HIT group showed a slightly higher relative abundance of the phylum Proteobacte-
ria (3.52%) in comparison with the control group (1.88%). Similarly, Schink et al. (2018)
reported higher levels of Proteobacteria in patients with histamine intolerance symptoms.
According to this work, the intestinal overgrowth with Proteobacteria could result in a
low-grade intestinal inflammation that could lead to epithelial dysfunction. High propor-
tions of this phylum have also been found in patients with different intestinal disorders,
such as Crohn’s disease, ulcerative colitis, colorectal cancer and IBS [27-30]. Intestinal
inflammation may increase the amount of oxygen available in the intestinal lumen, result-
ing in a shift from obligate anaerobic bacteria towards facultative anaerobic bacteria, such
as Proteobacteria. Consequently, an increase in its abundance has been postulated as a
hallmark of dysbiosis [31,32].
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Figure 1. Relative abundance (%) of bacteria at the level of (a) phylum, (b) family, (c) genus and
(d) species in control and histamine intolerance (HIT) groups. The genera and species are only
represented if differences between the study groups were significant.

Regarding bacterial families, Lachnospiraceae (Firmicutes), Ruminococcaceae (Firmicutes)
and Bacteroidaceae (Bacteroidetes) represented more than 50% in both the control and HIT
groups (Figure 1b). Statistically significant differences between groups were observed in
four bacterial families (p < 0.05) (Table 3). For example, a lower abundance of Prevotellaceae
(Bacteroidetes) was found in the HIT group. An under-representation of several members
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of this family group may indicate reduced mucin synthesis, which has been associated
with increased gut permeability [33]. Schink et al. (2018) reported higher mean values of a
marker of intestinal permeability (zonulin) in histamine intolerance patients in comparison
with those recommended for the healthy population, suggesting a mild alteration of
gut permeability in these patients [23]. According to these authors, an increased gut
permeability facilitates the penetration of microbial metabolites, such as histamine, and, in
turn, could lead to histamine-associated symptoms. Additionally, bacteria belonging to the
Prevotellaceae family have been associated with a range of functions in the organism, such as
interaction with the immune system and the synthesis of thiamine, folate and short-chain
fatty acids [33].

Table 3. Differences in the relative abundance (%) of bacterial families between the control and HIT
groups. Data are presented as average + SD.

Family Phylum Control HIT p-Value
Acholeplasmataceae  Tenericutes 0.001 + 0.002 0.002 + 0.001 0.03
Actinomycetaceae Actinobacteria 0.012 +0.011 0.027 + 0.024 0.02
Prevotellaceae Bacteroidetes 7422 +7.996 1.548 £ 2.408 0.04
Staphylococcaceae Firmicutes 0.002 + 0.007 0.014 + 0.029 0.03

All the genera and species identified in the microbiome of both study groups are shown
in the Supplementary Material (Supplementary Tables S1 and S2). Overall, statistically
significant differences were found in the relative abundance of 21 genera and 30 species
between control and HIT groups (p < 0.05) (Figure 1c,d). In their study with histamine-
intolerant patients, Schink et al. (2018) reported significant differences in five bacterial
genera, including only those with an abundance greater than 0.01% [23]. Applying the
same criterion, in the present study, more differences were identified at the genus level (up
to nine).

Although the relative abundance of Ruminococcus in the control group was highly
variable, it was statistically significantly lower in individuals with histamine intolerance
(p < 0.05) (Figure 2). Ruminococcus is thought to play a role in maintaining a healthy
human gut [34]. Members of this genus can degrade complex polysaccharides into a
variety of simple sugars, making them more available for the epithelium cells of the
large intestine [34,35]. The relative abundance of the genus Faecalibacterium (Figure 2),
especially the species Faecalibacterium prausnitzii (Figure 3), was also significantly lower
in the HIT group (p < 0.05). Proposed as a marker of gut health, F. prausnitzii is one
of the most prevalent and abundant producers of butyrate in the human gut, a short-
chain fatty acid that represents the main energy source for colonocytes, and it displays
protective properties against colorectal cancer and inflammatory bowel diseases [36-38].
Regarding Bifidobacterium and Lactobacillus (Figure 2), two other bacterial genera frequently
associated with good intestinal health, no significant differences were found between the
two groups. Only two species displayed a lower mean relative abundance in the HIT group
(Bifidobacterium adolescentis, p = 0.034 and Lactobacillus rogosae, p = 0.017) (Supplementary
Table S2).

Conversely, the genera Staphylococcus and Proteus were significantly more abundant
in the HIT group (p < 0.05), with mean values 7- and 1.8-fold higher than in the control
group, respectively (Figure 2). Several bacteria from these genera have shown an important
capacity to form histamine [39-41]. Moreover, members of the family Enterobacteriaceae,
known to be among the most prolific histamine-producing bacteria, were also significantly
more abundant in the HIT group (Figure 2) [39-41], although they could not be identified
at the genus level. It should be mentioned that the ability to form histamine is reported to
be strain-dependent [42].
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Figure 2. Relative abundance (%) of different genera in the control and HIT groups. Mean values
are represented with an x and values statistically considered as outliers (atypical values) are plotted
as circles.

To date, studies on histamine-producing bacteria have been mainly focused on strains
isolated from food samples. However, the histaminogenic capacity of the gut microbiota has
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been studied only recently, and data are still limited [32,43,44]. A systematic in silico search
published in 2021 identified 117 species with a putative histamine-secreting capacity within
the human gut microbiome [32], many of them belonging to genera extensively reported as
histaminogenic, such as Morganella, Lactobacillus, Staphylococcus, Photobacterium and Clostrid-
ium [24,41,42]. For example, according to Mou et al. (2021), Clostridium perfringens is one of
the species most frequently associated with the enzyme histidine decarboxylase, regardless
of strain [32]. In the present study, the occurrence of C. perfringens (Figure 3), a bacterium
responsible for several gastrointestinal disorders, was more frequently identified in the
HIT group and only in two healthy individuals. Similarly, the abundance of Enterococcus
faecalis, Proteus mirabilis and Escherichia coli tended to be higher in the HIT group (Figure 3).
These species were isolated from the human gut by Pugin et al. (2017) and identified as
producers of histamine as well as other biogenic amines, such as putrescine, cadaverine
and tyramine [24].
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Figure 3. Relative abundance (%) of different species in the control and HIT groups. Mean values
are represented with an x and values statistically considered as outliers (atypical values) are plotted
as circles.

It has been suggested that histamine secreted by the gut microbiota could have an
impact on the health or disease status of the host. In the present study, the higher abun-
dance of intestinal histaminogenic bacteria found in histamine-intolerant patients could
have resulted in an excess accumulation and systemic absorption of histamine. Notably,
patients with histamine intolerance frequently suffer from DAO deficiency, which could
also enhance the toxicity of intestinal histamine. Additionally, an excess of histamine
could negatively affect the inflammatory state of the intestinal mucosa. High amounts of
histamine secreted by gut bacteria were linked to a proinflammatory response and signs of
deteriorating health in murine specimens [43,45,46]. Mishima et al. (2020) suggested that
intestinal dysbiosis, involving an over-representation of histamine-secreting bacteria and
higher intestinal histamine levels, was potentially associated with the development and
aggravation of IBS [47]. After analyzing 2451 stool metagenomes, Mou et al. (2021) also
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found that putative histamine-secreting bacteria were significantly enriched in patients
with ulcerative colitis and Crohn’s disease [32]. According to these authors, the enrichment
of histamine-secreting speciesin IBD patients was not attributed to asingle taxon but highly
dependent to the cohort characteristics. Theinvolved bacterial taxons included Actinobac-
teriota, Firmicutes, Proteobacteria and Bacteroidiota, depending on the study; some of them
were also found to beincreased in the HIT patients from the current study [32]. Another
study observed a higher abundance of histamine-producing bacteria in adults diagnosed
with asthma [48]. These previous studies, together with the current results, support the
potential association between histamine-secreting bacteria and the inflammatory status
occurring in thiskind of disorder. In contrast, some studies, both in vitro and in murine
models, have demonstrated that intestinal histamine exertsimmunomodulatory effects by
suppressing the production of proinflammatory interleukines [49,50].

Concerning the histamine concentration in stools, no significant differences were
found between study groups (p = 0.681). Asshown in Figure 4, the majority of both healthy
and histamine-intolerant individuals (71% and 92%, respectively) displayed fecal histamine
levels within the normal range (<959 ng/ g stool). The obtained results arein accordance
with those of Schink et al. (2018), who also found very similar histamine levels among stool
samples [23]. Therefore, the increased presence of histamine-secreting bacteria found in the
HIT group was not associated with a higher histamine excretion in feces.

12,000

5 .
3
5
=
> 6,000 .
£
S 30007
s
32,5001
3
2
5
8
© 20001 o
=
£ o
s
B 1,500 X
=
5
2
B 1,000
—
5001 %
04
Control HIT

Figure 4. Occurrence of histamine (ng/ g stool) in fecal samples of control and HIT groups. Samples
above the dotted line are above the normal range (<959 ng/ g stool). Mean values are represented
with an —and values statistically considered as outliers (atypical values) are plotted as circles.

3.3. Bacterial Diversity

Bacterial species diversity was evaluated through indices of alpha diversity (Shannon
and Simpson indices) and beta diversity (multidimensional scaling by PCoA and Bray—
Curtis dissimilarity). Regarding alpha diversity, which is a measurement of the mean
species diversity within the human gut, no significant differences were observed between
the HIT and control groups for any of the evaluated indices (Shannon index, p = 0.411 and
Smpson index, p = 0.681). Figure 5 shows the number of identified species belonging to the
main genera that differed significantly in abundance between the two groups. Although
the HIT group showed asignificantly different proportion of genera with the capacity to
form histamine (Staphylococcus and Proteus) and genera considered as a biomarker of a
healthy gut (Ruminococcus and Faecalibacterium), these differences were not observed in
terms of species number. However, alower diversity in Bifidobacterium and Lactobacillus
species was observed in the HIT group, with individuals showing only 69% and 59% of the
species found in the control group, respectively (Figure 5).
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Figure 5. Venn diagrams of specific and shared Operational Taxonomic Units (OTUs) detected for
Ruminococcus, Faecalibacterium, Bifidobacterium, Lactobacillus, Staphylococcus and Proteus genera in the
control and HIT groups.

In disagreement with our results, Schink et al. (2018) found a lower alpha diversity in
a group of 8 histamine-intolerant individuals in comparison with 10 healthy subjects [23].
Similar discrepancies exist in studies on other types of food intolerance or gastrointestinal
disorders, some observing a reduced alpha diversity in patient groups [51-53] and others
reporting no differences in this parameter [54,55].

Beta diversity refers to the interindividual differences in the distribution pattern of
genera and species. In this case, beta diversity determined by the Bray-Curtis index showed
statistically significant differences between the two groups, both for genera (p = 0.024) and
species (p = 0.029). As shown in Figure 6, the samples of the HIT group are more scattered
compared to those of healthy individuals, which denotes a higher degree of heterogeneity
in their intestinal microbiota.
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Figure 6. Beta diversity at the (a) genus and (b) species level determined by the Bray—Curtis index
and principal coordinates analysis (PCoA). PC in both axes means “principal component”.

4. Conclusions

An imbalance or dysbiosis of the gut microbiota was observed in patients with his-
tamine intolerance in comparison with healthy individuals. In the HIT group, the relative
abundance of bacteria associated with gut health, namely Prevotellaceae, Ruminococcus,
Faecalibacterium and Faecablibacterium prausnitzii, was significantly lower, whereas that of
histamine-secreting bacteria was significantly higher, including the genera Staphylococcus
and Proteus, several unidentified genera belonging to the family Enterobacteriaceae, and the
species Clostridium perfringens and Enterococcus faecalis. A greater abundance of histamino-
genic bacteria may favor the accumulation of high levels of histamine in the gut and its
subsequent absorption in plasma, which can trigger adverse health effects. The ability to
degrade histamine derived from an intestinal dysbiosis would be easily overwhelmed in
individuals with DAO deficiency. This dysbiosis could also provoke mucosal inflammation,
a condition that impairs DAO functionality. Therefore, an over-representation of histamine-
forming bacteria in the gut could be another possible origin of histamine intolerance.

The main limitations of the present study are the small size of each sample group,
the lack of male representation in the HIT group, and in some cases, the impossibility of
classifying bacteria beyond the family or genus level. Moreover, the fact that approximately
half of the participants from the HIT group showed a reduced BMI may also be considered
as a drawback of this study as it could be another factor influencing the gut microbiota com-
position. These limitations should be born in mind in further studies aimed at elucidating
the relationship between intestinal dysbiosis and histamine intolerance. Next steps should
focus on the development of studies with a more ambitious design considering a higher
number of participants to better understand until what extent an imbalance in the presence
of histamine-secreting bacteria or gut health-related bacteria would be etiologically linked
with the symptomatology of histamine intolerance. Moreover, it would also be of interest
to assess the potential influence of the follow-up of a low-histamine diet in the intestinal
microbial pattern of histamine-intolerant individuals.
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3.5. Avaluacié de potencials canvis en el perfil i composici6 de la
microbiota intestinal en un petit subgrup de pacients al llarg del
tractament dietétic de la intolerancia a la histamina

PUBLICACIO 6

The dietary treatment of histamine intolerance reduces the abundance of some
histamine-secreting bacteria of the gut microbiota in histamine intolerant
women. A pilot study

Sonia Sanchez-Pérez, Oriol Comas-Basté, Adriana Duelo, M. Teresa Veciana-
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PLANTEJAMENT | OBJECTIU

Diferents estudis han avaluat I'efecte del seguiment de dietes restrictives, com per
exemple, dietes baixes en gluten, en FODMAPS o en lactosa, en el perfil i la
composicio de la microbiota intestinal dels individus que les segueixen, observant-
se una reduccidé en l'abundancia de certs bacteris beneficiosos per a la salut
intestinal, especialment dels generes Bifidobacterium i Lactobacillus. Com s'ha
assenyalat anteriorment en I'apartat 3.4, els individus diagnosticats d'intolerancia a
la histamina van presentar una disbiosi intestinal, caracteritzada per un increment
de certs grups bacterians relacionats amb la formacié d'histamina (Staphylococcus,
Proteus, géneres pertanyents a la familia Enterobacteriaceae, Clostridium
perfringens i Enterococcus faecalis), aixi com per una pérdua de bacteris amb
potencials efectes beneficiosos per a la salut intestinal. No obstant, segons el nostre
coneixement, no es disposa de cap informacié sobre que succeeix amb la
microbiota intestinal quan aquests pacients son tractats amb una dieta baixa en

histamina, juntament amb una suplementacié amb enzim DAO exogen. Per aquest
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motiu, es va realitzar un primer estudi preliminar amb I'objectiu d'avaluar potencials
canvis en la composicié de la microbiota intestinal en un grup de cinc dones que

segueixen el tractament dietétic per la intolerancia a la histamina.

METODOLOGIA

Aquest estudi pilot es va dur a terme amb un subgrup de cinc dones procedents de
I'estudi anterior sobre la caracteritzacio de la microbiota intestinal d'individus amb
intolerancia a la histamina (apartat 3.4.). Aquestes dones eren pacients del centre
de nutricié i dietetica especialitzat en la gestio dietética del deficit de DAO (Institut
Clinic del Deficit de DAO, Barcelona, Espanya), el qual va monitoritzar el sequiment
del tractament dietétic de la intolerancia a la histamina (dieta baixa en histamina i
suplementacié amb DAO), aixi com l'evolucié dels simptomes. A temps inicial
(abans de I'inici del tractament dietétic) totes les pacients van mostrar una activitat
DAO reduida (<10 U/mL). En aquest mateix punt de I'estudi, i segons la informacio
aportada pel centre de nutrici6, les manifestacions cliniques van ser principalment
gastrointestinals (inflor abdominal, acidesa, flatuléncies, diarrea i dolor abdominal)

seguit de cefalees i simptomes dermatologics.

El nostre estudi ha avaluat la composicié de la microbiota intestinal d’aquestes
pacients al llarg de nou mesos del seu tractament dietéetic. Les mostres de femta
van ser recollides a temps inicial i al final de cada fase de la dieta baixa en histamina
(2, 619 mesos). En la primera fase o fase restrictiva d’aquesta dieta (dos mesos de
durada), el centre de nutricié i dietetica va excloure els aliments susceptibles de
contenir histamina o altres amines biogenes. En la segona fase (de quatre mesos)
es va procedir a la reintroduccié gradual d'alguns aliments exclosos, principalment
aquells sense 0 amb baixos nivells d'histamina pero amb continguts d'altres amines.
Finalment, en la ultima fase, es van reintroduir la resta d'aliments segons la
tolerancia interindividual als continguts d'histamina per tal d'assolir una dieta el

més equilibrada possible (en el nostre estudi, aquesta fase es va seguir durant tres
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mesos). Al llarg de totes les fases, es va administrar una suplementacié amb DAO

exogen d'origen porci 20 minuts abans dels principals apats.

La determinacié de la composicié de la microbiota intestinal es va dur a terme
mitjangant la sequenciacio de les regions V3-V4 d'ARNr 16S bacteria a través de la
plataforma Illumina MiSeq (Servei Gendomic i Bioinformatic de la Universitat
Autonoma de Barcelona). Els analisis bioinformatics es van realitzar amb la base de
dades EzBioCloud (ChunLab, Inc., Seul, Corea). L'alfa-diversitat es va mesurar
utilitzant I'index de Shannon i I'index de Simpson. La determinacié de la beta-
diversitat es va realitzar mitjancant I'index de dissimilitud de Bray-Curtis representat

en un analisi de coordinades principals (PCoA).

L'estudi va ser aprovat pel Comité de Bioetica de la Universitat de Barcelona
(IRBO0003099).

RESULTATS

En base a la informacié aportada pel centre de nutricid, després del tractament
dietetic tots les pacients van presentar una reduccié en el nombre de simptomes,

encara que en cap cas es va arribar a una remissio total de la simptomatologia.

Pel que fa a la composicié de la microbiota intestinal, totes les pacients amb
intolerancia a la histamina considerades en aquest estudi presentaven una disbiosi
intestinal abans de comencar el tractament dietétic en comparacié amb el grup
control de I'anterior estudi (apartat 3.4.). Al llarg del tractament dietetic, a nivell de
filums es va observar que, 4 de les 5 pacients van mostrar un perfil similar (p>0,05),
essent Firmicutes i Bacteroides els filums amb una major abundancia.
Excepcionalment, una pacient va mostrar una elevada proporcié del filum
Proteobacteria a temps inicial (24%) en comparacié amb la resta de les pacients
(1% - 2,5%). Després de dos mesos de tractament dietétic, es va observar una
reduccid de fins al 90% en I'abundancia relativa de Proteobacteria en aquesta

pacient.
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Pel que fa a les families bacterianes, es van detectar diferéncies significatives en un
total de 21 grups, tots ells amb una abundancia relativa per sota de I'1%. A més, es
va trobar una reduccié en el nombre total de families, que van disminuir des de les
79 a l'inici de I'estudi fins a les 58 als nou mesos de tractament dietétic. La majoria
de les families bacterianes que es van reduir amb el temps de tractament, estaven
relacionades amb efectes no desitjables, com per exemple, Morganellaceae i
Pseudomanadaceae, ambdds descrites per contenir bacteris amb una elevada

capacitat histaminogeénica.

Als nou mesos de gestié dietetica es van trobar canvis estadisticament significatius
en 44 generes i 64 espécies. Concretament, es va observar una reduccié en
I'abundancia relativa de bacteris amb reconeguda capacitat per formar histamina.
Per exemple, la presencia del genere Proteus i de I'especie Proteus mirabilis va
reduir-se drasticament a partir del segon mes de tractament, trobant-se absents en
totes les pacients a partir del sise mes. Raoutella, un altre genere bacteria descrit
com a histaminogenic, va mostrar també una reducci6 estadisticament significativa.
D’altra banda, totes les pacients d'aquest estudi van mostrar un increment en la
proporcié de Roseburia spp., espécies amb capacitat de formar acids grassos de

cadena curta (AGCQ) i, per tant, amb propietats beneficioses per I'organisme.

Pel que fa a la diversitat bacteriana, no es van observar canvis en cap de les pacients
al llarg del tractament dietetic en termes d'alfa-diversitat (index de Shannon i index
de Simpson, p>0,05) i de beta-diversitat (dissimilitud Bray-Curtis p>0,05). No
obstant, i encara que sense significacio estadistica, als nous mesos d'estudi, tres de
les cinc pacients van mostrar canvis en el perfil microbia, ressemblant-se més als

perfils observats en el grup d'individus sans de I'anterior estudi (apartat 3.4.).

Aquest estudi preliminar presenta certes limitacions entre les quals destaquen la
reduida mida mostral i la falta d'un grup control sense intolerancia a la histamina
que seguis el mateix tractament dietéetic. També han de tenir-se en compte altres
limitacions, com la falta de representaci6 masculina, de dades sobre el consum

d'aliments i sobre els canvis en la intensitat dels simptomes.
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TAKE-HOME MESSAGE ‘ﬁ
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la histamina s'ha vist modificat durant el tractament dietétic d'aquesta

| perfil i composicié de la microbiota intestinal en dones amb intolerancia a

intolerancia, principalment en una reducci6 de la proporcié de bacteris
descrits com a formadors d’'histamina. Aquests resultats corresponen a un
petit estudi pilot i necessiten ser confirmats amb més treballs que incloguin

\_ /

n major nombre de pacients.
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Restrictive diets for the treatment of different gastrointestinal disorders are
reported to change the composition of intestinal microbiota. Recently, it
has been proposed that individuals with histamine intolerance suffer from
intestinal dysbiosis, having an overabundance of histamine-secreting bacteria,
but how it is still unknown this state is affected by the usual dietary treatment
of histamine intolerance [i.e., low-histamine diet and the supplementation
with diamine oxidase (DAO) enzyme]. Thus, a preliminary study was carried out
aiming to evaluate the potential changes on the composition of the intestinal
microbiota in a group of five women diagnosed with histamine intolerance
undergoing 9 months of the dietary treatment of histamine intolerance. After
sequencing bacterial 16S rRNA genes (V3-V4 region) and analyzing the data
using the EzBioCloud Database, we observed a reduction in certain histamine-
secreting bacteria, including the genera Proteus and Raoultella and the specie
Proteus mirabilis. Moreover, it was also observed an increase in Roseburia spp.,
a bacterial group frequently related to gut health. These changes could help to
explain the clinical improvement experienced by histamine intolerant women
underwent a dietary treatment.

KEYWORDS

histamine intolerance, intestinal microbiota, gut dysbiosis, low-histamine diet, DAO
supplementation, histamine-secreting bacteria
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Sénchez-Pérez et al.

Introduction

Dietary habits are among the external factors that exert
the most influence on the composition of the intestinal
microbiota (1-3). To date, several studies have evaluated the
impact of different macro and micronutrients on intestinal
microbial patterns (4-6). It has been demonstrated that a high
consumption of animal proteins, saturated fat, sugar, and salt
could weaken the intestinal barrier due to a higher growth of
certain pathogenic bacteria (1). On the contrary, a diet rich
in complex polysaccharides and plant protein could be related
to an increase of certain health-related bacteria capable of
stimulating the production of short-chain fatty acids (SCFA) in
the intestines (1).

Several disorders affecting the gastrointestinal tract, such
as food intolerances, irritable bowel syndrome (IBS) or celiac
disease, can be managed by following highly restrictive diets
(7-11). However, over time, these diets can have a negative
impact on the composition of the intestinal microbiota,
although this is a more complex relationship (11-15). In
a recent study by Lenhart et al. IBS patients following
low-FODMAP (Fermentable Oligosaccharides, Disaccharides,
Monosaccharides, and Polyols), gluten-free or dairy-free diets
showed significant differences in bacterial beta diversity and a
reduction in the abundance of Bifidobacterium, Lactobacillus,
and Prevotella genera (13). Similarly, De Palma et al. reported
a reduction in the genera Bifidobacterium and Lactobacillus
in healthy individuals following a gluten-free diet (14). These
unwanted effects could be explained by the exclusion of
FODMAPs and lactose, described as dietary carbohydrates with
prebiotic actions, and gluten-containing foods such as wheat or
barley, which are a source of prebiotic fructans (15-17).

Histamine intolerance is a food-related disorder caused
by impaired histamine degradation at the intestinal level due
to a deficiency in the enzyme diamine oxidase (DAO) (10).
Affected individuals suffer a wide range of gastrointestinal and
extraintestinal symptoms, such as bloating, diarrhea, abdominal
pain, postprandial fullness, constipation, flatulences, headache,
tachycardia, hypotonia, pruritus, eczema, urticaria, rhinitis, and
nasal congestion. These manifestations usually appear after
the consumption of foods containing histamine and/or other
biogenic amines (18). In the last decade, new evidence regarding
the aetiopathogenesis of histamine intolerance has been
published (19-23). Several single nucleotide polymorphisms
encoding a DAO enzyme with reduced histamine degradation
capacity have been described as potential genetic causes of
histamine intolerance (19, 23). Moreover, impaired DAO
activity can also be temporary and reversible, being secondary
to certain gastrointestinal disorders or as a side effect of some
widely used pharmacological drugs (20). More recently, two
studies have suggested that dysbiosis of the intestinal microbiota
may play a role in this condition (24, 25). In 2018, Schink
et al. demonstrated that patients with symptoms of histamine
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intolerance have an imbalance of the gut microbiota and an
impaired intestinal barrier, which could lead to a deficiency
in DAO catabolic activity (24). According to these authors,
intestinal dysbiosis may contribute to mucosal inflammation
and, in turn, favor the development of a leaky gut with the
subsequent potential reduction of DAO enzymatic activity.
Intestinal inflammation affecting mucosal integrity have been
identified as a cause of low DAO activity by other previous works
(26-28). In addition, it may be hypothesized that intestinal
dysbiosis could be related to histamine intolerance by a possible
higher presence of histaminogenic bacteria that could favor
the accumulation of histamine at intestinal level, as well as,
by a lower presence of bacteria with histaminolytic activity.
In fact, the study performed by Mou et al. identified a total
of 117 species from the human gut microbiome with the
ability to form histamine (29). Moreover, Sinchez-Pérez et al.
recently reported a higher proportion of histamine-secreting
bacteria (e.g., Staphylococcus, Proteus, Clostridium perfringens,
and Enterococcus faecalis) in patients with histamine intolerance
in comparison with a healthy control group. These authors
also reported alterations in gut bacterial diversity in histamine
intolerant individuals (25). It would be important to consider
that an intestinal dysbiosis could not be, by itself, the only
cause of histamine intolerance but would probably aggravate
the symptoms derived from other primary causes of a DAO
deficiency (genetic or pathological). In fact, a dysbiosis could
help explain the varying severity of symptoms frequently
reported in individuals with histamine intolerance (30).

The usual dietary management of histamine intolerance
is the follow-up of a low-histamine diet. These diets are
based on the exclusion of histamine-containing foods (10, 31).
As this amine in foods is mainly formed by the bacterial
decarboxylation of the precursor aminoacid histidine, the
foods susceptible to contain high histamine levels are those
fermented or microbiologically altered (by the action of
the fermentative bacteria or spoilage bacteria, respectively)
(32, 33). Thus, dry-fermented sausages, cured cheese, and
other fermented products, together with preserved and semi-
preserved fish derivatives, can easily accumulate high histamine
levels. Moreover, certain other foods, such as citrus fruits,
strawberry, banana and nuts, that do not contain histamine
but may contain other biogenic amines (e.g., putrescine and/or
cadaverine) are also frequently excluded within low-histamine
diets (31). The presence of these other amines can exert an
inhibitory effect on the degradation of histamine by DAO
enzyme due to the competition for this degradation system
(18). Finally, the dietary treatment of histamine intolerance also
considers the supplementation with exogenous DAO enzyme to
enhance the intestinal degradation of histamine (10, 31).

There is still a lack of information about what happens to the
gut microbiota when histamine intolerant patients are treated
with a restrictive low-histamine diet and DAO supplementation.
Therefore, a first preliminary study was carried out with the
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aim to evaluate potential changes on the composition of the
intestinal microbiota in a group of five women undergoing the
dietary treatment of histamine intolerance.

Materials and methods
Study design

A previous study was conducted in histamine intolerant
patients and healthy individuals to characterize and compare
the intestinal microbiota composition (25). The current pilot
study was carried out with a subgroup of five women from
the histamine intolerant group who presented at least three
symptoms associated with histamine intolerance. The inclusion
criteria were as follows: age between 18 and 65 years; diagnosis
of histamine intolerance based on two or more symptoms and
negative results for food allergen-specific IgE. The exclusion
criteria were pregnancy, lactation, having started a low-
histamine diet, and having taken antibiotics and/or probiotics
the month before the study. Considering that the female
sex seems prevalently affected by histamine intolerance (34),
five women were included in the present pilot study. These
women were patients from a nutrition and dietetic center
specialized in the dietary management of histamine intolerance
(DAO Deficiency Clinical Institute, Barcelona, Spain), where
the follow-up of the dietary treatment, as well as the evolution
of the symptomatology, were monitored. Table 1 displays
the baseline characteristics of each patient (age, serum DAO
activity, and symptoms). All women showed deficiency in serum
DAO activity. The reported clinical manifestations were mainly
gastrointestinal (i.e., bloating, heart burn, flatulence, diarrhea,
and abdominal pain), followed by headache and dermatological
complaints, such as pruritus and eczema. One patient also
reported insomnia, muscular pain, and articular pain.

The current study aimed to evaluate the microbiota
composition of these patients along 9-month of this dietary

TABLE 1 Baseline characteristics of each patient with
histamine intolerance.

Patient  Age DAO activity Clinical symptoms
(years) (U/mL)

1 65 9.55 Headache, abdominal bloating,
and heart burn.

2 31 650 Diarrhea, flatulences, and
abdominal bloating.

3 44 9.80 Headache, diarrhea, abdominal
bloating, articular pain, muscular
pain, and insomnia

4 27 7.70 Diarrhea, abdominal pain,
flatulences, and abdominal
bloating.

5 56 9.15 Headache, eczema, and pruritus.
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treatment (low-histamine diet and DAO supplementation).
Figure 1 summarizes the study protocol, in which a total of
four stool samples of each patient were collected: at baseline
(before starting the dietary treatment) and at 2, 6, and 9 months
of the study. Moreover, Figure 1 also details the phases of
the dietary treatment prescribed by the nutrition and dietetic
center specialized in the dietary management of histamine
inolerance. The first phase was the shortest but also the most
restrictive, involving the exclusion of all foods with histamine,
and/or other biogenic amines. In the second phase, some
excluded foods, mainly those without or with low histamine
levels but containing other biogenic amines, were gradually
reintroduced. Finally, in the last phase, the rest of excluded foods
were progressively reintegrated as much as possible according
to interindividual tolerance to histamine content in order to
achieve a properly long-term balanced diet. During all phases,
DAO supplements formulated with porcine kidney protein
extract were administered 20 min prior to each main meal
(Figure 1).

Plasma DAO activity was also analyzed using a Radio
Extraction Assay (REA) according to the manufacturer’s
instructions (Sciotec Diagnostic Technologies, Tulln, Austria).
Values below 10 U/mL (Histamine Degrading Units) are
considered as DAO deficient.

All participants were given detailed information about
the aim and procedure of the study and gave their written
informed consent prior to study inclusion. The study was
approved by the Bioethics Committee of the University of
Barcelona (IRB00003099).

Determinations in stool samples

The composition of the gut microbiota was determined by
isolation of the bacterial DNA from stool samples (QIAamp
Power Fecal Pro DNA kit, QIAGEN, Germantown, MD,
USA) and subsequent sequencing of the V3-V4 region
of 16S rRNA (Illumina MiSeq platform) at the Genomic
and Bioinformatic Service of the Autonomous University
of Barcelona. Bioinformatics analysis of the microbiota
composition was performed with the EzBiocloud Database
(ChunLab, Inc., Seoul, Korea). For the 16S rRNA amplicons,
baseline sequence data were previously deposited in the
NCBI database by the Bioproject PRJNA811749 (25). The
sequence data related to months 2, 6, and 9 of the dietary
treatment were deposited in the NCBI database by the
Bioproject PRINA842201.

Statistical analysis

Differences in the microbiota composition during the 9-
month study were analyzed by the Kruskal-Wallis test for
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non-parametric data. Alpha diversity was measured using the dietary management of histamine intolerance. According to this
Shannon index and Simpson’s index, and beta diversity was information, all patients experienced a general improvement
calculated by Bray-Curtis dissimilarity analysis and visualized in the baseline symptoms. Gastrointestinal manifestations (i.e.,
using principal coordinates analysis (PCoA). p-values of bloating, diarrhea, flatulences, abdominal pain, and heart burn)
P < 0.05 were considered statistically significant. were those that mainly disappeared during the dietary treatment

most of them already from the second month. Headache
improved in two out of the three patients that reported this

Results and discussion symptom. Despite these improvements, any patient achieved a
total remission of clinical manifestations.

The follow-up of the improvement of the symptoms derived Regarding the composition of the intestinal microbiota,
from the dietary treatment of each patient was carried out a gut dysbiosis was evidenced in all the recruited women
by the nutritionist of the dietetic center specialized in the when compared with the results obtained for a group of

Restrictive phase Reintroduction phase Long-term diet
Low-histamine diet: Exclusion of foods with Low-histamine diet: Gradual reintroduction of foods Low-histamine diet: The foods reintroduction
histamine andor other biogeric amines without o with low levels of histamine but containing other
For example: preserved and semi-preserved biogenic amines of the diet (to ensure a balanced diet)
fish, dry-fermented sausages, soy-fermented | For exampie: citrus fruits, banana, kiva, pineapple, strawberry, |  Foods were reintroduced weekly depending
peoducts, cured cheeses, fermented soybeans and nuts. on the tolerance of each patient to the
beverages, spinach, eggplant, tomato, citrus | Foods were reintroduced weekly depending on the tolerance histamine content
fruits, banana, kivi, pineapple, strawberry, of each patient to the histamine content +
soybeans and nuts. Fish and meat with +
DAO supplementation: 3 times/day
quaranteed lreshrless were allowed D0 st amankiions S iresiday
DAO supplementation: 3 times/day

Baseline 2 months 6 months 9 months

t t t t

Collection of stool samples

FIGURE 1
The different phases of the dietary treatment and stool sample collection during the 9-month study.
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FIGURE 2

Relative abundance (%) of bacteria at phylum and family levels in histamine intolerant patients during the 9-month dietary management.
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6 months

2 months

Baseline 9 months

FIGURE 3

Venn diagrams of specific and shared Operational Taxonomic
Units (OTUs) detected at the family level at baseline, 2, 6, and
9 months of the study.

healthy individuals used as a control group in the previous
study performed by Sanchez-Pérez et al. (25). The observed
statistically differences in the relative abundance of bacterial
families, genera, and species are shown in Supplementary
Table 1. In comparison with the control group, histamine
intolerant patients showed a significantly higher relative

abundance of some bacteria related with histamine-forming

llaceae, Pseud dacea

capacity (Mor Staphylococcus,
Proteus, Proteus mirabillis, and Clostridium perfringens), as
well as a reduction in the relative abundance of the genus
Faecalibacterium, associated to a healthy gut (Supplementary
Table 1).

Figure 2 shows the mean relative abundance of bacteria at

phylum and family levels in the histamine intolerant patients

10.3389/fnut.2022.1018463

at baseline and during the dietary treatment (low-histamine
diet and DAO supplementation). A similar phylum pattern was
observed for all patients at all sampling points, Firmicutes and
Bacteroides having the highest relative abundance (Figure 2).
Overall, no statistically significant differences were found in
phyla during the dietary management (p > 0.05). The high
relative abundance of the phylum Proteobacteria observed at
baseline is accounted for by the abnormal abundance of these
bacteria in one specific patient (24%) in comparison with
the other patients (1-2.5%). It is worth highlighting that this
patient (patient 3) also had the highest number of symptoms
(Table 1). An overgrowth of Proteobacteria has been observed
in patients with different intestinal disorders, such as Crohn’s
disease, ulcerative colitis, IBS and colorectal cancer, and has
been postulated as a hallmark of dysbiosis (35-39). A marked
reduction (90%) in the relative abundance of Proteobacteria was
observed in this patient after 2 months of dietary treatment,
when the values were similar to those of the other histamine
intolerant patients. Changes in the abundance of Proteobacteria
have been previously related to dietary habits (40). Levine et al.
also reported a reduced relative abundance of this phylum in
pediatric patients with Crohn’s disease after they followed a
restrictive diet (i.e., excluding foods containing wheat, dairy,
animal fats, and additives) and received enteral nutrition (41).
Regarding bacterial families, the distribution pattern
in the histamine intolerant patients showed few variations
during the dietary treatment (Figure 2). Nevertheless,
statistically significant changes were observed in the relative
abundance of 21 bacterial families, all of them with relative
abundances below 1%. These bacterial families are listed
in Supplementary Table 2. Moreover, a reduction on the
total number of families was found, decreasing from a
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FIGURE 4

Relative abundance (%) of Morganellaceae and Pseudomonadaceae observed in histamine intolerant patients during the dietary treatment.
Mean values are indicated by an x . p < 0.05 indicates statistically significant differences.
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FIGURE 5
Relative abundance (%) of Proteus, Proteus mirabilis, and Raoultella observed in histamine intolerant patients during the dietary management
Mean values are represented with an x . p < 0.05 indicates statically significant differences.

total of 79 bacterial families at baseline to 58 at 9 months, mainly belonging to the family Enterobacteriaceae and to the
some of them related to non-desirable effects (Figure 3 genera Staphylococcus and Proteus, was reported in histamine
and Supplementary Table 2). For example, the family intolerant individuals in contrast with the healthy control
Morganellaceae was considerably reduced in all patients group (25). Thus, an excessive accumulation of bacterial-derived
at the second month of the study and absent at 6 months histamine at the intestinal level could account for the onset of
(Figure 4). Morganellaceae includes bacterial species with symptoms associated with histamine intolerance. In the present
a high histamine-formation capacity, such as Morganella study, statistically significant changes were observed in the
morganii (29, 42-44). Pseudomonadaceae also showed a marked relative abundance of 44 genera and 64 species during the 9-
reduction in the relative abundance, especially after 6 months month dietary treatment (Supplementary Tables 3, 4). Among
of dietary management (Figure 4). High levels of pseudomonas them, it is worth highlighting the significant reduction observed
bacteria have been associated with cases of inflammatory bowel in the relative abundance of bacteria with recognized histamine-
disease, also being a bacterial family with several strains related secreting ability (29, 42-44, 51, 52). For example, the relative
with histamine production (45-50). abundance of the genus Proteus and the species Proteus mirabilis

In the previous study performed by Sanchez-Pérez et al. a was dramatically reduced at the second month of the study,
greater relative abundance of several histaminogenic bacteria, being absent in all patients after the sixth month (Figure 5). For
Frontiers in Nutrition 06 frontiersin.org
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Roseburia spp.
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FIGURE 6

Relative abundance (%) of Roseburia spp. found in histamine
intolerant patients during the dietary treatment. Mean values are
represented with an x . p < 0.05 indicates statically significant
differences.

the genus Raoultella, this reduction was statistically significant at
6 and 9 months. In fact, Mou et al. identified some species of the
genus Raoultella with a putative histamine-secreting capacity
within the human gut microbiome (29).

On the other hand, a significant increase in the relative
abundance of Roseburia spp. was observed throughout the
dietary treatment (Figure 6). In addition to the reduction
of histamine-secreting bacteria, it can be speculated that the
decline in number of symptoms reported by the five histamine
intolerant women could be partially explained by the increase
in Roseburia spp. Beneficial properties have been attributed to
Roseburia species due to its capacity to produce SCFA, which
are involved in the maintenance of intestinal homeostasis and
the inhibition of a proinflammatory status (53-55). A high
abundance of SCFA-producers, among them Roseburia, has
been found in individuals on diets in which animal-derived
products are replaced with plant-based foods (56-58). Low-
histamine diets tend to be richer in plant-derived products, as
they aim to reduce the consumption of meat and fish derivatives
and cured and raw milk cheeses.

Finally, regarding bacterial diversity, no changes were
observed for any patient during the dietary treatment in terms of
alpha diversity (evaluated by the Shannon and Simpson indices)
(p > 0.05). In the case of beta diversity (assessed by Bray-
Curtis dissimilarity), no significant changes were observed in
interindividual differences in the distribution patterns of genera
and species along the dietary treatment. In the previous work
performed by Sénchez-Pérez et al. statistical differences were
observed in the beta diversity between intolerant individuals
and the healthy group, this latter showing more homogenous
microbial patterns among them (25). In the current study,
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after 9 months on a low-histamine diet associated with DAO
supplementation, 3 out of 5 histamine intolerant patients
showed a pattern of microbial species that clustered closely with
that previously reported for healthy individuals (25).

These preliminary results prompt further studies to assess
the positive effect of the dietary treatment on the gut microbiota
composition in histamine intolerant patients, with a larger
sample set and involving healthy individuals undergoing the
same dietary treatment. The lack of male representation, of data
on daily food consumption, as well as regarding the changes in
symptom intensity, should also be addressed in future works.

Despite the limitations of the study, preliminary results
suggest that the usual dietary treatment of histamine intolerance
may influence the composition of intestinal microbiota in
histamine intolerant women. According to our results, a
reduction in the relative abundance of histamine-secreting
bacteria such as Pseudomonadaceae, Proteus, Proteus mirabilis,
and Raoultella was observed during the dietary treatment.
These results would support the hypothesis that a reduction in
histamine-secreting bacteria could diminish the accumulation
and absorption of histamine at intestinal level and, subsequently,
avoid the onset of symptoms. Likewise, it was observed an
increase in Roseburia spp., bacteria related to an improvement
of the inflammation of intestinal mucosa. According to our
knowledge, this is the first time that a follow-up study
has been performed to assess the influence of the dietary
treatment of histamine intolerance on intestinal microbiota
composition. The majority of the available studies that evaluate
the efficacy of a low-histamine diet on the symptoms of this
intolerance considered intervention periods of up to 3 months
while in this study, despite the low number of patients, 9-
months of treatment were considered. Further studies with a
higher number of patients are needed to better understand
the relationship between the dietary treatment of histamine
intolerance and changes in intestinal microbiota composition.
In addition, considering the existence of certain technological
bacterial strains with DAO activity it would be interesting to
explore the use of DAO-positive probiotic bacteria for the
preventive treatment of histamine intolerance (59).
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AMBIT 3

Intolerancia a la histamina i perfil
metabolic en orina

Objectiu 6: Estudiar si els individus amb intolerancia a la histamina mostren un perfil
d'excrecio de la histamina en orina significativament diferent al dels individus sans.
Addicionalment, també es planteja avaluar, en un petit subgrup de pacients, el
comportament dels nivells urinaris d'histamina i el seu metabolit, 1-metilhistamina,
durant nou mesos del tractament dietetic de la intolerancia a la histamina.
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3.6. Estudi del perfil d’eliminacié d’histamina i 1-metilhistamina
en orina en individus amb intolerancia a la histamina i avaluacié
del seu comportament al llarg del tractament dietetic d'aquesta
intolerancia

PUBLICACIO 7

1-methylhistamine as a potential biomarker of food histamine intolerance. A
pilot study.
Sonia Sanchez-Pérez, Ricard Celorio-Sarda, M. Teresa Veciana-Nogués, M. Luz

Latorre-Moratalla, Oriol Comas-Basté i M. Carmen Vidal-Carou.
Frontiers in Nutrition, 2022, 9, 973682.

index d'impacte (JCR 2021): 6,590
Posici6 en 'area “Nutrition & Dietetics”: Q1 (16/90)

PLANTEJAMENT | OBJECTIU

Actualment, el diagnostic de la intolerancia a la histamina es realitza mitjancant una
combinacié de criteris que inclou I'abséencia d'al-lergia alimentaria i la presencia de
simptomes tipics d’aquesta intolerancia que afectin a dos o més sistemes o organs.
Aquest diagnostic se sol complementar amb la determinacié de I'activitat DAO en
sang o amb la identificacié de polimorfismes genétics que afecten el gen que
codifica I'enzim DAO, tot i que a dia d'avui l'evidéncia sobre la seva eficacia és

escassa.

En els Ultims anys, s'estan duent a terme estudis per identificar un marcador no
invasiu que permeti establir un criteri diagnostic solid i clinicament irrefutable de la
intolerancia a la histamina per déficit de DAO. En aquest sentit, s’ha proposat I'Us
de biomarcadors del metabolisme de la histamina en orina com una possible

estrategia diagnostica. La hipotesi de treball és que els individus amb intolerancia
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a la histamina presenten un perfil d'excrecié d'histamina i els seus metabolits en
orina diferent al dels individus sans. En un treball previ realitzat per Comas-Basté i
col. (2017), es va desenvolupar un metode cromatografic que permet determinar
de manera rapida i inequivoca els nivells urinaris d'histamina i 1-methilhistamina
[99]. No obstant, resta pendent estudiar la possible utilitat diagnostica del perfil

metabolic de la histamina en orina en fenotips d‘individus intolerants.

L'objectiu d'aquest estudi va ser avaluar l'excrecié urinaria d'histamina i 1-
methilhistamina en individus amb simptomes compatibles d'intolerancia a la
histamina i comparar-la amb la d'un grup control d'individus sans. Addicionalment,
en un subgrup de pacients també es va avaluar el comportament d’ambdds analits

durant nou mesos del tractament dietétic de la intolerancia a la histamina.

METODOLOGIA

L'estudi es va duraterme amb un total de 87 voluntaris, 32 dels quals eren individus
amb intolerancia a la histamina reclutats en un centre de nutricié i dietéetica
especialitzat en el tractament dietetic del deficit de DAO (Institut Clinic del Deficit
de DAO, Barcelona). Els criteris d'inclusié per aquests pacients van ser: tenir entre
18 i 65 anys, un diagnostic d'intolerancia a la histamina basat en la presencia de
simptomes associats a aquesta intolerancia en dos o més sistemes o organs i
resultats negatius d'al-lérgia alimentaria per IgE. Es van excloure de I'estudi pacients
embarassades o en periode de lactancia i aquells individus que havien comencat
una dieta baixa en histamina durant el mes anterior a l'inici de |'estudi. Setze dels
pacients presentaven un deficit en l'activitat DAO sanguinia. El grup control estava
integrat per 55 adults sans sense simptomes d'intolerancia a la histamina, reclutats

en el Campus de I'Alimentacio de la Universitat de Barcelona.

Per tal de poder valorar la fiabilitat de la recollida d'orina a primera hora del mati
(puntual), en un subgrup de 14 voluntaris sans es va comparar |'excrecié urinaria

d'histamina i 1-methilhistamina de primera hora amb la de mostres d'orina
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recol-lectades durant 24 hores. A més, també es va avaluar I'excrecié urinaria dels
dos analits en un subgrup de cinc pacients durant nou mesos de tractament dietetic
amb una dieta baixa en histamina i suplementacié amb enzim DAO exogen (punts

de recollida de mostra: 2, 6 i 9 mesos).

Els nivells d’histamina i 1-methilhistamina es van analitzar segons el metode analitic
previament descrit per Comas-Basté i col. (2017) que es basa en la hidrolisi acida de
les mostres d'orina seguida d'una etapa de purificacié i concentracié a través
d'extraccio en fase solida (SPE) [99]. La separacid cromatografica es va dur a terme
mitjangant UHPLC-FL. Els nivells d’histamina i 1-methilhistamina es van normalitzar
en funcié de la concentracié de creatinina, determinada mitjangant el metode

colorimetric picrat alcali [124].

L'estudi va ser aprovat pel Comité de Bioetica de la Universitat de Barcelona
(IRBO0003099).

RESULTATS

Els pacients amb intolerancia a la histamina van mostrar una mitja de 4,5 simptomes
per individu i un 78% d’ells va reportar combinacions de més de 3 simptomes. Les
manifestacions cliniques més frequients van ser de caire gastrointestinal (94% dels
pacients), principalment inflor abdominal, flatuléncies i dolor abdominal, seguit de
manifestacions dermatologiques (74%), com per exemple, urticaria i pell atopica.
Més del 80% van reportar la preséncia simultania de simptomes gastrointestinals i
dermatologics. En cap cas es va poder correlacionar un major nombre de

simptomes amb menor activitat DAO.

Pel que fa a la fiabilitat de la recollida de mostres d'orina puntuals en comparacié
amb les de 24 hores, no es van observar diferéncies estadisticament significatives
en els valors mitjans d'histamina i 1-metilhistamina (p>0,05). De fet, existia una alta
correlacié en els continguts d'histamina i 1-methilhistamina entre ambdos tipus de

mostres (r=0,952, r=0,957, respectivament).
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Pel que fa al perfil d'excrecié d’histamina en orina, no es van detectar diferéncies
significatives entre ambdds grups d'estudi, amb valors mitjans de 18,65 + 11,1 ug/g
de creatinina pel grup d’intolerants a la histamina i 26,25 + 22,2 ug/g de creatinina
pel grup control (p>0,05). En el cas de la 1-methilhistamina, tot i la gran variabilitat
interindividual observada, si que es va poder demostrar una excrecid
significativament inferior en el grup de pacients amb intolerancia a la histamina
(70,29 £ 29,4 pug/g creatinina) en comparacié amb el grup control (112,99 + 55,5
Mg/g creatinina) (p<0,01). A l'estratificar el grup de pacients amb intolerancia a la
histamina en funcié de l'activitat DAO en sang, no es van trobar diferéncies
significatives en els nivells d’histamina (p>0,05) ni 1-metilhistamina (p>0,05) entre

els que presentaven o no aquest déficit enzimatic.

Finalment, pel que fa a I'estudi pilot sobre la influéncia del tractament dietetic de la
intolerancia a la histamina en un subgrup de pacients, als dos mesos de seguiment
es va veure una reduccio en els valors mitjans d'histamina i 1-methilhistamina, tot i
que sense diferencies significatives (p>0,05). En aquest punt, dos pacients van
mostrar una reduccid molt marcada d'ambdds analits (fins al 86% en el cas de la
histamina i al 56% en el cas de la 1-metilhistamina). A partir del segon mes,

I'excrecié urinaria dels analits es va mantenir forca constant.

L'elevada variabilitat en els valors d'histamina i 1-methilhistamina en orina dificulta
poder establir un llindar a partir del qual poder diferenciar individus sans i
intolerants a la histamina. Seria necessari, doncs, realitzar estudis amb més

individus i ampliar a altres metabolits per tenir una imatge més complerta.
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TAKE-HOME MESSAGE S

d'excrecié urinari diferenciat en comparacié amb el grup control a causa d'una

Is individus amb simptomes d'intolerancia a la histamina mostren un perfi

menor excrecid urinaria d'1-methilhistamina. Per tant, la determinacio dels
metabolits de la histamina en orina, especialment la 1-methilhistamina, podria
esdevenir una possible nova eina diagnostica no invasiva que complementi els

Qctuals criteris basats en |'avaluacié dels simptomes. /
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Efforts are currently being directed to identify a non-invasive marker that can
serve as a solid and clinically irrefutable diagnostic criterion for histamine
intolerance associated with diamine oxidase (DAO) deficiency. Accordingly,
the identification of biomarkers of histamine (HA) metabolism in urine is
proposed as a possible new diagnostic strategy. It is hypothesized that
individuals with histamine intolerance could have a different urinary profile
of HA and its metabolites in comparison with the healthy population. Thus,
the aim of this study was to assess the urinary excretion of HA and 1-
methylhistamine (MHA) in individuals diagnosed with histamine intolerance
and in a control group. Levels of HA and MHA were compared between
24 h and first morning spot urine in a subgroup of 14 control individuals.
Then, HA and MHA concentrations in spot urine of 32 histamine intolerant
and 55 control individuals were determined by ultra-high performance liquid
chromatography and fluorometric detection (UHPLC-FL) and normalized by
creatinine. No differences were found between HA and MHA levels in 24 h
and first morning samples. Overall, histamine intolerant patients presented a
distinct urinary excretion profile compared to the control group due to lower
levels of MHA. No differences in urinary MHA were observed related to serum
DAOQ activity. Spot urine samples were thus validated as a reliable tool to
determine the urinary excretion of HA and MHA. These results constitute a
starting point for the study of HA metabolomics as a suitable and non-invasive
approach to histamine intolerance diagnosis.

KEYWORDS

histamine, 1-methylhistamine, histamine intolerance, diamine oxidase (DAO), DAO
deficiency, food intolerance
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Introduction

Histamine (2-[4-imidazolyl] ethylamine), a bioactive amine
with important physiological activities in the organism, can
be found in many frequently consumed foods (I, 2). Dietary
histamine (HA) is mainly formed by bacterial decarboxylation
of the amino acid histidine. It is found especially in
microbiologically spoiled or fermented products, generated by
the enzymatic activity of the contaminating or technological
bacteria (1, 3).

In healthy people, and under normal conditions, HA
is metabolized by One
oxidative deamination by the enzyme diamine oxidase

two main pathways. involves
(DAO) to form imidazole acetaldehyde, which is subsequently
transformed into imidazoleacetic acid (IAA) by the action
of aldehyde dehydrogenase (ALDH) and combined with
a ribose for its excretion. Alternatively, the action of
histamine-N-methyltransferase ~ (HNMT)  produces  1-
methylhistamine (MHA), which is converted by ALDH to
N-methylimidazoleacetic acid (MIAA) (2, 4). HNMT is
expressed in almost all tissues, while DAO is active mainly in
the intestines, kidneys, and placenta. At the intestinal level,
DAO plays a key role in the degradation of histamine from
food and regulates its passage into the systemic circulation
(2,4).

Histamine intolerance is a disorder arising from reduced
histamine degradation capacity in the intestine due to impaired
DAO activity, leading to its accumulation in plasma and
the appearance of adverse effects. DAO deficiency may
be inherited or due to inflammatory and degenerative
intestinal disorders, the intake of DAO-blocking drugs or
intestinal dysbiosis (5, 6). Histamine intolerant individuals
usually show symptoms in two or more non-specific organs
or systems, such as gastrointestinal tract (e.g., bloating,
diarrhea, abdominal pain, postpandrial fullness, constipation,
flatulences, and nausea) nervous system (e.g., headache and
dizziness), cardiovascular system (e.g., tachycardia, hypotonia,
and collapse), skin (e.g., pruritus, eczema, urticaria, edemas,
and flushing) and respiratory system (e.g., rhinorrhea, rhinitis,
nasal congestion, and dyspnea) (7). Preventing the onset of
symptoms by dietary management involves following a low-
histamine diet and supplementation with exogenous DAO
(8,9).

Histamine intolerance is currently diagnosed using a
combination of criteria, including the absence of other potential
causes of higher HA levels in the organism (i.e., food allergy
and mastocytosis) and the presence of two or more typical
symptoms, which improve or remit after following a low-
histamine diet (5, 10-12). However, there is not a clear
consensus in the diagnostic criteria for histamine intolerance.
Frequently the diagnosis is complemented by the determination
of serum DAO activity, although the evidence for the validity of
this measurement is neither abundant nor conclusive (12-17).
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In recent years, efforts have been made to identify a non-invasive
marker that could serve as a solid and clinically irrefutable
diagnostic criterion for DAO-related histamine intolerance. In
this context some studies suggest the used of the determination
of single-nucleotide polymorphisms related to a lower DAO
activity, as well as the identification of biomarkers of histamine
metabolism in urine as possible new diagnostic strategies (18).
The hypothesis is that individuals with histamine intolerance
may have a different excretion profile of HA and its metabolites
in urine in comparison with healthy individuals. In a previous
study, Comas-Basté et al. developed a Ultra-High Performance
Liquid Chromatography (UHPLC) method that allows rapid
and accurate analysis of HA and MHA in human urine (18).
However, data for the potential diagnostic utility of the HA
metabolomic profile in urine to identify histamine intolerant
phenotypes are still lacking. Thus, the aim of this study was to
analyze the urinary excretion of HA and MHA in individuals
with symptoms compatible with histamine intolerance in
comparison with a control group. Additionally, the behavior
of HA and MHA urinary levels during 9 months of dietary
treatment of histamine intolerance was studied in a smaller
subgroup of patients.

Materials and methods

Study design and participants

A total of 87 adult volunteers participated in this
study. Individuals with histamine intolerance (n = 32, mean
age = 43.5 £ 8.8 years, 100% women) were recruited from
a nutrition and dietetic center specialized in the dietary
management of DAO deficiency (DAO Deficiency Clinical
Institute, Barcelona, Spain). All the recruited patients keen
to participate were women. In general, histamine intolerance
is a clinical frame with a higher prevalence in women (19).
The inclusion criteria for the histamine intolerant patients
were as follows: aged between 18 and 65 years; diagnosis of
histamine intolerance according to Music, et al. based on two
or more symptoms; and negative results for food allergen-
specific IgE (12). The exclusion criteria were pregnancy,
lactation, having started a low-histamine diet and having
taken antibiotics and/or probiotics the month before the
study. Sixteen out of 32 patients with symptoms compatible
with histamine intolerance also had plasma DAO deficiency,
measured using a radio extraction assay according to the
manufacturer’s instructions (Sciotec Diagnostic Technologies,
Tulln, Austria).

The individuals in the control group (n = 55, mean
age = 32.3 & 5.7 years, 64% women) were volunteers recruited at
the Food and Nutrition Campus of the University of Barcelona
(Santa Coloma de Gramenet, Barcelona) with no symptoms
associated with histamine intolerance (total absence or the
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presence of one symptom at most) and without other food
intolerances or allergies.

As a preliminary phase, the excretion of HA and MHA
was analyzed in urine samples collected over 24 h and in
spot samples (first morning urine) in a subgroup of 14
healthy volunteers. For the analysis of urinary HA and MHA,
spot samples of every participant were collected without the
addition of preservatives and kept under refrigeration until
handled in the laboratory. Samples were stored at —80°C until
their analysis. Additionally, the urinary excretion of HA and
MHA in a subgroup of five histamine intolerance patients
with DAO deficiency (< 10 U/ml) was monitored during
9 months of dietary treatment (sampling points: 2, 6, and
9 months). The first 2 months of the dietary management
of histamine intolerance were the most restrictive, with the
exclusion of all histamine-rich foods and oral supplementation
with exogenous DAO. Thereafter, excluded foods were gradually
introduced according to the tolerance of the patient, and DAO
supplementation was still administered. Recommendations
given to the patients on how to follow a low-histamine diet
are shown in Supplementary Table 1. These recommendations
include foods that are likely to contain histamine and those
that, although they do not contain histamine, may contain
other biogenic amines (8). The presence of these other amines
can exert an inhibitory effect on the histamine degradation
by DAO enzyme due to the competition for this degradation
system (20).

All volunteers received a kit consisting of an information
sheet detailing the purpose and conditions of the study, an
informed consent document, a questionnaire for data collection
and a urine sample collection protocol. The study was approved
by the Ethics Committee of the University of Barcelona
(Institutional Review Board IRB00003099).

Determination of urinary histamine and
1-methylhistamine by ultra-high
performance liquid chromatography
and fluorometric detection

Histamine and MHA levels in urine were analyzed as
described by Comas-Basté et al. (18). Briefly, the analytical
method consists of sample preparation, purification, and
concentration by the acidic hydrolysis of urine samples
followed by solid phase extraction using mixed cation exchange
cartridges. Overall, the analytical procedure allowed for a
50-fold concentration of the analytes in relation to the
initial urine content. Chromatographic separation of HA
and MHA was performed using UHPLC and a BEH C18
chromatographic column (1.7 pum, 2.1 mm x 50 mm)
(AcquityTM, Waters Corp., Milford, MA, USA). Fluorometric
detection of both analytes was achieved through an online
post-column  derivatization system using o-Phthalaldehyde

Frontiers in Nutrition

03

201

10.3389/fnut.2022.973682

(OPA) as the fluorescence reagent. Quantification of HA
and MHA levels in urine was accomplished by the external
standard procedure, using histamine dihydrochloride and 1-
methylhistamine dihydrochloride as the analytical standards
(Sigma, St. Louis, MO, USA).

Determination of urinary creatinine

Excreted HA and MHA levels were normalized based on
urinary creatinine concentration. This is the recommended
approach when estimating the levels of biological substances
eliminated in specific urine samples due to the relative stability
of creatinine in the absence of renal pathologies (21). Thus,
to normalize urinary excretion values, creatinine in urine was
determined using the colorimetric alkaline picrate method (Jaffé
reaction) adapted to microplates (Thermo Scientific™ 96-Well
Microtiter Microplates), as described in Medina-Remon et al.
(22). Briefly, 3 WL of urine was mixed with 60 L of aqueous
picric acid solution (1%) and 5 pL of sodium hydroxide (10%).
The mixture was stirred and allowed to stand for 15 min in
darkness at room temperature. Subsequently, 232 L of Milli-
Q water was added and the absorbance was read at 500 nm
on a UV/VIS spectrophotometer. The concentration of HA and
MHA in urine was expressed in g of analyte per g of creatinine.

The excretion of creatinine in urine was within the normal
values for all study participants and no significant differences
were found between the mean excretion values of the two study
groups (p > 0.05) (23).

Statistical analysis

The statistical analysis of data was performed with Statistical
Software Package for Windows SPSS, version 25.0 (SPSS,
Chicago, IL, USA). Student’s t-test for paired and unpaired
samples and the Mann-Whitney U Test for non-parametric
data were used to assess the significance of differences between
urine samples. Pearson’s Correlation Coefficient was also used
to estimate the goodness of the correlation between 24 h urine
samples and specific urine samples.

Results

Reliability of spot urine sample analysis

Spot urine (first morning urine) is the most commonly
used type of urine sample in clinical studies, as collecting 24 h
urine samples is not patient-friendly. For this reason, in the
preliminary phase of the current study, the reliability of spot
urine samples was evaluated by comparing the urinary excretion
of HA and MHA in spot and 24 h urine samples of 14 subjects.
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The mean HA concentration in spot and 24 h samples
was 30.9 + 17.3 pg/g creatinine and 30.0 + 147 pg/g
creatinine, respectively and the mean MHA excretion was
143.5 4 43.0 jug/g creatinine, and 145.1 = 41.1 jg/g creatinine,
respectively. No significant differences were detected in the
urinary excretion of HA (p > 0.05) and MHA (p > 0.05)
between the two sample types of each individual. In fact, a high
correlation was found between the urinary content of HA and
MHA between the spot and 24 h urine samples (r = 0.952,
r=0.957, respectively) (Figure 1).

Urinary histamine and
1-methylhistamine profile in control
and histamine intolerant individuals

Patients with histamine intolerance showed an average of
4.5 & 1.1 symptoms and 78% of them reported combinations
of more than three symptoms. The most frequent complaints
were gastrointestinal (94% of the patients), mainly bloating,
flatulence and abdominal pain, followed by some dermatological
manifestations (74%), such as urticaria and atopic skin. More
than 80% of patients reported suffering from a simultaneous
combination of gastrointestinal and dermatological symptoms.
Neurological and respiratory system affections were also
reported, although to a lesser extent. Lower serum DAO activity
was not correlated with a higher number of symptoms.

Figure 2 shows the distribution of urinary HA and
MHA levels in the control and histamine intolerant groups.
The values of the two analytes varied widely in both study
groups, especially in the case of MHA, which had an
interquartile range (IQR = P75-P25) of 85.15 pg/g creatinine
and 35.83 pg/g creatinine for the control and histamine
intolerant groups, respectively. Histamine levels were not
significantly different between the two groups, with mean
values of 18.65 & 11.08 jg/g creatinine for the histamine
intolerant group and 26.25 & 22.17 jg/g creatinine for the
control (p > 0.05). In contrast, MHA values were significantly
lower in patients with symptoms of histamine intolerance
(70.29 + 29.43 |g/g creatinine) compared with the control
(112.99 =+ 55.48 g/g creatinine) (p < 0.01).

Given that the composition of the two study groups was not
homogeneous in terms of sex (the histamine intolerant group
consisted entirely of women), potential differences in analyte
excretion levels between the sexes were analyzed within the
control group. Accordingly, no significant differences in HA and
MHA concentration were observed between healthy men and
women (p > 0.05).

When stratifying individuals with symptoms of histamine
intolerance based on the presence or absence of deficient
serum DAO activity, no statistically significant differences were
found for the levels of urinary HA (p > 0.05) or MHA
(p > 0.05) (Figure 3). Moreover, compared with the control
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group, individuals with deficient serum DAO activity showed
similar levels of urinary HA (p > 0.05) but significantly lower
MHA levels (p < 0.05). The same trend was observed when
considering the whole histamine intolerant group.

Influence of the dietary treatment of
histamine intolerance on the urinary
excretion of histamine and
1-methylhistamine

A small-sized study on a subgroup of five patients with
symptoms of histamine intolerance was performed to assess
the influence of the dietary treatment of histamine intolerance
on the urinary excretion of HA and MHA (Figure 4). At the
initial sampling point (time 0), before the start of the dietary
treatment, considerable variability was observed in HA urinary
levels (IQR = 10.54 j1g/g creatinine).

After 2 months of dietary treatment (i, a highly
restrictive exclusion of HA-containing foods together with oral
supplementation with DAO), a reduction of the mean HA
and MHA excretion values was observed, although without
statistical significance (p > 0.05). At this point, two patients
showed marked reductions in the urinary excretion of HA and
MHA (up to 86 and 56%, respectively). Thereafter, the urinary
excretion of both analytes remained quite constant for all five
patients (p > 0.05).

Discussion

Early-morning spot urine was found to be suitable for
the analysis of urinary HA and MHA, as the content
of both analytes was highly correlated with the levels
in 24 h samples. This supports the findings of other
authors (24, 25), who report that the analyte levels in
a spot urine sample correlate with a 24 h collection
as long as creatinine values are used to normalize the
excretion values. Moreover, Saito et al. found a wide
variability in urinary HA values throughout the day and
indicated the usefulness of normalizing them as a ratio
to creatinine to compensate for these fluctuations (25). As
well as their convenience for patients, early-morning urine
samples may provide more reliable results due to a higher
analyte concentration (including creatinine) (26). Nevertheless,
infectious bacterial strains in the urinary tract, especially in
women, may potentially influence HA levels in early-morning
samples.

In this study, urinary HA excretion values in histamine
intolerant and control individuals were very similar (mean
values of 18.65 + 11.08 j1g/g creatinine and 26.25 & 22.17 jug/g
creatinine, respectively, p > 0.05). Additionally, within the
histamine intolerant group, no significant differences were
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FIGURE 1
Linear correlation for the urinary excretion of histamine (HA, A) and 1-methylhistamine (MHA, B) between spot urine samples and 24 h urine
samples.
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FIGURE 2
Distribution of the levels (jLg/g creatinine) of histamine (HA) and 1-methylhistamine (MHA) in spot urine samples of control and histamine
intolerant individuals. p < 0.05 indicates statically significant differences in the urinary content of the analytes between study groups.

found in excreted HA between individuals with and without ranging between 22.4 and 58.2 ug/g creatinine, but found a
deficient serum DAO activity (p > 0.05). In all cases, the HA significant increase in women with interstitial cystitis (28).

values observed in the different individuals of both study groups In contrast, we observed significant differences in
fell within the ranges previously described by Keyzer et al. the wurinary concentration of MHA, the levels being
(9.8-73.6 g/g creatinine) and Oosting et al. (8.8-55.9 jg/g markedly lower in histamine intolerant individuals
creatinine) in healthy individuals (26, 27). Likewise, Lamale et al. (71.58 =+ 29.43 g/g creatinine) compared to the control
reported normal HA excretion levels in healthy adult women, population (112.99 =+ 5548 pg/g creatinine) (p < 0.05).
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Distribution of the levels (jg/g creatinine) of histamine (HA) and 1-methylhistamine (MHA) in spot urine samples of individuals with symptoms of
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FIGURE 4
Distribution of the levels of (j1g/g creatinine) of histamine (HA, A) and 1-methylhistamine (MHA, B) during 9 months of dietary treatment
(low-histamine diet and DAO enzyme supplementation) in five patients.

Within the histamine intolerant group, urinary MHA values differences in the functionality of HA degradation systems in
were very similar between those with or without deficient the organism (29).

serum DAO activity (p > 0.05); moreover, there was no The observed reduction in MHA levels in the histamine
apparent relationship between levels of urinary MHA and intolerant group indicates that the urinary HA and MHA profile
the frequency or type of symptomatology. Regardless of could be a more reliable biomarker of histamine intolerance
the differences observed between groups, the urinary MHA than serum DAO activity. In this study, only 50% of patients
excretion values of most individuals in both groups match diagnosed with histamine intolerance based on the presence of
those reported by several authors in previous studies (55— symptoms were identified by DAO activity measurement.

230 g/g of creatinine) (24, 27, 29). This great variability in As MHA is an HA-derived metabolite arising from the
MHA excretion could be partially explained by interindividual action of the enzyme HNMT, lower MHA levels in histamine
Frontiers in Nutrition 06 frontiersin.org
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intolerant individuals with DAO deficiency were not expected.
A possible explanation is that impaired DAO activity could lead
to a compensatory activation of HA metabolism by HNMT (30,
31), and ultimately an increase in the pathway end-product
(i.e., MIAA). Thus, as well as potentially confirming the current
results, the measurement of IAA and MIAA levels in urine
would provide a more complete profile of HA excretion and
its possible alteration in histamine intolerant individuals. New
insight into the HA metabolome in this population would
also be obtained.

Besides the use of the HA and MHA as a potential biomarker
for histamine intolerance, a smaller preliminary study was
performed with a subgroup of five histamine intolerance
patients, in order to assess the behavior of HA and MHA urinary
levels during 9 months follow-up of a low-histamine diet and
oral DAO supplementation. To date, only a few studies have
assessed the effect of dietary HA on the urinary levels of HA
and its metabolites and they have been focused on healthy
individuals (32-35). For example, in the study performed by
Granerus, histamine was given orally to three healthy subjects,
resulting in higher levels of urinary HA and the metabolites
MHA and especially MIAA. Moreover, the urinary excretion of
MIAA was found to be a dose-dependent on the administration
of exogenous HA (32). Similarly, Keyzer et al. reported an
increase in the excretion of MIAA after the oral administration
0f 200 LM of HA in three healthy individuals, with no significant
changes in MHA. A high correlation was also found between
protein intake and the urinary excretion of HA metabolites
(33). According to our knowledge the current work is the first
study with histamine intolerant patients. The results of the
current study revealed a decrease in the mean urinary levels
of HA and MHA after the first 2 months, although without
statistical significance. The reduction was especially marked
in two patients. These results can be explained by the highly
restrictive nature of the diet at the beginning of the treatment,
when a wide range of foods with typically high HA contents were
excluded (e.g., fermented foods and beverages, preserved and
semi-preserved fish products, spinach, eggplant, tomato, citrus,
and nuts) (8). No clear trend was observed for HA and MHA
levels during the reintroduction phase of the dietary treatment.
The determination of a wider range of metabolites, including
MIAA, could allow a more accurate assessment of the influence
of the dietary treatment of histamine intolerance on the urinary
profile of HA in patients with histamine intolerance.

Limitations

The main limitations of the present study were the rather
small size of each sample group and the lack of male
representation in the histamine intolerance group (although
no differences were found between men and women in the
control group). Moreover, it would have been of interest
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to measure the intensity of the clinical symptoms of the
patients to elucidate any correlation with the urinary HA
profile. Lastly, it is important to highlight that the preliminary
study on the influence of a dietary treatment of histamine
intolerance on the urinary excretion of HA and MHA
was only assessed in five individuals, thus limiting the
extrapolation of the results.

Conclusion

To the best of our knowledge, this is the first time that the
determination of urinary HA and its metabolites, particularly
MHA, is proposed as a diagnostic tool for histamine intolerance
to complement the current criteria based on the assessment of
symptoms. The validity of using spot urine samples to measure
the urinary excretion of HA and MHA has been confirmed.
According to the obtained results, the hypothesis that the
excretion profile in individuals with symptoms of histamine
intolerance differed from that of the healthy individuals was
demonstrated due to lower urinary levels of MHA in histamine
intolerant patients. However, no differences were observed in
urinary MHA related to the level of serum DAO activity.
These results constitute a starting point for the study of
HA metabolomics as a suitable and non-invasive approach to
histamine intolerance diagnosis. An area for further research is
the influence of a low-histamine diet and DAO supplementation
on the urinary excretion of HA in histamine intolerant patients.
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4. DISCUSSIO

Ambit 1. Intolerancia a la histamina i dieta

De les aproximacions actualment utilitzades pel tractament de la intolerancia a la
histamina, de la que existeixen més treballs publicats sobre la seva eficacia és de les
dietes baixes en histamina [32,45]. En una primera fase de la dieta s'exclou un elevat
nombre d'aliments, tots ells relacionats pels pacients com desencadenants de la
simptomatologia, fet que la fa altament restrictiva [85]. Durant aquesta fase, també
es recomana la presa diaria del complement DAO, abans de cada apat principal. No
obstant aixo, el fet que existeixin diferents propostes de dieta (no totes exclouen
els mateixos aliments), junt amb que no s'ha establert un Ilindar d’histamina que
caracteritzi els aliments baixos en aquesta amina, fa que la gestid dietética

d'aquesta intolerancia sigui complexa.

En aquesta tesi es va realitzar una revisio critica d'un total de 10 dietes baixes en
histamina en base als continguts d'histamina i altres amines biogenes dels aliments
exclosos, utilitzant per aquest proposit les dades de continguts d’'histamina i altres
amines biogenes del propi grup de recerca. En primer lloc, d'aquesta revisid es
confirma la falta de consens en la composicié d'aquestes dietes, ja que es va trobar
una gran heterogeneitat en el tipus i nombre d'aliments a excloure (Figura 7). Dels
34 aliments o tipus d'aliments identificats pels pacients com a desencadenants de

la intolerancia, 23 s'eliminaven només en la meitat o menys de les dietes revisades.
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Figura 7. Llistat dels aliments que s'exclouen de les dietes baixes en histamina i el niUmero de

dietes que proposen la seva exclusié [50-52,102-107,121].

Els Unics aliments exclosos en el 100% de les dietes van ser els derivats carnis crus-
curats fermentats, els formatges curats, el vi i la cervesa, tots ells amb una elevada
susceptibilitat de contenir histamina (Figura 7). En general, segons les dades del
grup de recerca sobre continguts d'amines en productes espanyols, els nivells
d’'histamina que es troben en tots aquests tipus d'aliments son relativament baixos
o moderats, en el cas concret dels derivats carnis fermentats i formatges, els nivells
poden ser extremadament elevats [7]. Cal destacar que en el vi i la cervesa, encara

que els continguts d’histamina no acostumen a ser alts, la presencia d'alcohol pot
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augmentar els efectes adversos d'aquesta amina, ja que alcohol i histamina
competeixen per un enzim responsable de la seva metabolitzacio [6]. Curiosament,
productes fermentats com el xucrut i els derivats de la soja, que sovint presenten
continguts d’histamina més elevats que els altres productes fermentats esmentats
anteriorment, només s'eliminaven en set i quatre de les dietes revisades,
respectivament [7,125]. L'origen bacteria de la histamina en els productes
fermentats explicaria I'elevada variabilitat observada. L'activitat descarboxilasa de
bacteris alterants procedents d'una manca d’higiene de les matéries primeres i/o
dels processos d'elaboracié, i/o dels propis bacteris fermentatius, seria la

responsable d'aquesta formacio [16,17].

A part d’'histamina, en els aliments fermentats també solen haver-hi altres amines,
principalment tiramina. De fet, segons Bover-Cid i col. (2014) i Toro-Funes i col.
(2015) és frequent trobar alts continguts d'aquesta amina entre els diferents tipus
de productes fermentats, arribant-se a acumular, en algunes mostres de formatges
i fermentats de la soja, nivells de fins als 1500 mg/kg i 1700 mg/kg, respectivament
[7,125]. La formacié de tiramina en aquests productes esta fortament lligada a
I'activitat de bacteris de I'acid lactic, sovint presents pel seu rol fermentatiu pero, en
el cas de valors tant elevats també solen ser responsables aquells microorganismes
contaminants presents a les mateéries primeres o procedents dels processos
d'elaboracié d'aquests productes [22,126]. Finalment, en els aliments fermentats
també destaca la presencia de putrescina i cadaverina, diamines que, com en el cas
de la histamina, procedeixen de I'activitat de bacteris fermentatius i/o alterants [6].
Per exemple, en el 90% dels derivats carnis fermentats crus-curats i en el 85% dels
formatges analitzats per Bover-Cid i col. (2014), contenien putrescina i/o
cadaverina, i sovint a concentracions al menys 4 vegades superiors a les de la
histamina [7]. Aquest perfil aminic trobat en mostres de productes fermentats del
mercat espanyol ha estat també descrit per altres mostres de diferents
procedencies [6,127,128].
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El 90% de les dietes baixes en histamina exclouen el peix i les seves conserves i
semiconserves (Figura 7). En principi, el que s'espera en aquests tipus d'aliments
seria no trobar histamina ni cap altra amina. De fet, en la majoria de les mostres de
peix fresc i dels seus derivats comercialitzats a Espanya no es va trobar histamina o
els nivells detectats van ser molt baixos (P95 inferior als 20 mg/kg) [7]. Tanmateix,
segons dades de I'EFSA sobre diferents productes derivats de la pesca europeus,
nomeés el 27% de 6329 mostres van presentar histamina i, en continguts
generalment baixos [6]. No obstant, una manca de frescor en el peix o unes
condicions higieniques inadequades en l'elaboracié de productes derivats,
ocasionaria un important increment en els continguts d’histamina, com per
exemple, els trobats en algunes mostres de salmo fresc (111 mg/kg) i en mostres
de sardines en conserva (657 mg/kg d'histamina) [7]. Per aquest motiu, en les dietes
baixes en histamina se sol aconsellar I'exclusié de peix (especialment si no es pot
assegurar la seva frescor) i dels seus derivats. A més, en algunes dietes només es
recomana |'eliminacio de peix blau com la sardina, I'anxova, la tonyina i el verat, els
quals serien més susceptibles d'acumular elevades quantitats d'histamina perqué
presenten elevats continguts d'histidina, el seu aminoacid precursor [18]. La
preseéncia d'altres amines, especialment putrescina i cadaverina derivades de I'accié

de bacteris alterants, sol ser també habitual davant d'una manca de frescor [13,129].

Dels 22 aliments no fermentats d'origen vegetal que es van identificar en les dietes
baixes en histamina, els espinacs, l'alberginia i el tomaquet van ser els Unics que
presentaren, generalment, continguts rellevants d'histamina. De fet, la histamina es
poc frequient en aliments d'origen vegetal i, sovint es troba en nivells baixos o
moderats [7]. No obstant, per algunes mostres d'alberginia i espinacs s'’han descrit
valors maxims de fins a 100 mg/kg [7]. Aixi doncs, tot i que l'alberginia pot contenir
nivells tant o més elevats d’histamina que els espinacs o els tomaquets, aquesta
hortalissa només s’excloia en el 30% de les dietes, front del 80-90% en el cas dels
dos anteriors (Figura 7). Segons Lavizzari i col. (2007), la presencia de nivells baixos
d’'histamina en espinacs tindria un origen natural, cas que també podria succeir en

I'alberginia i en el tomaquet [27]. Aquest fet explicaria que aquesta amina es trobi
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practicament sempre en aquests productes vegetals [27]. D'altra banda, de la
mateixa manera que succeeix en els aliments d'origen animal, la preséncia d'alts
continguts d’histamina i altres amines pot ser conseqiiéncia d'una activitat

microbiologica [7,27,28].

L'elevada variabilitat en els continguts d’histamina, tant en aliments d'origen animal
com vegetal, es deu a la influencia de multiples factors, tant intrinsecs com
extrinsecs [8]. D'entre aquests, la temperatura d'emmagatzematge s’ha mostrat
com un dels factors més importants en la formaci6 d’histamina [8,13,14,38]. Naila i
col. (2012) i Jiang i col. (2013) han descrit temperatures d'entre 25-30°C com a
optimes per a la majoria de microorganismes histaminogenics, encara que també
s'ha observat una formacié important d'histamina en aliments refrigerats (4-10°C),
especialment en peix [130,131]. De fet, en el cas del peix, 'emmagatzematge amb
gel a temperatures al voltant de 0°C va ser I'nica condicié ambiental capag de
retardar la formacié d'histamina [131]. La formacié d’histamina i altres amines
biogenes al llarg de processos de fermentacié es veu també disminuida quan
aquesta es realitza a temperatures inferiors als 15°C [16,21]. Similarment, altres
autors han reportat increments d'histamina i putrescina durant 'emmagatzematge

de vegetals de fulla verda a temperatures de refrigeracié (5-6°C) [27,132].

El pH també manté una estreta relaci6 amb l'acumulacié d’histamina en els
aliments, la qual es veu generalment afavorida a pH acids [8]. Altres factors com ara
la formulacié (p.ex. addicié de sal, espécies o nitris) i els diferents processos
tecnologics de conservacio (p.ex. pasteuritzacio, altes pressions hidrostatiques o
irradiacions) i/o sistemes d'envasat aplicats (p.ex. buit o atmosferes modificades),
també han estat ampliament estudiats, ja que també mostren influéncia en la
capacitat microbiana per formar histamina [8,16,17,133]. A més, un altre factor que
també pot influir en el contingut d’histamina és la coccid6 domestica. Per exemple,
segons Latorre-Moratalla i col. (2015) el contingut d’histamina en espinacs es va
arribar a reduir fins a un 83% respecte al producte en cru, passant aquesta amina a

I'aigua de coccié [134].
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A part de tots aquests aliments que acabem d'esmentar susceptibles de contenir
histamina, un elevat nombre d'aliments que també s'exclouen no presenta a priori
quantitats importants d'histamina (68% dels aliments identificats entre les diferents
dietes) [7]. Es important destacar que part d'aquests aliments tot i no contenir
histamina si que acostumen a presentar nivells molt rellevants d‘altres amines,
especialment, putrescina. Aquest seria el cas, per exemple, dels citrics, platan,
carbassa, fruits secs i brots de soja. Paradoxalment, aliments com el carabassé, els
pesols, el pebrot verd i el blat de moro, que es caracteritzen pels seus alts nivells en
putrescina, no es van trobar exclosos en cap de les dietes baixes en histamina. La
putrescina és una amina ampliament distribuida entre els aliments d'origen vegetal
que sol tenir, amb algunes excepcions, un origen fisiologic, essent precursora de les
poliamines espermidina i espermina. A la putrescina se li atribueixen diferents
funcions a la planta, actuant, per exemple, com a factor de creixement durant la
germinacid o en la proteccid front situacions de sequera o de temperatures
extremes [26,28,125,135,136]. En definitiva, la varietat, I'origen, el meétode de cultiu
i factors Iligats al transport o 'emmagatzematge podrien tenir certa influencia en

I'acumulacié d'aquesta amina en els aliments d'origen vegetal [137,138].

Finalment, a les dietes revisades es recomana l'eliminacié d’'aliments que ni
contenen histamina ni cap altra amina en quantitats destacables, representant més
del 35% del total d'aliments identificats en aquesta revisié (Figura 7). No obstant
aixo, la gran majoria només es consideren en un nombre molt baix de dietes.
Diferents articles cientifics llisten certs aliments amb una suposada capacitat per
alliberar histamina endogena i per aquesta condicidé s'han considerat també
capacos de desencadenar els simptomes de la intolerancia, incloent-t'hi fruites
citriques, papaia, tomaquet, maduixes, pinya, nous, xocolata i marisc, entre altres
[29,38,139]. No obstant aix0, el mecanisme pel qual es donaria aquest efecte encara
no ha estat dilucidat. De fet, I'Unica revisio disponible realitzada per Vlieg-Boerstra
i col. (2005) respecte a la capacitat d'alliberar histamina de certs aliments, afirma

clarament que no existeix cap evidéncia que recolzi aquest mecanisme. Aquesta

216



Discussio

hipotesi només es basa en uns pocs, i no concloents, estudis /n vitro, a part de no

existir cap estudi clinic en humans que li doni suport [139].

En definitiva, a partir d'aquest estudi s’ha pogut comprovar que entre els aliments
que normalment s’exclouen de les dietes baixes en histamina es troben aquells en
els que és freqlient una elevada preséncia d'histamina, perd també, d'altres que si
bé no tenen o tenen poca histamina, poden contenir nivells elevats d'altres
diamines, especialment de putrescina. Aixi doncs, podria ser factible pensar que
aquestes altres amines potenciessin I'absorcié de la histamina exogena al competir
per la DAO per la seva degradacio a nivell intestinal i, ser, en certa manera també,

corresponsables de I'aparicid dels efectes adversos de la histamina.

Els estudis experimentals existents sobre la interferencia d'altres amines en la
degradacio de la histamina per part de la DAO sdén molt escassos i desactualitzats,
essent la majoria dels anys 50 i 80 [81-84]. Per aquest motiu, en el marc d'aquesta
tesi, i per tal de donar resposta a la hipotesi plantejada, es va avaluar, en primer lloc,
la diferent capacitat que presenta I'enzim DAO per degradar /n vitro la histamina i
altres substrats amino (putrescina, cadaverina, tiramina, espermidina i espermina)
per, a continuacio, estudiar la influencia d'aquests Ultims en la velocitat de

degradacio de la histamina.

La histamina va ser I'amina que es va degradar a una major velocitat per part de
I'enzim DAO (28 mU), mentre que aquesta afinitat va ser significativament menor
per la putrescina i la cadaverina. La tiramina, I'espermidina i I'espermina van ser
també substrats de l'enzim DAO, encara que amb taxes de degradacio
extremadament baixes (per sota dels 2 mU). Ignesti i col. (2003) també van descriure
una major afinitat de I'enzim DAO d’origen porci per la histamina que per la resta
d'amines estudiades, essent aquest enzim 9, 12 i 300 vegades menys afi per la

putrescina, la cadaverina i I'espermidina, respectivament [140].

L'afinitat de la DAO pels diferents substrats amino sembla estar influenciada per la

naturalesa quimica d'aquests, especialment per la longitud de la molécula i per la
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preseéncia de components alifatics o aromatics [33]. Segons Blaschko i Hawkins
(1950) durant I'oxidacié enzimatica d'una diamina, el substrat és ancorat a I'enzim
mitjangant els grups amino formant un anell intermedi. S'ha suggerit que com més
llarga és la separacié entre els dos grups amino, més feble és aquesta uni6 de la
molécula amb la DAO [141]. A més, |la preferencia de I'enzim DAO per un substrat o
un altre sembla ser que també depén de I'origen d'aquest enzim. Diferents estudis
han reportat una major afinitat per la histamina que per altres amines en el cas
d'enzims DAO de rosegadors, porci o huma, mentre que quan la DAO té un origen
vegetal, aquesta afinitat és major per la putrescina i la cadaverina [33,35,140,142].
En aquest sentit, Pietrangeli i col. (2007) van observar que I'enzim DAO procedent
de pesol vermell (Lathyrus cicera L) degradava la histamina a una menor velocitat

que la putrescina i la cadaverina [33].

Un cop demostrat que, a part de la histamina, la putrescina, la cadaverina, la
tiramina, I'espermidina i I'espermina sén també substrat de I'enzim DAO d'origen
porci, es va valorar quantitativament la influéncia d'aquestes amines sobre la
degradacio de la histamina (Figura 8). Aquest estudi ens va permetre confirmar que
la presencia de putrescina i/o cadaverina reduia significativament la velocitat de
degradacio de la histamina, i aquesta reduccié era dependent de la proporcié en la
que es trobaven aquestes amines. Com es pot observar en la Figura 8, quan major
era la quantitat de putrescina i/o cadaverina present en el medi, major era |'efecte
inhibitori sobre la velocitat de degradacié de la histamina, observant-se aixi el
maxim efecte quan aquestes diamines es trobaven en quantitats 20 vegades
superiors a la de la histamina. Aquest fet pot ser atribuit a que els dos substrats
presenten afinitats similars per I'enzim DAO [140]. A diferencia d'aquestes diamines,
tiramina, espermidina i espermina només van ser capaces d'inhibir la degradacié de
la histamina quan es trobaven en altes quantitats, que correspon al color taronja
dels histogrames de la Figura 8. Tots aquests resultats demostrarien que la
intensitat en la que altres amines interfereixen en la degradacié de la histamina per
part de la DAQ, es troba directament relacionada amb I'activitat d'aquest enzim per

cada un dels substrat amino, és a dir, quan més activitat més inhibicio.
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Figura 8. Comparacio de I'activitat (mU) de I'enzim DAO sobre la histamina sola (gris) i sobre
la histamina quan es troba amb diferents proporciones de putrescina, cadaverina, tiramina,
espermidina o espermina: 1:0,25 (verd), 1:1 (groc), 1:4 (blau) i 1:20 (taronja). Les lletres
denoten diferéncies estadisticament significatives (p<0,05). HA: Histamina, PU: Putrescina,

CA: Cadaverina, TY: Tiramina, SD: Espermidina i SM: Espermina.

Com s’ha dit anteriorment, |'efecte inhibitori de certs composts amino sobre I'accié
de la DAO per reduir la histamina ha estat molt poc estudiat, existint, segons el
nostre coneixement, només quatre estudis que a més es van realitzar moltes
décades enrere [81-84]. S6n uns exemples els estudis portats a terme per
Arunlakshana i col. I'any 1954 i Mongar l'any 1957 on es va observar com la
cadaverina era capac de potenciar els efectes de la histamina sobre la contraccié de
I'ili, la traquea i I'Gter en animals de laboratori [81,82]. Lyons i col. (1983) van
descriure un increment del 45% en l'absorcié de la histamina en segments
intestinals de rata després d'una perfusié de cadaverina i, al mateix temps, una
reduccio del 20% en els nivells d'acid imidazolacetic, metabolit de la histamina
generat per |'activitat de la DAO [83]. Uns anys més tard, Hui i Taylor, van reportar
un increment de la histamina no metabolitzada en orina de rates a les que se’ls hi
havia administrat putrescina i/o cadaverina [84]. En aquest cas, van ser necessaries

concentracions de putrescina i/o cadaverina 4-5 vegades més elevades que les
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d’'histamina per causar aquest efecte inhibitori. Per contra, I'administracié de

tiramina no va provocar cap canvi en els nivells d’histamina en orina [84].

Tot i que els resultats obtinguts en aquesta tesi van en la mateixa linia que els
reportats previament per altres autors, creiem que aquesta és la primera vegada
que es confirma l'efecte inhibitori per part d'altres amines (principalment putrescina
i cadaverina) en la degradacié de la histamina per la DAO utilitzant la determinacio
directa d'aquesta activitat enzimatica /n vitro. La intensitat d'aquest efecte inhibitori

dependra tant del substrat amino com de la seva concentracio.

Cal recordar que, en el context d'una dieta, és factible trobar aliments, com per
exemple, els productes fermentats, els citrics o els fruits secs, que independentment
de si contenen o no histamina, poden presentar nivells elevats d'altres amines,
essent en darrer terme, les responsables de potenciar els efectes toxics de la
histamina. Aquest fet pot justificar el perque alguns pacients relacionen certs
aliments que no contenen histamina amb ['aparicié dels simptomes de la

intolerancia a la histamina.

Ambit 2. Intolerancia a la histamina i microbiota intestinal

Habitualment es descriuen tres possibles origens per la intolerancia a la histamina
per deficit de DAO. D'una banda, el genétic, pel qual s'han descrit diferents
polimorfismes en el gen que codifica I'enzim DAO relacionats amb una menor
activitat [32,55]. Aquest deficit enzimatic també pot ser causat per I'accio de
diferents farmacs que poden bloquejar I'enzim DAO de forma temporal i reversible
[79]. | per Ultim, aquesta intolerancia pot aparéixer també de forma secundaria a
una afectacié gastrointestinal [54]. Per exemple, Enko i col. (2017) van trobar que el
dany en la mucosa intestinal provocat per diferents patologies, com gastroenteritis
i sindrome d'intesti irritable (Sll), entre d'altres, comportava una disminucié en les

activitats enzimatiques de la DAO i la lactasa [73].
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A més d'aquestes tres possibles causes, un estudi recent ha suggerit una possible
relacié entre I'alteracié en la composicié de la microbiota intestinal i I'aparicié de la
intolerancia a la histamina [36]. Aquests autors han proposat que una disbiosi
intestinal en pacients amb intolerancia a la histamina pot contribuir a una
inflamacié de la mucosa intestinal i, conseqiientment a una reduccié de |'activitat
de I'enzim DAO [36]. A més, tenint en compte que la microbiota intestinal pot
incloure bacteris capacos de formar histamina [37], seria factible pensar que una
sobreexpressio d'aquests bacteris en pacients intolerants a la histamina expliqués
I'aparicié de la simptomatologia. En aquest context, es va plantejar estudiar la
microbiota intestinal d'individus amb intolerancia a la histamina i si una disbiosi
intestinal podria estar relacionada amb I'aparicié d'aquesta intolerancia. L'estudi va
comparar el perfil i la composicié de la microbiota intestinal de 12 individus amb
intolerancia a la histamina amb el de 14 individus sans sense simptomes d'aquesta

intolerancia.

A nivell de filums, els dos grups d'estudi van presentar un perfil molt similar, amb
predomini de Firmicutes i Bacteroidetes (Figura 9). No obstant aix0, Proteobacteria
va ser lleugerament superior en el grup d'intolerants a la histamina encara que
sense diferencies estadisticament significatives. Schink i col. (2018) també van
reportar nivells més elevats d'aquest filum en pacients amb intolerancia a la
histamina [36]. Segons aquests autors, un sobrecreixement de Proteobacteria
podria resultar en una lleugera inflamacié intestinal que a la vegada comportaria
una disfuncié de I'epiteli. També s’han trobat elevades proporcions d'aquest filum
en pacients amb altres desordres o patologies intestinals, com per exemple, en
malalties inflamatories intestinals (MIl), en cancer colorectal i Sl [143-146]. Una
possible explicacié del perque el filum Proteobacteria es troba augmentat en
processos d'inflamacio intestinal seria que aquesta inflamacié pot incrementar la
quantitat d'oxigen disponible en el lumen, fet que canviaria la proporcié de bacteris
anaerobis obligats per bacteris anaerobis facultatius, com és el cas de
Proteobacteria. D'aquesta manera, un increment en la seva abundancia s'ha

postulat com a marcador de disbiosi intestinal [147,148].
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Figura 9. Abundancia relativa (%) dels diferents filums trobats en el grup control i en el grup

d'intolerants a la histamina (HIT).

Com es mostra en la Figura 10, les families bacterianes més abundants en ambdds
grups van ser Lachnospiraceae (Firmicutes), Ruminococcaceae (Firmicutes) i
Bacteroidaceae (Bacteroidetes), totes elles representant més del 50% del total de
families. A aquest nivell, dins de les diferéncies significatives trobades, destacar que
el grup d'individus intolerants a la histamina va mostrar una menor abundancia
relativa de Prevotellaceae en comparacié amb el grup control. Segons la literatura,
una menor proporcié de bacteris pertanyents a aquesta familia es pot relacionar
amb una reducci6 en la sintesi de mucina que pot provocar un increment de la
permeabilitat intestinal [149]. En aquest sentit, Schink i col. (2018) van reportar uns
valors de zonulina, marcador de permeabilitat intestinal, en individus amb
intolerancia a la histamina per sobre dels valors normals en poblacié sana,
suggerint certa alteracio en la permeabilitat intestinal d’'aquests pacients [36]. Un
increment de la permeabilitat facilitaria, entre d'altres, la penetracié de metabolits
microbians, com la histamina, i en consequeéncia, I'aparicid dels seus efectes

adversos [36].
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Figura 10. Abundancia relativa (%) de les diferents families trobades en el grup control i en

el grup d'intolerants a la histamina (HIT).

Les majors diferéncies trobades entre els dos grups d'estudi van ser en generes i
especies. Per exemple, en el primer boxplot representat en la Figura 11 es mostra
I'abundancia relativa de Ruminococcus, la qual va ser menor en el grup de pacients
amb intolerancia a la histamina en comparacié amb el grup control. A aquest
génere bacteria se li ha atribuit un paper important en el manteniment d'una bona
salut intestinal, ja que alguns dels seus membres tenen la capacitat de degradar
polisacarids complexes en diferents sucres simples, fent-los més disponibles per les
céllules epitelials de I'intesti [150,151]. Un altre génere com Faecalibacterium, i
especialment la seva espécie Faecalibacterium prausnitzii, trobats en proporcions
significativament inferiors en el grup d'intolerants (Figura 11), sén un dels principals
formadors de butirat en l'intesti huma [152-154]. El butirat és un AGCC que
representa la principal font d'energia dels colonocits i també exerceix efectes
protectores en front a cancer colorectal i a MIl [152-154]. Per aquests motius,

F. prausnitzii s’ha proposat com un bon marcador de salut intestinal.
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Figura 11. Abundancia relativa (%) de diferents bacteris amb propietats beneficioses per

I'organisme. HIT: Grup d'intolerants a la histamina.

Altrament, en la Figura 12 es representen tots aquells géneres i espécies formadors
d’'histamina que van ser significativament superiors en el grup d’intolerants a la
histamina. Aquest es el cas de Staphylococcus, Proteusi géneres no identificats de
la familia £nterobacteriaceae. Moltes espécies d'aquests generes s'han descrit com
a importants formadores d'histamina [155-157]. Es important destacar pero, que la

capacitat histaminogénica és soca depenent [18].
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Figura 12. Abundancia relativa (%) de diferents bacteris relacionats amb la formacié

d'histamina. HIT: Grup d'intolerants a la histamina.

Actualment, existeix forga informacioé en la literatura cientifica sobre la capacitat de
diferents soques bacterianes per formar histamina en aliments, pero és poca, i molt
recent, la informacié sobre aquesta capacitat per part de la microbiota intestinal
[148,158,159]. L'any 2021, Mou i col. van identificar 117 espécies de la microbiota
intestinal humana potencialment capaces de formar histamina, la majoria

pertanyents als geéneres  Morganella,  Lactobacillus,  Staphylococcus,
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Photobacterium, i Clostridium, ampliament descrits com histaminogeénics [148].
Segons aquests autors, Clostridium perfringens és una de les especies més
freqientment associada a aquesta capacitat de formar histamina,
independentment de la soca [148]. En el present estudi, la presencia de
C perfringens, bacteri que també s'ha relacionat amb desordres gastrointestinals
severs, va ser més freqlient en el grup de pacients amb intolerancia a la histamina
que en els controls sans, on només es va detectar en dos individus (Figura 12). En
aquesta mateixa figura també es pot observar una tendencia a l'alga en
I'abundancia de les espécies Enterococcus faecalis, Escherichia coli i Proteus
mirabilis en el grup d'intolerants. Pugin i col. (2017) van descriure una forta activitat
aminogenica en aquestes especies aillades de I'intesti huma, mostrant I'habilitat de
formar no només histamina siné també altres amines com, putrescina, cadaverina i

tiramina [37].

La major abundancia de bacteris amb capacitat de formar histamina a nivell
intestinal que s'ha trobat en els pacients amb intolerancia a la histamina podria
resultar en una acumulacié excessiva d'histamina a nivell intestinal i, per tant, en
una potencial major absorcié d'aquesta amina i un increment de la seva presencia
en plasma. A més, tenint en compte que aquests pacients pateixen, en principi, una
deficiencia de I'enzim DAO, la toxicitat d’aquesta amina es veuria potenciada en
aquests individus. Per un altre costat, s'ha suggerit també, que un excés d’histamina
podria afectar negativament la mucosa intestinal. D'acord amb alguns estudis en
animals d'experimentacid, nivells elevats d’histamina procedents de bacteris
intestinals es relacionen amb una resposta pro-inflamatoria [158,160,161]. Segons
Mishima i col. (2020), una disbiosi intestinal amb una sobreexpressié de bacteris
formadors d'histamina i uns elevats nivells d’histamina intestinal s'associarien amb
el desenvolupament i I'agreujament del SII [162]. En I'estudi /n silico realitzat per
Mou i col. (2021) amb 2451 mostres de femta de pacients amb MiII (colitis ulcerosa
i malaltia de Crohn), també es va trobar una sobreexpressid de bacteris amb una
potencial capacitat histaminogeénica [148]. Contrariament als resultats obtinguts

per tots aquests estudis, d'altres, realitzats tant /n wvitro com en animals de
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laboratori, suggereixen que la histamina a nivell intestinal estaria exercint efectes
immunomoduladors degut a la supressié de la produccid d'interleuquines

proinflamatories [163,164].

Malgrat la sobreexpressido de bacteris histaminogenics observada en el grup
d'intolerants a la histamina, no es va trobar que aquests presentessin una major
concentracié d'histamina en femta en comparacié amb els controls sans. De fet, la
majoria dels individus, tant del grup control com dels pacients intolerants (71% i
92%, respectivament) van mostrar nivells d’histamina en femta dins dels valors
considerats normals (<959 ng/g femta). Aquests resultats estan en concordanga
amb els descrits per Schink i col. (2018), els quals també van trobar valors molt
similars d’histamina en les mostres de femta d'individus sans i d'intolerants a la

histamina, i practicament tots dins del rang de normalitat [36].

A part de I'abundancia relativa dels diferents grups bacterians, un altre concepte
que es té en compte en |'estudi de la microbiota és la diversitat o riquesa en generes
i especies. En aquest estudi, aquesta diversitat bacteriana es va determinar
mitjangant I'alfa-diversitat (index de Shannon i index de Simpson) i la beta-
diversitat (index de dissimilitud de Bray-Curtis). Malgrat que no es van observar
diferéncies significatives per l'alfa-diversitat (referida a la riquesa d'especies i
I'abundancia de cada una d'elles que presenta cada individu) entre els dos grups
d'estudi, si que el grup d'intolerants va mostrar una menor riquesa d'espécies
pertanyents als generes Bifidobacterium i Lactobacillus, amb un 31% i un 41%
menys d'espécies que el grup control, respectivament. Pel que fa a la beta-
diversitat, entesa com les diferencies interindividuals en el perfil de distribucié de
géneres i especies, I'index de Bray-Curtis va apuntar diferéncies significatives entre
els dos grups estudiats, tant per géneres (p=0,024) com per especies (p=0,029). A
més, el grup d'individus intolerants va mostrar una major heterogeneitat en aquest

perfil de distribucioé que l'observat pel grup control.

Si comparem els nostres resultats sobre diversitat bacteriana amb els de I'Unic

estudi existent sobre microbiota intestinal en pacients intolerants a la histamina,
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veiem que aquests sén contradictoris. A diferéncia del nostre treball, Schink i col.
(2018) si que van trobar una menor alfa-diversitat en el grup d'individus
diagnosticats d'intolerancia a la histamina en comparacié als individus sans, mentre
que no van observar diferéncies significatives en la beta-diversitat [36]. Aquesta
discrepancia també es fa extensible a d‘altres estudis centrats en diferents
intolerancies alimentaries o desordres gastrointestinals, en alguns dels quals es va
observar una menor alfa-diversitat en el grup de malalts, mentre que en d‘altres no
es van trobar diferéncies significatives en aquest parametre respecte les poblacions
sanes [165-169].

En definitiva, els resultats obtinguts en el marc d'aquesta tesi van evidenciar que els
individus intolerants a la histamina estudiats presentaven una disbiosi o alteracio
de la microbiota intestinal caracteritzada per un costat, per una disminucié d'alguns
bacteris beneficiosos per la salut intestinal i per l'altre, per un sobrecreixement de
bacteris formadors d'histamina. Aquesta sobreexpressi6 pot comportar un
increment dels nivells d’histamina a l'intesti, fet que fa més probable una major

absorcid cap a plasma i I'aparicid dels efectes provocats per aquesta amina.

Actualment, s'esta estudiant com diferents factors ambientals, alimentaris o
fisiologics, entre d'altres, influeixen en el perfil i composicid de la microbiota
intestinal [170,171]. De fet, s'esta demostrant que els habits alimentaris serien un
dels principals factors externs que més estarien influint en la seva composicié [170-
172]. Sén diversos els estudis que han avaluat I'impacte de diferents dietes
restrictives emprades pel tractament d'intolerancies alimentaries o desordres
gastrointestinals sobre els patrons microbians intestinals [173-177]. En un estudi
recent dut a terme per Lenhart i col. (2022) es va observar com un grup de pacients
amb Sl i adherits a diferents dietes restrictives baixes en FODMAPs, en gluten o en
lactosa presentaven una menor abundancia dels geéneres Bifidobacterium i

Lactobacillus, bacteris que exerceixen efectes positius per la salut intestinal [175].

En el cas de laintolerancia a la histamina, no existeix fins a la data, cap treball centrat

en estudiar els possibles canvis en la microbiota intestinal d'individus amb
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intolerancia a la histamina, els quals podrien tenir una disbiosi intestinal tal i com
s’ha demostrat en l'estudi anterior, durant el tractament dietetic d'aquesta
intolerancia. Per aquest motiu, en el marc d'aquesta tesi també es va plantejar
avaluar els potencials canvis en la composicié de la microbiota intestinal en un
subgrup de cinc pacients amb disbiosi intestinal, procedents de I'anterior estudi,
durant el tractament dietétic de la intolerancia a la histamina (és a dir, dieta baixa
en histamina i suplementacié amb DAO). Aquest subgrup de pacients estava format
per dones procedents i tractades en un centre de nutricio i dietéetica especialitzat
en la gestio dietetica del deficit de DAO. Aquest centre va monitoritzar el sequiment
del tractament i I'evolucié dels simptomes al llarg dels nou mesos de tractament

dietetic.

Els principals simptomes reportats per aquestes pacients abans de l'inici del
tractament dietétic van ser principalment a nivell del tracte gastrointestinal, tot i
que algunes també, manifestaven mal de cap i simptomes dermatologics. Aquesta
simptomatologia va millorar al final de I'estudi en totes les pacients (després dels
nous mesos de seguiment del seu tractament dietetic), encara que en cap cas es va

revertir totalment.

Quant a la composicié de la microbiota intestinal al llarg del tractament dietetic,
totes les pacients van presentar un perfil de filums similar no observant-se canvis
significatius al llarg de I'estudi. No obstant, a l'inici, una pacient mostrava una
proporcié anormalment elevada del filum Proteobacteria en comparacié amb les
altres pacients. Cal destacar que aquesta mateixa pacient també presentava un
major nombre de simptomes. Passats dos mesos de tractament dietétic,
I'abundancia de Proteobacteria d'aquesta pacient es va veure fortament reduida
arribant a valors similars als de les altres intolerants. Com s’ha mencionat
anteriorment, alguns autors han proposat que un elevat creixement de
Proteobacteria es podria utilitzar com a marcador de disbiosi intestinal [143-147].
A la vegada, també existeixen estudis que han relacionat canvis en I'abundancia de

Proteobacteria amb els habits alimentaris [178,179]. Per exemple, Levine i col.
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(2019) va reportar una reduccioé en I'abundancia relativa d'aquest filum en pacients
pediatrics amb malaltia de Crohn després de seguir una dieta restrictiva amb
exclusié d'aliments que contenien blat, lactics, greixos animals i additius i, amb

I'administracié de nutricio enteral [179].

A diferéncia dels filums, si que hi van haver diferéncies estadisticament
significatives en I'abundancia relativa de diferents families bacterianes al llarg dels
tractament dietétic (p<0,05). En el diagrama de Venn, representat en la Figura 13,
es pot observar la pérdua d'algunes families, passant d'un total de 79 a I'inici, a 58
als nou mesos d'estudi, algunes d'elles relacionades amb efectes no desitjables per

la salut intestinal.

2 mesos 6 mesos

Temps inicial 9 mesos

Figura 13. Diagrama de Venn del total de families trobades al llarg del tractament dietetic de

la intolerancia a la histamina.

Un exemple destacable, és la reduccié en la proporciéd de la familia Morganellaceae
en totes les pacients al segon mes de I'estudi, arribant a ser totalment absent als sis
mesos de tractament (Figura 14). Morganellaceae inclou espécies bacterianes amb
una reconeguda capacitat de formar histamina, com ara Morganella morganii[180].
Pseudomonadaceae va ser una de les altres families amb una marcada reducci6 en
la seva abundancia, especialment després dels sis mesos d'estudi (Figura 14). Alts
nivells de pseudomonas s'han associat amb casos de MIl, sent també una familia

bacteriana amb diverses soques relacionades amb la produccié d'histamina
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[27,181-185]. Tanmateix, en la Figura 14 també es mostren importants reduccions
en generes i especies bacterianes amb reconeguda capacitat secretora d'histamina
[12,148,180,186-188]. Per exemple, I'abundancia del genere Proteus i de la seva
especie Proteus mirabilis es va veure reduida drasticament al segon mes de
tractament, no arribant-se a detectar en cap de les pacients a partir del sise mes. En
el cas de Raoultella, un altre genere descrit com histaminogenic, aquesta

disminucié va ser estadisticament significativa als sis i nou mesos.
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Figura 14. Evolucié de I'abundancia relativa (%) de diferents bacteris relacionats amb la

formacioé d’histamina observada en individus intolerants al llarg del tractament dietetic de la

intolerancia a la histamina.
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D'altra banda, aquestes pacients van mostrar un augment significatiu en
I'abundancia relativa de Roseburia spp al llarg del tractament dietétic. A aquesta
espécie bacteriana se li han atribuit propietats beneficioses a causa de la seva
capacitat per produir AGCC, els quals es troben involucrats en el manteniment de
I'nomeostasi intestinal i en la inhibicid dels estats d'inflamaci6 [189-191]. Alguns
autors han assenyalat que individus que segueixen dietes baixes en productes
d'origen animal i enriquides en aliments d'origen vegetal presenten una major
abundancia de bacteris productors d’AGCC, entre ells Roseburia[192-194]. Com ja
s'ha vist en apartats anteriors d'aquesta tesi, en el cas de les dietes baixes en
histamina existeix un predomini dels aliments d'origen vegetal ja que se sol reduir
el consum de derivats de la carn i el peix i, determinats lactics. Es podria hipotetitzar,
per tant, que aquest augment observat en la proporcié de Roseburia en aquestes

pacients podria ser, en part, efecte del sequiment d'una dieta baixa en histamina.

Quant a la diversitat bacteriana, tot i no observar-se canvis estadisticament
significatius en cap de les pacients al llarg del tractament dietéetic, al final de I'estudi,
tres de les cinc pacients van mostrar un perfil d'espécies microbianes molt similar

al descrit pel grup d'individus sans de I'anterior estudi (apartat 3.4.).

Els principals resultats d'aquest estudi preliminar semblen indicar una millora en el
desequilibri en quant a certs bacteris histaminogénics al llarg del tractament
dietetic seguit per aquestes pacients. Aquest fet podria contribuir a explicar, en part,
la disminucié en el nombre de simptomes reportats per aquestes pacients

intolerants a la histamina.

Malgrat aquests resultats prometedors, hem de tenir en compte que tot just s'esta
comencant a estudiar el rol de la microbiota intestinal en la intolerancia a la
histamina, i per tant, encara s’ha de seguir aprofundint en aquest aspecte
mitjangant assajos clinics més ambiciosos que estudiin tant aquesta relacio
etiologica com el potencial efecte que pot tenir la gestié dietética d'aquesta

intolerancia.
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Ambit 3. Intolerancia a la histamina i perfil metabolomic en orina

Fins al moment, la presencia de manifestacions cliniques associades a la
intolerancia a la histamina que afectin dos o més organs o sistemes i, el fet de no
presentar una al-lérgia alimentaria sén els principals métodes de diagnostic de la
intolerancia a la histamina [2,32]. Addicionalment, també s’estan realitzant proves
complementaries com la determinacio de I'activitat DAO en sang i/o la identificacié
de SNPs del gen que codifica la DAO. Encara que durant aquests anys han
augmentat els estudis que hi sumen evidéencia, aquestes proves diagnostiques
necessiten reforgar la seva validesa clinica ja que, sovint, aquests estudis presenten
resultats controvertits [85,87]. Per tant, avui en dia encara seria necessari trobar una
eina que permetés establir un criteri de diagnostic solid i clinicament irrefutable de

la intolerancia a la histamina per déficit de DAO.

Recentment s'ha proposat I'Us de biomarcadors del metabolisme de la histamina
en orina com un nou métode diagnostic no invasiu d'aquesta intolerancia [99]. La
hipotesi de treball és que els individus amb intolerancia a la histamina presenten un
perfil d’excrecid d'histamina i els seus metabolits en orina diferent al dels individus
sans. Previament, i amb aquest objectiu, el grup de recerca va desenvolupar un
metode cromatografic que permet identificar de manera rapida i inequivoca els
nivells urinaris d'histamina i 1-methilhistamina [99]. Ara, en el marc d'aquesta tesi,
es planteja estudiar la possible utilitat diagnostica del perfil metabolic de la
histamina en orina en individus amb intolerancia a la histamina. Concretament, es
va avaluar l'excrecio urinaria d’'histamina i 1-methilhistamina de 32 individus
diagnosticats d'intolerancia a la histamina a través de manifestacions cliniques i que
relacionaven I'aparicié o exacerbacié de la simptomatologia després del consum
d‘aliments susceptibles de contenir histamina. A més, d'entre aquests pacients, 16
presentaven un déficit de DAO sanguini. Per aquest estudi, es va considerar també
un grup control que incloia 55 individus sans. Addicionalment, en un subgrup de
cinc pacients es va monitoritzar I'excrecio urinaria d'ambdos analits al llarg del

tractament dietétic de la intolerancia a la histamina (dieta baixa en histamina i
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suplementacié amb enzim DAO exogen) per tal de valorar la seva influéncia en el

perfil urinari de la histamina.

Préviament a l'estudi dels metabolits de la histamina en orina dels pacients
intolerants, es va avaluar en 14 individus sans, la fiabilitat de I'Us de mostres d'orina
de primera hora del mati en comparacié a la recollida durant 24 hores. L'elevada
correlacié observada entre ambdoés tipus de mostres va demostrar que I'ds d’orina
de primera hora del mati era també adequada pel propdsit d'aquest estudi. Els
treballs publicats per Oosting i col. (1989) i Saito i col. (1994) van trobar també que
els nivells d'histamina i 1-methilhistamina en mostres d'orina puntuals
correlacionaven amb els de mostres recollides durant 24 hores [195,196]. Saito i col.
(1994) van trobar una amplia variabilitat en els valors urinaris d'histamina al llarg del
dia i van indicar la utilitat de normalitzar-los en proporcié a la creatinina per a
compensar aquestes fluctuacions [196]. A més de la comoditat per als pacients, les
mostres d'orina de primera hora del mati poden proporcionar resultats més fiables
a causa d'una major concentracié de l'analit (inclosa la creatinina) [197]. Segons
aquests i altres autors, caldria també considerar en la interpretacio dels resultats, la
possible influéncia de la formacié d'histamina per part de soques bacterianes
infeccioses presents en el tracte urinari, especialment en dones, en els nivells

d’'histamina en mostres d'orina de primera hora del mati [197-199].

Com es pot observar en els boxplots de la Figura 15, els valors d'excrecié urinaria
d’'histamina en el grup d’intolerants a la histamina i el grup control van ser molt
similars (p>0,05). A més, dins del grup d'intolerants a la histamina, tampoc es van
trobar diferéncies significatives en I'excrecié d'histamina entre individus amb i
sense un déficit de I'enzim DAO sanguini (p>0,05) (Figura 16). Independentment
del grup d’estudi, els valors d’'histamina es trobaven dins dels rangs préviament
descrits per altres autors en individus sans (8,8 - 73,6 ug/g creatinina) [197,199]. Aixi
mateix, Lamale i col. (2006) van reportar nivells normals d'excrecié d’histamina en

dones adultes sanes, que oscil-laven entre 22,41 58,2 ug/g de creatinina, a diferencia
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de les dones amb cistitis intersticial que presentaven un augment significatiu de

I'excrecié urinaria d'aquest compost [200].

p=0,001

300 7 p=0,255

250 1
200 1
150 1

100 1

Control HIT

Contingut (pg/g creatinina)

[ Histamina W 1-Methilhistamina

Figura 15. Distribucié dels nivells d'histamina i 1-methilhistamina (ug/g creatinina) en

mostres de primera hora del mati d'individus sans i d'intolerants a la histamina.

Per contra, el grup d'intolerants a la histamina si que va mostrar nivells notablement
inferiors d'1-methilhistamina en comparacié amb el grup control (Figura 15). No
obstant aix0, al comparar els individus intolerants a la histamina amb i sense deficit
de DAO sanguini, no es van observar diferencies en els valors d’aquest analit en
orina (p>0,05) (Figura 16). A més, tampoc hi va haver una relacié aparent entre els
nivells d'1-metilhistamina urinaria i la freqlencia o el tipus de simptomatologia

presentada per aquests pacients.
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Figura 16. Distribucié dels nivells d'histamina i 1-methilhistamina (ug/g creatinina) en

mostres de primera hora del mati d'individus intolerants amb i sense deficit de DAO sanguini.

Malgrat s'hagin observat diferencies en I'excrecié urinaria d'1-methilhistamina
entre els dos grups, els valors d'aquest compost en la majoria dels individus
(intolerants i controls) coincideixen amb els reportats en persones sanes per altres
autors (55 - 230 pg/g de creatinina) [195,199,201]. Segons Van Toorenenbergen i
Oranje (2005), aquesta gran variabilitat en I'excrecié d'1-methilhistamina podria
explicar-se en part per les diferéncies interindividuals en la funcionalitat dels

sistemes de degradacio de la histamina en I'organisme [201].

En definitiva, la reduccié observada en els nivells d'1-methilhistamina en el grup
intolerants a la histamina indicaria que el perfil urinari de la histamina i el seu
metabolit podria ser un biomarcador de la intolerancia a la histamina més fiable
que l'activitat DAO en sang. Recordar que en aquest estudi, només el 50% dels
pacients diagnosticats d'intolerancia a la histamina en funci6 de la simptomatologia

van mostrar una deficiencia de I'activitat de I'enzim DAO en sang.

La T-metilhistamina és un metabolit derivat de la histamina que sorgeix de l'accio
de I'enzim HNMT, i per tant, no s'esperava trobar nivells més baixos d'aquest
metabolit en individus intolerants a la histamina, que a priori, tenen un déficit de

DAO. Una possible explicacié seria que una alteracié en l'activitat DAO podria
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conduir a una activacié compensatoria del metabolisme de la histamina per I'enzim
HNMT i, en Ultima instancia, a un augment en el producte final d'aquesta via (és a
dir, de I'acid N-metilimidazol acetic) [198,202]. Per tant, la determinacio6 dels nivells
d'acid imidazol acetic i de I'acid N-metilimidazol acetic en orina complementaria el
perfil d'excrecié d'histamina i proporcionaria una imatge més acurada de les
possibles alteracions produides en individus amb intolerancia a la histamina.
Aquests resultats també aportarien nous coneixements sobre el metabolisme de la

histamina en aquesta poblacio.

A més de I'Us de la histamina i I'T-metilhistamina com a potencials biomarcadors de
la intolerancia a la histamina, es van avaluar els nivells d’aquests dos analits en un
subgrup de pacients durant el tractament dietetic de la intolerancia a la histamina
Fins a dia d'avui, sén molt pocs els estudis que han avaluat I'efecte de la histamina
dietetica sobre els nivells urinaris d'histamina i els seus metabolits i, només, en
individus sans [203-206]. Per exemple, en I'estudi realitzat per Granerus (1968), on
es va administrar histamina per via oral a tres subjectes sans, es va descriure un
increment important en els nivells urinaris d'histamina, 1-metilhistamina, i
especialment l'acid N-metilimidazol acetic en orina. A més, |'excrecié urinaria de
I"acid N-metilimidazol acétic depenia de la dosi d’histamina administrada [203]. Uns
anys més tard, Keyzeri col. (1984) també van reportar un augment en I'excrecié de
I'acid N-metilimidazol acetic després de I'administracié oral de 200 pM d'histamina
en tres individus sans, per0 sense mostrar canvis significatius en la 1-
metilhistamina. El mateix estudi va descriure una alta correlacié entre la ingesta de
proteinesil'excrecio urinaria dels metabolits de la histamina [204]. Segons el nostre
coneixement el present treball és el primer realitzat amb pacients intolerants a la
histamina. Els resultats d'aquest estudi preliminar van mostrar que els nivells
mitjans d'histamina i 1-metilhistamina en orina van patir una disminucié després
dels dos primers mesos, malgrat que sense ser estadisticament significatius
(p>0,05). Aquest descens va ser especialment marcat en dos dels pacients, amb una
reduccié de fins al 86% en el cas de la histamina i al 56% en el cas de la 1-

metilhistamina. Aquests resultats podrien explicar-se per la naturalesa altament
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restrictiva de la dieta al comencament del tractament, en la que s'exclou una amplia
gamma d'aliments susceptibles de contenir elevats nivells d'histamina (per
exemple, aliments i begudes fermentats, productes derivats del peix, espinacs,
alberginia i tomaquet) [85]. Durant les fases de reintroduccié d'aliments no es va

observar cap tendéncia clara ni per la histamina ni per la 1-metilhistamina.

Malgrat es tracten de resultats preliminars d'un estudi pilot amb només cinc
individus, el tractament dietétic actualment utilitzat per la intolerancia a la
histamina podria estar influint en I'excrecié d'histamina i 1-methilhistamina en
orina. Caldra, per tant, determinar també altres metabolits com I'acid imidazol
acéticil'acid N-metilimidazol acetic per coneixer el perfil complert d’excrecié de la

histamina i valorar millor aquest efecte.
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5. CONCLUSIONS

[CAT]

A diferéncia del que habitualment es creu, es poden trobar quantitats
rellevants d’histamina en aliments d'origen vegetal no fermentats,
destacant entre aquests, 'alberginia, els espinacs i el tomaquet. En contrast
amb la histamina, la putrescina (diamino-buta) es troba en gairebé tots els
aliments d'origen vegetal revisats, i sovint en quantitats elevades, destacant

en aquest cas els citrics, el pebrot verd i els pesols, entre d'altres.

Existeix una notable falta de consens quant als aliments que s'exclouen en
les dietes baixes en histamina proposades en la literatura cientifica. Els
aliments susceptibles de contenir histamina suposen Unicament un 32%
dels aliments exclosos. L'eliminacié d‘altres aliments que no tenen
histamina es podria explicar perqué presenten un elevat contingut d‘altres

amines, principalment, putrescina.

La presencia de putrescina i cadaverina (diamino-penta) redueix
significativament la velocitat de degradacié de la histamina per I'enzim
DAO, essent aquest efecte dependent de la quantitat d'amines present.
Les dues diamines van reduir un 80% l'activitat de I'enzim DAO sobre la
histamina quan es trobaven en concentracions 20 vegades superiors.
Aquests resultats contribueixen a explicar per que certs aliments sense
histamina, pero amb continguts rellevants de putrescina o cadaverina, es

relacionen amb |'aparicié de simptomes de la intolerancia a la histamina.
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4. Els individus amb intolerancia a la histamina van presentar un perfil i
composicio de la microbiota intestinal diferent als dels individus sans.
La disbiosi en el grup d'intolerants es caracteritza per una major abundancia
de bacteris formadors d'histamina (Staphylococcus, Proteus, alguns
géneres no identificats de la familia Enterobacteriaceae, Clostridium
perfringens i Enteroccus faecalis) i una menor proporcid de certs bacteris
associats a una bona salut intestinal (Prevotellaceae, Ruminococcus,

Faecalibacterium Faecalibacterium prausnitzii).

5. Es va observar un canvi en el perfil i composicié de la microbiota intestinal
de cinc dones amb intolerancia a la histamina al llarg de nou mesos de dieta
baixa en histamina i suplementaci6 amb enzim DAO. Durant aquest
periode, es va veure reduida [|'abundancia relativa de bacteris
histaminogenics, particularment de les families Morganellaceae i
Pseudomanadaceae, dels géneres Raoultellai Proteusi de la seva especie
Proteus mirabillis. Cal confirmar aquests resultats en futurs estudis que
incloguin un major nombre de pacients i un grup d‘individus sans que

segueixin també una dieta baixa en histamina.

6. Els individus intolerants a la histamina van presentar un perfil metabolic de
la histamina en orina diferent al del grup control, caracteritzat per una
reduccié significativa dels nivells d'1-metilhistamina. Aquests resultats
obririen la possibilitat de que els metabolits de la histamina es puguin
utilitzar com a biomarcadors no invasius de la intolerancia a la histamina.
Cal, pero augmentar I'evidencia d'aquesta possible eina diagnostica amb un
major nombre d'individus i ampliant el nombre de metabolits de la

histamina a monitoritzar.
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5. CONCLUSIONS

[ENG]

Contrary to popular belief, significant amounts of histamine can be found
in non-fermented plant-origin foods, notably eggplant, spinach and
tomato. In contrast to histamine, putrescine (diamino-butane) is found in
nearly all the reviewed plant foods, and often in high amounts, especially in

citrus fruits, green peppers, and peas, among others.

Among the low-histamine diets described in the scientific literature, there is
a notable lack of consensus regarding which foods should be eliminated.
Notably, foods likely to contain histamine account for only 32% of the
excluded items. The exclusion of histamine-free foods is based on a high

content of other amines, mainly putrescine (diamino-butane).

The presence of putrescine and cadaverine (diamino-pentane) significantly
reduces the rate of histamine degradation by the DAO enzyme, the effect
being dependent on the amount of the different amines. Putrescine and
cadaverine reduced DAO activity on histamine by 80% when their
concentrations were 20-fold higher than that of histamine. These results
help to explain why certain histamine-free foods, but with relevant contents
of these other diamines, are associated with the appearance of histamine

intolerance symptoms.
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4. The gut microbiota profile and composition differed between histamine
intolerant and healthy individuals. The dysbiosis in the intolerant group was
characterized by a greater abundance of histamine-secreting bacteria
(Staphylococcus, Proteus, some unidentified genera belonging to the
family Enterobacteriaceae, Clostridium perfringens and Enteroccus faecalis)
and a lower proportion of certain bacteria associated with good intestinal
health (Prevotellaceae, Ruminococcus, Faecalibacterium  and

Faecalibacterium prasunitzii).

5. A change in the gut microbiota profile and composition was observed in
five histamine intolerant women following a low-histamine diet with DAO
supplementation for nine months. During this period, the relative
abundance of histaminogenic bacteria, particularly of the families
Morganellaceae and Pseudomanadaceae, the genera Raoultella and
Proteus and the species Proteus mirabillis, was reduced. These results need
to be confirmed in future studies including a larger number of patients and

a group of healthy individuals also following a low-histamine diet.

6. The histamine intolerant individuals presented a different histamine
metabolic profile in urine compared to the control group, characterized by
significantly lower levels of 1-methylhistamine. These results would open
perspectives for the use of these metabolites as non-invasive biomarkers of
histamine intolerance. However, further evidence of this possible diagnostic
tool needs to be obtained in studies with larger populations and monitoring

a wider range of histamine metabolites.
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7.3. Evidencies de les comunicacions orals i escrites derivades
de la tesi doctoral

e
VI Workshop Anual INSA-UB

Revaloritzacié i reaprofitament alimentari: la ciéncia
darrere d’una alimentacié i gastronomia sostenibles

J‘a'm‘a 503:&419 ’Pércé
ha rebut el premi

Millor Comunicacié Oral

al VI Workshop de I'Institut de Recerca en Nutricié i Seguretat Alimentaria de la
Universitat de Barcelona (INSA-UB)

que ha tingut lloc el 9 de febrer de 2022
al Campus de I’Alimentacié de Torribera

Dra. Rosa Lamuela Raventés
Directora de I'INSA-UB

Institut de Recerca en Nutricié Tl*]’(ﬁl 2 Campus
l. SA  iseguretat Alimentaria de I'Alimentacio
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Aminas bidgenas en alimentos de origen vegetal:
;Estan frecuentemente subestimadas en las dietas bajas en histamina?
S. Sanchez-Pérez; O. Comas-Basté; N.C. Mufioz- Esparza, M.T. Veciana- Nogues, M.L. Latorre- Moratalla, M.C. Vidal-Carou.

1a Ria 171, Sants Coloma de Gramenet {Spain); institut de

Departament de Nutricio,
ca en Nutricio

Introducciéon - Objetivo
Las dietas bajas en histamina se usan frecuentemente para reducir la

sintomatologia de la intolerancia a la histamina, un desorden en la  Licteos: Quesos (a excepcion del fresco)

homeostasis de la histamina que incrementa los niveles plasmaticos de t::;:f::::;}. fomate bersulelle. dies enteias Russnies: pImieno.
esta amina y principalmente producido por un déficit en la actividad de la  Frutas: Citrico, kiwi, fresas, pifsa, papaya, plétano, frambuesas, aguacate, ciruela,
enzima Diamino-Oxidasa (DAO)'. Este tipo de dietas excluyen una amplia “&"’m"a"k's":;:’;:d“

variedad de alimentos, muchos de ellos de origen vegetal, debido a que  camesy ivados curados y curados

los pacientes los relacionan con la aparicion de la sintomatologa (Tabla 1). ::::;‘:‘::t:)e"""’“: Pescady 42Ul rAroo/cogserve sy semiconservas (atin;
drcie s sy . , " Huevos y derivados

El objetivo de este trabajo fue estudiar si la presencia de histamina y otras  grutos secos: nueces, almendras, cacahuetes, avellanas

aminas bidgenas en alimentos de origen vegetal podria explicar su m':;‘::::;‘:‘” Chueric decvados ds (& soja

adecuacion o no a las dietas bajas en histamina. Bebidas alcohélicas: vino, cerveza y destilados

, Tabla 1. Alimentos que deben evitarse de acuerdo con las propuestas dietéticas
Metodo|og|a encontradas en la literatura'®
Se determinaron diferentes aminas bidgenas (histamina, putrescina, tiramina, cadaverina, espermidina y espermina) en un total de 450
alimentos de origen vegetal (no fermentados) pertenecientes a las categorias de vegetales (20), frutas (19), cereales (8) y legumbres (5).
Todas las muestras fueron analizadas por duplicado mediante cromatografia liquida de ultra alta eficacia (UHPLC) acoplada a deteccion
fluorimétrica®.

Resultados
Los Unicos alimentos de origen vegetal (no fermentados) con niveles 10  Histarins |
significativos de histamina fueron berenjena (39,4+30,7 mg/kg), espinacas 100
(31,8170 mg/kg) y tomate (2,5+4,1 mg/kg), mostrando una gran
s

variabilidad en sus contenidos (Figura 1).

Por el contrario, las aminas putrescina, espermidina y espermina se
encontraron en practicamente todos los productos de origen vegetal. g w0
Entre estos, los alimentos con mayores contenidos de putrescina fueron
los citricos (91,2441,7 mg/kg), el pimiento verde (90,0+41,7 mg/kg) y el
pomelo (556+12,8 mg/kg) (Figura 2). En cuanto a la espermidina, o
destacaron el germen de trigo (325,5+3,0 mg/kg), las pipas (131,2+ 13,3
mg/kg) y el champifion (128,5+14,6 mg/kg) (Figura 3).

Espinacas Tomate

Destacar que las espinacas y la berenjena, ademas de ser alimentos ricos en histamina, también contenian niveles importantes de
putrescina y espermidina (Figuras 1-3). Por lo que respecta a los niveles de cadaverina y tiramina, éstos no se encontraron en
cantidades significativas en ninguno de los alimentos analizados.

o 400
w gy &~
350
120
300
100
Q 250
3 80 2
[ w E
2 a0 £ 100 ~
20 0
o .
° Germende  Pipa  Champifion Garbanzos Lentejas Espinacas  Coliflor
Mandarina Naranja Pimiento Pomelo Maiz dulce Plitano Berenjena Guisantes trigo

Figura 2. Alime de vegetal ( enta acan Figura 3 ner igen veg ermentados) que d an por st enid
Conclusiones

La presencia de histamina explicaria la exclusion de tan sélo tres alimentos de origen vegetal (berenjena, espinacas y tomate) de las
dietas bajas en histamina. Por lo tanto, la eliminacion de otros alimentos (sin histamina o con contenidos muy bajos) de estas dietas
podria justificarse, en parte, por la presencia de altos contenidos de otras aminas, como putrescina y espermidina. Estas podrian ser
corresponsables de la aparicion de los efectos adversos de la intolerancia a la histamina ya que al ser también sustratos de la DAO,
competirian con la histamina por esta enzima. No obstante, son necesarios mas estudios para conocer hasta que punto la putrescina y
la espermidina interfieren en el metabolismo de la histamina.
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HISTAMINE FREE DIETS: WHAT ABOUT LEGUMES? =
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INTRODUCTION

Histamine intolerance is a disorder in the homeostasis of histamine due to a reduced intestinal degradation of this amine by diamine-oxidase (DAO)
enzyme. This fact entails an increased histamine absorption, its accumulation in plasma and the appearance of multi-faced clinical symptoms®. The
dietary management of histamine intolerance is mainly based on the exclusion of histamine-containing foods. Histamine is widely distributed in
foods and with variable contents, even within the same type of product. Histamine and other bioactive amines can be found in foods with presence
of aminoacid-descarboxilase activity of microbial origin. This could be in both, fermented products (cheese, dry-fermented sausage...) and fresh
foods (meat, fish...) under poor hygienic conditions. On the other hand, some products without or with low levels of histamine are also related with
the onset of symptoms and consequently excluded from this type of diet?¢.

This fact could be explained by:

Histamine
oy . . NH,
a) The presence of other bioactive amines, such as putrescine and /j/\/
spermidine, that could be co-responsible of the triggering of Hi
adverse effects by competing with histamine for DAO enzyme. Putrescing
b) Some foods could release endogenous histamine. H,N/\/\/NHZ
LEGUMES, a key component of the Mediterranean Diet, are one of the food categories without general Spariudina
" sy " v H
consensus about its exclusion in histamine-free diets. Some authors allowed legumes and their derivates HaNT SN NH:

but others avoided them!348, Likewise, other authors only avoided the fermented soy-products?®.

OBJECTIVE

The aim of this work was to study if the exclusion of legumes in a histamine-free diet could be justified by histamine, putrescine or spermidine contents.

MATERIAL AND METHODS

Samples: The foods considered were lentils (n=7), white beans (n=6), chickpeas (n=4), peas (n=9), peanuts (n=7), soy sprouts (n=3), soy beverage
(n=3), tofu(n=8) and fermented legumes (tamari, miso, tempeh, soy sauce, natto and soy paste; n=21).

Assay: Histamine, putrescine and spermidine contents were determined by duplicate through an ultra-high performance liquid chromatography
(UHPLC) method with fluorimetric detection’.

RESULTS AND DISCUSSION

uHistamine WPutrescine & Spermidine

Figure 1 shows histamine, putrescine and spermidine contents in fers
legumes mostly excluded in histamine-free diets. Although only some of the
fermented legumes analysed (sufu, tamari and soy-paste) contain
histamine, all legumes fermented products are susceptible to accumulate
this amine due to their production process. Then, their exclusion from this
type of diets could be justified by their potential histamine content.

Non-fermented

legumes ol _r
120 % > P

-

Bioactive amines contents (mg/kg)

u Histamine WPutrescine  # Spermidine
800

30 1

—

- H 3 |
i ? . i z
: £ ol il ﬁ_ . " a_u
150 \ ) Chickpeas  Lentils  Peanuts Peas ~ White  Soy Sy Tofu

beans  sprouts beverage

Fermented legumes

L Figure 2 shows that histamine was not found in non-fermented
. legumes. Both, fermented and non fermented legumes contain
putrescine, being peas and soy sprouts the products with highest
contents. According to putrescine data, only peas and soy sprouts could
7 be excluded from histamine-free diets. The spermidine levels

—i; determined in chickpeas, lentils and peanuts may be considered high in

Figure 2. Putrescine and spermidine contents in non-fermented legumes

Bioactive amines contents {mg/kg)

comparison with the contents of this polyamine generally found in
foods. This could potentially explain their exclusion from some
histamine-free diets.

Miso Natto  Soypaste  Soysauce Sufu Tamari Tempeh

Figure 1. Histamine, putrescine and spermidine contents in fermented legumes.

CONCLUSIONS

In light of these results, the onset of symptoms associated to histamine intolerance that some patients link to legumes intake could eventually be
related with their histamine, putrescine and spermidine contents. However, more studies are needed to confirm these previous data and also to
know until what extend putrescine and spermidine interfere in histamine metabolism by DAO enzyme.
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DIETARY MANAGEMENT OF HISTAMINE INTOLERANCE:
Establishing the biogenic amine profile of foods excluded in low-histamine diets

0. Comas-Basté, S. Sanchez-Pérez, N.C. Mufoz-Esparza, S. Hernandez-Macias, M.T. Veciana-Nogués, M.L. Latorre-

Moratalla, M.C. Vidal-Carou.

Departament de Nutricid, Ciéncies de I'Alimentacié i Gastronomia, Campus de I'Alimentacio de Torribera, Facultat de Farmacia i Ciéncies de I'Alimentaci6, Universitat de
Barcelona — INSA-UB — XaRTA. Av. Prat de la Riba 171, Santa Coloma de Gramenet (Spain). mevidal@ub.edu

BRACKGROUND & AIM

Low-histamine diets are currently advised to reduce symp of hi ine i e, a disorder in hi ine h is that increases plasmatic levels
histamine, mainly due to a reduced diamine oxidase (DAO) activity'. These diets should exclude foods susceptible to content high amounts of histamine, but current
recommendations also advise the exclusion of other foods that patients have related to the onset of the symptomatology and, a priori, do not contain histamine.

Therefore, in order to evall the of dietary rec ions of i ine diets reported in the literature, the aim of this work was to study the
qualitative and quantitative biogenic amine profile of frequently excluded foods.

METHODOLOGY Figure 1. Summary of foods excluded in different low-histamine diets.
A selective search of scientific li dealing with low-hi ine diets was Dairy: cured and semi-cured cheese, grated cheese and milk
performed in PubMed database. Fish: oily fish, it: ed and semi-p: vati shellfish
Biogenic amine content (histamine, tyramine, putrescine, cadaverine, Meat: dry-fermented meat products
spermidine and spermine) was determined in food samples through UHPLC Eggs
coupled with fluorometric detection?. Legumes: lentils, chi soy
spinach, cabbage, eggplant, avocado and mushrooms

RESULTS Fruits: citrus, strawberries, banana, kiwi, pineapple, plum and nuts

Chocolate
Foods excluded in low-histamine diets Alcoholic beverages: wine and beer

Figure 1 summarises the list of foods that should be avoided on a low- . "
histamine-diet according to ten di studies available in the i 312, >60% e v isiamine diets tht report
While the majority of reviewed works coincide in the exclusion of fermented

foods and beverages, oily fish and its derivatives and few specific vegetables; no

general consensus was found regarding the avoidance of milk, eggs and a range Table 1. Histamine, putrescine and cadaverine content (min - max) in
of fruits and vegetables. different foodstuffs (mg/Kg or mg/L). A: left; B: right
FOOD HISTAMINE PUTRESCINE CADAVERINE FOOD HISTAMINE  PUTRESCINE CADAVERINE
Biogenic amine profile Fruits, vegetables and legumes Fraits, vegetables and legumes.
Z : B 5 5 Spinach 9569 ND-92 ND-01 Citrus NO ND-151,0 ND
Foods with histamine occurrence are listed in table 1.A. Overall, mean Tomato ND-12,1 53.356 ND-23 Banane ND 255-495 ND
histamine content was usually low, but some samples achieved Eggplant 421006 241486 ND Kind ND 05-156 ND
Ferm. soy cervatves  ND-730,1 27-311 ND- 369 Pineapple ND 14-79 ND

extremely high levels above 400 mg/kg in fermented products and up to

fio : Meat and meat products Pum wd NO NO
650 mg/kg for seafoods. A slgm-ﬁcant occurrence of putrescine and | T N Soawbory ND 2064 ND
cadaverine was also found in practically all analysed foods, although with Cund meat ND-100  ND-74  ND-350 AV NO NO NO
. bl 7 o . A 4 Mushrooms. NC 01-37 ND-16
high variability. Tyramine was also specifically found in fermented Dryferm, sausages  ND-4748  ND-537.1  ND-6%, Y ND’ zo;a e
products, even in many cases with higher levels than histamine (data not Fish and seafood products ) Chickpees ND 09-64 ND
shown). Frod ol fah NOEN1D ND-39.  ND-4002 Soybeans ND a1-475 ND
Sem preserved fith ND- 349 04-21.2 ND- 558 i ND ND - 35 ND
Canned fsh ND - 657,1 ND-22 ND - 120
. " . . : e d Chacolate ND ND ND-28
On the other hand, histamine was not detected in certain plant-origin =
B % : ; 3 4 ey products Fish and seafood products
foods excluded from low-histamine diets, in which high levels of Cheese ND-399  ND-41D5  ND-359 g ND 14-98 ND
putrescine were found (table 1.B). Finally, in few food products excluded ‘Alcoholic beverages iy
low-histamine diets, such as milk, avocado and plums, any biogenic i 24 P 1 Mik ND ND ND
by low-hist; diet: h 1k, d d pl y biog Ceonveza ND-2156  ND-1 ND-314
g Wi 01-550 ND ND
amine was detected. ° Egg and derivatives
Fresh egg ND ND ND

CONCLUSIONS

Apart from those foods avoided due to their histamine content, the exclusion of certain foods may be justified by the occurrence of other biogenic amines, mainly
putrescine. The fact that other amines are also substrate of DAO enzyme could explain their co-responsibility in the triggering of histamine intolerance symptoms by
competing with histamine for the same catabolic enzyme. Further studies are needed to assess until what extend the presence of other amines interferes in the
intestinal degradation of histamine.
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ESTIMACION DE LA INGESTA DE HISTAMINA PARA VALIDAR LA EXCLUSION DE ALIMENTOS EN EL
TRATAMIENTO DIETETICO DE LA INTOLERANCIA A LA HISTAMINA

Sanchez-Pérez, S., Comas-Basté, 0., Hernandez-Macias, S., Latorre-M: lla, M.L., Veciana-Nogués, M.T. & Vidal-Carou, M.C a
Departament de Nutricid, Céncies de [Alimentacid | Gastronomyia, Facultat de Farmacia i Céncies de [Alimentacid, Universitat de Barcelona (UB).
‘Campus. Av. Prat de I2 Riba 171, 08921 Santa Coloma de Gramenet {Spain); UNIVERSITATwe
e Ihlimentacid. Institut de Recerca en Nutricid | Seguretat Allmentaria {INSA], Universitat de Barcelona {UB). mcvidal@ub edu BARCELONA

Tabla 1. Alimentos permitidos y eliminados de las dietas para el

INTRODUCCION ratamiento de la intolerancia a la histaming?*4

La intalerancia a la histamina (IH) es un enla is de la hi: ina debido a una m

degradacion intestinal reducida, causada pnnclpalmen(e por la deficiencia del enzima diamino

oxidasa (DAO)*. A dif ia delai 16 los pueden aparecer tras el (IR
i i : vomrens Licteos: Yogurt y queso fresco
consumo de all con bajas de La actual gestion dietética de esta Vardusas/tubleculos: patatas, lechig,
intolerancia resulta compleja, ya que se excluye un elevado nimero de alimentos que se relacionan coliflor, brécoli, maiz dulce, pepina,
ivel clini | S de Noisdst b o deb zanahoria, 3jo, calabaza, pimiento,
a nivel clinico con la aparicion de o existe sobre qué eben Shaimide: pibans saiiragh calsbbcis
excluirse e incluso habil se eliminan ali sin hi ina®?®, cebolla, alivas
7 o 2 . Frutas; Manzana, melocoton, pera,
La tabla 1 muestra un listado de los alimentos permitidos y eliminados en el marco de una dieta B e il
libre de hi ina consi la informacion ble en la 34, Carne y derivados: Carne fresca, aves de
corral, derivados cérnicas cocidos.
Pescados y derivados: Pescado blanco
OBJETIVO Legumbres: Judia blanca, garbanzo,
£l objetivo de este estudio fue estimar la ingesta de h en la pobl. fiola. Esta e
N i i % R— » " Aceites vegetales y vinagre
informacion puede ser también Gtil para validar si se justifica la exclusion de determinados
_ e oy q Condimentos y especias
alimentos teniendo en cuenta no solo su contenido en histamina sino también su consumo.
METODOLOGIA
Para el célculo de la se ha doelc ido de hi ina de un total de 1800 alimentos clasificados segun e! sistema FoodEx2 propuesto por EFSA®. Los datos de
consumo de la poblacién espafiola proceden de la encuesta ENALIA-25. La exposicién (mg/dia) se calculé mediante un método determinista, considerando el percentil-95 del
ido en histamina (mg/kg) y de (g/dia).
Figura 1. Aporte de histamina a &2 dieta por categorias de alimentos
RESULTADOS

La Fig. 1 muestra el aporte de histamina a la dieta por categorias de alimentos segun la clasificacién ‘
FoodEx2, observandose una amplia variabilidad dentro de cada grupo. Las categorias de alimentos
que aportan un mayor nivel de histamina a la dieta fueron "leche y preductos lacteos” y "carne y "

sl carnicos", Los de las categorias “cereales y derivados”, “huevos y derivados”, 65811019 mg/dia A 98ta37 mg/dia 1.95 £ 5.39 ma/dia 1.9145.25 mg/dia
“azicares, dulces y confiteria” y “aceites y grasas” no contribuyen al aporte de histamina.

Los alimentos responsables de la ingesta de histamina son queso (de leche no pasteurizada, curado ﬂ é A I!
y cabra), berenjena, salmén fresco, espinacas, embutidos crudos curados, vino tinto, sardinas en ‘ 9;

n: : , tom: an fresco, n lores entri fa (Fig. 2). , azdcares, dulces
conserva, cerveza, tomate y atin fresco, aportando valores entre 2 y 26 mg/dia (Fig. 2). iy s prasm i tbeusinteley
Omg/dia
Figura 2. Ingesta de histamina (percentil-95) en mg/dia procedente del consumo de
diferentes alimentos Respecto a la validacion de las dietas de exclusion para la IH se puede destacar:
% . o Todos los alimentos gue son fuente significativa de h ina (Fig. 2) son r I |uidos de
H estas dietas {tabla 1).
H
',i » 0 La exclusidn de algunos de los alimentos como los citricos y los platanos se podria justificar por su
g aporte de putrescina. La putrescina, al ser también sustrato del enzima DAO, favoreceria la absorcién
intestinal de histamina’.
©
O La exclusion de alimentos como el huevo, el aguacate, el chocolate y la leche no se puede explicar por
I l I . su aporte de histamina ni putrescina. Aunque es un tema poco comraslado una posible explicacion
B . | . seria que estos ali actuaran como li d de hi i LA
g ] ¢ £ 8 g = B
i 3 £ £ ¥ e 4 53 s & 2 .
§§ i ; % ; g g 5 & s o En la lista de alimentos permitidos se incluyen algunos como el pimiento, el maiz dulce, el calabacin, el
£ - § = F < 2 " "
5 i ] ¢ 3 ‘? pepino y los champifiones; que segln nuestros datos aportan tanta o mds putrescina que los alimentos
: considerados en el apartado B, por lo que aplicando el mismo criterio deberian ser excluidos.
CONCLUSIONES

© El uso de la clasificacion FoodEx2 propuesta por EFSA no resulta adecuada para este tipo de peligro ya que dentro de una misma categoria se incluyen alimentos con
concentraciones muy variables de histamina.

@ Los alimentos que aportan mds hi: ina a la dieta de los les son queso, berenjena, salmén fresco, espinacas, embutidos crudos-curados, vino tinto, sardinas en conserva,
cerveza, tomate y atun fresco. Entre estos se incluyen ali que nor no se consit 1 fuente dietética de histamina como berenjena, espinacas y tomate,

© Elaporte de histamina y putrescina solo valida la exclusién de algunos de los alimentos de la dieta para la IH, pero no todos.

© Son necesarios nuevos estudios para el i por el que ali que no aportan hi: ina ni p la i ion clinica de la IH.
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EL PORQUE DE LA EXCLUSION DE ALGUNOS ALIMENTOS SIN HISTAMINA
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Departament de Nutricid, Ciéncies de I'Alimentacio i Gastronomia, Facultat de Farmacia i Ciencies de I'Ali i6, Universitat de (UB), Institut de Recerca en Nutricié i
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Antecedentes y objetivo

La intolerancia a la histamina es un desorden de la homeostasis de la histamina Tabla 1.
debido a una deficiencia de la enzima Diamino-Oxidasa (DAO) a nivel intestinal®. . o P e z
Actualmente, su tratamiento se basa en el seguimiento de una dieta baja en e SR OO oraios, quesos curados y semicurados,

dietas b hi o

histamina, que excluye alimentos que los pacientes relacionan con la aparicién de la (putrescina, cadaverina, tiramina, EeEmic ':'“"""""‘:;M’:‘";;":
g A 2 3 : 3 idi i fermentadas, chucrut,
sintomatologia®?. En estas dietas, ademds de la exclusién de alimentos susceptibles Soernidd v/o sioatmabna) ¥ tomate.

de contgner hlsvtamm_a, tamblenlsg recom{enf!'a Ia.ellmmauon de ofros que, a priori, - e o comtenen oo | 5

no contienen histamina, pero si niveles significativos de otras aminas (Tabla 1). Se perosi otras aminas bidgenas cereza, ciruela, citricos, kiwi, papaya, pifa,

ha hipotizado que la presencia de otras aminas a nivel intestinal pueda retrasar la (putrescing, cadaverina, tramina, :ﬁlznn, Vm:hs, ux;svr;;us, wvas, ofivas,

metabolizacion de la histamina por parte de la DAO, al competir todas ellas por esta
enzima. En este caso, aumentaria la absorcién intestinal de la histamina vy,
consecuentemente, la aparicién de sintomatologia®.

El objetivo de este estudio fue evaluar in vitro si la presencia de otras aminas bidgenas influye en la velocidad de degradacion de la histamina por
parte de la enzima DAO.

Material y métodos 2 oa 8 o

[
Se determind in vitro la degradacién de la histamina en presencia de otras aminas (putrescina, cadaverina, / & & é
tiramina, espermidina o espermina) a diferentes proporciones (Figura 1) mediante un ensayo enzimatico &
acoplado a UHPLC-FL. La actividad DAO se expresé en mU (nmol de histamina degrada)®. i R
Figura 1. Esquema de las diferentes aminas (histamina, HA,

putrescina, PU; cadaverina, CA: espermidin, SD; espermina, SM)
' las diferentes proporciones estudiadas.

Resultados

La presencia de putrescina y cadaverina retrasé significativamente la velocidad de degradacién de la histamina a todas las concentraciones
ensayadas. El mayor efecto se observd cuando estas diaminas se encontraban en concentraciones superiores a las de la histamina (p <0,001) (Fig. 2).
La actividad de la enzima DAO cuando la histamina se encontraba sola en el medio
fue de 28,16 + 1 mU, mientras que, por ejemplo, la presencia de concentraciones
20 veces superiores de putrescina o cadaverina provocé una disminucién de la
actividad del 70 y el 80%, respectivamente (Figura 2).

0 (mU}
8

Actividad DA
o

En el caso de la tiramina, la espermidina y la espermina, unicamente
concentraciones 20 veces superiores a las de histamina causaron un retraso
significativo en la degradacion de la histamina (p <0,001), aunque mds moderado
que el observado por la putrescina y la cadaverina.

6 Proporcion 1:20

Figura 3. Cinética de degradacion

de la histemina en peesencia de

Ias diferentes aminas {histamina,

HA; putrescina, PU; cadavering,
11 011 D14 D1 CA; espermidina, SO; espermina,

@41 011 014 B120 sty

H HA+PU HASCA HASTY WA+ SO HA+SM

Figura 2. U) para la histamina

fhistaming, HA; putrescina, PU; cadaverina, CA; espermiding, SD; espermina, SM) y a las
proporciones 41, 1:1, 1:4 | 1:20. Las diferentes letras denotan diferencias estadisticamente
signlficativas (p<0,05).

Histamina restante en el medio (%)
3

La Figura 3 muestra la cinética de degradacion de la histamina en presencia de las

30
diferentes aminas en una proporcién 1:20. Cuando la histamina se encontraba sola

4 = z 20
en el medio, se degradé completamente a los 90 min de ensayo, mientras que a este
mismo tiempo, la degradacién de hi: ina fue aproximad ite del 90% en »
presencia de espermidina y espermina, del 70% en presencia de tiramina y, tan solo T X e e
de entre un 20% y un 30% en presencia de putrescina o cadaverina. Tiempo (min)
Contlisionas —EHA 8 HA + PU 8 HA + CA —B—=HA + TY 8 HA + SD —8—HA + SM
Los resultados de este estudio explicarian que ali sin 0 con contenidos muy bajos de histamina, pero relevantes de putrescina o cadaverina,

se relacionen con la aparicion de sintomas en individuos con intolerancia a la histamina, y por lo tanto, se excluyan de las dietas bajas en histamina.
En el caso de la presencia de tiramina, espermidina o espermina, serian necesarios niveles mas elevados para retrasar la metabolizacién de la
histamina.
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INTRODUCTION

Histamine intolerance is a disorder in histamine homeostasis, mainly provoked by a deficiency in the key enzyme
responsible for histamine degradation at intestinal level, diamino oxidase (DAO), leading to a greater absorption of
this amine, and the onset of the symptomatology'2. This DAO deficiency could have a genetic, pharmacological or
pathological origin®. Recently, it has been postulated that an alteration on the gut microbiota composition could also
be a possible cause for DAO deficiency, though only a single study has challenged this hypothesis so far®. A major
presence of histamine-secreting bacteria in the gut of histamine intolerance patients could also influence in the
development of this intolerance®,

The aim of this study was to characterize the composition of the intestinal microbiota of patients with histamine
intolerance symptoms and to compare it with that of healthy individuals.

METHODOLOGY

A histamine intolerance group (HIT) was formed by 12 individuals from a centre specialized in histamine intolerance
due to DAO deficiency and a control group with 14 healthy individuals. The analysis of the intestinal microbiota has
been carried out from DNA isolated from stool samples (Qiagen) by sequencing of bacterial 16S rRNA genes (V3-V4
region) (MiSeg-llumina). The data analysis was performed by EzBioCloud Database.

RESULTS

As it can be seen in Figure 1, HIT group showed a significantly higher abundance of histamine-secreting bacteria in
comparison with healthy group, including the genera Staphylococcus, Proteus, several unidentified genera belonging
to the family Enterobacteriaceae and the species Clostridium perfringens and Enterococcus faecalis (p<0.05).
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Figure 1 Relative (%) of different hist ting bacteria found in both study groups

A significantly low abundance of different bacteria associated with a healthy gut (Ruminococcus, Faecalibacterium
and Faecalibacterium prausnitzii) was also found in HIT group (p<0.05) (Figure 2). . prausnitzi, proposed as a
marker of gut health is one of the most prevalent and abundant producers of butyrate in the human gut®.
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Figure 2 Relative abundance (%) of different healthy gut bacteria found in both study groups

CONCLUSIONS

A dysbiosis involving a greater abundance of histaminogenic bacteria would contribute to accumulate high levels of
histamine in the gut, leading to a greater abscrption of this amine in plasma and therefore, the appearance of adverse
effects. The ability to degrade this histamine resulting from an intestinal dysbiosis would be easily overwhelmed in the
individuals with DAO deficiency. Moreover, this dysbiosis could contribute to the mucosal inflammation which would
ultimately affect the functionality of the DAO enzyme. An imbalance in the histamine-forming microbiota could
account for another possible origin of histamine intolerance.
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