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IgE-mediated reaction induced by arugula
(Eruca sativa)  ingestion compared with a

Coomassie  brilliant  blue,  showed  bands  with  molecular
weight  approximately  of  17.6,  67.5,  83.7,  127.8  kDa  for  raw
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raw  arugula  extract  (Fig.  1).  To  exclude  the  possibility  of
an  unspecific  reaction,  IB  analysis  performed  with  control
serum  was  negative  (Fig.  1).
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To  the  Editor,

Eruca  (E)  sativa  is  an  edible  spontaneous  or  cultivated
plant,  native  of  the  Mediterranean  area.1 E  sativa  belongs  to
the  Brassicaceae  or  Cruciferae  family,  which  includes  other
vegetables  such  as  cabbage,  cauliflower,  mustard,  broccoli,
turnip  and  radish.2,3 Arugula  is  a  food  of  the  Mediterranean
diet  and  it  is  commonly  used  as  a  condiment  in  many  dishes
(pizza,  pasta  and  salad),  consumed  raw  or  cooked.1

The  Brassicaceae  are  able  to  determine  sensitisation  and
IgE-mediated  reactions.  Rare  cases  of  adverse  reactions
after  arugula  ingestion  have  been  reported,  such  as  contact
or  systemic  manifestations.1,4,5

The  aim  of  this  paper  is  to  report  an  allergic  reaction
after  ingestion  of  fresh  arugula  leaves.  The  study  was  car-
ried  out  to  demonstrate  the  IgE-mediated  mechanism  of  the
reaction  referred  and  to  evaluate  the  co-sensitisation  to
other  edible  Brassicaceae, realizing  their  protein  profile.

A  32-year-old  housewife  reported  urticaria  to  the  trunk
a  few  minutes  after  ingestion  of  pizza  with  raw  arugula.
History  revealed  allergic  respiratory  symptoms  and  no  pre-
vious  adverse  reactions  to  foods.  The  reaction  resolved  with
antihistamine  treatment.  The  ingestion  of  other  types  of
pizza  did  not  generate  problems.  Skin  prick  test  (SPTs)  with
commercial  aeroallergen  and  food  extracts  (Stallergenes,
Milan,  Italy)  were  performed.  Histamine  and  saline  solution
were  used  as  positive  and  negative  controls,  respectively.
The  SPTs  were  positive  to  different  aeroallergens  (grass
pollen,  mugweed,  Parietaria  judaica,  olive  tree  pollen,
cypress,  amaranth,  cat  dander  and  Alternaria  alternata)
and  foods  (peanut,  potato  and  shrimp).  The  patient  did  not
report  food  allergies;  she  ate  foods  with  positive  SPTs  with-
out  reaction.

In  addition,  prick  by  prick  test  with  raw  arugula  was  per-
formed  with  positive  result.  The  prick  by  prick  tests  with  raw
arugula  were  also  performed  in  ten  healthy  controls  and  ten
atopics,  with  negative  results.

The  patient  refused  to  undergo  oral  challenge  test  with
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raw  arugula.  The  proteins  were  extracted  from  raw  and
cooked  arugula  leaves,6 with  a  concentration  approximately
of  6.314  mg/ml  and  0.885  mg/ml,  respectively.  The  gel
electrophoresis  protein  profile,  after  staining  with  0.1%

F
e
i
(

0301-0546/$ – see front matter © 2013 SEICAP. Published by Elsevier Esp
http://dx.doi.org/10.1016/j.aller.2013.05.003
rugula  extract  and  59.7  and  73.9  kDa  for  boiled  arugula
xtract  (Fig.  1).

To  explain  the  prick  by  prick  test  positive  with  raw
rugula,  the  proteins  were  transferred  onto  nitrocellulose
embrane  and  incubated  with  patient’s  serum  overnight.

pecific  IgE  binding  was  detected  by  peroxidase-conjugated
nti-human  IgE  antibodies  from  goat  and  luminol.  The
mmunoblotting  (IB)  analysis  did  not  show  IgE  reactivity
o  proteins  in  the  cooked  extract,  while  bands  reactive
ere  presented  to  the  protein  of  about  60---67  kDa  of  the
.  IgE-mediated  reaction  induced  by  arugula  (Eruca
ceae  proteins.  Allergol  Immunopathol  (Madr).  2013.

igure  1  Eruca  sativa  protein  identification.  Molecular  mark-
rs (lane  M).  SDS-PAGE  with  extracts  of  raw  E.  sativa  (lane  A)  and
mmunoblotting  with  serum  from  the  E.  sativa  sensitive  patient
lane  A1).  Negative  control  serum  (lane  B).
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Figure  2  Spectrum  of  Brassicaceae  proteins.  Molecular  mark-
ers (lane  M).  Extracts  of  radish  (lane  A),  raw  and  boiled  arugula
(lane B  and  B1),  raw  and  boiled  turnips  (lane  C  and  C1),  raw  and
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oiled  cauliflower  (lane  D  and  D1)  and  raw  and  boiled  cabbage
lane E  and  E1).

To  evaluate  the  co-sensitisation  between  other  foods
elonging  to  the  Brassicaceae  family,  SPTs  with  commer-
ial  extracts  of  mustard  (Stallergenes,  Milan,  Italy),  cabbage
nd  cauliflower  (Lofarma,  Milan,  Italy),  and  prick  by  prick
est  with  cabbage,  cauliflower  and  turnip,  both  raw  and
oiled,  and  raw  radish  (because  in  our  region  this  vegetable
s  usually  eaten  in  its  native  state)  were  performed.  Deter-
ination  of  specific  IgE  (RAST)  for  the  same  food  was  also
erformed.  SPTs  with  commercial  extracts  and  RAST  were
egative,  while  the  prick  by  prick  tests  resulted  positive  for
aw  Brassicaceae. The  patient  did  not  report  reactions  after
ngestion  of  cooked  turnips  and  cauliflower,  and  she  did  not
emember  having  eaten  radish  and/or  cabbage.  The  protein
xtracts,  obtained  from  other  Brassicaceae,6 were  used  to
erform  gel  electrophoresis  (Fig.  2).

In  the  literature,  cutaneous  and/or  respiratory  symptoms
nduced  by  arugula  have  rarely  been  reported.  In  all  cases,
he  diagnosis  was  confirmed  by  prick  by  prick  test  with  the
ative  food.1,4,5

In  a  few  cases,  IB  has  been  used  to  better  investigate
he  adverse  reactions  induced  by  the  arugula.  In  one  case,
B  was  performed  to  demonstrate  a  possible  cross-reactivity
etween  arugula  and  pollens1 and  in  another  case,  instead,
o  assess  IgE  reactivity  in  patient’s  serum.  In  this  last  case,
owever,  no  IgE  reactive  was  detected  despite  the  patient
aving  had  a  positive  SPTs  with  arugula  extract  prepared
n  the  laboratory.  To  explain  this  contradiction,  Foti  et  al.
uggested  that  this  difference  may  be  related  to  the  manner
n  which  the  extract  for  the  IB  has  been  prepared.5

The  prick  by  prick  tests  with  other  cooked  and  raw  Bras-
icacea  showed  positivity  only  for  raw  foods,  assuming  the
resence  of  thermolabile  protein,  as  suggested  by  some
uthors.2 The  analysis  of  gel  protein  profile  with  raw  and
ooked  extracts  showed  a  different  protein  profile  with
eduction  or  loss  of  protein  in  the  boiled  extracts  (Fig.  2).
Please  cite  this  article  in  press  as:  Damiani  E,  et  al
sativa)  ingestion  compared  with  a  spectrum  of  Brassica
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urthermore,  with  the  exception  of  radish  and  arugula,  in
ur  country  these  vegetables  are  consumed  cooked.  In  fact,
he  patient  tolerated  the  ingestion  of  cooked  cauliflower
nd  turnips.
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It  is  possible  to  note  a  similarity  of  the  spectrum  of  the
rotein  of  raw  arugula  and  raw  turnip,  as  shown  in  Fig.  2.
hen,  it  is  possible  to  hypothesize  cross-reactivity  between
hese  vegetables  because  the  prick  by  prick  tests  were  also
ositive.

In conclusion,  the  study  shows  the  IgE-mediated  mecha-
ism  of  the  reaction  lamented  by  patient,  because  prick  by
rick  test  with  raw  arugula  was  positive  and  the  IB  showed
gE  reactivity  in  the  patient’s  serum  against  the  protein  of
olecular  weight  approximately  60---67  kDa.  In  addition,  the

tudy  of  co-sensitisation  to  other  foods  belonging  to  the
rassicaceae  family  has  confirmed  the  presence  of  proteins

nactivated  by  heating  by:  prick  by  prick  test  positive  for
nly  raw  vegetables,  the  different  protein  profile  between
he  raw  and  cooked  vegetables  extracts  and  the  tolerance
f  the  cooked  Brassicaceae, as  already  previously  assumed.2

Allergic  reactions  can  be  induced  to  any  foods  because
hey  contain  proteins  and,  then,  can  be  studied  by  IB.7

his  laboratory  technique  is  therefore  a  useful  diagnostic
ool  when  the  commercial  extract  or  substrate  RAST  is  not
vailable.8,9

Further  studies  should  be  performed  to  better  define
he  allergenic  proteins  of  these  foods  and  possible  cross-
eactivity  between  vegetables  of  the  Brassicaceae  family.
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