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a  b  s  t  r a  c t

Paneth  cells  are  secretory  epithelial cells  of the  innate  immune system of the  intestine of several  mam-
mals,  including alpacas. Little  is known  about the  latter; thus,  in the  present  study  we described the
morphology  and  histochemical  characteristics of Paneth  cells  in healthy  fetuses, and  young  and adult
alpacas.  For this purpose,  samples of duodenum, jejunum and ileum  were  taken from 6 fetuses at dif-
ferent  days of pregnancy (between  days 221–330),  66  offsprings  (between  0 and 45-days-old) and 5
adult  alpacas  (>2-years-old).  Samples  were  fixed  in 10%  buffered  formalin  and  processed  for  histological
and  morphometrical  analysis  using  HE  and  Masson Trichomicı́s  technique.  Immunohistochemistry  was
used  to identify  Paneth  cells  using anti-lysozyme antibody.  In  addition, the  lectinhistochemichal  binding-
pattern  of Paneth  cellı́s  granules  was  evaluated. Lyzozyme  was immunohistochemically  detected  in the
granules  of Paneth  cells  from day  283 of pregnancy in all the  small intestinal  sections  of  the  studied
fetuses.  In  newborn  alpacas  Paneth  cells  were  initially  found  in the  duodenum, but  the  following  days

(days  18–21 after  birth)  they  were  also found in the  ileum.  Their size  gradually increased after  birth,  but
then  no significant  differences  were  found.  In  adult alpacas  the  number  was lower than offsprings.  We
suggest  that  Paneth  cells  early differentiate  in the  small intestine  of alpacas, and  the  increase in their
number  during  the  first  two  weeks of  life strongly  support  their  possible involvement  in the  intestinal
defensive  functions against the  enteric  diseases  that  occur  during  the  lactancy stage.

© 2016  Elsevier  Ltd. All  rights  reserved.

g et 

phol
sis an
., 199
eria, 

lipot
rin an
ditio
uction

 cells (PC) are  one of the secretory epithelial cell lin-
the intestine in mammals. They contribute to the innate
system (Clevers and Bevins, 2013; Bevins and Salzman,
d play a vital role in regulating intestinal microbiota

nd Liu, 2016) by secreting a great number of antimi-
bstances, such as lysozyme (Otto, 1973; Deckx et al.,
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al., 2006), angiogenins (Eckmann, 2005) and secretory
ipases A2 (Keshav, 2006). PC degranulation occurs by exo-
d it is  triggered by the increase in  cytosolic calcium (Satoh
5), by neuronal cholinergic stimuli, products derived from
such as, lipopolysaccharide, lipid A, muramyl dipeptide
eichoic acid (Ayabe et al., 2002), and hormones, such as
d cholecystokinin (Porter et al., 2002; Satoh et al., 1989).
n, the secretory response also occurs after exposure to
lecules and signals produced by other epithelial or  con-
ssue cells (Porter et al., 2002) and vary along the intestine

 et al., 2008). The secretion of these substances regulates
enous microbiota composition, cell proliferation and dif-
on, and it also protects the stem cell niche. PC may  also
e to  digestive and detoxification processes (Bevins, 2005,
ellette, 2005; Porter et al., 2002).
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 cells were identified in  different species, including
eing (Ehrmann et al., 1990; Erlandesen et al., 1974), rat

 et al., 1982; Sundstrom and Heleander, 1980; Behnke and
4), mouse (Satoh et al., 1992), guinea pig (Vásquez et al.,
oh et al., 1990), squirrel (Toth, 1980), hamster, monkey

 al., 1990), rabbit (Zanuzzi et al., 2008; Abdel-Magied and
5), horse (Takehana et al., 1998), sheep (Ergün et al., 2003)
l (Abdel-Magied and Taha, 1995). In most of the species
hey are located at the bottom of the Lieberkhün glands of

 intestine where they stay for 18–21 days and then they
ed (Porter et al., 2002). They are easily recognized by their

 location, and the staining of their granules using different
al techniques (Klaus, 1969a). In general, PC are pyrami-

ape, with an oval or spherical nucleus, basophilic basal
 and eosinophilic apical granules (Porter et al., 2002;

 et al., 2000).
ding  PC in  alpacas little and controversial data is known.

 (1966) did not identify PC in  the intestine of adult alpacas,
Lira et al. (2012) found them from birth up to  the first
eks of life. Since the number, size, shape and location
y  change under pathological conditions (Liu et al., 2014;
nd Mahida, 2005; Kelly et al., 2004; Lewin, 1969; Klaus,
69b), in the present study we  described for the first time
hology and histochemical characteristics of PC in healthy
nd young and adult alpacas. These data may  be useful to
nd their possible changes under several enteric neonatal
caused by Escherichia coli, Clostridium perfringes, Eimeria,

 and coronavirus, the main infectious agents that fre-
ffect alpacas (Rosadio et al., 2012; Rosadio et al., 2010;

 2001).

ials and methods

als

 present study five adult alpacas (>2-years-old), 66 off-
 newborns −NB-, 12 offsprings between 1–7-days-old, 9
8–15-days-old, 10 between 16–21-days-old, 9 between
ys-old, 9 between 28–36-days-old and 13 between
ys-old) were used, and from pregnant alpacas −according

a et al. (2003) the average gestation period of alpacas is
ays- six fetuses from gestational days 221, 230, 293, 317,
30-one for each time point- were used. Newborn alpacas

eed colostrum. Adults and offsprings were sacrificed at
house, and fetuses were obtained after the sacrifice of
her at slaughterhouse. All  the animals studied were clin-
lthy and none of them showed intestinal lesions at the
.

 management and procedures were carried out according
ide for the Care and Use of Laboratory Animals’ (National

 Press, 1996, Washington, DC, USA).

logical and histochemical techniques

ls were carefully necropsied and 2 cm long-samples were
m the middle of the duodenum, jejunum and ileum of
mal, rinsed in PBS, fixed in 10% neutral buffered for-
d embedded in paraffin (A.F.I.P., 1995). Then, section of
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unohistochemistry

m sections were mounted on slides coated with poli-l-
8920, Sigma-Aldrich), and passed through a  decreasing
lcohol scale, and incubated with 3% H2O2 in  methanol
n  at room temperature to inhibit endogenous peroxidase
Antigen retrieval was  done twice for 5 min  using 750 W
ve irradiation in citrate buffer (pH 6.0). Nonspecific bind-
were blocked with 1% bovine serum albumin (BSA) for
or PC  quantification slides were incubated overnight with
ary biotinylated rabbit polyclonal anti-human lysozyme

 (Accurate Chemical and Scientific Corporation, Westbury,
 diluted at 1:50. Then, they were rinsed in  PBS three
d incubated with the detection system Horseradish Per-
treptavidin SA 704 (Vector Laboratories, Inc., Burlingame,

 for 30 min. Lacrymal gland, which contains lysozyme
species, (Rennie and Parsons, 1981; Pinard et al., 2003)
ult alpaca was  included as a  positive control (Fig. 3B).
fy the proliferating cells of the crypt some slides were

 with the primary antibody anti-PCNA (anti-proliferation
ear antigen, PC10 clon, Santa Cruz Biotechnology, Inc,
, diluted at 1:1000, and then they were rinsed in PBS
es, and incubated with Mouse ABC immunostaining

 system (Santa Cruz Biotechnology, Inc, Ca, USA), accord-
e manufacturerı́s  instructions. Sections were rinsed in
aled with liquid 3,3-diaminobenzidine tetrahydrochlo-
romogen (Vector Laboratories, Inc., Burlingame, CA, USA)
terstained with Harris’ hematoxylin. The dark, golden

AB hydrogen peroxide reaction product showed the posi-
ined structures. Negative controls included exposure to
ish-peroxidase and substrate medium without primary
.

nhistochemistry

nitial steps of the technique were similar to those
 for immunohistochemistry. After blocking the nonspe-
ing sites with bovine serum albumin (BSA, 1% in  PBS)
s were incubated overnight with the following seven
ted lectins (Lectin Kit BK 1000, Vector Laboratories, Inc.,

e, CA, USA): Con-A (Concanavalia ensiformis, specifi-
ing a-d-Man and a-d-Glc); DBA (Dolichus biflorus, with
pecificity to a-d-GalNAc); SBA (Glycine maximus, bind-

ificity to a-d-GalNAc, b-d-galNAc and a and b-Gal);
chis hypogea, that specifically binds b-d-Gal and (1–3)

 RCA-1 (Ricinus communis-1, binding specificity b-d-Gal
Gal); UEA-1 (Ulex europaeus-1, binding specificity a-l-

 WGA  (Triticum vulgaris, binding specificity a-D GlcNAc
Ac) (Yasui et al., 2006; Goldstein and Hayes, 1978). The

ectin concentration was 30 mg/ml in  PBS for all lectins,
r PNA (10 mg/ml). The horseradish peroxidase strepta-

-5704 (Vector Laboratories, Inc., Burlingame, CA, USA),
 detection system, was incubated for 30 min. Slides were
ree times in  PBS for five min  each, revealed with liquid
inobenzidine tetrahydrochloride as chromogen (Vector
ries, Inc., Burlingame, CA, USA) and counterstained with
matoxylin. The dark, golden brown DAB hydrogen perox-

ion product showed the positively stained structures and
ts were evaluated according to previous studies (Martínez
9; Zanuzzi, 2010; Zanuzzi et al., 2008). Negative controls
 staining included exposure to  horseradish-peroxidase
trate medium without lectin. Lectin controls were per-
y the addition of inhibitory sugars at a  final concentration
.
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Fig. 1. Paneth cells in the small intestine of alpacas are shown by  the arrows. (A) HE  staining, Jejunum, 7-days-old, 40×. (B) PAS-alcian blue staining, Jejunum, 1-day-old,
100×. (C) Massonı́s  trichromic staining, Jejunum, 4-days-old, 100×. (D)  Floxine Tartrazine staining, Jejunum, 42-days-old, 100×.
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 HE staining PC were not easily recognized in  any of
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Fig. 3. Immunohistochemistry. (A) Lysozyme immunolabeling. The arrows show positive staining of the granules of Paneth cell in the jejunum of a fetus at gestational day
330,  100×. (B) Lacrymal gland of an adult alpaca. Positive lysozyme immunostaining of the secretory cells. (C) Proliferating cellular nuclear antigen (PCNA) immunolabeling.
The arrows show cells with negative immunostaining in the jejunum of an offspring of 27-days-old.

Table 1
PC  morphometry in the small intestine of alpacas.

Fetus Offsprings Adults

293 days 317 days 325 days 330 days N 1–7 days 8–15 days 16–21 days 22–27 days 28–36 days 7–45 days

Major axis(mm) D 20.11a 18.13a 20.88a* 18.13a 20.21a 18.65a* 19.69a 19.98a* 21.09a 21.34a* 23.15b 16.22c

Y  17.99a 15.71a 15.76a 17.27a 22.11b 22.02b 22.04b 23.13c 22.29b 24.16c 22.99c 17.17a

I 14.30a* 16.42a 16.58a 16.79a 17.57a* 21.26b 22.33b 21.69b 24.61c* 25.76c 24.22c 16.38a

Minor axis (mm) D 6.82a 7.85a 8.99b* 8.52b* 6.91a* 6.62a 7.76a 6.68a 8.87b 7.47a* 8.03b 7.68a

Y  5.52a* 8.79c 7.08b 7.12b* 8.38c* 7.73c* 7.48b 8.19c* 9.08c 8.28c* 8.512,3 7.702,3

I 6.5b 5.99a* 6.15a 5.67a* 5.36a* 6.18a 6.67b 6.87b 8.02c 6.61b* 7.89c 7.35c

Area(mm2) D 135.93a* 138.50a 196.15c* 149.63a 152.94b 138.62a 154.96b 142.99a 202.45c 172.06b 193.06c 135.43a

Y  91.56a 139.14a 105.99a 130.92a 164.47b 157.08b* 157.02b 179.58c* 194.61c 189.75c 180.22c 119.50a

I 90.57a 94.04a* 94.81a 89.26a* 88.47a* 136.21a 147.84a* 145.06a 191.66b 167.62b 183.61b 111.90a

N, neonate; D,  duodenum; J, jejunum; I,  ileum.
a,b,cindicate statistical significance among columns for each age (p  <  0.05).

* indicate statistical significance among rows for each intestinal section (p < 0.05).

Table 2
Number of PC in the small intestine of alpacas.

Intestinal section Fetus Offsprings Adults

293 days 317 days 325 days 330 days NB 1–7 days 8–15 days 16–21 days 22–27 days 28–36 days 37–45 days

Duodenum 0.9 ± 0.71a 1.3 ± 0.71,2a 1.5 ± 0.71,2a 1.9 ± 0.91,2,3a 2.9 ± 0.84a 1.5 ± 1.11,2a 2.2 ± 1.32,3,4a 2.2 ± 1.63,4a 2.6 ± 1.13,4a 3.0  ± 1.54a 2.3 ± 1.22,3,4a 1.1 ± 0.51a

Jejunum 1.3 ± 0.91,2a 0.8 ± 0.51b 0.9 ± 0.41b 1.1 ± 0.71ab 1.3 ± 0.51,2b 1.3 ± 0.71,2a 2.2 ± 1.43a 2.1 ± 1.13a 1.9 ± 1.22,3b 2.2 ± 1.23b 2.0  ± 1.23ab 1.2 ± 0.91,2a

Ileum 1.2 ± 0.81a 1.1 ± 0.81ab 1.2 ± 0.71ab 1.4 ± 0.71b 1.3 ±n0.51b 1.9 ± 1.01,2,3b 2.0 ± 1.31,2,3a 2.8 ± 1.33b 2.6 ± 1.12,3a 2.7 ± 0.92,3a 2.0  ± 1.11,2,3b 1.8 ± 0.41,2b
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 present work the morphology and histochemical char-
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by traditional histochemical techniques. In  alpacas they
midal, but some PC showed a  more columnar shape, with

sinophilic cytoplasm and barely defined granules when
y HE. PC  in  fetuses, young and adult alpacas were immuno-

ically positive to lysozyme, a reliable marker of PC in
akehana et al., 1998; Masty and Stradley, 1991), mice
and Vantrappen, 1975) and humans (Erlandesen et al.,
e lack of positive immunoreactivity to PCNA supports

 belong to  the stable epithelial population at the studied
d help to indirectly differentiate them from the rest of the
ing cells of the crypt.
ez et al. (2009) and Zanuzzi et al. (2008) studied the lect-

emical binding pattern of PCı́s  granules in rabbits and
ectively. These authors reported that DBA, SBA and WGA

 PCı́s  granules with variable intensity, thus indicating the
 of carbohydrate residues, like b-B-N-acetil-glucosamine,
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ctosamine. In contrast, in humans and mice the granules
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 and ileum the number of PC increased in neonates from
6, a  different result from that reported by Lira et al. (2012),
ecause they studied animals from birth up to  21-days-old.
und differences in the morphometric data with respect to

cies studied, such as Cavia porcellus (Vásquez et al., 2014),
it (Zanuzzi et al., 2008). The increase in  PC number with
e  associated with the greater expression of antimicrobial

 such as defensins, reported in  the intestinal epithelium
alpacas (More et al., 2011).
s are  precocial species in  which a  well-development of

 crypts is identified at birth (Lira et al., 2012). PC are also
om birth in the small intestine of Cavia porcellus, another

 species, and their number increase during the first post-
ks (Vásquez et al., 2014). In contrast, in  altricial species,
e mice, these cells appear from day 7 after birth (Bry et al.,

are specie-specific differences in the distribution and
f PC in  the small intestine in adults. In human a  higher
f PC  was reported in duodenum and ileum (Singh, 1971),
Behnke and Moe  (1964) found a  progressive increase in
er from duodenum to ileum in rats of 2–4 weeks-old,

g et al. (1969) reported the highest density in  the duode-
 jejunum of adult mice. In adult sheep, Ergün et al. (2003)

et  al
necr
offsp
desc
ente
sis a
the 

mor
adul

T
seve
heal
the q
with

In
PC in
early
the  i
gest
dise

Con

T
resp

Ackn

T
IB-2
cont
Mar

Refe

Instit
(A
R

Abde
ce
ra

Ayab
O
in

Behn
d
re

Bevin
m

Bevin
G

Bevin
tr
G

Bohe,
im

Bradb
P
1

Bry, L
d
N

Busti
P
4

Chen
in

Cleve

 a heterogeneous distribution throughout the small intes-
ugh the higher density of cells was found in the jejunum.

esent work we  found that PC number in the ileum of
acas is higher than in neonates and offsprings. Palacios

crypts. 
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04) and Rosadio et al. (2010) have reported catarrhal and
nteritis in  the jejunum and ileum of neonate alpacas and

s caused by coccidios. In addition, Palacios et al. (2005)
 the occurrence of catarrhal, hemorrhagic and fibrous

in the jejunum and ileum of young alpacas with colibacilo-
terotoxemia. Therefore, the lower number of  PC  found in

tine of neonates alpacas and offsprings may  explain the
quent occurrence of enteric diseases when compared to
mals.
it is evident that the differences in PC number depend on
ctors, including the species, the age of the animals, the

atus, and also on the methodological criterion used for
tification; thus, comparisons between different species or
e same species at different ages are difficult.
clusion, in  the present study we showed the presence of

 small intestine of fetuses, young and adult alpacas. The
erentiation of PC in  the small intestine of alpacas, as well as
ase in their number during the first two weeks of  life, sug-

 role in the intestinal defensive functions against enteric
that occur mainly during lactancy.
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