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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
actancy (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.
. Introduction

Paneth cells (PC) are one of the secretory epithelial cell lin-
ages of the intestine in mammals. They contribute to the innate
mmune system (Clevers and Bevins, 2013; Bevins and Salzman,
011), and play a vital role in regulating intestinal microbiota
Zhang and Liu, 2016) by secreting a great number of antimi-
robial substances, such as lysozyme (Otto, 1973; Deckx et al.,

967), defensins (Poindexter et al., 2009; Wehkamp et al., 2006;
hosh et al., 2002; Porter et al., 1997; Ouellette et al., 1989),

rypsin (Ghosh et al., 2002; Bohe et al., 1984), immunoglobulin A

∗ Corresponding author at: Facultad de Medicina Veterinaria,Universidad
acional Mayor de San Marcos, Av. Circunvalación 2800, San Borja, Lima, Perú.

E-mail address: evasquezc@gmail.com (M.  Vásquez.).

ttp://dx.doi.org/10.1016/j.tice.2016.04.003
040-8166/© 2016 Elsevier Ltd. All rights reserved.
(Tang et al., 2006), angiogenins (Eckmann, 2005) and secretory
phospholipases A2 (Keshav, 2006). PC degranulation occurs by exo-
cytosis and it is triggered by the increase in cytosolic calcium (Satoh
et al., 1995), by neuronal cholinergic stimuli, products derived from
bacteria, such as, lipopolysaccharide, lipid A, muramyl dipeptide
and lipoteichoic acid (Ayabe et al., 2002), and hormones, such as
gastrin and cholecystokinin (Porter et al., 2002; Satoh et al., 1989).
In addition, the secretory response also occurs after exposure to
macromolecules and signals produced by other epithelial or con-
nective tissue cells (Porter et al., 2002) and vary along the intestine
(Karlsson et al., 2008). The secretion of these substances regulates
the endogenous microbiota composition, cell proliferation and dif-

ferentiation, and it also protects the stem cell niche. PC may  also
contribute to digestive and detoxification processes (Bevins, 2005,
2004; Ouellette, 2005; Porter et al., 2002).

dx.doi.org/10.1016/j.tice.2016.04.003
http://www.sciencedirect.com/science/journal/00408166
http://www.elsevier.com/locate/tice
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tice.2016.04.003&domain=pdf
mailto:evasquezc@gmail.com
dx.doi.org/10.1016/j.tice.2016.04.003


3 e and 

h
(
M
2
(
T
a
s
t
a
s
h
d
c
O

M
w
t
o
E
1
t
f
u
d
r
q
B

2

2

s
b
2
3
t
3
3
d
s
t
i
n

t
A

2

t
e
m
5
(
(
t

84 M. Vásquez. et al. / Tissu

Paneth cells were identified in different species, including
uman being (Ehrmann et al., 1990; Erlandesen et al., 1974), rat
Rodning et al., 1982; Sundstrom and Heleander, 1980; Behnke and

oe, 1964), mouse (Satoh et al., 1992), guinea pig (Vásquez et al.,
014; Satoh et al., 1990), squirrel (Toth, 1980), hamster, monkey
Satoh et al., 1990), rabbit (Zanuzzi et al., 2008; Abdel-Magied and
aha, 1995), horse (Takehana et al., 1998), sheep (Ergün et al., 2003)
nd camel (Abdel-Magied and Taha, 1995). In most of the species
tudied, they are located at the bottom of the Lieberkhün glands of
he small intestine where they stay for 18–21 days and then they
re renewed (Porter et al., 2002). They are easily recognized by their
hape and location, and the staining of their granules using different
istological techniques (Klaus, 1969a). In general, PC are pyrami-
al in shape, with an oval or spherical nucleus, basophilic basal
ytoplasm and eosinophilic apical granules (Porter et al., 2002;
uellette et al., 2000).

Regarding PC in alpacas little and controversial data is known.
ontalvo (1966) did not identify PC in the intestine of adult alpacas,
hereas Lira et al. (2012) found them from birth up to the first

hree weeks of life. Since the number, size, shape and location
f PC may  change under pathological conditions (Liu et al., 2014;
lphick and Mahida, 2005; Kelly et al., 2004; Lewin, 1969; Klaus,
969a, 1969b), in the present study we described for the first time
he morphology and histochemical characteristics of PC in healthy
etuses, and young and adult alpacas. These data may  be useful to
nderstand their possible changes under several enteric neonatal
iseases caused by Escherichia coli, Clostridium perfringes,  Eimeria,
otavirus and coronavirus, the main infectious agents that fre-
uently affect alpacas (Rosadio et al., 2012; Rosadio et al., 2010;
ustinza, 2001).

. Materials and methods

.1. Animals

In the present study five adult alpacas (>2-years-old), 66 off-
prings (4 newborns −NB-, 12 offsprings between 1–7-days-old, 9
etween 8–15-days-old, 10 between 16–21-days-old, 9 between
2–27-days-old, 9 between 28–36-days-old and 13 between
7–45-days-old) were used, and from pregnant alpacas −according
o Olivera et al. (2003) the average gestation period of alpacas is
45 ± 5 days- six fetuses from gestational days 221, 230, 293, 317,
25 and 330-one for each time point- were used. Newborn alpacas
id not feed colostrum. Adults and offsprings were sacrificed at
laughterhouse, and fetuses were obtained after the sacrifice of
heir mother at slaughterhouse. All the animals studied were clin-
cally healthy and none of them showed intestinal lesions at the
ecropsy.

All the management and procedures were carried out according
o the ‘Guide for the Care and Use of Laboratory Animals’ (National
cademy Press, 1996, Washington, DC, USA).

.2. Histological and histochemical techniques

Animals were carefully necropsied and 2 cm long-samples were
aken from the middle of the duodenum, jejunum and ileum of
ach animal, rinsed in PBS, fixed in 10% neutral buffered for-
alin and embedded in paraffin (A.F.I.P., 1995). Then, section of
 �m thickness were cut and stained with Hematoxylin and Eosin
HE) (Stevens, 1990), Masson’s trichrome (Bradbury and Gordon,
1990)), Alcian blue/periodic acid–Schiff (AB-PAS) and Floxine Tar-
razine (A.F.I.P., 1995).
Cell 48 (2016) 383–388

2.3. Immunohistochemistry

Five �m sections were mounted on slides coated with poli-l-
lysin- (P 8920, Sigma-Aldrich), and passed through a decreasing
graded alcohol scale, and incubated with 3% H2O2 in methanol
for 30 min  at room temperature to inhibit endogenous peroxidase
activity. Antigen retrieval was  done twice for 5 min  using 750 W
microwave irradiation in citrate buffer (pH 6.0). Nonspecific bind-
ing sites were blocked with 1% bovine serum albumin (BSA) for
30 min. For PC quantification slides were incubated overnight with
the primary biotinylated rabbit polyclonal anti-human lysozyme
antibody (Accurate Chemical and Scientific Corporation, Westbury,
NY, USA) diluted at 1:50. Then, they were rinsed in PBS three
times, and incubated with the detection system Horseradish Per-
oxidase streptavidin SA 704 (Vector Laboratories, Inc., Burlingame,
CA, USA) for 30 min. Lacrymal gland, which contains lysozyme
in other species, (Rennie and Parsons, 1981; Pinard et al., 2003)
of an adult alpaca was  included as a positive control (Fig. 3B).
To identify the proliferating cells of the crypt some slides were
incubated with the primary antibody anti-PCNA (anti-proliferation
cell nuclear antigen, PC10 clon, Santa Cruz Biotechnology, Inc,
Ca, USA), diluted at 1:1000, and then they were rinsed in PBS
three times, and incubated with Mouse ABC immunostaining
detection system (Santa Cruz Biotechnology, Inc, Ca, USA), accord-
ing to the manufacturerı́s  instructions. Sections were rinsed in
PBS, revealed with liquid 3,3-diaminobenzidine tetrahydrochlo-
ride as chromogen (Vector Laboratories, Inc., Burlingame, CA, USA)
and counterstained with Harris’ hematoxylin. The dark, golden
brown DAB hydrogen peroxide reaction product showed the posi-
tively stained structures. Negative controls included exposure to
horseradish-peroxidase and substrate medium without primary
antibody.

2.4. Lectinhistochemistry

The initial steps of the technique were similar to those
described for immunohistochemistry. After blocking the nonspe-
cific binding sites with bovine serum albumin (BSA, 1% in PBS)
the slides were incubated overnight with the following seven
biotinylated lectins (Lectin Kit BK 1000, Vector Laboratories, Inc.,
Burlingame, CA, USA): Con-A (Concanavalia ensiformis, specifi-
cally binding �-d-Man and �-d-Glc); DBA (Dolichus biflorus, with
binding specificity to �-d-GalNAc); SBA (Glycine maximus, bind-
ing specificity to �-d-GalNAc, �-d-galNAc and � and �-Gal);
PNA (Arachis hypogea, that specifically binds �-d-Gal and (1–3)
GalNAc); RCA-1 (Ricinus communis-1, binding specificity �-d-Gal
and �-d-Gal); UEA-1 (Ulex europaeus-1, binding specificity �-l-
Fuc) and WGA  (Triticum vulgaris, binding specificity �-D GlcNAc
and NeuNAc) (Yasui et al., 2006; Goldstein and Hayes, 1978). The
optimal lectin concentration was 30 �g/ml in PBS for all lectins,
except for PNA (10 �g/ml). The horseradish peroxidase strepta-
vidin SA-5704 (Vector Laboratories, Inc., Burlingame, CA, USA),
used as a detection system, was incubated for 30 min. Slides were
rinsed three times in PBS for five min  each, revealed with liquid
3,3-diaminobenzidine tetrahydrochloride as chromogen (Vector
Laboratories, Inc., Burlingame, CA, USA) and counterstained with
Harris’ hematoxylin. The dark, golden brown DAB hydrogen perox-
ide reaction product showed the positively stained structures and
the results were evaluated according to previous studies (Martínez
et al., 2009; Zanuzzi, 2010; Zanuzzi et al., 2008). Negative controls

for lectin staining included exposure to horseradish-peroxidase
and substrate medium without lectin. Lectin controls were per-
formed by the addition of inhibitory sugars at a final concentration
of 0.01 M.
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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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ig. 2. Lectinhistochemistry. The granules of Paneth cells were strongly stained by 

he  granules. An example is shown in (C), which corresponds to PNA lectin. Images
aematoxilin. 100×.

.5. Image analysis

The histological description and quantification of morphome-
ric parameters were carried out by digital image analysis with
he program Axio Vision 4.7 LE Canon. Images from HE staining
ere captured (10×, 20×,  40× and 100× objectives) and digitized

n TIFF format. The area and major and minor axes of 30 PC of each
ntestinal section and for each animal were measured. Morphome-
ric data were taken only from those cells that showed a delineated
hape and a distinguishable nucleus. Similarly, only those cells
hat were recognized by the image analyzer (Image Pro Plus 6.3),
ased on the staining or color pattern and on their size and shape,
ere included in the analysis. In addition, the observations were
one by two independent morphologists, in order to obtain a more
bjective counting and morphometric characterization. The num-

er of PC was estimated in thirty crypts per animal and intestinal
ection and the average was calculated. Only those crypts fully
isible and perpendicular to the muscularis mucosae were consid-
red.
ctin (A), and weakly stained by Con-A lectin (B). The remaining lectins did not bind
g to the jejunum of an animal of 18 days-old. Nuclear counterstaining with Harris

2.6. Statistical analysis

Statistical analysis was  performed using SPS 15.0 program. The
ANOVA test was  used to evaluate differences among groups, fol-
lowed by multiple comparisons Tukey test. Significant differences
were defined as those with p < 0.05.

3. Results

3.1. Histology

Using HE staining PC were not easily recognized in any of
the intestinal sections studied. In general, PC were arranged in
small groups, with pryramidal or columnar shape and showed
eosinophilic granules. These granules were best identified by using

Massonı́s trichromic and Floxine Tartrazine techniques from gesta-
tional day 330 in all the intestinal sections. In all the animals they
were negative to AB-PAS. Representative images for each staining
are shown in Fig. 1.
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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(�m) 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 (�m) 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(�m2) 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

NB: newborn.
V
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ifferent letters indicate significant statistical differences between rows (p < 0.05).

.2. Lectinhistochemistry

SBA lectin bound to small PC granules, whereas Con A only
eakly labeled their cytoplasm. The remaining lectins showed no

taining of PC at any small intestinal section or age. Representative
mages are shown in Fig. 2.

.3. Immunohistochemistry

Positive cells to lysozyme were recognized from gestational day
93 at the bottom of the crypts in all the intestinal sections and ani-
als. These cells were negative to PCNA antibody. Representative

mages are shown in Fig. 3.

.4. Morphometry

.4.1. PC size

During the fetal stage the highest size of PC was  found in the

uodenum. A gradual increase in their size was found in the ileum
rom birth up to 45-days-old. Then, no significant morphometric
ifferences were observed at any intestinal region (Table 1).
3.4.2. PC number
Fetuses from gestational day 293 showed no significant dif-

ference in PC number among the three intestinal sections. In the
neonates the number of PC was  higher in the duodenum, but in
16–21-days-old animals the number increased in the ileum. Adult
alpacas showed lower number of PC than offsprings, but similar to
that of fetuses (Table 2).

4. Discussion

In the present work the morphology and histochemical char-
acteristics of PC in alpacas at different developmental stages were
analyzed. PC location was similar to that described in other mam-
mals (Vásquez et al., 2014; Nolte et al., 2005) including members
of the family Camelidae (Abdel-Magied and Taha, 1995), and they
were found in all the small intestinal sections from gestational
day 293. The morphology of these cells has been described in
rats (Sundström and Helander, 1980), guinea pigs (Vásquez et al.,

2014; Satoh et al., 1990), mice (Satoh et al., 1992), rabbits (Zanuzzi
et al., 2008; Abdel-Magied and Taha, 1995), horses (Takehana et al.,
1998), sheeps (Ergün et al., 2003) and humans (Ehrmann et al.,
1990). In all these species PC are pyramidal with easily recognized



e and 

g
w
a
s
h
h
(
1
t
t
p

i
r
b
p
N
a
c
p
v

p
e
u
a
p
b
n
t
b
h
2
m
i
a
t

t
I
d
p
W
o
a
a
p
o

i
p
p
n
s
1

n
n
w
t
a
n
d
t
I
a

M. Vásquez. et al. / Tissu

ranules by traditional histochemical techniques. In alpacas they
ere pyramidal, but some PC showed a more columnar shape, with

pical eosinophilic cytoplasm and barely defined granules when
tained by HE. PC in fetuses, young and adult alpacas were immuno-
istochemically positive to lysozyme, a reliable marker of PC in
orses (Takehana et al., 1998; Masty and Stradley, 1991), mice
Peeters and Vantrappen, 1975) and humans (Erlandesen et al.,
974). The lack of positive immunoreactivity to PCNA supports
hat they belong to the stable epithelial population at the studied
imes, and help to indirectly differentiate them from the rest of the
roliferating cells of the crypt.

Martínez et al. (2009) and Zanuzzi et al. (2008) studied the lect-
nhistochemical binding pattern of PCı́s granules in rabbits and
ats, respectively. These authors reported that DBA, SBA and WGA
ound to PCı́s granules with variable intensity, thus indicating the
resence of carbohydrate residues, like �-B-N-acetil-glucosamine,
-acetilneuraminic acid, �-d-N acetilgalactosamine and �-d-N
cetilgalactosamine. In contrast, in humans and mice the granules
an be labeled by UEA-1, which has high affinity to fucose. In the
resent study only SBA lectin bound to the granules, suggesting
ariability in their carbohydrate composition among species.

To determine and compare PC number we analyzed those cells
ositive to lyzozyme antibody, and compare differences at differ-
nt stages of development. Although the use of this method may
nderestimate the final total number, it was the more appropri-
te technique to fairly distinguish them in the alpaca. Lyzozyme
ositive-cells were arranged in small groups (2–3) or dispersed
etween non-positive cells at the base of the crypts in all the intesti-
al sections from day 293 of pregnancy. The presence of PC from
he fetal stage was also reported in human fetal small intestine
y Mallow et al. (1996), supporting an early differentiation, as it
as been well-documented by several other authors (Putsep et al.,
000; Ouellette et al., 1989). In addition, this early differentiation
ay  indicate that PC are necessary to actively participate in the

ntestinal defense mechanisms during lactancy, to protect neonates
gainst infectious enteric diseases, the main cause of perinatal mor-
ality in alpacas (Rosadio et al., 2012).

Immediately after birth PC gradually increased in size and on
he following days the size was similar in all the intestinal sections.
n jejunum and ileum the number of PC increased in neonates from
ays 28–36, a different result from that reported by Lira et al. (2012),
ossibly because they studied animals from birth up to 21-days-old.
e also found differences in the morphometric data with respect to

ther species studied, such as Cavia porcellus (Vásquez et al., 2014),
nd rabbit (Zanuzzi et al., 2008). The increase in PC number with
ge may  be associated with the greater expression of antimicrobial
eptides, such as defensins, reported in the intestinal epithelium
f young alpacas (More et al., 2011).

Alpacas are precocial species in which a well-development of
ntestinal crypts is identified at birth (Lira et al., 2012). PC are also
resent from birth in the small intestine of Cavia porcellus, another
recocial species, and their number increase during the first post-
atal weeks (Vásquez et al., 2014). In contrast, in altricial species,
uch as the mice, these cells appear from day 7 after birth (Bry et al.,
994).

There are specie-specific differences in the distribution and
umber of PC in the small intestine in adults. In human a higher
umber of PC was reported in duodenum and ileum (Singh, 1971),
hereas Behnke and Moe  (1964) found a progressive increase in

he number from duodenum to ileum in rats of 2–4 weeks-old,
nd Cheng et al. (1969) reported the highest density in the duode-
um and jejunum of adult mice. In adult sheep, Ergün et al. (2003)

escribed a heterogeneous distribution throughout the small intes-
ine, although the higher density of cells was found in the jejunum.
n the present work we found that PC number in the ileum of
dult alpacas is higher than in neonates and offsprings. Palacios
Cell 48 (2016) 383–388 387

et al. (2004) and Rosadio et al. (2010) have reported catarrhal and
necrotic enteritis in the jejunum and ileum of neonate alpacas and
offsprings caused by coccidios. In addition, Palacios et al. (2005)
described the occurrence of catarrhal, hemorrhagic and fibrous
enteritis in the jejunum and ileum of young alpacas with colibacilo-
sis and enterotoxemia. Therefore, the lower number of PC found in
the intestine of neonates alpacas and offsprings may  explain the
more frequent occurrence of enteric diseases when compared to
adult animals.

Thus, it is evident that the differences in PC number depend on
several factors, including the species, the age of the animals, the
health status, and also on the methodological criterion used for
the quantification; thus, comparisons between different species or
within the same species at different ages are difficult.

In conclusion, in the present study we  showed the presence of
PC in the small intestine of fetuses, young and adult alpacas. The
early differentiation of PC in the small intestine of alpacas, as well as
the increase in their number during the first two weeks of life, sug-
gest their role in the intestinal defensive functions against enteric
diseases that occur mainly during lactancy.
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