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Branchiostoma belcheri – A study of immunohistochemistry
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Abstract

The distribution of ghrelin-like immunoreactive cells in amphioxus (Branchiostoma belcheri) was investigated by using immunohisto-
chemical staining with rabbit antiserum against synthetical mammalian ghrelin. The results showed that ghrelin-like immunoreactive
cells were distributed widely in the nervous system, Hatschek’s pit, wheel organ, digestive tract and gonads (ovary and testis). In nervous
system, ghrelin-like immunoreactive neurons and their protrusions were distributed specifically on the dorsal side, ventral side and funnel
part of brain vesicle, with a few dispersive immunoreactive nerve cells and their fibers in nerve tube. Ghrelin-like immunoreactivities were
also detected in Hatschek’s pit epithelial cells and wheel organ cells, with positive substance located along cell membrane. In digestive
tract, ghrelin-like immunoreactive cells existed in hepatic diverticulum, anterior and posterior region of midgut, and could be classified
into two types, closed- and opened-type endocrine cells. The number of positive cells was most in hepatic diverticulum, secondary in
posterior region of midgut and least in anterior region of midgut. In gonads, ghrelin-like immunoreactive substance was detected in
oogonia, oocytes and follicle cells in ovary at the small and large growth stages and in early spermatogenic cells and Sertoli cells in testis.
The extensive distribution of ghrelin-like cells in amphioxus suggested that these kinds of cells are conservative in evolution and diver-
sified in function. At the same time, we found for the first time that ghrelin-like immunoreactive cells existed in brain vesicle and Hat-
schek’s pit, which provided new morphological evidence for the existence of an activation pathway between brain vesicle and Hatschek’s
pit for the regulation of growth hormone excretion.
� 2007 National Natural Science Foundation of China and Chinese Academy of Sciences. Published by Elsevier Limited and Science in
China Press. All rights reserved.
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1. Introduction

Ghrelin, a 28-amino acid peptide, was originally isolated
and purified from rat stomach by Kojima et al. and was
identified as a natural endogenous ligand for the growth
hormone secretagogue receptor (GHS-R) that functions
in the stimulation of growth hormone (GH) release [1,2].
Thus, ghrelin is thought to be the stimulating system for
hypothalamic regulation of pituitary GH excretion and

to be a third regulator for GH release. Ghrelin had been
demonstrated to be distributed in various tissues in verte-
brates, mammalian (including human) [3–5], avian [6],
amphibian [7] and fish [8–10]. It exerts many physiological
functions. However, data about ghrelin in reptile and
cyclostomata are not available now, and we do not know
whether ghrelin exists in cephalochordate amphioxus,
which is a transitional animal evolving from invertebrate
to vertebrate. In this study, we carried out an immunohis-
tochemical localization of ghrelin in nervous system (brain
vesicle and nerve tube), Hatschek’s pit, wheel organ, diges-
tive tract and gonads (ovary and testis) of amphioxus using
the antiserum against synthetical mammalian ghrelin,
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which helped us to understand the distribution and func-
tion of ghrelin in amphioxus.

2. Materials and methods

2.1. Animals

Amphioxus (Branchiostoma belcheri) were collected dur-
ing a period from May 2005 to April 2006 along the Qiong-
tou coast, Tongan’ County, Xiamen, South China.
Animals were reared in laboratory for a week and fed on
cultured algae twice a day. A total of 20 amphioxus of both
sexes, with a length of 43.8–56.6 mm, were used in this
study.

2.2. Preparation of samples

After being anaesthetized at low temperature, the ani-
mals were fixed for 24 h in freshly prepared Bouin’s solu-
tion without acetic acid. Specimens were cut into head,
middle and caudal part in the process of dehydration
through a graded ethanol series, and the head and middle
part were subsequently embedded in paraplast. Paraplast
blocks were sectioned at 6–7 lm thickness and mounted
on poly-L-lysine-coated slides. Sections with the structure
of brain vesicle, nerve tube, Hatschek’s pit, different parts
of digestive tract and gonads (ovary and testis) at different
developmental stages were picked out under a microscope
and selected for immunohistochemical staining.

2.3. Immunohistochemical staining

Sections were stained by the streptavidin–biotin–perox-
idase (SABC) method. Deparaffinized sections were incu-
bated in 3% H2O2 for 10 min to remove endogenous
peroxidase. After heat-induced antigen retrieval and rins-
ing with distilled water, the sections were immersed in
0.01 mol/L PBS (pH 7.2–7.4) for 5 min, and then incubated
with normal goat serum (1:10 dilution) for 15 min at room
temperature. The sections were reacted with the polyclonal
antibody against synthetical mammalian ghrelin (1:150
dilution, purchased from Wuhan Biological Technology
Company) at 4 �C for 36 h. After being rinsed with PBS,
sections were incubated for 20 min at room temperature
with goat anti-rabbit IgG, which was followed by incuba-
tion for 20 min again with a streptavidin–biotin–peroxidase
complex. Visualization of antigens was achieved with
diaminobenzidine (DAB)/H2O2 solution. Negative con-
trols included replacing the primary antibody with normal
rabbit serum or PBS or omitting the primary antibody in
the SABC reaction.

3. Results

The results of immunohistochemical staining showed
that ghrelin-like immunoreactive cells were distributed in

nervous system, Hatschek’s pit, wheel organ, digestive
tract, testis and ovary of amphioxus.

3.1. Ghrelin-like immunoreactive neurons in nervous system

The nervous system of amphioxus has a structure of
solid tube traversing the whole body and it can be
divided into brain vesicle and nervous tube (spinal
cord). The results of immunohistochemical staining
showed that ghrelin-like immunoreactive neurons were
located on the dorsal side and ventral side of brain ves-
icle and on the funnel part near Hatschek’s pit extend-
ing from the right side of brain vesicle. In these neurons
deep brown immunoreactive substance was located along
cell membrane but the nucleus showed negative reaction
(Fig. 1(a) and (b)). On the longitudinal sections of nerve
tube, positively stained neurons and their protrusions
and nerve fibers were dispersedly distributed on the dor-
sal and ventral side and center of the nerve tube
(Fig. 1(c)).

3.2. Ghrelin-like immunoreactivity in Hatschek’s pit

The Hatschek’s pit of amphioxus is the primitive pitui-
tary of vertebrate and consists of three kinds of cells: (1)
epithelial cells at the basal part with a prismatic or irregular
shape. They appear in an irregular crisscross arrangement
of 2–3 layers. Result of immunohistochemical staining
showed that strong ghrelin-like immunoreactivity was
detected on each layer of epithelial cells and wheel organ
cells (Fig. 1(d)). At the same time, on the longitudinal sec-
tion of brain vesicle and Hatschek’s pit different sizes of
neurons in the funnel part of brain vesicle were positive
for ghrelin staining, which closely contacted the epithelial
cells in Hatschek’s pit (Fig. 1(e)). The control section with
the primary antibody replaced by normal rabbit serum was
immunonegative (Fig. 1(f)).

3.3. Ghrelin-like immunoreactive cells in digestive tract

The amphioxus digestive tract is a straight tract which
consists of pharynx, short oesophagus, hepatic diverticu-
lum, anterior and posterior region of midgut, hindgut
and anus. Ghrelin-like immunopositive cells were found
to be distributed in the hepatic diverticulum, anterior
and posterior region of midgut, with the number most
in hepatic diverticulum, secondary in the posterior region
of midgut and least in the anterior region of midgut. The
distribution patterns of these positive cells were different
in different positions of digestive tract. Most cells in hepa-
tic diverticulum were spindle-shaped with slightly bulgy
apex and base parts, and a very fine middle part. Cyto-
plast of some cells extended to the base membrane
(Fig. 2(a)). These cells were typical openedle-type gastro-
intestinal endocrine cells and could also be seen in the
anterior region of midgut (Fig. 2(b)). There were two
kinds of immunopositive cells in the posterior region of
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midgut, one was in circular or elliptic shape, located spo-
radically near enterocele, the other was spindle-shaped or
in coniform. The former was a kind of typical closed-type
gastrointestinal endocrine cells and the latter was opened-

type cells (Fig. 2(c)). Other parts of digestive tract in
amphioxus were all immunonegative for ghrelin. The con-
trol section omitting the primary antibody in the SABC
reaction was negative (Fig. 2(d)).

Fig. 1. Distribution of ghrelin in nerve system and Hatschek’s pit of amphioxus. (a) Cross-section of head in male amphioxus. Ghrelin-like
immunoreactive neurons and their protrusions were distributed on the dorsal and ventral side of brain vesicle (arrow); (b) ghrelin-like immunoreactive
neurons were located on the funnel part on the right side of brain vesicle (arrow); (c) longitudinal section of nerve tube in female amphioxus. Ghrelin-like
immunoreactive neurons and their protrusions (thick arrow) as well as nerve fibers (thin arrow) were dispersed on the dorsal and ventral side of nerve tube;
(d) cross-section of head in female amphioxus. Ghrelin-like immunoreactive substance was distributed in epithelial cells (thick arrow) of 1–3 layers at the
basal part of Hatschek’s pit and in wheel organ cells (thin arrow); (e) longitudinal section of head in male amphioxus. Ghrelin-like immunoreactive
neurons (thick arrow) in brain vesicle and immunoreactive cells (thin arrow) in Hatschek’s pit were observed; (f) control section of head in male amphioxus
was immunonegative by replacing the primary antibody with normal rabbit serum. BV, brain vesicle; H, Hatschek’s pit; NO, notochord.

Fig. 2. Distribution of ghrelin in the digestive tract of amphioxus. (a) Cross-section of middle part in male amphioxus. Ghrelin-like immunoreactive cells
were distributed in hepatic diverticulum and belonged to opened-type endocrine cells (arrow); (b) ghrelin-like immunoreactive cells in the anterior region
of midgut; (c) ghrelin-like immunoreactive cells in the posterior region of midgut, which belonged to opened-type (thin arrow) and closed-type (thick
arrow) cells, respectively; (d) the control section of anterior region of midgut was negative.
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3.4. Ghrelin-like immunoreactivity in gonads

In ovary, ghrelin-like immunoreactive substance was
located in the karyotheca, nucleolus membrane, and cyto-
plast of oogonium and oocyte at small growth stage and
large growth stage, and also in follicle cells, while the kar-
yoplasm was negative for ghrelin (Fig. 3(a) and (b)). In tes-
tis, ghrelin-like substance was located in early
spermatogenic cells (spermatogonia and primary spermato-
cytes) and Sertoli cells showed a deep brown color, while
spermatid and spermatozoa were negative (Fig. 3(c)).

4. Discussion

Since Kojima et al. found ghrelin firstly in 1999, studies
about its tissue localization, molecular structure, physio-
logical function and regulation have become one of study
hotspots of endocrinology. Ghrelin-like immunoreactive
cells are widely distributed in many tissues of animals
including stomach, intestine, brain, pituitary, gonad, pan-
creas, kidney, liver, spleen, gill and head kidney of most
vertebrates. In the present study, we found for the first time
that ghrelin-like immunoreactive cells were distributed
widely in the brain vesicle, nerve tube, Hatschek’s pit,
wheel organ, digestive tract, testis and ovary of cephalo-
chordate amphioxus, indicating that ghrelin-like cells are
highly conservative in the progress of vertebrates’
evolution.

Existing data indicated that ghrelin is a kind of multi-
function hormone and its primary function is to stimulate
appetite and GH release from pituitary. A series of physi-
ological experiments in vitro and in vivo revealed that
administration of ghrelin could strongly stimulate GH
release from pituitary in a dose-dependent manner which
had been demonstrated in human [11], rat [1], chicken
[12], frog [13] and fish [14] with a potency equal or excess
to that induced by hypothalamic growth hormone releasing
hormone (GHRH) and that the action mechanism of stim-
ulation of GH release from pituitary by ghrelin was differ-
ent from that by GHRH [15]. We have reported that a
regulatory system for inhibition of GH release from Hat-
schek’s pit might have been developed between brain and

Hatschek’s pit in amphioxus as that in vertebrates [16].
However, we did not know whether a stimulating system
(such as GHRH and ghrelin) for regulating GH release
from Hatschek’s pit also existed in the brain vesicle of
amphioxus.

In the present study, we found that ghrelin-like immu-
noreactive neurons existed in the brain vesicle of amphi-
oxus, which provided morphological evidence for the
existence of a stimulating system between brain vesicle
and Hatschek’s pit in amphioxus. In addition, we think
that as the ghrelin cells in the pituitary of vertebrates [17]
these ghrelin-like immunoreactive cells located in Hat-
schek’s pit of amphioxus might directly influence the secre-
tion activity of GH cells in Hatschek’s pit in an autocrine
and/or paracrine manner.

Studies in mammals (including human) and fish indi-
cated that ghrelin exerted strong stimulation effect on food
in take [18] via a kind of appetite-stimulating peptide in
brain, namely neuropeptide (NPY) [19]. We also found in
our experiment that NPY immunoreactive neurons existed
in the brain of amphioxus [20]. Thus, combining with the
observation in this study, we assume that two kinds of neu-
rons in the brain of amphioxus constitute the appetite reg-
ulation center in this species. However, the function of
ghrelin- and NPY-positive neurons in appetite regulation
in amphioxus needs further studies.

The structure and function of hepatic diverticulum in
amphioxus are similar to those of stomach in vertebrates.
We observed that most of ghrelin-like immunoreactive cells
existed in hepatic diverticulum as that in mammal, chicken
and frog [1,7,8], indicating that hepatic diverticulum is the
main localization for ghrelin in the digestive tract of
amphioxus. In addition, two kinds of ghrelin-like immuno-
reactive cells in the gastrointestinal tissue of amphioxus
were detected, similar to that in rat [21]. In amphioxus,
opened-type ghrelin-like cells are characterized by their
cytoplasm protrusion of cells extending to the intestinal
cavity, a character similar to that in mullet [22], and by
their long cytoplasm protrusion extending to the base
membrane. These opened-type ghrelin-like cells might
influence the secretion activity of intestinal epithelial cells
in a paracrine manner.

Fig. 3. Distribution of ghrelin in the gonads of amphioxus. (a) Ghrelin-like immunoreactive substance was located in karyotheca, nucleolus membrane,
and cytoplast of oogonium and oocyte in ovary at stage I–II; (b) ghrelin-like immunoreactive substance in cytoplast of oocyte and follicle cells in ovary at
stage III–IV; (c) ghrelin-like immunoreactive substance was detected in spermatogonia (hollow arrow), primary spermatocytes (thick arrow), second
spermatocytes (thin arrow) and Sertoli cells (Sc) in testis at stage II–III.
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Data about effects of ghrelin on the reproduction func-
tion of animal almost came from mammals. Ghrelin had
been found to be expressed in the luteal cells and hilus
interstitial cells in ovary [23,24] of primates (including
human) and rodent, but not in non-mammals. The present
study demonstrated that oogonia, oocyte and follicle cells
in ovary and Sertoli cells and spermatogenic cells in testis
were all immunoreactive to ghrelin antibody, which will
provide an important clue for further tracing the function
of ghrelin during the gonad development in non-mammals.

In conclusion, the present study demonstrated that ghre-
lin-like immunoreactive cells and substance existed in the
brain vesicle, nerve tube, Hatschek’s pit, wheel organ,
digestive tract, ovary and testis of cephalochordate amphi-
oxus, and suggested that amphioxus might have built a
stimulating mechanism for regulating GH secretion from
Hatschek’s pit as that in vertebrates. Existence of ghrelin
in various tissues of amphioxus indicated that ghrelin
exerts different physiological functions in amphioxus. To
reveal ghrelin function will have scientific significance in
elucidating the evolution of endocrine system in vertebrates
and non-vertebrates.
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