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Immature rat seminal vesicles show
histomorphological and ultrastructural alterations
following treatment with kisspeptin-10
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Abstract

Background: Degenerative effects of critical regulators of reproduction, the kisspeptin peptides, on cellular aspects
of sexually immature male gonads are known but similar information on accessory sex glands remain elusive.

Methods: Prepubertal laboratory rats were injected kisspeptin-10 at three different dosage concentrations (10 pg, 1
ng and 1 microgram) for a period of continuous 12 days at the rate of two doses per day. Control rats were
maintained in parallel. The day following the end of the experimental period, seminal vesicles were removed and
processed for light and electron microscopic examination using the standard methods. DNA damage was
estimated by DNA ladder assay and DNA fragmentation assay.

Results: The results demonstrated cellular degeneration. Epithelial cell height of seminal vesicles decreased
significantly at all doses (P < 0.05). Marked decrease in epithelial folds was readily noticeable, while the lumen was
dilated. Ultrastructural changes were characterized by dilatation of endoplasmic reticulum and Golgi complex,
heterochromatization of nuclei, invagination of nuclear membranes and a decreased number of secretory granules.
Percent DNA damage to the seminal vesicle was 19.54 +/- 1.98, 38.06 +/- 2.09 and 58.18 +/- 2.59 at 10 pg, 1 ng
and 1 microgram doses respectively.

Conclusion: The study reveals that continuous administration of kisspeptin does not lead to an early maturation
but instead severe degeneration of sexually immature seminal vesicles.

Background
In 1999, Lee and colleagues discovered in the rat a novel
G protein-coupled receptor, the GPR54. The GPR54
gene encodes a G protein-coupled receptor [1]. It was
later shown to mediate the actions of a unique family of
KiSS-1 derived endogenous ligands known as kisspep-
tins. The KiSS-1 gene encodes a 145-amino acid peptide
that is cleaved into an amidated C-terminal 54 amino
acid product, kisspeptin or metastin. Shorter fragments
of kisspeptin-54, the kisspeptin-14, kisspeptin-13, and
kisspeptin-10, also bind to GPR54. Kisspeptin-54 was
originally identified as metastasis suppresser peptide
from malignant melanoma cells that had been sup-
pressed for metastatic potential by the introduction of
human chromosome 6, hence named metastin [2-4]. In

2003 two independent groups showed that dysfunctional
or deletional mutations in the gene encoding the G pro-
tein-coupled receptor, GPR54, cause hypogonadotropic
hypogonadism, a condition characterized by absent or
delayed pubertal development in humans and mice [5,6].
Kisspeptin secreting neurons are found in the arcuate

nucleus (Arc), the periventricular nucleus (PeN), and the
anteroventral periventricular nucleus (AVPV) in mice
[7-9]. Expression of both KiSS-1 and GPR54 mRNA is
regulated developmentally as well as hormonally, with a
sharp increase at prepubertal age in both male and
female rats, changes throughout the estrous cycle in
adult females, and increases after gonadectomy that is
prevented by sex steroid replacement in both males and
females [10,11]. Kisspeptin potently release LH in mice
and rats, in both males and females, and in prepubertal,
pubertal, and adult rats, as well as in juvenile agonadal
male monkeys [7,10,12,13].
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When kisspeptin acts at the level of the hypothalamus
to increase GnRH secretion, it produces an increase in
LH release from the pituitary. However, some studies
suggest that kisspeptin may also act at the level of the
pituitary to evoke LH secretion through a direct action
on the gonadotropes [14]. The presence of a functional
kisspeptin receptor in the pituitary, combined with the
finding that kisspeptin is released in ovine hypophyseal
portal blood, suggests kisspeptin action at the level of the
pituitary to modulate gonadotropin secretion [15].
After an initial stimulation, a continuous (chronic) expo-

sure of the pituitary to GnRH (or agonists) eventually
causes suppression of gonadotropin secretion [16] through
down-regulation and desensitization of the GnRH recep-
tors [17-20]. Continuous delivery of exogenous kisspeptin
appears to desensitize Kiss1r, resulting in decreased LH
secretion in agonadal juvenile and adult male monkeys
and testicular degeneration in adult male rats [21-23]. In
contrast, repeated peripheral injections of kisspeptin elicit
unrestrained LH pulses in male rats and monkeys [24,25],
implying that the efficacy of kisspeptin to drive LH secre-
tion depends on its pulsatile nature.
Besides testes, the seminal vesicles are important andro-

gen dependent accessory sex glands [26]. The seminal
vesicles are elongated saccular organ with numerous
lateral outpocketings from an irregularly branched lumen.
They arise as evaginations of the ductus deferens. The wall
consists of an external connective tissue layer rich in elas-
tic fibers, a middle layer of smooth muscle and an epithe-
lium resting upon a layer of loose connective tissue.
The mucosa forms an intricate system of thin, primary
folds, which branch into secondary and tertiary folds.
These project far into the lumen and anastomose fre-
quently. In this way numerous cavities in different sizes
are formed and separated by thin branching partitions. All
of these cavities open into central cavity, but in sections
many of them may seem to be isolated [27]. The epithe-
lium is pseudostratified and consists of rounded basal cells
lodged between larger cuboidal or low columnar cells. The
epithelial cells contain numerous secretion granules. The
secretion of seminal vesicle is a slightly yellowish, viscid
liquid. Seminal vesicles mainly secrete prostaglandins and
fructose. In sections it appears as coagulated, deeply stain-
ing masses in the lumen. The muscular wall of the seminal
vesicles is provided with a plexus of nerve fibres and con-
tains small sympathetic ganglia [27].
The seminal vesicles fluid has 5 alpha-reductase activity,

which converts testosterone to dihydrotestosterone, the
active hormone. Seminal vesicles contain LH/hCG recep-
tors making them a potential target of direct regulation by
LH [28]. Seminal vesicles’ growth and sex differentiation
are both androgens dependent [29,30].
The present study was undertaken to see if kisspeptin

can stimulate an early maturation of seminal vesicles. As

pharmacological effects of kisspeptin on seminal vesicle
remain to be elucidated, the objective of the present
study was to investigate in sexually immature male rats,
the effect of a range of doses of kisspeptin on the histo-
morphology and ultrastructure of seminal vesicles, fol-
lowing the intraperitoneal administration of mammalian
kisspeptin, kisspeptin-10 (KP-10). We used kisspeptin-
10, a 10-residue peptide, because it is the shortest and
most active KISS1 gene product [2]. It has been sug-
gested that kisspeptin-54 is unstable and may be proteo-
lytically cleaved into the shorter products [2].

Methods
Animals and housing
Five weeks old prepubertal male Sprague-Dawley rats
having an average body weight of 100 g were procured
from the National Institute of Health, Islamabad, Paki-
stan and maintained in the animal house facility of
Quaid-i-Azam University, Islamabad. Five rats were
housed per cage (15// × 11// × 9//, steel mesh cages) to
minimize stress due to crowding. They were provided
12 h Light:Dark photoperiod using the automatic timers,
while the room temperature was thermostatically con-
trolled at 25 ± 2°C. Standard rat diet and water were pro-
vided ad libitum. Animal handling and sacrifice were
done according to the guidelines provided by the Ethics
Committe of the Department of Animal Sciences, Faculty
of Biological Sciences, on care and use of animals for
scientific research. European Union guidelines for
humane use of animals for experimental purposes were
also followed. All chemicals were of analytical grade and
were imported from Sigma Chemical Co. (St. Louis
Missouri, USA) or BDH (Merck, Germany).

Experiment: administration of variable kisspeptin doses
to prepubertal rats
Dose and treatment
Kisspeptin (45-54), obtained as lyophilized powder from
Calbiochem (EMD Biosciences, Inc. La Jolla, CA) was
dissolved in 1 ml dimethylsulphoxide (DMSO) to give a
stock solution of 1 mg ml-1 that was further diluted
with distilled water and administered intraperitonealy
(i. p.). Animals were randomly assigned to four groups
(n = 10 in each). Group I rats constituted control and
received 0.9% w/v physiological saline, (DMSO was
added to saline at the same concentration as it was
added to kisspeptin stock, and was further diluted to
concentration equivalent to the experimental doses),
group-II rats received 10 pg (15 pmol), group-III rats
received 1 ng (1.5 nmol) and group IV received 1 μg
(1.5 μmol) kisspeptin as twice daily dose, after every
12 hr for 12 consecutive days. We administered kisspep-
tin twice daily taking into consideration the plasma half
life of kisspeptin. The plasma half-life of kisspeptin-54
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was calculated to be 27.6 +/- 1.1 min. The mean meta-
bolic clearance rate was 3.2 +/- 0.2 ml/kg × min, and
the volume of distribution was 128.9 +/- 12.5 ml/kg
[31]. Kisspeptin doses were selected as previously
described Tovar et al. [24]. Toward the end of experi-
ment, 3 hrs after the last dose of the peptide, animals
were anesthetized with sodium pentobarbital (60 mgkg-1

b.w. i.p). Seminal vesicles were dissected out. The excised
tissues were weighed and processed for light and elec-
tron microscopy. For light microscopy, seminal vesicles
were fixed in freshly prepared chilled 4% paraformalde-
hyde (pH 7.2); for electron microscopy, these tissues
were fixed in 5% glutaraldehyde prepared in 0.2 M pipes
buffer. Tissues were also frozen in liquid nitrogen and
stored at -80 for estimation of DNA damage.
Light microscopy
For histological preparations, tissue samples were fixed
and dehydrated in ascending grades of ethanol, cleared
in xylene, and embedded in paraffin wax. Thick sections
(5 μm) were cut on a microtome (Shandon finesse 325,
Italy). Sections were stained with conventional Harris’s
Hematoxylin and eosin, and mounted in DPX (BDH,
Germany) mountant medium.
Electron microscopy
Tissues fixed in 5% glutaraldehyde were post fixed in 1%
osmium tetraoxide and then in 5% uranyl acetate solu-
tion, washed and dehydrated in ascending grades of acet-
one. They were infiltrated with a mixture of Spur
embedding media. The ratio of resin to acetone was 1:3
for 18 hrs followed by 1:1 ratio and then 3:1 for another
18 hrs each. A 100% resin mixture was added to the sam-
ples and vacuum infiltration was carried overnight. The
samples were then oriented in moulds and resin cured at
70°C for 48 hrs. The polymerized resin blocks were
trimmed with fine scalpel blade and glass knife. Ultrathin
serial sections of 120 nm were cut with RMC MT 7000
ultramicrotome and placed on 200 mesh nickel grid. Sec-
tions were stained with 5% uranyl acetate for 30 min and
then washed twice with distilled water. They were then
stained with lead citrate for 15 min in NaOH chamber.
Sections were examined with a Transmission Electron
Microscope (JEOL JEM1010, Japan) operating at 80 kv, at
the National Institute for Biotechnology and Genetic
Engineering (NIBGE) Faisalabad.
Tissue analysis
Tissue sections for light microscopy were observed and
photographed using a Nikon optiphot BH 2 research
microscope (Japan) with attached camera. Photograph
panels were prepared using the Adobe Photoshop (version
7). Epithelial height of cells was measured with an ocular
micrometer calibrated with a stage micrometer. Due to
the variability in the epithelial cell shape, the epithelial cell
height was measured at a place where the epithelial cells
stood erect on the basement membrane.

DNA extraction
DNA was isolated according to the method of Gilbert
et al. [32]. At least 30 mg of seminal vesicle tissues were
washed twice with 1 ml TE buffer (20 ml of 1 M Tris pH
8.0, 20 ml of 0.5 M EDTA, Sterile distilled water 100 ml).
Tissues were ground and 300 μl lysis buffer (1 M Tris HCl
pH 8.0, 25 mM EDTA, 100 mM NaCl, 0.1 mg/ml protein
kinase) and 240 μl 10% SDS were added, vortexed gently
and incubated overnight at 45°C in a water bath. 200 μl of
phenol was added, shaken vigorously for 5 min, and cen-
trifuged at 3000 rpm for 5 min. Supernatant was then
pipetted out into a new tube, 200 μl phenol and 200 μl
chloroform/isoamyl alcohol (24:1) were then added, vor-
texed and centrifuged at 3000 rpm for 5 min. Supernatant
were again pipetted out into a new tube and 25 μl of 3 M
sodium acetate (pH 5.2) and 5 ml of ice cold 100% ethanol
were added and tubes were kept for overnight at -20°C
and then centrifuged for 30 min. The solution was
pipetted out gently to avoid disturbance to the DNA.
DNA was washed in 70% ethanol and dried in oven at
30°C. 20-50 μl TE buffer (10 mM Tris pH 8.0, 1 mM
EDTA) and 2 μl RNase were added. Electrophoresis was
performed using 1% agarose resolving gel in 1 × TBE (Tris
89 mM, borate 89 mM and EDTA 2 mM) containing 1 μg
ml-1 ethidium bromide (10 mg ml-1 distilled water). Elec-
trophoresis was performed for 45 min at 100 V. The gel
was viewed under gel doc system (BIORAD; Germany)
and photographed.

DNA ladder assay
Electrophoresis was performed as above for 45 min at
100 V. 5 μg total DNA per well was loaded. 100 bp
DNA ladder was loaded to identify the size of the DNA
fragment. The gel was viewed as above.

Quantitation of DNA fragmentation
DNA quantification was done according to the method of
Boraschi and Maurizi [33]. Seminal vesicles tissues (30 mg
each) were ground in 1 ml TTE solution (pH 7.4 with
0.2% Triton X- 100 (4°C), 5 mM Tris-HCl, 20 mM EDTA)
to make cell suspension and kept overnight at 37°C. Cells
were centrifuged at 2000 rpm for 10 min. Supernatants
were transfered carefully into new tubes labeled “S”. To
the pellet in tubes “B” 1.0 ml TTE solution was added and
thoroughly vortexed. To separate fragmented DNA from
intact chromatin, tubes B were centrifuged at 20,000 × g
for 10 min at 4°C. Supernatants were transferred carefully
to new tubes labeled “T”. To the pellet in tubes B, 1.0 ml
TTE solution was added. 1.0 ml of 25% TCA was added to
tubes T, B and S and vortexed vigorously. Precipitation
was allowed to proceed overnight at 4°C. After incubation,
precipitated DNA was recovered by pelleting for 10 min at
20,000 × g at 4°C. Supernatants were aspirated and DNA
was hydrolyzed by adding 160 μl of 5% TCA to each pellet
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and heating 15 min at 90°C in a heating block. A blank
with 160 μl of 5% TCA alone was prepared. To each tube
320 μl of freshly prepared Diphenyleamine solution was
added, vortexed and allowed to develop color for about 4
h at 37°C or overnight at room temperature. Optical den-
sity at 620 nm was read in a spectrophotometer. The per-
centage of fragmented DNA was calculated using the
formula:

%FragmentedDNA =
T × 100
T + B

Statistical analysis
Results were expressed as mean ± SE. The results
obtained were analyzed and compared by one way
ANOVA followed by post hoc Tukey’s adjustment using
the Statistical Package for Social Sciences (SPSS, version
16, Inc, Chicago, Illinois, USA). P < 0.05 was considered
to be statistically significant. Data have presented as
mean and standard error of mean (SEM).

Results
Effect on seminal vesicles weight
Seminal vesicles weight decreased significantly (P < 0.01)
at 1 μg dose after 12 days treatment, while at 10 pg and
1 ng doses the decrease was non-significant (Table 1).

Epithelial height
Mean epithelial height of secretory acini of seminal vesi-
cles decreased significantly with kisspeptin treatment. It
decreased significantly at 10 pg dose (P < 0.05) and at I
ng and 1 μg kisspeptin dose the decrease was even
greater (P < 0.001) (Figure 1).

Histomorphology of seminal vesicles
The seminal vesicle of the control group was complex
and glandular, and the lumen was highly irregular. The
mucosa of the seminal vesicle exhibited thin, branched
and anatomizing folds. The epithelia had a variable
appearance, it was columnar or pseudostratified colum-
nar. The pseudostratified epithelium of secretory acinus
rested on thin basement membrane highly folded to
form irregular crypts and peaks. Two types of epithelial

cells were recognizable, the principal and basal cells.
Principal cells were tall, columnar containing round or
oval nuclei and have faintly eosinophilic cytoplasm.
Basal cells were present on the basal lamina and were
sandwiched between principal cells and had a round or
oval nuclei (Figure 2a-b).
Seminal vesicle of rats treated with 10 pg kisspeptin

had complex and irregular structure with some altera-
tions as compared to control. The epithelium was still
columnar with an irregular lumen (Figure 2c-d).
In the 1 ng treatment group, the seminal vesicle tissue

became simple without intricate folds, with the lumen
was now dilatated. The glandular epithelium was degen-
erated and the height of columnar cells was reduced
(Figure 2e-f).
Seminal vesicles treated with 1 μg kisspeptin showed

markedly dilated lumen and the branching of the mucosa
of seminal vesicles was also reduced highly compared to
those treated with low doses of kisspeptin. The mucosal
epithelia now contained cuboidal or squamous cells
(Figure 2g-h).

Electron microscopic examination
Secretory epithelium of seminal vesicle had two main
types of cells, the principal and basal cells. Principal cells
were rich in cell organelles. They had prominent nuclei of
columnar, oval, round or irregular shape. Nuclei were situ-
ated at different heights in the epithelium. Nuclei con-
tained prominent nucleoli and sometimes nuclear bodies
of moderate electron density. Chromatin was clumped
towards nuclear periphery. Principal cells were rich in
mitochondria especially in the perinuclear area. They had
a spherical or ovoid shape and were of variable size. The
mitochondrial matrix was of low electron density and
showed granulated appearance. Mitochondrial granules
were seldom seen and were inconspicuous. Endoplasmic
reticulum was abundant in these cells. Golgi apparatus
was present in the supranuclear region and occasionally
seen in other regions. They formed structures consisting
of parallel laminae, small vesicles and vacuoles of various
sizes. The vacuoles contained dense secretory granules
which rarely fill them completely. Secretory granules were
abundant in the apical portion of principal cells mainly
among Golgi apparatus. There were present some lipid
droplets and vacuoles. Ribosomes were present. Twisted,
irregular finger shaped microvilli were present at luminal
border of principal cells. Microvilli are projections of
cytoplasm.
The second type of cells present in the secretory

epithelium are basal cells. Basal cells were polygonal with
their surfaces separated from the lumen by the apexes of
the principal cells. They were occasionally present espe-
cially between two principal cells. They had compact
cytoplasm. The cytoplasm contained few organelles, less

Table 1 Effect of kisspeptin on seminal vesicles weight
(mg) in different experimental groups of prepubertal
male rats.

Control Kisspeptin
(10 pg)

Kisspeptin
(1 ng)

Kisspeptin
(1 μg)

Seminal vesicle 159.20 ± 128.60 ± 121.00 ± 106.81 ±

weight (mg) 14.74 8.71 7.93 5.20**

(Sample size = 10, mean ± SEM).

Difference from Control = **P < 0.01 compared with control
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well-developed Golgi apparatus and rough endoplasmic
reticulum, and no inclusions other than lipid droplets.
Their nuclei contained no nucleoli (Figure 3a).
At 10 pg kisspeptin dose transmission electron micro-

scopy revealed significant changes in the secretory
epithelium of seminal vesicles. These included dilatation
in rough endoplasmic reticulum and Golgi apparatus
dimensions, decrease in secretory granules and cell dia-
meters. Degenerating as well as normal secretory gran-
ules were evident (Figure 3b).
At 1 ng kisspeptin dose the nuclei were swollen, hollow

spaces and vacuoles were evident in the cytoplasm. Cyto-
plasm became compact. Number of secretory granules
was lower. Endoplasmic reticulum was dilated (Figure 3c).
Degeneration was more severe at 1 μg kisspeptin dose as

compared to the other two treated groups. The primary
alterations noticeable were irregularity of the nuclear
shapes with intensive invagination of the envelope, small
nucleoli and prominent chromatin in the nuclear periph-
eral portion surrounding the nucleoli. The tissue became
heterochromatic indicating low activity. Also noticeable
were the granular endoplasmic reticulum and the Golgi
complex with dilatation of the cisternae characterizing cel-
lular atrophy and tissue disorganization of the organelles
responsible for the secretory process. No secretory gran-
ules were evident. There was a significant reduction in
cytoplasm (Figure 3d).

DNA fragmentation
In control rats, DNA fragmentation was scarcely visible
in the seminal vesicle, while kisspeptin treatment at 10
pg, 1 ng and 1 μg doses 180-bp subunits were detected.
The band intensity of fragmented DNA was highest in
the 1 μg treated group but lower in 1 ng and 10 pg
groups (Figure 4A).

Percent DNA fragmention gradually increased in rats
administered higher kisspeptin doses. The % DNA frag-
mention increased in 10 pg treatment group but did not
reach significant levels. However, it increased signifi-
cantly (P < 0.001) in 1 ng and 1 μg groups as compared
to control (Figure 4B).

Discussion
Kisspeptin regulates the reproductive axis and acts as a
molecular switch for onset of puberty. Over the last few
years the role of kisspeptin in mammalian reproduction
has been extensively studied. The peptide is secreted
mainly by hypothalamic neurons and acting via stimula-
tion of their cognate receptor GPR-54 on GnRH neurons,
it regulates the secretion of pituitary gonadotropins to
control steroid production at particular time and rate to
initiate and maintain sexual maturity, while alteration in
kisspeptin production may lead to abnormal gonadal
function and impaired reproduction [34].
We hypothesize that kisspeptin induces early matura-

tion of seminal vesicles. To this end, we administered
kisspeptin-10 (i.p.) at three different doses twice daily
for 12 days to 35 day old male prepubertal rats. Quite
opposite to our hypothesis, the results demonstrated a
dose dependent degeneration of seminal vesicles in pre-
pubertal rats after kisspeptin administration.
The results of the present study demonstrate that con-

tinuous 12 days i.p. kisspeptin administration led to a
dose dependent decrease in seminal vesicles weight and
epithelial height of the secretory acini of seminal vesicle.
In addition, cellular architecture was significantly modi-
fied and DNA fragmentation increased significantly at
higher doses.
This is the first study to disclose the effects of kis-

speptin on accessory sex glands in prepubertal rats. The

Figure 1 Epithelial height of secretory acini of seminal vesicle of prepubertal male rats following treatment with 10 pg, 1 ng and 1 μg
kisspeptin (KP) doses. Epithelial height decreased dose dependently. At higher dose the decrease in mean epithelial height of secretory acini
of seminal vesicles was more pronounced. Values are expressed as mean ± SE. *P < 0.05, ***P < 0.01 compared to control.
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adverse effects of kisspeptin on testicular tissue has been
reported in prepubertal [35] and adult rats [23,36].
Thompson et al. (2006) reported that continuous
administration of 50 nmol kisspeptin-54 for 13 days
causes testicular degeneration in adult rats. Since Leydig
cells are major source of testosterone production in

testis, it is possible that kisspeptin treatment might have
modulated Leydig cell function to reduce steroid pro-
duction or promoted Leydig cell degeneration in treated
animals. This might have contributed towards reduced
plasma testosterone level in kisspeptin treated male rats.
This possibility is further strengthened by the observations

Figure 2 Photomicrographs of seminal vesicle of control and kisspeptin treated prepubertal rats. a-b: Control seminal vesicle showing
complex glandular structure. The lumen (L) is highly irregular having crypts (C). The epithelial cells (EC) are columnar or pseudostratified
columnar resting on lamina muscularis (LM). c-d: Seminal vesicle of rats treated with 10 pg kisspeptin. The structure still represents complex
foldings, is irregular with dilated lumen as compared to the control. The epithelium is still columnar. e-f: Seminal vesicle of rats treated with 1
ng kisspeptin. Seminal vesicles show loss of intricate foldings (arrow) while the lumen is well dilated. The glandular epithelium is not well
developed and height of columnar cells appears greatly reduced. g-h: At 1 μg kisspeptin dose the lumen has significantly dilated, while the
branching of the mucosa of seminal vesicles was distinctly reduced. Compared to low doses of kisspeptin, the epithelial cells are no longer
columnar. They were either cuboidal or squamous shape. Scale bar left panel = 50 μm, right panel = 20 μm.
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that kisspeptin significantly lowered plasma testosterone
levels and thereby spermatogenesis in prepubertal rats
[35]. Testosterone is essential for the maintenance of
height of the mucosal epithelium required for continuous
secretion of seminal vesicle. It also influences the function
of smooth muscle in the seminal vesicles [37]. The growth
and active secretion of seminal vesicle epithelium and
other accessory reproductive tissues are dependent on the
presence of circulating androgens [26,38]. Deprivation of
androgens to seminal vesicles decreases cell size, structural
integrity and morphological characteristics [38,39].
In the present study the Golgi complex and endoplas-

mic reticulum were dilated, number of secretory granules
was lowered and characteristic structure of seminal vesi-
cle was lost following kisspeptin administration. The dila-
tation of endoplasmic reticulum and Golgi complex may

reflect a decrease in protein synthesis as previously evi-
denced by Veneziale et al. [40]. Secretory activity by the
seminal vesicles is a sensitive, androgen dependent func-
tion. Decreased circulating testosterone levels in prepu-
bertal rats [35] might ultimately led to atrophic changes.
Aumuller et al. [41] described that the formation of

autophagic vacuoles and dilatation of cisternae of the
Golgi complex and of the granular endoplasmic reticulum
can be interpreted as signs of degradation of biological
membranes.
Our results are in striking contrast to effects of kisspep-

tin in immature female rats [12] and also to those of Roa
et al. (2008) [42] in terms of hormone concentrations, who
reported significantly elevated serum FSH and LH levels at
day 7 after constant i.c.v infusion of kisspeptin-10 to pre-
pubertal female rats without effecting the uterine weight

Figure 3 Electron micrographs of seminal vesicle of control and kisspeptin treated rats. a: A principal cell containing secretory granules,
Golgi complex and endoplasmic reticulum. There were present some lipid droplets (LD), large dense core secretory granules (SG) and ribosomes
(R). Twisted, irregular finger shaped microvilli were present at luminal border of principal cells. ×12,000. b: Seminal vesicle of animals treated with
10 pg kisspeptin. Number of secretary granules is lower. A mild dilatation of Golgi complex and endoplasmic reticulum is evident. ×5,000. c:
Seminal vesicle of animals treated with 1 ng kisspeptin. Number of secretory granules was lower. Endoplasmic reticulum and Golgi apparatus
were disorganized and dilated. Large vacuoles were evident. ×12,000. d: Seminal vesicle treated with 1 μg kisspeptin. Degeneration was more
severe as compared to the other two treated groups. The alterations noticed were irregularity of nuclear shapes with intensive invagination of
the envelope. No secretory granules were evident. ×15,000.
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and the age of occurrence of vaginal opening. Redmond
et al. (2011) [43] suggested a role for kisspeptin in the acti-
vation of the hypothalamic adenohypophyseal axis leading
to the onset of puberty in ewe lambs. Although dose,
duration and species differ, there exists some evidence in
adult male rats [23], adult monkeys [21] adult and agona-
dal juvenile monkeys [22] and prepubertal male rats [35]
that continuous administration of kisspeptin desensitizes
kiss1r which eventually results in decreased LH secretion

and testicular degeneration, while in females irrespective
of dose, duration and species the results are completely
different compared to males, leading to an early matura-
tion of reproductive axis. However, it is not clear whether
this finding reflects a difference in the way female respond
to continuous exposure to kisspeptin compared with
males or is due to differences between studies in the dose
and mode of kisspeptin administration. Also Rhie et al.
(2011) documented significantly elevated serum kisspeptin

Figure 4 DNA damage to control and kisspeptin treated seminal vesicles. A) DNA ladder assay showing 180 bp bands of fragmented DNA,
at 1 ng and 1 μg kisspeptin doses, from rat seminal vesicles. Faint bands were also visible in the 10 pg dose. Control (lane C) shows intact DNA.
M = 100-bp DNA ladder. B) DNA fragmentation assay. Percentage of fragmented DNA relative to total DNA increased dose dependently with
kisspeptin treatment. Values are expressed as mean ± SE. *P < 0.001.
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levels of Korean girls with central precocious puberty
(CPP) compared to age-matched healthy prepubertal con-
trols. CPP in females is therefore, likely to be triggered by
premature increase of kisspeptin [44].

Conclusions
The results obtained in this study imply that DNA
damage, histological and ultrastructural changes in
seminal vesicles are suggestive of degeneration of semi-
nal vesicles after intraperitoneal twice daily administra-
tion of kisspeptin.

Acknowledgements
The work was funded by a graduate scholarship grant (B-065-041311401) to
the first author by the Higher Education Commission, H-9, Islamabad,
Pakistan and partly through a research grant (PSF/Res/C-QU/Med/255)
offered to the second author by the Pakistan Science Foundation. The
authors are grateful to Mr. M. Javed Iqbal, Senior Technician, Electron
Microscopy Department, National Institute of Biotechnology and Genetic
Engineering, Faisalabad for help with the electron microscopy.

Author details
1Gomal Centre of Biochemistry and Biotechnology, Gomal University, Dera
Ismail Khan 29050, Pakistan. 2Laboratory of Animal Physiology, Department
of Animal Sciences, Faculty of Biological Sciences, Quaid-i-Azam University,
45320 Islamabad, Pakistan. 3Department of Biochemistry, Peshawar Medical
College, Peshawar, Pakistan. 4Institute of Basic Medical Sciences, Khyber
Medical University, Peshawar, Pakistan. 5Laboratory of Microbiology,
Department of Microbiology, Faculty of Biological Sciences, Quaid-i-Azam
University, 45320 Islamabad, Pakistan.

Authors’ contributions
FR has conducted the entire work, designed the study and drafted the
manuscript. IZQ has supervised the study. MR and MHR has contributed the
data analysis. FR has contributed to histology. All authors read and
authorized the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 12 October 2011 Accepted: 10 March 2012
Published: 10 March 2012

References
1. Lee JH, Miele ME, Hicks DJ, Phillips KK, Trent JM, Weissman BE, Welch DR:

KiSS-1, a novel human malignant melanoma metastasis-suppressor
gene. J Natl Cancer Inst 1996, 88:1731-1737.

2. Kotani M, Detheux M, Vandenbogaerde A, Communi D, Vanderwinden JM,
Le Poul E, Brezillon S, Tyldesley R, Suarez-Huerta N, Vandeput F, Blanpain C,
Schiffmann S, Vassart G, Parmentier M: The metastasis suppressor gene
KiSS-1 encodes kisspeptins, the natural ligands of the orphan G protein-
coupled receptor GPR54. J Biol Chem 2001, 276:34631-34636.

3. Ohtaki T, Shintani Y, Honda S, Matsumoto H, Hori A, Kanehashi K, Terao Y,
Kumano S, Takatsu Y, Masuda Y, Ishibashi Y, Watanabe T, Asada M,
Yamada T, Suenaga M, Kitada C, Usuki S, Kurokawa T, Onada H,
Nishimura O, Fujino M: Metastasis suppressor gene KiSS-1 encodes
peptide ligand of a G-protein-coupled receptor. Nature 2001, 411:613-617.

4. Stafford LJ, MaW CXia, Cai Y, Liu M: Identification and characterization of
mouse metastasis-suppressor KiSS1 and its G-protein-coupled receptor.
Cancer Res 2002, 62:5399-5404.

5. de Roux N, Genin E, Carel JC, Matsuda F, Chaussain JL, Milgrom E:
Hypogonadotropic hypogonadism due to loss of function of the KiSS1-
derived peptide receptor GPR54. Proc Natl Acad Sci USA 2003,
100:10972-10976.

6. Seminara SB, Messager S, Chatzidaki EE, Thresher RR, Acierno JS Jr,
Shagoury JK, Bo-Abbas Y, Kuohung W, Schwinof KM, Hendrick AG, Zahn D,

Dixon J, Kaiser UB, Slaugenhaupt SA, Gusella JF, O’Rahilly S, Carlton MB,
Crowley WF Jr, Aparicio SA, Colledge WH: The GPR54 gene as a regulator
of puberty. N Engl J Med 2003, 349:1614-1627.

7. Gottsch ML, Cunningham MJ, Smith JT, Popa SM, Acohido BV, Crowley WF,
Seminara S, Clifton DK, Steiner RA: A role for kisspeptins in the regulation
of gonadotropin secretion in the mouse. Endocrinology 2004,
145:4073-4077.

8. Smith JT, Cunningham MJ, Rissman EF, Clifton DK, Steiner RA: Regulation
of Kiss1 gene expression in the brain of the female mouse. Endocrinology
2005, 146:3686-3692.

9. Smith JT, Dungan HM, Stoll EA, Gottsch ML, Braun RE, Eacker SM,
Clifton DK, Steiner RA: Differential regulation of KiSS-1 mRNA gene
expression by sex steroids in the brain of the male mouse. Endocrinology
2005, 146:2976-2984.

10. Navarro VM, Castellano JM, Fernandez-Fernandez R, Barreiro ML, Roa J,
Sanchez-Criado JE, Aguilar E, Dieguez C, Pinilla L, Tena-Sempere M:
Developmental and hormonally regulated messenger ribonucleic acid
expression of KiSS-1 and its putative, receptor, GPR54, in rat
hypothalamus and potent luteinizing hormone-releasing activity of KiSS-
1 peptide. Endocrinology 2004, 145:4565-4574.

11. Irwig MS, Fraley GS, Smith JT, Acohido BV, Popa SM, Cunningham MJ,
Gottsch ML, Clifton DK, Steiner RA: Kisspeptin activation of gonadotropin
releasing hormone neurons and regulation of KiSS-1 mRNA in the male
rat. Neuroendocrinology 2004, 80:264-272.

12. Navarro VM, Fernandez-Fernandez R, Castellano JM, Roa J, Mayen A,
Barreiro ML, Gaytan F, Aguilar E, Pinilla L, Dieguez C, Tena-Sempere M:
Advanced vaginal opening and precocious activation of the
reproductive axis by KiSS-1, peptide, the endogenous ligand of GPR54. J
Physiol 2004, 561:379-386.

13. Shahab M, Mastronardi C, Seminara SB, Crowley WF, Ojeda SR, Plant TM:
Increased hypothalamic GPR54 signaling: a potential mechanism for
initiation of puberty in primates. Proc Natl Acad Sci USA 2005,
102:2129-2134.

14. Smith JT, Rao A, Pereira A, Caraty A, Millar RP, Clarke IJ: Kisspeptin is
present in ovine hypophysial portal blood but does not increase during
the preovulatory luteinizing hormone surge: evidence that
gonadotropes are not direct targets of kisspeptin in vivo. Endocrinology
2008, 149:1951-1959.

15. Richard N, Corvaisier S, Camacho E, Kottler ML: KiSS-1 and GPR54 at the
pituitary level: overview and recent insights. Peptides 2009, 30:123-129.

16. Belchetz PE, Plant TM, Nakai Y, Keogh EJ, Knobil E: Hypophysial responses
to continuous and intermittent delivery of hypothalamic gonadotropin-
releasing hormone. Science 1978, 202:631-633.

17. McArdle CA, Gorospe WC, Huckle WR, Conn PM: Homologous down-
regulation of gonadotropin-releasing
hormonereceptorsanddesensitization of gonadotropes: lack of
dependence on protein kinase C. Mol Endocrinol 1987, 1:420-429.

18. Wu JC, Sealfon SC, Miller WL: Gonadal hormones and gonadotropin-
releasing hormone (GnRH) alter messenger ribonucleic acid levels for
GnRH receptors in sheep. Endocrinology 1994, 134:1846-1850.

19. Vizcarra JA, Wettemann RP, Braden TD, Turzillo AM, Nett TM: Effect of
gonadotropin-releasing hormone (GnRH) pulse frequency on serum and
pituitary concentrations of luteinizing hormone and follicle-stimulating,
hormone, GnRH, receptors, and messenger ribonucleic acid for
gonadotropin subunits in cows. Endocrinology 1997, 138:594-601.

20. Mason DR, Arora KK, Mertz LM, Catt KJ: Homologous down-regulation of
gonadotropin-releasing hormone receptor sites and messenger
ribonucleic acid transcripts in a T-31 cells. Endocrinology 1994,
135:1165-1170.

21. Seminara SB, Dipietro MJ, Ramaswamy S, Crowley WF Jr, Plant TM:
Continuous human metastin 45-54 infusion desensitizes G protein-
coupled receptor 54-induced gonadotropin-releasing hormone release
monitored indirectly in the juvenile male Rhesus monkey (Macaca
mulatta): a finding with therapeutic implications. Endocrinology 2006,
147:2122-2126.

22. Ramaswamy S, Seminara SB, Pohl CR, DiPietro MJ, Crowley WF Jr, Plant TM:
Effect of continuous intravenous administration of human metastin 45-
54 on the neuroendocrine activity of the hypothalamic-pituitary-
testicular axis in the adult male rhesus monkey (Macaca mulatta).
Endocrinology 2007, 148:3364-3370.

Ramzan et al. Reproductive Biology and Endocrinology 2012, 10:18
http://www.rbej.com/content/10/1/18

Page 9 of 10

http://www.ncbi.nlm.nih.gov/pubmed/8944003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8944003?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11457843?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11457843?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11457843?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11385580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11385580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12359743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12359743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12944565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12944565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14573733?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14573733?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15217982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15217982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15919741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15919741?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15831567?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15831567?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15242985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15242985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15242985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15242985?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15665556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15665556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15665556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15486019?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15486019?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15684075?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15684075?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18162520?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18162520?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18162520?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18162520?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18948153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18948153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/100883?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/100883?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/100883?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2856305?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2856305?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2856305?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2856305?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8137751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8137751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8137751?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9002991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9002991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9002991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9002991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9002991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8070359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8070359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8070359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16469799?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16469799?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16469799?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16469799?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17412800?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17412800?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17412800?dopt=Abstract


23. Thompson EL, Murphy KG, Patterson M, Bewick GA, Stamp GWH, Curtis AE,
Cooke JH, Jethwa PH, Todd JF, Ghatei MA, Bloom SR: Chronic
subcutaneous administration of kisspeptin-54 causes testicular
degeneration in adult male rats. Am J Physiol Endocrinol Metab 2006,
291:1074-1082.

24. Tovar S, Vázquez MJ, Navarro VM, Fernández-Fernández R, Vigo E, Rao J,
Casanueva FF, Anguilar E, Pinilla L, Dieguez C, Tena-Sempere M: Effects of
single or repeated intravenous administration of kisspeptin upon
dynamic LH secretion in conscious male rats. Endocrinology 2006,
147:2696-2704.

25. Plant TM, Ramaswamy S, Dipietro MJ: Repetitive activation of
hypothalamic G-protein coupled receptor 54 with intravenous pulses of
kisspeptin in the juvenilemonkey(Macaca mulatta) elicits a sustained
train of gonadotropin-releasing hormone discharges. Endocrinology 2006,
147:1007-1013.

26. Higgins SJ, Burchell JM, Mainwaring WIP: Testosterone control of nucleic
acid content and proliferation of epithelium and stroma in rat seminal
vesicles. Biochem J 1976, 160:43-74.

27. Bloom W, Fawcett DW: Male reproductive system. A textbook of histology.
10 edition. Philadelphia, London, Toronto: W. B. Saunders Company; 1976,
805-855.

28. Tao YX, Lei ZM, Rao CV: Seminal vesicles are novel sites of luteinizing
hormone/human chorionic gonadotropin receptor gene expression. J
Androl 1998, 19:343-347.

29. Higgins SJ, Burchell JM: Effects of testosterone on messenger ribonucleic
acid and protein synthesis in rat seminal vesicle. Biochem J 1978,
174:543-551.

30. Lieber MM, Barham SS, Veneziale CM: In vitro propagation of seminal
vesicle epithelial cells. Invest Urol 1980, 17:348.

31. Dhillo WS, Chaudhri OB, Patterson M, Thompson EL, Murphy KG,
Badman MK, McGowan BM, Amber V, Patel S, Ghatei MA, Bloom SR:
Kisspeptin-54 stimulates the hypothalamic-pituitary gonadal axis in
human males. J Clin Endocrinol Metab 2005, 90:6609-6615.

32. Gilbert MTP, Haselkorn T, Bunce M, Sanchez JJ, Lucas SB, Jewell LD, van
Marck E, Worobey M: The isolation of nucleic acids from fixed, paraffin-
embedded tissues - which methods are useful when? PLoS ONE 2 2007,
6:e537, doi:10.1371/journal.pone.0000537.

33. Boraschi D, Maurizi G: Quantitation of DNA fragmentation with
diphenylamine. In Apoptosis - A Laboratory Manual of Experimental
Methods. Edited by: Boraschi D, Bossù P, Cossarizza A. L’Aquila: GCI
Publications; 1998:153-161.

34. Roa J, Navarro VM: Tena-Sempere M. Kisspeptins in reproductive biology:
consensus knowledge and recent developments. Biol Reprod 2011,
85(4):650-660.

35. Ramzan F, Qureshi IZ: Intraperitoneal kisspeptin-10 administration
induces dose-dependent degenerative changes in maturing rat testes.
Life Sci 2011, 88(5-6):246-256.

36. Thompson EL, Amber V, Stamp GW, Patterson M, Curtis AE, Cooke JH,
Appleby GF, Dhillo WS, Ghatei MA, Bloom SR, Murphy KG: Kisspeptin-54 at
high doses acutely induces testicular degeneration in adult male rats via
central mechanisms. Br J Pharmacol 2009, 156:609-625.

37. Fawcett DW, Bloom W, Fawcett DW: A textbook of histology. Philadelphia:
W.B. Saunders; 1986, 796-850.

38. Brandes D: Male Accessory Sex Organs: structure and function in
mammals. New York: Academic Press; 1974, 527.

39. Veneziale CM, Steer RC, Buchi KA: Guinea pig seminal vesicle epithelium:
a model for androgen action in Regulatory Mechanisms Affecting
Gonadal Hormone Action. Baltimore: University Park Press; 1977, 103-168.

40. Veneziale CM, Bums JM, Lewis JC, Buchi KA: Specific protein synthesis in
isolated epithelium of guinea pig seminal vesicle: effects of castration
and androgen replacement. Biochem J 1977, 166:167-173.

41. Aumuller G, Giers K, Giers U, Volk A, Seitz J: p-Chlorophennylalanine-
induced proliferation of the seminal vesicle epithelium. Cell Tissue Res
1981, 219:159-172.

42. Roa J, Vigo E, Garcia-Galiano D, Castellano JM, Navarro VM, Pineda R,
Dieguez C, Aguilar E, Pinilla L, Tena-Sempere M: Desensitization of
gonadotropin responses to kisspeptin in the female rat: analyses of LH
and FSH secretion at different developmental and metabolic states. Am
J Physiol Endocrinol Metab 2008, 294:E1088-1096.

43. Redmond JS, Macedo GG, Velez IC, Caraty A, Williams GL, Amstalden M:
Kisspeptin activates the hypothalamic-adenohypophyseal-gonadal axis
in prepubertal ewe lambs. Reproduction 2011, 141:541-548.

44. Rhie YJ, Lee KH, Eun SH, Choi BM, Chae HW, Kwon AR, Lee WJ, Kim JH,
Kim HS: Serumkisspeptin levels in Korean girls with central precocious
puberty. J Korean Med Sci 2011, 26(7):927-931.

doi:10.1186/1477-7827-10-18
Cite this article as: Ramzan et al.: Immature rat seminal vesicles show
histomorphological and ultrastructural alterations following treatment
with kisspeptin-10. Reproductive Biology and Endocrinology 2012 10:18.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Ramzan et al. Reproductive Biology and Endocrinology 2012, 10:18
http://www.rbej.com/content/10/1/18

Page 10 of 10

http://www.ncbi.nlm.nih.gov/pubmed/16513831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16513831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16513831?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16282350?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16282350?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16282350?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16282350?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1008845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1008845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1008845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9639051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9639051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/708407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/708407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7351367?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7351367?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16174713?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16174713?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21677307?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21677307?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21112339?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21112339?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19226253?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19226253?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19226253?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/911315?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/911315?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/911315?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6456815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6456815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18413669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18413669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18413669?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21273366?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21273366?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21738347?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21738347?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Animals and housing
	Experiment: administration of variable kisspeptin doses to prepubertal rats
	Dose and treatment
	Light microscopy
	Electron microscopy
	Tissue analysis

	DNA extraction
	DNA ladder assay
	Quantitation of DNA fragmentation
	Statistical analysis

	Results
	Effect on seminal vesicles weight
	Epithelial height
	Histomorphology of seminal vesicles
	Electron microscopic examination
	DNA fragmentation

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

