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ABSTRACT

Hypothalamus-derived kisspeptins are critical regulators of reproduction in
nearly all mammalian species including the humans. These small peptides mediate
their actions through the GnRH loop system. How kisspeptins regulate gonadal
maturation in sexually immature male mammals remains elusive, To address this, two
sets of experiments were done: firsily, kisspeptin was administered as subchronic (12
days) twice daily i. p, doses at three different dosage regimens: 15 pmol (10 pg), 1.5
nmol (1 ng) and 1.5 pmol (1 pg), to prepubertal male Sprague Dawley rats (PND 35),
secondly, kisspeptin effects were further evaluated indirectly by blocking GnRH action
using acyline as an antagonist. Rats were assigned to four experimental groups
namely: control saline freated, kisspeptin alone, saline with acyline pretreatment and
kisspeptin with acyline pretreatment. Effects on spermatogenesis, secretion of
testosterone and pituitary gonadotropins, the LH and FSH, DNA parameters and
histomorphology of testicular tissue and accessory sex glands, seminal vesicle and
prostate, were studied. Major scientific approaches applied were; radioimmunoassay,
light and electron microscopy, DNA extraction, electrophoresis and morphometrical
measurements. Spermatogenesis was studied histologically at stage VII of the

spermatogenic cycle. Data were analyzed statistically.

Results showed that at end of the treatments plasma FSH levels were not
altered in any of the treatment groups. LH and testosterone concentrations were
reduced in the 1 ng (p < 0.05) and 1 pg kisspeptin groups (p < 0.01), while no
significant change was observed at 10 pg dose. At 1 ng and 1 pg kisspeptin doses,
testicular parameters that decreased significantly were mainly: the number of type A
spermatogonia (p < 0.05; p < 0.01), preleptotene spermatocytes (p < 0.05), pachytene
spermatocytes (p < 0.01; p < 0.001), step 7 spermatids (p < 0.05; p < 0.001), elongated
spermatids and daily sperm production (p < 0.05; p < 0.001), while at 10 pg dose the
decrease was non significant. Sertoli cell efficiency and total support capacity of each
Sertoli cell decreased significantly at all doses. Meiotic index decreased (p < 0.05)
only at 1 pg dose; while coefficient of mitosis increased at 1 ng and 1 pug (p < 0.01)
doses both. Histomorphology showed scant round and elongated spermatids,
intratubular vacuolizations, multinucleated giant cells and atrophied germinal

epithelium. Ultrastructure evidenced vacuolated mitochondria in Sertoli cells,
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involuted acrosome, degenerated and vacuolated Leydig cells and thin basal laminae.
DNA ladder assay showed fragmentation of DNA into smaller fragments of variable
sizes. On quantification, DNA damage that occurred to the testicular tissue was 20 &+
2.04, 36 + 1.85 and 60.18 + 3.37, at 10 pg, | ng and 1 pg doses respectively. In the
second set of experiments plasma FSH (p < 0.001) and LH (p < 0.001) decreased in
the saline (acyline pretreated) treated group, and as well as in the kisspeptin (acyline
pretreated) treated group at the end of the experiment, Testosterone levels decreased (p
< (.01) in saline (acyline pretreated) and kisspeptin (acyline pretreated) treated groups
(p < 0.001). Sleminiferoils tubular diameter decreased non-significantly while
seminiferous tubular epithelial height decreased highly significantly (p < 0.001) in
treated groups as compared to control. In saline (acyline pretreated) treated group, type
A spermatogonia (p < 0.001), preleptotene spermatocytes (p < 0.05), pachytene
spermatocytes (p < 0.01), step 7 spermatids (p < 0.001), elongated spermatid head
count and daily sperm production (p < 0.01) decreased as compared to control testes.
In the kisspeptin (acyline pretreated) treatment group, only type A spermatogonia (p <
0.001), decreased significantly, while other parameters remained unaffected.
Histomorphological observations demonstrated loss of germ cells, abnormal germ cell
associations and germ cell maturation arrest in saline (acyline pretreated) treated
group, while seminiferous tubules of rats treated with kisspeptin (acyline pretreated)
revealed partial restoration of spermatogenesis, DNA damage to the testicular tissue
was 36 = 0.07 and 14 £ 1.17 with saline (acyline pretreated) and kisspeptin (acyline

pretreated) treatment respectively.

Seminal vesicle weights decreased significantly (p < 0.01) at 1 pug kisspeptin
dose. The epithelial height of secretory acini of seminal vesicle decreased at 10 pg
(p<0.05), 1 ng and lug doses (p < 0.001). Histological observations demonstrated
dilated lumen and decrease in epithelial folds and height of epithelial cells.
Ultrastructure showed disorganization of the organelles involved in the secretory
process such as dilatation of the endoplasmic reticulum, disorganization of the Golgi
complex and decrease in the number of secretory granules in principal cells of the
seminal vesicle. DNA damage to the seminal vesicle was 19.54 + 1,98, 38.06 + 2.09
and 58.18 = 2.59 at 10 pg, | ng and 1 pg doses respectively. In the second set of
experiments seminal vesicle weights remained unaffected. Epithelial height of

secretory acini of seminal vesicle decreased (p < 0.05) in both the saline (acyline
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pretreated) and kisspeptin (acyline pretreated) treated groups as compared to the
control. Histological and ultrastructural examination showed degeneration of the tissue
in saline (acyline pretreated) treated group, while it nearly restored to normal in the
kisspeptin (acyline pretreated) treated group. DNA damage was 20.87 + 0.98 and
19.03 £ 1.71 with saline (acyline pretreated) and kisspeptin (acyline pretreated)

treatment respectively,

Prostate weights decreased significantly (p < 0.05) at 1 pg treatment dose of
kisspeptin. The epithelial height of secretory acini of prostate decreased at 10 pg (p <
0.05), 1 ng and lug doses (p < 0.001). Histology and ultrastructure demonstrated,
decrease in epithelial cell height, epithelial folding and dilatation of the organelles with
kisspeptin treatment. DNA damage to the prostatic tissue was 20.74 = 2.18, 43.60 +
2.39 and 58.18 + 2.59 at 10 pg, 1 ng and 1 pg doses respectively. In the second set of
experiments, prostate weights were unaltered. Epithelial height of secretory acini of
prostate gland decreased (p < 0.001) in saline (acyline pretreated) and (p < 0.05) in
kisspeptin (acyline pretreated) treated groups. Histologically, the prostate tissue was
degenerated and regressed with saline (acyline pretreated) treatment but showed a
restoration of structure to normal with kisspeptin (acyline pretreated) treatment. DNA
damage to the gland was 26.60 + 1.71 and 14.02 £ 1.27 with saline (acyline pretreated)

and kisspeptin (acyline pretreated) treatments respectively.

The present findings indicate that subchronic kisspeptin administration may act
as a suppressor of pubertal maturation during non-pubertal states and a partial recovery

of the testicular tissue and accessory sex glands occur with acyline pretreatment.
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a: Seminiferous tubule from control rat
showing the basement membrane (BM),
Sertoli cell nucleus (S), type A
spermatogonia (A) and pachytene
spermatocytes (P).

b: Seminiferous tubule from rats
treated with 1 ng kisspeptin. Note
pachytene spermatocytes, abnormal
step 7 spermatids (arrow) and
enlarged intercellular spaces (*).
Basement membrane is thin and

irregular.

c: Seminiferous tubule from rats
treated with 1 pg kisspeptin, showing
abnormal spermatogonia, vacuolated
Sertoli cells, spermatocytes and
spermatids.  Tubular  organization
appears deranged with enlarged
intracellular spaces,

Figure 3.16 Electron micrographs of testicular tissue of control and kisspeptin
treated rats. Magnification a-c = X3000.



Figure 3.17 Electron micrographs of control round spermatids and treated with
kisspeptin alone at variable doses.

a: The spermatids (RS) in control rats appear round cells with large spherical nuclei.
The acrosome system (Ac) covers nearly one-third to one-half of the step 7 spermatid
nucleus.

b: The spermatids showed less morphplogical alterations at 10 pg dose. The acrosome
inverted towards the nucleus and its outline is irregular, both the acrosomal granule
and vesicle are detached from the nuclei. The acrosome was not electron-dense and
had an enlarged acrosomal vesicle.

c¢: Note excessive damage to spermatids after treatment with 1 ng dose. Spermatids
show electron dense cytoplasm with prominent vacuolations. The nuclear membranes
appear highly distorted and ruptured in some areas. The intercellular spaces were
enlarged.

d: Cellular damage is more pronounced at 1 pg kisspeptin treatment. The intercellular
spaces are greatly enlarged.

Magnification a-d = X12,000.
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Figure 3.18 Electron micrographs of Leydig cell from ' rats treated with
kisspeptin alone at variable doses.

a: A Leydig cell from a control rat shows nucleus (N) with conspicuous nucleolus
(Nu). In the cytoplasm, elongated mitochondria (M) containing tubular cristae are
present. A blood vessel (BV) is also evident. X12,000.

b: At 10 pg dose, Leydig cell nucleus appears deshaped, shrunken and
heterochromatic indicating decline of activity. The chromatin is clumped at some
places with in the karyoplasm. %20,000.

e: At 1 ng dose of kisspeptin, Leydig cell nuclei were reduced greatly in size with
clear invagination of the nuclear envelop (arrow). X12, 000.

d: Note excessive degeneration in the Leydig cells structure at 1 pg kisspeptin dose.
Cytoplasm is electron dense and vacuolated. %20,000.
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a: Seminiferous tubule from control rats
showing Sertoli cell nucleus (S) with a
prominent nucleolus (Nu), type A
spermatogonia (A) and pachytene
spermatocytes. *8, 000.

b: Seminiferous tubule of a rat treated
with saline (acyline pretreated) showing
Sertoli cell and primary spermatocytes
containing  vacuolated  organelles.
*3,000.

¢: Seminiferous tubule of a rat treated
with  Kkisspeptin  (acyline pretreated)
showing recovery in the structure of
basement membrane, primary
spermatocytes and  Sertoli  cell
cytoplasm. X5, 000.

Figure 3.25 Electron micrographs of testicular tissue of control, saline (acyline
pretreated) and kisspeptin (acyline pretreated) treated rats,
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a: General view of the seminal vesicle
epithelium showing several principal
cells; the apical parts of the principal
cells which bulge into the lumen (L)
contained many secretory granules
(SG), especially around the Golgi
complex (GC). Many cytoplasmic
projections were seen at the apical
surface of the principal cells called
microvilli (M). They were irregularly
spaced along the luminal border.
%3,000.

b: 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.

c: Principal cells with endoplasmic
reticulum, Golgi complex and

secretory granules. X12,000.

Figure 3.30 Electron micrographs of control seminal vesicle showing principal

cells,
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a: Seminal vesicle of animals treated £ = g
with 10 pg kisspeptin. Number of s *
secretary granules is lower. A mild
dilatation of Golgi complex and
endoplasmic reticulum is evident.

%5,000.

b: Seminal vesicle of animals treated
with 1 ng Kkisspeptin. Number of "2
secretory  granules was  lower. FRSS

Endoplasmic reticulum and Golgi ",
apparatus were disorganized and dilated.

Large vacuoles were evident. X12,000.

¢: Seminal vesicle treated with 1 pg
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,

Figure 3.31 Electron micrographs of seminal vesicle of kisspeptin treated rats.
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a: Seminal vesicle from control rats ° f("

showing complex and glandular |
structure. The lumen is highly g‘u
74§

irregular and the epithelia are
columnar  or pseudostratified
columnar.

b: The lumen is markedly dilated
and the branching of the mucosa of
seminal vesicles of rats treated with §
alone kisspeptin was greatly reduced.
In addition, the mucosal epithelia
had either cuboid or squamous cells.

c: Seminel vesicle of rats treated
with saline (acyline pre-treated). The
structure of the tissue at this dose
became simple having no intricate
folds, while the lumen was dilated.

d: Seminal vesicle of rats treated
with kisspeptin (acyline pre-treated).
The structure was not as complex
and irregular as that of control. The
epithelium was columnar having ? "’

irregular lumen.
Scale bar 20 pm

Figure 335 Photomicrographs of semingl vesicle of contrel, kisspeptin alome,
satine (acylive pre-treated), kisspeptin (acylizme pre-treated) pre-pubertal rats.






Figure 3.36 Electron micrographs of seminal vesicle of control, kisspeptin alone,
saline (acyline pretreated) and Kisspeptin (acyline pretreated) rats.

a: Seminal vesicle of control rats showing the principal cells. Secretory granules were
present in large numbers in the apical portion of principal cells. X6000.

b: Seminal vesicle treated with alone kisspeptin. The primary alterations were
irregularity of nuclear shape with invagination of the nuclear envelope. No secretory
granules were evident. Large vacuoles and intercellular spaces were evident. X5,000.
c: Seminal vesicle treated with saline (acyline pretreated). The structure appeared
electron dense. Enlarged intercellular spaces were noticeable. No secretory granules
were evident. X10, 000.

d: Seminal vesicle treated with kisspeptin (acyline pretreated). Secretory epithelium
improved as compared to saline (acyline pretreated). Numerous vacuoles were still
noticeable. Number of secretory granules was lower compared to control. X8,000.
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Figure 3.41 Electronmicrographs of prostate from control and kisspeptin treated
rats.

a: Prostate of control rat showing well developed Golgi complex in supranuclear
region. In the perinuclear cytoplasm, endoplasmic reticulum was observed with
parallel and flattened cisternae.

b: The prostate of rats treated with 10 pg kisspeptin dose contained numerous
vacuoles. Nuclear shape became irregular with invagination of the nuclear envelope.
The basement membrane became thin and ruptured.

c¢: The prostate of rats treated with 1 ng kisspeptin. The damage was more
pronounced. Pyknotic nuclei, large vacuoles and intercellular spaces (I) were evident.

d: The prostate at 1 pug dose is typified by marked atrophy. Intercellular spaces were
widened. Nuclei were irregular shaped, chromatin was condensed, fragmented and
scattered throughout the nucleoplasm. The cisternae of the Golgi complex were
dilated. .

Magnification a-b %X5,000, ¢c-d X12,000.
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Figure 3.42 Details of the supranuclear region of prostate of control and
kisspeptin treated rats.

a: The prostate of the control group was complex. The glandular cells had well
developed Golgi' apparatus in the apical portion of cytoplasm. The perinuclear
cytoplasm contained endoplasmic reticulum.

b: The prostate of rats treated with 10 pg kisspeptin contained endoplasmic reticulum
and the Golgi complex with dilatation of the cisternae.

¢: The prostate of rats treated with 1 ng kisspeptin. The glandular epithelium was not
developed. The cisternae of endoplasmic reticulum and the Golgi complex were
dilated very much. Digestive vacuoles (DV) containing cell remnants were observed
in the perinuclear cytoplasm. Large vacuoles (V) were observed.

d: The prostate of rats treated with 1 pg kisspeptin. Prostate was characterised by
marked atrophy. Nuclei became irregularly shaped. The cisternae of the Golgi
complex and endoplasmic reticulum were dilated.

Magnification a-d = X30,000.
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Figure 3.47 Electron micrographs of prostate tissue from control, kisspeptin
alone, saline (acyline pretreated) and kisspeptin (acyline pretreated) rats.

a The prostate of control rats showing principal and basal cells containing well
developed Golgi complex in supranuclear region. X5, 000.

b: The prostate in this group was characterized by marked atrophy, wide intercellular
spaces, irregular shaped nuclei, and condensed and fragmented chromatin scattered
throughout the nucleoplasm. The cisternae of the Golgi complex were dilated.
%12,000.

¢: The prostate of saline (acyline pretreated) contained endoplasmic reticulum and
Golgi apparatus with dilated cisternae. Vacuoles were present. Nuclear shape became
irregular with invagination of the envelope. The basement membrane was infolded.
x8,000.

d: The prostate of rats treated with kisspeptin (acyline pretreated). The tissue showed
some recovery as compared fo saline (acyline pretreated). X12, 000.
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