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1 | INTRODUCTION

Many endocrine alterations related to reproductive functions have
been reported to be enhanced in men. A decline in testosterone level
and elevation of gonadotropic levels has been reported, previously
(Wu et al., 2008). Many functional studies have described progres-
sive androgen decline in males with increasing age (Giusti et al.,
1975; Hollander & Hollander, 1958; Morley et al., 1997), particularly
from the end of the third or the start of the fourth decade (Baker
et al., 1976; Harman, Metter, Tobin, Pearson, & Blackman, 2001). In
healthy older men, both the rise in LH level and irregular secretion of
LH and testosterone have been reported (Feldman et al., 2002; Liu
et al., 2006; Morley et al., 1997; Pincus et al., 1996). Compromised
negative feedback to the hypothalamus mediated by the androgen
receptors is one of the major causes of ageing-related hypogonadism
(Veldhuis et al., 2010). Increasing age stimulates LH secretion, even
the suboptimal concentration of GnRH in men. Age determines both

testosterone-independent and testosterone-modulated actions
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The present study was designed to assess the responsiveness of hypothalamic-pitui-
tary-gonadal axis to kisspeptin administration with increasing age in men. Human
kisspeptin-10 was administered in single iv bolus dose (1 ug/kg BW) to healthy adult,
middle and advanced age men. Serial blood samples were collected for 30 min pre-
and 120 min post-kisspeptin injection periods at 30-min interval. Analysis of plasma
LH by ELISA showed a significant (p < 0.05) increase after kisspeptin-10 administra-
tion in all groups, whereas plasma testosterone concentration was significantly ele-
vated (p < 0.05) after kisspeptin-10 injection only in the adult men group. Present
results suggest that in men, central hypothalamic-pituitary axis remains active and
shows responsiveness to kisspeptin stimulation across life. However, Leydig cell re-

sponsiveness to kisspeptin-induced LH decreases with age in men.

hypothalamus, kisspeptin, pituitary, reproduction, testes

of GnRH (Veldhuis, Iranmanesh, & Mulligan, 2005). This notion is
further strengthened by the observation that the administration of
GnRH and kisspeptin-10 (KP-10) increases serum LH levels in human
males (George et al., 2011; Mulligan, Iranmanesh, Kerzner, Demers,
& Veldhuis, 1999).

Presently, kisspeptin is believed to be the primary regulator
of the hypothalamic-pituitary-gonadal (HPG) axis (Navarro et al.,
2004). Kisspeptin receptor 1 (KISS1R) expression is found in all the
regions of testis except the Leydig cells, suggesting a paracrine/au-
tocrine mode of action (Tariqg et al., 2013). In human spermatozoa,
kisspeptin and KISS1R are mainly expressed in the equatorial, neck
and mid-piece regions (Publicover et al., 2008; Suarez, Marquez,
Harris, & Schimenti, 2007). An acute rise occurred in serum LH
concentration by intravenous bolus KP-10 administration, dose-
dependently with 1 ug/kg BW causing the maximal stimulation
(George et al., 2011). The HPG-axis is strongly interconnected
which shows that all components work together (Liu, Iranmanesh,
Nehra, Keenan, & Veldhuis, 2005). After iv administration, the
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half-life of KP-10 and KP-54 is about 4 and 27 min respectively
(Jayasena et al., 2011).

Kisspeptin is believed to be the primary physiological regu-
lator of the reproductive axis in nonprimate and primate species
during different life stages (Okamura, Yamamura, & Wakabayashi,
2013). Exogenous administration of KP-10 intravenous boluses
and kisspeptin-54 infusions potently evokes LH secretion in men
(Dhillo, Chaudhri, Patterson, Thompson, & Bloom, 2005; George
et al., 2011). However, little is known about the involvement of
kisspeptin signalling in the cause of senescence-basal modulation
of the HPG-axis in any model and particularly in the advanced age
men. Therefore, the present study was designed to determine the
response of HPG-axis to kisspeptin administration in men at dif-
ferent adult ages, in order to contribute to understand the physi-
ological events at different levels of the HPG-axis on the onset of

reproductive senescence.

2 | MATERIALS AND METHODS

2.1 | Ethical approval

Ethical approval was obtained from the Research Ethics Committee of
the Quaid-i-Azam University, Islamabad, Pakistan (No. DFBS-2014/
July 4,2014). This trial is also registered in the WHO clinical trial reg-
istry under the ID NCT03315325. Prior informed written consents

were obtained from all the participants.

TABLE 1 Anthropometric data of study population

2.2 | Study participants

Healthy men (n = 15) were selected as per defined inclusion (age)
and exclusion (health problems) criteria from the community of
district Lower Dir, Khyber Pakhtunkhwa, Pakistan. These individu-
als were classified based on their ages in three groups: adult (n = 5),
middle age (n = 5) and advanced aged (n = 5). The age ranges were
25-27, 46-50 and 71-75 years in adult, middle and advanced age
men, respectively. Individuals with chronic iliness or disorder, that
is, hepatic and renal complications, epilepsy, pneumonia, asthma,
orchitis, hernia, cryptorchidism, cardiovascular diseases, reproduc-
tive disorders including mental retardation were excluded from this
study. All individuals belonged to a middle-class socio-economic
status. Individual anthropometric data of each participant were re-

corded and are given in Table 1.

2.3 | Experimental design

We used KP-10 because its half-life is 3.8-4.1 min in human after
intravenous administration (Jayasena et al., 2011). Several studies
published in human regarding to the administration of KP-10 re-
ported no adverse effects (Jayasena et al., 2009; Mead, Maguire,
Kuc, & Davenport, 2007; Nabi et al., 2018). The blood sampling
was done in the Askari Clinical Laboratory, Talash, Timergara. All
the subjects had breakfast at 07:00 a.m. The blood sampling was
started at 09:00 a.m. and ended at 12:30 p.m for each group once

Groups and individuals Age (years) Body weight (kg) Height (ft. Inch) BMI (kg/m?)
Group Adult group

1 27 58 5.6 20.64

2 26 62 5.6 22.06

3 25 59 5.6 20.99

4 25 64 5.4 24.22

5 26 63 5.6 22.42

Mean + SEM 25.80+0.37 61.20 £ 1.15 5.54 £0.08 22.06 +0.63
Group Middle age group

1 46 58 5.4 21.95

2 46 58 5.6 20.64

3 46 65 5.6 23.13

4 47 52 57 17.96

5 50 73 5.7 25.21

Mean + SEM 47.00 £ 0.77 61.20 £ 3.59 5.60 + 0.05 21.78 £1.21
Group Advanced age group

1 75 55 57 18.99

2 75 55 5.5 20.18

3 71 58 5.2 23.39

4 71 59 5.5 21.65

5 74 53 5.1 22.08

Mean + SEM 73.20 +0.91 56 +1.09 5.40 + 0.10 21.26 +0.70
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in total 3 days. Sequential blood samples (2 ml) were obtained
for 30 min pre- and 120 min post-kisspeptin injection periods at
30-min intervals (=30, 0, 30, 60, 90, 120). KP-10 (metastin 45-54;
Calbiochem, Darmstadt, Germany) was administered (1 pg/kg BW)
as an intravenous bolus, immediately after collecting the sample
(O min) to assess the response of GnRH neurons to KP-10 in men by
determining plasma level of LH and testosterone. The dose of kiss-
peptin was selected on the basis of previous studies (George et al.,
2011). For the ease of blood sampling and kisspeptin injection, the
volunteers were fitted with an infusion cannula (Farcocath; G/@/L:
22, 0.9, 25 mm; Farcomake for Advanced Medical Industries SAE
Alexandria, Egypt) in the cephalic vein. The blood samples were col-
lected in heparinised syringes (BD 3 ml, Luer-Lok Tip with Precision
Glide Needle, 23Gx1TW [0.6 x 25 mm];

Pakistan Pvt Ltd). To prevent blood clotting in the cannula, heparin

Becton Dickinson

(Heparin; B. Braun Melsungen AG, Melsungen, Germany) was used
at the rate of 20 IU/ml in saline as a flushing agent. The sampling
was done during a period from August 8, 2014 to August 10, 2014.
Human kisspeptin-10 (metastin 45-54) was administered to adult
and middle-aged men on one day and the next consecutive day to

the advanced age men.

2.4 | Preparation of kisspeptin doses

KP-10 (1 mg vial) was originally purchased in lyophilised form. Stock
solution of 1 mg/ml was prepared by adding 1 ml normal saline (0.9%
NaCl). Fifteen doses of KP-10 were prepared at the rate of 1 ug/
kg BW. The average dose was prepared for adult and advanced age
group due to the little differences in individual's BW in each two
groups, while for middle age group, individual doses were prepared
according to the body weights of middle age men. These doses were
prepared in a very hygienic environment. After preparation in the
laboratory of Quaid-i-Azam University, Islamabad, Pakistan, these
doses were immediately frozen. Shortly before transportations to
the Askari Clinical Laboratory, doses were kept on ice. Before kiss-
peptin administration, 1 ml of sterile saline was mixed with the dose
as a vehicle for administration.

2.5 | Blood sampling

After the collection of blood samples in heparinised syringes, 20 U/
ml heparin mixed with sterile normal saline was administered to
prevent clotting in the cannula. Samples were then transferred to
culture tubes and stored in a refrigerator at 4°C until centrifuged.
The process of centrifugation was done just after the completion of
blood sampling (within 2 hr) at 3,000 rpm (998 g) for 15 min. Blood
plasma was isolated in Eppendorf vials of 1.5 ml capacity and stored
at -20°C until hormonal analysis.

2.6 | Hormonal analyses

Enzyme Immune Assay for human testosterone (AMGENIX, San
Jose, USA) and LH (Biocheck, Foster City, CA, USA) for measuring
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plasma testosterone and LH concentration, respectively, were per-

formed according to the manufacturer’s protocol and procedures.
The intra-assay coefficient of variation was 8.5% for testosterone
and <9% for LH.

2.7 | Statistical analysis

Changes in mean plasma LH and testosterone concentration were
assessed by one-way ANOVA followed by post hoc Tukey test in
each group. Pre- and post-kisspeptin mean LH and testosterone
were compared by paired t test. Comparison of plasma LH and tes-
tosterone secretion across the ages was done by using one-way
ANOVA followed by post hoc test. Both for post-kisspeptin LH
and for testosterone, area under the curve (AUC) was measured
across the age groups. All data are presented as mean + SEM, and
differences were considered significant when p < 0.05. Analysis of
data was done using the GraphPad Prism, version 5.01 (Graph Pad
Software Inc., San Diego, CA, USA).

3 | RESULTS

3.1 | Effect of single iv bolus administration of
KP-10 on plasma LH and testosterone levels in adult
men

Mean plasma LH concentrations at different time points be-
fore and after administration of KP-10 in adult men are shown
in Figure 1a. One-way ANOVA with repeated measures on log-
transformed data showed that there was a significant effect
(p < 0.05) observed in mean plasma LH concentration after ad-
ministration of KP-10. Further post hoc analysis indicated that
mean LH level observed at 30 min post-kisspeptin-10 injec-
tion was significantly (p < 0.05) increased, as compared to the
basal (-30 min) value. Overall mean plasma LH concentrations
observed during pre- (=30, 0 min) and post (30-120 min)-KP-10
administration periods in adult men are shown in Figure 2a. A
paired t test on log-transformed data showed that administration
of KP-10 significantly increased (p < 0.05) mean plasma LH levels
in adult men.

Mean plasma testosterone concentrations at different time
points before and after administration of KP-10 in adult men are
shown in Figure 3a. One-way ANOVA with repeated measures on
log-transformed data showed that there was a significant effect
(p < 0.05) observed in mean plasma testosterone concentration
after administration of KP-10. Further post hoc analysis indicated
that mean testosterone levels observed at 60 and 90 min post-KP-10
injection was significantly (p < 0.05) increased, as compared to the
basal (0 min) value. Overall mean plasma testosterone concentra-
tions observed during pre- (-30, 0 min) and post (30-120 min)-KP-10
administration periods in adult men are shown in Figure 2a. A paired
t test on log-transformed data showed that administration of KP-10
significantly increased (p < 0.05) mean plasma testosterone levels in
adult men.
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FIGURE 1 Comparison of pre- and post-KP-10 LH values across the different time points in adult (a), middle (b) and advanced age (c)
groups. The significant difference in each figure was indicated by the alternate letter at p < 0.05

3.2 | Effect of single iv bolus administration of
kisspeptin-10 on plasma LH and testosterone levels in
middle-aged men

One-way ANOVA with repeated measures showed that there was a
nonsignificant increase (p > 0.05) observed in mean plasma LH con-
centration after administration of KP-10, as compared to the basal
values (Figure 1b). Overall mean plasma LH concentrations observed
during pre- (=30, 0 min) and post (30-120 min)-KP-10 administration
periods in middle-aged men are shown in Figure 2b. A paired t test
on log-transformed data showed that administration of KP-10 signifi-
cantly increased (p < 0.05) mean plasma LH levels in middle-aged men.

One-way ANOVA with repeated measures showed that there
was a nonsignificant effect (p > 0.05) observed in mean plasma tes-
tosterone concentration after administration of KP-10 (Figure 3b). A
paired t test showed that pre-kisspeptin plasma testosterone level
was quite equal to post-treatment mean plasma testosterone level in
middle-aged men (Figure 2b).

3.3 | Effect of single iv bolus administration of
KP-10 on plasma LH and testosterone levels in
advanced age men

One-way ANOVA with repeated measures showed that there was

nonsignificant variation (p > 0.05) observed in mean plasma LH

concentrations after administration of KP-10 (Figure 1c). Overall
mean plasma LH concentrations observed during pre- (-30, O min)
and post (30-120 min)-KP-10 administration periods in advanced
aged men are shown in Figure 2c. A paired t test on log-transformed
data showed that administration of KP-10 significantly increased
(p < 0.05) mean plasma LH levels in advanced age men.

One-way ANOVA with repeated measures showed that there
was nonsignificant effect (p > 0.05) observed on mean plasma tes-
tosterone concentrations after administration of KP-10 (Figure 3c).
Paired t test showed that pre kisspeptin plasma testosterone level
was quite equal to post-treatment mean plasma testosterone level in

advanced age men (Figure 2c).

3.4 | Comparison of KP-10 affected LH and
testosterone secretion across ages

Mean post-kisspeptin LH concentration did not vary across
the age groups. Although mean LH response to KP-10 injection
showed variation at different ages, statistical analysis indicated no
significant differences. No significant differences were shown in
LH AUC across the groups. Data showed that there was a decreas-
ing trend in mean post-kisspeptin plasma testosterone concentra-
tion across the age groups. However, no significant differences
were observed. Although mean testosterone response to KP-10

injection showed variation at different ages, statistical analysis
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indicated no significant differences. Data showed that there was
a decreasing trend in testosterone AUC across the age groups.

However, no significant differences were observed.

3.5 | Comparison of basal plasma LH and
testosterone concentrations in different age groups

Mean basal LH levels showed some apparent variation across the
ages. However, no specific significant difference was observed. A
slight decreasing trend with age was evident in these basal testos-
terone levels with the concentration in adult group was greater
than the middle age and advanced age men while middle age basal
plasma testosterone concentration was lower than the adult age
group but greater than the advanced age group. However, differ-
ences in basal plasma testosterone concentrations across the ages
were nonsignificant.

4 | DISCUSSION

The administration of KP-10 provoked a peak of plasma LH concen-
tration in a similar way across the ages studied. The effect was acute
and similar in all the age groups. In case of testosterone, adminis-
tration of KP-10 increased plasma testosterone level of adult men

while no effect was observed in circulating testosterone levels of

middle- and advanced age men. These results suggest that the ex-
citatory influence of KP-10 on LH release was not affected by the
age. However, the ability of kisspeptin induced LH to stimulate tes-
tosterone secretion decreased with age. Our results suggest that the
testosterone level decreases during senescence not due to changes
at the hypothalamic-pituitary levels, because no difference of kiss-
peptin stimulated plasma LH level was found among the age groups.
This shows that there may be some problems which occurred at tes-
ticular level, which impair testosterone secretion during senescence.

In the present study, the rise of plasma LH levels stimulated by
the administration of KP-10 was similar in all groups, which is in
line with the foregoing studies (Dhillo et al., 2005; George et al.,
2011). In our study, KP-10-stimulated plasma LH levels were sim-
ilar in all the age groups observed. Our results coincide with the
observation of a previous study conducted by Molnar et al. (2012),
which demonstrated that in men there is an ageing-related acute
increment in hypothalamic kisspeptin signalling and a moderate
increase in central NKB signalling. These changes have been re-
lated to ageing associated reduced testosterone negative feedback
to kisspeptin and NKB neurons. However, in the present study, a
preservation of responsiveness to kisspeptin stimulation was noted
with age, but enhancement was not evident. In aged men, height-
ened hypothalamic stimulation of the reproductive axis is attributed
to increased kisspeptin and NKB inputs to GnRH neurons, as com-

pared to younger men. A few of the hormonal changes result from
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a decreased negative feedback to the hypothalamus mediated by
androgen receptors (Veldhuis et al., 2010), which probably is due to
the kisspeptin and NKB neurons. It is previously known that the hy-
pothalamic mechanisms of negative feedback can influence GnRH/
LH secretory frequency, pulsatility and total LH secretion (Veldhuis
et al., 2010). In the present study, such a fine characterisation of LH
secretion was not done. Nevertheless, our finding of maintained
responsiveness to kisspeptin across ages would suggest that fore-
going impairment of LH secretion is not related to modulation in
kisspeptin responsiveness. Keeping in mind the possible regulation
of the kisspeptin/NKB neurons in testosterone negative feedback
to hypothalamic neurons (Navarro et al., 2004; Shibata, Friedman,
Ramaswamy, & Plant, 2007; Smith, Cunningham, Rissman, Clifton,
& Steiner, 2005), the present study also shares some similarity with
data which showed an elevated Kiss1 expression in the hypothala-
mus after menopause (Rometo, Krajewski, Voytko, & Rance, 2007),
which might relate to the increase in GnRH/LH secretion (Kermath
& Gore, 2012). Kisspeptin mRNA expression was not influenced by
increasing age in the pituitary, numbers of kisspeptin immunoposi-
tive neurons in the arcuate nucleus, or estradiol-dependent reduc-
tions in the kisspeptin mRNA expression of posterior hypothalamus
(Lederman et al., 2010). Present results further highlight and spec-
ify that GnRH neuronal responsiveness to kisspeptin stimulation is
maintained during ageing in men.

The elevated levels of plasma testosterone in adult men with kis-
speptin administration, observed in the present study are in line with
the findings of a previously reported study (Jayasena et al., 2011). A
number of pharmacological studies have highlighted elevated tes-
tosterone concentrations (Dhillo et al., 2005; George, Anderson, &
Millar, 2012). Chan et al. (2011) on the other hand observed a non-
significant increase in plasma testosterone after kisspeptin 112-121
administration. An important finding of the present study was that
iv-bolus administration of KP-10 produced no effect on plasma tes-
tosterone level of middle and advanced age men. Apparent insensi-
tivity of the testis to LH stimulation by kisspeptin during senescence
might be the result of changes in the Leydig cell. Indeed, Harman and
Tsitouras (1980) demonstrated the testosterone response to LH was
reduced during senescence in men. There can be a number of factors
that may be involved in decreased responsiveness of testis to LH me-
diated stimulation during senescence. Previous studies showed that
there is an age-related shift in body composition towards more body
fat mass and the loss of muscle mass (Borkan, Hults, Gerzof, Robbins,
& Silbert, 1983; Depres et al., 1990; Visser et al., 2005). Increased
body fat increases leptin production and its elevated levels are as-
sociated with lower testosterone levels in old age attained either by
direct suppression of the LH drive to testis or is due to the reduction
of the Leydig cells sensitivity to LH (Isidori et al., 1999). Further, ex-
pression of leptin receptor is also reported in the testis (Cioffi et al.,
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1996) and rat in vitro have exhibited the negative actions of leptin on
testicular physiology (Tena-Sempere et al., 1999). Another possible
explanation of the decreased testosterone response to kisspeptin
in ageing groups can be a potential direct action of kisspeptin on
the testis. Kisspeptin has been postulated to play a direct stimula-
tory effect on testicular tissue in term of testosterone production
in mouse (Anjum, Krishna, Sridaran, & Tsutsui, 2012) and monkey
(Irfan, Ehmcke, Wahab, Shahab, & Schlatt, 2013). As reported by
Anjum et al. (2012), kisspeptin expression in mice testes increases
from pre-pubertal to pubertal period and has been suggested to
be responsible for increased circulating testosterone level and tes-
ticular weight. During this transition in the adult rhesus monkey,
kisspeptin in high doses markedly suppresses LH but amplify tes-
tosterone production, suggesting the direct and stimulatory action
of kisspeptin on Leydig cells (Ramaswamy et al., 2007). Kisspeptin
also exerted an intratesticular action in adult primate testes. This
intratesticular kisspeptin action accelerated the steroid synthesis
after LH or hCG administration (Irfan et al., 2013). In contrast to the
above-mentioned stimulatory direct effect of kisspeptin on testos-
terone in adult testis, kisspeptin may have a possible inhibitory role
in testicular tissue during senescence. Such a role is supported by
observations in mouse in which immunoreactivity of kisspeptin in-
creased, but testosterone decreased significantly during senescence
(Anjum et al., 2012). Similar mechanism may be operational in human
also as our data showed that in senescence LH level increased, but
testosterone level did not increase after KP-10 administration in the
middle age and advanced age men. Further studies are needed to in-
vestigate if kisspeptin have a local direct inhibitory effect on testos-
terone production which is masking the effect of kisspeptin induced
LH rise on Leydig cells during senescence in the testes.

5 | CONCLUSION

Conclusively, present study suggests that KP-10 raises plasma LH
secretion in adult, middle and advanced age men equally. Plasma
testosterone concentration of adult age men is increased by iv bolus
administration of KP-10 while no increase occurs in circulating tes-
tosterone concentration of middle-aged and advanced age men. Our
findings suggest that in men central hypothalamic-pituitary axis
remains active and show responsiveness to KP-10 across the life,
but Leydig cell responsiveness to gonadotropin decreases with age.
These results will provide a great insight into the understanding of

kisspeptin physiology in the reproductive system.
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