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Abstract Despite its clinical use, the reversibility of gonadotropin-releasing hormone agonist (GnRHa) treatment
after discontinuation remains poorly understood, particularly regarding offspring physical activity. Therefore, this
study examined voluntary wheel-running activity as an assessment of physical activity in male and female offspring
born to female rats that received GnRHa treatment early in life followed by its discontinuation. Four-week-old
female Sprague-Dawley rats received either daily 100 pg subcutaneous injections of the gonadotropin releasing
hormone agonist (GnRHa) triptorelin as a puberty blocker (P, n=6) or saline as a control (C, n=6) daily for 28 days.
Injections then discontinued and female rats were paired with male rats for breeding. Male (M) and female (F)
Offspring (O) from the P and C females were housed in cages outfitted with voluntary running wheels for 56 days
(M WR (M+WR+PO, n=3; F+WR+PO, n=3; M+WR+CO, n=3; F+WR+CO, n=3). Wheel running activity was then
assessed for 8 weeks. A significant main parent treatment effect (p=0.0213) and sex effect (p=0.0228) was observed
for total WR distance (M+WR+PO, 158 +54 km; M+WR+CO, 378 +27 km; F+WR+PO 373 x58 km; F+WR+CO
738 +187 km), but there was no parent treatment x sex interaction (p=0.4988). No significant main effects or
interactions were observed in weekly WR distances during Week 1, but significant parent treatment effects were
observed in Weeks 2-5 (p=0.0157, p=0.0131, p=0.0114, p=0.0263, respectively) with significant main sex effects
observed in Weeks 2, 3, and 4 (p=0.0026, p=0.0088 and p= 0.0169 respectively). No significant main effects or
interactions were observed in WR distances for Weeks 6-8 (p>0.05). Male and female offspring from GnRHa treated
and discontinued female rats had lower WR activity than their respective control counterparts suggesting that
physical activity levels may be impacted by the temporary disruption in maternal reproductive development even
after discontinuation of pubertal suppression.
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1. Introduction

Triptorelin is a gonadotropin releasing hormone agonist
(GnRHa) that can be used to suppress the release of
luteinizing hormone (LH) and follicle stimulating
hormone (FSH) from the hypothalamic pituitary-gonadal
axis (HPGA) which results in reduced production of the
sex hormones estrogen and testosterone from the gonads
(ovaries and testes, respectively) [1]. Gonadotropin
releasing hormone agonists (GnRHas) like triptorelin are a
commonly used treatment for the condition known as
central precocious puberty (CPP), by which prepubescent
age children have early onset of puberty due to high
production of gonadotropin releasing hormone (GnRH)
earlier than expected [2,3]. Youth who are diagnosed with
CPP often feel socially isolated from their peers due to
having noticeably accelerated physiological and

anatomical secondary sex characteristics [4,5]. The delay
of puberty in youth with CPP through GnRHa treatment
helps align their physical development more closely with
their chronological age which can reduce social challenges
and psychological stressors [6]. In recent years, GnRHa
treatment has also been used as a puberty blocker for
individuals with gender dysphoria [7]. Gender dysphoria
is defined as the distress felt by those whose gender
identity does not align with their sex assigned at birth [7].
As such, those with gender dysphoria often face societal,
economical, familial and intrapersonal challenges and
barriers [8]. Due to these societal, economical, familial,
and intrapersonal challenges, transgender individuals are
ranked as one of the highest groups at risk for depression
and suicide [9]. The use of GnRHas as a treatment option
for those with gender dysphoria has shown to decrease
feelings of depression and anxiety [9,10], while also
improving outcomes for potential gender affirming care
later in life [11]. Therefore, it is this delay in puberty that
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provides an extended time frame for exploring gender
identity and pursuing more permanent treatment later in
life [11,12]. It is important to recognize that there are many
reasons why individuals with gender dysphoria may choose
to discontinue GnRHa treatment as many assume that
GnRHa discontinuation means that one is choosing to
“detransition” [13]. Stopping GnRHa treatment does not

necessarily mean that someone is choosing to “detransition”.

In many cases, individuals discontinue GnRHa because
they have reached an age at which other treatment options,
such as hormone replacement therapy, become viable or
accessible [13]. Nonetheless, the discontinuation of GnRHa
treatment raises important questions about its reversibility,
particularly with respect to the reproductive system and
associated physiological systems.

Data from our laboratory found that young (4-week-
old), female Sprague Dawley rats treated with triptorelin
for 4 weeks as a puberty blocker had disrupted follicle
development and significantly reduced ovarian and uteri
mass [14]. However, after triptorelin discontinuation,
these female rats regained reproductive function and were
able achieve pregnancy after being paired with male
rats.14 These data from our lab further support the need to
explore the topic of GnRHa use in early life and its
possible lasting impacts.

GnRHa use goes beyond CPP and gender dysphoria,
they have also been used in the treatment of hormone
dependent cancers since the 1980s including prostate,
ovarian and some breast cancers [15,16,17]. The use of
GnRHa treatment in the early stages of these forms of
cancer can help to reduce the need for more permanent
treatment options such as the surgical removal of the
ovaries and testes (ovariectomy and orchiectomy,
respectively) [17].

GnRHa’s are also used as part of in vitro fertilization
(IVF) (treatment used to help infertile individuals achieve
pregnancy) [18,19,20]. A common part of IVF treatment
is the stimulation of the ovaries to release oocytes that can
be taken and fertilized; however, a common side effect of
this can lead to what is known as ovarian hyperstimulation
[21]. GnRHas can help with two aspects of IVF treatment,
first they initiate a hormonal flare response of LH which
can increase ovarian oocyte release, and secondly their
eventual down regulation of LH, estrogen and
progesterone help mitigate OHS [18,19,22]. The ability to
preserve reproductive organs in certain cancer patients,
along with the use of IVF treatment, further highlights the
broad clinical applications of GnRHas while also raising
important questions regarding their potential long-term
side effects.

Common short- and long-term symptoms and side
effects associated with GnRHa treatment are extremely
broad and variable based on many factors including but
not limited to type of GnRHa used, delivery method,
duration, condition for treatment, individual physiology,
sex (male vs female), age, and individual pre-conceptions
[23,24,25] [26,27,28,29]. Nonetheless, little is known
about GnRHa treatment’s impacts on health-related
physical activity. Data from our lab has shown that female
and male rats who received the GnRHa goserelin for 4-
weeks while also given access to voluntary running
wheels showed significantly reduced wheel running
distance compared to controls [30]. Our laboratory has

also shown that female rats treated with the GnRHa
triptorelin for four weeks exhibited significant reductions
in both daily and total voluntary wheel running distance
[31]. Similarly, we found that four weeks of triptorelin
treatment during voluntary wheel running significantly
reduced total running distance in both male and female
rats compared with control counterparts [31].

Together, these findings suggest that GnRHa exposure
reduces physical activity, either directly or indirectly, as
indicated by voluntary wheel running behavior in animal
research models. Although the mechanisms underlying this
effect remain unclear, these results from our laboratory
warrant further investigation into the relationship between
GnRHa exposure and physical activity.

As discussed previously, evidence exists which
supports the reversibility of GnRHa treatment with respect
to the recovery of sexual function [14]. However, the
growing clinical use of GnRHas for fertility preservation
in cancer patients and in assisted reproductive
technologies such as IVF [15,16,17,18] [19,20,21,22]
highlights the importance of understanding their broader
reproductive and physiological effects. Despite these
considerations, little is known about how disruptions in
sex hormone availability during early life may affect the
next generation. Therefore, regardless of the clinical use
for GnRHa treatment, health care providers, exercise
specialists, and individuals undergoing GnRHa treatment
would benefit from an understanding of the potential
impacts on offspring.

In the hopes of beginning to answer these questions the
purpose of this study was to evaluate physical activity
behavior in offspring born to mothers who underwent
pubertal suppression with the GnRHa triptorelin followed
by treatment discontinuation. Voluntary wheel running
was used as a general measure of locomotor activity and
overall physical activity behavior.

2. Methods

This study presents data on the impacts of maternal
GnRHa treatment using triptorelin acetate for 4-weeks (28
days) followed by drug discontinuation and breeding on
male and female offspring voluntary wheel running
activity.

2.1. Animal Subjects and Animal Care

All Procedures were approved by the Institutional
Animal Care and Use Committee (IACUC) at the
University of Northern Colorado and carried out in
accordance with the Animal Welfare Act. Four-week-old
female and male Sprague-Dawley rats were obtained from
Inotiv (Indianapolis, IN). The animals were housed in our
animal research holding facility on a 12: 12-h light: dark
cycle, provided standard chow and water ad libitum
throughout the duration of the study.

2.2. Maternal GnRHa Treatment

Female Sprague-Dawley rats (F, n= 12) were randomly
assigned to receive either daily 100 g (1mg/ml)
subcutaneous injections at the scruff of the neck of the
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gonadotropin releasing hormone agonist (GnRHa)
triptorelin acetate as a puberty blocker (P, n=6) or saline
as a control (C, n=6) for 28 days (4-weeks). Male rats (M,
n=12) did not receive any treatment and remained
sedentary in the animal housing facility until used for
breeding.

2.3. Breeding and Offspring Protocol

Injections discontinued after the 28-day (4-weeks)
treatment period, and female rats were immediately paired
with male rats for breeding. After successful breeding,
male (M) and female (F) offspring (O) from the P and C
females (PO or CO) were housed in cages outfitted with
voluntary running wheels (WR) for 56 days (8-weeks)
(M+WR+PO, n=3; F+WR+PO, n=3; M+WR+CO, n=3;
F+WR+CO, n=3). Daily WR distance (m) was recorded
during the experimental period using a Starr Life Sciences
Vital View Data Acquisition System (Star life sciences,
Oakmont, PA). Body mass (g) was measured weekly on
the same day and time (0800).

2.4. Data Analysis

Statistical analyses for this study were performed using
GraphPad Prism version 9.5.0., and data are presented as
mean = standard deviation (SD). A two-way analysis of
variance (ANOVA) was used to identify main parent
treatment effect, sex effect, and parent x sex interactions
among groups for total WR distances, weekly WR
distances, and weekly body mass. If a significant main
effect or interaction was found, post hoc analyses were
conducted using Tukey’s Honestly Significant Difference
(HSD) tests to assess pairwise group comparisons.
Significance levels for all tests were set to p< 0.05.

3. Results

After the 8-week offspring wheel running intervention,
there was a significant main parent treatment effect for
total voluntary wheel running distance (M+WR+PO, 158
+54 km; M+WR+CO, 378 =27 km; F+WR+PO 373 +
58 km; F+WR+CO 738 +=187 km) (p= 0.021, Figure 1).
Post hoc analyses revealed that M+WR+PO ran ~82% less
than M+WR+CO (p=0.030, Figure 1) and F+WR+PO
ran ~65% less than F+WR+CO (p=0.0024, Figure 1).
There was a significant main sex effect for total
voluntary wheel running distance (M+WR+PO, 158 £54
km; M+WR+CO, 378 27 km; F+WR+PO 373 £58 km;
F+WR+CO 738 =+ 187 km) (p=0.023, Figure 1). Post
hoc analyses revealed that M+WR+PO ran ~80% less
than F+WR+PO (p=0.038) and M+WR+CO ran ~64%
less than F+WR+CO (p=0.002). There was no sex X
parent treatment interaction for total wheel running
distance (p>0.05). There were also no significant main
parent effect, sex effect or parent x sex interactions in
weekly body mass (g) (p>0.05, data not shown).

Weekly wheel running distances were analyzed to
assess how maternal GnRHa treatment influenced
offspring running behavior across the 8-week intervention.
There were significant main parent treatment effects

during Weeks 2-5 (p = 0.0157, 0.0131, 0.0114, and
0.0263, respectively; Figure 2). A significant main sex
effect was also observed during Weeks 2-4 (p = 0.0026,
0.0088, and 0.0169, respectively; Figure 2). No significant
parent treatment x sex interactions were detected during
Weeks 1-8 (p>0.05; Figure 2). Additionally, no
significant main effects of parent treatment or sex were
observed during Weeks 1, 6, 7, and 8 (p > 0.05; Figure 2).
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Figure 1. Total voluntary wheel running distance during 8-weeks. Male
(M) and Female (F) Wheel Running Puberty blocked offspring (WR-PO)
and Wheel Running Control Offspring (WR-CO), Meters (m).
Significant Parent effect (#, p<0.05) and sex effect (§, p<0.05).
M+WR+PO vs. M+WR+CO and F+WR+PO (}, p=0.030, p=0.001,
respectively). M+WR+CO vs F+WR+CO (**, p=0.0026). F+WR+PO vs
F+WR+CO (f, p=0.0024)
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Figure 2. Weekly voluntary wheel running distance. Male (M), Female
(F), Wheel Running Puberty Blocked Offspring (WR+PO), Wheel
Running + Control Offspring (WR+CO), Meters (m). Significant Parent
effect (*), (p<0.05) and sex effect (1), (p<0.05)

Post hoc analyses for Weeks 2-5 are presented in
Figure 3. During Week 2 (Figure 3A), M+WR+CO (43 =
14 km) ran ~85% less than F+WR+CO (107 %41 km)
(p=0.0345). Additionally, M+WR+PO (11 *8 km) ran
~162% less than F+WR+CO (p=0.0036). During Week 3
(Figure 3B), M+WR+CO (49 %6 km) ran ~89% less than
F+WR+CO (129 +59 km) (p=0.0498) while M+WR+PO
(12 =6 km) ran ~165% less than F+WR+CO (p=0.0069).
During Week 4 (Figure 3C), M+WR+PO (15 £9 km) ran
~154% less than F+WR+CO (118 =54 km) (p=0.0094).
During Week 5 (Figure 3D), M+WR+PO (21 £ 13 km)
ran ~136% less than F+WR+CO (112 + 63 km)
(p=0.0454).
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Figure 3. Weeks 2, 3, 4, and 5 Voluntary wheel Running Distance. Male and Female, Wheel Running + Control Offspring (WR+CO), Wheel Running
+ Puberty Blocked Offspring (WR+PO), Meters (m). (A) week 2 voluntary wheel running distance (, p=0.0345), (*, p=0.0036); (B) week 3 voluntary
wheel running distance (1, p=0.0498), (*, p=0.0069); (C) Week 4 voluntary wheel running distance (*, p=0.0094); (D) week 5 voluntary wheel running

distance (*, p=0.0454)

4. Discussion

The purpose of this study was to evaluate physical
activity behavior in offspring born to mothers who
underwent pubertal suppression with the GnRHa
triptorelin followed by treatment discontinuation. To our
knowledge, this is the first study to investigate the effects
of maternal GnRHa exposure on offspring physical
activity behavior using voluntary wheel running as a
measure. An important aspect of this study is that it also
supports  previous findings from our laboratory
demonstrating that four weeks of GnRHa treatment
followed by discontinuation is reversible with respect to
sexual function, successful breeding, and the birth of
viable offspring. Despite this reversibility, offspring born
to GnRHa treated mothers exhibited significantly reduced
total and weekly voluntary wheel running distances
compared with controls. Although the mechanisms
underlying these findings remain to be elucidated, the
observed reduction in voluntary physical activity among
offspring should not be overlooked. Physical activity
plays a crucial part of health in individuals throughout all
stages of life and has been shown to help reduce the risk
of many types of diseases including but not limited to
hypertension and diabetes [32].

One major strength of this study includes the use of
animal research subjects and its controlled experimental

design, which minimizes many confounding variables
known to influence physical activity and behavior in
human populations [33]. This level of control helps
highlight the potential of physiological mechanisms being
the primary contributor to the observed reductions in
physical activity rather than social and economic factors;
however, several limitations should also be considered.
The delivery method, timing of exposure, and overall
purpose of the drug in this experimental model may limit
its direct translation of these findings to human
populations. As discussed previously, the symptoms and
potential adverse effects associated with GnRHa treatment
can be influenced by numerous factors [23,24,25]
[26,27,28,29] that were not examined in the current study.
Therefore, these findings do not necessarily indicate that
similar effects would always be observed in humans, as
limitations in direct translation are a common challenge in
animal research.

Although this study did not assess detailed measures of
growth, maturation, or other developmental outcomes
potentially influenced by maternal GnRHa exposure,
offspring body mass was evaluated. No significant main
effect or interactions for body mass were observed (p>
0.05), suggesting that maternal GnRHa exposure did not
appear to affect at least one measure of offspring growth.
A major limitation, however, of using body mass as a
measure is that it does not reflect body composition which
refers to the distribution of fat and lean mass [34].



42 Journal of Physical Activity Research

Therefore, despite the absence of differences in body mass,
potential alterations in body compaosition cannot be ruled
out. Future studies should assess body composition to
more precisely determine whether GnRHa exposure
influences growth and maturation with respect to body
composition.

Previous research has demonstrated that GnRHa
treatment can affect bone mineral density (BMD) and
bone quality, particularly in individuals treated for CPP
and gender dysphoria [35,36,37]. These findings, however,
do not necessarily imply that offspring born to mothers
exposed to GnRHas will exhibit altered BMD or bone
quality. Nevertheless, lean body mass markers such as
BMD and bone quality in offspring born under similar
conditions warrant further investigation.

Total (56-day) voluntary wheel running distance of
offspring in this study showed that irrespective of parent
treatment, females ran significantly more than their male
counterparts (Figure 1) when given access to voluntary
running wheels. These sex differences are congruent with
the literature, as female rats typically run more than males
when given access to voluntary running wheels [38].
However, total (56-day) wheel running results also
indicate that regardless of sex, offspring born from
GnRHa-treated mothers ran significantly less than control
counterparts (Figure 1). These data imply that maternal
GnRHa exposure reduces offspring total voluntary wheel
running as a measure of physical activity. Notably, these
results demonstrate that even temporary suppression of
sex hormones in female rats can influence physical
activity in the next generation.

Weekly voluntary wheel running comparisons allude to
the fact that this impact may be even more complex. The
absence of differences observed during week 1 (Figure 2)
are not surprising or abnormal, as rodent research animals
usually display minimal wheel running activity during
initial exposure to voluntary running wheels [39]. Across
weeks 2-5, offspring of GnRHa-treated mothers ran
significantly less than control offspring. Additionally,
females exhibited greater voluntary wheel running than
males during weeks 2-4 (Figure 2). A closer look into
these weeks’ differences (Figure 3 A-D) highlight that
males seem to be impacted the most from maternal
GnRHa exposure as indicated by higher percent
differences when compared to male controls and female
groups, which would warrant future studies to explore
possible sex specific epigenetic and transgenerational bio-
markers. It is well known that lifestyle choices, behaviors,
and overall health of prospective mothers prior to and
during gestation can influence health of offspring
[40,41,42], therefore the temporary disruption in sex
hormone availability in early life of future prospective
mothers warrants further investigation.

Interestingly though, it appears that weekly wheel
running distances showed no significant differences
among groups starting at week 6 and through week 8
(Figure 2). This suggests that reductions in offspring
physical activity may only occur during early stages of life.
It is unknown, however, if this period of wheel running
behavior during weeks 6-8 would continue into adulthood
suggesting the need for future investigation with a longer
observation period (into later adulthood) with continued
physical activity monitoring of offspring born under

similar conditions.

5. Conclusion

In addition to the need for more long-term monitoring
of physical activity in offspring born under similar
conditions, future studies should investigate the potential
mechanisms underlying this phenomenon. Although
voluntary wheel running was used in this study as a
primary measure of physical activity, it can also reflect
behavioral processes. Therefore, future research should
examine whether other behavioral outcomes such as
memory, learning, anxiety, and depression are also
affected. Finally, future studies should explore potential
interventions that may mitigate the reductions in physical
activity observed in offspring such as increased maternal
physical activity (i.e., wheel running).

Overall, this study provides novel insight into how
early-life exposure to GnRH agonists in females influence
offspring physical activity as measured by voluntary
wheel running. Additional research is needed to better
understand the broader implications of these findings
within healthcare. Nevertheless, health care providers,
exercise specialists, and individuals who have undergone
or may undergo GnRHa treatment with future intentions
of having children would benefit from this information
and from continued research on this topic.
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