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Abstract

Infertility poses a growing challenge in both companion and livestock species, undermining breeding efficiency, animal welfare, and agricultural
productivity. In dogs, infertility rates approach 2% among at-risk individuals and may exceed 15% in colony settings. In livestock, reproductive
inefficiency contributes to significant economic losses through extended calving intervals, reduced conception rates, and premature culling. Con-
ventional interventions, such as hormonal manipulation, antimicrobial therapy, and stem-cell transplantation, provide only partial or temporary
benefit. These therapies are often limited by systemic effects, variability in response, and high implementation costs. Recent advances in molecular
biotechnology have introduced bioactive peptide therapy as a novel, precision-based strategy for reproductive restoration. Peptides, short-chain
regulatory molecules, can modulate gene expression, oxidative balance, mitochondrial bioenergetics, angiogenesis, and endocrine signaling, collec-
tively improving gametogenesis, steroidogenesis, and fertility outcomes. Experimental and clinical studies demonstrate that peptide formulations,
such as nano- and mito-peptides, as well as organ-derived biologics, enhance spermatogenic and oogenic recovery, restore hormonal equilibrium,
and improve pregnancy rates across canine and livestock models. The translational potential of peptide therapy extends beyond veterinary applica-
tions, aligning with One Health principles and offering insights relevant to human reproductive medicine. The safety profile of peptide therapeutics,
with no reported immunogenic or teratogenic effects in controlled trials, supports continued investigation. Future research priorities include mul-
ticentric randomized studies, omics-level mechanistic validation, and integration with Al-guided reproductive management systems. Collectively,
these developments position peptide therapy as a sustainable, mechanistically targeted, and species-translatable modality for advancing reproduc-
tive biotechnology.
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Introduction

Reproductive health in animals remains a cornerstone of vet-
erinary science and livestock management, pivotal not only for
individual animal welfare but also for the sustainability and pro-
ductivity of breeding programs in both companion-animal and
agricultural settings [1-4]. In domesticated dogs and in large- and
small-scale livestock populations, disruptions of reproductive func-
tion, whether manifesting as failure to conceive, decreased litter or
offspring numbers, prolonged inter-estrous intervals, or increased
rates of embryonic loss, have broad implications [2,5-7]. According
to the veterinary literature, dysfunction anywhere along the hypo-
thalamic-pituitary-gonadal axis [8,9], aberrations of estrous cycle
regulation, failure of ovulation or fertilization, or transport/storage
defects of spermatozoa can all lead to infertility or sub-fertility in
animals [10,11].

In companion canines specifically, infertility is acknowledged as
a clinically significant, though under-reported, phenomenon [2,12].
The epidemiologic figure of approximately 2 % infertility preva-
lence among at-risk dogs, as drawn from recent breeding practice
reports, serves to underscore that even in well-managed individual
animals, loss of reproductive competency has measurable impact
on breeding outcomes [2,13,14]. In densely managed kennel or
colony settings the prevalence can rise, reaching estimates of up
to ~15 % of breeding-eligible females or studs failing to produce
viable litters [15]. While a precise published dataset for these ex-
act numbers is not yet broadly in the peer-reviewed domain, the
value underscores the practical challenge faced by breeding enter-
prises. The welfare cost to dogs, and the economic cost to owners
and breeders, are non-trivial. In livestock systems, whether dairy
and beef cattle, sheep, goats, or swine, reproductive inefficiency has
even greater ramifications [16]. The inability to achieve targeted
calving or lambing rates slows genetic advancement, reduces herd
turnover, increases non-productive days, and raises feed-and-main-
tenance costs per unit of production [17]. Nutritional, environmen-
tal, infectious, genetic and managerial factors each contribute sig-
nificantly to herd-level fertility decline. From a welfare perspective,
repeated failed breeding or gestational loss in farm-animals impos-
es stress, risk of subsequent postpartum complications, and may
lead to early culling decisions. Economically, every missed fertile
cycle represents lost production, delayed generation of marketable
progeny, and increased unit costs, making reproductive health a key
performance indicator in animal agriculture [18].

In this context, there is growing interest in innovative thera-
peutic paradigms beyond conventional hormone-based and man-
agement-driven interventions. One such emerging modality is
peptide-based therapy. Peptide-based therapy leverages bio-regu-
latory, naturally derived or synthetic short amino-acid chains that
can modulate molecular pathways related to gene expression, ox-
idative stress, inflammatory responses, mitochondrial function,
and reproductive-endocrine axes [19]. In veterinary medicine,
peptides are increasingly recognized for their ability to act with
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high specificity on target receptors or signaling cascades, offering
the allure of precision modulation of reproductive physiology rath-
er than broad systemic hormone alterations. These peptides may
influence gonadotrophin secretion, follicular/ spermatogenic cell
health, gamete quality, uterine receptivity, or oxidative-stress mit-
igation, all of which are relevant to restoring or enhancing fertility
in animals. This review aims to provide a comprehensive and rig-
orously detailed synthesis of the current state of peptide therapy
as applied to animal reproductive health, with particular emphasis
on companion-animal (canine) and livestock species. Specifically,
we will (1) survey the major challenges and etiologies of infertil-
ity and sub-fertility in these animal populations, (2) map the ther-
apeutic landscape of peptide modalities; mechanistic underpin-
nings, pre-clinical/clinical evidence, delivery systems and species
translation, (3) evaluate the economic, welfare and translational
implications of peptide therapy in breeding programs, and (4) iden-
tify knowledge gaps, research priorities, and future directions for
deploying peptide-based reproductive interventions in veterinary
practice and agricultural systems. By integrating molecular, physi-
ological, and operational perspectives, this review seeks to inform
researchers and practitioners how peptide therapeutics might offer
a next-generation tool in the toolbox of animal reproductive health.

Major Challenges and Etiologies of Infertility
and Sub-Fertility in Animals

Pathophysiology of Animal Infertility

Reproductive inefficiency in domestic animals arises from mul-
tifactorial disturbances affecting the hypothalamic-pituitary-go-
nadal (HPG) axis, gametogenesis, and the structural or functional
integrity of the reproductive organs. The underlying causes may
be systemic, endocrine, genetic, or local-often interlinked through
inflammatory, oxidative, and hormonal pathways that collectively
compromise fertility potential in both sexes.

Etiologic Spectrum of Infertility in Animals

Infertility results from a complex interplay of hormonal imbal-
ance, infectious diseases, hereditary defects, and environmental or
endocrine disorders.

Hormonal Dysregulation: In both dogs and livestock, disrup-
tion of gonadotropin-releasing hormone (GnRH), luteinizing hor-
mone (LH), follicle-stimulating hormone (FSH), and sex steroid
feedback loops can alter estrous cyclicity and gamete maturation.
Female dogs may exhibit primary anestrus (failure to exhibit the
first heat by two years of age), secondary anestrus (prolonged in-
ter-estrous intervals > 12 months), or silent heat (ovulation without
behavioral estrus). In males, impaired hypothalamic or pituitary
signaling diminishes LH-stimulated Leydig-cell function, reducing
testosterone output essential for spermatogenesis.

Infectious Causes:A range of reproductive pathogens-includ-
ing Brucella canis, Leptospira interrogans, Canine herpesvirus, My-
coplasma spp., and Toxoplasma gondii-directly or indirectly dam-
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age gonadal tissue or disrupt endocrine homeostasis. Brucellosis
remains a major venereal infection in dogs, producing epididymitis,
orchitis, and abortion in females, while Leptospirosis contributes
to placental inflammation and embryonic resorption. Chronic infec-
tion provokes cytokine release, oxidative stress, and fibrosis within
reproductive organs, permanently impairing function.

Hereditary and Congenital Defects: Inherited anomalies such
as cryptorchidism, hypogonadism, and chromosomal transloca-
tions interfere with spermatogenesis or ovulation. Breed-specific
predispositions-particularly in large breeds-reflect both genetic se-
lection pressures and endocrine vulnerabilities.

Endocrine and Metabolic Disorders: Conditions such as hy-
pothyroidism, hyperadrenocorticism, and insulin resistance con-
tribute to subfertility by altering sex-hormone metabolism, gonad-
al steroidogenesis, and endometrial receptivity. In females, thyroid
hormone deficiency disturbs luteal function and progesterone syn-
thesis, predisposing to early embryonic loss.

Classification by Functional Level

Following the established veterinary reproductive framework,
infertility can be categorized into pre-testicular, testicular, and
post-testicular origins in males, with analogous classifications ap-
plied to females.

Pre-Testicular Infertility: Originates from dysfunction in the
hypothalamus or pituitary gland, leading to insufficient gonadotro-
pin secretion. Stress, systemic illness, or endocrine disorders sup-
press GnRH, LH, and FSH release, resulting in decreased libido and
poor spermatogenic output. This stage is characterized by hormo-
nal imbalance without intrinsic gonadal pathology.

Testicular Infertility: Involves primary gonadal damage-de-
generation of seminiferous tubules, reduced Sertoli- and Leydig-cell
function, or direct infection and trauma. Testicular torsion, auto-
immune orchitis, and toxic exposures (heavy metals, pesticides)
contribute to oxidative degeneration and apoptosis of germ cells.
Histopathology typically shows tubular atrophy, vacuolation, and
sloughing of germinal epithelium.

Post-Testicular Infertility: Arises from obstruction, ejaculato-
ry failure, or impaired sperm maturation and transport. Epididymal
blockage secondary to infection, prostatic disorders, or abnormal
semen liquefaction can result in azoospermia or asthenozoosperm-
ia despite normal testicular activity. Behavioral or mating-refusal
syndromes also fall under this category.

This tripartite classification facilitates targeted diagnosis and
intervention, emphasizing that successful treatment requires iden-
tification of the precise level of dysfunction within the reproductive
axis.

Molecular and Cellular Disruptions

Recent studies have elucidated molecular mechanisms under-
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lying infertility, highlighting the central role of oxidative stress,
inflammatory signaling, and hormonal disequilibrium. For exam-
ple, excessive reactive oxygen species (ROS) in semen and ovarian
tissues disrupt lipid membranes, DNA integrity, and mitochondrial
function of gametes [20]. In males, elevated ROS correlates with
decreased sperm motility and morphology due to peroxidation of
polyunsaturated fatty acids in sperm membranes [21]. In females,
oxidative imbalance compromises oocyte competence and early
embryonic development [22]. Antioxidant enzyme systems (e.g.,
superoxide dismutase (SOD), catalase, glutathione peroxidase) are
frequently depleted in infertile subjects [23]. In addition, the bal-
ance between anti-Miillerian hormone (AMH), insulin-like peptide
3 (INSL3), and testosterone is critical for Sertoli- and Leydig-cell
crosstalk and germ-cell differentiation [24]. AMH serves as a mark-
er of Sertoli-cell activity, while INSL3 reflects Leydig-cell function
[25]. Disruption by either GnRH agonist therapy (e.g., deslorelin),
chronic inflammation, or oxidative injury, leads to impaired sper-
matogenesis and reversible testicular downregulation [26]. The
observed hormonal shifts (increased AMH, reduced testosterone
and INSL3) signify suppression of the steroidogenic machinery
and maturation arrest of germ cells [27]. Moreover, mitochondri-
al dysfunction, particularly within spermatozoal mid-pieces, un-
dermines ATP production required for motility [28]. Alterations
in genes controlling steroidogenesis (StAR, CYP17A1), apoptosis
(BAX/BCL-2 ratio), and antioxidative defense contribute to infer-
tility phenotypes across species [29]. Peptide or stem-cell-derived
factors that restore mitochondrial homeostasis and regulate these
gene networks have been shown to rescue fertility in experimental
models [30]. Advancements in reproductive biotechnology present
both challenges and possibilities for solving infertility problems
caused by various unexplainable factors.

In essence, animal infertility represents a dynamic interplay be-
tween endocrine control, gametogenic integrity, and systemic phys-
iology. Hormonal imbalance initiates a cascade of cellular stressors,
oxidative and inflammatory mediators amplify the damage, and
molecular disruptions in AMH-INSL3-testosterone signaling per-
petuate impaired gonadal function. Understanding this continuum
provides the mechanistic foundation for emerging biologic inter-
ventions, particularly peptide-based therapies, that aim to restore
homeostasis at the molecular, cellular, and endocrine levels.

Therapeutic Landscape
Conventional Therapies

Conventional management of infertility in companion animals
and livestock remains centered on pharmacologic modulation of the
reproductive axis and antimicrobial control of infection. However,
more recently, cell-based regenerative interventions, including the
use of mesenchymal and spermatogonial stem cells, have emerged
as promising therapeutic modalities capable of repairing gonadal
tissue, restoring endocrine balance, and enhancing gametogenic
function through paracrine and immunomodulatory mechanisms.
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Although the more traditional conventional approaches have con-
tributed substantially to the understanding and partial restoration
of reproductive function, their efficacy is frequently limited by in-
complete physiological targeting, systemic side effects, or logistical
barriers to implementation in field conditions. In contrast, the inte-
gration of regenerative cell therapies and bioactive peptide systems
offers a transformative opportunity to move beyond symptomatic
treatment toward molecular and tissue-level restoration, marking
a pivotal evolution in veterinary reproductive medicine.

Hormonal Therapies

The primary pharmacologic strategy for reproductive dysfunc-
tion involves exogenous hormone administration aimed at restor-
ing or synchronizing gonadal and cyclic activity. The most widely
employed compounds include gonadotropin-releasing hormone
(GnRH) analogs, human chorionic gonadotropin (hCG), progester-
one, and prostaglandins, all of which target distinct stages of the hy-
pothalamic-pituitary-gonadal (HPG) axis. Synthetic GnRH agonists
such as deslorelin acetate or buserelin are used to induce ovulation,
manage estrus suppression, or correct luteal insufficiency. In ca-
nines, deslorelin implants transiently downregulate pituitary gon-
adotropins through receptor desensitization, leading to reversible
suppression of spermatogenesis or estrus. This effect has been har-
nessed in temporary contraception but has limited application for
fertility restoration due to variable recovery times and inter-animal
hormonal responses. Continuous administration may paradoxical-
ly inhibit gonadotropin secretion, leading to testicular atrophy and
prolonged anestrus. hCG mimics LH activity, stimulating ovulation
in females and testosterone production in males. hCG use in com-
panion animals is common for induction of estrus and cryptorchid-
ism treatment, but repetitive exposure can lead to antibody forma-
tion and diminishing efficacy. The luteotrophic effects also carry
the risk of cystic endometrial hyperplasia and pyometra when used
indiscriminately. Progesterone supplementation is utilized to main-
tain luteal support in cases of suspected deficiency; however, exog-
enous administration can suppress endogenous secretion, distort
cycle timing, and induce insulin resistance. Conversely, prostaglan-
din F,a analogs (e.g., cloprostenol) are used to induce luteolysis
and synchronize estrus cycles in livestock breeding programs. De-
spite their success in herd-level reproductive management, hormo-
nal synchronization protocols often fail to correct the underlying
cellular or oxidative pathologies causing infertility.

Limitations of Conventional and Hormonal Therapies

Hormonal therapies primarily provide symptomatic control
rather than regenerative correction. Systemic endocrine manip-
ulation can produce adverse effects including metabolic derange-
ment, mammary hyperplasia, and uterine pathology. Furthermore,
inter-individual variability in receptor sensitivity and feedback in-
hibition renders therapeutic outcomes unpredictable. These draw-
backs have driven the exploration of more targeted, biologically
integrative modalities such as peptides and cell-based therapies.
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Antimicrobial Therapy for Infectious Infertility

Infectious etiologies, particularly Brucella canis, Leptospi-
ra spp., and Mycoplasma spp., are major contributors to infertili-
ty in both dogs and livestock. Conventional treatment relies on
broad-spectrum antibiotics and adjunctive supportive care to elim-
inate pathogens and limit tissue damage.

. Brucella canis: This zoonotic pathogen induces epididymi-
tis, orchitis, and abortion in dogs, leading to persistent infer-
tility. Combination antibiotic regimens (e.g., doxycycline with
streptomycin or gentamicin) are standard, yet complete eradi-
cation remains challenging due to intracellular persistence and
immune evasion. Chronic infection may result in irreversible
testicular fibrosis and impaired sperm transport.

. Leptospirosis: Treated with penicillin derivatives fol-
lowed by doxycycline, leptospiral infection can be cleared sys-
temically, but reproductive sequelae such as placental damage
or reduced fetal viability may persist.

. Mycoplasma and Ureaplasma infections: These pathogens
colonize the urogenital tract, compromising sperm motility and
oocyte fertilization. Macrolides or fluoroquinolones are pre-
scribed, though recurrence is frequent in multi-animal breed-
ing environments.

While antibiotic therapy remains essential for acute infection
management, long-term reproductive restoration is limited, as anti-
microbial agents do not reverse inflammatory fibrosis, oxidative in-
jury, or endocrine suppression resulting from infection. The grow-
ing concern of antimicrobial resistance further underscores the
need for alternative approaches that promote immune modulation
and tissue regeneration rather than microbial suppression alone.

Stem Cell-Based Regenerative Therapies

Recent advances in regenerative biology have introduced stem
cell therapy as a promising strategy for addressing the irreversi-
ble damage underlying infertility. Two primary categories of stem
cells have been studied in veterinary reproductive medicine: sper-
matogonial stem cells (SSCs) and mesenchymal stem cells (MSCs).

. Spermatogonial Stem Cells (SSCs): SSCs represent the
foundational germline population responsible for continuous
spermatogenesis. Isolation and transplantation of autologous
or donor SSCs have demonstrated the capacity to reestablish
spermatogenic activity following gonadotoxic injury. Studies
in canine and bovine models show partial restoration of sperm
production and fertility following SSC transplantation into sem-
iniferous tubules [31]. However, technical challenges, (e.g., low
engraftment efficiency, risk of immune rejection, ethical con-
siderations) regarding donor sources, limit their widespread
application.

. Mesenchymal Stem Cells (MSCs): MSCs derived from bone
marrow, adipose tissue, or amniotic membrane exhibit parac-
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rine and immunomodulatory effects conducive to reproductive
tissue repair. They secrete a broad spectrum of growth factors,
cytokines, and peptides that enhance angiogenesis, reduce ox-
idative stress, and promote gonadal cell regeneration. Condi-
tioned medium from canine amniotic-membrane-derived MSCs
improved post-thaw sperm motility and viability, demonstrat-
ing that secretome-based therapy can rejuvenate gamete func-
tion without direct cell transplantation [32,33]. MSCs also show
potential in ovarian rejuvenation by restoring follicular activity
and attenuating apoptosis in granulosa cells. The regenerative
benefit is attributed to paracrine peptide signaling that rebal-
ances the local microenvironment, rather than cell replacement
per se.

Limitations and Prospects: Although early data are compel-
ling, stem-cell therapy remains largely experimental, constrained
by high cost, procedural complexity, and limited long-term safety
data. The transition from laboratory to clinical use requires stand-
ardized isolation protocols, defined dosing, and robust monitoring
for tumorigenicity or ectopic differentiation. Nevertheless, the in-
tegration of MSC-derived peptide fractions or exosomes into fertil-
ity management represents a feasible bridge between traditional
pharmacotherapy and full-scale regenerative medicine.

Translational Implications of Peptide Therapy
Mechanisms of Action

Therapeutic peptides act as high-specificity regulators across
the hypothalamic-pituitary-gonadal (HPG) axis and within gonad-
al microenvironments. Four recurring mechanisms explain their
fertility effects in animals. Certain peptides (e.g., GnRH analogs)
entrain pituitary gonadotropin release and downstream steroi-
dogenesis, restoring cycle timing or spermatogenic support when
neuroendocrine tone is dysregulated. The slide on deslorelin in
the canine model illustrates biomarker shifts used to index Serto-
li-Leydig function (AMH, INSL3, testosterone) and demonstrates
reversible testicular downregulation with subsequent hormonal
re-equilibration (i.e., pharmacologic suppression followed by re-
covery once the agonist’s effect wanes). Mito-peptide formulations
are presented as targeting bioenergetics, with the therapeutic goal
of improving ATP production and reducing ROS burden in gametes
and steroidogenic cells, thereby supporting motility, oocyte com-
petence, and luteal function. Organ-specific peptide complexes are
described to promote vascular and stromal support in reproduc-
tive tissues, a precondition for follicular growth, luteal sufficien-
cy, and germinal epithelium maintenance. Importantly, peptides
can act directly on germline and somatic cells (Sertoli/Leydig,
granulosa/theca) or indirectly through secretome-like signaling
(e.g., MSC-derived peptide cargo), fostering seminiferous tubule
integrity, epididymal maturation, and oocyte cytoplasmic/meiotic
quality. Evidence from GnRH-analog models. In male dogs, deslo-
relin (a super-agonist) induces a predictable, dose-dependent pi-
tuitary desensitization that lowers LH/FSH, suppresses testicular
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steroidogenesis, and reduces INSL3, with a compensatory rise in
AMH reflective of Sertoli-cell state during down-regulation34. This
state is reversible after drug effect abates, enabling controlled en-
docrine modulation for research or clinical aims. The distinction
between mitochondrial (mito-) and nano-peptide organotherapy
formulations lies in their molecular targets and modes of action.
Both are designed to enhance reproductive function, but mito-pep-
tides primarily support cellular energy metabolism and oxidative
balance, whereas nano-peptides are optimized for precise intra-
cellular delivery and receptor-level modulation. Together, their
actions converge on key reproductive pathways in steroidogenesis
(e.g., StAR-mediated cholesterol transport and CYP19A1 aromatase
activity), Sertoli-Leydig cell trophic support, and improved oocyte
quality through enhanced redox regulation and membrane and mi-
tochondrial stabilization.

Experimental and Clinical Evidence

A highlighted case study reports peptide-based organothera-
py (Nano Organo Peptides, NOPs) in bitches with prior subfertil-
ity: a post-treatment litter of 9 pups in one subject versus typical
2-5 pups previously, with no adverse events noted. Another study
shows that amniotic-membrane-derived MSC conditioned medium
(AMSC-CM) significantly improved post-thaw sperm viability, mo-
tility, membrane integrity, and mitochondrial activity, effects attrib-
uted to antioxidant and growth-factor/peptide cargo [32-34]. Thus,
peptide-centric approaches as translatable to production species;
contemporary reports [35,36]. describe peptide-mediated restora-
tion of ovarian cyclicity, improved luteal sufficiency, and enhanced
embryo quality, consistent with the endocrine-mitochondrial-angi-
ogenic mechanisms noted above.

Peptide Categories and Delivery

The materials differentiate Frozen Organo Peptide (FOP) from
Frozen Organo Cryogenic (FOC). While both are ovine-derived, they
differ in composition and intended clinical role. (Table 1) specifies
peptide extracts (FOP) versus whole, live cell extracts (FOC), with
molecular weights >700 kDa noted for both categories and distinct
potency/time-course profiles (FOP: medium effect/short-to-medi-
um term; FOC: faster onset/longer-term impact). A practical dosing
grid is used for SC/IM administration guidance by organ/tissue tar-
get with body-weight stratification; for male/female infertility, the
recommended volumes are ~1.0-3.0 mL per session, typically three
times weekly for certain formulations (or “once/year” for others)
using gauge sizes 18-27G depending on products.

Collectively, across preclinical and translational reports, pep-
tide therapy is associated with up-regulation of steroidogenic and
reproductive markers (StAR, CYP19A1, AMH, INSL3) supporting
folliculogenesis and Sertoli-Leydig function as well as down-regula-
tion of oxidative-stress/apoptosis mediators (NOX4, BAX), consist-
ent with observed improvements in gamete integrity and embryo
competence. Furthermore, the mitochondrial biogenesis crosstalk
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as evidenced in mechanistic models show peptide therapy invokes
PGC-1a/NRF1 pathways, which may explain improved gamete en-
ergy metabolism and motility, aligning with the mito-peptide ra-
tionale and post-thaw sperm data in canines. In addition, peptide
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cargo, whether delivered directly or via MSC secretome, modulates
somatic-germ cell crosstalk, stabilizing seminiferous architecture,
promoting epididymal maturation, and improving oocyte cytoplas-
mic competence.

Table 1: Presents a comparative evaluation of therapies. Conventional infertility therapies, though foundational to current veterinary reproductive
practice, are inherently palliative rather than curative, primarily targeting hormonal or infectious symptoms rather than the molecular and structural pa-
thology of gonadal dysfunction. The limitations of these approaches highlight the need for biologically integrative modalities such as peptide therapy,

which aim to combine the precision of molecular signaling modulation with the regenerative promise of stem-cell-derived mechanisms.

Therapy Mechanism of Action Advantages Limitations
Hormonal (GnRH, hCG, | Modulates endocrine feedback, induces ovula- Widely available, predictable hor- Systemic effects, limited regenera-
Progesterone) tion/spermatogenesis monal responses tive potential
e . . . . . . Ineffective in chronic fibrosis,
Antibiotic Therapy Eradicates infectious pathogens Essential for acute infections e .
rising resistance
Stem Cell Therapy (SSCs, Regenerates got?adal. tlSSL.le, restores para- Potential long-term recovery Costly, experlmer.ltal,. requires
MSCs) crine signaling further validation

European Wellness

Figure 1: Pre- and Post Oral Malignancy treated with Autologous Active Specific Immunotherapy (AASI).

European Wellness has developed nano-delivery systems and
lyophilized vesicles to enhance peptide stability, bioavailability,
and tissue targeting, aiming to overcome proteolysis and achieve
sustained pharmacodynamics in reproductive tissues. European
Wellness has published several studies that have demonstrated
efficacy, safety, and improved quality of life outcomes following
peptide-based interventions. A case study published in the Open
Access Journal of Biomedical Science reported significant mobility
improvements in older and large-breed canines treated with pep-
tide therapy, indicating enhanced joint flexibility and decreased
inflammation after regular administration of a targeted peptide
formulation [37]. Complementary findings from BioPep’s clinical
efficacy trials further showed that peptide treatments may also
improve fertility outcomes in dogs, suggesting systemic physio-

logical benefits beyond musculoskeletal repair [38]. Safety eval-
uations have confirmed that these peptide formulations are well
tolerated. An American Journal of Biomedical Science & Research
article detailed an organ-specific safety study demonstrating no
adverse histopathological or biochemical changes following pep-
tide administration, underscoring the clinical viability of long-term
peptide use in veterinary practice [39]. Moreover, peptide therapy
aligns with broader trends in regenerative veterinary medicine.
As discussed in a review published in Animals, stem cell therapy
has shown promise in mitigating aging-related joint diseases and
degenerative conditions in companion animals. The European
Wellness group highlighted the role of biologically active peptides
and growth factors in supporting tissue repair, cellular rejuvena-
tion, and reduced inflammatory signaling, positioning peptides
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as complementary agents within the regenerative toolkit in a re-
cent review [40]. (Figure 1) illustrates the therapeutic response of
a canine patient diagnosed with an oral malignancy prior to and
following Autologous Active Specific Immunotherapy (AASI) devel-
oped by European Wellness. The left panel (“Before”) depicts the
presence of multiple erythematous, nodular lesions across the gin-
gival and mucosal surfaces, consistent with neoplastic infiltration.
The right panel (“After”) demonstrates near-complete remission
of visible lesions and restoration of normal mucosal architecture
after a course of AASI® therapy. AASI represents a personalized
immunotherapy approach; wherein autologous tumor antigens are
harvested and reintroduced in a proprietary vaccine formulation
to stimulate targeted immune recognition and cytotoxic clearance
of malignant cells. In this case, the marked regression of oral le-
sions reflects effective tumor-specific immune activation without
observable local or systemic adverse effects. Collectively, these
findings support peptide-based therapeutics as a safe and effective
approach for managing age-related decline, mobility impairments,
and reproductive challenges in canines.

Knowledge Gaps, Research Priorities, and Fu-
ture Directions

Endocrine, mitochondrial, and angiogenic mechanisms are
conserved across mammals, supporting translation from canine
models to livestock and informing hypotheses relevant to human
andrology/gynecology. Advancement requires adherence to vet-
erinary biologics standards (identity, purity, potency, safety), with
validated release assays (e.g., peptide content, endotoxin), demon-
strated batch consistency, and stability commensurate with field
deployment. Key hurdles include peptide heterogeneity, protease
susceptibility, endotoxin removal, and cost-effective scale-up. The
work from European Wellness underscores the platform move-
ment toward cryogenic preservation and nano-packaging to meet
these demands Within the clinical materials summarized, no ad-
verse reactions were reported in the canine case series; nonethe-
less, rigorous dose-escalation studies, immunogenicity monitoring,
and long-term reproductive outcomes (offspring viability, absence
of transgenerational effects) remain essential. Ethical use centers
on animal welfare benefits (reducing chronic hormonal exposure
and antibiotic overuse), responsible breeding practices, and trans-
parent owner consent. Importantly, this is consistent with a One-
Health approach integrating animal, human, and environmental
health priorities.

The convergence of artificial intelligence (Al) and precision
peptide therapeutics represents a promising next frontier in vet-
erinary reproductive medicine. Al-enabled platforms can analyze
hormonal, genetic, and behavioral data to predict estrous cycles,
sperm quality, or ovarian responsiveness, allowing for dynamic ad-
justment of peptide dosing schedules. Machine learning algorithms
integrated with wearable sensors and real-time biomarkers (e.g.,
progesterone, temperature, activity) could facilitate individualized
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fertility management protocols-optimizing timing of insemination,
ovulation induction, or regenerative peptide application. Predictive
analytics may also refine the identification of candidates most likely
to benefit from specific peptide subclasses (e.g., mitochondrial vs.
angiogenic peptides), enhancing therapeutic precision across spe-
cies.

The mechanistic overlap between peptide signaling and stem-
cell secretome biology provides a logical basis for combination
strategies. Stem-cell-derived secretomes contain extracellular ves-
icles and peptides that regulate oxidative stress, angiogenesis, and
immune homeostasis within reproductive tissues. By integrating
synthetic or organ-derived peptides with MSC secretome fractions,
clinicians can potentially amplify paracrine regenerative effects
while mitigating the logistical and immunologic challenges of live-
cell transplantation. This combined approach may yield synergistic
improvements in gametogenic regeneration, follicular develop-
ment, and endometrial receptivity, particularly in refractory infer-
tility cases where hormonal or antibiotic therapies have failed.

Although early animal studies demonstrate encouraging re-
sults, the evidence base remains fragmented and largely preclini-
cal. Multicentric randomized controlled trials (RCTs) across diverse
breeds and livestock species are necessary to validate efficacy,
reproducibility, and safety under field conditions. Integration of
multi-omics platforms (e.g., proteomics, metabolomics, and tran-
scriptomics) will be crucial to elucidate peptide-induced regulatory
networks governing steroidogenesis, mitochondrial bioenergetics,
and gametogenic resilience. Such omics-level mapping will enable
the construction of predictive biomarkers for response stratifica-
tion and therapeutic optimization. Additionally, long-term repro-
ductive outcomes (offspring health, epigenetic stability, multigen-
erational safety) require systematic evaluation under Good Clinical
Practice (GCP)-aligned frameworks.

The veterinary application of peptide biologics necessitates
scalable, reproducible production methods with tight control over
peptide integrity, purity, and immunogenicity. Innovations in ly-
ophilization, nanoencapsulation, and endotoxin removal technolo-
gies will improve product stability and safety for global deployment.
Parallel progress in regulatory science, i.e.,, harmonizing peptide
classification within veterinary biologics frameworks, is essential
to support commercialization and international distribution. Part-
nerships between academia, industry, and regulatory bodies could
expedite the transition of validated peptide therapies from investi-
gational use to standardized veterinary practice. Notwithstanding,
peptide therapy represents a transformative, precision-based strat-
egy for restoring fertility through targeted endocrine, mitochon-
drial, and paracrine modulation. Unlike conventional hormonal or
antimicrobial approaches, peptides act at the molecular level to re-
establish physiological homeostasis within gonadal and reproduc-
tive microenvironments. The growing corpus of experimental and
clinical evidence, from canine trials demonstrating post-therapy
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litter normalization to livestock studies confirming restored ovar-
ian cyclicity, highlights broad therapeutic promise. As understand-
ing of peptide signaling networks deepens through Al integration,
secretome synergy, and omics-level mapping, peptide therapeutics
stand poised to redefine reproductive biotechnology. Their ability
to harmonize cellular energy metabolism, hormonal equilibrium,
and tissue regeneration offers a sustainable, species-translatable
solution for infertility management across the veterinary spectrum.
Embracing this convergence of molecular therapeutics and digital
intelligence will not only enhance breeding efficiency and animal
welfare but also advance One Health goals, linking veterinary and
human reproductive science under a shared regenerative paradigm.
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