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Abstract

Many researchers often assume that their research models are well-controlled, leading to the possibility of obtaining flawed results
even before their studies commence. Animal models, like the Wistar rat, have proven valuable for studying the pathophysiological
mechanisms underlying human illnesses, particularly those related to reproductive health. This paper explores the use of the Wistar
rat model in reproductive studies and highlights the factors that can influence the outcomes of such research.

The Wistar rat model offers translational relevance to human fertility and infertility research, owing to similarities in reproductive
anatomy, hormonal regulation, and physiological responses to human. However, various factors can impact the reproductive health
of Wistar rats, including genetic background, the development of tumors, diet, and nutrition, housing conditions, exposure to
environmental factors, age-related changes, and reproductive seasonality. Understanding and controlling these variables are crucial
for accurate and meaningful research outcomes in the context of Wistar rat-based reproductive studies. By addressing these factors
and conducting rigorous research, the Wistar rat model can continue to be a valuable tool for advancing our understanding of
reproductive health and pathophysiological mechanisms, ultimately benefitting both human and animal populations.
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Introduction

The lack of normal tissue from women of reproductive age who
have not been exposed to high doses of hormones used in vivo for
assisted reproductive techniques makes it difficult to do ovarian re-
search on people [1]. Animal models that may be altered or utilised
to get certain cells or tissues are regarded as useful research tools
for studying the pathophysiological mechanisms underlying human
illnesses. Some pertinent questions cannot be resolved by directly
investigating the afflicted human patients due to the clear logistical
and ethical restrictions on human testing [2]. Additionally, using
animal models can aid in the development of novel medications or
treatments and help us better understand the pathophysiology of
human illnesses.

The lack of normal tissue from women of reproductive age who
have not been exposed to high doses of hormones used in vivo for

assisted reproductive techniques makes it difficult to do ovarian re-
search on people [1]. Animal models that may be altered or utilised
to get certain cells or tissues are regarded as useful research tools
for studying the pathophysiological mechanisms underlying human
illnesses.

Some pertinent questions cannot be resolved by directly in-
vestigating the afflicted human patients due to the clear logistical
and ethical restrictions on human testing (Abedal-Majed and Cupp,
2009). Additionally, using animal models can aid in the develop-
ment of novel medications or treatments and help us better under-
stand the pathophysiology of human illnesses.

One rat historian has called attention to the significant differen-
ces between wild and laboratory rats using a poignant, though ra-
ther exaggerated, parallel: “the laboratory rat is the Hippocrates of
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ratdom; laboratory rats are to wild rats as Gandhi is to Hitler - they
are a separate rat race of Koches, or Pasteurs, or Salks, or Madame
Curies [3]. Many researchers in numerous locations in the early ye-
ars of this century worked to transform the rat from the pestilential
harbinger of doom to the hero of contemporary medicine. The Wi-
star family gave rise to the moniker “Wistar,” whose most notable
member was the namesake and descendant of the early colonial
glassmaker, Caspar Wistar, M.D., who held the chair of anatomy at
the University of Pennsylvania from 1808 until his passing in 1818
[3].

The term “Wistar rats” refers to a group of rat sub-strains that
have developed over the course of more than 50 years from a single
lineage. The Wistar Kyoto and Wistar Furth rats are inbred strains,
whereas the Wistar rat, Wistar Hannover (Wistar HAN), and Wistar
Unilever (WU) rats are outbred strains [4]. The breeding efforts of
Helen Dean King, the management and husbandry practises of Mil-
ton Greenman and Louise Duhring, and the supporting data sup-
plied by Henry Donaldson are all responsible for the development
and upkeep of the Wistar Rats as standardised animals [3].

However, Milton Greenman'’s inventiveness, which recognized
in the Wistar Rats a means for a modest institution to serve resear-
ch, is what led to their widespread usage. In his Director’s Reports,
which he wrote every year from 1905 until his death in 1937, Gre-
enman’s language is preserved, demonstrating his extraordinary
sensitivity to his times and the economics of science and society.
He recognized that the rat had the potential to be a living analogue
to the pure substances that gave experimental science legitimacy at
the time biology was being established.

He took the principles of product consistency, quality stan-
dards, and production efficiency from management literature and
applied them to scientific research to create an animal model that
is still used as standard equipment in labs all over the globe today.
Both in human and animal populations, infertility continues to be
a complicated and pervasive issue. Wistar rats in particular have
shown to be very useful in reproductive studies since they provide
insights into the complex systems influencing fertility and inferti-
lity.

The Wistar rat model offers translational relevance to human
infertility research. Similarities in reproductive anatomy, hormonal
regulation, and physiological responses enable researchers to ex-
trapolate findings from Wistar rat studies to human reproductive
health.

Breeding and Reproduction of Rats

Rats mature sexually between the ages of 6 and 10weeks for
males and 8 to 12 weeks for females. Pregnancy can occasionally be
identified at around two weeks by touching the belly, seeing weight
increase, or observing mammary (breast) growth. The usual gesta-
tion period is 21 to 23days. Females who are pregnant will build a
nest, so provide them with the supplies they need to do so. Tissue
paper is a great nesting material. There are typically 8 to 18 pup-
pies every litter.
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Baby rats are born deaf and blind. The cage should be kept in a
quiet place and the litter should not be disturbed for at least 7days
after birth, especially if this is the female’s first litter. Weaning oc-
curs about 21days after birth. Female rats can quickly become pre-
gnant again after giving birth; however, it is not healthy for a female
rat to be both pregnant and nursing a litter. It is recommended that
the female be given a rest period of at least 2Zmonths between pre-
gnancies and litter rearing to restore her body to full strength.

Some Challenges in the Use of Rodents in Ge-
neral

When investigating reproductive processes such as folliculoge-
nesis, the rodent is not as effective a model as other species in tran-
slating to human pathologies [5]. For example, rodents are conside-
red poly-ovulatory while women are considered mono-ovulatory.
Additionally, the onset and development of folliculogenesis is very
different between rodents and women [6]. The rodent reproductive
cycle is also very short (i.e., 4 d) when compared with 28 d in wo-
men. Finally, rodents have a gestation length of 21 d compared with
9 mo in women and it is very difficult to collect sufficient quantities
of blood samples from rodents to obtain dynamic patterns of en-
docrine, metabolic, or steroid hormones for comparison to women

[7].
Infertility in Wistar Rat

It is crucial to comprehend the causes of infertility in Wistar
rats in order to properly evaluate the results of experiments and
make relevant comparisons to the health of human reproductive
systems. There are several factors that can lead to reproductive ma-
ladies in Wistar rats.

Genetic Background of Wistar Rat

The genetic background of Wistar rats can significantly im-
pact their reproductive performance. Strain-specific differences
may manifest in various aspects of fertility, including litter size,
gestation period, and embryonic development. Researchers must
consider these genetic variations when designing and interpreting
studies involving Wistar rats. Rats are very susceptible to the deve-
lopment of tumors that may grow and spread to other locations in
the body. For instance

Rats most frequently develop mammary fibroadenomas. Rats’
widely dispersed mammary (breast) tissue makes it possible to di-
scover tumours beneath the skin anywhere on the belly side of the
body, from the chin to the tail. Tumours can form in both male and
female rats Katherine and Kenneth, et al., (2022). These growths are
often soft, spherical, or a little flat tumours that can be pushed with
strong pressure. The majority of these tumours do not progress to
cancerous malignancy.

Rats, particularly female rats, are more likely to develop tu-
mours of the pituitary gland, a brain-connected organ that regula-
tes the release of hormones. Consuming a high-calorie diet accele-
rates the growth of these tumours. Affected rats may abruptly pass
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away and exhibit head tilt and sadness. In rats, benign testicular
tumours predominate Katherine and Kenneth, et al, (2022). These
factors can affect fertility studies in Wistar rats without the resear-
cher knowing the true cause.

Diet and Nutrition

Nutrition is a fundamental determinant of reproductive outco-
mes in Wistar rats. Dietary composition, caloric intake, and the
presence of specific nutrients can profoundly affect fertility. Nutri-
tional infertility is due to inhibition of both gonadotropin-releasing
hormone secretion and copulatory behaviors. Recent work has fo-
cused on the nature of the metabolic signals to the brain, detection
of these signals, and the neural circuitry involved. It was once er-
roneously believed that female mammals had to maintain a parti-
cular body fat content to remain fertile [8]. We now know that the
primary metabolic factor is short-term availability of glucose and
fatty acids for oxidation.

Metabolic fuel availability is detected in the caudal hindbrain
and possibly elsewhere. This information is relayed to the fore-
brain via projections containing catecholamines and neuropepti-
de-Y, where they activate corticotropin-releasing hormone neurons.
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Acting as a neurotransmitter, this hormone inhibits gonadotro-
pin-releasing hormone secretion and estrous behavior [9]. Con-
versely, corticotropin-releasing hormone antagonists reverse the
effects of food deprivation on both measures, indicating that corti-
cotropin-releasing hormone is vital in the nutritional suppression
of reproduction. Leptin may modulate reproductive responses to
changes in short-term fuel availability [10,11]. Researchers must
carefully control and monitor the dietary aspects of their studies to
ensure accurate results.

Housing Conditions and Environmental Fac-
tors

The housing environment plays a pivotal role in the reproducti-
ve health of Wistar rats. Factors such as cage density, temperature,
humidity, and lighting conditions can influence mating behaviors,
estrous cycling, and overall reproductive success. Maintaining op-
timal housing conditions is crucial to minimize stress-induced in-
fertility. Exposure to environmental factors, including pollutants
and endocrine-disrupting chemicals, can compromise reproductive
function in Wistar rats [12]. Investigating the impact of these fac-
tors on infertility provides essential insights into the mechanisms
of fertility disruption [13,14] (Figure 1).

Figure 1: The current regulatory standard of cage height for rats of 17.8 to 18 cm (7 to 7.5 inches) [15].

- x

Seasmallt:v

Figure 2: Diagram showing the key environmental factors that affect rodent reproduction. In general, the larger the seasonal changes in tempera-
ture and precipitation, which correspond to a region’s distance from the equator (Source:11).
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Current laws emphasize that animals can participate in spe-
cies-appropriate postural changes without contacting the cage wal-
Is thanks to sound husbandry practices. According to [15], all rats
should have cages that are at least 7 inches (17.8 cm) high. Depen-
ding on weight, groups of rats should have a minimum of 17 to 70
square inches (109.6 to 451.5 cm) of floor area each. A female rat
would require at least 124 square inches (800 c¢cm) of floor area for
her young. Rats kept alone or in small groups may require more flo-
or area than what is advised. If there are several breeding arrange-
ments with numerous adults, multiple litters, or litters of different
sizes and ages, the dimension statistics rise. Juvenile rodents may
need larger cage spaces than indicated by their size or weight in
anticipation of their full growth and adult size. Larger groups can
thrive in slightly higher-density housing, but not below the mini-
mum recommended dimensions. Juvenile rodents typically require
a larger cage space than adults due to their higher activity levels
(Figure 2).

Rodent reproduction is influenced by a variety of environmen-
tal factors, including photoperiod [16], rainfall [17-19], temperatu-
re [18,20,21] and temperature (Sarli e In order to identify the phy-
siological and behavioural responses of these animals and develop
mitigation strategies for the negative effects on reproductive activi-
ty, whether brought on by climate change or intentionally harmful
human actions to ecosystems, it is crucial to understand how these
environmental factors affect rodents.

Age

Fecundity decline is a feature of male reproductive ageing. Si-
milar to humans, older male mice have been shown to have dimini-
shed fertility, which is brought on by a range of endocrine, sperma-
togenic, and environmental variables [22]. According to [23], the
lack of episodic luteinizing hormone production from the pituitary
is associated with this reproductive failure. Additionally, older rats
had lower fertility [24] and higher occurrences of defective sperm
[25].

Age-related seminiferous epithelium degradation and aberrant
spermatogenesis were discovered by histological analysis of elderly
rat testes [26,27]. The spermatogonial stem cells can be maintained
for much longer than a mouse’s typical lifespan, demonstrating that
the stem cell niche plays a crucial role in male reproductive ageing
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[22,28]. By the age of 12 months, the fertility of ROSA26 mice was
significantly reduced. It's important to notice that rats’ testis weight
is reduced with advancing age, which is important information for
the intended audience.

Reproductive Seasonality

One important factor to consider at a time of research is season.
According to [29,30], reproductive seasonality is the phenomenon
through which certain species reduce or stop sexual activity during
a specific time of the year. This phenomenon is typically brought on
by environmental variables, particularly temperature, rainfall, or
photoperiod. According to [31], the impacts of seasonality can alter
the morphophysiology and biochemistry of sexual gonads throu-
ghout the reproductive cycle [32].

In order to direct parturition to the most advantageous time
for reproduction, female rodents may display one or more series of
estrous cycles during the reproductive season [29,32-34]. The fe-
male black agoutis (Dasyprocta fuliginosa), which has a non-seaso-
nal polyestrous cycle and may reproduce all year long, is an exam-
ple of a species that may exhibit non-seasonal reproduction [35].

Male rats have the ability to enlarge the size of their testicles
and seminiferous tubules, which can boost the efficacy of sper-
matogenesis during reproductive seasons [32]. This variation in
gonad activity in response to different seasonal periods raises the
possibility of an evolutionary strategy for enhanced opportunistic
breeding, which focuses on the accessibility of resources like food,
water, and favourable environmental conditions [34].

Evaluating Reproductive Competence Pre-Re-
productive Research

Understanding the effects of a medication or genetic alteration
on the reproductive axis, also known as the hypothalamic-pitui-
tary-gonadal axis, requires evaluation of reproductive competence.
The reproductive axis plays a crucial role in integrating internal and
external input to adjust fertility to optimal reproductive circum-
stances. Sexual maturity is assessed in mice and rats before begin-
ning fertility research to rule out the possibility that the observed
reproductive characteristics are brought on by delayed or missing
pubertal onset.

Prepubertal

ubertal _gnset
Preputia

-

Figure 3: Determining preputial separation in male mice (Source; 17).
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The assessment of pubertal onset may be done non-invasively
in both males and females, with males using the measurement of
preputial separation and females using the measurement of vaginal
opening and first estrus [36] Fertility research can begin after proof
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that puberty has ended and sexual maturity has been reached. Wi-
thout these methods, the researcher will undoubtedly fail [37,38]
(Figures 3-5).

Figure 4: Determining vaginal opening in female mice (Source; 17).

proestrus

50 um

Figure 5: Staging estrus slide from day 1 of the vaginal opening to determine 1st estrus (Source; 17).

Conclusion

Research on infertility using Wistar rats offers valuable insi-
ghts into reproductive biology and pathology. Researchers should
be mindful of genetic, environmental, and housing factors that can
influence study outcomes. By addressing these considerations, in-
fertility studies involving Wistar rats can provide meaningful insi-
ghts into rodent reproductive health and their relevance to human
fertility research.
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