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Abstract: During the preclinical research process, multiple factors can be difficult to implement 
without the careful consideration and planning of each step. As research has become more advanced 
with the use of increasingly complex technology, animal models have also become essential for 
understanding the potential impact of devices, drug therapies, and surgical techniques on humans 
before clinical trials are conducted. The use of an in vivo animal model is a key and necessary step 
in the progression of preclinical research studies that will lead to future medical inventions and 
innovation. Here, we describe the three phases of effectively designing a preclinical research 
protocol: the research, preprocedural planning, and experimental phases. Furthermore, we provide 
researchers with guidance through these phases and discuss important considerations.  

Keywords: in vivo; exploratory; confirmatory; preclinical research; preprocedural planning; animal 
model; study endpoints; pitfalls 

 

1. Introduction 

Preclinical studies are critical for the translation of basic scientific research into clinical practice. 
These studies encompass various experiments, including ex vivo or in vitro simulations and in vivo 
evaluations of novel therapies and devices in animal models. Ex vivo or in vitro simulations are 
beneficial because they allow for flexibility in preliminary testing and improvements in scientific 
research. However, their results may not correlate with those achieved using an in vivo animal 
model. Before in vivo studies are performed using an animal model, a thorough literature review 
should be conducted to identify the best animal model for the proposed investigation. One of the 
most important aspects of this step is to identify inconsistencies in previous research and where 
continued research is needed. Carefully designing in vivo preclinical studies is essential because an 
effective and well-designed protocol can prevent delays in the approval of new treatments or the 
potential waste of resources [1]. An effective protocol contains detailed descriptions of the animal’s 
preprocedural care, surgical preparation, anesthesia, surgical procedure, and postoperative care. 
Here, we outline the key points that preclinical researchers should consider when optimizing the 
design of an in vivo preclinical study to ensure that the findings will contribute to developing safe 
and effective treatments.  

2. Procedural Technique Development 

Each preclinical protocol will have a unique set of steps corresponding to the study's goals. 
However, all preclinical protocols should have a standard outline of the protocol's development to 
efficiently and effectively help the researcher reach the study’s end goal. When first considering the 
design of a preclinical study, it is important to focus on the critical procedural aspects of the study. 
The Figure outlines the general phases of a protocol that help keep the study on track towards 
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meeting the study's goals. Completing a phase prematurely may result in the study veering from its 
objective, leading to an ineffective protocol and wasted time and resources. 

 

Figure. A phase-based diagram showing a standard outline of the steps involved in a preclinical 
protocol. 

3. Research Phase 

3.1. Exploratory Studies 

Behind every problem worth solving in medical research is the need to develop a hypothesis 
that describes how to produce the desired resultsand what evidence needs to be collected to support 
such an output. The method of developing the hypothesis and the supporting evidence is a two-step 
process that consists of performing two types of studies known as "exploratory" and "confirmatory" 
studies [2]. Exploratory studies, also commonly referred to as pilot studies, are the first step 
researchers must take to establish the academic relevance of their work. These pilot studies are crucial 
to exploring whether the hypothesis that is being tested may be successful in the vast field of medical 
devices and drug therapies. The objective of an exploratory study is to establish a proof-of-concept, 
showing that the invention or innovation has practical potential that would aid in building a more 
robust grant application or investor pitch. An exploratory study is best described as a study in which 
the sequence of individual experiments and fine details of the design are yet to be made concrete; the 
hypotheses must first be solidified through a series of evolving experiments [3]. 

3.2. Confirmatory Studies 

Confirmatory studies are focused on collecting evidence that supports the hypothesis explored 
and solidified during the exploratory studies. These studies have a specific goal: providing evidence 
for the validity of the theory presented by using a rigid, thorough, and reproducible study design. 
Confirmatory studies are less common in preclinical studies because researchers are more often 
focused on solidifying a proof-of-concept for their hypothesis. That said, too often, researchers use 
exploratory studies to show proof of confirmatory results. The stark differences between exploratory 
and confirmatory studies are important to consider so that the researchers can make correct 
inferences and keep from confusing the study's goals. For a study to remain exploratory rather than 
confirmatory, researchers need rigor built into the study’s design to avoid the introduction of 
personal biases into the interpretation of the data [4]. The relationship between data collected and 
results from an experiment is subject to human interpretation; therefore, for the results to be trusted, 
they must be peer reviewed and possibly even repeated by an outside source. 
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3.2.1. Good Laboratory Practice (GLP)Studies 

Within the broad category of confirmatory studies, a subset known as a GLP study is heralded 
as one that requires a robust approach to ensuring the study’s quality, accountability, reproducibility, 
and accuracy. Performing a GLP study is essential for a new medical technology to be cleared by the 
US Food and Drug Administration (FDA) for use in human trials [5]. The requirements of a GLP 
study are much more rigorous than those of nonvalidated exploratory studies because in GLP 
studies, the researchers are held accountable for the reliability, reproducibility, and validity of their 
study techniques, quality control features, and results [6]. The foundation for a GLP study is 
constructed by three central figures: test facility management, the quality assurance unit, and the 
study director [7]. Test facility management is usually coordinated and overseen by the principal 
investigator. The responsibilities of the principal investigator commonly include, but are not limited 
to, accepting authority and formal responsibility for the GLP compliance of the study, along with 
operational procedures and animal care within their facility. The quality assurance unit is vital to 
GLP correspondence and the general accountability of the study designers and management. In the 
United States, the role of the quality assurance unit is taken on by an Institutional Animal Care and 
Use Committee, commonly referred to as IACUC. One of this committee's primary responsibilities is 
reviewing and approving proposed preclinical research protocols and determining if they fit 
established guidelines. Lastly, the study director is the main point of contact for the study and is 
responsible for the entire study's compliance with GLP guidelines. Most commonly, the study 
director is an employee of the sponsor of the study. Each of these three figures plays a role in creating 
a quality study, involving other researchers to follow the study and vouch for the credibility of the 
data and results. 

3.3. Discussion of Animal Models 

Various factors contribute to planning and designing a procedural protocol for preclinical 
experimental studies. Because these factors are diverse, the planning and research phase is essential 
to creating a safe and practical study for the animals and the staff involved. One of the most 
considerable challenges to designing a study is selecting an animal model for the in vivo evaluation 
of the test article (e.g., drug therapy, surgical technique, or device). Each animal model differs from 
humans in several anatomic and physiologic ways. These differences may create obstacles, such as 
for a surgeon translating the results of a surgery in an animal study to humans in clinical trials [7,8]. 
The Table provides an overview of the best uses of standard animal models in preclinical research 
and lists the unique challenges they may pose to a study. Some researchers unknowingly assume that 
outstanding results from theoretical, computational models will translate to slightly diminished or 
even identical results in an animal model. However, this is rarely the case. More often, animal models 
provide an opportunity for in vivo surgical training and the early development of devices. When 
choosing an animal model, conducting a thorough literature search is necessary for multiple reasons. 
First, a literature search will help determine the animal model that is the best fit for the experiment, 
such as indicating which animal model has the most similarities to the human anatomical structures 
being studied. Second, a literature search can help determine that no similar study has been 
conducted. Additionally, a literature review helps to set up a framework on which the study’s success 
can determined [9,10]. 

Table. The significance and limitations of several species of animal models used in preclinical studies. 

Animal 
model Best Uses 

Challenges 
References 

Pig 

Human cardiovascular anatomy, device 
implants, Alzheimer’s disease, 
atherosclerosis, Type 2 diabetes mellitus, 
breast cancer, toxicology 

Higher purchase costs than rodents or 
rabbits, need for more storage space, keeping 
the animal settled after surgery, require 
specialized husbandry 

[11-13] 
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Cattle 
Mechanical circulatory support devices, 
female reproductive model, pregnancy-
related issues, tuberculosis 

Largely increased purchase and maintenance 
costs, including feed, veterinary care, and 
surgery costs. Longer reproductive cycle, 
creating slow and expensive experiments. 
Calves are the most comparable to humans in 
size, but their quick growth limits plausible 
study duration. 

[12,14,15] 

Rodents Drug therapy, skin wound healing, stroke 
model 

Large differences between mice and humans 
in physiology and brain composition 

[12,16,17] 

Rabbit 

Wound healing model, drug therapy, 
asthma, cholesterol, cardiovascular 
disease, Alzheimer’s disease, stroke, 
cartilage repair 

Different microstructure than humans, lack of 
literature on required care, lack of well-
equipped host facilities and expert handlers 

[11,12,16,18] 
 

Guinea 
Pigs 

Cholesterol metabolism, asthma COPD, 
feto-placental development, Alzheimer’s 
disease, tuberculosis, vaccines 

Fewer syngenetic tumor cells lines and lack 
of specific immune reagents 

[12,19] 

Hamster 
Reproductive system, micro-circulation, 
cancer, infection (leptospirosis), vaccines 

Fewer syngenetic tumor cells lines and lack 
of specific immune reagents [12,20] 

Goat 
Orthopedics, mechanical circulatory 
support devices, stem cell and locomotor 
system studies 

Not prone to spontaneous arthritis like 
rodents, shortage in antibodies, prone to 
spontaneous arthritis similar to rodents, 
shortage in antibodies 

[12,21-23] 

Sheep 

Surgical bone-to-bone healing, asthma, 
heart pathology, vaccines, cartilage repair, 
smoke inhalation, pulmonary edema, 
medical device testing, osteoporosis, study 
of main physiologic systems, abnormal 
fetal development, and congenital birth 
defects 

Relatively small chest cavity compared with 
humans, often have health issues not related 
to the study, limited availability of 
physiologic databases for mapping to 
humans 

[11,12,21,23-
26] 

COPD, chronic obstructive pulmonary disease. 

4. Preprocedural Planning 

4.1. Methodology 

After a literature review has been completed and an animal model has been selected, the next 
step in developing a preclinical study is to plan the preprocedural phase of the study. This phase 
includes determining the methodology used to administer the test article, setting study endpoints, 
and considering animal welfare, including preprocedural medications. Planning in this phase is 
essential and should be completed before beginning the experimental phase to ensure accurate and 
reproducible study results. 

When determining how to administer and evaluate the test article in the selected animal model, 
it is necessary to consider the level of invasiveness, efficacy, and technical practicality of the mode of 
administration according to prior data. This decision, coupled with that of the location of 
administration, is affected by the factors mentioned above. The location and methodology used to 
administer the test article can pose potential stressors, add difficulty to postprocedural recovery, or 
even violate animal welfare guidelines if an inappropriate selection is made [27]. Additionally, the 
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method used to measure the effectiveness of the test article must be decided to establish study 
endpoints. These can vary widely among studies and must reflect the study's specific goals and 
purpose. For example, one study may use an objective endpoint, such as a lab test result, whereas 
another may use a subjective endpoint, such as the extent of pain reduction. Objective endpoints are 
preferable because they can be measured without bias. Ideally, endpoints are determined on the basis 
of clinical relevancy and application to the study goal and are easily interpreted according to preset 
standards to reduce individual bias. For a study to be successful, it is imperative to assess the efficacy 
of the test article and set clear endpoints that are easily and affordably measured [28]. 

4.2. Critical Questions 

Once the methodology, study endpoints, and methods to measure the endpoints have been 
determined, several important questions must be addressed and answered during the preprocedural 
planning phase. First, how many procedures are needed? Will any follow-up procedures be required, 
or will only one procedure be performed per animal? Alternatively, inducing a specific condition 
may be necessary (also called a disease model) before administering the test article, in which case 
multiple procedures may be required. 

Determining the number of animals needed for the study is crucial in the preprocedural 
planning phase. A sample size that is too large can waste animals, but a sample size that is too small 
can lack the sensitivity to detect important biologic effects. The latter may require the study to be 
repeated, ultimately wasting resources. The sample size for an exploratory, hypothesis-generating 
study will be smaller than that of a confirmatory, hypothesis-testing study. The smaller sample size 
in the exploratory study is attributed to the pattern-seeking nature of an exploratory study rather 
than the formal testing of a hypothesis. Therefore, the sample size of an exploratory study is often 
determined by using data from previous studies or by using clinical judgment rather than a 
significance test. For a confirmatory, hypothesis-testing study, a power analysis is the most common 
method to determine the appropriate sample size. Power analyses can be conducted with the help of 
a statistician or statistical software on the basis of effect size, standard deviation, chosen significance 
level, chosen power, and alternative hypothesis. The accurate selection of these variables ensures the 
detection of only biologically meaningful effects rather than biologically irrelevant yet statistically 
significant results. These variables must be detailed in the protocol to justify the sample size and 
provide evidence to support any claims made about the hypotheses [2,29,30]. 

Another key question that must be addressed before the experimental phase can begin is how 
long the study will last. The driving factors that typically determine this are endpoint measurements 
and institutional guidelines. If the study is an exploratory surgical study in which the endpoints are 
measured at the end of the procedure, this would be considered an acute nonsurvival study, usually 
no longer than 24 hours, and euthanasia would be performed while the animal is under anesthesia at 
the conclusion of the procedure. For a survival or chronic study, the animal must recover and survive 
the postoperative period after the test article is administered to accurately measure the study's 
endpoints. In either case, the animal's welfare is a primary concern; therefore, the decision between 
an acute or chronic study must comply with the hosting institution's animal welfare guidelines. 

4.3. Animal Care 

The first step of developing an experimental design and timeline is to consider preprocedural 
medications, the welfare of the animal, and ethical guidelines. From the time of the animal's arrival 
at the facility, actions must be put in place to properly prepare the animal for the study, starting with 
a quarantine of the animal to protect other animals in the facility from outside diseases. During this 
time, that animal’s baseline vitals and general condition can be assessed. Next, plans should be put 
in place for determining the exact dosages, routes for administration, and timing for medicating the 
animal before the procedure. A critical aspect of medication administration is considering potential 
interactions between medications and their effect on the study’s objectives. The use of each 
medication must be supported in the literature and have a specific goal for its administration [27]. In 
addition, similar to the patient in clinical studies, the animal's welfare and the ethical implications 
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involved are of utmost importance. Aspects of animal welfare include housing, nutrition, socializing, 
and environmental enrichment. When assessing the welfare of animals, baseline vitals should be 
regularly monitored to detect illnesses or signs of conditions that could affect the animal's 
qualification for the study. Although all these steps may be conducted by the organization overseeing 
the animal, they should still be included in the protocol to ensure that the protocol is detailed and 
effective [31]. 

The first steps of the protocol should also describe how the animals are prepared for anesthesia, 
such as fasting or feeding with a particular diet, as well as surgical preparation. Researching the 
animal's anatomy should be done ahead of time to determine the proper surgical preparation, 
including cleaning and table positioning, and how to easily access the surgical site. Depending on the 
type of study being developed, the anesthetic selected to sedate the animal should not have any 
contraindications that would interfere with the study's objectives. In addition to the type of anesthetic 
agent, the dose of the agent must be calculated to keep the animal completely sedated without 
causing harm. 

5. Experimental Phase 

Determining the method for test article delivery requires the consideration of all variables 
during planning. If the method of test article delivery is surgical and an approach has already been 
established in the literature, that approach can be adopted for the study. If no established procedure 
exists, an exploratory nonsurvival pilot study may be necessary. This pilot study would require 
researchers to gather initial data, assess the procedure's feasibility, and identify potential areas for 
refinement. On the basis of the perceived results, adjustments can be made to the procedural 
technique; refining surgical techniques is crucial in preclinical animal studies to ensure the 
reproducibility and accurate evaluation of the test article [32]. Even small variables, such as animal 
positioning and critical steps during the operation, should be carefully documented to ensure 
reproducibility. Providing detailed descriptions of all critical steps and medications used during the 
operation is essential to facilitate the accurate replication of the procedure in future studies. 

After the procedural technique and proof-of-concept have been established and refined, chronic 
or survival studies can commence. These studies aim to evaluate the test article in a long-term setting 
so that its effectiveness can be assessed over an extended time period. The results of chronic or 
survival studies provide valuable insights into the test article's safety and efficacy. In addition, these 
data emphasize a study’s reproducibility, providing a more comprehensive understanding of its 
potential applications in clinical settings. This is contrasted by the acute or short-term protocols that 
are used in a hypothesis-generating study. 

5.1. Necropsy and Euthanasia 

In planning the postoperative phase, detailed protocols must be established for follow-up 
procedures, blood draws (for lab testing), medications, and health screenings. In addition, the 
administration of sedation medications or anesthesia and the unique needs of the animal model must 
be considered. There is no standardized set of guidelines for the recovery of animals, so it is vital to 
adhere to institutional regulations and rely on the experience of the testing center. When the study's 
endpoints are met, euthanasia must be performed humanely and ethically as set forth by the 
American Veterinary Medical Association (AVMA) to minimize pain and distress for the animal. 
After euthanasia, a necropsy can be performed to systematically examine the animal’s organs and 
tissue. The data obtained can then be used to understand the effects of the test article and its potential 
risks and benefits. 

For an in vivo preclinical study, postoperative care, euthanasia, and necropsy are crucial 
components that must be detailed in the protocol. The proper planning and execution of these steps 
help ensure the ethical treatment of animals and the generation of reliable research data. 

6. Pitfalls to Avoid 
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Before a study protocol is developed, some pitfalls must be avoided when planning and 
conducting the procedure. First, as described above, it is essential to clearly define the study 
endpoints during the planning phase before the experiments are started and to keep them in mind 
throughout all protocol steps. In all scientific endeavors, internal bias towards a particular outcome 
must be avoided to prevent compromising the reliability of the study. To eliminate these biases, 
guidelines for preclinical efficacy studies should be implemented [33]. Once the endpoints have been 
defined and the study has begun, maintaining the endpoints prevents the results from being 
invalidated and preserves the reproducibility of the study. Second, when selecting a sample size in 
both exploratory and confirmatory studies, it is easy to underestimate the number of animals needed 
to obtain meaningful results. One, two, or even three animals may be enough for a pilot study to fine-
tune surgical procedures or medication dosages; however, the number of animals needed to test the 
hypothesis of a study will increase substantially. Third, the quality of surgical techniques can vary 
significantly between surgeons and facilities. Cutting costs on the surgeon used should be avoided; 
a surgeon or any medical provider that lacks the proper technique can lead to higher rates of 
complications, morbidity, and mortality, affecting the scientific validity of the study [34]. Also, the 
animal's welfare requires careful attention after the procedure is completed. Animals used to assess 
the effectiveness of a test article should be treated similar to how humans would be treated when 
working to obtain optimal results. The animal(s) should receive proper housing, food, water, and 
medical care to maintain the study's validity. 

7. Conclusion 

During the initial stages of developing a protocol for a preclinical in vivo study, the critical 
procedural aspects of the study should be the focus and basis for the decisions that follow. To best 
support the study’s goals, an educated decision on the choice of animal model should be made 
according to the available evidence. However, this decision should be made only after the protocol 
phases have been properly outlined. Next, focusing on the details beyond the procedure is critical. 
The steps taken during the preoperative, intraoperative, and postoperative phases can affect the 
efficacy and reliability of the study. After all phases of the study have been clearly outlined and 
planned according to the study's goals, time should be spent reviewing all the variables in the 
protocol, ensuring that every variable is considered to be significant. By beginning the planning 
process with a strict focus on the critical aspects of the study, the rest of the experiments should fall 
into place when accompanied by careful, diligent decision making. 
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