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Introduction 

 

In vivo studies are the cornerstone of translational research, bridging the gap between controlled lab 

experiments and clinical trials in humans. By testing hypotheses in living organisms, researchers can 

observe complex interactions and effects that are impossible to replicate in vitro. These studies are 

essential for understanding the efficacy and safety of new drug therapies, medical devices, and surgical 

techniques before human trials are considered. A well-designed in vivo animal model is a critical step 

toward medical innovation, providing insights into how an intervention will perform in a whole organism. 

However, designing in vivo studies carefully is vital – a poorly planned study can lead to wasted 

resources, delays in development, or misleading results. Indeed, robust experimental design and 

execution increase the value of research and reduce the risk of false or irreproducible findings. An 

effective preclinical protocol should contain detailed plans for animal care, procedural steps, and data 

collection, ensuring that results are reliable and translatable. 

This guide outlines the key phases and considerations in planning and conducting successful in vivo 

studies. We will cover how to define a solid research question, design a rigorous experiment (including 

ethical and statistical planning), execute the study with precision, and avoid common pitfalls. Following 

these guidelines will help ensure that your in vivo research is both scientifically sound and ethically 

responsible, maximizing its contribution to future clinical advances. 

​

 

 



 
 
 

Planning and Study Design 

Defining the Hypothesis and Study Type 

Every successful in vivo study starts with a clear research question or hypothesis. Defining what you aim 

to test or demonstrate will drive all other design decisions. Often, preclinical research involves a two-step 

sequence of studies: exploratory (pilot) studies followed by confirmatory studies. 

●​ Exploratory studies are preliminary investigations (sometimes called pilot studies) used to 

establish proof-of-concept. They are typically flexible in design; the exact procedures may evolve 

as researchers explore the hypothesis. The goal is to gather initial evidence on whether a 

concept or intervention shows promise in vivo. Exploratory experiments often use a small number 

of animals to refine techniques or gauge biological effects. Because the focus is on generating 

hypotheses and feasibility, these studies tolerate more uncertainty and do not usually adhere to 

strict regulatory standards.​

 

●​ Confirmatory studies are more structured follow-up experiments aimed at rigorously testing a 

refined hypothesis. Once exploratory results suggest a concept is viable, confirmatory studies 

seek to validate those findings with a rigid, reproducible experimental design. They have 

predefined protocols, larger sample sizes, and more stringent controls to provide solid evidence 

supporting (or refuting) the hypothesis. Researchers perform confirmatory studies to ensure that 

an observed effect in the pilot phase holds true under more stringent conditions. These studies 

generate the robust data needed to convince peers, investors, or regulators of a finding's validity. 

Notably, exploratory and confirmatory studies should not be conflated – using a loose exploratory 

study to make confirmatory conclusions is a common mistake. Distinguishing these study types 

and treating them appropriately improves the reliability and translational value of preclinical 

research.​

 

In some cases, a subset of confirmatory studies may be conducted under Good Laboratory Practice 

(GLP) conditions. GLP studies adhere to a set of rigorous industry/regulatory standards for 

documentation, protocol compliance, and data validity. Regulatory agencies (such as the FDA) often 

require GLP-compliant preclinical studies for safety or toxicity evaluation before human trials. GLP 

confirmatory studies demand meticulous planning and quality control to ensure the data are credible for 

regulatory review. While not all in vivo studies need to be GLP, if your goal is to support a new drug or 

 



 
 
 

device application, you should design the confirmatory study to meet these standards. This involves 

robust protocols, trained personnel, and thorough record-keeping to guarantee the study’s integrity. 

To summarize the differences between exploratory and confirmatory studies, the table below highlights 

key aspects of each stage: 

 

Aspect Exploratory Study (Pilot) Confirmatory Study 

Primary 

Objective 

Explore feasibility; generate initial 

proof-of-concept data  

Rigorously test a specific hypothesis with 

solid evidence  

Study Design Flexible and evolving; procedures 

may be adjusted as insights emerge  

Fixed and pre-registered; protocol is set in 

advance and strictly followed. 

Sample Size Small (often a few animals); 

determined by practical judgment or 

preliminary data  

Larger; determined by power analysis to 

ensure statistical significance   

Data Outcome Qualitative or semi-quantitative 

indications of effect (e.g., “Does it 

work at all?”). 

Quantitative validation of effect magnitude 

and significance (e.g., dose-response, 

p-values). 

Regulatory 

Standard 

Not required to follow GLP; used for 

internal decision-making and method 

development. 

Often conducted under GLP if intended for 

regulatory submission ; generates data for 

external validation. 

 

Both types of studies are critical. The exploratory phase lets you work out kinks in your approach and 

solidify your hypothesis, while the confirmatory phase provides the convincing evidence needed to move 

forward. Plan your project in stages: start with a pilot to shape your idea, then execute a confirmatory 

study when you're ready to formalize and lock-in the design. 

 



 
 
 

 

 

 



 
 
 

Literature Review and Animal Model Selection 
 

Selecting the right animal model is one of the most important and challenging decisions in in vivo 

research. The model must appropriately represent the biological question while being practical and ethical 

to use. Researchers should begin with a thorough literature review to guide model selection. A good 

literature review serves multiple purposes: 

●​ Identify the best-suited species or model for the question: Determine which animal model has 

anatomical, physiological, or pathological similarities to the human condition under study. For 

example, rodents (mice or rats) are common for initial efficacy studies, but larger animals like pigs 

or primates might better predict certain human outcomes (e.g., in cardiovascular or orthopedic 

research). A literature search can reveal which species has been successfully used for similar 

research and which model will yield data most relevant to humans. Each species has its own 

strengths and limitations, so base your choice on evidence rather than convenience or habit.​

 

●​ Ensure you are not duplicating prior studies: Investigate whether similar experiments have 

already been performed and what their outcomes were. This helps avoid redundancy and can 

refine your hypothesis. If a prior study failed or had issues, you can learn from those and design a 

better experiment. Conversely, if a particular model has already answered your question, you 

might pivot to a new angle. A literature review confirms that your study addresses a genuine 

knowledge gap ​

 

●​ Define success criteria and methodology: Reviewing past studies helps establish a framework for 

your own. You can identify what endpoints those studies measured, what effect sizes were 

considered meaningful, and what pitfalls they encountered. This information guides your protocol 

development – from choosing endpoint measurements to estimating needed sample size. 

Essentially, prior literature provides context that shapes your expectations and study design. It 

can also bolster the rationale for your chosen model when writing grant proposals or ethical 

justifications. 

 

 

 



 
 
 

 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Key steps of a systematic literature review 

 

​

In practice, each standard laboratory species offers unique advantages and poses specific challenges  

Small mammals like mice and rats are cost-effective, well-understood genetically, and supported by many 

molecular tools; however, their physiology (heart rate, lifespan, immune system, etc.) can differ 

significantly from humans, which may limit direct translatability of some findings. Larger animals (rabbits, 

pigs, dogs, non-human primates, etc.) often provide closer analogs to human organ systems or disease 

processes, but they come with higher costs, more complex care, and greater ethical scrutiny. For 

instance, a pig’s cardiovascular system can be an excellent model for human heart therapies, yet surgical 

procedures in pigs demand specialized expertise and facilities not required for rodent work. Non-human 

primates might model human diseases most faithfully, but their use is heavily regulated and typically 

reserved for later-stage testing due to ethical concerns and expense   

Importantly, recognize the anatomical and physiological differences between your animal model and 

humans, and design your study to account for these differences. Many translational failures occur 

because results seen in animals do not replicate in humans. For example, a surgical technique perfected 

in sheep or pigs might not immediately translate to human patients due to subtle anatomical differences. 

Acknowledging these gaps is crucial; sometimes additional bridging studies or adjustments are needed to 

 



 
 
 

apply the findings to humans  References in the literature can highlight known disparities. For instance, 

different species might metabolize a drug at different rates or exhibit different symptoms for the same 

disease, which can create obstacles in translating outcomes. By understanding these issues in advance 

(through literature and expert consultation), you can choose a model that minimizes the translation gap or 

plan analyses to interpret animal data in a human context. 

Finally, once you've chosen a model, document the rationale. In your study protocol or publication, 

explicitly state why this species/strain/model is appropriate. This not only strengthens your study design 

but also helps reviewers and regulators understand and approve your approach  

Tip: It may be helpful to consult guidelines or databases specific to animal models in your field. Some 

publications review the suitability of models for certain diseases (e.g., ILAR Journal articles on model 

selection , or reviews on large animal models ). These can provide insight into less obvious factors (like 

immune system compatibility, or the availability of species-specific reagents and assays). Choosing the 

right model is a balance of scientific relevance, practical feasibility, and ethical acceptability, and it is the 

foundation upon which the rest of your in vivo study is built. 

 

Figure 2: Common research uses and key challenges associated with rodents, non-human primates, and zebrafish as in vivo 

animal models. Content adapted from Moctezuma-Ramirez et al. Surgeries 2023;4:544–555 and Choi et al. Exp Mol Med 

2021;53:310–317. 

 



 
 
 

Ethical Considerations: The Three Rs 

Ethical conduct is paramount in in vivo studies. Researchers must balance the advancement of scientific 

knowledge with the humane treatment of animal subjects  To guide ethical decision-making, the scientific 

community widely endorses the “Three Rs” principle: Replacement, Reduction, and Refinement. 

Implementing the Three Rs ensures that animal use is justified and that animal welfare is integrated into 

study design from the start. 

●​ Replacement – Use alternatives to animals whenever possible. Before resorting to an in vivo 

model, ask if a non-animal method could achieve the experimental goals. This could mean using 

cell cultures, organ-on-a-chip systems, computer simulations, or lower organisms not classified 

as animals. For example, early toxicity might be evaluated with in vitro cell assays, or disease 

pathways explored with computational models. Complete replacement isn't always feasible for 

complex whole-body interactions, but the principle urges scientists to avoid unnecessary animal 

use by exhausting other options first  ​

 

●​ Reduction – Use the fewest animals necessary to obtain valid results. Design your experiments to 

be efficient and statistically powerful so that you can achieve your objectives with minimal animal 

numbers  This involves careful experimental design: using appropriate controls, optimizing 

measurements to extract maximum data from each animal, and performing statistical calculations 

(discussed below) to estimate the smallest sample size that still provides meaningful results. 

Reduction also encourages sharing data and resources—if you can use data from a previous 

study or collaborate to avoid duplicate experiments, you effectively reduce the overall number of 

animals used in research. However, reduction must be balanced with sound science; using too 

few animals can lead to inconclusive results, which might force repetition (ultimately causing 

more animal use). Thus, aim for an optimal sample size that is neither wasteful nor 

underpowered.​

 

●​ Refinement – Minimize pain and distress for the animals and improve their living conditions. This 

aspect focuses on how the animals are used. Every procedure should be refined to be as 

humane as possible. This includes providing adequate anesthesia and analgesia for surgeries, 

using minimally invasive techniques, and humane endpoints (criteria to end the experiment early 

if an animal is suffering beyond a preset limit). Refinement also covers husbandry: ensure 

animals have comfortable housing, proper nutrition, environmental enrichment, and veterinary 

care. By refining experimental techniques and care protocols, we reduce the suffering of each 

 



 
 
 

animal and often improve the quality of data (since stress and pain can be confounding factors 

that affect experimental outcomes). Modern technologies can aid refinement—imaging 

techniques, for example, might replace more invasive measures, and telemetry can allow remote 

monitoring of physiology without handling the animal frequently.​

 

In addition to the 3R principles, animal research is governed by various local regulations and guidelines. 

In the US, the Animal Welfare Act and its associated regulations outline standards for housing, care, 

treatment, and transportation of certain species used in research. Furthermore, the Guide for the Care 

and Use of Laboratory Animals, published by the National Research Council, provides comprehensive 

recommendations for the proper care and use of all vertebrate animals in research settings. 

Adhering to the Three Rs is not just an ethical mandate but also often a legal requirement. Most countries 

require institutional ethics committee approval (e.g., an Institutional Animal Care and Use Committee, 

IACUC, in the US) before any animal work begins. These committees will evaluate whether you have 

adequately addressed replacement, reduction, and refinement in your study design. Incorporating the 

Three Rs and having a strong ethical justification for your model and procedures will smooth the approval 

process and ensure your study stands up to ethical scrutiny. Moreover, working ethically tends to improve 

scientific outcomes: animals that are well cared for and experiencing minimal stress are more likely to 

yield reliable, reproducible data. 

In summary, ethics should be integrated into the study design from the outset, not treated as an 

afterthought. By following the Three Rs—finding alternatives where possible, using only the number of 

animals truly needed, and refining all aspects of care and procedure—you uphold the responsibility of 

humane research and often enhance the scientific quality of your work.   

For further information on ethical considerations, see our guide on navigating the ethical landscape of in 

vivo research​. 

 

Defining Methodology and Endpoints 

 

During the planning stage, it's crucial to define how the experiment will be conducted and what outcomes 

will be measured. This involves determining the methodology for delivering or administering your test 

 

https://www.nal.usda.gov/animal-health-and-welfare/animal-welfare-act
https://olaw.nih.gov/sites/default/files/Guide-for-the-Care-and-Use-of-Laboratory-Animals.pdf
https://olaw.nih.gov/sites/default/files/Guide-for-the-Care-and-Use-of-Laboratory-Animals.pdf
https://ichor.bio/resources/ethical-in-vivo-research
https://ichor.bio/resources/ethical-in-vivo-research


 
 
 

article (the drug, therapy, or intervention under investigation) and deciding on the study endpoints that will 

indicate success or effect. Both choices should align with your research question and the biology of your 

animal model. 

Experimental methodology: Plan out the procedural steps in detail. If your study involves administering a 

test compound, decide on the route (e.g., oral, intravenous, intraperitoneal, inhalation, etc.), dose, and 

frequency. If it’s a surgical or device-based intervention, outline the surgical approach and any special 

equipment needed. Your method should be informed by prior data and feasibility in your chosen model   

Key considerations include: 

●​ Invasiveness: How invasive is the procedure? A major surgery requires more intensive care and 

skill than a minor injection. The level of invasiveness must be justified by the importance of the 

data it will provide. Aim for the least invasive method that still adequately addresses the research 

question. For example, if drug absorption can be studied with injections instead of surgical 

implantation of a pump, prefer the injections to reduce trauma.​

 

●​ Technical difficulty and practicality: Does your team have the expertise to perform the 

procedure reliably? Some methods may be scientifically ideal but practically unfeasible if the 

required technique is extremely difficult or if specialized training/equipment is lacking. An 

approach well-documented in the literature can often be adopted with less risk than a completely 

novel procedure  If no established method exists, consider doing an exploratory pilot study 

(perhaps non-survival) to work out the technique before committing to the main study ​

 

 



 
 
 

Figure 3. Key components of in vivo research training programs 

 

●​ Animal welfare implications: Certain administration routes or procedures can cause more 

stress or complications for the animal. For instance, a substance that could be given orally may 

cause unnecessary stress if given via repeated injections, and a surgical approach that requires 

opening the chest (thoracotomy) is far more impactful than a minimally invasive catheter-based 

approach. Be mindful that your methodology does not violate animal welfare guidelines. If a 

particular method is known to cause severe pain or morbidity, ensure you have strong justification 

and that you'll provide appropriate analgesia and care. In some cases, an alternative method 

might accomplish the same goal with less animal harm. For example, if measuring blood pressure 

is the aim, using a tail-cuff method in rodents might be a non-invasive alternative to surgical 

catheter implantation in an artery. Always weigh the scientific gain against animal well-being. An 

inappropriate or overly harsh methodology can even confound results (an animal in pain or 

distress may have altered physiology), so the most humane method is often scientifically 

preferable as well.​

 

Drug Administration and Sample Collection 

The administration of test compounds or therapeutic agents is a critical component of many in vivo 

studies, and selecting the appropriate route of administration is essential for achieving the desired 

pharmacokinetic and pharmacodynamic profiles. Common routes of administration include oral gavage, 

injections (intravenous, intraperitoneal, subcutaneous), and inhalation. The choice of route should be 

guided by factors such as the physicochemical properties of the test compound, the desired onset and 

duration of action, and the predefined experimental objectives. In addition, formal techniques for drug 

administration are essential to ensure accurate and consistent dosing, minimize adverse effects, and 

maintain animal welfare.  

 



 
 
 

 

 

Figure 4. Important factors when administering substances in mice. 

 

For a detailed guide on administration techniques in mice, see our article on how to inject mice​.  

 

Sample collection, whether for pharmacokinetic analysis, biomarker measurement, or other purposes, 

should be performed carefully to maintain sample quality and minimize stress or injury to the animals. 

Common sampling methods include blood collection (e.g., tail vein, retro-orbital, terminal cardiac 

puncture), and tissue collection (e.g., biopsy, necropsy). Considerations such as the volume and 

frequency of blood sampling, the use of appropriate anticoagulants or preservatives, and proper storage 

and handling of samples are also crucial for obtaining reliable and interpretable data. 

In pharmacokinetic and pharmacodynamic studies, careful attention must be paid to ADME profiles of the 

test compound, as these can significantly impact the interpretation of results and the translation of 

findings to human clinical settings. 

Document the exact procedures step by step in your study protocol. This includes pre-procedure 

preparations (fasting, sedation, etc.), the procedure itself, and any post-procedure steps (recovery, 

monitoring). This level of detail ensures consistency—each animal should be treated the same way—and 

helps others replicate the study in the future   

 

https://ichor.bio/resources/beginners-guide-of-how-to-inject-mice


 
 
 

Endpoints and outcome measures: Endpoints are the specific outcomes or measurements that will be 

used to judge the experiment’s success or answer the research question. Selecting the right endpoints is 

critical – they should be closely tied to your hypothesis, reliably measurable, and ethically appropriate. 

Common types of endpoints include survival time, tumor size, blood biomarker levels, behavioral 

changes, physiological readouts (blood pressure, glucose levels, etc.), or histopathological scores, among 

others. 

When defining endpoints, consider: 

●​ Objective vs. subjective endpoints: Objective endpoints are based on quantifiable 

measurements (for example, tumor volume, enzyme levels in blood, or measurable functional 

improvements) and are generally preferred because they reduce observer bias. Subjective 

endpoints (such as an animal’s apparent level of pain or a scoring of symptom severity by an 

observer) can be useful but are prone to variation between observers. If you must use subjective 

measures, establish clear scoring criteria and, if possible, have blinded observers (who do not 

know the treatment group) perform the assessments to improve objectivity. Wherever possible, 

choose endpoints that can be measured with instruments or assays to provide numeric data.​

 

●​ Clinical relevance: Ideally, your chosen endpoints should have a clear relevance to the human 

condition you ultimately care about. For instance, if testing a heart failure treatment in vivo, an 

endpoint like improvement in ejection fraction (a measure of heart function) is more directly 

translatable to human outcomes than an endpoint like changes in the expression of a certain 

gene (which might be mechanistically interesting but not an endpoint used in clinical evaluation). 

Pick endpoints that would indicate meaningful benefit or effect in a real-world context  Regulatory 

bodies often expect to see clinically relevant endpoints in preclinical studies, especially for 

efficacy studies (e.g., tumor shrinkage in oncology models, survival benefit, or functional 

improvements).​

 

●​ Measurability and reliability: Ensure you have the means to accurately measure your 

endpoints. If an endpoint is difficult to measure consistently, it will introduce noise into your data. 

For example, behavioral endpoints (like cognitive tests in animal models) can be variable; you 

would need well-trained personnel and maybe multiple trials to get reliable data. If measuring 

something like blood levels of a drug or biomarker, ensure you have a validated assay. Also 

consider the timing of endpoint measurements – will you look at one final time point, or multiple 

time points to observe trends? Plan the schedule of measurements (e.g., weigh animals weekly, 

 



 
 
 

or take blood samples on days 0, 7, 14, etc. post-treatment) as part of your endpoint definition.​

 

●​ Ethical endpoints (Humane endpoints): In some studies, the "endpoint" in practical terms 

might be a humane endpoint – a criterion for when an animal is euthanized or removed from the 

study for ethical reasons. Common humane endpoints include a certain degree of weight loss, 

tumor size exceeding a preset limit, severe clinical signs, or inability to eat/drink. These endpoints 

ensure that the study is stopped or an animal is euthanized before excessive suffering occurs. 

Define these clearly in advance (in consultation with veterinary staff) and include them in your 

protocol. They are not the primary scientific endpoints, but rather limits to prevent undue animal 

distress. Reaching a humane endpoint might censor that animal's data beyond that point, but it's 

a necessary aspect of ethical design.​

 

By deciding on what to measure and when, you set the stage for how data will be collected during the 

experiment. For each endpoint, also specify the method of measurement. For example, if the endpoint is 

"tumor size," the method might be caliper measurements three times a week and calculation of volume; if 

the endpoint is "motor function," the method might be a specific behavioral test like a rotarod performance 

test. Having clear endpoint definitions and measurement procedures improves the study’s reproducibility 

and ensures that you stay focused on your original objectives throughout the experiment  

In summary, methodology and endpoints form the core of your experimental plan: Methodology 
addresses how you will conduct the experiment, and endpoints address what outcomes you will 

evaluate. Both should be tailored to maximize scientific yield while minimizing confounding factors and 

ethical issues. Careful planning here will make the execution phase much smoother and your results 

much more credible. 

 

Sample Size and Study Duration 

 

Two practical questions that must be answered in the planning phase are: "How many animals are 

needed?" and "How long will the study last?" These determine the scope of your experiment and are 

intertwined with both scientific and ethical considerations. 

 



 
 
 

Determining sample size: Choosing an appropriate sample size is critical – too large, and you may waste 

animals and resources; too small, and you may not detect meaningful effects, risking an inconclusive 

study that might need repetition. The approach to sample size differs between exploratory and 

confirmatory studies: 

●​ For an exploratory (pilot) study, sample size can be relatively small. Researchers often rely on 

prior experience, published data, or practical constraints to decide this number  Since the goal is 

to observe general trends or feasibility, you might use just a few animals (even a single-digit 

number) to see if an effect is present at all. For example, you might test a new surgical method on 

2–3 animals to refine techniques and gauge outcomes, knowing that this is not for statistical 

significance but for information gathering  In exploratory studies, pattern-seeking is more 

important than hypothesis testing, so the sample size is frequently determined by what is 

reasonable to observe a trend given existing knowledge  Keep in mind, however, that even pilot 

studies should use as few animals as possible – if one animal is enough to answer a narrow 

technical question (like “can I successfully implant this device?”), don’t use two.​

 

●​ For a confirmatory study, a statistical power analysis is the gold standard for deciding sample 

size. You should formally calculate how many animals per group are needed to have a high 

likelihood of detecting your effect of interest, assuming it truly exists. This calculation requires 

some anticipated parameters: the expected effect size (how big of a difference you expect 

between treatment and control), the variability in your measurements (standard deviation), the 

desired significance level (α, usually 0.05), and the desired power (1–β, commonly 0.8 or 80%). 

Statistical power is the probability of correctly rejecting the null hypothesis (finding a true effect) 

given that the effect is real. By convention, scientists often aim for at least 80% power, meaning 

an 80% chance to detect an effect if it’s there, which balances risk of false negatives against 

practical limits. Using these inputs, you can calculate the required N per group. There are 

formulas and statistical software for power analysis  , and consulting a biostatistician at this stage 

can be very helpful. A seminal guideline by Festing and Altman (2002) provides 

recommendations for designing animal experiments and emphasizes proper sample size 

determination to avoid underpowered studies  Additionally, newer resources and guidelines (e.g., 

the ARRIVE guidelines) stress prospective sample size calculation as part of best practices in 

animal research design ​

 

 



 
 
 

Several online calculators or software packages (like G*Power, or software built into R, SAS, etc.) can 

perform power calculations. You will input your alpha, desired power, and either an estimated effect size 

or data from a pilot/previous study to estimate the effect size. The output will be the number of animals 

needed per group. If you are comparing two groups (treatment vs control), this gives per group count; for 

more complex designs (multiple groups or factors), it might give total or require more complex calculation 

for each comparison. Ensure to account for potential drop-outs or losses. If you expect that some animals 

may not complete the study (due to unexpected death, surgical failure, etc.), you may need to include a 

few extra animals to achieve the desired final sample size. Plan and justify this in your protocol (e.g., "We 

will enroll 12 animals per group to ensure 10 complete datasets, anticipating up to 2 losses per group 

based on historical surgery success rates"). 

In your documentation, it's good practice to justify the sample size. For exploratory studies, state that it's a 

pilot and rationale (e.g., "n=3 was chosen based on feasibility and precedent in similar proof-of-concept 

studies"). For confirmatory studies, explicitly mention that a power analysis was done and the 

assumptions used (effect size, variance, α, power). This transparency demonstrates that you are not 

arbitrarily choosing animal numbers, but rather making an evidence-based decision. 

Determining study duration: How long your experiment runs is another crucial factor. This depends largely 

on the nature of your endpoints and the biology of your model: 

●​ Endpoint-driven duration: If your endpoint is something like survival or long-term outcome (e.g., 

tumor recurrence, lifespan, disease progression), your study duration must be long enough to 

capture that. For example, if testing a therapy meant to prevent tumor metastasis, you might need 

to observe animals for several months to see if metastases occur. On the other hand, if your 

endpoint is acute (e.g., immediate physiological response or outcome of a surgical procedure), 

the study might only last hours or days. Acute or nonsurvival studies are those where the animal 

is euthanized shortly after the procedure to gather data (often within 24 hours)  Chronic or 

survival studies involve keeping animals alive for extended periods (weeks, months, or longer) to 

observe long-term effects  Define whether your study is acute or chronic based on when you 

measure endpoints.​

 

●​ Biological factors: Consider the animal’s lifespan and developmental stage. Rodents have short 

lifespans – a study lasting a year in mice is essentially a lifetime study and might introduce 

aging-related variables. In contrast, large animals live longer and can be observed over years, but 

long studies are expensive and labor-intensive. If using young animals, are you observing them 

into adulthood? If using disease models (e.g., inducing a disease), how long does it take for the 

 



 
 
 

disease state to stabilize or progress to a certain stage? These will affect timing. Also, if the study 

involves multiple treatments or interventions spaced out in time (for example, dosing a drug 

weekly for 8 weeks), the schedule dictates duration.​

 

●​ Institutional and ethical guidelines: Many institutions have limits on how long animals can be 

kept on study, especially if the study involves any chronic pain or tumor growth. For instance, 

there may be rules about maximum tumor size or duration of tumor-bearing state for cancer 

models, which indirectly cap study length. Ensure your planned duration respects any such 

guidelines (your animal ethics committee can advise on this). If animals are likely to experience 

pain or significant impairment during the study, the duration should be as short as possible to 

achieve objectives, and you should have criteria to intervene or euthanize if animals suffer 

beyond approved limits (humane endpoints, as discussed).​

 

●​ Practical considerations: Longer studies require more resources and increase the chance of 

unforeseen issues (infections in animals, cage conditions changes, etc.). Think about whether 

you truly need a very long observation period or if earlier time points can serve as proxies. 

Sometimes, a compromise is to include a follow-up phase for a subset of animals rather than all. 

For example, you might measure primary endpoints at 8 weeks in all animals, but let a small 

group continue for 6 months for exploratory long-term data, if ethically permissible.​

 

When planning duration, explicitly state how long each animal will be on the study and why that timeframe 

was chosen. For example: "Animals will be observed for 12 weeks post-treatment, as this duration is 

sufficient to capture peak bone healing based on previous studies  and is within humane limits for the 

arthritis model." Also plan how frequently you will monitor animals throughout the study (e.g., daily health 

checks, weekly measurements). Long studies need a robust plan for monitoring animal health and 

well-being over time. 

In summary, align your sample size and duration with your study objectives. Use statistical reasoning to 

justify the number of animals, especially for confirmatory experiments. Set a study length that is sufficient 

but not excessive for capturing your endpoints, always keeping animal welfare in mind. These parameters 

(number of animals and length of study) largely determine the logistical scale of your experiment and 

must be decided before you begin. They also factor into ethical review: committees will evaluate if your 

requested number of animals and study duration are justified by the scientific goals. By carefully planning 

 



 
 
 

these aspects, you demonstrate responsible research practice and increase the likelihood that your study 

will produce clear, actionable results. 

Statistical Planning and Power Analysis 

In vivo studies should be designed with the end analysis in mind. Deciding on your statistical approach 

during the planning stage (rather than after data is collected) helps ensure that the data you collect will 

actually answer your research question. Statistical planning encompasses determining how you will 

handle data, which tests you will use to compare groups, and ensuring you have adequate power as 

discussed above. 

Hypothesis and statistical tests: Start by clearly formulating your null hypothesis (H0) and alternative 

hypothesis (H1). For example, H0 might be "Drug X has no effect on blood pressure compared to placebo 

in rats," and H1 is "Drug X lowers blood pressure compared to placebo." The entire study is built to test 

H0 against H1. With hypotheses in hand, choose statistical tests appropriate for your data type and 

experimental design. Broadly, statistical tests fall into two categories : 

●​ Parametric tests: These assume your data follow certain distributions (typically a normal 

distribution for continuous data). Parametric tests are powerful (they can detect differences with 

smaller sample sizes) if their assumptions are met. Common parametric tests include the t-test 

(to compare the means of two groups), ANOVA (analysis of variance, to compare means across 

three or more groups or factors), and linear regression (to examine relationships between 

variables). For example, if you measure a continuous variable like tumor size in a treated vs 

control group, and the data are roughly normally distributed with similar variances, a t-test is 

appropriate. If you have multiple dose groups, an ANOVA might be used to see if there is an 

overall difference, followed by post-hoc tests to pinpoint which groups differ. Regression might be 

used if you're correlating two measurements (like drug concentration vs effect). Ensure you meet 

key assumptions: normality (perhaps test with a Shapiro-Wilk test for small samples), 

homogeneity of variance (Levene's test), etc., or use transformations/adjustments as needed.​

 

●​ Non-parametric tests: Use these when your data do not meet parametric assumptions or when 

dealing with ordinal or ranked data. Non-parametric tests make fewer assumptions about the data 

distribution and are suitable for skewed data or small sample sizes where normality is hard to 

verify  Examples are the Mann-Whitney U test (for comparing two independent groups when data 

are not normally distributed), the Wilcoxon signed-rank test (paired non-parametric test), and the 

Kruskal-Wallis test (non-parametric analog of ANOVA for multiple groups). These tests are more 

 



 
 
 

robust to outliers and non-normal data but may require larger sample sizes to detect the same 

effect (they generally have less statistical power than parametric tests under ideal conditions). If 

you anticipate categorical outcomes or binary outcomes (e.g., alive vs dead at 30 days), you 

might plan to use Chi-square tests or Fisher's exact test for group comparisons.​

 

Choosing your test in advance forces you to consider the data format: Will you be comparing means, 

medians, proportions? Will you need to adjust for any covariates (which might lead you to an ANCOVA or 

a regression model rather than a simple t-test)? Deciding this early also helps in writing your protocol and 

statistical analysis plan, which is often required in pre-registration or in regulatory documents. It’s a good 

idea to write a brief statistical analysis plan listing each outcome measure and the test or model that will 

be used to analyze it. 

Power analysis recap: As discussed, performing a power analysis is a key part of statistical planning for 

confirmatory studies. Just to reinforce: the power analysis helps determine sample size by formalizing the 

relationship between effect size, sample size, significance level, and power. Typically, you decide on a 

significance level α (often 0.05, reflecting a 5% chance of a Type I error – false positive)  and a desired 

power (commonly 0.8, reflecting a 20% chance of a Type II error – false negative)  With an assumed 

effect size (the minimum difference you want to be able to detect, e.g., a 20% reduction in tumor size) and 

an estimate of data variability, you can solve for sample size. The calculation can be done using known 

formulas or, more conveniently, via statistical software. As a simple conceptual formula: 

Power=1−β,\text{Power} = 1 - \beta, 

where β is the probability of a Type II error  Power increases with larger effect sizes, larger sample sizes, 

lower variability, higher α (though α is usually fixed at 0.05 for convention), or choosing a one-tailed test 

instead of two-tailed if appropriate. Most of the time, you will manipulate sample size to achieve the power 

you want, as effect sizes and variability are given by biology (or pilot data) and α is set by convention  If 

the required sample size is too high to be feasible, that indicates your study might not be practical or 

worth doing unless you can increase the effect (maybe by using a higher dose or more responsive model) 

or accept a lower power (which increases risk of missing a real effect). Sometimes, an initial pilot study is 

used to gather variance data that feed into the power analysis for the main study. 

Example: Suppose previous data suggest that a new drug can lower blood pressure by about 15 mmHg 

with a standard deviation of 8 mmHg in rats. Using α = 0.05 and power = 0.8, you calculate (via software) 

that you need ~10 rats per group to detect a 15 mmHg difference. You would then plan for n=10 per group 

 



 
 
 

in your confirmatory study. You might add 1-2 more per group anticipating that a couple of rats might have 

unusable data or losses, aiming to end up with 10 complete measurements per group. This sort of 

reasoning should be included in your plan. 

Randomization and blinding: Although more about execution than calculation, these are part of the 

broader "statistical" or experimental design considerations. Ensure that your plan includes how animals 

will be randomly assigned to experimental groups. Randomization prevents selection bias (e.g., 

unconsciously putting healthier animals in the treatment group). It can be as simple as drawing group 

labels from a hat for each animal or using a random number generator to assign groups. Also plan for 

blinding wherever possible: the person assessing outcomes or analyzing data should ideally not know 

which group an animal was in, to avoid observer bias  . For instance, if measuring a subjective endpoint 

like a pathology score, have samples coded so that the scorer doesn't know if it's from a treated or control 

animal. Blinding can be challenging for certain interventions (e.g., surgeries that obviously alter an 

animal's appearance), but you can at least blind the data analysts. Outline these procedures in your 

protocol to show that you will conduct the study in an unbiased manner. Following published guidelines 

for preclinical studies (such as the ARRIVE guidelines) will remind you to include details on randomization 

and blinding  

Data management: Plan how data will be recorded and stored. Decide if you'll use electronic data 

capture, and how you'll handle any data exclusions or outliers (preferably have predefined criteria for 

excluding aberrant data, such as technical failures). These aren't statistical tests per se, but part of the 

analysis plan that should be set beforehand to avoid data cherry-picking later. 

By making these statistical decisions upfront, you ensure that your study is "analysis-ready" once the data 

are collected. You’ll know that you have enough data to test your hypotheses, and you’ll know exactly 

how to test them. This pre-planning also helps avoid p-hacking (searching for any possible positive result 

after the fact) because you stick to the plan you formulated based on solid reasoning. In a confirmatory 

study especially, preregistering your protocol and analysis plan (for instance, in an open science 

framework or as part of a grant documentation) can add credibility, showing that your analysis was not 

decided post hoc. 

In conclusion, treat statistical planning as an integral part of experimental design. Use power analysis to 

guide sample size , decide on appropriate statistical tests for your endpoints  , and incorporate 

randomization/blinding procedures to minimize bias. This rigor will greatly increase confidence in your 

results and conclusions. 

 



 
 
 

Ensuring Rigor and Reproducibility 
 

Designing a study isn’t just about the interventions and measurements; it's also about building in rigor so 

that your results are credible and reproducible. In recent years, the scientific community has raised 

concerns about the reproducibility of preclinical findings, and many of these concerns trace back to 

suboptimal experimental design practices such as lack of blinding, randomization, or other biases. Here 

are key practices to ensure rigor in your in vivo study: 

●​ Randomize animal assignments: Randomization is one of the simplest and most powerful tools 

to reduce bias. Ensure each animal has an equal chance to be assigned to any experimental 

group. This balances out unknown confounding factors (like litter differences, initial health status, 

etc.) across groups . For example, if you have 20 mice and two treatment groups, use a random 

number generator to assign 10 mice to treatment A and 10 to treatment B, rather than, say, 

putting the first 10 in A and second 10 in B (which might coincide with cage housing or order 

effects). Document your randomization method. Some studies even have a different person 

perform the randomization than the person doing treatments, to ensure allocation concealment 

(the person handling the animals doesn’t know what group the next animal will be until 

assignment, preventing any intentional or subconscious selection).​

 

●​ Include proper control groups: Controls are essential for interpreting results. Depending on the 

study, you may need a negative control (e.g., vehicle or placebo-treated group), a positive control 

(an established treatment to benchmark your new treatment against), or baseline measurements. 

Controls help attribute effects specifically to the test article. For instance, if testing a new drug, a 

control group getting a saline injection accounts for effects of handling and injection stress. If 

feasible, also consider internal controls (e.g., using each animal as its own control through 

baseline measurements before treatment). Ensure that control animals are treated identically to 

the experimental ones apart from the intervention (same handling, same number of blood draws, 

etc.). If using surgical models, sham-operated controls (animals that undergo the same surgical 

procedure minus the key step, like opening the chest but not actually tying off a coronary artery in 

a myocardial infarction model) are often necessary to distinguish effects of surgery trauma from 

the specific effect of the experimental intervention.​

 

●​ Blinding observers and analysts: Blinding means the people collecting data (and ideally those 

doing the interventions) do not know which group each animal is in. This prevents unconscious 

 



 
 
 

bias in measurements or treatment of animals. For example, if technicians know which animals 

are treated with a new drug, they might (even unintentionally) handle them more carefully or look 

harder for improvements, skewing results. Blinding can be implemented by having animals coded 

with IDs that don't reveal their group. Only after data collection is complete would the codes be 

revealed for analysis. When blinding the treatment administrators is not possible (for example, 

different treatments might have different appearances or dosing schedules), you can still blind the 

individuals who assess the outcomes. A classic case is histological analysis: tissue samples can 

be given code numbers so the pathologist scoring them doesn't know which treatment they came 

from. Blinding is strongly recommended by guidelines and its absence should be justified only if 

truly impossible  . If you cannot blind a certain aspect, consider having a second independent 

person verify critical measurements.​

 

●​ Use both sexes when appropriate: Traditionally, many animal studies used only males to avoid 

hormonal variation, but this practice can miss important sex-specific effects. Where relevant, 

include both male and female animals in your experiment to improve the generalizability of your 

findings  . Biological differences between sexes (hormonal cycles, body composition, metabolism, 

etc.) can influence outcomes; by studying both, you can determine if your treatment or 

phenomenon is consistent across sexes or if it interacts with sex. Including both sexes provides 

more robust results and can reveal sex-specific responses that are important for translation to a 

mixed human population  . If you include both sexes, plan to analyze data for sex effects – either 

by stratifying outcomes by sex or by including sex as a factor in an ANOVA or regression model. 

This does increase sample size (to have statistical power for each sex), but many funding 

agencies and journals now require a strong justification if one sex is excluded. However, if your 

study is specifically about a sex-specific phenomenon (e.g., ovarian cancer, prostate disease), 

then using one sex is appropriate.​

 

●​ Account for genetic background and litter effects: When working with animals like mice that 

have many strains and are often bred in-house, be aware that genetic background can affect 

results. Even within the same strain, littermates share more with each other than with animals 

from other litters. To avoid a “litter effect” confounding treatment effects, try to distribute animals 

from each litter across different treatment groups (this is another aspect of randomization) . For 

example, if you have 4 litters of mice providing your 20 animals, ensure each group of 10 has 

some mice from each litter, rather than one group accidentally having all animals from two litters 

and the other group from the other two litters. This way, any genetic or early environmental 

differences in a particular litter are not concentrated in one group. In large studies, you can 

 



 
 
 

explicitly include “litter” as a blocking factor in your design or analysis. Additionally, if using 

transgenic or knockout animals, compare to proper wild-type or littermate controls as needed to 

isolate the effect of the gene of interest.​

 

●​ Follow guidelines and document everything: Implementing published guidelines for preclinical 

research (like the ARRIVE guidelines for reporting animal research, or institution-specific 

standards) will inherently boost rigor  These guidelines prompt you to randomize, blind, etc., and 

also to report these methods transparently. Keep detailed records of each step – which cage an 

animal is in, what dose it received, any health observations, environmental conditions 

(temperature, light cycle deviations), etc. Good documentation helps troubleshoot unexpected 

findings and allows others to replicate your work more exactly. If you modify the protocol 

mid-study (sometimes unavoidable in long experiments), record what changed and why.​

 

●​ Quality of reagents and tools: Ensure that any reagents (antibodies, drugs) are reliable and 

that equipment (like pumps, sensors) is calibrated. Sometimes irreproducibility comes from a bad 

antibody or an instrument drift. If you rely on a specific assay (say, an ELISA for a hormone level), 

run standards and include technical replicates to ensure the assay worked correctly for all 

samples.​

 

In essence, rigor is about anticipating sources of bias or error and proactively addressing them. By 

randomizing and blinding, you remove many potential biases  . By using inclusive design (both sexes, 

multiple litters), you make your findings more broadly applicable  . And by adhering to community 

guidelines, you align your study with best practices that have been shown to improve reliability. This 

attention to rigor at the design stage will pay off with data that are robust and credible, and findings that 

others can trust and build upon. Remember, a study that is well-controlled and free of bias is far more 

powerful (and easier to publish) than a larger or more expensive study that is sloppy in execution. Rigor is 

your friend – it might require extra effort, but it markedly enhances the success and impact of in vivo 

research. 

 



 
 
 

 

Figure 5. Sources of experimental variability 

 

For more on optimizing your experimental design, refer to our article on optimizing experimental design in 

in vivo research. 

Execution of the in vivo Study 

Pilot Experiments and Technique Refinement 

Once the planning is complete and approved, the execution phase begins. A wise first step, especially for 

novel procedures or first-in-kind models, is to conduct a small pilot experiment or trial run. The aim is to 

refine the experimental technique and resolve any practical issues before committing all animals in the 

main study. 

If your methodology is surgical or particularly complex, consider doing this pilot on a handful of animals 

(which could be allocated as part of your exploratory study or just initial subjects in a confirmatory study) 

to ensure everything works as expected. For example, if you are testing a new surgical approach to 

induce a disease model (like a new way to induce myocardial infarction in pigs), perform the surgery on 

one animal and follow through the protocol to see if the outcome (e.g., infarct size, recovery profile) 

matches expectations. This nonsurvival pilot (where the animal might be humanely euthanized afterward, 

especially if the goal was just to practice the technique or collect immediate post-procedure data) can 

reveal needed adjustments: perhaps the incision needs to be in a different location, or a different 

anesthetic regimen yields better stability, etc. 

 

https://ichor.bio/resources/optimizing-experimental-design-in-in-vivo-research-a-comprehensive-review
https://ichor.bio/resources/optimizing-experimental-design-in-in-vivo-research-a-comprehensive-review


 
 
 

During pilot runs, document every detail and any difficulties encountered. Maybe the intubation of the 

animal was challenging and took extra time – that’s something to address (additional training or 

equipment) before the main trial. Or maybe an anticipated complication arose (like an arrhythmia during 

surgery) that you need a plan to manage next time (such as having a defibrillator or specific drugs on 

hand). Use pilot results to refine the protocol: modify doses, adjust timing, improve surgical technique, or 

update animal care procedures. The pilot might also give a preliminary sense of variability of an endpoint, 

which can re-inform your power analysis if needed (though ideally you did this beforehand, sometimes 

pilot data cause a recalculation of sample size). 

Refining techniques is particularly crucial in surgical or device studies. Even small changes in how a 

procedure is done can have big impacts on outcomes. For instance, in an orthopedic implant study, 

consistent placement of the implant is critical – a pilot could help design a jig or guide for consistent 

placement in all subsequent animals. Reproducibility of technique ensures that differences seen between 

groups are due to the treatment, not variability in how the procedure was done. Literature often stresses 

the importance of this step: a study noted that taking time to refine a surgical technique in animal models 

improved the reproducibility and accuracy of the results in later experiments. So think of pilot experiments 

as an investment in quality; a small upfront use of animals and time can save many more down the line by 

preventing failed or flawed experiments   

If no major issues arise in the pilot, you can proceed confidently to the full experiment. If problems do 

arise, address them and consider doing another pilot test if the changes are substantial. It’s better to 

iterate a few times on one or two animals than to have an entire cohort of 30 animals go through a flawed 

protocol. 

 

Conducting the Main Experiment 

With a refined protocol in hand, you can conduct the main experiment, which often involves two parts: the 

treatment or intervention phase, and then an observation/follow-up phase to collect data. 

Intervention phase: This is when you administer the test article or perform the experimental manipulation 

on your animals (and likewise treat control animals as planned). It's critical to maintain consistency and 

follow the protocol exactly as written for all animals. Deviations at this stage can introduce bias or 

confusion. Key points during the intervention phase: 

 



 
 
 

●​ Follow your randomization plan when assigning treatments. Ensure each animal gets the correct 

treatment (a labeling or tracking system is essential—mislabeling an animal or sample is a 

common source of error, so double-check identities before dosing or surgery). 

●​ Maintain identical conditions for all groups as much as possible. If treating one group requires 

handling (injection, gavage, etc.), make sure control animals undergo sham handling to 

experience the same stress. If one group undergoes anesthesia and surgery, sham-operate the 

control group or at least anesthetize them for an equivalent duration if sham surgery isn't 

applicable. 

●​ Monitor the animals closely during and immediately after any intervention. Record any acute 

reactions or complications. For example, if an animal has an adverse reaction to an anesthetic, 

note it and treat it according to veterinary advice, and record it as it might explain any outlier data 

later. 

●​ If your study uses multiple doses or repeated interventions over time (e.g., daily drug dosing, or 

weekly behavioral training), stick to the schedule precisely. Consistency in timing (dosing at the 

same time of day, for example) can reduce variability. 

After interventions, the experiment often transitions into a follow-up or observation phase where you 

measure the defined endpoints over time. 

Observation/measurement phase: This is where you'll collect the data as per your endpoint schedule. It 

could be a few hours (for acute studies) or months (for chronic studies). Key considerations: 

●​ Blinded assessments: As mentioned, during this phase ensure any measurements that can be 

blinded are blinded. For example, if you're doing a behavioral test like scoring arthritis severity in 

a rat model, the person doing the scoring should not know which treatment the rat received. Use 

ID codes and keep the treatment key hidden until after final data collection. 

●​ Consistent measurement techniques: Use the same device, settings, and procedure for each 

measurement to avoid systematic differences. If multiple technicians are collecting data, have 

them all trained to measure in the same way, or ideally have one person do all measurements for 

a certain assay to eliminate inter-observer variation. 

●​ Health monitoring: Especially in long-term studies, continually monitor animal health and 

well-being. Provide any supportive care as specified (fluids, special diet, pain relief). If an animal 

meets criteria for humane endpoint, remove it from study and euthanize as required. Record the 

circumstance and time of endpoint. If an animal dies unexpectedly, record that too and consider a 

necropsy to determine cause – unexpected deaths can indicate an issue with the model or 

intervention (e.g., toxicity). 

 



 
 
 

●​ Adjustment of frequency: If you find your planned measurement frequency is too burdensome 

or causing stress (for instance, daily blood draws are too much for the animals to handle and they 

are getting anemic or stressed), you might adjust the schedule. However, avoid mid-study 

changes unless absolutely necessary, as it complicates interpretation. If changes are needed for 

animal welfare, make them and document them thoroughly, and consider the impact on data 

analysis. 

Acute vs. chronic execution 

In an acute study, where endpoints are measured shortly after intervention, your execution is short and 

intense. For example, you perform surgery, then measure physiological parameters for the next 6 hours, 

then euthanize the animal for tissue analysis. In these cases, ensure the lab is prepared for continuous 

monitoring and data capture in that window (like having someone assigned to record data every 15 

minutes). In chronic studies (long-term), execution is more about sticking to routine: dosing the animals at 

set intervals, measuring at set time points, and maintaining their health for the study duration. Chronic 

studies often have phases, e.g., an initial post-op recovery phase, then a longer-term observation phase. 

In a drug study, there might be a treatment period and then a post-treatment observation period. It can 

help to create a timeline or spreadsheet for each animal listing what happens each day of the study so 

nothing is missed. 

Throughout execution, data recording is paramount. Write down or digitally log data as it is collected, and 

consider having backups (like lab notebook entries plus a digital copy) to prevent loss. Any deviations, 

however minor, should be noted (for instance, “Day 10 measurement missed for Animal B7 due to 

equipment failure; made up measurement on Day 11”). 

By the end of the execution phase, you should have a complete set of data for each planned 

measurement and endpoint, along with notes on any issues. If you have followed the protocol diligently 

and kept conditions consistent, you maximize the chance that any differences between groups are truly 

due to your variable of interest and not confounders. 

 

Postoperative Care and Monitoring 

For experiments that involve surgery or any invasive procedures, postoperative (post-procedure) care is 

as important as the procedure itself. Good post-op care ensures animal welfare and also improves the 

 



 
 
 

quality of your data – an animal that recovers smoothly is less likely to have complications that could 

skew results or cause data loss. 

Immediate postoperative care 

After any surgical or invasive intervention, monitor animals continuously (or at least frequently) until they 

regain consciousness and can move normally. Provide warmth (since anesthesia often disrupts 

temperature regulation) and a quiet environment. Follow your pain management plan: administer 

analgesics on schedule before the animal wakes up in pain and continue as needed for the prescribed 

period. An animal in pain may not eat or drink, can develop stress-induced complications, and is an 

ethical red flag, so pain control is crucial. 

 

 

General health monitoring 

In the days or weeks following a procedure, check animals at least daily (often multiple times a day 

immediately post-op). Look for signs of pain or distress: changes in behavior (lethargy, aggression, 

hiding), changes in vital signs if you measure them (respiratory rate, heart rate), reduced food/water 

intake, weight loss, or specific signs like lameness or swelling at surgical sites. Many protocols have a 

scoring sheet for postoperative observations (e.g., a pain score or body condition score). If an animal is 

not meeting recovery milestones (e.g., not eating within X hours, not moving around by Y hours), 

intervene as per veterinary guidance. 

For surgical wounds or implanted devices, site care is needed. This may involve cleaning wounds, 

applying antibiotic ointment, and checking for signs of infection (redness, discharge). If you used sutures 

or staples, plan for if/when they will be removed (often 10-14 days post-op, unless absorbable sutures 

were used). 

Follow-up procedures 

Some studies involve multiple procedures. For example, you might do an initial surgery to induce a 

disease model and a second procedure later to deliver a treatment. In such cases, post-op care blends 

into pre-op prep for the next procedure. Ensure the animal is fully recovered and healthy before 

subjecting it to the next intervention. If doing blood draws or imaging at intervals, those count as minor 

 



 
 
 

procedures – minimize stress by using gentle restraint or anesthesia as needed (and consistent each 

time). Blood draws should follow volume limits (typically not more than 10-15% of total blood volume per 

bleed, and allow recovery time). 

Records 

Keep a post-op log for each animal: note daily observations, medications given (analgesics, antibiotics), 

any abnormal signs and actions taken. This not only ensures nothing is missed but also provides context 

if something affects your data (e.g., “Rat #8 had an infection starting Day 5, was treated with antibiotics; 

this may have influenced its inflammation biomarkers”). 

Adjusting care 

Despite best efforts, some animals may experience complications (infection, poor wound healing, etc.). 

Work with a veterinarian to manage these. It may involve providing additional treatments, or in severe 

cases euthanizing the animal if it’s suffering and data can’t be collected. Predefine what constitutes a 

humane endpoint for euthanasia after a procedure (ex: if weight drops below 20% baseline, or if the 

animal cannot ambulate, etc., despite intervention)   

Proper postoperative care not only is an ethical obligation but also maintains the integrity of your 

experiment. An animal that is severely stressed or sick due to poor post-op management may produce 

outlier data or die prematurely, which can compromise your study. On the flip side, animals that are kept 

comfortable and stable will yield more reliable and interpretable data over the course of the experiment. 

Think of it this way: in clinical trials, patients receive standard care and follow-up in addition to the 

experimental treatment – similarly, your animal “subjects” need supportive care along with the 

experimental manipulations to truly model a realistic scenario and to keep them as healthy as possible for 

valid results. 

For best practices in animal husbandry, refer to our article on optimizing animal husbandry in in vivo 

research.  

 

https://ichor.bio/resources/animal-husbandry-guide
https://ichor.bio/resources/animal-husbandry-guide


 
 
 

Humane Endpoints, Euthanasia, and Necropsy 

At the conclusion of the study (or when an animal reaches a humane endpoint), animals are typically 

euthanized to allow for tissue collection and to end any potential suffering. Planning for humane 

euthanasia and post-mortem analysis (necropsy) is a key part of executing in vivo studies responsibly. 

Humane endpoints 

As discussed, humane endpoints are criteria defined to end the experiment early for an animal if 

continuing it would cause undue suffering or if the scientific objective has been met for that animal. These 

should be defined in the planning stage and adhered to during execution. Common humane endpoints 

include: significant weight loss (e.g., >20% of body weight), severe clinical symptoms (like difficulty 

breathing, inability to eat, prolonged immobility, self-harm), or tumor size exceeding a threshold (for tumor 

models). If an animal meets a humane endpoint or the study endpoint, it should be euthanized promptly 

and humanely according to approved methods. This ensures the animal does not suffer unnecessarily, 

and it also preserves the integrity of tissues for necropsy at a defined point. 

 

Euthanasia methods 

The method of euthanasia should follow institutional and veterinary guidelines (for example, the American 

Veterinary Medical Association (AVMA) Guidelines on Euthanasia). The appropriate method can depend 

on species, size, and the experimental needs (some methods might interfere with certain tissue 

analyses). Common euthanasia methods include  : 

●​ Overdose of anesthetic or barbiturate: Often delivered via intravenous (IV) or intraperitoneal (IP) 

injection. For example, an IV injection of a pentobarbital solution is a quick and humane method 

for many species  If IV access is difficult (like in very small rodents), an IP injection of a high dose 

can be used, though it may act slightly more slowly  The animal essentially falls into a deep 

anesthesia and passes away without regaining consciousness.​

 

●​ CO₂ inhalation: Common for small rodents. Animals are placed in a chamber where carbon 

dioxide is gradually introduced to achieve a painless loss of consciousness followed by death  

This method must be done with the proper gradual fill rate to be humane (too rapid CO₂ can 

cause distress). CO₂ is not appropriate for larger animals due to volume needed and aversion.​

 

 



 
 
 

●​ Inhalant anesthetics: Placing the animal in a chamber with a high concentration of an anesthetic 

gas (e.g., isoflurane) can anesthetize and eventually kill by overdose  This is also mostly used for 

small animals and is similar to CO₂ in application. It requires a closed system to contain the gas.​

 

●​ Physical methods: Such as cervical dislocation (breaking the neck) or decapitation can be used in 

small rodents (mice, rats under certain weight). These methods act very quickly but must only be 

done by trained personnel and often require justification (decapitation is often used if tissues must 

be obtained without any chemical interference, as chemical euthanasia could confound certain 

biochemical assays). Cervical dislocation and decapitation are considered humane when 

performed correctly on appropriate animals, but they can be visually disturbing, so personnel 

must be comfortable and competent in the technique. Guillotines for rodents must be 

well-maintained and blades kept sharp ​

 

●​ Exsanguination (bleeding out) under deep anesthesia: This is typically done as an adjunct to 

ensure death after the animal is already unconscious by another method. For example, one might 

deeply anesthetize a large animal, then perform exsanguination or a vital organ removal. 

Exsanguination alone, without prior anesthesia, is not considered humane.​

 

The choice of euthanasia will depend on what’s best for the animal and what preserves the scientific 

value. For instance, if you need to measure stress hormones at the moment of euthanasia, a physical 

method might be chosen to avoid introducing chemicals that could alter blood chemistry. If you need 

intact brain tissue without anesthesia effects, decapitation might be justified. Always follow the 2-step rule: 

if using a potentially incomplete method like CO₂ or anesthesia overdose, ensure death by a secondary 

method (like exsanguination or bilateral pneumothorax) if required by guidelines. Check that the animal is 

fully non-responsive before declaring death (no heartbeat, no respiration, pupil fixed, etc., as per 

veterinary guidance). 

All personnel performing euthanasia should be trained to do it swiftly and compassionately. It is a difficult 

but important part of animal research, and doing it correctly is part of our ethical obligation. 

 

Necropsy (Post-mortem analysis) 

 



 
 
 

Immediately after euthanasia, or as soon as possible, a necropsy should be performed to collect any final 

data and samples.  

Plan necropsy procedures in advance: 

●​ List what tissues/organs need to be collected, and in what order (some tissues degrade faster 

than others, or you might want fresh tissue for certain assays and fixed tissue for others). For 

example, you may harvest blood, then organs like heart, lungs, liver, kidneys, tumor tissue, brain, 

etc. If histology is needed, have fixative ready and place tissues promptly into fixative. If frozen 

samples are needed for molecular assays, have liquid nitrogen or dry ice ready.​

 

●​ During necropsy, also look for any abnormalities or unintended effects. For instance, check if the 

test article caused any obvious organ pathology (like enlarged spleen, lesions in GI tract, etc.). 

These observations can be important for complete interpretation of results or for safety 

assessments. If unexpected findings occur, note them and consider histopathology.​

 

●​ A systematic approach yields the best necropsy: examine externally for any lesions, then open 

body cavities and examine organs in situ, then collect organs. Many researchers take photos of 

key findings or organ systems as documentation.​

 

●​ If the study is an efficacy or disease model study, necropsy is where you often gather the "hard 

data" like organ weights (e.g., liver or spleen weights), tumor weights, or lesion counts. Be 

consistent in how you dissect and trim tissues for weighing or analysis.​

 

Necropsy is also the final opportunity to capture data on safety or off-target effects. For example, if you're 

testing a drug, a thorough necropsy can reveal organ toxicities that your in-life observations might have 

missed (mild kidney changes, or lung lesions, etc.). Such findings should be recorded and later correlated 

with treatment. 

After necropsy and tissue collection, you will typically dispose of the animal remains per institutional 

biohazard rules (incineration or other methods). Ensure all samples are properly labeled and stored for 

whatever analyses will be done (immediate or future). 

In summary, ending the study humanely and analyzing the outcomes via necropsy is a crucial closing 

phase of in vivo experiments. Humane euthanasia upholds ethical standards and often is required for 

 



 
 
 

complete data collection (since many analyses require tissues). Conduct euthanasia in the most 

compassionate way possible and in line with guidelines. Then perform a comprehensive necropsy to not 

only get the data you planned (target organ data, etc.) but also to possibly uncover additional insights or 

explanations for your results. A well-conducted necropsy can sometimes reveal why an animal had a 

certain outcome, thereby enriching your study’s conclusions. 

 

Example: Iterative Improvement in an in vivo Model 

To illustrate how these principles come together, consider a real-world case of designing and executing in 

vivo studies in a stepwise, iterative fashion. In cardiovascular research, Li et al. developed a new porcine 

model of heart failure with reduced ejection fraction by inducing myocardial infarction (a heart attack) in 

pigs and managing the aftermath carefully with medications to ensure the pigs survived the acute event  

They refined this procedure through multiple experiments to achieve a reliable model with a low mortality 

rate – essentially an exploratory phase where the "disease model" itself was the outcome. They outlined 

all critical steps like anesthesia, surgical induction of infarction, and postoperative anti-arrhythmic 

treatment, documenting them in detail to ensure reproducibility   

Subsequently, Liu et al. built upon that model as a platform to test a gene therapy for heart failure  Using 

the established pig model from Li et al., they administered a gene-silencing therapy targeting a specific 

cardiac signaling pathway (the Hippo pathway) to see if it improved cardiac function. Because the model 

was consistent and well-characterized, Liu et al. could focus on the therapy’s effects, confidently 

attributing improvements in the pigs’ heart function to the gene treatment itself  In essence, Li et al.’s work 

was the exploratory stage (developing and refining the model), and Liu et al.’s study was a confirmatory 

experiment leveraging that model to test a hypothesis about therapy effectiveness. 

This example shows how careful design and execution in one study enable success in the next. The first 

researchers selected an appropriate animal (pigs, which have heart anatomy/physiology similar to 

humans), refined their methodology (infarction induction and care) through iteration, and clearly described 

their protocol. The next researchers followed those methods to execute a complex therapeutic study, 

adding their own rigorous controls (they likely had control pigs receiving a placebo vector, randomized 

assignment to therapy vs control, etc.). At the end, both studies performed thorough necropsies: 

examining heart tissues to confirm the extent of damage and the effects of therapy at a cellular level  

 



 
 
 

The result was a robust set of findings: first, a reproducible animal model of heart failure, and second, 

evidence that targeting the Hippo pathway could be beneficial in heart failure, demonstrated in a clinically 

relevant large-animal model. This stepwise approach – refine the model, then test the intervention – 

maximized the chances of meaningful outcomes. It underscores the value of following the principles 

outlined in this guide: choose the right model, refine techniques in pilot studies, document procedures, 

plan for thorough data collection (including necropsy), and build on prior experience. By doing so, each in 

vivo experiment becomes a building block that paves the way for the next discovery  

 

Pitfalls to Avoid 

Even with meticulous planning and execution, there are common pitfalls that can jeopardize an in vivo 

study’s success. Being aware of these issues helps you actively avoid them: 

 

Unclear or moving endpoints 

Pitfall: Not defining your study endpoints upfront, or changing them mid-study because the initial results 

are unexpected. This can lead to aimless experiments or data dredging (searching for any positive result), 

which undermines the study’s validity. Always set primary and secondary endpoints before the experiment 

and resist the urge to alter them without extremely good reason. If you must adapt (due to unforeseen 

discoveries), acknowledge it clearly. Staying true to predefined endpoints helps maintain focus and 

reproducibility  ​

 

Biased execution (lack of blinding/randomization) 

Pitfall: Allowing internal biases to creep in by not randomizing group assignment or by handling groups 

differently, even unconsciously. For example, if one expects a treatment to work, one might (without 

realizing) give those animals extra care. Such biases can skew results. The solution is to implement 

blinding and randomization rigorously (as detailed above) and follow established guidelines for conducting 

animal experiments without bias. There are published systematic reviews highlighting how lack of 

randomization or blinding in animal studies is associated with exaggerated treatment effects  . Avoid this 

pitfall by treating the control and experimental groups as identically as possible and by having impartial 

 



 
 
 

assessments  .​

 

 

 

Underestimating required sample size  

Pitfall: Using too few animals due to optimistic assumptions or pressure to minimize numbers, leading to a 

study that lacks statistical power. An underpowered study might fail to detect real effects, yielding a false 

negative, or produce inconclusive trends that compel a repeat study. This not only wastes time but can 

also end up using more animals in the long run (because you have to redo the experiment). Avoid this by 

performing a proper power analysis and honestly assessing the variability in your system. If anything, err 

on the side of a slightly larger N (within ethical reason and with committee approval) to account for 

unexpected variance or attrition. Remember that using too few animals and getting non-significant results 

can be as wasteful (scientifically and ethically) as using too many animals  ​

 

Cutting corners on expertise or technique 

Pitfall: Trying to save costs or time by having untrained personnel perform complex procedures, or using 

makeshift equipment, leading to poor technique. For instance, a poorly performed surgery can result in 

high complication rates or inconsistent results, obscuring treatment effects. Similarly, improper dosing 

technique can lead to variable drug exposure. This pitfall can severely affect data quality and animal 

welfare. Invest in training and, if needed, collaborate with experienced surgeons or technicians for 

specialized procedures. Skimping on expertise often backfires – complications and variability will force 

repeat experiments (and thus greater expense and animal use). As one guideline suggests, do not try to 

save resources by compromising on surgical skill; the consequences (inconsistent data, animal loss) far 

outweigh any upfront savings. Always ensure anyone handling animals or performing tasks is competent 

and, for surgeries, consider having a board-certified veterinary surgeon or a well-trained researcher do 

the critical parts if you are not fully confident in the technique.​

 

Inadequate animal care and welfare during the study 

 



 
 
 

Pitfall: Neglecting the ongoing needs of the animals (insufficient post-op care, poor husbandry, ignoring 

signs of distress) can lead to suffering and also compromise the science. Animals under stress or pain 

may have altered immune responses, hormone levels, or behavior that confound experimental outcomes. 

For example, an animal in pain might not move much, which in a mobility study would appear as a 

treatment effect if not recognized as pain. Avoid this by treating animals as you would human patients in a 

trial – with attentive care and supportive treatments as needed  Ensure their housing is clean, 

comfortable, and enriched appropriately. Provide ample food and water (or special diets if required) and 

monitor intake. Address health issues immediately with veterinary input. In essence, happy, healthy 

animals yield better data. Many researchers find that improving enrichment and handling (e.g., 

acclimating animals to human contact) reduces variability in behavioral experiments because the animals 

are less anxious. Always uphold high welfare standards; it's an ethical mandate and scientifically 

beneficial ​

 

By being mindful of these pitfalls, you can take proactive steps to avoid them. Consider adding a “risk 

mitigation” subsection to your protocol where you identify potential challenges (like “what if our effect size 

is smaller than expected?” or “what if surgical mortality is higher than anticipated?”) and how you plan to 

address them. This kind of foresight often distinguishes a well-prepared experimental plan from a 

mediocre one. Remember, a successful in vivo study is not just about obtaining a positive result; it's about 

obtaining a reliable result that stands up to scrutiny. Avoiding these common pitfalls will help ensure that 

your findings are robust, reproducible, and meaningful. 

 

 

 



 
 
 

Analysis and Interpretation of in vivo Data 

 

Selecting Appropriate Statistical Methods 

Selecting and applying appropriate statistical methods is critical for drawing valid conclusions from your 

data. The choice of statistical tests should be guided by the research question, study design, and the 

nature of the data collected. 

Understanding the types of data is the first step in selecting suitable statistical methods. Continuous data 

(e.g., body weight, tumor volume) answer the question “How many?” or “How much?” and enables a 

count of the data, while categorical data (e.g., survival, gender) answer the question “Which category?” or 

“What type?” and thus enables a categorization of the data. 

Continuous data can be normally or non-normally distributed; the latter follows a bell-shaped distribution 

curve (Gaussian distribution), while the former follows a skewed distribution curve. Testing normality can 

be achieved by plotting and inspecting the data manually or by using specific tests (Q-Q plot, Kolmogorov 

Smirnov test, Shapiro Wilk test). Establishing the distribution of the data will then help inform the choice of 

statistical test. For normally distributed continuous data, parametric tests such as t-tests (for comparing 

two groups) or analysis of variance (ANOVA) (for comparing multiple groups) are commonly used. For 

non-normally distributed continuous data, non-parametric tests like the Mann-Whitney U test or 

Kruskal-Wallis test are more appropriate. 

For categorical data, tests like Pearson’s chi-square test or Fisher’s exact test can be used to analyze 

contingency tables and compare proportions between groups. Survival analyses often employ a log-rank 

test or Cox proportional hazards regression for the assessment of time-to-event data. 

Advanced statistical methods, such as mixed-effects models or multivariate analyses, may be required for 

more complex study designs or data structures, such as repeated measures or hierarchical data. When 

multiple comparisons are performed (e.g., comparing multiple treatment groups to a control), it is 

essential to control for the increased risk of false positives by adjusting the significance level using 

methods such as Bonferroni correction or false discovery rate (FDR) procedures. 

Consulting with a biostatistician or using statistical software packages can aid in selecting the appropriate 

tests and ensuring their correct application and interpretation. 

 



 
 
 

 

Data Visualization 

Well-designed graphs of your collected and/or analyzed data can reveal patterns, trends, and 

relationships that may not be immediately apparent when examining raw data tables. Moreover, effective 

data visualization is essential for communicating research findings clearly and powerfully amongst peers 

and in publication journals. 

Here are some tips for effective data visualization: 

●​ Use clear and easily understood visual elements, avoiding clutter or unnecessary complexity. 

●​ Focus on the essential data and minimize distractions or irrelevant information. 

●​ Ensure that the visual representation accurately reflects the underlying data and avoids distortion 

or misrepresentation. 

●​ Choose the appropriate graph type for conveying the data. These may include: 

○​ Bar charts: Useful for comparing means or proportions between groups. 

○​ Scatter plots: Effective for visualizing relationships between two continuous variables. 

○​ Line graphs: Suitable for displaying trends or changes over time. 

○​ Box plots: Provide a concise summary of the distribution and variability of data. 

●​ When possible, ensure that the data spread or variation around the mean is captured in the figure 

(e.g., standard deviation, standard error, interquartile range). This will help convey the precision 

of the estimated means or medians. 

●​ Enhance the clarity and interpretability of graphs through careful use of colors, scales, labels, and 

legends.  

●​ Data visualization tools and software can greatly aid in creating high quality figures for publication 

purposes.  

 



 
 
 

 

Figure 6. Recommended data visualization approaches. 

 

For more detailed strategies, refer to our article on enhancing data management and analysis in in vivo 

research​. 

 

Interpreting Results and Drawing Conclusions 

Interpreting the results of your experiments and drawing appropriate conclusions requires a thorough 

understanding of the research context, the experimental design, and the statistical analyses employed. 

When assessing the statistical significance of results, it is crucial to consider not only the calculated 

p-values but also the associated effect sizes and confidence intervals. Statistically significant results do 

not necessarily translate to biological or clinical relevance, and vice versa. 

Synthesizing results across multiple experiments or endpoints can provide a more comprehensive 

understanding of the research question and strengthen the conclusions drawn. Building a coherent 

narrative that integrates the findings from various aspects of the study can enhance the impact and 

translational potential of the research. Comparing the results with previous studies, thus contextualizing 

the findings within the broader scientific landscape, will also help build an overarching narrative. 

In the interpretation process, it is also essential to consider alternative explanations or potential 

confounding factors that could influence the observed results. Ruling out competing hypotheses, 
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addressing potential limitations, and identifying areas for future investigation can increase the credibility 

and robustness of the conclusions. 

 

Dealing with Unexpected or Negative Results 
 

While unexpected or negative results can be disappointing, they are an inherent part of the scientific 

process and can provide valuable insights and opportunities for learning and growth. 

When faced with unexpected or contradictory results, it is essential to approach the situation with an open 

mind and a willingness to troubleshoot and explore potential sources of variability or error. This may 

involve: 

●​ Carefully reviewing the experimental design procedures for potential flaws or deviations. 

●​ Assessing the quality and validity of reagents, materials, or equipment used in the study. 

●​ Evaluating the appropriateness of the statistical analyses and underlying assumptions. 

●​ Considering potential confounding factors or uncontrolled variables.  

In some cases, repeating or modifying experiments may be necessary to confirm or rule out potential 

issues. Replicating studies under similar conditions can provide valuable insights into the reproducibility 

and robustness of the findings. 

Reporting negative results transparently and discussing their implications is essential for advancing 

scientific knowledge and preventing duplication of efforts. Publishing negative data can guide future 

research directions, highlight areas in need of further investigation, and contribute to a more complete 

understanding of the research topic.  

 



 
 
 

Reporting and Publishing in vivo Research 

 

Key Elements of a Scientific Manuscript 

Effective communication of research findings through well-structured scientific manuscripts is essential for 

disseminating knowledge, fostering scientific discourse, and advancing the field. A well-written manuscript 

should clearly convey the background, rationale, methods, results, and implications of the study. 

The typical structure of a scientific manuscript consists of the following sections: 

●​ Introduction: This section should provide the necessary context and background information, 

clearly identifying the knowledge gap or unmet need that the study aims to address. It should also 

state the specific research objectives or hypotheses being tested. 

●​ Methods: The methods section is a detailed, step-by-step description of the experimental 

procedures used in the study. It should be sufficiently comprehensive to enable other researchers 

to replicate the work, including information on the animal models, experimental design, 

techniques employed, data collection, and statistical analyses. 

●​ Results: This section presents the key findings of the study, typically through a combination of 

text, figures, and tables. The results should be reported objectively and clearly, without 

interpretation or speculation. Effective use of data visualization techniques can greatly enhance 

the communication of complex datasets (see Chapter 7.2). 

●​ Discussion: The discussion section provides an opportunity to interpret and contextualize the 

study's findings within the broader scientific landscape. It should address the implications of the 

results, relate them to the original research objectives or hypotheses, and discuss potential 

limitations or alternative explanations. This section should also highlight the novelty and 

significance of the work and suggest future directions for research. 

In addition to these core sections, a well-structured manuscript may include supplementary materials, 

such as additional data, protocols, or supporting information, to provide further details and enhance 

transparency. 

Many scientific journals have specific formatting requirements, style guidelines, and instructions for 

authors that should be carefully followed when preparing a manuscript for submission. These are often 

 



 
 
 

found on the journal’s website. Adhering to these guidelines can streamline the review process and 

increase the chances of acceptance. 

 

Adhering to Reporting Guidelines and Standards 
 

Aligning your article to established reporting guidelines and standards is recommended to help ensure 

that the accuracy, quality, transparency, and reproducibility expected of scientifically rigorous research is 

present across all sections of the article The ARRIVE guidelines provide a comprehensive checklist for 

reporting animal research. Following these guidelines ensures that essential information related to the 

study design, experimental procedures, animal details, statistical analyses, and ethical considerations is 

included in the manuscript. 

Transparency when publishing your findings is also crucial for establishing authorship credibility. Authors 

should disclose all relevant information, including potential conflicts of interest, funding sources, data 

sharing statements and any deviations from preregistered protocols or analysis plans. 

 

 



 
 
 

Figure 7. ARRIVE essential and recommended content for in vivo publications. Adapted from Percie du Sert et al. PLoS Biol 

2020;18:e3000410. 

 

For additional tips on publication best practice, refer to our article on how to write a great life science 

paper​. 

 

Navigating the Peer Review Process 
 

The peer review process is a critical step in the publication of scientific research driven by the journal 

through which qualified experts in the relevant field review and feedback on the quality, validity, and 

integrity of the submitted article. Embracing the peer review process as an opportunity for improvement 

and constructive criticism can ultimately strengthen the quality and impact of the published work. 

Understanding the stages and timelines of the peer review process can help authors navigate it more 

effectively. The typical process involves: 

●​ Initial submission and editorial screening: The manuscript is evaluated for adherence to 

journal guidelines, scope, and overall quality. 

●​ Peer review: If the journal is interested in the research, the manuscript will be sent to 

independent reviewers (typically 2 to 3) who are experts in the relevant field. Reviewers provide 

constructive feedback, identify potential weaknesses or limitations, and make recommendations 

before proceeding with publication. 

●​ Author revisions: Authors are given the opportunity to address the reviewers' comments and 

make necessary revisions to the manuscript within a timeframe specified by the journal. 

●​ Editorial decision: Based on the reviewers' feedback and the revised manuscript, the editor will 

make a final decision regarding acceptance, rejection, or requests for further revisions. 

Responding to reviewer comments in an open, constructive and thorough manner is crucial for successful 

publication. Authors should address each comment point-by-point, providing clear explanations, additional 

data or analyses if needed, and making revisions to the manuscript accordingly. A respectful and 
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professional tone in all correspondence regarding publication can facilitate a productive dialogue with 

reviewers and editors. 

Handling manuscript rejections is an inevitable part of the publication process. Authors should develop 

strategies for resubmitting to other journals, carefully considering the feedback from the rejecting journal 

and making appropriate revisions. Persistence and adaptability are key to successful publication. 

For additional tips on publication best practice, refer to our article on how to write a great life science 

paper​. 

 

Building a Successful in vivo Research Program 

 

Develop a Long-Term Research Strategy 

Building a successful and impactful in vivo research program requires a well-defined, long-term strategy 

that aligns with broader scientific goals and institutional priorities. A clear strategic plan can provide 

direction, focus resources, and maximize the potential for high impact discoveries and translational 

outcomes. 

Key elements of a robust research strategy may include: 

●​ Research Themes: Identify overarching research themes or areas of focus that will guide your 

program's activities. These themes should be based on current knowledge gaps, emerging 

scientific questions, or unmet clinical needs. Defining clear research themes can help establish a 

cohesive and recognizable research identity. 

●​ Institutional Alignment: Ensure that your research program's goals and objectives align with the 

strategic priorities and mission of your institution. This alignment can facilitate access to 

resources, collaboration opportunities, and support from institutional leadership. 

●​ Collaborative Networks: Foster collaborative relationships and networks with researchers from 

complementary disciplines, clinicians, industry partners, and other stakeholders. These 

collaborations can provide access to diverse expertise, resources, and perspectives, enhancing 

the breadth and impact of your research program. 
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●​ Long-term Planning: Develop a multi-year plan that outlines major research milestones, 

anticipated resource needs, and potential funding opportunities. Implementing a long-term plan 

can help ensure continuity, adapt to evolving scientific landscapes, and position your program for 

sustained success. 

●​ Regular Evaluation and Adaptation: Periodically evaluate the progress and impact of your 

research program and be prepared to adapt strategies and priorities as needed. Maintaining 

flexibility and responsiveness to new scientific developments, emerging technologies, or shifts in 

funding landscapes is essential for long-term sustainability. 

 

 

Figure 8. Elements of a successful in vivo research program. 

 

Secure Funding and Resources 

Adequate funding and access to necessary resources are critical for the success and sustainability of an 

in vivo research program. A strategic approach to funding acquisition and resource management can help 

ensure the continuity and growth of your research activities. The following tips may help secure and 

maintain funding for your research: 

 



 
 
 

●​ Identify and pursue diverse funding sources, including government grants, private foundations, 

industry collaborations, and institutional support. Diversifying funding streams can mitigate the 

impact of fluctuations in any single source and provide financial stability. 

●​ Develop compelling grant proposals that clearly articulate the scientific rationale, objectives, and 

potential impact of your research. Development of strong grant writing skills and adherence to 

funding body guidelines can increase the likelihood of securing funding. 

●​ Explore opportunities to leverage shared resources and core facilities within your institution or 

through collaborations. Access to specialized equipment, expertise, or services can enhance 

research capabilities while minimizing redundant investments. 

●​ Implement sound financial management practices to ensure responsible stewardship of research 

funds. This includes accurate budgeting, meticulous record-keeping, and compliance with funding 

agency regulations and institutional policies. 

 

Mentoring and Training the Next Generation of Researchers 

Cultivating the next generation of skilled and ethical in vivo researchers is crucial for sustaining and 

advancing the field. Effective mentorship, training programs, collaborations, and provision of a supportive 

environment can foster a pipeline of talented individuals and promote the dissemination of knowledge and 

best practices. These elements are explored further below: 

●​ Mentorship and Guidance: Provide mentorship and guidance to students, postdoctoral 

researchers, and junior faculty members. Serve as a role model, offer career advice, and support 

their professional development through constructive feedback and encouragement. 

●​ Training and Professional Development: Develop and implement comprehensive training 

programs that provide hands-on experience in essential in vivo research techniques, 

experimental design, data analysis, and ethical considerations. Structured training ensures 

consistency and quality in skill development. In addition, facilitate access to professional 

development opportunities via attendance of workshops, conferences, and networking events. 

●​ Fostering Collaboration: Encourage collaboration and teamwork among trainees, providing 

opportunities for them to learn from each other's diverse backgrounds and perspectives. This 

collaborative environment can promote cross-pollination of ideas and foster a supportive research 

culture. 

●​ Inclusive and Supportive Environment: Cultivate an inclusive and supportive research 

environment that values diversity, promotes open communication, and fosters a sense of 

 



 
 
 

belonging. Such an environment can enhance personnel well-being, productivity, and long-term 

retention in the field. 

 

Communicate Your Research to Diverse Audiences 

 

Effective communication is essential for disseminating your research, fostering collaborations, and 

maximizing the impact of your work. A strategic approach can raise the visibility of your program, attract 

potential collaborators and funding opportunities, and contribute to public understanding of your 

achievements. A successful strategic approach will involve several or all of the following activities: 

●​ Actively engage in scientific communication through publications, conference presentations, and 

participation in professional societies. Share your findings, methodologies, and insights with 

peers to contribute to the advancement of the field and foster scientific discourse. 

●​ Participate in public outreach activities, such as science fairs, public lectures, or media 

engagements, to share the significance and impact of your research with broader audiences. 

Effective science communication can promote public understanding, appreciation, and support for 

scientific research. 

●​ Leverage social media platforms and online channels to share research updates, promote 

publications, and engage with diverse audiences. A well-curated online presence can enhance 

the visibility and reach of your research program. 

●​ Seek opportunities for interdisciplinary collaborations and knowledge exchange with researchers 

from diverse fields. Cross-pollination of ideas and perspectives can spark novel insights and lead 

to innovative approaches to addressing complex research questions. 

●​ Develop tailored communication strategies for different audiences, such as policymakers, industry 

partners, or patient advocacy groups. Effectively communicating the relevance and potential 

impact of your research can foster support, collaborations, and translational opportunities.

 



 
 
 

Conclusion 

Designing and executing a successful in vivo study is a complex but achievable task that hinges on 

careful planning, methodological rigor, and ethical diligence. By starting with a well-defined hypothesis 

and understanding whether your study is exploratory or confirmatory in nature, you lay a clear roadmap 

for your experimental approach. Every element of the design – from choosing the right animal model and 

sample size to deciding how you'll measure outcomes – should align with your scientific objectives and be 

informed by thorough background research. Implementing core principles like the Three Rs ensures that 

your study meets ethical standards while often improving scientific outcomes through reduced stress and 

variability   

During execution, attention to detail and consistency is paramount. Following the protocol exactly (and 

refining it via pilot studies when needed) leads to reliable, reproducible techniques. Maintaining unbiased 

practices through randomization and blinding protects the integrity of your data, allowing the true effects 

of your intervention to emerge without confounding influences. Meanwhile, providing excellent animal 

care throughout the study not only upholds our ethical responsibility but also enhances data quality – 

healthy animals are the foundation of valid experimental results  

In vivo research can be unpredictable, and even the best-laid plans may need adjustment. However, by 

anticipating challenges (like potential complications or sources of error) and preparing for them, you can 

adapt without compromising your overall study integrity. And when you reach the end of the experiment, a 

comprehensive analysis – including necropsy and thorough data evaluation – will ensure you extract the 

maximum knowledge from your study to inform the next steps   

In summary, a successful in vivo study is one that is well-designed, ethically sound, meticulously 

executed, and critically analyzed. Such a study will yield high-quality data that advances our 

understanding of biology or medicine and stands up to peer review. By following the guidelines and best 

practices outlined in this guide, researchers can minimize pitfalls and enhance the impact of their in vivo 

experiments. Ultimately, the goal is to translate findings from the bench to the bedside efficiently and 

safely, and that journey begins with robust in vivo research. With careful design and execution, your in 

vivo studies will provide a strong and credible evidence base on the path to new treatments and 

discoveries. 
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Summary  

Designing and conducting successful in vivo studies relies on rigorous scientific methods, ethical 

principles, and effective communication and collaboration. By mastering the essential skills and best 

practices outlined in this guide, you will be well equipped to navigate the challenges and opportunities of 

in vivo research. 

It is important to remember that the ultimate goal of your in vivo research is to generate new knowledge 

that translates to improved human health. To achieve this, keep in mind the following key principles: 

 

 

 

 

 

 

 

 

 

 Always prioritize the welfare and ethical treatment of research animals 

 Strive for reproducibility, transparency, and open science in your work 

 Collaborate with others and seek out mentorship and support when needed 

 Embrace challenges and setbacks as opportunities for growth and learning 

 Communicate your findings clearly and effectively to diverse audiences 



 
 
 

The final thing to say is we wish you every success with your in vivo experiments! 
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