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Contribution of the Breadth and Depth of IACUC 
Membership to Experimental Design as a Factor 

in Research Reproducibility 

Swapna Mohan,1,* Robert W Barbee,2 and Susan B Silk1 

The IACUC comprises the key component of animal research oversight at any institution or facility and thus has the 
responsibility to review and approve proposed animal activities. As the primary oversight unit that ensures the quality of 
animal welfare and therefore contributes to overall research quality, the IACUC can support reproducibility in research by 
ensuring rigorous experimental design, standardization of care and management, and assessment of the validity of research. 
An IACUC that is constituted as required by the Animal Welfare Act and the PHS Policy incorporates a wide range of exper-
tise. Here we explore the contributions of the various IACUC members and discuss how each can help to enhance rigor and 
mitigate issues regarding irreproducibility in biomedical research involving animals. 

Abbreviations: PHS, Public Health Service 

Only a small percentage—about 11%—of investigational 
agents progress to becoming successfully licensed products 
after clinical trials.13,19 These discoveries involve extensive 
preclinical in vitro (cell lines, tissue culture) and in vivo (animal 
models) studies to validate the investigational compound and 
to move it to the next level—clinical development. The other 
89% of investigational agents fail at one of the several steps of 
preclinical testing. Many are abandoned when their effects are 
not adequately reproducible, that is, the research cannot be 
replicated in another setting or system. Although issues with 
irreproducibility affect all aspects of biomedical research, animal 
studies are especially plagued by them. The inability of many 
studies to be translated from an animal model to human systems 
or from one animal model to another fosters skepticism about 
research that uses animal models. This mistrust bolsters the 
perception that animal models are poor predictors of human 
disorders and that animal studies are major contributors to 
the extensive waste of resources accompanying irreproducible 
research.13,19,20 

Reproducibility—defned as the replication of results through 
independent experiments—can be enhanced through rigorous 
and transparent scientifc methods. The application of rigor is 
required in all stages of scientifc research—experimental de-
sign, methodology, analysis, interpretation, and reporting. The 
NIH, as the major funding agency of biomedical research in the 
United States, has put forth the Initiative to Enhance Research 
Rigor and Reproducibility, with special emphasis on research 
design and planning.8,29,27 

As the key component of animal research oversight at any 
institution or facility, the IACUC has the responsibility to ensure 
humane treatment, compliance with federal standards, and 
accountability in the use of animals in research. However, as 

members of the scientifc community as a whole, IACUC mem-
bers also have a responsibility (along with the institution and 
scientists) to promote high-quality scientifc research involving 
animals at their research institutions.36 Recent publications have 
addressed the role of IACUC in enhancing reproducibility10,37,40 

by addressing factors such as optimization of animal numbers, 
harm–beneft analysis, and ethical considerations. This area is 
where the wide range of expertise found among the members 
of an IACUC proves useful. One of the many functions of 
IACUC is to review and approve proposed animal activities, 
which includes the ability to require protocol modifcations 
from researchers. Here we discuss ways in which the various 
IACUC members can contribute to this review and ensure rigor 
in the experimental design. 

IACUC Membership and Contribution 
to Research Success 

The Public Health Service (PHS) Policy on Humane Care and Use 
of Laboratory Animals (PHS Policy) instructs in section IV.A.3.b. 
(1)-(4) that “The committee shall consist of no fewer than fve 
members, and shall include at least: 

(1) one Doctor of Veterinary Medicine, with training or experi-
ence in laboratory animal science and medicine, who has 
direct or delegated program authority and responsibility 
for activities involving animals at the institution; 

(2) one practicing scientist experienced in research involving 
animals; 

(3) one member whose primary concerns are in a nonscien-
tifc area (for example, ethicist, lawyer, and member of 
the clergy); and 

(4) “one individual who is not affliated with the institution 
in any way other than as a member of the IACUC, and is 
not a member of the immediate family of a person who 
is affliated with the institution.”32 

Received: 12 Sept 2017. Revision requested: 19 Oct 2017. Accepted: 20 Nov 2017. The PHS Policy then goes on to say (in IV.A.3.c.) that “An 
1Offce of Laboratory Animal Welfare, National Institutes of Health, Bethesda, Maryland; individual who meets the requirements of more than one of the 
and 2Offce of Research and Innovation, Virginia Commonwealth University, Richmond, 

categories … may fulfll more than one requirement. However, Virginia 
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requirement ensures that each IACUC is a unit composed of a 
variety of experts, and therefore, contributes a unique advan-
tage to the institutional culture. An IACUC at an institution can 
contribute to the management of conficts of interest, compliance 
with federal standards, promotion of good research practices, 
and facilitate training, in addition to its role in ensuring excel-
lent animal welfare. 

The US Government Principles for the Utilization and Care of 
Vertebrate Animals Used in Testing, Research, and Training (US 
Government Principles)31 mandates that “Procedures involving 
animals should be designed and performed with due con-
sideration of their relevance to human or animal health, the 
advancement of knowledge, or the good of society.” The US 
Government Principles also states that “The animals selected for 
a procedure should be of an appropriate species and quality 
and the minimum number required to obtain valid results.”31 

Knowledge is advanced by studies that are both rigorously 
designed and reproducible in various settings. Moreover, the 
quality and validity of a study depend, in part, on robust ex-
perimental design, methodology, and consistency in its planning 
and execution. These features mean that, in addition to animal 
welfare, the IACUC has some authority to review the scientifc 
merit and quality of a study. The US Government Principles calls 
for an evaluation of the relevance of a procedure to human or 
animal health, the advancement of knowledge, or the good of 
society. In addition, the PHS Policy uses language such as “con-
sistent with sound research design,” “rationale for involving 
animals,” and “in the conduct of scientifcally valuable research” 
when describing the review of proposals by the IACUC (sections 
IV.C. I and IV.D. 1.)26,32,31 Although an IACUC is not required to 
assess the scientifc quality of research projects, it must ensure 
that animals are not used needlessly in nonproductive research. 
Thus weighing the scientifc quality of a proposal has the beneft 
of promoting good practices, which can lead to reproducible 
results, in addition to improved animal welfare. 

Limitations of Animal Research 
The unpredictability of the translation of animal research 

to human clinical trials has been attributed to various factors, 
including publication bias (negative results omitted),39 poor 
study design and methodology,20 environmental variables,7 and 
the inability of animal models to adequately replicate human 
physiology and disease processes.33 Some of this variability is 
due to unknown or uncontrolled biologic variables, and other 
variables might be introduced as a result of suboptimal or det-
rimental research practices.23,37 Figure 1 summarizes the most 
common limitations of animal research that can lead to issues 
regarding experimental reproducibility. 

Although unintentional, partiality in research reporting can 
be introduced due to the pressure to publish novel and exciting 
results. Negative or neutral results often may be underreported 
or ignored in favor of those that support the scientifc hypothesis 
of the study.1 A 2010 study on stroke research in animal models 
revealed signifcant overstatement of the effcacy of several inter-
ventions due to publication bias.34 Although prevalent in almost 
all areas of preclinical biomedical research, the effect of such bias 
in animal research is compounded by the lack of standardization 
in reporting animal studies.38 In 2010, the UK National Centre 
for the Replacement, Refnement, and Reduction of Animals in 
Research (NC3Rs) proposed the ARRIVE guidelines (Animals 
in Research: Reporting In Vivo Experiments) for reporting pre-
clinical animal research. These guidelines include suggestions 
regarding statistical assessment, the disclosure of unexpected 
outcomes, and checklists for variables that should be addressed 

in scientifc reports.18 The scientifc community is beginning 
to embrace these and other guidelines to standardize research 
reporting and to eliminate bias. 

In addition, lack of standardization affects study design, 
methodology, and analysis. For example, the ALS Therapy De-
velopment Institute reported that rigorous retesting of many of 
the published potential treatments for amyotrophic lateral sclero-
sis failed to replicate the published results.34 Such discrepancies 
were attributed to sex-associated bias, clustering within litters, 
and censoring criteria that signifcantly increased ‘noise’ or 
confounding variables within the results.34,38 The recommenda-
tions by ALS TDI for improving preclinical study design were to 
redefne the criteria for analyzing study results, identifying and 
discarding outliers, normalizing for the sex of animal subjects, 
assigning animals to study groups in a way to prevent clustering 
of siblings, and to track genes that may not be inherited reliably. 
These and other studies demonstrate the importance of careful 
planning, characterization, and establishment of standards and 
guidelines for study design and reporting. 

The standardization of resources and methodology are im-
portant factors to consider when dealing with issues regarding 
reproducibility. This standardization involves using established 
biologic and chemical resources such as reagents, cell lines, and 
antibodies. Treatment regimens are another, often overlooked, 
part of standardization of resources and methodology. Both the 
persistence of pain and the various analgesics used to treat pain 
can affect research outcomes signifcantly.5 Publication guide-
lines that focus on potential sources of bias should also address 
the potential for pain and pain relief to introduce reproducibility 
issues in the studies. 

However, even with careful planning and execution of ex-
periments, variability in environmental factors can affect the 
reproducibility of animal research. For example, some studies 
report variation in results when environmental temperatures 
are altered.14 Even a mild reduction in temperatures can signif-
cantly bias conclusions14 drawn from studies in murine models 
of human diseases, such as obesity, cardiovascular disorders, 
infammation, and cancer. 

Nutrition is another major factor that contributes to vari-
ability in animal research. Investigators assume that standard 
animal feeds from commercial sources are uniform in their 
content. However, individual components of an animal’s diet 
can affect experimental endpoints. For example, variation in 
favonoid content and quality between batches of commercial 
mouse chow can introduce variables in cancer studies.17 In ad-
dition, increasing evidence indicates that the gut microbiome 
plays a vital role in phenotype development in commonly used 
laboratory mice.9 The gut microbiome in these animals can vary 
depending on the vendor or batch of mouse chow fed to them. 

However, even when all environmental deviations are 
minimized so that animal models are exposed to optimal environ-
mental conditions, differences in basic physiology remain to be 
considered. Although animal models provide analogous systems 
to understand disease progression, drug effects, and molecular 
mechanisms, it is important to consider the extent to which 
physiologic information is transferable between animal models 
and translatable to humans. Incomplete or inaccurate validation 
of animal models can reduce this transferability. For example, a 
species with apparently high validity (similarity in biology and 
disease symptoms) might not provide an accurate prediction of 
clinical effects, due to differences in disease mechanisms. 
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Figure 1. Common limitations of animal research that can lead to poor experimental reproducibility. 

How Can the IACUC Help? 
Poorly controlled or unknown variability can degrade the 

standard and quality of scientifc research. In addition to ensuring 
high-quality animal care, the IACUC can ensure high standard 
of animal research at their institutions by providing appropri-
ate guidance for design, documentation, and consistency in 
animal research.40 

In June 2015, NIH issued a Guide Notice addressing the 
use of rigor and transparency to increase reproducibility in 
research.27 To enhance reproducibility in scientifc research, 4 
major areas were identifed, and applicants are asked to ap-
propriately address each area in their grant proposals. These 
areas are: 1) the scientifc premise of the proposed research; 2) 
rigorous experimental design for robust and unbiased results; 
3) consideration of relevant biologic variables; and 4) authen-
tication of key biologic and chemical resources. Consideration 
of these key areas is designed to help with the assessment and 
replication of results, both before and after publication. To ad-
dress these areas, the feld of preclinical research is adopting 
several practices, such as standardization of research practices 
(for example, using standard operating procedures or publicly 
accessible protocols for experiments), and establishing report-
ing guidelines (for example, the inclusion of pain and stress 
relief and management in the Methods section of publications). 
However, the burden of considering and addressing these areas 
of research should not fall on the scientists alone. The IACUC 
can contribute greatly to the planning and implementation of 
research involving animals as they help maintain the rigor and 
transparency standards of the institution. 

Although the primary focus of protocol reviews by the 
IACUC has been humane use of animals, application of the 3Rs, 
and minimization of pain and distress in animals, IACUC also 
have the authority to evaluate scientifc elements of the protocol 
that pertain to the use of animals in research. The Guide for the 
Care and Use of Laboratory Animals (the Guide) offers the follow-
ing guidance on scientifc merit review by the IACUC: “… the 
committee members should evaluate scientifc elements of the 
protocol as they relate to the welfare and use of the animals. 

For example, hypothesis testing, sample size, group numbers, 
and adequacy of controls can relate directly to the prevention of 
unnecessary animal use or duplication of experiments.”15 The 
Guide goes on to say that “in the absence of evidence of a formal 
scientifc merit review, the IACUC may consider conducting or 
requesting such a review” and that the IACUC may seek “… 
input from outside experts …” when necessary.15,35 

These provisions do not mean that the IACUC is expected to 
perform scientifc reviews of the same depth as those performed 
by peer-review committees for grant proposals. Nor do they 
mean that the protocol review process should be made more 
burdensome to the IACUC by adding more tasks. Instead, better 
delineation and understanding of the roles of IACUC members 
would ensure that members are fulflling their individual roles 
in the most effcient way. The IACUC chair can ensure that 
concerns of all members—including those members who are 
not well versed in the scientifc process—are heard and ad-
equately addressed.35 Similarly, the Institutional Offcial (IO) 
may provide guidance on the bigger goals of the institution in 
maintaining rigor and reproducibility in its scientifc research. 
Figure 2 explores some of the possible contributions of each 
IACUC member category toward reproducibility in research. 

Role of the Veterinarian 
The veterinarian has a vital role in the planning and im-

plementation of research studies. When included early in the 
planning stage, as required in the Animal Welfare Act Regula-
tions for pain category D or E procedures2 and the Guide,15 the 
veterinarian can provide advice on choice of animal models, 
any physiologic parameters that might infuence the study, 
and the establishment of behavioral indicators. In addition, 
the veterinarian can provide guidance on husbandry practices 
and other factors (for example, treatment regimens) that might 
affect experiments so that the researcher can plan accordingly. 

For example, veterinarians are expected to help assess and 
monitor the pain management strategy for animal studies. 
Although pain relief might primarily be seen as an aspect of 
animal welfare, studies show the important roles pain and pain 
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Figure 2. Potential roles of IACUC members regarding enhancing the reproducibility of research during research design. Overall, IACUC pro-
vide guidance during the planning and design of animal experiments. 

management in experimental reproducibility. Because different 
analgesics affect research outcomes differently, some scientists 
assume that removing this variable entirely will help to standardize 
experiments.6 However, untreated pain is a stressor that can 
affect the immune system, behavior, body condition score, and 
metabolism. The veterinarian might be able to eliminate some 
of these potential effects on data by standardizing care and 
treatment regimens, introducing better methods of handling 
and restraint to reduce anxiety,12 and training investigators 
regarding behavioral indicators (for example, grimace scales) to 
manage pain in animals.21,22 Furthermore, these indicators can 
help with the establishment of humane experimental endpoints. 
The establishment and application of consistent endpoints are 
key to successfully replicating a study.40 While formulating 
and defning endpoints, the veterinarian and researchers can 
work together to ensure alleviation of pain and distress and to 
chart clinical observations that defne scientifcally appropriate 
endpoints.30 

In addition, the veterinarian can provide guidance on species-
appropriate enrichment within research facilities. Published 
studies on animal housing enrichment demonstrate that provi-
sion of enrichment not only enhances animal welfare but also 
positively infuences experimental validity and reproducibility.4 

Veterinarians’ understanding of biology and behavior (as well 
as factors such as temperature, feed, and so forth, as discussed 
earlier) ensures that the enrichment methods are standardized 
to reduce variability, particularly in studies with behavioral 
components.41 

Finally, the veterinarian is in a position to assess investiga-
tors’ skill sets and to provide appropriate training regarding 
techniques of surgical manipulation, asepsis, and pain relief. 
Addressing these aspects helps to maintain consistency in 
procedures and to maximize reproducibility.15,40 

Role of the Scientist 
A 2015 workshop of the Institute for Laboratory Animal 

Research offered guidance on combating irreproducibility 
in animal research. Some of the measures proposed, such as 
randomization and blinded assessment of outcomes,24 can be 
suggested by the IACUC scientists, when appropriate, during 
evaluation of research protocols. 

Scientifc members on the IACUC can provide input on ex-
perimental variables (for example, sample size determination, 
the use of controls), husbandry issues that might infuence 
research (for example, noise, vibration, and single compared 
with social housing), and refnement measures (for example, 
less invasive procedures and interventions), and whether 
these measures are likely to affect the scientifc validity of the 
experiment. The Guide requires consideration of “the avail-
ability and appropriateness of less invasive procedures.”15 

This aspect of refnement can have signifcant effects on study 
outcomes, given that pain from invasive procedures can af-
fect immune function, metabolism, food intake, behavior, and 
general physiology.5 

Because they are most familiar with the resources present at 
their institutions, scientists on the IACUC can help implement 
measures such as standardization of key biologic and chemical 
resources, including cell lines, specialty chemicals, antibod-
ies, pharmaceutical products, and other biologics. From their 
experience, scientist IACUC members will be able to establish 
acceptable performance-based criteria and tests for the analysis 
of experimental observations and results; these criteria and tests, 
in turn, will help to improve study design. 

Role of the Nonscientist or Nonaffliated 
Member 

The nonaffiliated and nonscientist member(s) serve the 
necessary function of introducing the community or public 
perspective on animal welfare and research. The PHS Policy 
(section IV.A.3.b (3, 4)) describes the nonaffliated member 
as an “individual who is not affliated with the institution in 
any way other than as a member of the IACUC, and is not a 
member of the immediate family of a person who is affliated 
with the institution;” the nonscientifc member is an individual 
“whose primary concerns are in a nonscientifc area.”32 The 
Animal Care Resource Guide defnes the nonaffliated member as 
someone who “provide representation for general community 
interests in the proper care and treatment of animals.”3 There-
fore, the participation of these members as impartial public 
representatives ensures transparency in all IACUC functions. 
In addition, nonscientifc and nonaffliated IACUC members 
can ensure that the descriptions of proposed animal activities 
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are complete and understandable to everyone, by requesting 
the use of nonscientifc language.35 In the context of their role 
of providing community input, nonscientifc and nonaffliated 
IACUC members can encourage the debate toward reproduc-
ibility and better experimental rigor. 

Statistical Assistance 
The Guide states that for protocol review by the IACUC “… 

the number of animals and experimental group sizes should be 
statistically justifed (e.g., provision of a power analysis).” The 
purpose of a statistical justifcation during IACUC reviews is 
to reduce the number of animals to the fewest needed to obtain 
statistically signifcant data, to refne animal care and use to 
minimize pain and distress, and to enhance animal wellbe-
ing.15 However, the IACUC often is expected to fnd a balance 
when making this decision: requirement of repetitions of a 
study to prove its validity and reproducibility and, simultane-
ously, prevention of unnecessary animal use or duplication of 
experiments. 

Although the IACUC is not required to provide statistical con-
sultation for ensuring research rigor, it is nevertheless helpful 
to have members with statistical experience on the committee; 
these members then might be able to assist with the rigor and 
reproducibility strategy that increasing numbers of journals seek 
in submitted manuscripts. Multiple publications suggest that 
improved statistical design is needed to optimize the design, 
conduct, and analysis of studies.11,16 

Role of the Institutional Offcial 
The preamble to the US Government Principles states: “When-

ever US Government agencies … perform or sponsor such 
procedures [involving the use of vertebrate animals]; the re-
sponsible Institutional Offcial shall ensure that these principles 
are adhered to.”31 

The Institutional Offcial has the responsibility to ensure 
a high standard of animal care and use at his or her institu-
tion and to promote a culture of good scientifc practices and 
compliance. The Institutional Offcial can set the standard for 
larger goals of institutional rigor and support the IACUC in 
addressing reproducibility during study design and planning. 
And fnally, the Institutional Offcial can support the establish-
ment of a high-functioning IACUC at his or her institution. 
The PHS Policy states that “the Chief Executive Offcer [of the 
research institution] shall appoint an … IACUC.” (PHS Policy 
IV.A.3 (a)) By appointing appropriate members to the IACUC, 
the Institutional Offcial can ensure that the scientifc breadth 
and depth within the IACUC is congruent with the types of 
live-animal procedures performed at the institution. Having 
a diverse IACUC becomes increasingly relevant as the global 
research environment becomes more complex.23 

Conclusions 
Valid, reproducible data from animal research are inseparably 

linked to standardization of care and use of animals and high 
animal welfare. Animals experiencing stress, boredom, and 
anxiety may yield unreliable data. The ultimate goal of preclini-
cal animal research is to apply our understanding of biologic 
systems to other species, particularly humans. When the results 
obtained from animal research are not translatable to humans, 
then ethically justifying the use of animals in research becomes 
increasingly diffcult. The IACUC’s primary responsibility is to 
ensure humane care and use of research animals. The IACUC is 
in a unique position to assess proposed research and evaluate 
the merit of each study as it pertains to the 3Rs. Keeping scien-

tifc rigor and reproducibility in mind when evaluating studies 
would hold the institution’s research to higher standards, in 
addition to ensuring a high level of animal welfare. 

As part of its ongoing efforts regarding scientifc rigor and 
reproducibility, NIH has a helpful resource for IACUCs regard-
ing the evaluation of rigor and reproducibility both in new grant 
applications (for IACUC approval) and ongoing protocols.28 

Relevant topics include the consideration of biologic variables 
such as sex and age and authentication of key resources. Finally, 
some institutes are now funding training efforts that address 
scientifc reproducibility and rigor.25 

Biomedical research uses animal models to investigate highly 
complex biologic systems. However, this complexity introduces 
variables. Variability that is poorly understood, combined with 
suboptimal research practices such as fawed experimental plan-
ning, inadequate controls, and insuffcient standardization of 
resources, can contribute to irreproducibility. In turn, these def-
ciencies can make animals poor predictors of human physiologic 
processes. The issue of experimental irreproducibility concerns 
the entire scientifc community—researchers, institutions, fed-
eral agencies, professional associations, and publishers. As part 
of the trio (that is, oversight board, institution, and researcher) 
that ensures the quality of animal research at an institution, 
IACUC can support reproducibility in research by educating 
researchers—and IACUC members themselves—regarding 
rigorous experimental design, standardization of resources, 
and assessment of the validity of research data. 
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