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Abstract
Animal trials can enhance research quality and efficiency in various fields, but have limited usage for clinical trials due to rights 
and regulations. This can impact the rate, trend, and outcome of gastro-hepatological insights. How has the trend in finding novel 
remedies for gastrointestinal diseases evolved over the years up until now? This article comprehensively examines how policies 
and animal trials have affected the shift and evolution of de novo treatment for gastroenterology. It delves and deepens insights 
into how resources, accessibility, and availability of unrestricted ethics have positively influenced the gradient with aid and 
supplementation via interventions, such as the 3D scans and experiments that predict therapeutic benefits and measures.
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1. Introduction
Gastroenterological research in animals plays a crucial role 
in understanding digestive diseases and developing internal 
treatments that can be translated to human medicine. Animal 
models, particularly large animals like ruminants, offer significant 
advantages due to their physiological similarities to humans. 
This research area faces ethical considerations and challenges 
in ensuring the relevance and applicability of research outcomes 
to human conditions. Animal trials are being used to guide 
gastroenterological research, but their ability to predict human 
outcomes is limited, and improved reporting and evaluation 
methods are needed. Evidence summaries and ratings of clinical 
practice and outcome can be used to support decisions on the 
utility of animals for further experimentation and selection of 
interventions with the best therapeutic potential to be tested in 
clinical trials [1]. A study addressed adverse effect of animal trials 
cum success rate post trials for clinical test and usage. An increase 

in the failure rate of innovative therapy for drugs and health was 
attributed to wrong decisions made from the results of animal 
trials, with 21% toxicity failures attributed to hepatic research [2]. 
Another study and school of thought found that animal studies 
did not provide unequivocal evidence to substantiate the decision 
to conduct clinical trials, judging that the methodological quality 
of animal studies was poor, not conducted simultaneously rather 
sequentially [3]. How have animal trials evolved over the years 
with an impact on gastroenterological research? Randomization 
has been established as a cornerstone of clinical trial methodology, 
yet the ethics of randomization continue to generate controversy. 
Ethical intervention may reduce decisional conflict, improve 
patient involvement, and enhance quality of life [4]. Take, for 
instance, the issue of the pandemic; pandemics do not justify 
lowering scientific standards, as they intensify the responsibility 
for researchers to maintain high standards to advance health care 
[5].
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The ethics of research in humanitarian crises require carefully 
considering unique factors such as vulnerable populations, 
contextual challenges, and community engagement. Moreover, 
ethical dilemmas faced by healthcare professionals include 

balancing limited resources, prioritizing treatment, and balancing 
patient needs. Ethical issues require further investigation and 
guidance to optimize patient care, reduce financial burden, and 
protect vulnerable groups.

trials, with 21% toxicity failures attributed to hepatic research (Van Norman,2019). Another study 

and school of thought found that animal studies did not provide unequivocal evidence to 

substantiate the decision to conduct clinical trials, judging that the methodological quality of 

animal studies was poor, not conducted simultaneously rather sequentially (Pound et al., 2004). 

How have animal trials evolved over the years with an impact on gastroenterological research? 

Randomization has been established as a cornerstone of clinical trial methodology, yet the ethics 

of randomization continue to generate controversy. Ethical intervention may reduce decisional 

conflict, improve patient involvement, and enhance quality of life (Schildmann et al., 2017). 

Take, for instance, the issue of the pandemic; pandemics do not justify lowering scientific 

standards, as they intensify the responsibility for researchers to maintain high standards to 

advance health care (London and Kimmelman, 2020). 

The ethics of research in humanitarian crises require carefully considering unique factors such as 

vulnerable populations, contextual challenges, and community engagement. Moreover, ethical 

dilemmas faced by healthcare professionals include balancing limited resources, prioritizing 

treatment, and balancing patient needs. Ethical issues require further investigation and guidance to 

optimize patient care, reduce financial burden, and protect vulnerable groups. 

 
Figure 1: Diagram illustrating how animal trials impact Gastroenterological research. Figure 1: Diagram illustrating how animal trials impact gastroenterological research

2. Materials and Methods
Data was retrieved from the National Institute of Health, Sladen 
Library, and PubMed Database. A comprehensive review of 
articles, systematic reviews, and data within 10 years (2015 to date) 
was used for this study. Specific articles (6) cited below the decade 
gap are instrumental. Any article not within the set standards of the 
timeline was discarded.

3. Results
3.1 How have animal trials evolved over the years to direct 
research in gastro-hepatology?
Retracing to the precolonial period when animals were killed and 
prosecuted for executions of the past centuries ago, we continue 
to use and punish animals for crimes against human beings 
[6]. Gergin argued that we do this to maintain order and the 
achievement of revenge, and concluded that a call for a renewed 
emphasis on “due process” resulted in what is known as ethics for 
animal trials. MacGregor explored compelling and specific cases 
from the so-called “medieval animal trials” in which animals were 
accused and sentenced for harming persons or property [7]. A 
close examination revealed that the trials share several features, 
which not only highlight the importance of following certain 
legal procedures but also place the animal and its actions into 
pre-existing legal categories. By treating the animal as a criminal, 

these records provide a window into the medieval story of legal 
personhood and fluidity of its borders, while also challenging the 
history of the human-animal relation as one built on difference and 
inferiority.

The story of animal trials in gastro-hepatology is one of continuous 
refinement and adaptation, mirroring the broader evolution of 
biomedical research. In the early days, animal experimentation 
was largely exploratory. Researchers used animals to gain 
foundational insights into anatomy and physiology, often without 
a clear understanding of how these findings would translate to 
human health. These early investigations, while crude by modern 
standards, laid the groundwork for the systematic study of 
gastrointestinal and liver diseases.

As the 20th century progressed, animal models became more 
sophisticated and disease-specific. Scientists began to recognize 
that certain animals could be used to mimic the pathophysiology 
of human liver and gastrointestinal disorders. Rodents, particularly 
mice and rats, emerged as the workhorses of gastro-hepatology 
research. By exposing these animals to specific chemicals, altering 
their diets, or manipulating their genes, researchers were able 
to induce conditions such as liver fibrosis, steatohepatitis, and 
cirrhosis—diseases that closely resemble those seen in human 
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patients. These models allowed for the detailed study of disease 
mechanisms and the testing of potential therapies in a controlled 
environment.

However, as our understanding of these diseases deepened, so 
too did the realization that rodent models, while invaluable, had 
limitations. Rodents differ from humans in significant anatomical, 
physiological, and metabolic ways, which can sometimes lead to 
discrepancies between animal and human responses to disease 
and treatment. This recognition prompted a shift toward the use 
of larger animal models, such as pigs, whose gastrointestinal tracts 
and liver functions more closely mirror those of humans. These 
large animal models have proven especially useful for developing 
and refining surgical and endoscopic techniques, as well as for 
studying complex disease processes in a setting that is more 
directly relevant to human medicine.

The advent of genetic engineering marked another transformative 
leap. With the ability to create transgenic and knockout animals, 
researchers could now investigate the roles of specific genes and 
molecular pathways in the development and progression of gastro-
hepatological diseases. This level of precision has led to important 
discoveries about the underlying causes of conditions like non-
alcoholic fatty liver disease and inflammatory bowel disease, and 
has opened the door to targeted therapies. In recent years, the 
development of “humanized” animal models has further bridged 
the gap between preclinical research and clinical application. By 
transplanting human cells or tissues into animals, most commonly 
mice, scientists have created models that more accurately predict 
human responses to drugs and disease. This approach has been 
particularly valuable in identifying potential toxicities that might 
not be apparent in traditional animal models, as was the case with 
the antiviral drug fialuridine, which caused fatal liver failure in 
humans despite appearing safe in conventional animal testing. 
Alongside these scientific advances, there has been a growing 

emphasis on standardization and reproducibility in animal research. 
Efforts are underway to harmonize the nomenclature, dietary 
protocols, and experimental designs used in gastro-hepatology 
studies, ensuring that findings are robust and comparable across 
different laboratories and research groups.

Reynolds, 2012, in his article “Twenty Years After: Do animal trials 
inform clinical resuscitation research? Stated that although impact 
has culminated from the use of animals to direct research, due to 
physiological differences and certain limitations associated with 
the use of animal trials, there are high translational failure rates 
[8]. Attributed factors pointed out were a lack of standardization, 
poor reporting, and inadequate modelling of human diseases.

Despite these challenges, animal trials have greatly influenced 
clinical trials for instance in Pig models showing potential benefit 
for liver cancer research due to its similarity to human beings [9]. 
Equally, inflammatory bowel diseases have rapidly evolved over 
the last 5 years, focusing on novel therapies, optimizing existing 
treatment approaches, and population health management [10]. 
Toxicity caused by specie differences is an attributed factor why 
most clinical trials are not successful, with 21% of toxicity reported 
in hepatological research [2,9]. Animal studies are poor predictors 
of human toxicity in health research, leading to delays, high cost, 
and potential harm to human subjects.

In summary, the evolution of animal trials in gastro-hepatology 
reflects a broader trend toward greater precision, relevance, and 
ethical responsibility in biomedical research. From basic anatomical 
studies to complex, genetically engineered and humanized models, 
animal research continues to direct and inform the search for a 
better understanding and treatment of gastrointestinal and liver 
diseases, always striving to bring laboratory discoveries closer to 
real-world clinical solutions.

 
Figure 2: image illustrating how the toxicity of animal trials can influence clinical trials and the 

usage of medical innovation. 

 

 

Ethical Considerations in Gastro-Hepatology Animal Research 

Animal models are central to gastro-hepatology research, primarily because of their biological, 

physiological, and genetic similarities to humans, which enable scientists to investigate complex 

disease mechanisms, simulate human pathological conditions, and evaluate potential therapies in 

ways that is not feasible in human subjects (Perlman, 2016; Hylander et al., 2022). Mice, for 

instance, share over 98% of their DNA with humans, making them especially valuable for 

modeling disease progression and evaluating treatment effects across lifespans and generations 

(Breschi et al., 2017). Their relatively short life cycles, ease of genetic manipulation, and cost-

effectiveness further enhance their utility for longitudinal studies that track disease progression 

across developmental stages and generations (Breschi et al., 2017). In addition to rodents, other 

monogastric animals such as pigs and rabbits are frequently employed for their anatomical and 

metabolic similarities to human digestive systems, which allow for more accurate modeling of 

nutrient absorption, microbial dynamics, and drug metabolism (Choi et al., 2021; Adhish and 

Manjubala, 2023). Zebrafish, with their transparent embryos and rapid development, have also 

become valuable tools for high-throughput screening of hepatotoxic agents and for visualizing 

real-time cellular responses in digestive tissues (Adhish and Manjubala, 2023). More importantly, 

animal models serve as safety buffers in translational research by helping researchers identify 

Figure 2: image illustrating how the toxicity of animal trials can influence clinical trials and the usage of medical innovation
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3.2 Ethical Considerations in Gastro-Hepatology Animal 
Research
Animal models are central to gastro-hepatology research, primarily 
because of their biological, physiological, and genetic similarities 
to humans, which enable scientists to investigate complex disease 
mechanisms, simulate human pathological conditions, and evaluate 
potential therapies in ways that is not feasible in human subjects 
[11,12]. Mice, for instance, share over 98% of their DNA with 
humans, making them especially valuable for modeling disease 
progression and evaluating treatment effects across lifespans and 
generations [13]. Their relatively short life cycles, ease of genetic 
manipulation, and cost-effectiveness further enhance their utility 
for longitudinal studies that track disease progression across 
developmental stages and generations [13]. In addition to rodents, 
other monogastric animals such as pigs and rabbits are frequently 
employed for their anatomical and metabolic similarities to human 
digestive systems, which allow for more accurate modeling of 
nutrient absorption, microbial dynamics, and drug metabolism 
[14,15]. Zebrafish, with their transparent embryos and rapid 
development, have also become valuable tools for high-throughput 
screening of hepatotoxic agents and for visualizing real-time 
cellular responses in digestive tissues [15]. More importantly, 
animal models serve as safety buffers in translational research by 
helping researchers identify potential toxicities and therapeutic 
thresholds before proceeding to human clinical trials [12]. 

This early-phase testing protects human participants from 
unforeseen adverse effects and helps to minimize the ethical risks 
associated with first-in-human studies. Additionally, animal models 
enhance experimental control and reproducibility by enabling 
researchers to isolate specific variables, replicate pathological 
conditions, and systematically refine therapeutic interventions. 
Such precision would be difficult, if not impossible, to achieve in 
human populations due to inherent ethical constraints, logistical 
challenges, and biological heterogeneity [16]. Despite the known 
benefits of animal models in biomedical research, their use raises 
significant ethical considerations that have led to the development 
of frameworks that guide ethical practices. Foremost among 
these is the “Three Rs” principle—Replacement, Reduction, and 
Refinement—introduced by Russell and Burch in 1959 [17,18]. 
Replacement involves substituting animal models with alternative 
methods such as in vitro cell cultures, organoids, and computer 
simulations, which offer valuable insights without the ethical 
burdens associated with live animal use [18]. Reduction focuses 
on minimizing the number of animals used in research by applying 
robust experimental designs and appropriate statistical methods 
[19,20]. Refinement entails modifying procedures to minimize 
pain, distress, or lasting harm through improved techniques, 
housing, and care [20,21]. To enforce these principles, Institutional 
Animal Care and Use Committees (IACUCs) or their equivalents 

rigorously review all animal research protocols before approval 
[22]. 

Certain animal models, such as piglets and non-human primates, 
face even stricter ethical scrutiny due to their higher cognitive 
abilities, social complexity, and physiological similarities to 
humans. Studies involving these animals often require strong 
scientific justification and are subject to additional oversight, 
including more frequent welfare checks and post-experiment 
monitoring [23,24]. Furthermore, some interventions - such as 
inducing severe disease states or performing invasive surgeries 
- demand comprehensive pain management plans and humane 
endpoints to prevent unnecessary suffering [21]. Moreover, 
ethical concerns are further complicated by scientific uncertainties 
about the translational relevance of certain animal models. Some 
researchers argue that animal studies are not always reliable 
predictors of drug toxicity or efficacy in humans, partly due to 
species-specific differences in physiology, metabolism, and 
immune responses [2]. For example, drugs that are well-tolerated 
in rodents may trigger adverse immune reactions in humans, 
while compounds that appear toxic in animals may prove safe 
and effective in clinical settings. Such discrepancies raise critical 
questions about the necessity and limitations of animal testing in 
the drug development pipeline. These concerns have prompted 
increased interest in integrating human-based in vitro methods, 
computational biology, and ethically sourced human tissues into 
mainstream research [25]. As science continues to progress, there 
is a growing focus on aligning ethical responsibility with scientific 
innovation, as this will help create a future where only models that 
are both humane and predictive of human health are considered in 
animal research.

In support of this evolving landscape, ethical frameworks remain 
foundational to scientific research. They ensure the protection 
of the rights and welfare of both animal and human participants, 
while also safeguarding vulnerable populations from potential 
exploitation [26]. They serve not only as regulatory mechanisms but 
also as moral compasses that align research practices with broader 
societal values. By promoting transparency, accountability, and 
fairness, they reinforce public trust in the scientific enterprise and 
contribute to the overall integrity of research. Furthermore, scholars 
have emphasized the intrinsic connection between adherence to 
ethical principles and the broader concept of research integrity 
[27]. A failure to comply with established ethical guidelines often 
signals deeper issues related to a researcher’s commitment to 
integrity, as ethical compliance is a key component of responsible 
conduct in research [27]. In this sense, ethical lapses do not merely 
constitute procedural violations but fundamentally undermine the 
credibility, reliability, and societal value of scientific inquiry.
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Conceptual model by Muthanna et al. (2023) illustrating the interrelationship between research 

ethics and research integrity 

However, the additional layers of oversight, documentation, and training can increase the 

logistical complexity and cost of conducting research, potentially slowing the pace of scientific 

discovery. National and international regulations often require researchers to justify animal use, 

minimize suffering, and seek alternatives, which can extend the time and resources needed to 

initiate and conduct studies (Fondi, 2023). Restrictions on experiment duration or the use of 

certain procedures may limit the scope of research, sometimes preventing the use of the most 

clinically relevant models or interventions. These regulatory requirements, enforced by 

multidisciplinary ethics committees and guided by principles such as the 3Rs, can result in 

additional reviews and modifications to research protocols, occasionally leading to delays or the 

need to redesign studies (Smith 2020). In some cases, stringent ethical constraints may result in 

underpowered studies or limit innovation, as researchers are forced to compromise on 

experimental design to meet regulatory requirements, which can affect the generalizability and 

applicability of findings. 

A way forward lies in striking a careful balance between ethical rigor and scientific progress. 

Ethical review boards should continue to enforce high standards for participant protection and 

research integrity, but also engage in open dialogue with researchers to ensure that regulations are 

evidence-based, flexible, and responsive to advances in methodology and technology. 

Conceptual model by Muthanna et al. illustrating the 
interrelationship between research ethics and research integrity 
[27].

However, the additional layers of oversight, documentation, 
and training can increase the logistical complexity and cost of 
conducting research, potentially slowing the pace of scientific 
discovery. National and international regulations often require 
researchers to justify animal use, minimize suffering, and seek 
alternatives, which can extend the time and resources needed 
to initiate and conduct studies [28]. Restrictions on experiment 
duration or the use of certain procedures may limit the scope of 
research, sometimes preventing the use of the most clinically 
relevant models or interventions. These regulatory requirements, 
enforced by multidisciplinary ethics committees and guided by 
principles such as the 3Rs, can result in additional reviews and 
modifications to research protocols, occasionally leading to delays 
or the need to redesign studies [20]. In some cases, stringent ethical 
constraints may result in underpowered studies or limit innovation, 
as researchers are forced to compromise on experimental design to 
meet regulatory requirements, which can affect the generalizability 
and applicability of findings.

A way forward lies in striking a careful balance between ethical 
rigor and scientific progress. Ethical review boards should 
continue to enforce high standards for participant protection 
and research integrity, but also engage in open dialogue with 
researchers to ensure that regulations are evidence-based, flexible, 
and responsive to advances in methodology and technology. 
Incorporating adaptive review processes, promoting transparency, 
and encouraging the development of alternative research models 
can help minimize unnecessary burdens while preserving the 
core ethical principles that safeguard both research subjects 
and the credibility of gastro-hepatology research. This balance 
is particularly needed in preclinical gastro-hepatology studies, 
where researchers must navigate complex ethical landscapes while 
producing scientifically valuable data. 		

Table 1 highlights several recent animal-based studies, including 
the animal model used, experimental interventions, observed 
outcomes, translational relevance, and the ethical considerations 
provided. These examples show the varied approaches researchers 
employ to investigate complex disease mechanisms, evaluate 
therapeutic strategies, and balance scientific inquiry with ethical 
responsibility in preclinical research.

Preclinical studies, their outcome, and ethical considerations.
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Incorporating adaptive review processes, promoting transparency, and encouraging the 

development of alternative research models can help minimize unnecessary burdens while 

preserving the core ethical principles that safeguard both research subjects and the credibility of 

gastro-hepatology research. This balance is particularly needed in preclinical gastro-hepatology 

studies, where researchers must navigate complex ethical landscapes while producing 

scientifically valuable data.  

Table 1 highlights several recent animal-based studies, including the animal model used, 

experimental interventions, observed outcomes, translational relevance, and the ethical 

considerations provided. These examples show the varied approaches researchers employ to 

investigate complex disease mechanisms, evaluate therapeutic strategies, and balance scientific 

inquiry with ethical responsibility in preclinical research. 

Preclinical studies, their outcome, and ethical considerations. 

Animal Type Drug/Research 

Administered 

Outcome of the 

Research 

(Positive/Negative) 

Clinical 

Outcome 

Ethical 

Consideration/Restriction 

Kim et al., 

2022 

C57BL/6 

mice 

(monogastric) 

NAFLD/NASH 

+ (GLP)‐ 1 and 

GLP‐ 2 agonist 

Reduced body 

weight, glucose 

levels, hepatic 

triglyceride levels, 

cellular apoptosis, 

and fibrosis 

Treatment of 

patients with 

NAFLD with 

the GLP-

1/glucagon 

receptor 

agonists 

(Nevola et al., 

2023) 

Study approved by the 

Animal Care and Use 

Committee at the Yonsei 

University 

Oliveira et 

al., 2019 

Zebrafish 

High-fat diet + 

metformin in a 

transgenic 

zebrafish 

hepatocellular 

Altered macrophage 

polarization, 

reduced liver size, 

and reduced 

micronuclei 

Metformin 

therapy shows 

very limited 

effect on 

NAFLD or 

None provided 

(monogastric) carcinoma 

model 

formation in 

NAFLD/NASH-

associated HCC 

larvae. 

nonalcoholic 

steatohepatitis 

(Farah et al., 

2019) 

Wang et al., 

2025 

Mice 

(monogastric) 

DSS-induced 

colitis + 

probiotic 

(Lactobacillus 

vaginalis) 

Reduced colitis 

symptoms, restored 

gut microbiota and 

barrier function, 

increased IAA 

levels, reduced 

inflammation via 

PPAR signaling 

pathway  

Ongoing 

Clinical trials 

on the efficacy 

of Probiotics in 

Inflammatory 

Bowel Disease 

Study complied with the 

World Medical Association 

(WMA) Statement and 

China National Standard 

(GB/T 35892-2018) on 

animal use in biomedical 

research. 

Khalil et al., 

2020 

Sprague 

Dawley rats 

(monogastric) 

CCl4-induced 

fibrosis + bone 

marrow 

mesenchymal 

stem cells 

therapy 

Improved liver 

structure and 

function, reduced 

liver damage, 

oxidative stress, and 

inflammation, and 

boosted antioxidant 

levels. 

Stem cell 

clinical trials 

in cirrhosis 

Animals are cared for per 

the National Institutes of 

Health Guide for the Care 

and Use of Laboratory 

Animals. 

Liu et al., 

2020 

BALB/c mice 

(monogastric) 

H. pylori 

infection + Oral 

immunization 

with a 

multivalent 

subunit vaccine 

(NAP, UreA, 

Reduced gastric 

bacterial 

colonization, 

increased antigen-

specific IgG and 

mucosal IgA 

responses, and 

The study has 

not yet 

progressed to 

human clinical 

trials 

Animals are handled 

following the National 

Management Regulations 

for the Care and Use of 

Experimental Animals 

Oliveira et
al., 2019
Zebrafish

(monogastric)
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(monogastric) carcinoma 

model 

formation in 

NAFLD/NASH-

associated HCC 

larvae. 

nonalcoholic 

steatohepatitis 

(Farah et al., 

2019) 

Wang et al., 

2025 

Mice 

(monogastric) 

DSS-induced 

colitis + 

probiotic 

(Lactobacillus 

vaginalis) 

Reduced colitis 

symptoms, restored 

gut microbiota and 

barrier function, 

increased IAA 

levels, reduced 

inflammation via 

PPAR signaling 

pathway  

Ongoing 

Clinical trials 

on the efficacy 

of Probiotics in 

Inflammatory 

Bowel Disease 

Study complied with the 

World Medical Association 

(WMA) Statement and 

China National Standard 

(GB/T 35892-2018) on 

animal use in biomedical 

research. 

Khalil et al., 

2020 

Sprague 

Dawley rats 

(monogastric) 

CCl4-induced 

fibrosis + bone 

marrow 

mesenchymal 

stem cells 

therapy 

Improved liver 

structure and 

function, reduced 

liver damage, 

oxidative stress, and 

inflammation, and 

boosted antioxidant 

levels. 

Stem cell 

clinical trials 

in cirrhosis 

Animals are cared for per 

the National Institutes of 

Health Guide for the Care 

and Use of Laboratory 

Animals. 

Liu et al., 

2020 

BALB/c mice 

(monogastric) 

H. pylori 

infection + Oral 

immunization 

with a 

multivalent 

subunit vaccine 

(NAP, UreA, 

Reduced gastric 

bacterial 

colonization, 

increased antigen-

specific IgG and 

mucosal IgA 

responses, and 

The study has 

not yet 

progressed to 

human clinical 

trials 

Animals are handled 

following the National 

Management Regulations 

for the Care and Use of 

Experimental Animals 

UreB) plus 

dmLT 

induction of 

Th1/Th17 immune 

responses 

Javadi et al., 

2023 

Wistar rats 

(monogastric) 

Bile duct 

ligation + 

Trans-chalcone 

Improved liver 

architecture and 

reduced 

inflammation and 

fibrosis. 

Study still in 

the preclinical 

stage 

Experiments carried  in 

accordance with the Guide 

for the Care and Use of 

Laboratory Animals (NIH, 

USA).  

Anesthesia was induced in 

rats before BDL surgery 

Pu et al., 

2024 

Sprague-

Dawley 

(monogastric) 

TAA-induced 

fibrosis + 

Lactoferrin 

Reduced fibrosis 

and improved 

antioxidant 

activities 

Study still in 

the preclinical 

phase 

Experiments were 

reportedly in line with the 

Institutional Animal Care 

and Use Committee of the 

University. 

Gelen et al., 

2024 

Wistar Rats 

(monogastric) 

Indomethacin-

induced GI 

injury + 

probiotic 

Reduced oxidative 

stress and 

inflammation, 

increased 

antioxidant activity, 

and suppressed 

apoptosis in gastric 

tissue. 

Study still in 

the preclinical 

phase 

The study reportedly 

followed ethical norms 

approved by the Kafkas 

University Animal 

Experiments Local Ethics 

Committee. 

 

Table 1: Showing preclinical studies, ethical considerations, and outcomes. 

 

Ethical limits and effects 
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UreB) plus 

dmLT 

induction of 

Th1/Th17 immune 

responses 

Javadi et al., 

2023 

Wistar rats 

(monogastric) 

Bile duct 

ligation + 
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Experiments carried  in 

accordance with the Guide 

for the Care and Use of 
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Anesthesia was induced in 

rats before BDL surgery 

Pu et al., 

2024 

Sprague-

Dawley 

(monogastric) 

TAA-induced 

fibrosis + 

Lactoferrin 

Reduced fibrosis 

and improved 

antioxidant 

activities 

Study still in 

the preclinical 

phase 

Experiments were 

reportedly in line with the 

Institutional Animal Care 

and Use Committee of the 

University. 

Gelen et al., 

2024 

Wistar Rats 

(monogastric) 

Indomethacin-

induced GI 

injury + 

probiotic 

Reduced oxidative 

stress and 

inflammation, 

increased 

antioxidant activity, 

and suppressed 

apoptosis in gastric 

tissue. 

Study still in 

the preclinical 

phase 

The study reportedly 

followed ethical norms 

approved by the Kafkas 

University Animal 

Experiments Local Ethics 

Committee. 

 

Table 1: Showing preclinical studies, ethical considerations, and outcomes. 

 

Ethical limits and effects 

Table 1: Showing Preclinical Studies, Ethical Considerations, and Outcomes

3.3 Ethical Limits and Effects
Ethical limits in gastroenterology and hepatological research 
often arise from the tension between medical innovation and 
the foundational principles of clinical ethics, such as autonomy, 
beneficence, non-maleficence, justice, and utility. These constraints 
and restrictions are brought by significant ethical dilemmas, 
including challenges around informed consent, the ethics of 
deferring treatment, sobriety restrictions imposed by payors, and 
the high costs of treatments for patients. These issues highlight the 
need to balance patient autonomy and access to care with broader 
considerations of fairness and resource allocation.

Ethical considerations are woven into every stage of 
gastrohepatology research, shaping both the questions scientists 
ask and the methods they use to answer them. As this field often 
involves studies on both human participants and animal models, 
researchers must navigate a complex landscape of ethical 
responsibilities, balancing scientific progress with the imperative 
to protect the welfare and rights of all research subjects.

When it comes to human research, ethical oversight is paramount. 
Investigators are required to obtain approval from institutional 
review boards or ethics committees before commencing any 
study involving patients or volunteers. This process ensures that 
the research design respects the dignity, autonomy, and privacy of 
participants. Informed consent is a cornerstone of ethical human 

research, requiring that individuals are fully aware of the study’s 
aims, methods, potential risks, and benefits before agreeing to 
participate. In gastrohepatology, where studies may involve 
invasive procedures or the use of sensitive health data, these 
safeguards are particularly critical. Furthermore, when publishing 
results, researchers must ensure that patient identities are protected, 
and any images or data are anonymized unless explicit consent has 
been granted.

Animal research in gastrohepatology is similarly governed by 
rigorous ethical standards. Researchers must obtain approval from 
animal ethics committees and comply with national or institutional 
guidelines for the care and use of laboratory animals. The principle 
of the “3Rs”—Replacement, Reduction, and Refinement—serves as 
the ethical foundation for animal studies. Scientists are encouraged 
to replace animal models with alternatives whenever possible, 
reduce the number of animals used to the minimum necessary for 
statistical validity, and refine experimental procedures to minimize 
pain and distress. These requirements have led to the adoption of 
improved animal housing, better pain management protocols, and 
the use of advanced technologies that reduce the need for animal 
testing.

The effects of these ethical frameworks are profound. On a 
practical level, they have improved the welfare of animals used in 
research and enhanced the safety and rights of human participants. 
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Ethically mandated rigor in study design and reporting has also 
elevated the quality and reproducibility of scientific findings. 
Moreover, the demand for alternatives to animal testing has spurred 
innovation, leading to the development of organoids, in vitro 
systems, and computational models that can complement or even 
replace animal studies in some contexts. Importantly, adherence 
to ethical standards fosters public trust in gastrohepatology 
research, ensuring continued support from patients, advocacy 
groups, and funding agencies. In sum, the ethical limits placed on 
gastrohepatology research are not simply bureaucratic hurdles; 
they are essential safeguards that uphold the integrity of science 
and the welfare of those—human or animal—who make scientific 
progress possible. These ethical commitments continue to shape 
the evolution of the field, driving both methodological innovation 
and a deeper respect for the subjects at the heart of research.

Addressing such dilemmas requires applying ethical frameworks 
to ensure that new therapies are introduced in ways that respect 
patient rights and promote equitable access, while also considering 
the societal impact and sustainability of healthcare innovations. 
The experience with DAA (Direct-Acting Antiviral) therapy in 
hepatology serves as a paradigm for navigating similar ethical 
challenges as new treatments emerge in the field, emphasizing the 
importance of ongoing ethical reflection and adaptation in research 
and clinical practice [29].

These limits also extend to biomedical research publication and 
can be influenced by political concerns and security concerns. A 
balance is required between academic pursuits and the protection 
of international interests [30]. Political interests significantly shape 
medical ethics by influencing both the content of ethical codes 
and the practical dilemmas faced by healthcare professionals 
[31]. The increasing complexity of medical practice, advances in 
science, and public demands for healthcare have brought ethical 
questions into the public and political domain, shifting the focus 

from individuals’ doctor-patient relationships to broader issues of 
public policy and regulation.

Ethical frameworks have profoundly influenced hepatological 
research, shaping not only the conduct of studies but also the 
broader priorities and methodologies within the field. The 
increasing emphasis on ethics has led to more rigorous protections 
for research subjects, both human and animal, ensuring that 
informed consent, autonomy, and the welfare of participants are 
at the forefront of study design and execution [26]. For example, 
researchers are now required to obtain explicit informed consent, 
allow participants to withdraw at any time, and maintain strict 
confidentiality, all of which foster greater trust and participation 
in clinical trials [26].

Ethical scrutiny has also brought attention to potential conflicts 
of interest, the influence of industry funding, and issues such as 
ghostwriting and scientific misconduct, prompting the development 
of clearer codes of conduct and more transparent reporting 
practices. This has improved the credibility and reproducibility of 
hepatological research, as journals and funding bodies increasingly 
demand adherence to established ethical guidelines.In clinical 
practice, particularly in areas like non-alcoholic fatty liver disease 
(NAFLD), ethical considerations have shaped how diagnoses are 
communicated and managed. There is heightened awareness of 
the potential harms of overdiagnosis, the psychological impact of 
labeling, and the challenges of counseling patients with diverse 
backgrounds and risk factors [32]. The need for voluntary, well-
informed consent is especially critical in procedures like liver 
biopsy, which carries inherent risks and must be justified ethically 
and clinically. Overall, the influence of ethical standards has led 
to more patient-centered research, greater methodological rigor, 
and enhanced public trust in hepatological studies, ultimately 
advancing both scientific knowledge and patient care in the field.
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3.4 Supplementary intervention through 3D scans, patient-
reported outcome, and experiments
Recent research in hepatology highlights the growing role of 3D 
imaging and patient-reported outcomes in improving surgical 
planning and monitoring interventions. In liver surgery, both 3D 
laparoscopic and robotic approaches for hepatocellular carcinoma 
have shown comparable short- and long-term outcomes, 
suggesting that 3D visualization can match the precision and 
safety of advanced robotic systems while aiding in surgical 
decision-making [33]. Meta-analyses indicate that preoperative 
3D vascular reconstruction and navigation can reduce operation 
time and intraoperative blood loss compared to standard 2D 
procedures, although the impact on hospital stay and complication 
rates remains less clear [34]. 

Three-dimensional (3D) printing has significantly influenced drug 
innovation in hepatology by enabling the precise construction of 
dosage forms and supporting the development of patient-centric 
treatments. This technology allows for personalized dosing, 
which is especially important for addressing the unique needs of 
patients with specific liver diseases or varying metabolic profiles. 
Additionally, 3D printing offers versatile drug release modes, 

making it possible to tailor therapies to meet diverse clinical 
requirements. The adoption of 3D printing has also accelerated 
early-stage drug development, including pre-clinical research 
and early human studies, and has facilitated the transition to 
large-scale pharmaceutical manufacturing. Overall, 3D printing 
is advancing both the speed and flexibility of drug development 
and manufacturing, ultimately providing innovative solutions for 
patients and the pharmaceutical industry alike [35].

For interventional treatments, such as those for hepatocellular 
carcinoma, 3D digital subtraction angiography (3D-DSA) has 
been shown to improve therapeutic effectiveness, increase the 
success rate of targeted procedures, and reduce complication rates, 
enhancing overall patient safety [36]. In pediatric hepatology, 
2D shear wave elastography offers a noninvasive way to monitor 
liver and spleen stiffness, providing valuable feedback on the 
effectiveness of radiological interventions and correlating with 
improved clinical outcomes over time [37]. Collectively, these 
advances in 3D imaging and patient-centered outcome tracking 
are shaping more precise, safer, and responsive interventions in 
hepatology, though further high-quality studies are needed to 
standardize their use and fully realize their benefits [38-57].
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