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ABSTRACT 

 

The development of novel biosensors and other medical devices often 

implies extensive animal testing before the final phases of product 

development are reached. Most products do not reach the market. On the 

other hand, natural disease in companion animals often mirrors disease 

processes in humans, being a more accurate representation of the 

complexity of disease processes than laboratory animals. These are poor 
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models of genetic variability, environmental exposure influence and often, 

pathophysiology. 

In this chapter, possible strategies for biomedical research that are 

based on a more compassionate approach are discussed, tapping on the 

enormous potential of comparative medicine for beneficing both humans 

and animals. 

 

Keywords: animal experimentation, reduction, replacement, spontaneous 

disease models 

 

 

1. INTRODUCTION 

 

Research in the biomedical field has relied on animal use throughout the 

history of time [1, 2]. The methods used in this research have reflected the 

society and its values at each given timepoint [2]. Although the importance 

of Galen’s work cannot be denied, it would now be unacceptable for most 

humans to allow, see or perform the vivisection of unanaesthetised living 

beings, in the absence of “pity or compassion” as he advised his students. 

But Galen lived in ancient Rome, where human and animal violent 

slaughtering were performed for the amusement of the people. 

These days, the ethical doctrine applied to animal experimentation is 

dominated by utilitarianism, weighing the benefits for human health against 

the cost for the experimental animal [3]. Animal experimentation is 

permitted and regulated, but the scientific community has added 

responsibility in weighting potential benefit vs. harm caused. 

The European and Portuguese legal frames recognize animals as sentient 

beings, capable, like humans, of feeling pain and anguish. No one that has 

observed a dog or a cat for a little time - and observation is essential in 

science - will deny that they are also able to feel and express joy and 

affection. The same applies to other species, often depending on the 

observer’s knowledge and experience regarding the observed subject 

species. 

The legislation also calls for implementing the 3Rs: replacement, 

reduction and refinement of animal use in experimental procedures. 
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However, a critical view upon the available data on animal use in 

experimentation and education may tell a different tale, at least when 

considering reduction and, in practice, effective replacement. 

Apart from ethical and moral concerns, one may argue the use of 

provoked disease models has limited applicability in several situations and 

for several reasons. Resorting to spontaneous disease models may be more 

advantageous. 

 

 

2. THE NUMBERS: ARE WE REALLY IMPLEMENTING  

THE 3RS? 

 

Statistical data on the use of animals for scientific purposes in the 

Member States of the European Union is available in European reports 

assembling the data and for each Member State. The 2019 report informs the 

statistics of the use of animals for scientific purposes in 2015-2017, 

accounting for 10.664.749 animals used in 2017 vs. the previous report 

stating the use of nearly 11.500.000 animals in 2011 (no exact number is 

detailed). However, it should be noted that reporting rules were changed 

between these reports, so in some categories, it is difficult to compare. The 

numbers reported also do not include foetal forms of mammals, animals 

killed solely for organs and tissues (unless occasion was done by a method 

other than indicated by the Annex IV of Directive 2010/63/EU), and 

sentinels. Animals bred and killed without being used, apart from genetically 

altered animals with intended and exhibited harmful phenotype, and those 

having been genotyped with an invasive method before being killed are also 

not accounted for, even though they all fall under the directive ruling [4, 5]. 

These were estimated to amount to an additional 8 million [6]. Rodents 

(mice and rats) represent over 70% of the total number of animals and there 

seems to be a continuing trend of increase on the development of transgenic 

animals even if a slight use reduction is reported [4, 5]. This agrees with the 

USA’s report, where an estimate of 11.000.000 to 23.000.000 animals are 
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being used yearly in research, education, and testing, but there are no 

published statistics [6, 7]. 

In Portugal, there is no observable continuing reduction trend in the total 

number of animals used, as evidenced by Figure 1 [8]: 

 

 

Figure 1. Number of animals used yearly for scientific purposes (research and 

education) in Portugal, in the period from 2009 to 2018. There is no data available for 

the year of 2013, when the directive transposition to national law occurred. Portugal 

has a population of a little over 10 million people. 

The observed abrupt reduction between 2012 and the following years 

was consequence of the economic recession and austerity policies that 

heavily affected research dependent on national funds. Of the total number 

of animals, only a small part was used in education and training (less than 

0.5% in 2018). In the year of 2018, roughly 65% of the animals were used 

for basic research, almost 73% were mice, and they were used with the 

purpose of studying mainly the immune system (31%), in oncology (13%) 

and for studying the nervous system (11%), amongst others. 
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3. WHY WORRY ABOUT NOT ENOUGH REDUCTION  

IN ANIMAL USE? 

 

Apart from ethical and moral concerns regarding the millions of lives of 

sentient beings sacrificed yearly, that should be enough to make the 

scientific community reflect, there are economical and scientific reasons for 

a more active replacement of laboratory animals. 

Limitations in the use of genetically altered animals may arise from not 

reproducing accurately the pathophysiology of the disease processes. For 

example, FAD (familial Alzheimer’s disease). Mice are a model of familial 

Alzheimer’s disease. These mice overexpress amyloid-beta precursor 

protein, at levels much higher than the physiological ones; however, in 

human Alzheimer’s disease there is a reduction of amyloid elimination, and 

not to an increase in its production [9]. 

On the other hand, the genetic homogeneity of laboratory animals and 

the secluded facilities of a laboratory are not good reproductions of the 

genetic heterogeneity of the human population, nor of the variety of 

environmental stimuli humans are exposed to. Also, the life cycle of mice is 

short, and a young mouse can hardly be a good model for an aging human, 

irrespective of genetic modification. The short generation cycle makes faster 

science but not necessarily better science. 

Still, research funds are largely invested in such research models, often 

overlooking alternatives. And sometimes, and for the reasons mentioned 

above, drugs that seem promising in mice fail market approval and prove 

ineffective. Fewer than 10% of candidate drugs are approved for the market, 

even if preclinical trials are successful. Numbers are lower when considering 

oncology drugs, unless nanomedicine based [11]. Nonetheless, care must be 

taken not to introduce in the market drugs or implantable devices that are 

not evidenced-based (keeping in mind that animal experimentation does not 

equal to evidence). Concerning, for example, hip and knee implants, small 

changes in design and production have led to revision rates as high as two 

to ten-fold the standard revision rate [12]. 
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4. STRATEGIES FOR REDUCTION AND REPLACEMENT 

 

Reduction refers to methods that minimize the number of animals used 

per experiment, without compromising scientific quality. This may be 

achieved through adequate experimental design, ensuring reproducible and 

robust results. Possible approaches may include reduction of the number of 

animals in control groups by using historical controls and considering 

whether controls are necessary in each situation; sometimes, experimental 

animals may act as their own control so each design must be considered by 

scientists with this possibility in mind, both as researchers and as reviewers 

[13]. 

On the other hand, significant methodology refinement, ultimately 

leading to reduction, is sometimes possible through extensive ex-vivo 

studies, especially when technical and surgical procedures are considered. 

Ex vivo preliminary studies are economical and may be done using 

anatomical pieces recovered from other uses (Figure 2); in our experience, 

they are vital to identifying critical points and pitfalls and developing novel, 

safe models and training [14]. Ex vivo models may also replace animal use, 

for example, in cutaneous drug absorption studies. 

Replacement is an obvious solution to reduce the number of animals 

used in painful and stressful procedures in research. Replacement may be 

partial (through the use of animals that based on current thinking do not 

experience pain such as nematodes and Drosophila) or full - by the use of 

mathematical models, cell lines, human volunteers, tissues or cells. 

Antibodies may be produced by bioreactors, making animal use 

unacceptable or unnecessary; however, nearly 1 million animals are used 

with this purpose yearly in Europe, causing unnecessary suffering and deaths 

[6]. Organoids have been developed, allowing toxicity and disease studies 

[15]. These improved in vitro complex models, often referred to as organ on 

a chip or organ on a plate may rely on human cells, may associate several 

different systems and are easier to implement and less expensive than animal 

experiments, while doing no harm. 

 



Animals in Biomedical Research 7 

 

5. SPONTANEOUS DISEASE MODELS 

 

Companion animals’ spontaneous disease better reflects the genetic, 

environmental, and physiological variations observed in human disease, in 

close relation, as explored in the One Health concept. Advances in the 

knowledge of pathophysiology and therapeutics have the potential to benefit 

humans and animals, eliminating the moral dilemma of causing suffering to 

one being to potentially (or not) help another. 

There are many examples of models in which the natural disease in 

companion animals mirrors human disease: in oncological disease, in 

musculoskeletal disorders, neurological and genetic disorders, but also in 

cardiovascular disease, allergic disease, autoimmune and inflammatory 

disease, among others. 

Examples of recognized spontaneous disease animal models are canine 

osteosarcoma and canine mammary tumours (CMT). Osteosarcoma (OSA) 

is the most common primary bone cancer in dogs and in humans, with 27 

times higher prevalence in dogs. The OSA resemblances in both species, 

such as bimodal presentation, response to chemotherapy, and metastatic 

patterns, are significant [16]. As the prevalence of OSA in humans is limited, 

a comparative model built on a better knowledge of the canine disease can 

reveal important data and unravel novel therapeutic approaches for both 

humans and other species. 

Canine mammary tumours have, for long, been considered a model for 

breast cancer [17]. Breast cancer is the most common form of cancer in 

women, and the second most common cause of cancer-related death [18]. In 

women, microcalcifications have been used as diagnostic indicators of high 

importance, and their significance in prognosis is recognized. Localization, 

distribution pattern, shape, and heterogeneity, as observed in imagiological 

exams, have been used for decades to recognize suspected malignancy and 

prompt action [19, 20]. However, surprisingly little is known on what 

generates differences in morphology and chemical composition in relation 

to malignancy. Again, understanding the underlying mechanism may open 

new treatment avenues. Our team did fluoroscopy-guided biopsies in 
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remnants of excised canine mammary glands from 30 out of 33 different 

dogs, collected in routine surgery, and destined to waste. Microtomography 

was then performed in the 63 biopsy fragments to allow quantitative and 

quantitative characterization of the calcifications present. Results were then 

correlated with histopathological diagnosis and histochemistry was 

performed. Microcalcifications had significantly higher volume in 

malignant tumours, irrespective of the type of tumour and were 

heterogeneous in shape, in opposition to those found in benign lesions and 

non-neoplastic tissue [21]. We are currently further exploring the 

mineralization mechanisms thorough immunohistochemistry. Samples were 

further characterized with resource to Raman spectroscopy since this method 

has shown significant potential in the study of human breast through the 

fingerprint of biological tissue, both in the normal and carcinogenic 

environment and identified differences in the chemical composition of 

microcalcifications in benign lesions vs. malignant [22, 23]. Raman 

spectroscopy of these samples showed peaks corresponding to type II 

microcalcification. When scanning malignant lesions, peaks consistent with 

structural protein changes previously described as part of the fingerprint for 

breast cancer (Figure 2). 

These findings were unswerving throughout the samples and support the 

use of Raman spectroscopy for complementary clinical application in 

diagnosis and in helping to define surgical margins. The results further 

support the use of canine spontaneous mammary tumours as a model for 

human breast cancer. 
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Figure 2. (a) Raman spectrum of the benign and malign samples with two band 

representation and the corresponding (b) histological and (c) microscopic images: the 

960 cm-1 calcium-phosphate stretch band-microcalcification type II and the 1453 cm-1 

band associated with the structural protein modes of tumors. 

Spontaneous disease models are not without limitations. For some of the 

diseases that afflict human patients (coronary heart disease, Parkinson’s 

disease, for example), spontaneous disease models in animals are not yet 

identified. Genetic and metabolism differences should always be considered 

too. Significant caseloads also take longer to build than a generation cycle 

in mice. The heterogeneous nature of the clinical cases upon their 

presentation poses additional challenges in sample characterization and for 

results interpretation. However, in human disease, all patients are different, 

also. Often humans, like veterinary patients, have co-morbidities. Some are 

young, and some are old. This lack of uniformization should be looked upon 

as an advantage if it is clearly characterized and reported. Negative 

outcomes publication should be regarded as necessary, if not more so, as 

positive results. One can learn a great deal from errors. 

 

 

 

 

 

 

as part of the fingerprint for breast cancer (Figure 2).  

 
Fig. 2: (a) Raman spectrum of the benign and malign samples with two band representation and the corresponding (b) histological 
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CONCLUSION 

 

The scientific community must play an active role in effectively 

implementing animal reduction in research and take a more critical 

perspective on animal use. The resource to alternatives to animal 

experimentation and further investigation of natural disease in companion 

animals present opportunities for better quality science and a more 

compassionate stand. Full progresses also call for a multidisciplinary 

approach, not limited to veterinary medicine and medicine, but with teams 

that are able to join knowledge from scientific areas as distinct as physics, 

chemistry, pharmaceutics, and mechanical engineering, among others. Once 

the scientific jargon barrier is crossed, evolution can be remarkable. 
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