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I: How do dogs express or perceive emotions? How do dogs establish emotional or behavioral interactions 

with human?

II: What researches are conducted using canine models? What are the main research directions of dogs in 

the field of biomedicine?

Dog is a highly promising research model



1. Overview of research progress on canine models.   ——XLM

2. Behavioral and emotional research in canine models. ——WJ

3. Canine model in typical disease research. ——WHL



PART 1:

Overview of Research Progress on Canine Models

XLM



“是否能在不触碰灵长类伦理边界的情况下，
获得更贴近人类生理与行为的哺乳动物模型？”

1. 是唯一一种与人类共同进化的社会性哺乳动物。
2. 它们与人类共享许多重大疾病，包括癌症、糖尿病、心血管疾病和神经退行性疾病。
3. 许多疾病在犬身上会自然发生，提供了无需人工诱导的自发性疾病模型。



When it comes to experimental dogs, what do you think of?

“经典条件反射研究” 
沿用至今



Why are canine models now used less in research?

•周期与成本高
•遗传操作门槛高
•标准化不足
•伦理与社会观感

Why are dogs used in biomedical research?

When is it essential to use dogs in biomedical research?

What is being done to replace and reduce the use of dogs?

•比较医学/自然发生疾病
•单基因或强效变异的遗传病
•行为与感知
•外科医学

3R 原则：
Replacement 替代
Reduction 减量
Refinement 优化

Reducing severity in dog research

Medical treatments to help dogs

How are dogs cared for in research?



Which laboratories work on canine models, 

and what are their main research directions?



1. 破译人类基因组的功能
2. 了解基因组进化的机制及其与表型适应的联系
3. 识别狗和人类的疾病基因

瑞典

https://pubmed.ncbi.nlm.nih.gov/35729719/
https://pubmed.ncbi.nlm.nih.gov/35315244/
https://pubmed.ncbi.nlm.nih.gov/36482174/
https://pubmed.ncbi.nlm.nih.gov/34888651/


匈牙利



美国密苏里大学



Qingjian Zou, et al. , Journal of Molecular Cell Biology., 2015

“肌肉生长抑制素”（myostatin）







Dogs have a sensitive sense of smell



The canine olfactory system consists of the main olfactory epithelium (MOE) and 

the vomeronasal organ (VNO)

主嗅上皮（MOE）和犁鼻器（VNO）



Human Induced Rotation and Reorganization of the Brain of Domestic Dogs

Roberts T, et al. PLoS ONE. 2010



Comparison of olfactory receptor genes among different species

Masse NY, et al. Curr Biol. 2009  



Combinatorial coding in the mammalian olfactory system

Malnic, Bettina et al. Cell, 1999. 



Histology of the Olfactory Bulb

前嗅觉皮层

梨状皮层

杏仁核周围皮层

内嗅皮层

额叶皮层

丘脑

海马体

Alvites R, et al., Brain Sci. 2023.

Jenkins EK, et al., Front Vet Sci. 2018 

嗅神经层

嗅球层

外丛状层

僧帽细胞层

内丛状层

颗粒细胞层

颗粒细胞通过强力的
抑制网络精细调整这
些输出、提高分辨率
并参与嗅觉学习。

嗅皮层



smelling

sniffing

气味存在时引发的激活主要发生在眶额前部的外侧和前部区域

嗅闻动作引发的激活主要发生在颞叶的梨状皮层区域以及额叶
的内侧和后部眶额回区域

A broadly similar olfactory core pathway for sniffing and smell

嗅皮层
嗅结节
下丘脑

额外招募前额叶 / 眶额皮层
小脑以及顶叶 / 枕叶 Jia H. et al., PLoS One. 2014 

Sobel, N.et al. Nature. 1998



Lateralization of response to odor stimuli in dogs

Marcello Siniscalchi. et al. Animal Behaviour. 2011 

Craig, A.D. Trends in Cognitive Sciences. 2005

交感神经下丘脑-

垂体-肾上腺轴主
要受右半球控制。

处理新奇刺激物对常规行为的控制



The maximal activation in the caudate region was triggered by the familiar odor of human

Berns GS., et al., Behav Processes. 2015 



Cells in the olfactory bulbs of female dogs are more active than those in males

Wei, Qinguo., et al. Acta Zoologica. 2016

c- fos 是经典的即刻早期基因，编码具有转录
因子活性的 c- Fos 蛋白，其表达对神经元活动
高度敏感，常被用作“活动依赖性神经元”的标
记。



The Use of Canine Olfactory Skills



The tapetum lucidum enhances the vision of dogs in the dark

Why do dogs’ eyes glow in the dark?

Image fromDogster

https://www.dogster.com/


The high proportion of rod cells in the retina enables dogs to have better vision 

in the dark

Mowat FM.  et al. Mol Vis. 2008





•短波锥（S-cone）：峰值大约 429–435 nm（蓝紫）
•中长波锥（L/M-cone）占多数：峰值大约 555 nm（黄绿）

Dogs have dichromatic color vision

Erica Rydhed. 2014

Hussey KA, , et al. Front Cell Dev Biol. 2022 

Siniscalchi M, et al. R Soc Open Sci. 2017 



Conclusions
• Canine model research mainly focuses on canine evolution, human-canine 

interaction, and human-related diseases.

• Dogs possess a wide range of olfactory receptors and complex olfactory neural 
circuits, enabling highly sensitive odor detection.

• Dogs have dichromatic vision, and tapetum lucidum together with well-developed 
rod cells enhances their ability to see under low-light conditions.



PART 2:

Behavioral and Emotional Research in Canine Models

WJ



How do emotions process?

The limbic system

Қ ᶽ ừ ᶴת Zhang JX, et al. Trends Cogn Sci. 2025 .

vIPFC ᶹӚׁ ᴹ Ṗ
MTL ԓӚ ᴹ
dIPFC Ӛׁ ᴹ Ṗ
SMA י תט
dmPFC ԓӚׁ ᴹ Ṗ



Do Dogs Have Feelings?



Do Dogs Have Feelings?

angry fear

happy ά Ǝǳƛƭǘȅέεfearζꜙ ѧᴠљ ѭ ᵙừא ᶴתᴧṝ￼ Ѯ ‗

Mota-Rojas D,et al. Front Vet Sci. 2025.



Canine fear and aggression

Aggression

꞉ 

ѷΈῼ Һק

ҽ

ᾢ֨ ѭљѧ” ԓ ￼ᶶ  ҊӐּזῶԋ

Guvenc-Bayram G, et al. Animals (Basel). 2024 .



Canine fear and aggression

cortisol vasopressin

ῗּ҈יѦӌ Ѫ￼Ѥ ᴙדιᴵ ᴪתוּ ╜
јᵃ￼ ◊ιּתוẔ☼ẽᵠјᵃ

Hydbring-Sandberg E, et al. J Endocrinol. 2004.

floor test gunsho
t test

fearful or fearless of floors 

fearful or fearless of gunshot 



Canine fear and aggression

ᵍῶ ѭ ԋSNP￼ᶢᵼᶈᶽ ѧ

ѭ⸗ề￼ᵝ Ṯầ ҽԋ

ᵙᾢ֨ớԏῶ ҽԋ

MacLean EL, et al. Proc Biol Sci. 2019 .

Alvarez, C.E.  BMC Genomics. 2016.



Jealousy in Dogs

όмύ ŘǊŀǿ ǘƘŜ ǇŀǊǘƴŜǊΩǎ ŀǘǘŜƴǘƛƻƴ ǘƻǿŀǊŘ ǘƘŜƳǎŜƭǾŜǎ
(2) disrupt the interaction between the rival and the 
partner
(3) aim to remove the rival

Abdai, J. et al.  Sci Rep ,2025.

Ґớ Ặ￼ ҅Ḿἐεᵃṛꜙᴱ > UMO >  Ốζι
ᴧꜙ￼ ѭ



Positive emotion and play behavior in Dogs

ꜙḾјᵃừᶫ￼ᴦẔ

Ⱬﬞ￼ꜟҺ ֧א ḧ￼ ἄ ѭεAddictive-like behaviour ζ •Ҏꜙ ᶈӠ ᴈ ѧ ָᾠ ᴉҸ￼ ‛

Flint, H.E. et al.Sci Rep. 2024.

Mazzini, A. et al. Sci Rep .2025. Martínez M. et al.  iScience. 2023.



How do Dogs feel Humans emotions and response?

• Visual perception of emotion cues in dogs

• Olfaction in the perception of emotion in dogs

• !ǳŘƛǘƻǊȅ ǎŜƴǎŜǎ ƛƴ ŘƻƎǎΩ  ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ƘǳƳŀƴ ŜƳƻǘƛƻƴǎ



How to measure emotion of dogs

•

• ғ

ᴙ Ọꞌᵙӌ□

ѭὝ‰

‰Ὕתוּ

ѭӚק

Koyasu, H. et al. Advanced Robotics. 2024.

Sophia Yin. Animal Behaviour. 2004.



facial expressions in mice

facial expressions in dogs

Martvel, G. et al. Sci Rep. 2025. 
Nate Dolensek et al. Science. 2020.



Ẹꜟ ừ ҮӪѭ⃰￼ֽ☼εӕḅѮҚζῊιᾍṔẄẙᵇᴸӭ ᴰ Ά ιᶈ֧א ừ ֽ☼εḅ ט☼Ῐ῎֧א ѭ￼ ζꜙוּ
ῊιṔṱᾌא֧טṫӚӭᵇ

Quaranta A. et al. Curr Biol. 2007.



Visual perception of emotion cues in dogs

ꜟ￼ᶽ ᴹ Ṗԏῶ Ѧᴵ֫ת ￼ᶴתתᶟ

ừ ָεFaBERζ ֺ

Cuaya LV. et al. PLoS One. 2016.

Thompkins AM. et al. Learn Behav. 2018 .



Visual perception of emotion cues in dogs

ṫӚ ᷃ᴦẔ ῎ᶈᶴת Ҏừ ֽ☼Ὴιᴸᴁר ֧א
ѮṀ╗ט ᴸᴁרᶈ ᵙ ֽ☼￼ ֫‘ѧ῞ ☼
╗

Siniscalchi M. et al. Learn Behav. 2018.



Visual perception of emotion cues in dogs

gazeιbody position, gestures, head orientation

ᴤḄὶ

ḍ ớὶ

ε ӿҐ╙ζҺ ᴧѮҚ ᾣ ғ ιӞ Қљꜙ￼Ҋטᵙừỵ ι
ҡ ᶈҚљꜙӌԓẻἄ ғ ￼⃰ᴦ Ỉע

Miho Nagasawa et al. Science. 2015.



!ǳŘƛǘƻǊȅ ǎŜƴǎŜǎ ƛƴ ŘƻƎǎΩ  ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ƘǳƳŀƴ ŜƳƻǘƛƻƴǎ

ꜙḾҚ ừ ớᴧᶲ￼Ӛק ѭᴦẔ
ꜟᴵҨ⁞ὯҚ ￼ᵎ ừ ᾡᴪᴦẔ

Siniscalchi, M. et al. Sci Rep. 2018.

Turcsán B. et al. Anim Cogn. 2015.



!ǳŘƛǘƻǊȅ ǎŜƴǎŜǎ ƛƴ ŘƻƎǎΩ  ǊŜŎƻƎƴƛǘƛƻƴ ƻŦ ƘǳƳŀƴ ŜƳƻǘƛƻƴǎ

ẸꜟᵎֹҚ ᵥ┘ῊιԎ ῭֧א ￼Ẕ☼ ѭι ῎Ԏ
ᶴ҈ ừ ꜛỗ
ꜟ ֫ת ￼Қ ᶲ

Paula Pérez Fraga. et al. Animal Behavior. 2024.



Dogs integrate human visual and auditory emotional cues cross-modally

Ḳꜙ ᶼ ᵎ ᵙ Ԅ ᴨꜙ љҚ ￼ừỵӡỤιẊṄԎᾯᵀѭḾ
ừ ￼ ỵ

Albuquerque N. et al. Biol Lett. 2016.



Olfaction in the perception of emotion in dogs

ꜙ ￼ і ѧ ᾟὙ ᵙᶢẕ ᶹι ᵍῶ 2.5қѦ ι
і 18 150ẈΆᴛ

Berg P. et al. Neurosci Biobehav Rev. 2024.



ꜙ ᶈјᵃừ ꜛỗїḾᵃ εꜙ ζᵙầ εҚ ζ↔ᵖ ￼јᵃ֧א
ѭᵙּתוᴦẔớ

Marcello Siniscalchiet al. Behav Brain Res. 2016.

Olfaction in the perception of emotion in dogs



Ῡ ҈Қ ồѸקḙӡᴺї￼ꜟᶈ ѭᴦẔѧḕᶈớָṮầ

Biagio D'Anielloet al. Anim Cogn. 2021.



The Interacting of Human and Dog Emotions

Қ љꜟҐ╙Ὴιԋ ᶟ￼ᶽת ᴵҨᵃℓט╗

Wei Renet al. Adv Sci (Weinh). 2024.



Summary

• Dogs have brain structures that generate emotions and can detect 

emotions through multiple indicators.

• Dogs can use their vision, hearing and smell to sense emotional cues.

• There is a mutual influence between dogs and human emotions.



Canine Model and Typical Disease Research

11/26/2025

PART 3:



Why do we need canine models in pharmacology?



The beginning of forced animal experiments is Elixir Sulfanilamide Incident ( )

1937 ̆ ╕
̆ ץ ԋ Ҭ
Ȃ

Gerhard Domagk

1895-1964



 
 ֲ ҉ Ύ╠̆ ȁ

ҳ ῏ ᵬŀŀ
Ύ̆ ᶫ ȁᾟ№ȁ ȁ ̆

ῃ ȁ Ȃ

There are a series of regulatory requirements for animal testing of drugs in China

GLPῪ ᵜҒ ԓЕ
ᴶ ȁ

ꜚ ȁ
ᾧ ԑ
ŀŀ



How do researchers select appropriate animal species for toxicology experiments?

№ ↕

SD

ᴪ ̂ICH̃



̂Beaglẽ ̔

ᾮ ̆ ԍ Ȃᵣ ̆ᵣ 30-

40 ̆ᵣ 7-12Ὲ ̆ ҹ ȁ ȁ ҈ ̆
̆ ԍ Ȃ

Beagle is the common breed of experimental canine



Why beagle?

• Medium build

• Genetic stability

• Reproductive advantages

• Non-aggressive

• Outgoing personality



Canine models drive medical breakthroughs.



Bell-Magendie law reveals the functional division between sensory nerves and motor nerves.

Charles Bell 

(1774-1842)

In the early 19th century



The history of insulin discovery

1869

Paul Langerhans

Discovered ñislets 
of Langerhansò

1920

Banting thought that 
ligating the 
pancreatic duct of the 
dog, allowing it to 
survive until the 
acini has degenerated 
and only the islets 
remained.

1921

Dr. John James 
Rickard Macleod 
provided Banting 
and Best with the 
surgical methods 
and assisted in 
the operation of 
the first dog.

FrederickGrantBanting (1891ï1941, right), CharlesHerbertBest (1899ï1978, left) and

experimentaldogon theroof of themedicalbuildingof theUniversityof Toronto.

Picture: F. G. BantingPapers,ThomasFisherRareBookLibrary, Universityof Toronto



PETER R. et al., Circulation, 1971

Eugene Braunwald

(1929~ )

Canine models promote the treatment of myocardial infarction

S-T ̂ᵬҹ ᴴ ̃ 24 ̂CPK̃

Ҋ ̂ᵬҹ ̃ ᴴ



Narfstrom, K, Wrigstad, A, Nilsson, SEG. Br J Ophthalmol, 1989

Swedish Briard dogs

ᴿ

The contribution of the night-blind puppy

AndresVeske, et al, Genomics, 1999



Reape KZ et al., Cold Spring Harb Perspect Med. 2023

Kristina Narfstrºm, et al., Invest. Ophthalmol. Vis. Sci. 2003

ᴿ ᾢ (Leberôs congenital amaurosis, LCA)

Briard dogs help develop the first AAV gene therapy product

11- ῃ

Acland, G., et al.Nat Genet, 2001



Animal testing for drugs in the future



From faithful companion to scientific partner

In¯s Barth®l®my, Christophe Hitte and Laurent Tiret, Journal of Neuromuscular Diseases, 2019



Northwick Park Hospital, London

3/13/2006

First in man phase 1 trial

TGN1412: From Discovery to Disaster

AttarwalaH., J Young Pharm. 2010

TeGenero

TGN1412 was thought to be useful for disease related to low numbers of activated T such as B-cell 

lymphoma or for treatment of autoimmune diseases such as rhematoidarthritis ( ῏ ).



New Approach Methodologies (NAMs) ：
1. In Vitro Human-Derived Systems (Organoids and MicrophysiologicalSystems)

2. In Silico Tools and Computational Modeling

3. Other Innovative Platforms

FDA has announced the gradual removal of the requirement for animal testing for drugs.



• The beagle is the most commonly used experimental dog due to its breed advantages.

• The beagle is a conventional animal model for toxicity experiments of small molecule drugs.

• The development of mandatory drug toxicity tests has lasted for 87 years.

• Canine models play a vital role in driving progress in neuroscience and the treatment 

of conditions such as diabetes, myocardial infarction, and vision loss.

• In the future, new methods for assessing the safety of drugs need to be sought in order 

to enhance animal welfare and human safety.

Summary 



Thanks!
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