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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



灵长类动物

“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？”

犬作为动物模型的独特优势
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?



系统性红斑狼疮

自身免疫疾病

皮炎

血管炎

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 

球周细胞

簇状细胞

僧帽细胞

颗粒细胞

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

僧帽细胞

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 from Dogster

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

人类大脑情绪处理网络 Zhang JX, et al. Trends Cogn Sci. 2025 .

vIPFC 腹外侧前额叶皮层
MTL 内侧颞叶
dIPFC背侧前额叶皮层
SMA辅助运动区
dmPFC背内侧前额叶皮层



Do Dogs Have Feelings?



Do Dogs Have Feelings?

angry fear

happy “ guilty”（fear）犬类中参与行为表现和情绪处理发展的边缘系统主要结构

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



Canine fear and aggression

Aggression

狩猎本能
恐惧

缺乏早期社会化

遗传

攻击行为与中枢神经系统内神经肽的复杂相互作用有关

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



Canine fear and aggression

cortisol vasopressin

恐惧是由于个体面临的严重压力，可通过生理变量进行监测。
不同的恐惧源，生理应激影响不同

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

含有行为相关SNP的基因在大脑中高表达

行为特征的品种差异遗传关联

恐惧和攻击性具有遗传关联

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

Alvarez, C.E.  BMC Genomics. 2016.



Jealousy in Dogs

(1) draw the partner’s attention toward themselves
(2) disrupt the interaction between the rival and the 
partner
(3) aim to remove the rival

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

社交性越强的竞争对手（同屋犬只 > UMO > 杂志），
越能触发犬的嫉妒行为



Positive emotion and play behavior in Dogs

犬对不同情境的反应

爱玩的狗会表现出一定的类成瘾行为（Addictive-like behaviour ） 某些犬类能在保证博弈中识别收益占优的结果

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

• Auditory senses in dogs’  recognition of human emotions



How to measure emotion of dogs

• 皮质醇
• 催产素

血压、心率和体温等

行为指标

生理指标

行为侧化

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.



当狗看情绪价值为正的刺激（例如主人）时，摇尾幅度向右偏高。另一方面，在出现负面情绪刺激（如表现出明显激动行为的陌生犬）
时，尾巴摆动出现左侧偏向。

Quaranta A. et al. Curr Biol. 2007.



Visual perception of emotion cues in dogs

狗的大脑颞叶皮层具有一个可区分面部的处理区域

面部情绪识别（FaBER）机制

Cuaya LV. et al. PLoS One. 2016.

Thompkins AM. et al. Learn Behav. 2018 .



Visual perception of emotion cues in dogs

左侧转头反应表明在处理这些情绪刺激时，右半球表现出
主导活动。右半球在愤怒和恐惧刺激的视觉分析中普遍激
活

Siniscalchi M. et al. Learn Behav. 2018.



Visual perception of emotion cues in dogs

gaze，body position, gestures, head orientation

友好接近

威胁性接近

凝视（目光交流）会触发主人释放催产素，促进人与犬的互动和情感联结，
从而在人与犬体内形成催产素系统的正反馈循环。

Miho Nagasawa et al. Science. 2015.



Auditory senses in dogs’  recognition of human emotions

犬对人类情绪性发声的侧化行为反应
狗可以根据人类的听觉情绪线索改变反应

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

Turcsán B. et al. Anim Cogn. 2015.



Auditory senses in dogs’  recognition of human emotions

当狗听到人类哭泣时，其表现出更高的应激行为，说明其
处于负面情绪状态。
狗能区分负面的人类声音。

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



Dogs integrate human visual and auditory emotional cues cross-modally

家犬能够通过听觉和视觉输入获取犬类与人类的情感信息，并将其整合为对
情绪的连贯感知

Albuquerque N. et al. Biol Lett. 2016.



Olfaction in the perception of emotion in dogs

犬鼻的嗅上皮中除支持细胞和基底细胞外，还含有约2.5亿个嗅觉细胞，该
上皮覆盖面积约18至150平方厘米。

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



犬类在不同情绪状态下对同种（犬类）和异种（人类）气味表现出不同的行
为和生理反应性。

Marcello Siniscalchi et al. Behav Brain Res. 2016.

Olfaction in the perception of emotion in dogs



暴露于人类快乐化学信号下的狗在行为反应中存在性别差异

Biagio D'Aniello et al. Anim Cogn. 2021.



The Interacting of Human and Dog Emotions

人类与狗交流时，关键区域的大脑活动可以同步

Wei Ren et 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

王红蕾

11/26/2025

PART 3:



Why do we need canine models in pharmacology?



The beginning of forced animal experiments is Elixir Sulfanilamide Incident (磺胺酏事件)

1937年，药剂师瓦特金斯通过实验
发现，磺胺可以很好地在二甘醇中
溶解。

Gerhard Domagk

（1895-1964）



第二章  基本制度和要求
第十条  申请人在申请药品上市注册前，应当完成药学、
药理毒理学和药物临床试验等相关研究工作……申请药品
注册，应当提供真实、充分、可靠的数据、资料和样品，
证明药品的安全性、有效性和质量可控性。

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

GLP内容包括但不限于：
伦理审批、

实验动物生存及试验环境监控、
避免相互污染

……



How do researchers select appropriate animal species for toxicology experiments?

小分子药物毒性实验遵循原则

啮齿类：
SD大鼠

非啮齿类：
比格犬

国际协调会议（ICH）和欧盟



比格（Beagle）犬：

又称米格鲁猎兔犬，源于英国。体型小，体长30-

40厘米，体重7-12公斤，多为黄、黑、白三色，
性情温和，易于驯服。

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 “islets 
of Langerhans”

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.

Frederick Grant Banting (1891–1941, right), Charles Herbert Best (1899–1978, left) and

experimental dog on the roof of the medical building of the University of Toronto.

Picture: F. G. Banting Papers, Thomas Fisher Rare Book Library, University of Toronto



PETER R. et al., Circulation, 1971

Eugene Braunwald

(1929~ )

Canine models promote the treatment of myocardial infarction

心外膜S-T段抬高幅度（作为急性缺血损伤的指标）和24小时后心肌肌酸磷酸激酶（CPK）
活性下降（作为心肌细胞坏死的指标）来量化损伤程度



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

Swedish Briard dogs

伯瑞犬

The contribution of the night-blind puppy

Andres Veske, et al, Genomics, 1999



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

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

莱伯氏先天性黑蒙症(Leber’s congenital amaurosis, LCA)

Briard dogs help develop the first AAV gene therapy product

11-顺式视黄醇 全反式视黄酯

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



Animal testing for drugs in the future



From faithful companion to scientific partner

Inès Barthélémy, 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

Attarwala H., 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 rhematoid arthritis (风湿性关节炎).



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

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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