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Overview of pain perception in animals                      
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• How to evaluate the Nociception and its impact on different organisms?

• What is the cellular and molecular mechanism of pain and its significance for animals?

• What are the new pain treatment methods available?



The toothache is not a disease actually,

but it will torments you as long as it happens.

Pain perception

Pain

An unpleasant sensory and emotional experience associated with, or resembling that associated with, 

actual or potential tissue damage.



How to evaluate the Nociception and its impact on different organisms?



Pain perception

Bacteria                                      Drosophila                                  Bumblebee                                      Mice

Nociception

➢ Unpleasant stimulation 
chemical burning

sharp cutting

bruising pressure

➢ Physiological and behavioral responses

Pain

➢ Actual or potential tissue 

damage

➢ An unpleasant sensory and 

emotional experience



(Daniel J. Webre, et al. Current Biology. 2003)

Bacterial chemotaxis



(Khuong TM, et al. Sci Adv. 2019)

Drosophila and chronic pain

Drosophila exhibit thermal allodynia after injury. 



(Gibbons M, et al. PNAS. 2022)

Motivational trade-offs in bumblebees

Bees traded off their motivation to avoid noxious heat against their preference for high sucrose concentrations.



(Dance A. Nature. 2019)

Mice and two routes to pain

Sexes don't feel pain the same way

In male mice, depends on immune cells in the spinal cord called 

microglia.

In females, it is T cells that seem to control pain.



What is the cellular and molecular mechanism of pain and its significance for organisms?



Acute Pain：Nociceptor Diversity

(Basbaum AI, et al. Cell. 2009)

Activating the Nociceptor: 

◼ Heat

◼ Cold

◼ Mechanical Stimuli

➢ Candidate Mechanotransducers: 

✓ DEG/ENaC Channels

✓ TRP Channels

✓ KCNK Channels

◼ Chemical



Discovery of capsaicin receptor TRPV1

(Caterina MJ, , et al. Nature. 1997 )



Impaired behavioral and physiological responses to vanilloid compounds in mice lacking TRPV1

(Caterina MJ, et al. Science. 2000) (Latorre R, et al. Q Rev Biophys. 2009 )



Nociceptive neurons and molecules in genetically tractable organisms

(Tracey WD Jr. Curr Biol. 2017 )



(Mercer Lindsay N, et al.Sci Transl Med. 2021 ）

Peripheral divergence and central convergence in pain mechanisms

From the perspective of human health, 

the significance of pain: 

◆ Protective effect

◆ Disease signals

◆ Assist in diagnosis

◆ To avoid further damage



Gut-innervating nociceptors regulate the intestinal microbiota to promote tissue protection

(Zhang W, et al. Cell. 2022）

二甲基亚砜(DMSO)

树酯毒素(RTX)

葡聚糖硫酸钠(DSS)

万古霉素(vancomycin,优先清除革兰氏阳性菌）
新霉素（neomycin,优先清除革兰氏阴性菌）



Glutamatergic synapses from the insular cortex to the basolateral amygdala encode observational pain

(Zhang MM, et al. Neuron. 2022）

Fos-CreERT2/Ai9 

右侧岛叶（IC）和右侧杏仁核基底外侧部（BLA）



Summary

1. Evaluate the nociception of organisms

Bacterial chemotaxis, migration towards attractants and away from repellents.

Drosophila and chronic pain, exhibit thermal allodynia after injury.

Bumblebee, motivational trade-offs. 

Mice, two routes to pain

2. Cellular and molecular mechanism of pain and its significance for organisms

Act pain and chronic pain

TRPV1 

IBDs, interact with microorganisms to promote the intestinal microenvironment

Chronic pain empathy, from the insular cortex to the basal lateral amygdala



Diversity in animal pain relief

(Rosen SF, et al. Sci Adv. 2022)



What are the new pain treatment methods available?



Treatment for pain

➢ https://www.msdmanuals.cn/home/brain-spinal-cord-and-

nerve-disorders/pain/overview-of-pain

➢ https://www.mayoclinic.org/zh-hans/chronic-pain-medication-

decisions/art-20360371



(Perez-Sanchez J, et al. Sci Transl Med. 2023)

PSAM4-GlyR–mediated silencing of inflammatory joint and neuropathic pain

胫骨保留神经损伤(tSNI)模型



Silencing of SA in a human neuropathic pain model 

(Perez-Sanchez J, et al. Sci Transl Med. 2023)



Take home message

1. Model animals are commonly used as chronic pain models and appropriate choices are made through motivational trade-

offs, while there are gender differences in pain pathways.

2. TRPV1 interacts with microorganisms, promotes the gut microenvironment. The chronic pain empathy from the insular

cortex to the basal amygdala also reveals the importance of pain.

3. A humanized chemogenetic system inhibits murine pain-related behavior and hyperactivity in human sensory neurons.



Neuronal mechanisms of pain perception in animals
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Different pain



Question

1. How is pain transmitted to the brain?

2. How is pain transmitted in the brain?

3. What is the loop between emotions or cognition and pain?



How is pain transmitted to the brain?



Pain pathways

The pain pathway can be envisioned as a three-neuron pathway 

that transmits noxious stimuli from the periphery of the cerebral 

cortex. 

1. Primary afferent neuron in spinal ganglion. 

2. Second-order neuron in dorsal horn. 

3. Third-order neuron in thalamic nuclei

Aα:传递肌肉运动的信号
Aβ:传递非疼痛性的触觉信息，如触摸、压力和振动等。



Nociceptors

The nociceptors have two types of axons ： unmyelinated (A-δ fibers) or myelinated(C fibers )

A-δ fibers C fibers

Level primary afferent fibers primary afferent fibers

Size small in diameter large in diameter

Conduction slow and unmyelinated fast and myelinated

Condition multitude of noxious stimuli such as chemical, 

thermal, and mechanical 

mechanical stimuli over a specific intensity

Example aching, diffuse, dull, or burning quality of pain a sharp, localized, and pricking quality of pain



Nociceptors to the dorsal horn

Basbaum AI et al., Cell, 2009



Nociceptors to the dorsal horn to brain

Basbaum AI et al., Cell, 2009

Primary afferent 
nociceptors

Dorsal horn of 
the spinal cord

Thalamus
Somatosensory 

cortex

Location

Intensity

Brain stem Amygdala

Cingulate cortex Experience

Insular cortex Experience



How is pain transmitted in the brain?



Pain circuits in the brain

Mercer Lindsay N et al., Sci Transl Med, 2021



Our laboratory uses mouse genetic models and viral 

gene transfer to dissect neural circuits involved in 

innate behaviors.



Campos CA et al., Nature, 2018



CGRPPBN neurons are activated by painful stimuli

Campos CA et al., Nature, 2018





三叉神经节 (TG):头部和面部区域的有害刺激
中枢神经系统神经节（DRG）:颅外区域的有害刺激

面部疼痛和身体疼痛哪个更疼？

Rodriguez E et al., Nat Neurosci, 2017



PBL-nociceptive neurons project axons to multiple emotion- and instinct-related 
centers in the brain

Rodriguez E et al., Nat Neurosci, 2017



Alhadeff AL et al., Cell, 2018



What is the loop between emotions or cognition and pain?



Feedback loops between pain, emotions and cognition

Bushnell MC et al., Nat Rev Neurosci, 2013



Emotional contagion in pain

Cheng Y et al., Neuroimage, 2010Langford DJ et al., Science, 2006



Attentional and emotional factors modulate pain perception via different pathways

Bushnell MC et al., Nat Rev Neurosci, 2013



Take home message

• The pain pathway can be envisioned as a three-neuron pathway that transmits noxious stimuli from 
the periphery to the cerebral cortex

• Pain can be transmitted to various parts of the brain via PB neuron

• Pain, attention, and emotion can influence each other through different pathways



Impact of pain perception on animal behavior

• What are the behavioral methods of pain in various model animals?

• What are the types of behaviors caused by pain?

• What is the relationship between chronic pain and learning and memory behavior?
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What are the behavioral methods of pain in various model animals?



Model animals commonly used in pain research



Characteristics of behavioral detection methods in pain research

Behavioral assessment 

Spontaneous pain Eliciting pain

• Electrical stimulation

• Thermal stimulation 

• Mechanical stimulation

• Chemical stimulation

Behavioral models of nociception 

⚫ Specificity

• Input specificity

• Output specificity

⚫ Sensitivity

• Response sensitivity

• Pharmacological manipulations sensitivity 

⚫ Validity

⚫ Reliability

⚫ Reproducibility

Le Bars, D et al. Pharmacological reviews vol. 53,4 (2001): 597-652.



Tracey, W Daniel Jr et al. Cell vol. 113,2 (2003): 261-73.

Normal larval movement

A light touch

A probe heated to a noxious 

temperature

Painless is required for both thermal and mechanical 

nociception



Zebrafish are often used in pain studies to test the effectiveness of analgesics

Ohnesorge, Nils et al. Frontiers in neuroscience vol. 15 632634. 8 Apr. 2021

Peter J. Steenbergen, Nabila Bardine. Applied Animal Behaviour Science vol. 1522014



Rodents are the most commonly used animal models for pain research

Sadler, Katelyn E et al. Nature reviews. Neuroscience vol. 23,2 (2022): 70-85

• The genetics of pain
• Sex differences in pain biology
• The development of animal models and measures of pain
• Interactions between social behaviour and pain
• The identification of laboratory environmental factors

affecting pain



The von Frey test

Millecamps, Magali et al. Pain vol. 164,3 (2023): 577-586
SNI：Spared Nerve Injury



The acetone drop test

Millecamps, Magali et al. Pain vol. 164,3 (2023): 577-586
SNI：Spared Nerve Injury



What are the types of behaviors caused by pain?



Ma, Qiufu. Neuron vol. 110,5 (2022): 749-769. 

Noxious stimuli evoke exteroceptive and interoceptive perceptions and associated behaviors



Human studies reveal the segregation and convergence of the lateral versus 

medial thalamic pathways

Ma, Qiufu. Neuron vol. 110,5 (2022): 749-769. 



Targeting ACC-VTA-ACC in-loop intersections relieves persistent pain

Song, Qian et al. Nature neuroscience vol. 27,2 (2024): 272-285. 



Song, Qian et al. Nature neuroscience vol. 27,2 (2024): 272-285. 

Targeting ACC-VTA-ACC in-loop intersections relieves persistent pain



An amygdala neural ensemble that encodes the unpleasantness of pain

Mercer Lindsay, Nicole et al. Science translational medicine vol. 13,619 (2021): eabj7360.

Corder, Gregory et al. Science (New York, N.Y.) vol. 363,6424 (2019): 276-281. 

Method: inhibition of nociceptive BLA neurons with hM4Di after injection of CNO



TRPV1+, but not MRGPRD+ neurons are required for noxious stimuli-evoked licking

Huang, Tianwen et al. Nature vol. 565,7737 (2019): 86-90. 



What is the relationship between chronic pain and learning and memory behavior?



好了伤疤就能忘了痛吗？



Park, D C et al. Arthritis and rheumatism vol. 44,9 (2001): 2125-33.

Phelps, Caroline E et al. Trends in cognitive sciences vol. 25,5 (2021): 365-376.

Chronic pain interacts with learning and memory function



Dellarole, Anna et al. Brain, behavior, and immunity vol. 41 (2014): 65-81.

CCI-induced neuropathic decreased neurogenesis, neuroplasticity and 

myelin remodeling in the hippocampus

CCI: Chronic constriction injury 



A positive correlation between extinction learning ability and neuropathic pain control

Ji, Guangchen et al. Molecular pain vol. 14 (2018): 1744806918804441.



Take home message

⚫ Animal behavioral models are widely used in pain perception research

⚫ The functional subdivision of the nociceptive somatosensory system into two branches.

• The exteroceptive branch

• The interoceptive

⚫ Chronic pain is a persistence of the memory of pain and/or the inability to extinguish the memory

of pain evoked by an initial inciting injury.



Thanks！


