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Animal Replacement
Methods



New Approach Methodologies)NAMs( : 
Human-relevant models for 

biomedical research



LEARNING OBJECTIVES



m i c e ?
c e l l  c u l t u r e ?

o r g a n o i d ?
o r g a n - o n - a - c h i p ?

a r t i f i c i a l  i n t e l l i g e n c e ?

If you were to answer this research question, is a new 

pancreatic cancer drug effective in humans? 

which model would you use:



Why Are Alternatives Needed?



This does not mean that animal models are ineffective, but 
rather that each model has its own inherent limitations.

Therefore, NAMs are a response to a scientific, technological, and ethical need,
not simply a change in the way studies are conducted.



to achieve research that is both ethically 
responsible and more predictive of human 

biology



Evolution of experimental models



Evolution of experimental models: from animals to human 
models



The Principles of 
Humane 

Experimental 
Technique

OECD ،NIH ،

ARRIVE 
Guidelines and 
FELASA 

https://nc3rs.org.
uk

https://nc3rs.org.uk/


Replacement

Pharmaceutical toxin safety tests without severe suffering

Clostridium toxins







Categories of NAMs

1 1950s-Present
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Categories of NAMs

2

Patient Tumor

│

Precision-cut tissue slices

│

Drug A     Drug B     Drug C

│

Live fluorescence imaging+Single-cell RNA-seq 

│

Identify sensitive and resistant cells

│

Personalized treatment selection



Categories of NAMs

3

• In chemico assays 

• Cell cultures(2D and 3D)

• Organoids

• Engineered tissues

• Organ-on-a-Chip



1-Simulating gastrointestinal Condition



Corneal-PAMPA: A novel, non-cell-based assay for prediction of corneal drug permeability-DOI: 10.1016/j.ejps.2018.12.012

2-PAMPA: Parallel Artificial Membrane Permeability Assay

3-Franz Diffusion Cell: Skin and mucosal Permeation

https://doi.org/10.1016/j.ejps.2018.12.012




Categories of NAMs

3

• In chemico assays 

• Cell cultures(2D and 3D)

• Organoids

• Engineered tissues

• Organ-on-a-Chip



Researchers can study:

•Toxicity

•Drug mechanisms

•Cell signaling

•Gene expression

Although cell lines are 

very suitable for initial 

screening, they are not 

always the best model for 

predicting human 

response.



Dental stem cell dynamics in periodontal ligament 

regeneration (Stem Cell Research & Therapy, 2024)

Li et al., 2024

Osteogenic mechanism of deciduous teeth periodontal 

ligament stem cells in inflammatory environment





Spheroids are the simplest 3D model, but they play 
a very important role in cancer research and 

pharmacology due to their ability to recreate:
key tumor features such as

hypoxia, 
metabolic gradients, 
and drug resistance.





Wnt/β-catenin

BMP

Notch

Hedgehog

Mini-organs in vitro

iPSCs, ESCs



Organoids (Part 2): Applications in Disease Modeling

from genetics to personalized medicine
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Organoids (Part 2): Applications in Disease Modeling

from genetics to personalized medicine

پاسخوعفونیبیماری‌های،سرطان،ژنتیکیاختلالاتمطالعهامکانکههستندبیماری‌هامدل‌سازیبرایقدرتمندیابزارارگانوئیدها

 .می‌کنندفراهمراانسانیبافتسطحدردارویی

راخصیشپزشکیسمتبهحرکتمسیرودهندکاهشرابیماروآزمایشگاهبینفاصلهمی‌توانندکهاستایندرآن‌هاارزشمهم‌ترین

.باشدتهداشوجودمدل‌هاسایرباترکیببهنیازهنوزکهمی‌شودباعثکاملبلوغوعروق،ایمنیسیستمنبود،حالاینبا .کنندتسریع







Organs on a Chip (Ooc)

One of the most advanced animal replacement technologies



Organs on a Chip; Recreating the Dynamic Function of Human Organs





مرکز تحقیقات فیزیولوژی کاربردی اصفهان

برای فارشی این مرکز با بهره گیری از دستگاه لیتوگرافی اختصاصی و همکاری با افراد دارای توانایی طراحی تونایی ساخت چیپ های میکروفلوئیدی س

.تمرکز اصلی بر کاربردهای تشخیصی، کشت سلول و مدل سازی بیماری ها است. پژوهش های زیست پزشکی را داراست

زیرساخت��

دستگاه لیتوگرافی نوری، اتاق تمیز و تجهیزات ریخته گری•

تخصص��

دبهینه سازی پارامترهای ساخت و تست عملکر•

همکاری��

پروژه های مشترک با گروه های فیزیولوژی، ایمونولوژی و بیوتکنولوژی

Migration microfluidic 
chip

طراحی چیپ میگریشن†

انجام مطالعات مهاجرت سلولی با چیپ طراحی و ثبت اختراع شده مرکز•



Multi-Organ-on-a-Chip (MOC)



BIMMOH : BIOMEDICAL MODELS HUB

https://bimmoh.eu/

https://bimmoh.eu/
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Categories of NAMs



Quantitative Structure–Activity 
Relationship



Designing a drug that inhibits the EGFR protein (a receptor that plays a role in cancer cell growth).
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5Categories of NAMs

Intra-Target-Microdosing (ITM)

PET/CT

Microdosing with 

psilocybin

mushrooms: a double-

blind placebo-

controlled study



5Categories of NAMs

Blood-based biomarkers of Alzheimer’s 
disease and incident dementia in the 
community- plasma p-Tau217, p-Tau181

✓ Cell-free DNA (cfDNA)

✓ Circulating tumor DNA (ctDNA)

✓miRNA

✓ exosome

✓ proteins

✓metabolites

✓ cytokines

✓ immune cells

✓ circulating tumor cells (CTCs)





Categories of NAMs

6

Data integration





THANK YOU


