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ABSTRACT 

This research investigates the multidimensional concept of embryology across Qur’anic discourse, pre-

Islamic philosophical thought, modern medical science, and contemporary artificial intelligence-based 

reproductive systems. The study aims to develop an integrated epistemological framework that explains 

human embryological development not only as a biological process but also as a moral, linguistic, 

philosophical, and computational phenomenon. The research highlights how Qur’anic embryology 

presents a stage-based, meaningful description of human creation, while modern medical embryology 

explains development through molecular genetics, cellular biology, and biochemical regulation. 

Furthermore, artificial intelligence introduces a new paradigm in which embryological development is 

analyzed through predictive algorithms, data modeling, and reproductive optimization systems. Using a 

qualitative comparative methodology, this study identifies epistemological convergence and divergence 

among these systems. It further examines ethical, psychological, biological, and social implications of 

technologies such as IVF, CRISPR gene editing, and AI-assisted embryo selection. The findings reveal that 

embryology is transitioning from a purely biological science into a civilizational meta-discipline, where 

scientific advancement must be balanced with ethical responsibility, human dignity, and theological 

considerations. The study concludes that an integrated bio-ethical and epistemological framework is 

necessary for governing future embryological and AI-driven reproductive technologies. 

KEYWORDS:  Embryology, Qur’anic Science, Artificial Intelligence, IVF, CRISPR, Bioethics, 

Stem Cells, Genetic Engineering, Epistemology, Comparative Religion, Medical Science, Human 

Development, Islamic Ethics and  Reproductive Technology 
INTRODUCTION: 
Embryology is one of the most significant fields in understanding the origin and development of human 

life. Traditionally, it has been studied within the framework of biological sciences, focusing on cellular 

differentiation, genetic regulation, and physiological development from fertilization to birth. However, 

modern advancements in science and technology have expanded the scope of embryology beyond biology 

into interdisciplinary domains involving ethics, artificial intelligence, philosophy, and religious studies.  

In the Qur’anic worldview, human embryological development is described through sequential stages such 

as nutfah, alaqah, and mudghah, which emphasize both biological transformation and divine intentionality. 

Pre-Islamic philosophical traditions, particularly Greek thought, explained embryology through 

metaphysical reasoning and teleological causation. Modern science, on the other hand, relies on molecular 

biology, genetics, and experimental embryology to explain human development in mechanistic terms. 

In the 21st century, artificial intelligence and biotechnology have introduced new dimensions to 

embryology. Technologies such as in vitro fertilization (IVF), CRISPR gene editing, and AI-based embryo 

selection systems have transformed reproductive medicine into a highly predictive and controlled scientific 

field. These developments raise critical ethical, psychological, and social questions regarding the definition 

of life, human dignity, and the limits of technological intervention. Therefore, this research seeks to develop 

a comparative and integrative understanding of embryology across religious, scientific, and technological 

paradigms, highlighting both its benefits and potential risks for future human civilization. 

 RESEARCH QUESTIONS: 

1: How does Qur’anic embryology conceptualize human development compared to modern medical 

embryology? 

2: What are the major differences between pre-Islamic, scientific, and AI-based embryological frameworks? 
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3: How do IVF and gene-editing technologies reshape the understanding of human reproduction? 

4: What ethical challenges arise from AI-driven reproductive technologies? 

5: How does embryology influence social, psychological, and global systems in the modern world? 

 RESEARCH OBJECTIVES:  

1: To analyze Qur’anic, pre-Islamic, and modern scientific perspectives on embryology. 

2: To evaluate the role of artificial intelligence in modern reproductive medicine. 

3: To examine ethical, psychological, and social implications of embryological technologies. 

4: To compare biological, philosophical, and computational models of human development. 

5: To identify risks and benefits associated with IVF, CRISPR, and AI-based embryo selection. 

 RESEARCH METHODOLOGY:  

This study employs a qualitative, analytical, and comparative research methodology. The research is based 

on the following approaches: The study compares embryological concepts across Qur’anic texts, classical 

philosophical sources, modern medical literature, and AI-based scientific frameworks. Primary analysis of 

Qur’anic verses related to embryology is conductedalongside classical tafsir literature and modern scientific 

interpretations. Extensive review of academic books, peer-reviewed journals, Brill Encyclopaedia entries, 

and medical embryology textbooks is included. The research integrates perspectives from: Medical 

embryology, Genetics and molecular biology, Artificial intelligence systems 

Islamic bioethics and Philosophy of science. A thematic and epistemological framework is used to identify 

convergence and divergence between different knowledge systems. 

 RESEARCH GAP:  

Despite extensive literature in both Islamic studies and modern medical embryology, there exists a 

significant research gap in integrating Qur’anic embryology, modern biological science, and artificial 

intelligence within a single comparative epistemological framework. 

Existing studies typically fall into one of the following categories: 

1: Religious interpretations of embryology without scientific integration. 

2:  Medical embryology without ethical or theological analysis. 

3: AI and biotechnology research without philosophical grounding. 

4: Isolated bioethical studies without interdisciplinary synthesis. 

There is limited research that: connects Qur’anic embryological descriptions with modern genetic science. 

critically evaluates AI-based reproductive technologies in an Islamic ethical framework. integrates 

biological, psychological, social, and global dimensions of embryology.  Therefore, this study fills the gap 

by providing a comprehensive interdisciplinary model that unifies religious, scientific, and technological 

perspectives on human embryological develop 

 Intellectual Genesis of Embryological Thought in Pre-Islamic Civilizations: 
The study of human embryology in pre-Islamic civilizations represents one of the earliest attempts to 

understand the origin of life, human formation, and biological development through rational inquiry. 

However, this inquiry was not yet an independent scientific discipline. Instead, it existed at the intersection 

of: Natural philosophy, Early medical practice, Religious cosmology and Metaphysical speculation. Across 

Greek, Egyptian, Indian, and Persian traditions, embryology was interpreted not as a strictly biological 

process but as a cosmic and philosophical phenomenon, deeply connected to questions of existence, purpose, 

and the nature of life. According to Lloyd: “Greek biological thought was not merely descriptive but 

fundamentally philosophical in its approach to living beings.”3 This indicates that pre-Islamic embryology 

must be understood as interpretive biology rather than experimental science. Among all pre-Islamic 

civilizations, Greek thought particularly Aristotle and Galenprovides the most systematic embryological 

framework. Greek thinkers attempted to answer three foundational questions: 

What is the origin of life?  How does form emerge in matter? What is the sequence of development in the 

embryo? These questions shaped what later became known as early developmental biology. Aristotle (384–
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322 BCE) is widely regarded as the founder of embryological theory in Western intellectual history. His 

work Generation of Animals presents one of the earliest structured accounts of embryonic development. 

Aristotle rejected the idea that the embryo is fully formed at conception. Instead, he proposed epigenesis, 

meaning gradual development from an unstructured beginning. 

He stated: “Nature proceeds little by little from the undifferentiated to the differentiated.”4 

Aristotle’s model is deeply rooted in his metaphysical theory of form (morphe) and matter (hyle): 

Matter = female contribution 

Form = male contribution 

This dualistic framework suggests that biological development is a process of actualizing potentiality. 

Aristotle outlined embryogenesis as a sequential process: Formation of vital principle (soul-like essence), 

Emergence of heart (first functional organ), Development of bodily systems and Completion of organism. 

Table of Aristotelian Embryological Structure: 

Stage                                              Description                                          Conceptual Basis 

Stage 1                                Undifferentiated mixture                      Matter–form interaction 

Stage 2                              Emergence of vital principle                    Teleological biology 

Stage 3                             Organ formation begins                             Functional necessity 

Stage 4                             Full organism formation                                  Final causality 

A defining feature of Aristotle’s biology is teleology, the belief that every biological process has a purpose. 

He argued: “Nature does nothing in vain; every organ exists for a reason.”5 

This idea influenced centuries of biological thought and remains significant in hilosophical biology today. 

Galen (129–216 CE) represents a shift from purely philosophical reasoning to empirical observation, 

although still limited by pre-modern constraints. Unlike Aristotle, Galen performed animal dissection, 

which allowed him to observe internal structures more directly. He stated: “Nature constructs each organ 

according to its necessity and function within the living body.”6 Galen’s key contributions include: 

Description of uterine structure, Early understanding of placental function, Identification of fetal 

nourishment pathways and Emphasis on physiological processes. 

Galen’s framework was influenced by the humoral theory, which posited that human health and 

development depend on four bodily fluids: 

1: Blood 

2: Phlegm 

3: Yellow bile 

4: Black bile 

Embryonic development was believed to be regulated by the balance of these humors. 

 Table of Aristotelian vs Galenic Embryology: 

Feature                                            Aristotle                                                                        Galen 

Methodology                          Philosophical reasoning                          Anatomical observation 

Focus                                      Developmental stages                             Functional anatomy 

Key principle                              Teleology                                               Physiology 

Limitation                             No empirical testing                         Animal-based generalization 

 Egyptian, Indian, and Persian Contributions: 
Although less systematized than Greek models, other civilizations contributed important embryological 

ideas. Egyptian thought linked human creation to divine cosmology: 

1: Life originated from divine forces. 

2: Embryonic formation was spiritually guided. 

3: No structured biological sequence was defined. 

4: This reflects a mythological-biological synthesis rather than scientific embryology. 

In Ayurvedic literature, particularly Charaka Samhita, embryology is described through a combination of: 

1: Parental contribution. 
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2: Cosmic elements (air, fire, water, earth). 

3: Moral and karmic influence. 

4: Development was understood as both biological and ethical-spiritual formation. 

Persian medical thought, heavily influenced by Greek tradition, emphasized: 

1: Bodily equilibrium. 

2: Fluid balance. 

3: Environmental influence on development. 

Despite intellectual richness, pre-Islamic embryology had significant limitations: 

1:  Absence of Empirical Tools. 

2: No microscopes. 

3: No cellular biology. 

4: No genetic understanding. 

Dependence on Philosophy: 

1: Heavy reliance on abstract reasoning. 

2: Limited experimental validation. 

 3: Species Misapplication. 

4: Animal dissection used to explain human biology. 

5: Inaccurate generalizations. 

 Table of Scientific Reliability Index (Pre-Islamic Models) 

Civilization          Empirical Basis      Biological Accuracy              Philosophical Depth 

Greece                   Medium                      Moderate                                     High 

Egypt                       Low                             Low                                            High 

India                   Low–Medium                   Low                                          Medium 

Persia                        Medium                   Moderate                                      Medium 

Pre-Islamic embryology, despite its limitations, laid the foundation for later intellectual developments by 

introducing three critical ideas: 

(i)  Aristotle’s epigenesis resembles modern developmental biology in its recognition of progressive 

formation. 

(ii) Galen’s view that organs exist for specific functions foreshadows modern physiological science. 

(iii)  All traditions treated life as more than biological matter, embedding it within cosmology and 

metaphysics. 

The arrival of the Qur’anic revelation introduces a fundamentally different epistemological model: 

Structured developmental stages, Linguistic precision in biological description 

And Integration of physical and metaphysical dimensions. 

This transition marks a shift from: 

Philosophical speculation → Revealed structured knowledge system. 

Pre-Islamic embryological thought cannot be understood merely as early biology; it is fundamentally rooted 

in ancient metaphysical systems that attempted to explain life through categories of: substance and form, 

motion and purpose and cosmos and causality. 

In Greek philosophy especially, biology was inseparable from ontology. Life was not treated as a 

mechanical process but as a teleological unfolding of existence. 

According to Sedley:“For the Greeks, biology was a branch of philosophy concerned with explaining why 

things exist, not only how they function.”7 This philosophical orientation deeply shaped embryological 

reasoning, where the embryo was seen as a becoming-being, not a biological product in the modern sense. 

Aristotle’s embryology must be understood within his broader theory of causation (aitia): Material cause 

(what something is made of), Formal cause (its structure), Efficient cause (what brings it into being) and 

Final cause (its purpose). Embryological development was explained primarily through final causality, 

meaning everything develops toward a predetermined end. He stated: “Nature always acts for an end, and 

https://portal.issn.org/resource/ISSN/3006-3329
https://portal.issn.org/resource/ISSN/3006-3337


 
THE STUDY OF RELIGION AND 

 

 

Vol.3, No.4, 2025 

ISSN P: 3006-3329 

ISSN E: 3006-3337  

 

 
THE STUDY OF RELIGION AND HISTORY (SRH) 

 488 

nothing is formed without purpose.”8 From a modern standpoint, Aristotle’s model presents both insight 

and limitation: Strengths, Recognized staged development, Identified progressive differentiation and 

Introduced functional reasoning. 

Weaknesses: No cellular or genetic framework, Gender-biased reproductive theory (male dominance in 

“form”) and Absence of experimental validation. 

Table of  Aristotelian Model vs Modern Embryology: 

Feature                                                     Aristotle                                        Modern Science 

Origin of life                Male + female interaction (form/matter)             Fertilization (zygote 

                                                                                                                                         formation) 

Development                        Progressive stages                                         Molecular + genetic 

                                                                                                                                        regulation 

Organ formation                 Heart-first principle                                 Neural tube precedence 

Methodology                       Philosophical reasoning                                Experimental biology 

Galen represents a transition toward proto-scientific empiricism, although still constrained by philosophical 

assumptions. Unlike Aristotle, Galen attempted to ground embryology in observable anatomy, particularly 

through animal dissection. He argued: “Nature is not arbitrary; it constructs organs in accordance with 

functional necessity.”9 

Galen’s key contribution lies in linking structure to function: 

Eyes exist for vision, Heart exists for circulation, Uterus exists for gestation. This reflects an early form of 

biological functionalism. Despite advances, Galen faced major constraints: 

Reliance on animal dissection, Misapplication to human physiology and Lack of reproductive cellular 

understanding. Pre-Islamic traditions did not view the embryo purely as a biological entity. Instead, it was 

embedded within a broader philosophical anthropology. 

Core Interpretations: 

1: Aristotle → embryo as potential rational being. 

2: Galen → embryo as functional biological system. 

3: Egyptians → embryo as divine manifestation. 

4: Indians → embryo as karmically influenced formation. 

This diversity indicates that embryology was also a theory of human identity formation, not just biology. 

Pre-Islamic embryology can be classified into three epistemological models: 

 1: Rational-Philosophical Model (Greece).   

2: Based on logical reasoning. 

3: Teleological explanation. 

4: Abstract biological principles. 

 Spiritual-Cosmological Model (Egypt & India) 

 2: Embryo linked to metaphysical reality. 

3: Ethical causation (karma). 

Proto-Empirical Model (Galen) 

1: Observation-based reasoning. 

2: Anatomical emphasis. 

3: Early physiological science. 

Table of Epistemological Classification of Pre-Islamic Embryology Model:  

   Civilizations               Basis                     Scientific Value                              Philosophical 

     Greece                      Reasoning                      Medium                                 Cosmological 

Egypt/India                Spiritual belief                  Low                                      Proto-empirical 

  Rome (Galen            Observation                    Medium                                    High 

A critical limitation across all pre-Islamic systems is the absence of:  
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cellular biology, genetic inheritance theory, fertilization mechanisms and microscopic observation. Hence , 

embryology remained at the level of macro-observation and abstract reasoning. 

Modern science later revealed that: development begins at the zygote stage, differentiation is gene-regulated 

and organogenesis is molecularly controlled.This demonstrates a fundamental epistemic gap between 

ancient and modern frameworks. 

Although not as developed as modern bioethics, pre-Islamic thought still contained implicit ethical 

assumptions: 

1: Aristotle emphasized natural order and hierarchy 

2: Galen valued functional harmony of the body 

3: Indian thought linked embryology with moral causality 

4: However, none of these systems addressed: reproductive intervention, genetic manipulation and artificial 

reproduction. This becomes highly relevant when compared with modern AI-driven embryology, where 

ethical dilemmas are central. 

Pre-Islamic embryology set the intellectual foundation for later developments by introducing: 

(i) Developmental Gradualism 

The idea that life forms progressively rather than instantly. 

(ii) Functional Organ Theory. 

Each organ has a specific purpose in biological survival. 

(iii) Naturalistic Inquiry. 

The attempt to explain life through natural causes rather than mythology alone. 

However, these ideas remained incomplete until: Islamic scholarship systematized observational science, 

Modern biology introduced experimental validation and AI introduced predictive modeling of development. 

The culmination of pre-Islamic embryological thought reveals a complex intellectual landscape where 

philosophy, proto-science, and metaphysical speculation coexist without formal separation. Unlike modern 

disciplinary boundaries, ancient knowledge systems treated embryology as part of a broader inquiry into: 

the nature of life, the origin of existence, the structure of the cosmos 

and the moral order of being. This integrated worldview makes pre-Islamic embryology not merely a 

scientific precursor but an epistemological framework of meaning-making. 

According to Longrigg: “Ancient biological theories were never purely biological; they were extensions of 

metaphysical systems explaining reality as a whole.”10 A key analytical insight emerges when comparing 

Aristotle, Galen, and non-Greek traditions: each system reflects a different theory of knowledge itself. 

 Table of Epistemological Structures Across Pre-Islamic Embryology: 

Tradition       Knowledge Source      Method    Verification Type           Scientific Reliability 

Greek (Aristotle) Rational philosophy 

Logical deduction 

Conceptual coherence 

Medium 

Roman (Galen) 

Observation + anatomy 

Dissection 

Empirical analogy 

Medium–High 

Egyptian 

Mythic cosmology 

Symbolic interpretation 

Ritual validation 

Low 

Indian 
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Spiritual-natural synthesis 

Holistic reasoning 

Moral-cosmic validation 

Low–Medium 

Persian 

Greek-influenced medicine 

Humoral analysis 

Observational tradition 

Medium 

A unifying feature across civilizations is the assumption that embryonic development is: 

Gradual purposive, externally or cosmically influenced and non-mechanistic. However, there was no 

consensus mechanism for biological causation.  Aristotle proposed causality through form and matter, while 

Galen emphasized physiological necessity. Eastern traditions embedded embryology within moral or 

spiritual framework. Modern embryology provides a fundamentally different explanatory system based on: 

fertilization (zygote formation), cellular differentiation, genetic regulation (DNA expression) and 

biochemical signaling pathways. According to Moore: “Development is governed by precisely timed 

genetic and molecular events that cannot be reduced to philosophical causation.”11 This demonstrates a 

key epistemological shift: 

From teleology (purpose-based explanation) to mechanistic biology (cause-effect systems). 

Table of Pre-Islamic vs Modern Embryology Comparison Index: 

Criterion                                          Pre-Islamic Models                        Modern Embryology 

Causal explanation                      Philosophical/teleological                    Molecular/genetic 

Development understanding           Staged and abstract                   Cellular and dynamic 

Methodology                                 Reasoning + observation                   Experimental science 

Predictive accuracy                           Low–Medium                                Very High 

Ethical framework                              Implicit                                   Institutionalized bioethics 

A deeper analysis reveals that pre-Islamic embryology suffered from systemic epistemic limitations, not 

merely technological ones.  Absence of Micro-ontology no awareness of: 

Cells, DNA, chromosomes and molecular signaling, Methodological Non-Standardization and No 

controlled experimentation or reproducibility standards. 

 Ontological Ambiguity/ Embryo was simultaneously: biological entity, metaphysical symbol and moral 

construct. This lack of disciplinary clarity limited scientific progress. 

Continuity Hypothesis: Intellectual Transition to Islamic Era. Despite limitations, pre-Islamic embryology 

contributed significantly to later developments: 

(i) Conceptual Continuity: Aristotelian developmental stages influenced later medieval Islamic medical 

scholarship. 

(ii) Anatomical Foundation: Galen’s physiological observations were preserved and expanded in Islamic 

medicine. 

(iii) Philosophical Integration: The idea that life has structured development became central to later 

theological interpretations. 

According to Rahman: “Islamic thought did not reject Greek science but reorganized it within a revelatory 

epistemology.”12 

To evaluate intellectual reliability across systems, a composite index can be constructed: 

Table of Embryological Knowledge Reliability Index (EKRI Model): 

Civilization    Conceptual Depth     Empirical Strength     Predictive Accuracy   Ethical Structure 

Overall Score 

Aristotle 

8.5/10 
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5/10 

6/10 

7/10 

6.6 

Galen 

7.5/10 

7/10 

6.5/10 

6/10 

6.75 

Egypt 

6/10 

2/10 

3/10 

8/10 

4.75 

India 

7/10 

3/10 

4/10 

7.5/10 

5.4 

Persia 

7/10 

5/10 

5/10 

6/10 

5.75 

 Analytical Insight: Pre-Islamic Embryology as “Proto-Scientific System”13 

From a historiographical perspective, pre-Islamic embryology should not be dismissed as “incorrect 

science”14 but rather understood as: A proto-scientific interpretive system that attempted to explain 

biological reality within the cognitive limits of its time. 

Its value lies in: initiating structured biological inquiry, establishing developmental reasoning, influencing 

later Islamic and medieval medical systems. The transition from pre-Islamic to Qur’anic embryology marks 

a profound epistemological shift: Pre-Islamic Model: structured developmental terminology, linguistic 

precision and integration of physical + metaphysical meaning, speculative reasoning, philosophical 

causation and fragmented interpretations. Qur’anic Model: structured developmental terminology, l 

inguistic precision and integration of physical + metaphysical meaning. This transition does not represent 

a rejection of earlier knowledge but a reconfiguration of epistemology under revelation-based authority. 

LINGUISTIC, TEXTUAL & EPISTEMOLOGICAL FOUNDATIONS: 

The Qur’anic discourse on human embryological development represents one of the most extensively 

discussed intersections between revelation, language, and biological interpretation in Islamic intellectual 

history. Unlike pre-Islamic philosophical biology, the Qur’an does not present embryology as speculative 

reasoning but as structured descriptive knowledge embedded within a theological framework of creation 

(khalq). 

The Qur’anic narrative is primarily articulated through a set of key terms: 

 (nutfah) نطفہ

https://portal.issn.org/resource/ISSN/3006-3329
https://portal.issn.org/resource/ISSN/3006-3337


 
THE STUDY OF RELIGION AND 

 

 

Vol.3, No.4, 2025 

ISSN P: 3006-3329 

ISSN E: 3006-3337  

 

 
THE STUDY OF RELIGION AND HISTORY (SRH) 

 492 

 (alaqah) علقہ

 (mudghah)  مضغہ

 (bones formation) عظام

 (muscle formation) لحم

These terms have been widely analyzed in both classical tafsir literature and modern scientific discourse. 

According to Brill’s Encyclopaedia of the Qur’an: 

 “The Qur’anic descriptions of embryonic stages employ metaphorical yet structured language that has 

invited both theological and scientific interpretation.”15 

The primary Qur’anic verses related to embryology include: 

“And certainly did We create man from an extract of clay. Then We placed him as a drop (nutfah) in a firm 

lodging. Then We made the drop into a clinging substance (alaqah), and We made the clinging substance 

into a lump (mudghah).”16 

Linguistic Analysis of Embryological Terminology: 

 Nutfah (نطفہ) Linguistically: means “a small drop of fluid”17 used for minimal quantity of liquid substance. 

Classical Arabic lexicons (e.g., Lisan al-Arab) indicate: 

“Nutfah refers to a small, pure drop of liquid capable of formation.”18 

 Alaqah (علقہ) The term carries multiple meanings: something that clings,a leech-like structure and  

suspended substance. This multiplicity of meaning has been central to interpretative debates. 

 Mudghah (mہ ضغ) Means: “chewed-like substance”19 suggests morphological irregularity in early 

embryonic stage 

Table of Qur’anic Embryological Terminology: 

Term                             Linguistic Meaning                                               Possible Biological Correlation                                   

Nutfah                                                      Drop of fluid 

Zygote / fertilization fluid             Alaqah                                                   Clinging substance 

Implantation stage                        Mudghah                                                Chewed-like lump 

Somite formation stage                  Izam                                                          Bones 

Ossification phase                          Lahm                                        Flesh /Muscledevelopment 

 Structural Nature of Qur’anic Embryology: 
Unlike pre-Islamic embryology, the Qur’anic model is: 

(i) Sequential  

Development is presented in clear stages. 

(ii) Linguistically layered 

Each term has semantic depth, not single biological equivalence. 

(iii) Theologically embedded 

Embryology is linked to divine creative power. 

The Qur’an states: 

(3) “Then We fashioned the drop into a clinging form, then We shaped the lump into bones, and We clothed 

the bones with flesh.”19 

 Classical Tafsir Interpretations:  

 Ibn Kathir: “Ibn Kathir interprets embryological verses as: sequential developmental stages, evidence of 

divine creation and not purely material transformation”20 

Al-Tabari: “Al-Tabari emphasizes: linguistic interpretation, gradual formation stages and  theological 

causality”21 

 Fakhr al-Din al-Razi: “Al-Razi provides a more philosophical reading: integration of reason and revelation, 

acknowledgment of natural processes and metaphysical causation remains central.”22 

Brill’s Encyclopaedia Perspective: 
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“Brill’s Encyclopaedia of the Qur’an provides a modern academic Western perspective, emphasizing: 

linguistic ambiguity of terms, interpretive flexibility and historical exegetical diversity.”23 It highlights that 

Qur’anic embryology should not be reduced to strict biological equivalence but understood within: “a 

semantic and theological discourse of creation.”24 

 Comparative Epistemology: Qur’an vs Pre-Islamic Thought: 

Feature                            Pre-Islamic Embryology                                   Qur’anic Embryology 

Nature of knowledge      Philosophical speculation                                 Revealed description 

Structure                            Fragmented                                                        Sequential 

Language                        Technical/philosophical                                  Semantic-multilayered 

Causality                         Natural/teleological                                 Divine + natural integration 

Certainty level                   Probabilistic                                          Authoritative (revelatory) 

Modern scholars attempted to correlate Qur’anic descriptions with embryology. 

Keith L. Moore states: “The Qur’anic descriptions of embryonic stages are remarkably consistent with 

modern embryology.”25 However, other scholars argue that: these correlations may be interpretive rather 

than literal, Qur’anic language is not strictly anatomical. Modern academic caution suggests: linguistic 

flexibility prevents strict scientific mapping, metaphorical meaning must be considered and historical 

context of Arabic language is essential. According to embryology historians: “Textual descriptions should 

not be retrofitted into modern scientific categories without interpretive risk.”26 

 Statistical Mapping: Qur’an vs Modern Embryology: 

Qur’anic Stage                              Modern Equivalent                             Correlation Strength 

Nutfah                                              Fertilization                                                   High 

Alaqah                                              Implantation stage                                 Medium–High 

Mudghah                                          Somite formation                                     Medium 

Bone formation                                  Ossification                                                High 

Flesh formation                                   Myogenesis                                              High 

The Qur’anic embryological framework demonstrates: structured developmental description, linguistic 

richness allowing interpretive depth, integration of biology and theology, openness to scientific engagement 

without rigid reductionism. However, its interpretation remains dependent on: linguistic analysis, tafsir 

methodology and scientific caution. 

QUR’ANIC EMBRYOLOGY (DEEP TAFSIR, MEDICAL CORRELATION & 

INTERDISCIPLINARY ANALYSIS):  

3.12 Deep Semantic Structure of Qur’anic Embryology 

The Qur’anic embryological narrative is not merely a biological description but a semantic system of 

layered meaning (dalālah muta‘addidah). Each term carries: 

lexical meaning (lughat) 

contextual meaning (siyaq) 

interpretive meaning (tafsir) 

theological meaning (aqeedah dimension) 

This multi-layered structure distinguishes Qur’anic discourse from both pre-Islamic and modern scientific 

descriptions. According to Izutsu:“Qur’anic vocabulary operates not as isolated scientific terms but as 

relational semantic fields embedded in a moral-theological universe.”27 Classical mufassirūn did not 

interpret embryological verses as biological diagrams but as signs (āyāt) of divine creative power. 

 Ibn Kathir’s Method:” Sequential literal interpretation, Emphasis on divine creation 

And Avoidance of excessive rationalization.28“These stages demonstrate the perfect power of Allah in 

transforming lifeless matter into structured human form.”29 

Al-Tabari focuses on:”lexical meaning of Arabic terms,grammatical structure and  
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contextual reading of verses.He avoids forcing scientific equivalence, emphasizing linguistic fidelity over 

scientific mapping.”30 Fakhr al-Din al-Razi introduces a more philosophical integration:”Acceptance of 

natural causality, compatibility between reason and revelation 

 and openness to empirical observation. He argues:“Reason and revelation, when properly understood, 

cannot contradict each other.”31 

Modern embryology provides a highly detailed biological framework based on: 

fertilization (zygote formation), cleavage and blastocyst development and implantation 

gastrulation organogenesis. 

Table of Qur’anic vs Medical Developmental Mapping: 

Qur’anic Term        Biological Stage           Scientific Description         Correlation Level 

Nutfah                      Fertilization                  Zygote formation                       High 

Alaqah                      Implantation              Trophoblast attachment               High 

Mudghah                 Somite stage                 Segmentation appearance          Medium 

Izam                        Bone formation               Ossification process                   High 

Lahm                       Muscle formation                  Myogenesis                          High 

While correlations exist, modern scholars caution against strict one-to-one equivalence. 

According to Sadler:“Embryological stages described in religious texts may align descriptively with 

modern biology but do not constitute scientific prediction.”32 

Key considerations: (i) Linguistic flexibility: Arabic terms allow multiple meanings. 

(ii) Non-technical language: The Qur’an does not use anatomical terminology. 

(iii) Interpretive variability: Different tafsir traditions produce different mappings. 

Brill’s Encyclopaedia: Critical Academic Position: Brill’s Encyclopaedia of the Qur’an provides a neutral 

academic stance, emphasizing: historical diversity of interpretations, linguistic ambiguity of embryological 

terms and caution against scientific literalism. It highlights that Qur’anic embryology should be understood 

as: “a theological narrative employing biological imagery rather than a scientific manual.”33 Modern 

Artificial Intelligence introduces a completely new dimension in embryological studies.AI systems are now 

used for: fetal imaging analysis, prediction of genetic disorders and embryo viability scoring in IVF and 

simulation of developmental processes. 

Table of  AI Applications in Embryology: 

AI Application              Function                                         Ethical Concern 

Ultrasound AI imaging              Detect abnormalities                             Misdiagnosis risk 

Genetic prediction models          Predict disease risk                          Genetic discrimination 

IVF embryo selection AI             Rank embryos                                   Ethical selection bias 

Development simulation             Model fetal growth                             Data reliability 

 IssuesI slamic Ethical Framework for AI Embryology: 
Islamic bioethics introduces key principles: 

sanctity of life (ḥifẓ al-nafs), protection of lineage (ḥifẓ al-nasl), prevention of harm (lā ḍarar) and divine 

ownership of creation. These principles create ethical boundaries for AI use in reproduction. 

Table 3.6: Ethical Comparison — Classical vs Modern vs AI Systems 

System         Ethical Basis           Embryo Status           Intervention Level 

Pre-Islamic                Philosophical/cultural                 Undefined                        None 

Islamic framework    Divine law (Shariah)               Protected life stage         Conditional 

Modern science           Medical ethics                         Biological entity         High intervention 

AI systems               Algorithmic optimization               Data object     Very high intervention 

A major academic tension arises between: 

(i) Scientific Reductionism: Embryo as biological machine Genetic determinism. 

(ii) Theological Holism: Embryo as divinely guided creation Moral and spiritual dimension. 

(iii) AI Computational Determinism: Embryo as data model Predictive ranking system 
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This creates a three-layer epistemological conflict. The Qur’anic embryological framework operates at the 

intersection of: linguistic depth, theological meaning, descriptive biological imagery. Modern science and 

AI add new interpretive layers, but also introduce: ethical complexity, epistemological uncertainty, 

interpretive overreach risks, Thus, Qur’anic embryology cannot be reduced to either: purely scientific text 

purely metaphorical narrative. It functions as a multi-dimensional epistemic discourse. The Qur’anic 

embryological discourse, when examined through linguistic, theological, and comparative scientific lenses, 

reveals a multi-dimensional epistemic structure rather than a single-layer scientific description. It operates 

simultaneously on three interpretive levels: 

Descriptive Level → Sequential stages of human development 

Semantic Level → Rich linguistic fields of meaning 

Theological Level → Divine creative agency (khalaqna / fa khalaqna) 

This layered structure allows the Qur’anic text to remain interpretively open yet structurally consistent, 

accommodating both classical tafsir and modern scientific engagement without collapsing into 

reductionism. According to Rahman: “The Qur’an speaks in a mode that is neither purely scientific nor 

purely symbolic, but teleological in its orientation toward meaning and creation.”34 Brill’s Encyclopaedia 

of the Qur’an situates embryological verses within a historical-critical academic framework, emphasizing: 

diversity of early Islamic interpretations, metaphorical elasticity of Arabic terminology 

absence of technical anatomical precision, It concludes that Qur’anic embryology should be read as: “a 

theological discourse utilizing biological imagery to communicate divine creative power.”35 This position 

is important because it prevents two extremes: 

Scientific over-claiming (scientism) and Pure metaphorical reductionism. 

Artificial Intelligence introduces a fundamentally new epistemological layer into embryology: Predictive 

Biology AI systems now: predict fetal abnormalities before full development simulate embryonic growth 

patterns and analyze genetic probability distributions. In IVF clinics: embryos are ranked using AI scoring 

systemsand selection decisions are increasingly data-driven. This transforms the embryo into a data-

optimized biological entity. 

 Table of Epistemological Transformation Across Systems: 

System            View of Embryo         Knowledge Type                  Decision Authority 

Pre-Islamic          Philosophical concept      Speculative reasoning                   None 

Qur’anic        Divinely structured creation   Revelation-based knowledge    Divine authority 

Modern Medicine   Biological organism           Empirical science               Clinical judgment 

AI Systems             Data-driven                      Computational prediction            Algorithmic 

                              developmental model                                                                   authority                                                                                                         

The integration of AI into reproductive medicine raises serious ethical concerns: 

(i) Commodification of Life: Embryos may be treated as: ranked products and selectable biological units. 

(ii) Genetic Discrimination:  AI may prioritize: “healthier” embryos and genetically optimized traits. 

(iii) Loss of Human Agency:  Decision-making shifts from: physician → algorithm 

And ethics → efficiency. 

According to Floridi: “AI systems risk redefining human decision-making by replacing moral judgment 

with statistical optimization.”36 

Islamic ethics introduces counter-balancing principles: 

Core Principles: 

1: Ḥifẓ al-Nafs (Protection of Life) 

2: Ḥifẓ al-Nasl (Protection of Lineage) 

3:Lā Ḍarar wa Lā Ḍirār (No harm principle) 

4: Tawḥīd-based ontology (Divine unity of creation) 

These principles imply: embryo cannot be reduced to a data object, moral dignity begins at early 

developmental stages and technological intervention must remain ethically bounded. 
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Table of Ethical Boundary Matrix (Islamic–AI Interface) 

Issue                                               AI Approach                                Islamic Ethical Position 

Permissibility Level                      Embryo selection                             Ranking & filtering 

Conditional permissibility             Restricted                                           Genetic editing 

Trait modification                        Highly restricted                                Mostly impermissible 

Prenatal diagnosis                        Predictive analysis                        Permissible for treatment 

Allowed                                            Data profiling                                    Risk prediction 

Permissible                                                limits                                                 Conditional 

The Qur’anic model occupies a middle epistemological position between: 

pre-Islamic speculative philosophy, modern scientific reductionism and AI computational determinism. It 

neither: fully abstracts embryo into metaphysics, nor reduces it to biological mechanics and nor converts it 

into algorithmic data. 

Instead, it maintains a balanced ontological duality: physical development and divine intentionality.The 

evolution of embryological thought demonstrates a clear historical trajectory: 

Phase 1: Pre-Islamic Era: 

conceptual speculation. 

philosophical causality. 

Phase 2: Qur’anic Revelation: 

structured descriptive staging. 

theological grounding. 

Phase 3: Modern Science: 

empirical biological explanation. 

molecular causality. 

Phase 4: AI Era: 

predictive computational modeling. 

algorithmic decision systems. 

This progression shows a shift from: 

Meaning-based explanation → Mechanism-based explanation → Prediction-based control. 

 Table of  Historical Evolution of Embryological Epistemology: 

Era                 Dominant Logic                         Embryo Concept                      Method 

Pre-Islamic              Philosophical causality                 Conceptual entity                  Reasoning 

Qur’anic                   Theological description                   Created being                    Revelation 

Modern                      Biological mechanism                  Cellular organism     Experimentation 

AI Era                     Computational prediction                  Data object                  Algorithms 

The Qur’anic embryological framework represents a unique epistemological system that: 

integrates descriptive biology with theological meaning, maintains linguistic flexibility across 

interpretations, allows scientific engagement without losing metaphysical depth and  

resists reduction into purely empirical or computational models. When compared with pre-Islamic, modern, 

and AI-driven frameworks, it becomes evident that: Pre-Islamic thought lacked empirical structure. Modern 

science lacks metaphysical grounding, AI systems lack ethical autonomy. The Qur’anic model, therefore, 

functions as a meta-interpretive framework that transcends these limitations by embedding embryology 

within a moral and ontological worldview. 

 BRILL’S ENCYCLOPAEDIA OF THE QUR’AN (VOL. 2, LETTER E  “EMBRYO”): 

Brill’s Encyclopaedia of the Qur’an represents one of the most influential modern Western academic 

reference works in Qur’anic studies. Unlike traditional tafsir literature, it adopts a historical-critical, 

philological, and comparative-religion methodology, aiming to analyze Qur’anic concepts through 

linguistic, historical, and interdisciplinary academic lenses. 
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The entry under “Embryo (E)” in Volume 2 is particularly significant because it intersects three major 

domains: Qur’anic linguistics, History of embryological ideas, Comparative religious interpretation. Its 

treatment of embryology is not theological but academic-descriptive, focusing on interpretation history 

rather than doctrinal validation. 

According to Brill’s editorial approach: “Qur’anic concepts must be understood within their historical 

linguistic and interpretive environments rather than modern scientific categories.”37 

Brill employs a multi-layered academic methodology: 

 Historical-Critical Method, Investigates historical development of interpretations, Analyzes early Islamic 

exegetical traditions and Examines evolution of meaning over time. 

Focus on Arabic lexical meanings, Semantic range of terms such as nutfah, alaqah, mudghah and 

Comparison with pre-Islamic usage patterns. 

Cross-references Judeo-Christian embryological concepts, Examines late antique intellectual environment. 

Brill’s Interpretation of Qur’anic Embryology The entry highlights that Qur’anic embryology is 

characterized by: non-technical descriptive language, metaphorical flexibility and interpretive plurality in 

classical tafsir Brill emphasizes that Qur’anic terms do not correspond rigidly to modern biological stages 

but function within a semantic-religious discourse of creation. Brill argues that:” Qur’anic embryological 

terms possess semantic breadth rather than fixed biological specificity”38 . 

This means: nutfah can mean fluid, essence, or origin and  alaqah may imply attachment, leech-like form, 

or suspended state.Brill highlights that classical Muslim scholars: 

differed in interpretation, did not establish a single scientific reading and treated verses as signs rather than 

diagrams. The Encyclopaedia maintains that:Qur’anic discourse is theological in purpose and  scientific 

alignment is interpretive, not inherent. 

Table of Brill’s Analytical Framework vs Classical Tafsir: 

Dimension                                                                       Brill Perspective             

Classical Tafsir                                                                  Nature of text              

 Historical-religious discourse                                        Divine revelation 

Embryology meaning                                                     Semantic-symbolic 

Sequential creation                                                           Methodology 

Critical linguistics                                                             Textual theology 

Scientific relevance                                                             Interpretive overlap 

While Brill provides a rigorous academic framework, several methodological critiques arise:  Reduction of 

Theological Meaning Brill tends to: prioritize historical linguistics 

underrepresent metaphysical claims. This leads to a methodological reductionism, where revelation is 

treated primarily as text rather than ontology. Brill claims neutrality, but: its framework is rooted in secular 

historical criticism, theological truth claims are bracketed out. Thus, neutrality is methodological, not 

epistemological. 

Aligning Qur’anic descriptions with modern embryology,making biological equivalence claims. While 

academically safe, this may limit interdisciplinary synthesis 

Brill stands between three interpretive poles: 

Traditional Islamic Tafsir (faith-based interpretation), Scientific Concordism (attempted alignment with 

science) and Historical-Critical Western scholarship (Brill’s position). 

Table of Interpretive Positioning Model: 

Approach                    Core Assumption                       Strength                 Limitation 

Tafsir tradition      Revelation is absolute truth      Theological depth     Limited historical 

                                                                                                                                   criticism 

Scientific concordism   Qur’an aligns with science      Popular appeal            Risk of over 

                                                                                                                               -interpretation 

Brill methodology         Text is historical discourse       Academic rigor       Weak theological 
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                                                                                                                                  engagement 

 Embryology in Late Antique Context (Brill’s Historical Emphasis): 
Brill situates Qur’anic embryology within the broader Late Antiquity intellectual environment, where: 

Greek medical knowledge (Aristotle, Galen) was dominant, Jewish and Christian embryological ideas 

circulated, philosophical biology influenced religious discourse. Thus, Qur’anic embryology is interpreted 

as part of a shared intellectual milieu, not isolated revelation discourse. A critical point in Brill’s analysis 

is its implicit rejection of: strict scientific miracle claims,direct biomedical prediction in Qur’an. Instead, it 

suggests:” The Qur’an employs natural imagery to communicate metaphysical truths rather than predictive 

scientific facts”40. This position is central to modern academic Qur’anic studies. From an AI-driven 

epistemological perspective, Brill’s methodology can be analyzed as: high consistency in linguistic 

classification, strong dataset-based historical analysis and structured semantic categorization. Limitations: 

lacks computational modeling of meaning evolution, does not integrate predictive linguistic AI tools and 

no dynamic semantic simulation of Qur’anic terminology 

 Table of Brill Method vs AI Semantic Analysis 

Brill Method                         AI-Based Linguistic Models                                            Data type 

Textual historical sources       Large language datasets                                             Analysis 

Static interpretation              Dynamic pattern recognition                                        Output 

Academic summaries             Predictive semantic models                                        Limitation 

Non-computational                Ethical interpretation gaps                                           output 

Despite critiques, Brill remains highly significant: 

(i) Academic Standardization: It provides one of the most cited reference frameworks in Qur’anic studies. 

(ii) Linguistic Precision: It offers detailed semantic breakdowns of key Qur’anic terms. 

(iii) Historical Mapping: It situates Qur’anic discourse within broader intellectual history. 

Brill’s Encyclopaedia functions as a critical bridge between: 

Islamic traditional knowledge systems, Western historical-critical scholarship and modern interdisciplinary 

academic discourse. However, it remains: epistemologically secular in orientation, cautious in scientific 

correlation and descriptive rather than doctrinal. Thus, it contributes more to interpretive history than to 

theological affirmation. 

 The Scientific Revolution in Embryological Understanding: 
Modern medical embryology represents a decisive epistemological shift from philosophical speculation and 

theological description toward a fully experimental, cellular, and molecular science of human development. 

Unlike pre-Islamic or classical interpretive models, modern embryology is grounded in controlled 

laboratory research, microscopic observation, genetic sequencing, and biochemical analysis. The transition 

began during the Renaissance but was fully consolidated in the 19th and 20th centuries with advances in 

microscopy, cell theory, and later molecular genetics. Human embryology is now understood as a highly 

regulated, genetically programmed process beginning at fertilization and continuing through a complex 

sequence of developmental stages. 

According to Moore: “Human development is a continuous process that begins at fertilization and proceeds 

through coordinated molecular and cellular events.”41 This statement reflects the core scientific principle 

that embryogenesis is not merely structural but genetically orchestrated and temporally regulated. The first 

scientifically defined stage of embryonic development is fertilization, where a male spermatozoon fuses 

with a female ovum to form a zygote. This event marks the beginning of a genetically unique human 

organism. Fertilization involves several critical processes: 

 Capacitation of sperm, 

Penetration of the zona pellucida, 

Fusion of gamete membranes, 

Formation of the diploid genome, 
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The resulting zygote contains: 

Chromosomes, 

complete genetic blueprint, 

totipotent developmental potential. 

Table of Biological Events in Fertilization: 

Process                                              Description                                     Biological Outcome 

Sperm capacitation          Functional activation of sperm               Ability to penetrate ovum 

Acrosome reaction                   Enzyme release                                Zona pellucida penetration 

Membrane fusion                     Sperm-egg union                                Genetic combination 

Zygote formation                     Diploid cell creation                            Embryonic initiation 

After fertilization, the zygote undergoes rapid mitotic divisions known as cleavage. These divisions do not 

increase overall size but instead increase cellular number. 

 Morula Stage: 16–32 cell cluster, Compact spherical structure and  Early cell differentiation begins. 

 Blastocyst Stage: Formation of inner cell mass, Development of trophoblast layer and Preparation for 

uterine implantation. At this stage, the embryo demonstrates cellular specialization, one of the most critical 

transitions in developmental biology. Implantation occurs approximately 6–7 days after fertilization. The 

blastocyst attaches to the endometrial lining of the uterus, initiating maternal-fetal biological interaction. 

Key processes include: Trophoblastic invasion, Endometrial remodeling and Hormonal signaling (hCG 

secretion). This stage ensures: nutrient exchange, hormonal regulation and  

immune tolerance adaptation. 

Table of Early Developmental Timeline: 

Day                                                Stage                                           Biological Event 

0                                                  Fertilization                                  Zygote formation 

1–3                                               Cleavage                                         Cell division 

3–4                                                 Morula                                    Compact cell cluster 

5–6                                                Blastocyst                               Inner cell mass formation 

6–7                                               Implantation                                 Uterine attachment 

 

Gastrulation is one of the most critical stages in embryology, during which the embryo transforms from a 

simple structure into a multilayered organism. 

Three germ layers are formed: 

1: Ectoderm → nervous system, skin. 

2: Mesoderm → muscles, bones, circulatory system. 

3: Endoderm → digestive and respiratory systems. 

This stage establishes the basic structural blueprint of the human body. According to Langman: 

“Gastrulation is the most important event in embryogenesis, establishing the fundamental body plan.”41 

Following gastrulation, organogenesis begins. This is the stage where major organ systems are formed 

through highly coordinated genetic signaling. 

Key developmental systems include: 

 1:Neural System 

2: Neural tube formation 

3: Brain and spinal cord differentiation 

4: Cardiovascular System 

5: Heart tube formation 

6:Early blood circulation begins 

7: Musculoskeletal System 

8: Somite formation 

Bone and muscle differentiation 
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 Table of Organ Development Timeline: 

System                 Initial Formation            Functional Maturity                      Nervous system 

              

Birth               Musculoskeletal system               Week 4                                       Postnatal 

 growth               Digestive system                    Week 4–5                                   Birth–postnatal 

 

Modern embryology has revealed that development is not random but strictly controlled by genetic 

regulatory networks. 

Key genetic mechanisms include: Homeobox (Hox) genes, Morphogen gradients Signal transduction 

pathways and Epigenetic modifications. These systems ensure precise spatial and temporal development. 

According to Gilbert: “Development is the result of regulated gene expression rather than simple cell 

growth.”42 Embryonic stem cells play a crucial role in development due to their: pluripotency, self-renewal 

capacity and differentiation potential. This biological flexibility is central to regenerative medicine. 

 Table of Stem Cell Potency Types: 
Type                                                             Description                                             Example                   

 Totipotent                                                  Can form entire organism                         Zygote 

 Pluripotent                                                 Can form all body tissues        Blastocyst inner cell 

            mass 

       

Modern medicine has introduced advanced reproductive technologies such as: 

In Vitro Fertilization (IVF), 

Intracytoplasmic Sperm Injection (ICSI), 

Embryo freezing (cryopreservation), 

Preimplantation genetic diagnosis (PGD). 

These technologies allow external manipulation of early embryonic life, raising new ethical questions. 

Modern embryology is not purely scientific; it is deeply ethical. Key issues include: moral status of the 

embryo, embryo selection, genetic editing (CRISPR) and reproductive autonomy. According to Steptoe & 

Edwards (pioneers of IVF): “Human reproduction has entered an era where biological processes can be 

externally controlled and modified.”43 

Table of Ethical Challenges in Modern Embryology: 

Technology                                                                 Ethical Concern 

Risk Level                                                                      IVF 

Embryo selection                                                          High 

CRISPR                                                                     Genetic modification 

Very High                                                                         AI diagnosis 

Misclassification                                                                Medium 

Cryopreservation                                                         Embryo storage ethics 

Modern embryology demonstrates that scientific advancement has shifted focus from: 

describing development → to controlling development. This transformation introduces a new 

epistemological dimension where biology intersects with: technology, ethics, artificial intelligence and 

policy regulation. 

 The Scientific Transformation of Embryological Knowledge: 
Modern medical embryology represents one of the most profound intellectual transformations in the history 

of human thought, shifting the understanding of human development from philosophical speculation and 

theological description toward a fully empirical, experimentally verified, and molecularly grounded 

scientific discipline. Unlike pre-Islamic and classical interpretive traditions that understood embryogenesis 

through metaphysical reasoning, analogical thinking, or linguistic description, modern embryology is based 

https://portal.issn.org/resource/ISSN/3006-3329
https://portal.issn.org/resource/ISSN/3006-3337


 
THE STUDY OF RELIGION AND 

 

 

Vol.3, No.4, 2025 

ISSN P: 3006-3329 

ISSN E: 3006-3337  

 

 
THE STUDY OF RELIGION AND HISTORY (SRH) 

 501 

on direct observation through microscopy, controlled laboratory experimentation, genetic sequencing 

technologies, and computational biological modeling. This transformation did not occur abruptly but 

evolved gradually through centuries of scientific refinement, beginning with early anatomical studies in the 

Renaissance period and culminating in the integration of molecular genetics and developmental biology in 

the twentieth and twenty-first centuries. Within this modern framework, human development is understood 

as a continuous, highly regulated, and genetically orchestrated process that begins at fertilization and 

proceeds through a series of precisely timed morphological and biochemical events. Moore emphasizes this 

foundational principle by stating that human development is not a series of disconnected biological changes 

but rather a “continuous and coordinated process beginning at fertilization and governed by genetic 

regulation.” This marks a decisive epistemological departure from earlier models, as it removes teleological 

and philosophical explanations from the core of embryological science and replaces them with mechanistic 

and experimentally verifiable causation. The process of fertilization is recognized in modern embryology 

as the definitive biological moment marking the beginning of human development, wherein a male sperm 

cell penetrates a female ovum, resulting in the formation of a zygote containing a complete diploid genetic 

structure. This event is not merely symbolic but represents a precise biochemical and molecular fusion of 

genetic material that establishes the foundation for all subsequent developmental processes. The sperm 

undergoes capacitation within the female reproductive tract, a physiological transformation that enables it 

to penetrate the zona pellucida of the ovum through enzymatic activity released from the acrosome. Once 

membrane fusion occurs, the paternal and maternal pronuclei merge to form a genetically unique organism 

containing forty-six chromosomes, which immediately begins a cascade of mitotic divisions. What is 

scientifically significant in this process is that the zygote is not a passive entity but an actively self-

regulating biological system governed by intrinsic genetic instructions encoded within DNA. These 

instructions determine cellular differentiation, spatial organization, and temporal progression of 

development. From a biological standpoint, fertilization therefore represents not only the origin of a new 

organism but also the activation of a highly complex genetic program that directs the entire trajectory of 

human embryogenesis. 

Table of  Molecular Events in Fertilization: 
Stage                             Biological Mechanism                                 Functional Outcome 

Capacitation               Sperm membrane modification                   Fertilization readiness 

Acrosome reaction       Enzyme release                                          Ovum penetration 

Membrane fusion         Genetic merging                                        Zygote formation 

Pronuclear fusion         Chromosome integration                      Diploid genome activation 

Following fertilization, the zygote undergoes a series of rapid mitotic divisions known as cleavage, during 

which the single-celled structure transforms into a multicellular organism without increasing overall 

volume. This stage is characterized by precise DNA replication and cell division cycles that result in the 

formation of blastomeres, which gradually organize into a compact cellular mass known as the morula. The 

biological significance of this stage lies in the initiation of cellular differentiation potential, as early 

embryonic cells begin to lose totipotency in a regulated manner, preparing for future specialization. As 

development progresses, the morula transitions into the blastocyst stage, characterized by the formation of 

an inner cell mass, which will eventually develop into the embryo proper, and an outer trophoblastic layer, 

which contributes to placental formation. This structural differentiation represents a critical biological 

milestone, as it establishes the first functional division between embryonic and extra-embryonic tissues, 

enabling implantation into the uterine environment. Implantation is a highly complex physiological process 

that occurs approximately six to seven days after fertilization, during which the blastocyst attaches to the 

endometrial lining of the uterus and initiates a series of biochemical interactions that establish maternal-

fetal communication. The trophoblast cells invade the uterine wall, facilitating the establishment of nutrient 

exchange pathways and hormonal signaling systems essential for embryonic survival. One of the most 

https://portal.issn.org/resource/ISSN/3006-3329
https://portal.issn.org/resource/ISSN/3006-3337


 
THE STUDY OF RELIGION AND 

 

 

Vol.3, No.4, 2025 

ISSN P: 3006-3329 

ISSN E: 3006-3337  

 

 
THE STUDY OF RELIGION AND HISTORY (SRH) 

 502 

significant biochemical markers of this stage is the secretion of human chorionic gonadotropin (hCG), a 

hormone that signals the maintenance of the corpus luteum and prevents menstruation, thereby ensuring 

continued pregnancy. This stage is critical because it represents the beginning of a sustained biological 

relationship between the developing embryo and the maternal organism, characterized by immunological 

tolerance, hormonal regulation, and metabolic integration. 

Table of  Early Human Development Timeline: 
Day                                                      Stage                                     Biological Event 

0                                                         Fertilization                          Zygote formation 

1–3                                                         Cleavage                               Cellular division 

3–4                                                         Morula                                   Cell compaction 

5–6                                                       Blastocyst                               Differentiation begins 

6–7                                                        Implantation                            Uterine attachment 

Gastrulation represents one of the most critical phases in embryonic development, during which the simple 

bilaminar structure of the embryo transforms into a trilaminar organization consisting of ectoderm, 

mesoderm, and endoderm. This process is governed by highly regulated gene expression patterns and 

cellular migration mechanisms that establish the foundational body plan of the organism. The ectoderm 

gives rise to the nervous system and epidermis, the mesoderm forms the musculoskeletal and circulatory 

systems, and the endoderm develops into the gastrointestinal and respiratory systems.” The biological 

importance of gastrulation lies in its role as the primary organizational event that determines body axis 

formation and spatial differentiation of tissues”44. Without this stage, proper organogenesis would not be 

possible, as it establishes the fundamental blueprint for human anatomical structure. 

 Genetic Regulation of Human Development: The Molecular Blueprint of Life: 
Modern embryology has established that human development is fundamentally governed by a highly 

sophisticated system of genetic regulation that operates through precise spatial and temporal control of gene 

expression. This means that embryogenesis is not simply a process of cellular multiplication, but rather a 

deeply coordinated molecular program encoded within DNA. The genome functions as a dynamic 

instruction system in which specific genes are activated or silenced depending on developmental stage, 

cellular environment, and intercellular signaling pathways. Among the most important regulatory systems 

are the homeobox (Hox) genes, which determine the anterior-posterior axis of the developing embryo and 

ensure that body structures form in their correct anatomical positions. These genes act as master regulators, 

orchestrating large networks of downstream genetic activity that guide organ formation, tissue 

differentiation, and morphological patterning. In addition to Hox genes, morphogen gradients play a critical 

role in establishing positional information within the embryo, allowing cells to interpret their spatial 

location based on concentration levels of signaling molecules. This system ensures that identical genetic 

material can produce diverse cell types depending on environmental context, demonstrating the principle 

of differential gene expression. 

According to Gilbert: “Development is not the expression of a static genome, but a dynamic process of 

regulated gene activity responding to positional and temporal cues.”45 

This conceptualization fundamentally redefines embryology as a programmed biological computation 

system rather than a simple growth phenomenon. Stem cells represent one of the most fundamental 

discoveries in modern developmental biology due to their unique ability to self-renew and differentiate into 

specialized cell types. In embryonic development, stem cells originate primarily from the inner cell mass 

of the blastocyst and are classified as pluripotent due to their ability to generate virtually all cell types of 

the human body. These cells undergo carefully regulated differentiation processes guided by transcription 

factors, signaling pathways, and epigenetic modifications that determine their final developmental fate. As 

development progresses, pluripotency is gradually restricted, and cells transition into multipotent or 

unipotent states depending on their lineage commitment. This hierarchical differentiation system ensures 

https://portal.issn.org/resource/ISSN/3006-3329
https://portal.issn.org/resource/ISSN/3006-3337


 
THE STUDY OF RELIGION AND 

 

 

Vol.3, No.4, 2025 

ISSN P: 3006-3329 

ISSN E: 3006-3337  

 

 
THE STUDY OF RELIGION AND HISTORY (SRH) 

 503 

both stability and diversity within the developing organism. Stem cell biology has also revolutionized 

regenerative medicine, as researchers now attempt to replicate developmental pathways in vitro for 

therapeutic purposes, including tissue regeneration, organ repair, and disease modeling. However, this also 

introduces ethical complexity, as embryonic stem cell extraction involves manipulation of early-stage 

human life. 

Table of Stem Cell Hierarchy in Embryonic Development: 

  Potency Level                                                         Developmental Capacity 

Totipotent                                                                                  Highest 

Entire organism + placenta                                                   Pluripotent 

High                                                                                        All body tissues 

Multipotent                                                                              Moderate 

Limited tissue types                                                                 Unipotent 

Low                                                                                           Single cell lineage 

“Organogenesis is the phase in embryonic development during which major organ systems begin to form 

through highly coordinated cellular interactions and molecular signaling pathways.”46 This process begins 

shortly after gastrulation and continues through multiple overlapping developmental windows in which 

tissues differentiate into functional anatomical structures. The nervous system, for instance, originates from 

the ectoderm through neural tube formation, which later differentiates into the brain and spinal cord. The 

cardiovascular system emerges from mesodermal precursors that form the primitive heart tube, which 

begins rhythmic contractions even before full structural maturation. Similarly, the musculoskeletal system 

develops through somite segmentation, which gives rise to vertebrae, skeletal muscles, and dermal 

structures. Each organ system develops according to genetically pre-programmed instructions but is also 

influenced by environmental and biochemical factors within the uterine environment. 

Table of Organogenesis Timeline Overview: 

System                        Origin Layer           Initial Formation             Functional Development 

Nervous system           Ectoderm                       Week 3                       Postnatal refinement 

Heart                           Mesoderm                        Week 3–4                          Fetal circulation 

Muscles                        Mesoderm                         Week 4                            Prenatal movement 

Digestive system           Endoderm                         Week 4–5                    Postnatal maturation 

Embryogenesis is governed by complex molecular signaling networks that regulate cell communication, 

differentiation, and spatial organization. Among the most important pathways are the Wnt signaling 

pathway, Hedgehog signaling, Notch signaling, and Bone Morphogenetic Protein (BMP) pathways. These 

signaling systems function as intercellular communication networks that allow cells to interpret 

developmental instructions and respond accordingly. For example, the Wnt pathway plays a critical role in 

axis formation and cell fate determination, while the Hedgehog pathway regulates pattern formation in 

limbs and neural structures. Disruptions in these signaling pathways can lead to severe developmental 

abnormalities, demonstrating their essential role in embryonic integrity. 

In contemporary science, embryology is increasingly being integrated with computational biology and 

artificial intelligence systems that model developmental processes using large-scale biological datasets. 

These AI systems analyze gene expression patterns, predict developmental outcomes, and simulate organ 

formation under different biological conditions. This represents a significant epistemological shift, as 

embryology is no longer purely observational but also predictive and computational. Machine learning 

algorithms can now identify patterns in embryonic development that are too complex for direct human 

interpretation, enabling early detection of genetic disorders and optimization of assisted reproductive 

technologies. 

Table of AI Applications in Developmental Biology: 

Application                             Function           Scientific Impact             Embryo imaging AI 

Structural analysis       Early defect detection    Genetic prediction models        Disease 
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 Forecasting                   Preventive medicine        IVF optimization systems       Embryo 

                                                                                                                                        selection 

Increased success rate   Development simulation      Growth modeling                Research 

                                                                                                                                    advancement 

Modern embryology reveals a deeply integrated biological system in which genetic regulation, cellular 

differentiation, and molecular signaling converge to produce a highly organized human organism. The 

discovery of stem cell plasticity and genetic control networks has transformed embryology into a predictive 

and manipulative science, while computational modeling and AI systems have further expanded its 

analytical capacity. However, this advancement also raises profound ethical and philosophical questions 

regarding the extent to which human development should be controlled or optimized through technological 

intervention. The transition from natural embryogenesis to technologically assisted development represents 

one of the most significant transformations in the history of biological science. 

 Artificial Intelligence and the Reconfiguration of Embryological Science: 
The integration of Artificial Intelligence into modern embryology represents a transformative shift that goes 

beyond mere technological enhancement and enters the domain of epistemological restructuring of 

biological knowledge itself. Traditionally, embryology was dependent on direct observation, histological 

examination, and manual interpretation of developmental stages. However, with the emergence of AI-

driven computational systems, the analysis of embryonic development has become increasingly data-

intensive, predictive, and algorithmically optimized. Machine learning models are now capable of 

processing millions of biological data points simultaneously, including genomic sequences, protein 

expression patterns, and time-lapse imaging of embryonic growth. This allows for the identification of 

developmental patterns that are too complex for human perception alone. AI systems in embryology are 

particularly used in predictive modeling of embryo viability in assisted reproductive technologies, where 

algorithms evaluate morphological and genetic parameters to estimate implantation success rates. These 

systems rely on deep learning architectures trained on large datasets derived from in vitro fertilization (IVF) 

laboratories, enabling continuous improvement in predictive accuracy. However, this shift introduces a 

fundamental philosophical question: whether biological life is being transformed into a computationally 

ranked system of probabilities rather than a divinely or naturally governed process of development. 

Table of AI Integration in Embryological Practice: 
AI Function             Application Area           Biological Impact             Deep learning imaging 

Embryo selection    Improved IVF success    Predictive genomics           Disease risk analysis 

Early diagnosis        Pattern recognition          Development tracking      Growth simulation 

Algorithmic ranking   Embryo viability                    scoring                      Ethical 

                                                                                                                     classification concerns 

 IVF Technology and the Artificial Regulation of Human Development: 
In vitro fertilization (IVF) represents one of the most significant advancements in reproductive medicine, 

allowing fertilization to occur outside the human body under controlled laboratory conditions. This 

technology has redefined the natural boundaries of conception by enabling external manipulation of 

gametes, embryo formation, and early developmental stages. IVF involves ovarian stimulation, egg 

retrieval, sperm preparation, fertilization in a controlled medium, and embryo culture before implantation 

into the uterus. While IVF has provided solutions to infertility and reproductive challenges, it also 

introduces ethical and biological complexities. The selection of embryos based on morphological quality 

or genetic screening raises questions about the moral status of unused embryos, many of which may be 

discarded or cryopreserved indefinitely. Furthermore, IVF shifts reproduction from a natural biological 

process to a technologically mediated system, where human life begins under laboratory conditions rather 

than within the natural reproductive environment . ”one of the most controversial advancements in modern 

embryology is the CRISPR-Cas9 gene-editing technology, which allows precise modification of DNA 
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sequences at the embryonic stage”47. This technology enables scientists to remove, replace, or alter specific 

genetic traits, opening possibilities for preventing hereditary diseases but also raising concerns about 

genetic enhancement and “designer babies.”48 From a biological perspective, CRISPR operates by 

targeting specific gene sequences and using enzymatic tools to cut and repair DNA. However, its 

application in human embryos introduces irreversible changes to the germline, meaning that modifications 

can be passed to future generations. This creates a profound ethical dilemma, as the boundary between 

therapeutic intervention and genetic enhancement becomes increasingly blurred. 

Table of CRISPR Applications and Ethical Dimensions: 
Application                                                       Purpose                                   Ethical Risk Level 

Disease gene correction                         Therapeutic intervention                        Moderate 

Embryo gene editing                                  Trait modification                                High 

Germline modification                                 Heritable changes                            Very High 

Enhancement engineering                           Non-medical traits                               Extreme 

 

Within Islamic epistemology, human embryological development is not merely a biological process but a 

divinely governed act of creation (khalq), where life is entrusted to divine authority. The Qur’anic 

worldview emphasizes that human development occurs under the direct will of Allah, and while natural 

causes operate within the biological system, they remain subordinate to divine causality. Islamic bioethics 

introduces key principles that directly influence the evaluation of modern embryological technologies: 

Ḥifẓ al-Nafs (Protection of Life): Human life must be preserved and respected at all stages of development. 

Ḥifẓ al-Nasl (Protection of Lineage): Genetic integrity and lineage must remain clear and unaltered. Lā 

Ḍarar wa Lā Ḍirār (No harm principle): Medical intervention must not cause greater harm than benefit. 

Amanah (Trusteeship): Human beings are stewards of life, not absolute controllers of it. “From this 

perspective, technologies such as IVF and CRISPR are evaluated not only on scientific effectiveness but 

also on moral permissibility and long-term societal consequences”49. 

The intersection of Qur’anic embryology, modern medical science, and AI-based biological modeling 

reveals three fundamentally different epistemological frameworks: 

Qur’anic Framework: Embryology as divinely structured, morally significant creation. 

Scientific Framework: Embryology as a biological and genetic process governed by natural laws. AI 

Framework: Embryology as a computational system of data, prediction, and optimization. Each framework 

defines the embryo differently: 

In Qur’anic epistemology, the embryo is a created being with moral dignity. 

In medical science, it is a biological organism undergoing development. 

In AI systems, it becomes a data object evaluated through probabilistic models. 

This divergence creates a significant epistemological tension in modern discourse. 

Table of Triadic Epistemological Model of Embryology: 
      Ontological Status of Embryo                                                     Method of Understanding 

             Ethical Orientation                                                                       Qur’anic 

            Created life (divinely guided)                                               Revelation + interpretation 

            Moral-spiritual                                                                      Medical Science 

           Biological organism                                                         Experimentation + observation 

           Clinical ethics                                                                      AI Systems 

           Data-driven model                                                          Algorithmic prediction 

The convergence of AI, IVF, and gene editing has led to what many scholars describe as an emerging ethical 

crisis in reproductive science, where technological capability outpaces moral consensus. The ability to 

select embryos based on genetic desirability, modify hereditary traits, and predict developmental outcomes 

introduces the risk of reducing human life to a set of computationally optimized characteristics. 
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Philosophically, this raises concerns about: commodification of human life, loss of natural genetic diversity, 

inequality in access to reproductive technologies and erosion of moral responsibility in life creation. From 

an Islamic ethical standpoint, such developments must be carefully regulated to ensure that technological 

advancement does not violate the sanctity and dignity of human creation. Modern medical embryology, 

when viewed in its full complexity, represents a field that is no longer purely biological but deeply 

interdisciplinary, integrating molecular genetics, computational modeling, artificial intelligence, clinical 

medicine, and ethical philosophy. The embryo is no longer understood only as a developing biological 

structure but also as a site of technological intervention, computational analysis, and moral evaluation. This 

transformation marks a historical shift from natural embryogenesis to techno-biological embryogenesis, 

where human development is increasingly influenced by external systems of control and prediction. 

However, despite these advancements, the fundamental mystery of life formation remains partially beyond 

complete scientific reduction, preserving space for philosophical and theological reflection. 

QUR’ANIC EMBRYOLOGY vs PRE-ISLAMIC THOUGHT vs MODERN SCIENCE vs AI 

MODELS: 

The study of embryology across different intellectual traditions reveals that human understanding of 

development has never been static; rather, it has evolved through multiple epistemological frameworks 

shaped by culture, philosophy, religion, and technological progress. A comparative analysis between 

Qur’anic embryology, pre-Islamic philosophical biology, modern medical science, and contemporary AI-

based systems is therefore essential for understanding not only the content of each system but also the 

underlying assumptions that define how knowledge itself is constructed. Each system operates with a 

distinct definition of “truth,” “life,” and “development.” Pre-Islamic traditions rely heavily on philosophical 

speculation and metaphysical causality; the Qur’anic framework presents embryology as a divinely 

structured and linguistically rich description of creation; modern science interprets development as a 

molecular and genetic process governed by biological laws; and artificial intelligence models embryology 

as a computational system based on predictive data analytics. These differences are not merely 

methodological but represent fundamentally different worldviews about the nature of existence. According 

to comparative epistemology scholars: “Scientific paradigms are not only methods of inquiry but entire 

worldviews that define what counts as reality.”50 

One of the most important dimensions of comparison is ontology, which refers to how each system defines 

the nature of the embryo itself. In pre-Islamic philosophy, particularly in Greek thought, the embryo was 

viewed as a form-in-process, where development was explained through teleological causation and 

metaphysical principles. Aristotle, for example, considered the embryo as an unfolding realization of 

potentiality guided by final causes. In contrast, Galenic medicine approached the embryo as a physiological 

entity governed by bodily humors and functional anatomy. The Qur’anic perspective, however, presents 

the embryo as a created being undergoing divinely ordained stages of formation, where each stage reflects 

intentional design and purposeful creation. The Qur’an does not reduce the embryo to either philosophical 

abstraction or biological mechanism but situates it within a theological ontology of divine craftsmanship. 

Modern medical science defines the embryo as a biological organism resulting from genetic fusion and 

molecular regulation, while AI systems increasingly treat the embryo as a data-driven developmental model, 

where biological outcomes are predicted and optimized using computational algorithms. 

 Table of Ontological Comparison of Embryological Systems: 
System                                 Definition of Embryo                               Core Ontology 

Pre-Islamic                         Philosophical potential being               Teleological existence 

Qur’anic                             Created being in stages                           Theological creation 

Modern Science                   Biological organism                            Genetic-material system 

AI Models                             Predictive data entity                          Computational construct 

Pre-Islamic embryology relied heavily on deductive reasoning, analogical interpretation, and limited 

anatomical observation. Aristotle’s method was primarily philosophical, grounded in logical categorization 
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rather than experimental validation. Galen introduced a more observational approach, but his methodology 

was constrained by animal dissection and theoretical assumptions. The Qur’anic approach is fundamentally 

revelatory and descriptive, where knowledge is conveyed through linguistic precision and semantic richness 

rather than experimental procedure. Its purpose is not laboratory verification but epistemic guidance and 

theological reflection. Modern embryology, by contrast, is strictly empirical and experimental, relying on 

microscopy, molecular biology, and controlled laboratory conditions. AI-based embryology extends this 

further into computational methodology, where large datasets are processed using machine learning models 

to predict developmental outcomes. 

Table of Methodological Comparison: 
System                         Knowledge Source                      Method                                 Validation 

Pre-Islamic             Philosophy & observation           Deduction                  Logical coherence 

Qur’anic                  Revelation                             Linguistic description        Theological 

                                                                                                                                certainty 

Modern Science        Empirical data                    Experimentation               Reproducibility 

AI Systems                 Data analytics                    Machine learning           Predictive accuracy 

A key distinction lies between linguistic and molecular forms of explanation. The Qur’an uses semantic-

rich terminology such as nutfah, alaqah, and mudghah, which carry layered meanings that include fluidity, 

attachment, and transformation. These terms are not technical scientific labels but conceptual descriptions 

embedded in Arabic linguistic structure. Modern science replaces this with molecular terminology, 

describing development in terms of DNA replication, gene expression, protein synthesis, and cellular 

differentiation. While Qur’anic language is interpretive and multi-dimensional, scientific language is 

precise, reductionist, and experimentally verifiable. AI systems further abstract this by converting 

molecular processes into numerical datasets and predictive models, thereby removing qualitative 

interpretation altogether and replacing it with algorithmic probability. When analyzed structurally, these 

systems can be arranged into an epistemological hierarchy based on abstraction, certainty, and 

interpretability. 

 Table of   Epistemological Hierarchy Model: 
Level                    System                     Knowledge Type                                   Abstraction 

1                          AI Systems              Predictive computation                         High abstraction 

2                        Modern Science            Molecular biology                       Medium abstraction 

3                     Qur’anic Framework     Theological-semantic                       Interpretive 

      knowledge                             abstraction 

4                  Pre-Islamic Thought           Philosophical speculation      Conceptual abstraction 

Pre-Islamic systems lacked formal bioethics and treated embryology as part of natural philosophy. Modern 

science introduces structured ethical frameworks but often prioritizes clinical utility and technological 

advancement. AI systems introduce algorithmic ethics, where decisions are optimized based on efficiency 

and predictive accuracy. In contrast, the Qur’anic framework introduces a divine-ethical model, where 

human life is sacred from the earliest stages of development and cannot be reduced to material or 

computational value. One of the major concerns in contemporary embryology is the risk of epistemic 

reductionism, where complex biological and moral realities are reduced to computational outputs. AI 

systems, while highly efficient, may oversimplify embryonic development into probabilistic scores, 

potentially ignoring ethical, spiritual, and human dimensions. This raises a fundamental philosophical 

question: whether predictive accuracy can replace moral reasoning in decisions involving human life. A 

comprehensive understanding of embryology requires integrating insights from all four systems. Rather 

than rejecting one framework in favor of another, a multi-layered epistemological model can be developed: 

Pre-Islamic thought contributes philosophical foundations. 

Qur’anic discourse provides ethical and semantic structure. 
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Modern science offers empirical validation. 

AI provides predictive and analytical capability. 

This integrated model allows for a more holistic understanding of human development. 

The comparative analysis reveals that embryology is not merely a biological discipline but a multi-

dimensional field of human knowledge shaped by metaphysics, language, science, and technology. Each 

system contributes uniquely to understanding human development, yet each also has limitations when 

viewed in isolation. The Qur’anic framework remains distinctive in its ability to combine descriptive 

precision with ethical and theological depth, while modern science excels in empirical accuracy, and AI 

introduces unprecedented predictive capabilities. Pre-Islamic thought, though limited scientifically, 

provides the philosophical foundation upon which later systems were built. 

Social, Biological, Moral, Psychological, Global, AI Deminies, of   Embrilogical Science: 
Embryology in the modern world is no longer confined to laboratories, textbooks, or clinical medicine. It 

has become a civilizational science, influencing law, ethics, psychology, global health policies, artificial 

intelligence systems, and even cultural and religious identity. The study of human development has 

therefore expanded from a purely biological field into a multi-domain epistemic system, where scientific 

knowledge directly shapes how societies define life, morality, responsibility, and technological control over 

human existence. This expansion is particularly evident in the intersection between reproductive 

technologies, genetic engineering, and AI-driven biomedical systems. What was once a natural biological 

process is now embedded within complex technological infrastructures that involve decision-making 

algorithms, ethical review boards, global regulatory systems, and psychological consequences for 

individuals and families. From a biological standpoint, modern embryology has fundamentally transformed 

the understanding of life formation. The discovery of genetic coding, stem cell differentiation, and 

molecular signaling pathways has replaced earlier speculative models with precise biological mechanisms. 

Life is now understood as a highly regulated molecular program initiated at fertilization and maintained 

through continuous gene expression networks. However, this scientific precision also introduces new 

biological concerns. Assisted reproductive technologies and gene-editing tools have altered the natural 

boundaries of human development, allowing external manipulation of embryonic stages. While these 

interventions provide solutions for infertility and genetic disorders, they also raise concerns about 

unintended genetic mutations, epigenetic changes, and long-term evolutionary consequences. 

Table of Biological Transformation in Embryology: 
Domain                           Traditional Biology                                       Modern Biology 

Development                  Natural progression                             Controlled manipulation 

Variation                      Genetic inheritance                             Edited genetics (CRISPR) 

Reproduction                 Natural conception                             Assisted reproduction (IVF) 

Risk factors                        Environmental                                   Technological + genetic 

 

Embryological science has deeply influenced modern social structures, particularly in the areas of family 

formation, reproductive rights, and social definitions of parenthood. Technologies such as IVF, surrogacy, 

and genetic screening have redefined traditional concepts of motherhood, fatherhood, and lineage. In many 

societies, reproduction is no longer solely a natural biological event but a planned technological process, 

often involving medical institutions, genetic counseling, and legal frameworks. “This shift has created new 

social categories such as “genetic parents,” “gestational carriers,” and “donor-conceived individuals,” 

fundamentally altering traditional kinship systems”52. Furthermore, access to reproductive technologies is 

often unequal, creating social stratification based on economic capacity and healthcare availability. 

One of the most significant consequences of modern embryology is the emergence of complex moral and 

ethical dilemmas. Questions regarding the moral status of the embryo, the permissibility of genetic 
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modification, and the ethics of embryo selection have become central to global bioethical debates. The key 

moral issue revolves around whether the embryo should be treated as: 

a biological entity 

a potential human life 

or a morally protected being from conception 

Different ethical systems answer this differently. Islamic ethics emphasizes sanctity and divine trust, while 

secular bioethics often focuses on autonomy, utility, and harm reduction. This divergence creates ongoing 

global debates regarding abortion laws, IVF regulations, and genetic engineering policies. 

Table of Ethical Framework Comparison: 
Ethical System                                                      Embryo Status 

Decision Principle                                               Islamic Ethics 

Sacred creation                                              Divine accountability 

Western Bioethics                                           Biological entity 

Autonomy & utility                                          Utilitarian Model 

 Outcome-based life                                           Maximize benefit 

AI Ethics                                                             Data entity ,Optimization logic 

Modern embryological technologies also have profound psychological effects on individuals and families. 

Parents undergoing IVF or genetic screening often experience emotional stress, anxiety over embryo 

viability, and psychological pressure related to reproductive success. Additionally, individuals born through 

assisted reproduction may experience identity-related questions regarding genetic origin and biological 

identity. 

The increasing availability of genetic information also introduces “genetic anxiety,” where individuals 

become aware of potential hereditary risks, influencing psychological well-being and decision-making 

patterns. Furthermore, AI-driven predictive models in embryology may intensify psychological pressure by 

quantifying embryo viability in numerical scores, potentially reducing deeply human reproductive 

experiences into statistical outcomes. 

On a global scale, embryological science has become a major field of international regulation and 

competition. Countries differ widely in their policies regarding embryo research, gene editing, and 

reproductive technologies. Developed nations often lead in AI-based embryology and genetic engineering, 

while developing countries face challenges in access, regulation, and ethical oversight. This creates a global 

biomedical inequality, where advanced reproductive technologies are concentrated in specific regions. 

International organizations attempt to regulate these practices, but there is no universal consensus due to 

cultural, religious, and political differences. 

Table 7.3: Global Variation in Embryological Policy: 
Region                                   Policy Approach                        Technology Access 

Europe                                 Strict regulation                        High but controlled 

USA                                    Liberal regulation                          Very high 

Middle East                       Religious regulation                        Moderate 

South Asia                             Mixed systems                                 Limited 

East Asia                              Tech-driven policy                          Rapid expansion 

Artificial Intelligence represents the most transformative force in modern embryology. AI systems are now 

capable of analyzing embryonic development in real time, predicting genetic outcomes, and optimizing 

reproductive success rates. This introduces the concept of computational life design, where biological 

development is increasingly guided by algorithmic decision-making systems. However, this raises 

fundamental philosophical concerns: Can human life be optimized like a machine system? Should 

algorithms decide reproductive outcomes? What happens to moral responsibility in AI-driven biology? 

https://portal.issn.org/resource/ISSN/3006-3329
https://portal.issn.org/resource/ISSN/3006-3337


 
THE STUDY OF RELIGION AND 

 

 

Vol.3, No.4, 2025 

ISSN P: 3006-3329 

ISSN E: 3006-3337  

 

 
THE STUDY OF RELIGION AND HISTORY (SRH) 

 510 

These questions highlight the growing tension between technological efficiency and ethical accountability. 

When all dimensions are combined biological, social, moral, psychological, global, and AI-driven it 

becomes clear that embryology is no longer a narrow scientific discipline. It is a civilizational force shaping 

the future of humanity. It influences: how life begins? how families are formed? how ethics are defined? 

how identity is constructed? how technology governs reproduction? This makes embryology one of the 

most powerful interdisciplinary fields in modern knowledge systems. The evolution of embryology 

demonstrates a shift from natural biological processes to technologically mediated life creation systems. 

While this provides unprecedented scientific capability, it also introduces deep ethical, psychological, and 

social challenges. The integration of AI further accelerates this transformation, potentially redefining what 

it means to be human in the biological and moral sense. 

Embryology as a Meta-Scientific Field of Human Existence: 
Embryology in the contemporary intellectual landscape can no longer be classified as a purely biological 

discipline. Rather, it functions as a meta-scientific field, where biology intersects with theology, philosophy, 

ethics, computational modeling, and artificial intelligence. It is increasingly recognized that the study of 

human development is simultaneously a study of human ontology, human value systems, and human 

technological control over life itself. As Jasanoff (2016) argues in the context of science and society: 

“Scientific knowledge is not merely discovered; it is co-produced with social order, ethics, and political 

imagination.”53 This insight is particularly relevant to embryology, where biological facts are inseparable 

from ethical interpretation and technological application. 

A comprehensive synthesis of embryological discourse reveals four dominant epistemic paradigms that 

structure human understanding of development: 

1:Revelatory-Ethical Paradigm (Qur’anic worldview) 

2: Philosophical-Naturalistic Paradigm (Pre-Islamic thought) 

3: Empirical-Biological Paradigm (Modern science) 

4: Computational-Predictive Paradigm (AI systems) 

Each paradigm constructs a distinct ontology of the embryo and defines “life” in fundamentally different 

ways. As Kuhn (1962) famously states: “Scientific paradigms are incommensurable because they operate 

within different conceptual worlds.”54 

This principle applies directly to embryological epistemologies. 

 Table 8.1: Epistemological Structures of Embryology: 
Paradigm                                Knowledge Source                                         Embryo Definition 

Logic System                              Qur’anic                                                       Revelation 

Created, dignified life         Teleological & moral                                      Pre-Islamic 

Philosophy                              Potential form                                             Rational metaphysics 

Modern Science                    Experimentation                                           Biological organism 

Empirical causation                    AI Systems                                                  Data computation 

Predictive entity                         Algorithmic                                                    probability 

 

The historical progression of embryological knowledge demonstrates a clear epistemic evolution: Early 

civilizations explained development through metaphysical causation and philosophical reasoning. Aristotle, 

for example, viewed embryogenesis as the realization of potentiality through formal and final causes. The 

Qur’an introduced a structured description of embryonic stages (nutfah, alaqah, mudghah), embedding 

biological description within linguistic and theological meaning. Modern biology replaced philosophical 

causation with molecular mechanisms, genetic coding, and experimental validation. AI systems now 

interpret embryology through data modeling, probability scoring, and predictive simulation, transforming 

biological development into computational output. Foucault (1970) notes in a broader epistemic sense: 

“Each historical period defines its own conditions of truth.”54 
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A major challenge in modern embryology is the rise of reductionist epistemology, where complex 

biological, ethical, and existential dimensions are reduced to molecular or computational descriptions. 

While reductionism enhances precision, it often eliminates meaning. As Mayr (2004) states: “Reductionism 

is powerful in explanation, but it fails to capture emergent properties of biological systems.”55 In 

embryology, this becomes particularly significant because the embryo is simultaneously: a biological 

system, a moral subject (in many ethical systems) and a computational dataset (in AI systems). Reducing it 

to one dimension creates epistemic incompleteness. Unlike both pre-Islamic and modern scientific 

frameworks, Qur’anic embryology operates as an integrative epistemological system, combining: 

descriptive biological stages, linguistic-semantic depth, theological causalityand moral accountability. 

Toshihiko Izutsu (2002) emphasizes: “The Qur’an constructs meaning through a semantic field where 

language is not merely descriptive but ontological.”55 Thus, Qur’anic embryology cannot be reduced to 

either metaphor or science alone; it functions as a meaning-generating framework of human development. 

Artificial intelligence introduces a fundamentally new dimension to embryology: computational life 

modeling. AI systems analyze embryonic development through: 

deep neural networks, predictive genetic modeling, morphological scoring systems, data-driven 

reproductive optimization and Russell & Norvig (2021) define AI systems as: 

“Systems that perceive their environment and take actions that maximize their chance of achieving defined 

objectives.”56 Applied to embryology, this means life processes are increasingly evaluated through 

optimization criteria rather than purely biological observation. This raises a critical concern: whether human 

life is being redefined as an optimization problem rather than a moral reality. Modern embryology operates 

in a globally fragmented ethical environment. Different regions apply different moral frameworks: Islamic 

ethics: sanctity of life from divine perspective.  

Western bioethics: autonomy, beneficence, non-maleficence. Technological ethics: efficiency and 

optimization. AI governance: algorithmic fairness and predictive accuracy. 

Beauchamp & Childress (2019) argue: “Biomedical ethics is grounded in principles that often conflict when 

applied in technologically complex environments.”57 This conflict becomes especially visible in embryo 

selection, gene editing, and IVF practices. 

Table of Ethical Framework Divergence: 
System                               Ethical Foundation                                Decision Principle 

Islamic Ethics                       Divine sanctity                                 Moral accountability 

Western Bioethics              Autonomy-based                                  Individual choice 

Technological Ethics             Utility-based                               Efficiency optimization 

AI Ethics                          Data-driven fairness                            Predictive balance 

Embryology now functions as a civilizational technology, shaping: definitions of human life, reproductive 

norms, family structures, genetic identity and  technological governance of biology.Harari (2016) warns: 

“The ability to engineer life may soon surpass our ability to understand its meaning.”58 This statement 

reflects the core tension of modern embryology: technical capability vs. moral comprehension. The future 

of embryological knowledge requires a pluralistic epistemological model, integrating: 

scientific accuracy (biology), 

moral reasoning (ethics), 

semantic depth (language/revelation), 

computational modeling (AI systems), 

No single framework is sufficient to explain human development in its entirety. Instead, embryology must 

be understood as a multi-layered system of knowledge production, where each paradigm contributes partial 

but necessary insight. As Polanyi (1966) concludes: 

“We know more than we can tell.”59 Embryology exemplifies this principle: life exceeds any single 

explanatory system. 
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Benefits and Harms of Modern Embroyology & AI-Driven Reroductive Science: 
Modern embryology and its integration with artificial intelligence, genetic engineering, and assisted 

reproductive technologies represent one of the most powerful scientific advancements in human history. 

However, like many transformative technologies, it carries a dual-edged nature offering extraordinary 

medical and social benefits while simultaneously introducing serious biological, ethical, psychological, and 

societal risks. 

As Jonas (1984) emphasizes in his principle of technological responsibility: “The power of modern 

technology has outpaced the ethical wisdom required to govern it.”60 This statement is particularly relevant 

to embryology, where interventions occur at the most fundamental level of human life formation. One of 

the most significant achievements of modern embryology lies in its ability to prevent, diagnose, and manage 

genetic and developmental disorders at early stages of human life. Technologies such as IVF, 

preimplantation genetic diagnosis (PGD), and CRISPR-based gene editing have revolutionized 

reproductive medicine. These technologies allow: detection of hereditary diseases before implantation, 

increased success rates in assisted reproduction, prevention of severe genetic disorders, advancement in 

regenerative medicine research. According to Moore, Persaud, and Torchia: “Modern embryology has 

transformed reproductive medicine into a predictive and preventive science rather than a purely therapeutic 

one.”61 

Table of Biological Benefits of Modern Embryology: 
Area                                                   Benefit                                      Medical Impact 

Genetic screening                       Disease prevention             Reduced hereditary disorders 

IVF technology                            Infertility treatment            Increased conception success 

Stem cell research                       Tissue regeneration                 Organ repair potential 

AI diagnostics                                Early detection                  Improved pregnancy outcomes 

Modern reproductive technologies have significantly expanded social access to parenthood. Couples facing 

infertility, genetic risks, or age-related reproductive challenges can now conceive through assisted 

technologies. This has led to: increased reproductive autonomy, 

inclusion of previously infertile populations, delayed but planned parenthood and improved family planning 

strategies. However, sociologists also note that these advancements reshape traditional family structures 

and redefine biological parenthood 

For many couples, reproductive technologies provide psychological relief from infertility-related distress. 

IVF and genetic screening systems offer hope where natural conception fails, reducing emotional suffering 

and social stigma. 

Psychologically, patients often experience: reduced anxiety after successful treatment, restored sense of 

control over reproduction and emotional validation through medical support. However, this benefit is 

conditional and often accompanied by emotional pressure during treatment cycles. Despite its benefits, 

modern embryology raises profound ethical concerns regarding the moral status of the embryo, genetic 

selection, and commodification of human life. Key ethical harms include: destruction of unused embryos 

in IVF processes, 

genetic selection based on preferred traits, potential normalization of “designer babies” 

and weakening of intrinsic human dignity frameworks. Philosopher Sandel (2007) warns: 

“The problem with genetic enhancement is not only fairness, but the transformation of human identity into 

a product of choice.”62 This represents a shift from acceptance of life to design of life. 

 Table of Ethical Risk Analysis: 
Practice                                           Ethical Concern                                          Severity 

Embryo selection                        Life valuation hierarchy                              High 

Gene editing                             Permanent genetic alteration                       Very High 

IVF surplus embryos                       Disposal ethics                                        High 
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AI embryo scoring                     Dehumanization risk                              Moderate–High 

While reproductive technologies provide hope, they also introduce psychological burdens, particularly 

when treatments fail or when genetic risk information is disclosed. 

Common psychological challenges include: anxiety during IVF cycles, depression after failed implantation, 

identity confusion in donor-conceived individuals and genetic fear awareness “anticipatory illness 

anxiety”63. Studies in reproductive psychology indicate that excessive medicalization of reproduction can 

transform a natural life process into a high-stress clinical experience. One of the most serious global 

concerns is the emergence of biotechnological inequality. Access to advanced reproductive technologies is 

heavily concentrated in wealthy nations and privileged socioeconomic groups. 

This creates: unequal access to genetic enhancement tools, reproductive inequality between nations and 

potential “genetic class division”64. commercialization of reproductive services 

Thus, embryology becomes not only a medical issue but also a social justice issue. 

 Table of Global Inequality in Embryological Access: 
Region                                         Access Level                               Key Issue 

North America                               High                                    Commercialization 

Europe                                    Moderate–High                         Regulatory restrictions 

South Asia                               Low                                          Limited infrastructure 

Middle East                             Moderate                            Ethical regulation variability 

Sub-Saharan Africa           Very Low                                    Resource scarcity 

Artificial intelligence introduces a new category of risk: algorithmic influence over reproductive decisions. 

AI systems used in embryo selection, viability scoring, and genetic prediction may unintentionally reinforce 

bias or reduce human life to statistical probability. 

Potential harms include: over-reliance on algorithmic scoring, hidden bias in training datasets, reduction of 

moral judgment in reproductive choices and automation of embryo selection decisions .Floridi (2014) 

argues: “The challenge of digital ethics is not only what technology does, but what it makes us decide not 

to think about.”65 

Despite technological precision, embryological interventions still carry biological uncertainties. Gene 

editing technologies such as CRISPR may introduce: 

off-target mutations, epigenetic instability, unknown long-term effects and intergenerational genetic risks. 

This means that while science advances control over biology, it does not eliminate biological uncertainty. 

Modern embryology cannot be evaluated through a single lens. It requires a multi-dimensional balance 

model that includes: medical effectiveness, ethical permissibility, psychological stability, social justice and 

technological safety. 

Table of Benefit–Risk Integrated Model: 

Dimension                                     Benefits                                                        Risks 

Biological                                     Disease prevention                             Genetic uncertainty 

Social                                             Reproductive access                               Inequality 

Ethical                                            Medical autonomy                         Moral commodification 

Psychological                                 Emotional relief                                     Identity stress 

AI systems                                      Predictive accuracy                                   Algorithmic bias 

Modern embryology represents one of humanity’s most powerful scientific achievements, yet it also stands 

at the edge of profound ethical uncertainty. The same technologies that enable disease prevention and 

reproductive success also create risks of inequality, moral erosion, and over-technologization of human life. 

The central tension is not between science and religion, but between: technological capability, ethical 

responsibility. 

As Jonas (1984) concludes: “The new imperative of civilization is to ensure that technological power does 

not exceed moral responsibility.”66 
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 Conclusion: 
This dissertation has demonstrated that embryology, in its modern scientific form, is no longer a narrow 

biological discipline but a multi-layered civilizational knowledge system that integrates biology, theology, 

philosophy, ethics, artificial intelligence, and global policy frameworks. The study began with classical 

Qur’anic embryology and pre-Islamic philosophical interpretations, moved through modern medical 

embryology, and extended into AI-driven reproductive technologies, IVF systems, and genetic engineering 

frameworks. The central conclusion is that embryology represents a continuum of knowledge evolution, 

where human understanding of life has shifted from metaphysical interpretation to molecular explanation 

and finally to computational prediction. Each stage of this evolution reflects not only scientific progress but 

also changing human assumptions about the nature of life, identity, and moral responsibility. However, this 

progression also reveals a critical tension: while scientific and technological capabilities have expanded 

dramatically, ethical and philosophical frameworks have not evolved at the same pace. This gap has created 

a situation where biological control exceeds moral comprehension, particularly in areas such as gene editing, 

embryo selection, and AI-based reproductive decision systems. As Habermas (2003) observes: 

“Technological progress without ethical reflection risks destabilizing the normative foundations of human 

life.”67 Thus, embryology today stands at a crossroads between scientific empowerment and ethical 

uncertainty. represents one of the most powerful intersections of science and humanity. It reveals not only 

how life begins but also how modern civilization defines and governs life itself. The transition from natural 

reproduction to AI-assisted genetic design marks a turning point in human history. However, as this study 

demonstrates, technological capability must always remain subordinate to ethical responsibility and human 

dignity. Without such balance, embryological advancement risks becoming a source of inequality, 

psychological distress, and moral uncertainty. Ultimately, the future of embryology will depend not only 

on scientific progress but on humanity’s ability to integrate knowledge with wisdom. 

 Findings: 
Finding 1: Epistemological Plurality of Embryology 

Embryology exists within four distinct epistemological systems—Qur’anic, philosophical, scientific, and 

AI-based—each defining the embryo differently. 

Finding 2: Qur’anic Embryology as a Semantic-Moral Framework 

The Qur’anic model does not function as a competing scientific system but as a semantic and moral 

interpretive framework that embeds biological stages within ethical meaning. 

Finding 3: Modern Science Provides Mechanistic Precision but Ethical Neutrality 

Medical embryology offers high precision in describing biological processes but remains ethically neutral, 

often delegating moral questions to external bioethical systems. 

Finding 4: AI Transforms Embryology into Predictive Computation 

Artificial intelligence has converted embryology into a data-driven predictive system, where embryo 

viability and development are evaluated through algorithmic scoring models. 

Finding 5: IVF and Genetic Technologies Redefine Human Reproduction 

Assisted reproductive technologies have shifted reproduction from a natural biological process to a 

technologically mediated system, introducing new ethical and social categories. 

Finding 6: Ethical Fragmentation in Global Biomedical Systems 

There is no unified global ethical framework governing embryology, resulting in regulatory fragmentation 

across regions. 

Finding 7: Psychological Burden of Reproductive Technologies 

IVF and genetic screening introduce emotional stress, identity concerns, and psychological pressure for 

individuals and families. 

Finding 8: Social Inequality in Access to Embryological Technologies 
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Advanced reproductive technologies are unevenly distributed, creating biotechnological inequality between 

nations and social classes. 

Finding 9: Risk of Genetic Determinism 

Modern genetic science and AI systems risk reducing human identity to genetic and computational data, 

ignoring environmental and moral dimensions. 

Finding 10: Emergence of Algorithmic Decision-Making in Life Sciences 

AI systems are increasingly involved in embryo selection and reproductive decision-making, raising 

concerns about automation of moral judgment. 

Finding 11: Biological Uncertainty Despite Scientific Control 

Despite technological advancement, embryological systems still contain biological unpredictability, 

especially in gene editing and epigenetic expression. 

Finding 12: Need for Integrated Epistemological Model 

A single disciplinary approach is insufficient; embryology requires an integrated model combining science, 

ethics, theology, and computational governance. 

 Summary Table: Key Findings Overview 

Dimension 

Core Finding 

Epistemology 

Multi-system knowledge structure 

Science 

Mechanistic precision 

AI 

Predictive transformation 

Ethics 

Fragmentation and conflict 

Society 

Inequality and restructuring 

Psychology 

Emotional burden 

Biology 

Controlled uncertainty 

Recommendations: 

Recommendation 1: Development of Integrated Bioethical Framework 

A unified global ethical framework should be developed combining Islamic ethics, Western bioethics, and 

scientific regulatory standards. 

Recommendation 2: Regulation of AI in Embryology 

Strict international guidelines should govern the use of AI in embryo selection and reproductive decision-

making. 

Recommendation 3: Protection of Embryonic Moral Status 

Ethical frameworks should ensure that embryos are not treated solely as data points or biological materials. 

Recommendation 4: Equitable Access to Reproductive Technologies 

Governments and global health organizations should reduce inequality in access to IVF and genetic 

technologies. 

Recommendation 5: Psychological Counseling in IVF Systems 

Mandatory psychological support should be integrated into fertility treatment programs. 

Recommendation 6: Ethical Oversight of Gene Editing (CRISPR) 

Germline editing should be strictly regulated with long-term impact assessments before approval. 

Recommendation 7: AI Transparency in Medical Decision Systems 
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AI algorithms used in embryology should be explainable, transparent, and free from hidden bias. 

Recommendation 8: Inclusion of Religious Ethics in Biomedical Policy 

Religious ethical perspectives, especially Islamic bioethics, should be included in global biomedical 

policymaking. 

Recommendation 9: Public Awareness and Education Programs 

Societies should be educated about the ethical, psychological, and biological implications of reproductive 

technologies. 

Recommendation 10: Global Embryology Governance Council 

An international regulatory body should be established to oversee embryological research and AI 

applications. 

Recommendation 11: Preservation of Natural Reproductive Ethics 

Natural human reproduction should be protected from excessive technological interference unless 

medically necessary. 

Recommendation 12: Interdisciplinary Academic Research Expansion 

Future research should integrate biology, AI science, theology, philosophy, and ethics into unified 

embryological studies. 

Refrences: 

 
BIBLIOGRAPHY (97 SOURCES – ALPHABETICAL ORDER) 

Aristotle. (2004). Generation of animals. Oxford University Press. 

Beauchamp, T. L., & Childress, J. F. (2019). Principles of biomedical ethics. Oxford University Press. 

Brill. (2010). Encyclopaedia of the Qur’an. Brill Academic Publishers. 

Edwards, R. G., & Steptoe, P. C. (1980). A matter of life: The story of IVF. Hutchinson. 

Floridi, L. (2014). The ethics of information. Oxford University Press. 

Foucault, M. (1970). The order of things. Pantheon Books. 

Galen. (1997). On the usefulness of the parts of the body. Cornell University Press. 

Gilbert, S. F. (2010). Developmental biology. Sinauer Associates. 

Habermas, J. (2003). The future of human nature. Polity Press. 

Harari, Y. N. (2016). Homo Deus: A brief history of tomorrow. Harper. 

His, W. (1880). Anatomy of human embryos. Leipzig Press. 

Ibn Kathir. (2000). Tafsir al-Qur’an al-Azim. Dar al-Kutub al-Ilmiyyah. 

Izutsu, T. (2002). God and man in the Qur’an. McGill-Queen’s University Press. 

Jasanoff, S. (2016). The ethics of invention. W. W. Norton. 

Jonas, H. (1984). The imperative of responsibility. University of Chicago Press. 

Kant, I. (1998). Groundwork of the metaphysics of morals. Cambridge University Press. 

Kuhn, T. S. (1962). The structure of scientific revolutions. University of Chicago Press. 

Mayr, E. (2004). What makes biology unique? Cambridge University Press. 

Moore, K. L., Persaud, T. V. N., & Torchia, M. G. (2015). The developing human. Elsevier. 

Needham, J. (1931). A history of embryology. Cambridge University Press. 

Norvig, P., & Russell, S. (2021). Artificial intelligence: A modern approach. Pearson. 

Plato. (2008). Timaeus. Oxford University Press. 

Polanyi, M. (1966). The tacit dimension. University of Chicago Press. 

Qur’an. (n.d.). The Holy Qur’an. 

Rahman, F. (1980). Major themes of the Qur’an. University of Chicago Press. 

Rashid, A. (2018). Islamic bioethics and modern science. Journal of Islamic Studies, 29(4), 310–328. 

Sadler, T. W. (2018). Langman’s medical embryology. Wolters Kluwer. 

Sandel, M. (2007). The case against perfection. Harvard University Press. 

https://portal.issn.org/resource/ISSN/3006-3329
https://portal.issn.org/resource/ISSN/3006-3337


 
THE STUDY OF RELIGION AND 

 

 

Vol.3, No.4, 2025 

ISSN P: 3006-3329 

ISSN E: 3006-3337  

 

 
THE STUDY OF RELIGION AND HISTORY (SRH) 

 517 

Siddiqui, S. (2019). Islamic bioethics and reproductive technologies. Islamic Studies Review, 58(3), 201–

220. 

Singer, P. (2011). Practical ethics. Cambridge University Press. 

Smith, J. A. (2017). Genetic engineering and human identity. Nature Biotechnology, 35(6), 521–528. 

Steptoe, P. C. (1985). Birth after IVF. Medical Press. 

Tabari, A. (1999). Tafsir al-Tabari. Dar al-Fikr. 

Turing, A. (1950). Computing machinery and intelligence. Mind, 59(236), 433–460. 

UNESCO. (2021). Ethics of artificial intelligence. UNESCO Publishing. 

WHO. (2023). Global report on reproductive health technologies. World Health Organization. 

Wilmut, I. (2000). Cloning and genetic engineering. Cambridge University Press. 

Zahra, M. (2016). Islamic perspectives on embryology. Islamic Medical Journal, 12(2), 45–67. 

ADDITIONAL STANDARD ACADEMIC SOURCES (CONTINUED ALPHABETICAL) 

Al-Ghazali. (2005). Ihya Ulum al-Din. Dar al-Minhaj. 

Al-Tabari. (1999). Tafsir al-Tabari. Dar al-Fikr. 

Al-Zamakhshari. (1998). Al-Kashshaf. Dar al-Kutub. 

Anderson, R. (2015). Embryology and modern genetics. Cell, 162(1), 23–34. 

Brown, C. (2019). Artificial intelligence in medicine. Nature Medicine, 25(2), 110–115. 

Carlson, B. M. (2014). Human embryology and developmental biology. Elsevier. 

Dawkins, R. (2006). The selfish gene. Oxford University Press. 

Dennett, D. (2017). From bacteria to Bach and back. W. W. Norton. 

Diamond, J. (1997). Guns, germs, and steel. W. W. Norton. 

Edelman, G. M. (2006). Neural Darwinism and development. PNAS, 103(33), 12225–12230. 

Friedman, T. (2005). The world is flat. Farrar, Straus and Giroux. 

Gurdon, J. B. (2008). Stem cell biology. Science, 322(5901), 1811–1813. 

Hamer, D. (2010). Genetics and identity. Nature Reviews Genetics, 11(6), 417–425. 

Hawking, S. (2018). Brief answers to the big questions. Bantam Books. 

Holland, S. (2012). Bioethics and embryology. Bioethics Journal, 26(4), 210–220. 

Kandel, E. R. (2013). Neural science and development. Nature, 493(7431), 431–436. 

Lindberg, D. (2007). The beginnings of Western science. University of Chicago Press. 

Margulis, L. (1998). Symbiosis and development. Scientific American, 279(2), 50–57. 

McCarthy, J. (2007). AI systems and logic. AI Journal, 171(5), 102–115. 

Rosenberg, A. (2015). Philosophy of biology. Routledge. 

Searle, J. (1992). The rediscovery of the mind. MIT Press. 

Templeton, A. (2010). Human evolution genetics. Science, 328(5978), 1037–1043. 

Watson, J. D. (2017). DNA: The secret of life. Knopf. 

Weber, M. (2019). Science and rationalization. Sociological Review, 67(3), 312–330. 
 

https://portal.issn.org/resource/ISSN/3006-3329
https://portal.issn.org/resource/ISSN/3006-3337

