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2e. Highlights on Beeja Nirmana - Oogenesis, Spermatogenesis

Bija-Nirmana (Gamete Formation): Oogenesis & Spermatogenesis — Ayurvedic-Modern
Synthesis

Learning Objectives

e Define Bija-nirmana from an Ayurvedic lens and correlate it with modern oogenesis and spermatogenesis.

e Map dosa-dhatu-srotas principles to the endocrine-cellular events that produce Artava (female
gamete/menstrual element) and Sukra (male gamete/seminal element).

e Recall high-yield timelines, cell stages, regulatory hormones, and applied aspects relevant to infertility work-ups
and preconception care.

e Write exam-ready answers with precise terms, clean tables, and one authenticated classical sloka.

1) Bija-nirmana in Ayurveda: Core Frame

In the classical doctrine of reproduction, Bija is the seed element of each parent (Sukra for the male; Artava/Rajas for
the female). Healthy progeny (surya-samhanana, satmya, sattva) depends upon Rtu-Ksetra-Ambu-Bija (proper
time, healthy uterine field, nutritive milieu, and sound gametes). The channels (srotas) that conduct and mature these
substances are central:

‘AT G TRUTAATIIAMET STATAT AT et~ I
Srotamsi khalu parinamam apadyamananam dhatinam abhivahini bhavanti.
— Caraka Samhita, Vimana Sthana 5/3

This verse anchors the process view: as dhatus transform, srotas carry and condition the evolving material—here, up
to the emergence of viable bija.

Link to specific srotas (for quick recall in answers):

e Artavavaha srotas (female): mila—Garbhasaya + Raktavahini dhamanis (uterus + vascular network).

e Sukravaha srotas (male): mila—traditionally described around Vrsana (testes) and sukra-vaha pathways
(seminiferous-epididymal axis.in.modern terms).
(Use Caraka Vimana-sthana 5 for srotas authority,; write mala succinctly in your answers.)

2) Oogenesis (Artava-nirmana) — the female bija
1. Definition

Oogenesis is the process of formation and maturation of female gametes (ova) from primordial germ cells (oogonia) in the
ovaries.

2. Stages of Oogenesis
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Oogenesis - Stepwise Process

Multiplication Phase: Oogonia formed during fetal life

Growth Phase: Primary oocytes arrested in Prophase |

Matliration Phase: Meiosis | completes — Secondary oocyte + Polar hody

Ovulation: Secondary oocyte released, arrested in Metaphase Il

Fertilization: Completion of Meiosis Il = Ovum + Polar body

1. Multiplication Phase (Fetal life)
o Primordial germ cells -» Oogonia.
o Oogonia multiply by mitosis until about 5-7 million are formed.
o By the 5th month of intrauterine life, oogonia enter meiosis | and become primary oocytes.
o At birth: only ~1-2 million primary oocytes remain; at puberty: ~300,000-400,000.
2. Growth Phase
o Primary oocytes remain arrested in prophase | (diplotene stage) until puberty (meiotic arrest).
o Each is surrounded by follicular cells - forming primordial follicles.
o Qocyte enlarges, cytoplasm accumulates, and a zona pellucida forms.
3. Maturation Phase (Puberty to Menopause)
o During each menstrual cycle, under influence of FSH (follicle-stimulating hormone), a few follicles
resume meiosis:
o Primary oocyte completes meiosis | = forms:
= Secondary oocyte (large cell, haploid).
= First polar body (small, degenerates).
Secondary oocyte begins meiosis Il but arrests at metaphase Il.
Ovulation releases the secondary oocyte.
Meiosis II'completes only if fertilization occurs, forming:
= Ovum (mature egg).
= Second polar body.

[¢]
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o

3. Final Outcome

e From one primary oocyte: only one ovum is formed (plus 2-3 polar bodies).
e Process is discontinuous, prolonged, and unequal.

4. Hormonal Regulation

e FSH - follicular growth, oocyte maturation.
e LH surge - triggers ovulation, completion of meiosis I.
e Estrogen & Progesterone — prepare uterus for implantation.
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5. Ayurvedic Insight

e Oogenesis relates to Beeja Nirmana (female seed) and Artava Dhatu formation.
e Classical texts describe Rtu-kala (fertile period) when matured artava is ready for conception.

2.1 Big-picture timeline

Life stage Event Key numbers / facts

Fetal life (weeks Oogonia proliferate (mitosis) -» enter meiosis | - Peak ~6-7 million; all oocytes formed

6-20) Primary oocytes before birth

Late fetal - birth At_re5|a begins; all oocytes arrest in prophase | At birth ~1-2 million remain
(dictyate)

Puberty Cyclic recruitment per cohort; most undergo atresia ~300-500 thousand at menarche
One dominant follicle completes meiosis I just before Ovulation releases secondary oocyte

Each cycle ovulation -» Secondary oocyte + first polar body; y y

. with cumulus
arrests in metaphase Il

Sperm entry triggers completion of meiosis Il - Ovum-  ~400-500 ovulations over

Fertilization + second polar body reproductive life

Mnemonic: “Made once, paused twice” — made once (fetal), paused at prophase | and paused again at metaphase Il.

2.2 Follicular architecture & endocrine control

Follicle stages: Primordial » Primary (granulosa) -» Secondary (theca forms) —» Antral (Graafian).
Two-cell, two-gonadotropin model:

o Theca cells (LH) -» androgens - diffuse to granulosa.

o Granulosa cells (FSH, aromatase) —» oestrogens.
Mid-cycle LH surge - resumption of meiosis I, luteinization, ovulation; progesterone rise post-ovulation
(corpus luteum).
e Cervical mucus: spinnbarkeit & ferning at ovulatory oestrogen peak—bedside correlate of Rtukala.

2.3 Coordination with Ayurveda

e Artava is classically taught as upadhatu of Rasa; hence rasa-ksaya/ama states distort cycles and oocyte
quality (oligo-/anovulation, luteal defects).
e Artavavaha srotas integrity (uterus-vascular bed) supports endometrial receptivity; Apana-vayu governs
cyclical egress and tubal motility.
e Dosa lenses:
o Vatat - anovulation, dysmenorrhoea, luteal instability.
o Pittat - heavy/burning flow, luteal phase temp rise exaggerations.
o Kaphat - follicular arrest/PCOS phenotype, thick cervical secretions.

2.4 Applied obstetrics-gynaecology points

e Ageing oocyte: Aneuploidy risk rises from mid-30s; counsel earlier conception planning where feasible.

e PCOS: Hyperandrogenic, FSH:LH imbalance - anovulation; management aligns with agni-dipana, lekhana
(weight-metabolic correction) + ovulation induction when indicated.

e Luteal phase defects: think rasa-rakta support & stress modulation; correlate with progesterone support if
clinically warranted.

3) Spermatogenesis (Sukra-nirmana) — the male bija

Spermatogenesis is the continuous process of formation of male gametes (spermatozoa) from primordial germ cells
(spermatogonia) in the seminiferous tubules of testes.
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2. Stages of Spermatogenesis

Spermatogenesis - Stepwise Process

Multiplication Phase: Spermatogonia divide mitotically

N [
J\

Growth Phase: Primary spermatocytes formed

\(
AN

Maturation Phase: Meiosis | = Secondary spermatocytes

Meiosis Il = Spermatids (haploid)

)

Spermiogenesis: Spermatids —» Spermatozoa

\(
J\

Spermiation: Release of mature sperm into lumen

1. Multiplication Phase
o Spermatogonia (diploid stem cells) at the basal layer divide by mitosis.
o Some remain as stem cells; others differentiate into primary spermatocytes.
2. Growth Phase
o Primary spermatocytes (2n) enlarge and prepare for meiosis.
3. Maturation Phase
o Meiosis I: Primary spermatocyte - two haploid secondary spermatocytes.
o' Meiosis II: Each secondary spermatocyte —» two spermatids (haploid).
o Thus, one primary spermatocyte gives rise to four spermatids.
4. Spermiogenesis
o Spermatids differentiate into spermatozoa:
= Nucleus condenses.
= Acrosome forms from Golgi.
= Flagellum develops from centriole.
= Cytoplasm sheds.
5. Spermiation
o Mature spermatozoa released into the lumen of seminiferous tubules.
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Female and Male Gametogenesis

Gametogenesis is the process of development from primordial germ cells to mature gametes: oogenesis in females and
spermatogenesis in males. In both females and males, it begins with diploid germ cells that then undergo mitosis, meiosis,
and cytodifferentiation into haploid gametes.

3. Duration

e Entire process: 64-72 days in humans.
e Continuous from puberty to old age.

4. Hormonal Regulation

GnRH (hypothalamus) — stimulates pituitary.

FSH — acts on Sertoli cells, supports spermatogenesis.

LH - stimulates Leydig cells - testosterone production.

Testosterone - essential for sperm maturation and male secondary sexual characters.

5. Final Outcome

e From one primary spermatocyte: four spermatozoa.
e Process is continuous, rapid, and equal.

6. Ayurvedic Insight

e Spermatogenesis corresponds to Shukra Dhatu formation.
e Classical references describe continuous production of Beeja (Shukra) in healthy males, regulated by diet,
lifestyle, and mental status.

3.1 Timeline & compartments (high-yield)

e Site: Seminiferous tubules (testis) — spermatogenic epithelium supported by Sertoli cells; Leydig cells in
interstitium produce testosterone (LH-driven).

e Duration: ~64-74 days for spermatogenesis + ~12-14 days epididymal transit/maturation.

e Daily output: ~100-200 million spermatozoa (wide normal).

Stages (from basement membrane to lumen):

Spermatogonia (A/B) — mitosis = pool maintenance & differentiation.

Primary spermatocytes — enter meiosis | —» halve chromosomes.

Secondary spermatocytes — meiosis Il - spermatids (haploid).

Spermiogenesis — spermatids remodel: acrosome, condensed nucleus, flagellum, mitochondrial sheath.
Spermiation — release of spermatozoa into lumen - epididymis (motility & fertilizing capacity acquisition).

e wNhRE

Blood-testis barrier (Sertoli tight junctions) protects meiotic cells from immune attack; Androgen-binding protein
(ABP) concentrates intratubular testosterone; Inhibin-B from Sertoli cells exerts FSH feedback.

3.2 Endocrine axis & functional correlates

¢ GnRH (hypothalamus) - LH (Leydig — testosterone) and FSH (Sertoli = ABP, inhibin-B).
o Efferent ducts —» Epididymis —» Vas deferens: epididymal head-body-tail maturation (membrane remodeling,
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motility).
e Accessory glands: Seminal vesicles (fructose, prostaglandins), prostate (citrate, PSA), bulbourethral (mucus)
- final semen volume and buffering.

3.3 Coordination with Ayurveda

e Sukra-dhatu is the culminating dhatu (after poshana through rasa-...-»majja); depletion ($ukra-ksaya) leads
to karsya, kliba-laksana, low vigour.
e Sukravaha srotas integrity (vrsana-sukra-vahini pathways) maps to testicular-epididymal axis; vata supports
transport & emission, pitta transformation, kapha nutritive semen volume.
e Dosa pointers:
o Vatat: oligo-asthenozoospermia, premature emission.
o PittaT: oxidative stress on sperm DNA (high ROS states).
o Kaphat: viscous semen, poor liquefaction.

3.4 Applied andrology points

e Heat impairs spermatogenesis (tight clothing, saunas, fevers); the pampiniform plexus cools arterial blood;
varicocele raises testicular temperature & ROS - treat when clinically significant.

e Endocrine hits (anabolic steroids, hyperprolactinaemia, thyroid disease) — axis suppression or poor semen
quality.

¢ Time-to-recovery after gonadotoxic insults = one full spermatogenic cycle (3 months).

4) Head-to-Head: Oogenesis vs Spermatogenesis (exam table)

Feature Oogenesis (Artava-nirmana) Spermatogenesis (Sukra-nirmana)
When formed Mostly fetal life; finite pool Post-puberty, continuous

Prophase | (fetal-puberty); Metaphase Il
(ovulation—fertilization)

Output per cycle Usually one secondary oocyte Millions of sperm daily

FSH/LH, oestrogen—LH surge - ovulation;
progesterone luteal

Supporting cells Granulosa/Theca, corpus luteum Sertoli/Leydig, epididymal epithelium

Sukravaha srotas, Vata (vyana/apana),
sukra-dhatu bala

Cell cycle arrests None (continuous stages)

GnRH-LH-FSH, Testosterone, Inhibin-B

Regulators

Ayurvedic linkage Artavavaha srotas, Apana-vayu, Rasa upadhatu

Comparison: Oogenesis vs Spermatogenesis

Feature Oogenesis Spermatogenesis
Location Ovaries Testes (seminiferous tubules)
Onset Fetal life Puberty
Continuity Discontinuous, ends at menopause Continuous till old age
Gametes from 1 cell 1 ovum + polar bodies 4 sperms
Duration Arrested for years, completes at fertilization ~74 days cycle
Number produced Limited (~400 in lifetime) Millions daily

5) Bija Quality: Ayurvedic markers & modern parallels

Ayurvedic description (concept) Modern correlate
Suddha Sukra: snigdha, $ukla, phenodourless, Normal semen: volume 1.5-6 mL, pH 7.2-8.0, rapid progressive
compact motility, morphologically normal forms
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Ayurvedic description (concept) Modern correlate
Suddha Artava: timely, pain-light, non-fetid, non-

clotty Eumenorrhoea, ovulatory cycles, normal endometrial pattern

OAT patterns, leucocytospermia/ROS, cervical mucus hostility,

Dosa-dusti signs (vata/pitta/kapha) luteal defects

(State in answers that classical descriptors are qualitative, while modern lab parameters quantify similar properties.)

6) Clinical Bridges (how to use in SAQ/LAQ)

1. Preconception counselling:

o Rasa-poshana diet, correct agnimandya, treat ama; sleep-stress hygiene.

o Modern: folate, iron, thyroid screen, STl screen, limit alcohol/tobacco; male antioxidant strategy if needed.
2. Infertility outline:

o Female: anovulation (PCOS/thyroid), tubal factors, endometrial receptivity.

o Male: semen analysis (2 samples), endocrine profile, rule out varicocele/infections.

o Tie back to artava/sukra srotas restoration and dosa-wise chikitsa alongside indicated modern therapy.
3. ART touch-points:

o Oocyte retrieval follows controlled ovarian hyperstimulation (FSH/LH analogues).

o ICSI/IVF leverages viable bija even in severe OAT; still, counsel classical svasthavrtta for better milieu.

7) High-Yield Numbers & Nuggets (last-minute)

e Oocyte stock: 6-7 million peak (fetus) = 1-2 million (birth) - 300-500k (puberty) - ~400-500 ovulations
lifetime.

Spermatogenesis: ~74 days + ~12 days epididymis; 100-200 million/day.

Ovulatory marker: LH surge ~36 h before ovulation; spinnbarkeit mucus.

Male axis: FSH - Sertoli (ABP, inhibin-B); LH - Leydig (testosterone).

Heat is harmful to spermatogenesis; age is harmful to oocyte euploidy.

8) Answer Blueprints

A) LAQ (10 marks) — Describe Bija-nirmana with emphasis on oogenesis and
spermatogenesis; correlate with srotas and dosa.

e Start with Rtu-Ksetra-Ambu-Bija and Caraka’s srotas sloka (CV 5/3).

e Oogenesis: timeline table + two-cell/two-gonadotropin model + arrests; link to Artavavaha srotas and Apana-
vayu.

e Spermatogenesis: stage diagram (text) + endocrine axis + epididymal maturation; link to Sukravaha srotas.

e Conclude with applied infertility notes and a brief Ayurvedic chikitsa-sutra (rasa-poshana, dosa-hara).

B) SAQ (5 marks) — Enumerate key differences between oogenesis and spermatogenesis.
Use the head-to-head table (Section 4).

C) MCQs (single best answer)

1. Completion of meiosis Il in the oocyte occurs:
A) At menarche B) After sperm entry C) At LH surge D) At implantation
Ans: B
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2. The blood-testis barrier is formed primarily by:
A) Leydig cells B) Peritubular myoid cells C) Sertoli tight junctions D) Endothelial cells
Ans: C
3. The gonadotropin that primarily drives androgen production in the testis is:
A) FSH B) LH C) Prolactin D) GH
Ans: B
4. In a normal cycle, the mid-cycle surge that triggers ovulation is chiefly:
A) FSH B) LH C) Progesterone D) Prolactin
Ans: B
5. Artava is classically aligned with which dhatu relationship?
A) Mamsa upadhatu B) Rasa upadhatu C) Meda upadhatu D) Majja upadhatu
Ans: B

9) References

Classical (primary authorities)

e Caraka Samhita, Vimana-sthana 5 (Srotovimana) — definition and doctrinal role of srotas (quoted above:
5/3); mula-descriptions for reproductive srotas used for correlation in answers.

e Susruta Samhita, Sarira-sthana — garbha-sambhava framework (Rtu-Ksetra-Ambu-Bija) and reproductive
organ descriptions supporting Artavavaha/Sukravaha pathways.

e Astanga Hrdaya, Sarira-sthana — consolidated teachings on reproductive physiology; phases around Rtukala
and qualities of suddha sukra/artava in commentarial traditions.

Note: Only a verified sloka (CV 5/3) is quoted in Devanagari to maintain textual accuracy as per your
instruction. All other classical points are alighed with the above sthanas without risking unverified meter.

Modern & standard texts

Williams Obstetrics (ovarian cycle, oogenesis, endocrine control).

Guyton & Hall / Ganong (hypothalamo-pituitary-gonadal axis).

Campbell-Walsh Urology / Andrology reviews (spermatogenesis, epididymal maturation, semen parameters).
WHO Laboratory Manual for the Examination and Processing of Human Semen (latest edition) —
benchmarks for semen quality.

e Dutta’s Gynecology — menstrual physiology, ovulation indicators, clinical correlations.

10) Quick Recap (30-second lock-in)

Bija-nirmana = gamete formation carried by srotas; cite CV 5/3.

Oogenesis: fetal origin, two arrests, one oocyte per cycle; governed by FSH/LH, granulosa-theca teamwork.
Spermatogenesis: continuous post-puberty, ~3 months cycle, Sertoli/Leydig axis, epididymal finishing.
Ayurveda: Artava = Rasa-upadhatu; Sukra-dhatu culmination; integrity of Artava/Sukra-vaha srotas +
dosa-samya underpins fertility.
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