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i. Role of RBCs, WBCs, platelets and plasma proteins in immune mechanisms

The immune system relies on the coordinated function of various blood components—RBCs (red blood cells), WBCs
(white blood cells), platelets, and plasma proteins—each contributing to host defense and homeostasis in distinct
ways.  While  white blood cells (leukocytes) are traditionally the “immune cells,” RBCs and platelets also perform
auxiliary or regulatory roles in immune mechanisms, and plasma proteins (complement, immunoglobulins) form the
molecular arm of host defense. Below is an integrated look at (I) RBCs, (II) WBCs, (III) Platelets, and (IV) Plasma
Proteins, highlighting each component’s immunological significance.

Red Blood Cells (RBCs)

Traditional View

Primary Function: Transport oxygen (via hemoglobin) and CO₂ exchange. Typically not classified as “immune
cells.”
RBCs lack a nucleus (in mammals) and major organelles—limiting direct involvement in adaptive immunity.

Immunological Relevance

Immune Complex Clearance1.
RBCs bind small immune complexes through complement receptor 1 (CR1/CD35), delivering them to the
spleen/liver for phagocyte removal.
Minimizes immune complex deposition in tissues (e.g., glomeruli), which could otherwise trigger
inflammation or autoimmunity.

DAMP (Damage-Associated Molecular Patterns) Scavenging2.
Some RBC subpopulations can bind or scavenge certain molecules, though research is ongoing.
RBC aging or opsonization can modulate inflammation dynamics.

Role in Hemolytic Diseases3.
RBC antigens (e.g., ABO, Rh) can incite immune responses (hemolytic transfusion reactions, hemolytic
disease of newborn), indicating RBC involvement in immune recognition.

White Blood Cells (WBCs)

Types and Their Functions

Neutrophils (Granulocytes)1.
First-line phagocytes in acute inflammation. Release enzymes,  reactive  oxygen  species  (ROS)  to  kill
bacteria/fungi.
Form “neutrophil extracellular traps” (NETs) capturing pathogens extracellularly.

Eosinophils2.
Involved in parasitic infections and allergic responses. Secrete cytotoxic proteins (major basic protein) to
combat larger parasites or modulate allergic inflammation.

Basophils (and Tissue Mast Cells)3.
Release histamine, heparin, and cytokines. Key in allergic and inflammatory processes.
Mast cells located in tissues respond to IgE cross-linking (e.g., anaphylaxis).

Monocytes / Macrophages4.
Monocytes circulate in blood; upon entering tissues, differentiate into macrophages.
Efficient phagocytes, antigen-presenting cells (APCs). Release numerous cytokines shaping
immune/inflammatory responses.

Lymphocytes5.
B Lymphocytes: Produce antibodies (plasma cells), memory B-cells.
T Lymphocytes:

Helper T cells (CD4+) coordinate immune responses, secrete cytokines.
Cytotoxic T cells (CD8+) kill virus-infected or tumor cells.
Regulatory T cells dampen immune overreactions.
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NK (Natural Killer) Cells: Innate lymphocytes that kill stressed or infected cells lacking normal MHC
expression.

Overall Immune Role

WBCs orchestrate innate (neutrophils, macrophages, NK cells) and adaptive (B/T cells) immunity.
They detect pathogens, kill infected cells, produce antibodies, remember antigens, and regulate inflammation.

Platelets (Thrombocytes)

Hemostatic vs. Immune Function

Primary Role: Hemostasis—plug formation, clotting to prevent bleeding.1.
Immunothrombosis2.

Platelets express surface receptors (e.g., TLRs, P-selectin) and can release immunomodulatory factors.
They interact with leukocytes and the endothelium, bridging coagulation  with  inflammation—crucial  in
host defense but can also lead to pathologies like DIC (disseminated intravascular coagulation) in severe
infections.

Pathogen Interaction

Platelets can bind bacteria or viruses, facilitating clearance or fueling inflammation.
Role in forming microthrombi at infection sites, localizing pathogens but risking tissue damage if excessive.

Plasma Proteins

Complement System

Definition and Pathways1.
~30 plasma proteins that opsonize pathogens, recruit inflammatory cells, or form membrane attack
complex (MAC).
Pathways: Classical (antibody-triggered), Alternative (spontaneous C3 hydrolysis), Lectin  (mannose-
binding lectin on microbes).

Key Functions2.
Opsonization (C3b), chemotaxis (C5a), cell lysis (C5b–C9 complex).
Helps coordinate innate and adaptive immunity by bridging antibody recognition with direct microbial
destruction.

Immunoglobulins (Antibodies)

Classes1.
IgG, IgM, IgA, IgE, IgD—each specialized for opsonization, complement activation, mucosal defense, allergic
responses, or B-cell receptor function.

Mechanisms2.
Neutralize toxins/viruses, facilitate phagocytosis, or fix complement on pathogen surfaces.

Other Plasma Proteins

Acute Phase Proteins (e.g., CRP, fibrinogen)1.
Increase during inflammation, enhancing opsonization or modulating immune cells.

Cytokines (some are secreted proteins found in circulation)2.
IL-6, TNF-α, Interferons shape immune activation or suppression at systemic levels.

Integrative Reflection: Ayurveda and Modern Immunology
Blood Components in Ayurvedic Terms1.

Rakta dhātu (blood tissue) includes RBCs physically but extends conceptually to immune aspects.
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Balancing doṣas is essential for robust immune resilience, akin to ensuring healthy RBC, WBC, platelets, and
fluid components.

“Ojas” and Plasma Proteins2.
Ojas is considered the vital essence supporting immunity, possibly paralleling immunoglobulins,
complement factors.
Rasāyana therapies (herbal immunomodulators) can fortify “internal armor” akin to plasma protein
defenses.

Clinical Implications
Diagnostics1.

CBC (Complete  Blood  Count) enumerates RBC, WBC, platelets—indicating infection (leukocytosis),
anemia, or coagulopathy.
Serological assays measure immunoglobulins, complement levels (CH50), guiding diagnosis of
immunodeficiencies or autoimmune states.

Therapy and Transfusion2.
RBC transfusions in anemic or hemorrhagic patients, platelet transfusions for thrombocytopenia, IVIG for
immunodeficient or autoimmune conditions.
Anti–platelet or anticoagulant drugs modulate clot-immune interplay in conditions like sepsis or coronary
artery disease.

Preventive and Restorative3.
Minimizing leucopenia, addressing immune dysregulation, ensuring adequate protein intake for healthy
plasma protein synthesis.
Integrative care: classical Ayurvedic tonics (e.g., shilajit,  aswagandha) can complement mainstream
immuno-nutritional therapies.

Conclusion
The immune system  integrates multiple blood components—RBCs assist in immune complex clearance, WBCs are
central to innate and adaptive defenses, platelets link coagulation with inflammatory responses, and plasma proteins
(complement, immunoglobulins) orchestrate molecular opsonization, neutralization, and cell lysis. Modern diagnostics and
therapies revolve around analyzing and modulating these components. Meanwhile, Ayurveda provides a broad lens of
raktadhātu nourishment, doṣic balance, and ojas enhancement. Together, these paradigms underscore the critical synergy
of cellular and molecular factors in maintaining immunity and health.
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