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Abstract: Blood, the liquid connective tissue that circulates throughout the
human body, is composed of two main components: plasma (the liquid matrix) and
formed elements (corpuscles). The corpuscular elements-erythrocytes (red blood
cells), leukocytes (white blood cells), and thrombocytes (platelets)-perform essential
functions that sustain life. Erythrocytes are responsible for oxygen transport, facilitated
by the hemoglobin molecule; leukocytes constitute the cellular arm of the immune
system, defending against pathogens and malignancies; and thrombocytes mediate
hemostasis, preventing bleeding after vascular injury. This article provides a systematic
review of the morphology, physiology, production (hematopoiesis), and clinical
significance of each corpuscular element. Special attention is given to quantitative
disorders (anemias, leukopenias, thrombocytopenias) and qualitative disorders (sickle
cell disease, leukocyte adhesion deficiency, platelet function defects). The article also
discusses laboratory assessment, including complete blood count, peripheral blood
smear, and advanced flow cytometry. The review concludes with emerging therapeutic
applications, including blood transfusion, hematopoietic stem cell transplantation, and
platelet-rich plasma therapy.
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AnHoTauus: KpoBb, KXHIKas COCAUHUTENbHAS TKAHb, LUPKYJIUPYIOLIAs IO
BCCMY OpraHu3My 4YCJIOBCKA, COCTOUT H3 JBYX OCHOBHBLIX KOMIIOHCHTOB: IIJIa3Mbl
(>KkuIKOM MaTpHIbl) M1 (POPMEHHBIX IIEMEHTOB (KJIeTOK). KieTouHbie 3JeMEeHThl —
PUTPOIUTHI (KPACHBIE KPOBSHBIC KJIETKH), TEHKOIUTHI (Oeble KPOBSHBIE KICTKU) U
TPpOMOOLUTHl  (TPOMOOLMUTHI) — BBINOJHSIOT JKU3HEHHO BaXXHbIE (DYHKIUU.
OpUTPOLUTH OTBEYAKOT 3a TPAHCHOPT KHUCIOPOAA, OCYIIECTBISEMBIA MOJIEKYJIOU
reMOrjJoOrHa; JIEMKOIMTBl COCTABIISIIOT KJIETOYHYI0 YacTh HUMMYHHOW CHCTEMBI,
3amuIas OT TMaTOT€HOB W 3JIOKAYECTBEHHBIX HOBOOOPA30BaHMM; a TPOMOOITUTHI
00ecIeunBaroT IeMoOCTa3, IpcaoTBpaliad KpOBOTCUCHHUA IIOCJIC ITOBPCIKICHHUA
cocynoB. B naHHOI cTaThe MpPEACTAaBICH CUCTEMATHYECKUU 0030p Mopdosoruu,
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busnonorny, NPOAYKUMH (FEMOMO’3a) W KIMHUYECKOTO 3HAYEHHUSA Kaxa0ro
KJI€TOYHOTr0 dyieMeHTa. Oco0oe BHUMaHNE YACTACTCA KOJINYCCTBCHHBIM HAPYIICHUAM
(aHeMuu, JICHKONEHWH, TPOMOOIIMTONICHWH) M KA4YECTBEHHBIM HAPYIICHUAM
(CepnoBUIHOKIICTOYHAST aHEMHUS, NEPUIIUT AATE3UH JISUKOIUTOB, AehEKThl (PYyHKIINH
TpoMOouuTOB). B cTarthe Takxke OOCYyX)HArOTCS J1TaOOpaTOpHBIE METOJbI OICHKH,
BKJIFOYAsl OOIMIA aHAIM3 KPOBH, Ma30K MepuU(EePUIECKON KPOBU M PACIIHPECHHYIO
MpOTOYHYIO  muToMeTputo. OO030p  3aBepmiaeTcs  PacCMOTPEHHEM  HOBBIX
TCPANCBTUICCKUX HpHMeHeHHﬁ, BKJIIO4as IICPCIIMBAHUC KPOBHU, TPAHCIIAHTAIUIO
I'CMOIIOOTHYCCKHUX CTBOJIOBBIX KIICTOK H TCpPAIIUIO O6OFaH16HHOﬁ TpOM6OIlI/ITaMI/I
TJIA3MOM.

KiaroueBble cJiioBa: 9pPITp0HI/ITBI, KpaCHBIC KPOBSHBIC KIICTKH, JIGI?IKOLII/ITBI,
Oenible KPOBSHBIC KJIETKH, TPOMOOIIUTHI, TPOMOOIMTHI, TE€MOI033, TE€MOTJIOOUH,
aHEeMMsl, JIEUKOIIMTO3, TPOMOOLMTOIECHUS, TE€MOCTa3, Ma30K KpOBU, MPOTOUYHAS
MUTOMCTPHUA.

Annotatsiya: Qon, inson tanasi bo'ylab aylanib yuradigan suyuq biriktiruvchi
to'qima, ikkita asosiy komponentdan iborat: plazma (suyuq matritsa) va shakllangan
elementlar (korpuskulalar). Korpuskulyar elementlar — eritrotsitlar (qgizil qon
tanachalari), leykotsitlar (og qon tanachalari) va trombotsitlar (trombotsitlar) —
hayotni ta'minlovchi muhim funktsiyalarni bajaradi. Eritrotsitlar gemoglobin
molekulasi tomonidan osonlashtiriladigan kislorod tashish uchun javobgardir;
leykotsitlar immun tizimining hujayrali qo'lini tashkil giladi, patogenlar va xavfli
o'smalardan himoya giladi; va trombotsitlar gon tomirlari shikastlanishidan keyin qon
ketishining oldini olib, gemostazni vositachilik giladi. Ushbu magolada har bir
korpuskulyar elementning morfologiyasi, fiziologiyasi, ishlab chigarilishi
(gematopoez) va klinik ahamiyati tizimli ravishda ko'rib chigiladi. Migdoriy kasalliklar
(anemiya, leykopeniya, trombotsitopeniya) va sifatli kasalliklarga (o'rogsimon
hujayrali anemiya, leykotsitlar adgeziyasi yetishmovchiligi, trombotsitlar funktsiyasi
nugsonlari) alohida e'tibor garatiladi. Magolada shuningdek, to'liq qon tahlili, periferik
gon surtmasi va rivojlangan ogim sitometriyasi kabi laboratoriya baholashlari
muhokama qilinadi. Sharh qon quyish, gematopoetik ildiz hujayralarini
transplantatsiya qgilish va trombotsitlarga boy plazma terapiyasi kabi yangi terapevtik
go'llanmalar bilan yakunlanadi.

Kalit so'zlar: Eritrotsitlar, gizil gon tanachalari, leykotsitlar, oq qon tanachalari,
trombotsitlar, trombotsitlar, gematopoez, gemoglobin, anemiya, leykotsitoz,
trombotsitopeniya, gemostaz, gon surtmasi, ogim sitometriyasi.

Introduction
Blood is often described as the "river of life." An average adult human possesses
approximately 5 liters of blood, constituting about 7-8% of total body weight. Blood
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serves multiple critical functions: transport of oxygen and carbon dioxide, delivery of
nutrients and hormones, removal of metabolic wastes, regulation of pH and body
temperature, and defense against pathogens. However, the cellular or “corpuscular"
elements—the suspended cells and cell fragments—are the true workhorses of this
remarkable tissue.

The term "corpuscular" derives from the Latin corpusculum, meaning "“small
body." Historically, before the advent of modern microscopy, blood cells were
described as tiny particles or corpuscles. Today, we recognize three distinct types of
formed elements: erythrocytes (red blood cells, RBCs), leukocytes (white blood cells,
WBCs), and thrombocytes (platelets). Each lineage has unique morphological features,
specialized functions, and distinct clinical disorders.

This article aims to provide a comprehensive, evidence-based review of the
corpuscular elements of blood. Section 2 describes hematopoiesis—the process of
blood cell formation. Sections 3, 4, and 5 examine erythrocytes, leukocytes, and
thrombocytes in detail, respectively. Section 6 discusses laboratory assessment.
Section 7 covers clinical disorders. Section 8 presents emerging therapies, and Section
9 concludes.

Hematopoiesis: The Origin of Corpuscular Elements

All corpuscular elements of blood originate from a common precursor: the
pluripotent hematopoietic stem cell (HSC). In adults, hematopoiesis occurs primarily
in the bone marrow of the vertebrae, sternum, ribs, pelvis, and proximal ends of long
bones (femur, humerus).

Stages of Hematopoiesis

Hematopoiesis is a hierarchical, tightly regulated process. HSCs give rise to two
main lineages:

1. Myeloid lineage: Produces erythrocytes, megakaryocytes (which fragment
into platelets), mast cells, and myeloblasts (which differentiate into granulocytes—
neutrophils, eosinophils, basophils—and monocytes).

2. Lymphoid lineage: Produces lymphoblasts, which differentiate into B
lymphocytes, T lymphocytes, and natural killer (NK) cells.

The process is regulated by a network of growth factors and cytokines, including
erythropoietin (EPO, produced by the Kkidney) for erythrocyte production,
thrombopoietin (TPO, produced by the liver) for platelet production, and granulocyte
colony-stimulating factor (G-CSF) for neutrophil production.

Erythrocytes (Red Blood Cells)

Morphology and Normal Values

Erythrocytes are the most abundant corpuscular element. A healthy adult has
approximately 4.5-5.9 million RBCs per microliter (uL) of blood in males and 4.0-5.2
million/pL in females (Hoffbrand & Moss, 2020, p. 28). Each RBC is a biconcave disc,
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approximately 7.5 um in diameter and 2 um thick at its thickest point. The biconcave
shape provides three critical advantages: (1) high surface area-to-volume ratio for gas
exchange, (2) flexibility to deform and pass through capillaries as narrow as 3 um, and
(3) an optimal diffusion distance for oxygen.

Mature mammalian erythrocytes lack a nucleus and most organelles, including
mitochondria, ribosomes, and the Golgi apparatus. This anuclear state maximizes space
for hemoglobin but renders the cell incapable of protein synthesis or aerobic
respiration. RBCs generate ATP exclusively through glycolysis (the Embden-
Meyerhof pathway).

Hemoglobin and Oxygen Transport

Hemoglobin (Hb) is the oxygen-carrying protein within erythrocytes. Each Hb
molecule is a tetramer of two a-globin and two -globin chains, each with a heme group
containing a ferrous (Fe*") iron atom that reversibly binds one oxygen molecule (O-).
Thus, each Hb molecule can carry four O: molecules. Normal adult hemoglobin (HbA)
has an oxygen-binding affinity that allows efficient loading in the lungs (Po2 = 100
mmHg) and unloading in the tissues (Po2 = 40 mmHg).

The total hemoglobin concentration in healthy adults is 13.5-17.5 g/dL in males
and 12.0-15.5 g/dL in females. The hematocrit (packed cell volume) represents the
percentage of blood volume occupied by RBCs: approximately 41-53% in males and
36-46% in females.

Erythrocyte Lifespan and Destruction

Erythrocytes have a lifespan of approximately 120 days in circulation. Senescent
RBCs are removed by macrophages of the reticuloendothelial system, primarily in the
spleen, liver, and bone marrow. The heme group is degraded to biliverdin, then
bilirubin, which is conjugated in the liver and excreted in bile. Iron is recycled and
returned to the bone marrow for new hemoglobin synthesis.

Leukocytes (White Blood Cells)

Leukocytes are the cellular mediators of immunity. They are far less numerous
than erythrocytes—5,000-10,000 cells/uL in healthy adults—but are essential for
defense against infection, removal of damaged cells, and immune surveillance against
cancer. Unlike erythrocytes, leukocytes possess nuclei and complete organelle sets,
enabling protein synthesis and cell division.

Classification of Leukocytes

Leukocytes are divided into two major categories: granulocytes (containing
cytoplasmic granules) and agranulocytes (lacking prominent granules).

Type Percentage of WBCs Diameter (um) Nucleus Primary Function

Neutrophil 40-70% 10-12 Multilobed (2-5 lobes) Phagocytosis of bacteria and
fungi

Eosinophil 1-6% 12-17 Bilobed Defense against parasites; allergic reactions
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Basophil <1% 12-15 Bilobed or S-shaped Release histamine and heparin in
allergic inflammation

Lymphocyte 20-40% 7-15 Round, large nucleus Adaptive immunity (B cells, T
cells, NK cells)

Monocyte 2-10% 14-20 Kidney-shaped Differentiate into macrophages and
dendritic cells

Granulocytes

Neutrophils are the most abundant leukocyte and the first responders to bacterial
infection. They are highly motile and phagocytic, ingesting and destroying
microorganisms via oxygen-dependent (respiratory burst) and oxygen-independent
mechanisms (enzymes like lysozyme and defensins). Neutrophils have a short lifespan
of 6-8 hours in blood and 1-4 days in tissues.

Eosinophils combat parasitic infections (helminths) and modulate allergic
inflammation. They release major basic protein (MBP) and eosinophil cationic protein
(ECP), which are toxic to parasites but can also damage host tissues in asthma and
eosinophilic esophagitis.

Basophils are the least common granulocyte. They express high-affinity IgE
receptors and, when cross-linked by allergens, release histamine, leukotrienes, and
platelet-activating factor, contributing to anaphylaxis and chronic allergic
inflammation. Basophils are circulating counterparts of tissue mast cells (Guyton &
Hall, 2016, p. 445).

Agranulocytes

Lymphocytes are the cornerstone of adaptive immunity. B lymphocytes produce
antibodies (humoral immunity). T lymphocytes include helper T cells (CD4+,
coordinate immune responses), cytotoxic T cells (CD8+, kill infected or malignant
cells), and regulatory T cells (suppress autoimmunity). Natural killer (NK) cells
provide innate immunity against virally infected and tumor cells.

Monocytes circulate for 1-3 days before migrating into tissues and
differentiating into macrophages or dendritic cells. Macrophages are professional
phagocytes that clear debris, pathogens, and apoptotic cells. Dendritic cells are the
most potent antigen-presenting cells, initiating adaptive immune responses.

Thrombocytes (Platelets)

Morphology and Production

Platelets are not true cells but anucleate cytoplasmic fragments derived from
megakaryocytes in the bone marrow. A single megakaryocyte produces 1,000-3,000
platelets. Normal platelet count is 150,000-450,000/uL. Each platelet is disc-shaped,
approximately 2—3 um in diameter, and has a lifespan of 7-10 days.

Despite lacking a nucleus, platelets contain mitochondria, lysosomes, and three
types of granules:
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- a-granules: Contain adhesive proteins (fibrinogen, von Willebrand factor,
thrombospondin), growth factors (PDGF, VEGF), and coagulation factors.

- Dense granules (6-granules): Contain ADP, ATP, serotonin, calcium, and
histamine.

- Lysosomes: Contain hydrolytic enzymes.

Hemostasis: The Role of Platelets

Platelets are essential for primary hemostasis—the formation of a temporary
platelet plug. The process occurs in three steps:

1. Adhesion: Following vascular injury, subendothelial collagen is exposed.
Platelets adhere to collagen via von Willebrand factor (vWF) binding to the platelet
glycoprotein Ib-1X-V receptor complex.

2. Activation: Adherent platelets change shape (from disc to spiky sphere),
secrete granule contents (ADP, thromboxane A:), and express surface glycoprotein
I1b/I11a receptors. ADP recruits additional platelets (aggregation).

3. Aggregation: Activated platelets bind fibrinogen via GP Ilb/Illa receptors,
cross-linking platelets into a stable plug.

The platelet plug is subsequently reinforced by fibrin strands generated by the
coagulation cascade (secondary hemostasis). Defects in platelet function or number
lead to bleeding disorders, most commonly immune thrombocytopenia (ITP) or
aspirin-induced dysfunction.

Laboratory Assessment of Corpuscular Elements

Complete Blood Count (CBC)

The CBC is the most frequently ordered laboratory test. It provides quantitative
data on all three corpuscular lineages (Hoffbrand & Moss, 2020, p. 210):

Parameter Abbreviation Normal Range (Adult)

Red blood cell count RBC 4.0-5.9 x 10%%/L

Hemoglobin Hb 12.0-17.5 g/dL

Hematocrit Hct 36-53%

Mean corpuscular volume MCV 80-100 fL

Mean corpuscular hemoglobin MCH 27-34 pg

Mean corpuscular hemoglobin concentration MCHC 32-36 g/dL

Red cell distribution width RDW 11.5-14.5%

White blood cell count WBC 4.0-11.0 x 10°/L

Platelet count PLT 150450 x 10°/L

Peripheral Blood Smear

The blood smear (or "differential™) provides morphological assessment. Trained
observers evaluate RBC size (microcytic, normocytic, macrocytic), shape (sickle cells,
spherocytes, schistocytes), color (hypochromic, normochromic), and inclusions
(Howell-Jolly bodies, basophilic stippling). WBC differential counts the five leukocyte
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types and identifies immature forms (blasts, band neutrophils). Platelet morphology
and clumping are also noted.

Advanced Techniques

Flow cytometry uses fluorescently labeled antibodies to identify cell surface
markers (CD antigens). It is essential for diagnosing leukemias and lymphomas (e.g.,
CD20 for B-cell lymphoma, CD34 for hematopoietic stem cells). Automated
hematology analyzers use impedance, light scatter, and fluorescence to provide rapid,
accurate CBCs with flags for abnormalities.

Clinical Disorders of Corpuscular Elements

Erythrocyte Disorders

Anemia (reduced RBC mass) is the most common hematologic disorder. Causes
include iron deficiency (microcytic anemia), vitamin Bi. or folate deficiency
(macrocytic anemia), hemolysis (e.g., sickle cell disease), bone marrow failure
(aplastic anemia), or chronic disease. Polycythemia (excess RBCs) may be primary
(polycythemia vera, a myeloproliferative neoplasm) or secondary (chronic hypoxia,
EPO-secreting tumors), increasing thrombotic risk.

Sickle cell disease results from a single amino acid substitution (Glu6Val) in the
B-globin chain, causing hemoglobin S polymerization under low oxygen tension, RBC
sickling, vaso-occlusion, and hemolytic anemia.

Leukocyte Disorders

Leukocytosis (elevated WBC count) most commonly reflects infection
(neutrophilia for bacterial infection, lymphocytosis for viral). Leukopenia (low WBC
count) increases infection risk; neutropenia (absolute neutrophil count <500/uL) is
particularly dangerous. Leukemia is malignancy of leukocyte precursors, classified as
acute or chronic, myeloid or lymphoid. Acute lymphoblastic leukemia (ALL) is the
most common childhood cancer.

Platelet Disorders

Thrombocytopenia (platelets <150,000/uL) causes mucocutaneous bleeding
(petechiae, purpura, epistaxis). Immune thrombocytopenia (ITP), drug-induced
thrombocytopenia, and chemotherapy are common causes. Thrombocytosis (platelets
>450,000/uL) may be reactive (infection, iron deficiency) or essential (essential
thrombocythemia), with increased thrombotic risk.

Emerging Therapies

Hematopoietic stem cell transplantation (HSCT) using allogeneic or autologous
HSCs cures many hematologic malignancies, bone marrow failure syndromes, and
immune deficiencies. Gene therapy has cured patients with sickle cell disease and B-
thalassemia by correcting the globin gene mutation in autologous HSCs. Platelet-rich
plasma (PRP) is used in orthopedics and wound healing for its growth factor content.
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Chimeric antigen receptor (CAR) T-cell therapy genetically modifies a patient's

T lymphocytes to recognize and kill cancer cells, achieving remarkable responses in

relapsed B-cell malignancies.

Conclusion
The corpuscular elements of blood—erythrocytes, leukocytes, and
thrombocytes—represent a remarkable evolutionary achievement. Erythrocytes,
optimized for oxygen transport, sustain aerobic metabolism in every tissue.

Leukocytes, a diverse army of cellular defenders, protect against the constant threat of

infection and malignancy. Platelets, tiny cytoplasmic fragments, maintain vascular

integrity and prevent catastrophic hemorrhage. Disorders of any of these lineages lead
to significant morbidity and mortality. Modern laboratory techniques, from the simple
blood smear to sophisticated flow cytometry and molecular diagnostics, enable precise
characterization of these disorders. Emerging therapies, including HSCT, gene therapy,
and CAR T-cells, offer hope for previously incurable diseases. Understanding the
biology of the corpuscular elements remains fundamental to clinical medicine and
continues to drive transformative therapeutic advances.
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