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““FLearning Objectives

* Identify blood components (formed elements), their main
characteristics and functions.

* Understand genesis of blood cells (hematopoiesis)
* Describe regulation red blood cells production

* Identify requirements for erythropoiesis

* Describe red blood cells cycle

* Define abnormalities of red blood cells
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o pH: Blood contains buffers that resist changes in pH. Proteins, such as
Hemoglobin, in red blood cells act as buffers by accepting or donating H*

ions. 61 Uty Janll (Il phimsyans o) ol LS Sl Y B 3L (o ehmapaned) pl) iy O come
Syl all ks 2 A (masell 1) Saelilly Lpand] o SLblaal ] s LI 1in 02 il ]
T * pH must remain within a narrow range because enzymes require an
e Optimal pH to function normally. Deviations cause acid-base disorders.
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s L a3, 5O < _T€MpPeErature: Blood vessels near the skin dilate in response to heat

pedlAls) (vasodilation) and constrict in cold (vasoconstriction) to regulate body
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o Blood Pressu?e Results from the force exerted by circulating blood
against the walls of blood vessels. Blood volume is directly proportional
to BP — as blood volume increases, BP also rises.
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saelniaat o "OQsmotic Pressure: Blood proteins, mainly albumin, exert oncotic pressure
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et that pulls fluid back into the capillaries, helping maintain fluid balance.
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Functions of Blood

* Protection: oo
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O CIottingﬁ\ case of injury, blood initiates a coagulation
mechanism involving platelets, which aggregate and
help stop bleeding. -

. ) . —
o Immune: Protection against microbes. & ceiomal il

o Proteins: Some blood proteins act as carriers, safely
transporting potentially harmful substances through

the bloodstream. eomsass
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.0.5-1% :(Basophils) saclalls
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(b) Components of blood

Figure 19.01b Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.
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Composition and Separation of Blood ]|
Components Il E=2
* The Composition of Blood: _ fwwecas "

* Blood is drawn by puncturing a vein, a process known as
:(Centrifuge) ¢3S,L1 aykall dalac.2

venipuncture (phlebotomy). 5 e

The blood sample is centrifuged before clottingoszﬁggﬁé&;gﬁﬁgﬁ?m
components by density into three layers: -

> (%45) il @ikl
Bottom layer (=45%) - Red blood cells (RBCs), which have the e i
highest density. ﬁﬁ;ww
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Middle thin whitish layer - White blood cells (leukocytes) and =i osw

(Platelets) 4iseull iliall 5 (Leukocytes)

platelets, together known as the formed elements. 1l oy

* Top yellowish layer (=55%) - Plasma, a clear fluid that makes up
most of the blood volume= 2= .. easm wur e e

* If clotting occurs, some plasma components such as fibrinogen
el Lk 3 become trapped in the clot, and the remaining fluid is called serumP.Q

Orasindll (oo @S Lapdldle el Glee
B "+ Serum = Plasma - (fibrinogen + clotting factors). s ms ey
IV
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Composition and Separation of Blood
Components:

:(Plasma) Laydd! .1

o Plasma; o e suevont * Formed Elements: ﬁ@ﬂi,ﬁ.giﬂ’:ﬁ G
1. Water (=91.5%) 1. RedBlood CeIIs (RBCs) — =99% of formed
2. Proteins (=7%) — elements Ll e e e g S Lo sy Lt L o S(Platellts) gl il
* Albumins (=54%) 2. PIateI.ets —ﬂCeII. fragmgnts, not complete
) GIObUIinS (338%) {(WBCs / Leukocytes) -Laull adll @%‘(\‘CAeI:?’ InVOI\/ed n CIOttlng ]
- Fibrinogen (=7%) ey i s 1 ite Blood Cells (WBCs / Leukocytes):

o Neutrophils: 60-70% (predominant
under normal conditions ) s sy i s i1 sy

o Lymphocytes: 20-25%
o Monocytes: 3—8%
o Eosinophils: 2—4%
o Basophils: 0.5-1%

3. Other Solutes:
* Gases: O,, CO,, NO
 Electrolytes: Mainly Na* and CI~
* Nutrients: Glucose, amino acids, lipids

* Regulatory Substances: Hormones,
enzymes

* Waste Products: Urea, uric acid,
o Uaasul

ammonia (A lslly Lty oL ole 33y aull (po %55 gllsa JC2T Laypllle
(WBCS) Ll asll Lola 5 iisadll iliaall (RBCS) lyandl aall Lola Jasily call o %45 (ollpa JSt3 B yualialle
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Blood Physical Characteristics S
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«  Alkaline pH (7.35-7.45) #" 3

7.45 - 7.35 o Tl 65l PH ole §5ias all

* Color depends on O, (bright-dark) reds 7 s s

tpranll 03 il b yant 55 cpanSsY ) o lle Lo ole adll g5y Losies

. 2 L Lo Ll 5 %20 S sl RIS R o L
 20% of ECF, 8% by weight %nus’ ' Sl ke e e
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* Blood volume: 5-6 males, 4-5 females | Depends largely on body size ===

pendl paa (gle S Sy ading pull aaa

 The volume of blood is regulated hormonally by:
 RAAS (Renin—Angiotensin—Aldosterone System): Increases blood volume

(Lisard pall ana arlais

and pressure by promoting sodium and water retention. s ennagetensin-adosterone system) s

Ul pspapeall uliinl 52555 Gasb o kil ol s 535 ol Jonst

 ADH (Antidiuretic Hormone): Prevents water loss by increasing water

:ADH (Antidiuretic Hormone) ;,s«,4.2

reabsorption in the Kidneys. st sk e o s ot o
* ANP (Atrial Natriuretic Peptide): Decreases blood volume and pressure by

3.ANP (Atrial Natriuretic Peptide):

promoting sodium and water excretion. un S e i s e o



clehally aall ol BT Gl ¢ s3]

Question: Are all blood sampling tubes the ¢¥
same? And procedures, «ereiss “a
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 Blood Collection TubeS'

|&¢;u.uLl|

>Ven|punCtU I’e@ mylwfﬁlw‘m :(Venipuncture) L ,sll.1
»Finger or heel stick rossecne syt imiom a2
» Arterial stick g cumm chm o ot s a2,

Sadial artery . . .
olila) @1 ole @aind ¥ ol sda iduladl culy)

* Tubes differ based on the additives they contain.  sita ok gmisiiay e
adl Ll @il oy Lugl! 5T EDTA Jia 32301

* Some tubes are plain (without additives), while others contain
anticoagulants such as EDTA or heparin to prevent coagulation.

* The choice of tube depends on the type of blood test being performed:

A. To obtain serum, use a plain tube (no additives).

B. To obtain plasma, use a tube containing an anticoagulant to
prevent clotting ool ol €5 ol g L5

ollal ¢l e gale el alaninl 2t :(Serum) Juall ole Jgaslls
pdll balas aal fanll slias le §siag qupail aluaiil o3 :(Plasma) Lol ole Jyeanlls
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Formed Elements of Blood
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Figure 19.02b Tortora - PAP 12/e
prgh@JhWIy and Sons, Inc. All rights reserved.

Blood : a |IC|UId connective tissue,
Extracellular matrix is plasma,
cells are suspended.
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White blood cell

Platelet

Red blood cell

Interstital) LAl g Jilsdll
:(Fluid

o Sldl 5o
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A
Interstitial fluid: part of ECF
renewed by blood

Figure 19.02a Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. Al rights reserved.
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Formed Elements of Blood RBCs , WBCs and platelets =-=-mmmmow
_ * Observation under the Light Microscope:
\é\,/ggg cell * The mostabundantcells seen are red blood
'O° V = B||00d * The larger cells with distinct nuclear shapes
RS are white blood cells (WBCs):

A ;“,Zﬁ'if&?‘i;ji:ﬁfiif:fféﬁfés“;“"
U=
»00 ¢° 00‘ %oc
o r 0 ° (neutrophi)  cells (RBCs).
3 ° oo * The small fragments present are platelets.
O
eﬁ_‘_ Red Monocytes - have a kidney-shaped
Qo

blood cell nhucleus.
o O,_a_ Platelet Neutrophils - have a multilobed
1 weoyuwacsie  (POlymorphonuclear) nucleus.
fm’;ﬂ e SENC Lymphocytes - have a large nucleus that

ol @53a3 (Neutrophils) dslaall Lolalls .
;f:;z:yr:;gjy:s);ﬁ.*w.. occupies most of the cell.
ol phaas Jati 5,083l

White Neurophil  Eosinophil

blood cell ’UQ;, gc‘ @2 m
monocyte o%®0 q
( yt ) ) bo ‘c - [ ) D_ﬁ_‘
400x Extra image to see the e
lymphocyte L
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Interstitial Fluid and Blood Interaction:

il | Jelsill, 1
Lo Jally JoLill 8 ysiame labae IS oo ] n (oA il Je i

* The interstitial fluid interacts with blood through continuous
exchange and transport processes.

* It is constantly renewed and modified by substances from

the blOOd plasmaﬂ ﬁ;;jﬂinul&mm a1 L3 cpo 835U alhl Tnnulsy alasnty paius Sy (IOUAT] Jiload pan pie
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* At the same time, a portlon of the interstitial fluid returns to
the bloodstream, maintaining a dynamic equilibrium
between the two main components of the extracellular fluid

(EC F): : sSaolisall 5153013

SsSU cp Sabion 03155 e Koy Lo cpl (g o] 5 U el o s il i

o (ECF) Lol €515 Jilseall cpacect I
BIOOd plasma el o8 oAy LS13a juabiall Jany @il Jiladl (o e3a taall Lo3phee
e . ¥ 8 LA G angs 3l JSLedl 58 1 ISATT JSLlle
e Interstitial fluid - e om
Lagi alsl1 Jolis o am pall o slraenls e ity (IO JiLo
(o L1311 allly Jilgd | 3153 ole Llaal



Functlons of ddeed Blood Cells (Erythrocytes)
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* Carry hemoglobin, bearing O, to the tissues w e ©o) casi o
. . . L Dbl sl e clgial2
e Contain carbonic anhydrase, which catalyzes the FEACLIONT wl e busl ol 2 i

PN PN YRR TPRUVE) QU PP L pese
(CO2) s I waeaST (3l (o i leaS Je s

C02+ Hzo % H2CO3 (H2CO3) elsigs S aen g Ly (H,0) <ULy
* Allows large amounts of CO, to be carried in solution as HCO; /\5
Hemoglobin is an excellent acid-base buffer, by donating or accepting ,/
H+' 20508 ST (3B (e 8508 b8 Ja3.3

clyanll anll LA iy Jelall 1iae
O3S ST (36 (e 8508 LS o

ol Lagan] 2Ll cpsle gasgll 4
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002 Transport via Bicarbonate (HCO;"):
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Once produced, carbonic acid (H2€O03) dissociates into H* and
bicarbonate (HCO3"). B gl S 58 (HOOQ sl Sl 512

HCO3™ serves as the main form of COz transport in the blood.
The conversion of CO2 to HCO3™ occurs inside red blood cells.

pjved]wr]
through the enzyme carbonic anhydrase. (OO el 100 o1 55155 o

bm@.‘l g S 53] Lol =lyanll ol Lola Sl

HCO3™ then moves out of RBCs in excha nge efor Cl ions, a

process called the chloride shift. —> ;7.0 umi’?ﬂééﬂfﬂw.@ .
In the pulmonary capillaries, HCOs™ reenters the RBEs "

recombines with H* to form H2CO03, which is then converted

back into CO2 and H20. Ll goal] Slpuaitll (53 lyeall ol Lla ol 535all.5
. Jelisll (HCO3) obiss Sl uas eilgiyll dugadll o aacall b
The COz is exhaled through the lungs. i 531 (HICO9) e S o U (H) gl i -
(H20) =UWls (CO2) pyse s a1 (36 ol el aay
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Biconcave discs: The biconcave shape results from a redundant plasma
membrane and the absence of a nucleus. This unique shape, together with the
flexible membrane, increases the deformability and flexibility of red blood cells.
It allows them to squeeze through very narrow capillaries without rupturing.

H . . . el o lwlsl).2
Mean 7.8 (diameter) x 2.5 microns (thickest) or x 1 micron (center) st i) o 7.8 sl L
SO ed See 1 51
Average volume 90-95 micrometers?3 2 ias Sn 95-00 il pall

SLapdlll 5 L s O 3o Fot elpandl pull Lol ol cpuslésmsel s Jading 13U 3151, o
Question: Why is hemoglobin contained inside red blood cells (RBCs) rather than
. ) ) S 18 1] S Las (D) e ilsead) O] o Lokl (gd] i 0 (S 505« Lo3plall (o8 B sl gngl! OIS 13] bl
circulating freely in the plasma? s o o e e ol ok ge G o op 6l iy Ll 0 cxasigosel] oS 13] el ol e plisasel
lSl Ustins 1] ey sl

* Answer: If hemoglobin were free in the plasma, it could leak into the
interstitial space, causing a significant loss of hemoglobin. Moreover, free
hemoglobin would be filtered out by the kidneys, leading to hemoglobin loss
in urine and possible kidney damage.



RBC Count and Indices

Men: 5,200,000 (+ 300,000)/mm3
e sins sall O (oladi,l Ji) Dbl SLYT o lpaall ol WA sae 3uliy oSase

Women: 4,700,000 (i 300,000)/mm3 clyandl all Lola 31 8ol pudas avundl sy ccpaniS¥ ] okl Gaueadl JiT o]

 RBC counts can be increased at higher altitudes because the atmosphere
contains less oxygen. To compensate for reduced oxygen availability, the
body stimulates increased RBC production.

Yl Juae2
Ll g elyan ao LA ypale 2 € 1) e

2 million/sec production
RBC indices:

(RBC indices) ¢ yeall anll LolA o550 3
* MCV (Mean cell volume)90+9fl=10%L MOV (il sl aaa): I (15970 = i © 90
MCH (lall sl sast ougia): alyisS 2 + 32
* MCH (Mean Cell Hgb) 32+2pg “MCHC (lall o cpuslesasel] 555): 3  33%
*RDW CV (¢ yonll sl ola ana s 230): 14.6 - %11.6%
e MCHC (Mean cell Hgb conc) 33 + 3% AL gl 55 g1 555 5 g sk Sty elyanll ] Ll o] €55 (500 RDW i
Ji MCV (SD of MCV): 39-46 J s, Lual| il ,aiyle
* RDW CV 11.6-14.6% (MOV) ol tm i <yl ] 5o plan i gl s stanl] Cipm¥ s

* It measures how much the sizes of red blood cells vary. Normally, the
variation should be minimal.

(SD of MCV/MCV) 39-46 fL
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