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sleal the blood contains
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Dida Jil 5 252 o4 poiesis in featus,
Glilaiay) Gukilly  ~Las¥) children and adult
oleal)
Jul ydeld 8_paladl # 14 The normal red ¥ <l
).'\3';.4} dﬁu} Q¢ o blood cells 5
sulaill LY importance,
pall gzl p
clilatiay) leal| structure,
) erythropoiesis and
function
Ao )ndcld 3 _yaladll CJ.CI: Polycythemia , Y @\_)5\
ik Jilu 5 25a 51 causes , clinical
GUlaiay) sukaill ;s ~LaY) si.gns aqd laboratory
L.l diagnosis
Al pnacls 3_palaall 7 14 Study the red cell | ¥ el
s Jilus 352 58 morphology  in
llatey) Gubilly  zLaY) health and disease
Ll Abnormality of
R.B.C in size
Al pndcld §_palaall = 14 Abnormality off ¥ ol
PhEOY Jilu s 2a 54 R.B.C in shape
Glilatiay) Guhilly Ly
oleall
Ll p24cld 3_palaall = 14 Abnormality off ¥ )
PhEOY Jilu s 25a 50 R.B.C in colour
cillaiey) sl L)
lanl
Al pdcld 8 paladll # 34 The normal Hb. Of | ¥ il
iida g Jils g 252 51 the blood , contain
calilasiay! Gubilly  Zla) and importance
olesl




Qo jndcld 3 _paladll z 4 Study the types of | ¥ cu\.ﬂ\
PREON Jilu 5 2 sa 54 normal Hb. Types
ERERCAY skl ;L)
olead)
Al jndcld B _paladll C)CJ: Common Hb. Y el
i Jilus 252 5§ Variant
cililatey) skl L)
oleal)
Al pacls 8 palaall 7 14 Anemia definition , | ¥ e galall
PREON Jilu 5 2sa 51 classification and
Glilatiay) skl g ~Laa¥l types
olead)
Al pnacls 5 palaal = 14 Anemia.causes. A e SUl
PhEOY Jilu s 2 9a 5f clinical signs and
GilaiaY) subill;  #LayY) laboratory
Ll| finding
A jndcld B _paladll C)ﬁl Megalobastic Y e Sl
PhEOY Jilu s 2 4a o anemia and
lilatiay) Gubill;  #LeaY| pernicious anemia
olasl
Al pnacld 5_palaall 7 14 Aphastic anemia A e )l
PO Jilu 5 2 6a 51 and hemolytic
Glilatiay) Gukill;  ZlagY) anemia
oleal)
Al pnacls 8 palaall = 34 Sickle cell an. And | ¥ e il
Glilaiay) iida s Jils 5 252 54 acquired and
Gukilly  ~LaV| autoimmune
Ll hemolytic anemia
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Hematology Introduction s 2! ) 4edia

Hematology is the study of blood which is composed of plasma
(~55%), and the formed elements which are:

4 gSall pualiall g (755 ~) LoDl (pa O 9Sall adl) Al 33 (& pdll ) yal
P R
1-The erythrocytes (RBCs) (~45%) .(745 ~) ¢! ,aad) aall &l S -]
*Contain hemoglobin . .0Ox sk saxgd) Ao s giadie
* Function is the transport of O2 and CO2
CO2 5 02 Jii & ik gl) o

p2AThe Leukocytes () and platelets (thrombocytes) (~1%)
(3ot claghal) s et (GIEANIPRTPEYE) IEIFEINPT
(71~)
Leukocytes are involved in the body’s defense against the
invasion of foreign antigens.
Ania¥) Cladiuall g3 Mk awall g8 A (aull aly S LS
Platelets are involved in hemostasis which forms a barrier to
limit blood loss at an injured site.
B adl) 1488 (e aall | Jala JSy oA p Y1 A 4 gadll ilinall & jLis
Aslaal) dilalal)

Blood contents &) <l giaa




*some capable of amoeboid movement
da) A8 o) o 53l (aed) e
*The normal range is 4000-11000 cells/cu.mm.
.cu.mm / 413 11000-4000 52 2hl) Jaxal) e

* The function of leukocytes is act as one of body defenses as
they are capable of phagocytosis (ingestion of bacteria and other
harmful particles) their main function is to act as one of the
body’s defenses.

£31) Aaaldl) o 5,38 LY acad) Cilela Aliay 4 Qasd) il Sl Adul g e
aals Jand) 8 A 1) Lgadal g Jiali g (s ,AY) 5 bl @il jad) g L sl
POVEN RLATIE X

*Some of the white cells are also connected with antibody
formation.

Balaal) alual) (i 98hy Ll pluand) LAY sy as e
» white cells of three types and can classify to Granulocytes
(Polymorphonuclear cells (Neutrophil ,Eosinophil ,Basophil)
Badaia LO) duaa YA ) Lgdiiual (iSag g £ 9df A (pa plila LDG o
(Aec @) LYAY) ¢ ciliaaad) ¢ caall) JISEY)
* A granulocytes (Lymphocyte , Monocytes)
(S g ¢ Ay glianl) LAY dpaal) LMATI @
3-Platelets thrombocytes 4503 Clasial) -3
They are small tissue particles 2-3 micron in diameter
G980 3-2 Ly 5 i A Cliyja 05 L Ay
* Non nucleated oval or round cells
Bl gt S B udieea gl 4y gl LDA o
* Which arise in the bone marrow by (budding off) the
cytoplasm of megakaryocytes.




The Blood: it is one kind of body tissue (a special connective
tissue) consists of a fluid of complicated and variable
composition like plasma and cells.

33 Jils 5 0585 (Qal plida o) pmad] Al (0 3315 £ 55 58 zpl
JUOAT) g La Dl Jia 5 ke g Balea A 53

It is alkaline solution . .(s2) 58 Jslaa 4)
The advantages of blood::2) Ll ja
*Transporting and Carrying (gases, enzymes, hormones)
(Sl ga ) g Clay 3V 9 <l jladl) Jaadl g Jadl)x
*Balancing (water, PH, temperature)
(Bl da )3 ¢ Al gaald) Ax ja ¢ plall) 45 ) ga *
*Immunity (cellular, humoral) (4:hla « 4;513) dslia *

*Body has4-5 L. of blood (For donor 450 ml ;for laboratory 20-
25 ml)

(J225-20 sidall ¢ Ja 450 g siall) adl) (e Jil 54 Ao amiad) (5 giag *
Blood consist of (23 055
%Plasma LSl %
wProteins (have many specific functions)
(Baaaal) il 5l (a Laad) Lgd) i g pulive
*Salt zla %k
*Metabolic substance =2 Jiaill 3ala S
* Cells Ll
% Erythrocytes (R.B.C.)
(R.B.C) & paad) aad) &by S S

(I eukocytes (W.B.C.)




XS o= <bs)
% Thrombocytes <lasiuall S
The plasma ( 55% ):- It is the fluid portion of the blood .
A Jild) g 3ad) A - 1(755) L)
Approximately 90% of plasma is water ,
¢ pla 0o B ke La ) (e 790 (e ks L

The remaining 10% is composed of protein [albumin, Globulin,
and fibrinogen], Carbohydrates, vitamins, hormones, enzymes ,
Lipids and salts.

Ol g plad) 9 (o 9¥1] O g pal) 0 Al 710 ) A (39555 9
Osal) g Cilay 33 g Sl ga ygd) 9 Slinalindl] g ) 2 g3 )< g [ g sl g
.CM\JU

1-Erythrocytes: R.B.C.( Red Blood Cells)
(81 aad) adll LAY R.B.C :8)ead) adll Sl S -1
* R.B.C were consist 45% of the total volume of the blood
adll A<l aaald) e 745 JsS R.B.C @ils o

» they contain a high concentration of haemoglobin (Hb)
(Hb) Ot sasgd) (e Aalle dud o (g giatie

* The Oxygen(O2)carrying pigments which give the blood it is
red color Unstained,

¢ Ggla p& paaf diglaal) aad Al Clisal) Jaag 3 (02) Causst) o
*Non-nucleated, pale greenish-yellow,
¢ CAly pmada jhial ¢ Bl gl o g giadY e
*Biconcave discs il 4l () )
*Their size6.7-7.7um in diameter average 7.2,
¢ g Sa 7.2 b gia b ylalg iag Saa 7.7-6.7 g e




£ 93 LT 2 3D ghad) (a8 a) (@ O allaad) glAS A L Al e

* Function of the Blood Platelets: they are important in the
coagulation of the blood.

Al SRS A daga (4B 1A el iliiall Adula g @
They are intimately concerned with the blood clotting process.

83 Alany U Uslis)) o 5aign o)

| i ualaall b
Introduction importance of heamatology . study the 3 pdlaall o) i
blood contains

AL (el e 0 el a)
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Hematopoiesis is a term describing the formation and
development of blood cells.

2 okl g adll LA () 055 s pellnaa ga pall (g 9SS
Cells of the blood are constantly being lost or destroyed .
) iy W paai i adl) LA (y)a8d o,

Thus, to maintain homeostasis, the system must have the
capacity for self renewal.

(A Baasl) o 5 jalll aURH) adady O quaw ¢ 01N Ao Bliall ¢ il
This System involves::aUall) |38 Gy
1-Proliferation of progeny stem cells. .4 3a) L) jilsi

2-Differentiation and maturation of the stem cells into the
functional cellular elements.

Al g 4y gla alic ) dsedal) LAY 7 gualy Julai-2

In normal adults, the proliferation, differentiation, and
maturation of the hematopoietic cells (RBCs, , and
platlets) is limited to the bone marrow and the widespread
lymphatic system and only mature cells are released into the
peripheral blood.

<l S) Lgadal g L julad g aall 45 gSall LYIAY) LSS ¢ 9% ¢ Cmaladl Guadlal) A
Sl g aliad) plaS Lo 1) guaila (lagiual) o [IRIIRRIOR ; o) ) o)
aaal) aall 8 AUl LMAT) (g guu (3D} ol Y g pdiiall (g glialll
Hematopoiesis begins as early as the nineteenth day after
fertilization in the yolk sac of the embryo




When the bone marrow becomes the chief site of hematopoiesis,
leukocyte and thrombocyte production become more
prominent.

s S clagiall LA 5 pasd)

Hematopoiesis in the bone marrow is called medullary
hematopoiesis Hematopoiesis in areas other then the bone
marrow is called extra medullary hematopoiesis.
a5 s Al ahlia b LA aal) 0 ¢S5 calial) gAY 8 aal) 00 oS5 ana
(S AI LDY) 2l (9S8 ey aliall pLAL
Extramedullary hematopoiesis may occur in fetal hematopoietic

tissue (liver and spleen) of an adult when the bone marrow
cannot meet the physiologic needs of the tissues.

Clabial) 4uli (e plial) pLAS (84 Y Latie Jl paddl (Jlakll g
A 4 ol gacadl)
This can lead to hepatomegaly and/or splenomegaly (increase in
size of the liver and/or spleen because of increased functions in
the organs).

/ 58S paa 8 52 5) Juadall aduz i / g 4l adudl ) 935 OF OSas 130
.(Fh.'dﬁ‘\ﬂ il 9 4L ) cuew Jladall Ji

% Hematopoietic tissue includes tissues involved in the
proliferation, maturation,

gailly yilsil) 8 A Lial) Al aall 45 gal) Al Jadi
And destruction of blood cells The mononuclear phagocytic

system (also called the reticular endothelial system or RES) is
involved in cellular destruction and it includes:

Sl Uyl o g) 319l galal anlad) lgadl & idy aall LYA yuaig
rdadyy LA jasi A (RES 3l (Sl )

1-Circulating blood monocytes. .pdll il g asead-]




2-Fixed macrophages in the bone marrow, liver, spleen, and
lymph nodes

4 gliaalll 232l g Jladal) g 2.0 g alliad) pLAS 3 AL dalial)-2
3-Free macrophages.  .5,all dalall-3
Bone marrow — is located inside spongy bone
i) alial) Jala aly — aliad) plad

In a normal adult, %2 of the bone marrow is hematopoietically
active (red marrow) and %2 is inactive, fatty marrow ((fSllog

marrow}
gLl aal) (oS5 A Undil alial) £LAS (3 (198 14 ¢ Cmalad) Cualll) 8
(IR s £ 25 Yy s ()
The marrow contains both Erythroid (RBC) and
() precursors as well as platelet precursors.
ITREIIRER (51 pandl adll il S) £ pandl adl) LG Sl Ao LA (5 giay
Ay gadll griliial) Cisdlu ) AéLayL (TTEE)
Early in life most of the marrow is red marrow and it gradually
decreases with age to the adult level of 50%.

L )i alliiy g paay) pLALY oa pLAGN alina (9 ¢ Bliad) (o Ssacdg B
J50 L) Gl (5 gia I pand) 2385 aa




adll (oS5 plae adla

Derivation of blood cells;~ DA 3l

Mature blood cells have a limited life span and with the
exception of lymphocytes, are incapable of self-renewal.
).._L.G g.éﬁ ¢ ;\é‘gw\ L}M\ ;L.\:ﬁuL.aJ ‘ JJJMJA:..:;\#L'J\ e.ﬂ\ Q%éﬂiﬁ
(A paasl) e a8

Replacement of peripheral hematopoietic cells is a function of
the pluripotential (totipotential) stem cells found in the bone
marrow

CULSLY) Badatia Ao dad) LNAL Adl g g4 aaaall pall 45 g<all LAY Jladiul
pliad) £LAS 352 g2 gal)
Pluripotent stem cells can differentiate into all of the distinct cell

lines with specific functions and they are able to regenerate
themselves.

5 jeaiall LAY Jaghad asan ) Julaii () <) yail) Basaia dae dadl LAY (S
.MQAQJQJQEJAGQ)SJBJJMJQJQ




uill] o cilad Y] da e pealdl] o gil] (1o _sSaa i g (S adl] o 9ST b
il aall
Only erythrocytes are made. .58 &) jaad) 2l Sl S adad
The RBCs contain unique fetal hemoglobin.
A s Onslagas o g pead) aall @il S (g giad

At about 6 weeks of gestation, yolk sac production of
erythrocytes decreases and production of RBCs in the human
embryo itself begins.

adll &) S e aall) (sl L) GaBUL ¢ Jaad) (e gl 6 (Al s A
Al o pdiad) Gaiadl (B ) jead) adl) Gl S Z L) fan g &) pead)

The fetal liver becomes the chief site of blood cell production.

Al LA Y i )l 28 gall Odad) 08 sy
The spleen, kidney, thymus, and lymph nodes serve as major
sites of blood cell production.

EW?MJ@\&S%JM\M\J%M‘Bﬂ\\g&ﬂbdw\daa.g
PRI, ES

The lymph nodes will continue as an important site of
lymphopoiesis (production of lymphocytes) throughout life,

(Ao sliaall) LNAT) ZLS)) culy gliall) 0y oS31 aga a8 gaS 4y glianll) 2aa]) alicding
¢ olaad) ) ok

But blood production in the other areas decreases and finally
ceases as the bone marrow becomes the primary site of
hematopoiesis at about 6 months of gestation and continues
throughout life.

AL sy Cua 104 LB gl g Bl 5 AY) (ahlial) A aal) Zl) oS!
Jish saiaw g Jaall (ra sl 6 (1o (B adl) 05 oST i Hl) 23 gal) (alinl)
slaad)




The pluripotential stem cells provide the cellular reserve for the
stem cells that are committed to a specific cell line.

4 Jilal) dae dad) LOAL 6 glid) halial) GULSRY) sasia e 3ol LAY J8 g5

dygaall ailasall | ol gall Sl cal o
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¥ a8 5 palsa
Erythrocytes ! aall ol <
The third theory lecture /hematology
adll al yal / ASDEL) Ay i) 5 pualaall
*Red blood cells #)_aad) aall LMAe
“Erythrocytes' " s yaad) adll iy 8"
Anatomy of RBCs ¢! aadl aall &) S o i

1.Flatenned biconcave discs (Provide increased surface area
through which gas can diffuse.

O Sl ey S o Aalica ) 68) dadaccal) ciy gl Al (a) 8 1
AL O A
2.Non-nucleated ,no mitochondria L xisSgia ¥ ¢ 5l 8 2
3. Diameter: 8um Thickness: 2.0 pm
Hag S 2,0 :Aslawd) pm8 : kil 3
4. Contain: Hemoglobin (33%) of cell weight = 29 Pg Each
RBC contains 280 million hemoglobin with 4 heme chains
(contain iron).
pdll Sl S JS Pg 29 = A1) (155 e (£33) Omstasasgd) 1l s 583 4
o ) b el 4 ga Ongla gak O3l 280 (A0 (5585 #) paad)
(2

5.Number: average in &b gia ;a0ll 5

@#: 5.4 million/pl

Ay sSaa/ sl 54 67




®: 4.8 million/ul
At/ 9l d.8:Q

6. Synthesis: Bone marrow (adults), removed from circulation
by phagocytic cells in liver, spleen, and bone marrow.

L) Ao 5 A gaddl 55 9401 (e 4311 ) ol ¢ (Ol allial) plAS il g3) 6
plBal) £S5 Jladal) g auslf 8 dsaaldl)
7. Life span: 120 days. .Las: 120 :a) 529 jal) 7

Main function of RBC: carriage of blood gases mainly O:
(99%) and to less extent CO2 (30% )by the hemoglobin carrier.

02 i) JS4 pal) QIS Ji 1p) pand) adl) @y A 1) Al ol
ot sagd) Jala ddauil g2 (7.30) Cgesd) daasi A6 S8 A 5 9(%99)

Adaptation of RBC to transport O::

:0; JAll RBC «issS

1- No nucleus .8/ % -1

2-Lack of mitochondria (RBC not utilize O2 for energy
production)

(Bl zUNO2 #2358 YRBC ) Lyt oS gisall (a2
3- Greater surface area for its volume 42 J:Sl dalus -3
Unique shape of RBC: :# el adl) <l S (e 358 JS&
4- Shape of RBC: :#! yaad) adll &l S JSdi -4

Change passively through blood capillaries < 7.5 um.It is
inherent flexibility due to Spectrin protein in its Plasma
Membrane .

Agra by e siag e 7.5> 4 gadll il pundd) JUA (a (gl JSdy i
a3l LIS (B (o i (1 g 1 s Abualia




It allows the RBC to accommodate change from biconcave
shape to small cup-shape under :Shearing stress, high blood
pressure, passage through microcirculation.

e g8 JS ) palil) AU JSd (e peddl) e RBC S e 4)
ALBAl) de W) () 98 e g all ¢ pall i pLES I ¢ el dga) soal

Hemoglobin molecule Consists of : :( (sl sasgd) £ 55 (85
1- Protein called globin(s & e (894 -1
2 Alpha chains and 2 beta chains

L Juadhes 2 9 Wl Juudhs 2
2- Non-protein pigment [ heme]: :(p#) 455 5 & dasa 2

Each heme is present in one peptide chain and contains an iron
{Fe++} that combines reversibly with one molecule of O2.

aady oill {++ Fe} waall o 5 giay g daa g s Aludu 4 292 54 b JS
L02 (e a5 s g use JSly

The Hb molecule combine maximally with 4 molecules of O2 in
a cascade manner (100% saturated).

7100) Auduia 45y )by 02 iy 32 4 g0 2 (el ) Hb 5552 223
(Aria
* Functions of Red Blood Cells: : 5! <)) aall WA il 5 5
1-Transport of O2 (99% ) inside RBC,1% in plasma.
L) B 71 g8 pead) aall @l S AN (702 (99 Jii-1
(Main function)From lung to tissues (Hb dependent)
(P Gl o ading) Al ) Al O (Ao ) Al 511

2- Transport of CO2 (13% with Hb):
t(Omsla sasgd) aa 713) Qg os)) s AU JB5 2

From tissues to lung to atmosphere, it depends on Hb and
Carbonic anhydrase enzyme.




H)"\JHbH}.'\U'b laing ¢ é}%}\dw\uﬂa{)ﬂuﬂwy‘w
PP P

3- It has a role in acid-base balance through formation of
bicarbonate HCO3

HCO3 <lis: S 03985 Pl (a0l (pdaaal) 0158 A a4l -3
4- Regulate blood flow. .p& (3825 as®i 4
5- Regulation of blood pressure. .pa biva audsli -5
How? ‘is

Amnswer: NO (nitric oxide) released by endothelial cells binds
Hb.

O ol gasged) oy s AgiUad) LAY ABlS (o3 (el il asasl) Y sAULSY)

Then Hb under conditions releases NO causes vasodilatation
and increase blood flow and decrease blood pressure.

pl) (885 B3l 39 A oY) a9 e W (BT Gl gy a9l pangd) Al
,?.ﬂ\hi.obuhiij

Erythropoiesis: ¢/l a1l L5 (555 dulae
Erythropoiesis: Means formation of new RBC .
Sl £ pand) adl) il S 0 585 g ¢ paad) iy SI) ()9S
*Nutritional requirements :4:i)3) Claliay)
1-Iron ( lack of iron causes iron-deficiency anemia)
() g pal) 38 Gy paal) alll) Ll

2-Vitamins ( deficiency of B12 and folic acid)------ Maturation
failure anemia

pall )38 gl (8 oo (Sl gll) (laan g 12 o Oalid (el Cilisalisd .2

3-Protein meal rich in high biological value of amino acids .

Al (alaal) (e Adle A ol gu dadly A8 (9 3 A -3




() (s Juna g5 GaliAS) (535 1L ga h paadl il S (983 aulils oy
¢ O g9 R0 S8 (A Al
Which activates receptors in bone marrow, leading to an
increase in the rate of erythropoiesis.
il Sl (oS5 Jana 3L ) ) (537 Laa ¢ alliad) pLAS 8 cSiwal) Rl (5 1)
oaad)

wlsll Jungi 02 gl
=l

oxiagagsi il

R

daillll ysisgugsiy] yliiil

abacll ghi
dgoall gall Gl aliil Galyj
o9 aall clesi s i dalyj
axall
il cialfl dgadll = 02 gall dalyj

[@ao!my\, H [ 02 Jungi daleial

Endocrine glands involved in erythropoiesis:

s el Gl Sl 0985 A plasall daad) & jLS
1- Thyroid gland: ++ Metabolic rate Jiws ++ :4:8 ) 331/ -1
oy
2 -Adrenal glands:: 4 <)) 232l -2

Androgen hormones stimulate RBC formation

£ yand) adll il )8 (s 583 (g Y] Sl ga 4 Jial
(& RBC > RBC).




4-Other factors: Cu, Iodine, trace elements.
DA sualiad) ¢ agall ¢ puladll 5 s AT Jal 5= -4
5-Vitamin B complex and Vitamin C.
T Ol g S pall @ (alind 5
% Organs involved in erythropoiesis:
s oaad) @l <) (98 A A jldiall plas Vi
1-Kidney (As!)-1
It secretes erythropoietin. .o 9295 )) J s
2-Liver: : <) -2
-Store iron. .aadl (a3
-Store protein, vit.b12& folic acid .
sl (aan g 12 @ Oxalid g (s g el Baday
-Synthesize globin. . sl il 53
-Produce erythropoietin 10% 710 ¢ 52955 g
3-Bone Marrow plal) glai.3
Site of RBCs Formation’. .&| aad) adll &l S (s S5 a8 ga
4- Other organs involved::4s Liall 5 AY) 5 3¢a¥) 4
*Stomach: B12 absorption 12 < (alisd (alaia) ;3asal)
*Small Intestine: absorption of Iron, vitamins, and A.A.
ALA 9 clisaliadl) g paad) (abaial ;4584 ¢laal)
Al paleal uAmine Acid J JLaiSIALA
*Lung, heart, macrophage cells in other organs and lymph nodes

4, gliall) dhall g 5 AY) pLaeY) A acdlll g calll) g 46 ) LA

Erythropoiesis is hormonally regulated: decreased oxygen
delivery to the kidney causes the secretion of erythropoietin,




Glucocorticoids :++  ++ 4 Sed) il ydal)

Summary: RBC formation is a vital process involves
interactions of different organs and systems to produce adequate
number with sufficient Hb.

plac| COe U (el 4y gia Ales g £ pand) adl) @l S 0 585 AuaNAl)
Lo 9t sangdl (e LilS 2ae LY Adlide Ak g

RBC number and Hb estimation: indicates activity of
different body systems.

) 8 gl Bl ) jady 1 Cm gl gangd) g ¢ pand) adl) if S S
Adlidal)

sDestruction of RBCs ¢/l adl] S S juadi S

1- Old RBCs without nucleus can’t synthesize new components.

Gl gSa asan Bl g8 o (g giad Y (Al dagadl) £ pasd) al) ) S pdains Y -1

ETEEN

2- With aging, its plasma membrane more fragile- burst, rupture
esp. in sinuses of spleen, L.N, liver, and bone marrow.

Al g5a0 ¢ padin— AdLda i) L DL pLES gy ¢ pand) 0l g -2
o) plad s Wl LN g Jladll (e Al i gaad)
3- The Macrophage cells inside these structures break
hemoglobin into Heme part and Globin part.

P29 pah £33 ) Osla sasgdl aseadly JSlugd 03a i1 oDl LA a5 -3
gl
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The normal red blood cells , importance, structure , 13 palaal) ol sis
erythropoiesis and function

AU el bua tou ) o
e 2ol
gadall l sl and / Al sl Ua s Adagriacal) Adl)
The normal red blood cells , importance, asds 482 2 5 palaall (e alad) ciagd)
==structure , erythropoiesis and function
ol yaall LAY JR5 Caa - ralail) il i g) A slad) Calaay)
da omaall o5 gl ol paall pall iy S Agday -
¢ Tna
data show + 3 sl Aaadrial) el cla) gl
g 483l day ) + 5 jualaall agh ApiSall @l jlgeal)
Al8lie 5 4y 580 5 4 ad Ol jlal Badinal) bl 3k
LAl Alsay) -

£ el iy SN (53 5S5 A AS HLiiall eliac Y1 S -
e yanll aall il S0 Ay 228l clee Y1 Aids y gale -Y

bl s gindll -0

Loadl ALy -1

Lo s m o peall il SU oS5 aplaii Alee SO )
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Polycythemia: s eal) UMAY 5 i<

* Increasing in red blood cells and hemoglobin count per liter
(High PCV) leading to increase in blood viscosity.

Laa (PCV guil) Al 2 Gmsla sasgd) 232 5 51 paall aal) LBIA Al @
pll A3 8L A g

Polycythemia is an increased number of red blood cells in the
blood.

Al A sl paal) adl) LBA 2ae 33l 9a pead) 5 AS

In polycythemia, the levels of hemoglobin (Hgb),
hematocrit(Hct),

¢« (HCT) oS sitag) ¢ (Hgb) 0ol sl Sl sinna ¢ jaall 35S 2

Or the red blood cell (RBC) count may be elevated when
measured in the complete blood count (CBC), as compared to
normal.

Jals) aal) daad 3 4uld aic (RBC) sl el adll LA da0 adi 5 28
(k) Jarally 4 jlaa < (CBC)
*Hemoglobin levels greater than 16.5 g/dL (grams per deciliter)
in women and greater than 18.5 g/dL in men suggest
polycythemia.
dslplsa) sbwwd / a2 16.5 08 25 A Omsla pangd) Sl giuna
aad) 35S ) Sl die il / aa 18,5 (e Sl sledl) aie (il
In terms of hematocrit, a value greater than 48 in women and 52
in men is indicative of polycythemia.

Sl dis 52 5 sludl) die 48 (o uSY) Aaglll padl ¢y S gilasgd) Eua e
oaall B s )




Polycythemia types: : ) 5 S g1 gl
1-Relative polycythemia: :4swill jasl) § i< ]

Causes ;!

* Increased fluid loss from sweating, vomiting or diarrhea.
S o) oA ol (3 anll dauil 3 guad) (51088 30l 5 @
* Increased urine output due to diuretics or osmotic diuresis.
L) J gl 153 o) gl i)y cans J gl ) A Bl o
* Severe burns. .baad (§g e
* Escape of fluid into the extravascular space.
A gadl) de ) 7 A pldadll 8 il gesl) Gagp o
2- Absolute polycythemia : :(#lall jeal) 5 i< 2
* Primary polycythemia (polycythemia Vera).
S(ARBaY) yaad) 3 45S) A §Y) peadl B S e
« Secondary Polycythemia. .43 5Ll jasd) 3 JiS o
Polycythemia Vera 4:iisl) jaal) 3 Jis

Increasing of RBC production due to mutation HSCs or RBC
progenitors (in bone marrow).

adl) il S Cidl sl HSC's <l jid Gunen ¢ pand) adl) ) S L) 33y 5
(pB) gAS 8) ¢ paal)
RBC production occurred out of erythropoietin control (without
erythropoietin stimulation).

Jad G 9%) Ol 9294 B e A ) paad) adll G S L) Qisa
(G590

Some polycythemia cases combined with leukocytosis
(increasing WBC count).

S e 34y 3) sl iy Sl dae 3L ae saadl B AS CVla (ydany (30 5
_(9\*&*\3\ e.ﬁ\




Secondary polycythemia 55 eal) 5 i

Secondary polycythemia is due to increased erythropoietin
effect due to over production of erythropoietin .

T (B BY) ey (ol 2 9 %) B By o8 Al 4 530 pead) B 3
O 9394 )

It is caused by secondary medical condition.
Ayt A A 0 S 4
Secondary polycythemia divided into:
1 gl) a4 3N pand) 35S
» Physiological polycythemia (chronic hypoxia).
(el AauusY) (aill) A ol ganul) panl) B IS @
«Non physiological polycythemia. .4 sl gasdl] & jasl) 5 S
Physiological polycythemia (chronic hypoxia)
(a5l L) o) A ol gl panl) 5 S
Increasing in erythropoietin production by kidney due to
presence of chronic hypoxia (lack of oxygen in tissue).

G sal) sl alki 3529 apens (AL (B0 (8 Coasas ) ) B
(A (A (pausY) ali)
Causes of Physiological polycythemia:
A sl geadl) jand) 8 S Gy
» Living at high altitude. .84 g A hall e
« Chronic pulmonary disease. .cxall 43 1) (& 5 o
* Heart diseases. .l (2l 4l o

« Hypoventilation syndromes. .43 sl (2l Cila Dlia o

» Abnormal hemoglobin with decreased oxygen delivery to
tissues.




A () Y S g8 GRS pa (el S sl sangd) o
» Carboxyhaemoglobin due to cigarette smoking.
CARd) AN G o 91 pah (S 51 S 0
Non-physiological polycythemia 42 sl gsudl) j& jaal) 3 i

Increasing of erythropoietin production inappropriately without
hypoxia.

A el ¢ gh (3 S JS (il gag ) U B
Causes of non-physiological polycythemia:
o ol gaadl) 18 jaad) 35S Gl
Kidney cancers. .Sl <lila ju o
« Uterine cancer . . aa_ (s o
* Adrenal adenoma or carcinoma .
i ) 0911 g) (g BSY) daad) o ) o) 0
« Liver cancers. .48 ilUa ju o
« Kidney diseases (cysts and renal artery stenosis).
(g i Ol ) (Bl g Sl AL ASh) () ja) @
» Androgen (injection of androgens hormones by athletes).
(el OB G G gAY Cliga a G8a) (g il e
* Blood doping (injection of erythropoietin or hypoxia inducible
factor by athletes).
S (e dawsY) alti Jale gl Gl ga g W) (fia) Ay gadl) Cildladiial) @
(Craa
Clinical signs 4xb Cladle
Increasing in RBC levels lead to increase in blood viscosity

make shortage oxygen delivery to tissue causes a symptoms
including:




Al 63 Laa adl) Ao g 31 83l 5 ) £ saad) adll ) S il giana (B B3N o353
rdadi Ul o | G A GaaasY) Jina i (B (el

*Headaches. .g)xall o
«Blurred vision (double vision). (45 z)54J1) sl £ sag ass
*Red skin — particularly in the face, hands and feet.
(Cpadill g (ol g A gl (A duald — alal) ) jaal
*Weakness. .« o
High blood pressure. .2 s a3 ki o
* Dizziness. .J)53 *
« Discomfort in the abdomen. .Casl) & a1 M) ads o
*Periods of confusion. .Y &y e
Diagnosis oeaddl)
* RBC count (high RBC levels).
() o) pand) adl) il S iy gia) £ panl) adl) G S dac o
» Hemoglobin concentration (high Hb concentration).
() Csla sand) 55 5) Cmasla gand) S8 5 e
* PCV (high PCV levels > normal values).
(s a8 <PCV (1 Alle &l gisa) PCV o

* Blood smear (to differentiate the high PCV with normal RBC
(polycythemia) or macrocytic RBC).

il S g) (paad) 3 45S) anidall RBC 5 adipall PCV G Jusaill) 2l daiae
L(Bomsl) g1 paad) anl)

* Increased serum vitamin B12 binding capacity
LS Y Ao 12 @ (alid Juaa 5,08 83l
Bone marrow is hypercellular with prominent megakaryocyte.
B30k 8155 A0l aa (g glad) Ja yia alial) pLAS




 Blood erythropoietin levels (high in secondary polycythemia
and low or absent in polycythemia Vera).

Aule o) Aialiia 9 4 3N yaad) 35S 8 dadl ya) adl) i ga 9 55 ) Gl ghua @
L4881 aal) 3 AS LB
*Bone marrow smear (abnormal RBC progenitor in
polycythemia Vera).

saal) 35S (2 o) yaad) adll LYA fha aada € Call) albial) SlAS daa o

L(AsR8a)
¢ :b_palaall ol
Polycythemia , causes , clinical signs and laboratory B palaal) ¢ gic
diagnosis
Al elia Lua 2 :OAJM\ é‘—““
g_}‘ 25l
Al il 58l and / A Ala el s : Aagiunal) A4dl)
Polycythemia , causes , clinical signs and = seds 48 ,2e 2 B pdalaall (1 pladl cisgl)
=laboratory diagnosis
adlda g3 a3 I sas o slS sand 5 ) peall LIAD B3 s - salail) cila A ) A pledd) Cilaady)
el yeall LAY 3 i< o sale -Y
data show + 55wl daadiionall pael) i) i)
Laginy A3l Ly ) + 3 _jualaall agd AniSal) & jlgeal)
LiBlia g 44 938 9 A4y p ad <l sl Sadiaal) (ubdl) 3 4k
ALl ALy - ¢
4 ol el LAY S cilal@l K3 - )
Joa gladll of yeal) LDAYN i Gilead S Y
&5“‘\’4\ sz.‘\;.d‘ -0
Aaal) ALY 1

Joasladll pe ol peall LAY K Claad SN )
Yol manaa daslil) pe jeadl S e a5 M ey da o -Y
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Cransiated and arranged by. CMatmoud QShukur Abdullah
5™ And 6™ Theory lectures \ hematology
adl) ) sal / dabaad) g Acwaldd) 4 () ) pulalaal)
Study erythrocyte morphology in health and disease:
sl g daal) A o) paadl adll il S L )8 ) ga Al 2
Erythrocyte membrane is made from three layers
Glids EBG (ha ¢ paald) adll &l S sl Sy
1-Outer layer made of glycoprotein molecules which carry the

mucopolysaccharides ,blood group antigens and absorbed
proteins.

S Cilyae Jaad (o S O gy il Ja (e A gSal) A LAY Aal) -]
Aaiiaal) clis gyl g adl) Al il dulaiiins g dgdalial)

2-Middle layer is a phospholipids bilayer stabilized by
cholesterol .

9 e 9 D) g3 st sl pleadl) Al Ak o o gl) ABokal))
3-Inner layer has protein molecules extending toward the cell
interior .

ARl (A0 gad Sl Auid g il L Apldial) ABdat)-3
* Hemoglobin contents forms 28% from RBC mass.
s paal) aal) <l S AN e 728 (ol pangd) Clygina JiS

* Metabolism : RBC has two metabolic pathways glycolysis
and glutathione metabolism .

Hlad ¢ cpnNELL (e Jo o) gaall adl) &) S 6 gy o A3 Jiadl) o
¢ : !
LObislad) BB g Sl




Erythrocyte Membrane Composition
gl paal) adl) &) S pLES (93

anion exchanger (“band 3)

http://www.ruf.rice.edu/~bioslabs/studies/sds-page/rbcmembrane.html

* In hematological investigations , it necessary to examine the
well spread and stained blood smear.

MSM\JM\PAS\&%\DUAAA@JJJ&\‘}Aseﬁ‘ﬂMJAAQAQ
REE

Ly

In healthy , the great majority of cells have round ,smooth
,contours and have diameter (6.5 micrometer ) to 7.5 micrometer

¢ ol g ¢ éj‘dd&&mlﬁw\@uﬂﬁnﬂ@w\ CJ"é ‘i.pmi.“.\gé
WS35 7.5 (M (Sa354 6.5) skbghghi g

* All the periphery of blood smear , the cell is normally
biconcave disc appearance .




Sy sail) (AL e i) jedia Bale AQIAY) (68 ¢ al) daia lasaa JS o
In disease abnormality in erythrocyte pictures due to 4
causes:
sbinad 4 G 61 pand) adl) S S ) gea (B 3 g3 e B

1-Abnormal erythropoiesis which may be effective or
ineffective .

Al 8 g Allad (5 B Al g Amd p jaad) il SN (85 -]
2-In adequate hemoglobin formation .
Jaial) (gl gangll (oSS 8D

3-Damages or changes effect erythrocyte after leaving the bone
marrow .

ELAI Cha Lga g A 3y ) paal) adl) i S o S5 il ) ) -3
ralinl)

4-Attempts by bone marrow to compensate for anemia by
increasing erythropoiesis.

saad) Gl Sl ¢ eSE B0 ) Bash (8 adll 88 o) gl alliel) pLAS Y glaa 4

These processes result respectively in the following
abnormality of erythrocyte :

18 paall aal) il S B AU 33AN ) el e cllaad) 0da 5358
+Abnormality of RBC size: 18/ aall adll &) S paa B 3gddie
*The size of RBC is increased or decreased:
:ually gl o) jaad) adl) & S ana 3133
*A-microcytic : the cell will be smaller in size and of
slaaa jual 404 ¢ o<in 1 A-microcytic

Low hemoglobin content from fragmentation of the number of
normal RBC as occur with many types of abnormal
erythropoiesis like IDA ,thalassemia or hemolytic anemia




_L_igj#\ﬂg.i\.ﬁuaﬂ\)gﬁn&.ﬂs @M\QJSS‘ eﬁ\aa.um.b,.\uds-
In disease abnormality in erythrocyte pictures due to 4
causes:
sl 4 o 1 pand) adll I S ) g (B 352 (42 e (B

1-Abnormal erythropoiesis which may be effective or
ineffective .

Adlad 8 g Allad ¢85 38 ) g dmda 1 sand) iy SN (685 -]
2-In adequate hemoglobin formation .
el (ol gangd) (0 9SS (A2

3-Damages or changes effect erythrocyte after leaving the bone
marrow .

ELAL o g g d iy ) jand) adll il S o 555 il i gl ) )3
alanl)

4-Attempts by bone marrow to compensate for anemia by
increasing erythropoiesis.

saad) Gl Sl ¢S 30 ) Bask (8 adll 88 (ay gl alliel) £LAS Y gla 4

These processes result respectively in the following
abnormality of erythrocyte :

151 paal) adl) iy S B AU 393N L) el e cillaad) 0da 5358
«Abnormality of RBC size: ;) eal) adl) & S aaa (8 3gddie
*The size of RBC is increased or decreased:
:oaily gl £ pandl adll &) S ana a3
*A-microcytic : the cell will be smaller in size and of

slaaa sl 40A ¢ ¢Siu : A-microcytic

Low hemoglobin content from fragmentation of the number of
normal RBC as occur with many types of abnormal
erythropoiesis like IDA ,thalassemia or hemolytic anemia




LaS dgmlall 61 paad) pdl) il S 236 Cu (ha Oy st gasgd) (1 aliia (g 58
9 LeaaudY ) IDA&AW\}M\QQ)Q\&L’Q&*M‘@&W
ey aal) a8

* B- Macrocyte : they are larger than normal erythrocyte and
the diameter is greater than 8.5 Mm , they are uniform in size , it
occurs when there is increased erythropoiesis .

o ST Wl g dmadal) o) pand) aal) Sy S (e i (A 5 1B xSl LAY B
Sl S (985 A AL AU (468 Ladie Gialig ¢ anal) Baaga A5 ae 8.5
el

* These are identical by the slightly staining basophilic giving
rise to polychromasia .

OV a5 ) ca Laa LB A8 guaal) Apac il a8d) S8 (e Aljdatia 038 @

* They are recognized in megaloplastic anemia and aplastic
anemia rarely in congenital dyserythropoietic anemia and
chronic liver diseases.

21530 AU adl) J88 g Cila g ) adlal) adl) 88 L8 Lgde (el Ay e
Al al) 2l () sal g paadl il S eSS JIA (e il AR aal) a8
» C-Anisocytosis: are non-specific features of almost any blood

disorder ,the term show the presence of macrocyte ,microcyte
with normocyte in the same field .

)@ﬁgjg@)ﬁeﬁ$gég\)bb| éYSJM}QW@:QM\Q&LﬁC.
Jaall (i & Lands LYA e § i 4408 ¢ S LA 352 g pellnaal)

It is called Anisocytosis due to the presence of large and of other
smaller than normal cell .

LAY (e el 6 AL 8 mS A48 393 5 e WA Gl Agle (glhy
JAgaalal)




Normocytic °

microcytic: small ‘

MACROCYTIC: LARGE

ANiSoCyToSiS:
Yaried Size 0 ° ‘

Normocytic: normal sized biconcave disc RBC
RBC gle paall AU Ciygal 93 ga B 1l ga gl
Normal MCV g3\l

s
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Macrocyte Microcyte

Poikilocytosis:




Abnormality in shape (poikelocytosis) is changes in the
shape of R.B.C including

Al 8 LR.B.C JS4 (8 &l il g (b gl BES) JS&) 8 3 gAd)
(1)Elleptocyte :occurs in hereditary elliptocytosis
A8 80 4 bl LAY B )5S & Guasy :Elleptocyte (1)
(2)ovalocyte , commonly seen in megaloplastic anemia
Cila g ) pddall aal) B8 B bl Sy gl ¢ 4 slan 44 (2)
(3)cigar cell found in IDA
IDA (8 Gaa g Jlasadl 444 (3)

(4)spherocyte:the cells are spherical in shape ,their diameter is
less and their membrane thickness is greater than normal .

ST plie oy JBi Wyl g ¢ JSal) 4598 LAY (6 1dy g S L4 (4)
(bl (e
It occur due to genetic defects of RBC membrane as in

hereditary spherocytosis and in many types of hemolytic anemia
, they appear perfectly circular in stained films .

iy 81 3 S B LaS ¢ paad) adll ) S pLEE (B AN )5 g upeny Cadal
Lalad g pila JS&y jgdas ¢ Dlady) adl) 88 £) 53 (e ppaal) A5 450 5 jaad)
RESHAIPLVE P
(5)Leptocyte :this term is used to describe unusual thin
erythrocyte in severe IDA

26 438 ) ¢) jaall aal) il S Ciia gl lhiaal) 138 addiy :Leptocyte (5)
s sl IDA (o Aalad)

Or thalassemia ,It looks ring red cells as ghost red cells .
Josd o) pan LOAS LAl o) paaldl UBIAY) a5 A 9 ¢ Leapadl) )
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(6)Target cell :they are thinner than normal in stained film , it
appear as rounded center stained with hemoglobin ,

G 38 jas gl ¢ ¢y glall alidl) B aliaal) (e (30 s ABaghaal) 403 (6)
C O ganile (et

Look like a target neatly clear light area then stained periphery
may adhere to the cell membrane surrounded them .




Aa) plday flalal) Jasaal) Guaili 48 o A8y dada) g ¢ gun Allaia Lgils g 9o
S gt

« It appear less staining than normal one , it occur in IDA and
liver diseases ,obstructive jaundice ,following splenectomy ,
thalassemia , sickle cell anemia and hemoglobin C diseases .
CAggadl e W1 g A () el (B Caaag g ¢ Slinal) (e B prdali iy e
¢ g.‘.x'ud\ e.ﬁ) Jﬁj ¢ Leasudil) g ¢ Jladall Juaii g ¢ é.\\éuu\!\ Ol g
s Omsla sasgd) ol pal
* This deformity happen due to loss of elasticity of RBC
membrane because of changes in composition of membrane and
its changes in :
Gl il s o) paadl adl) & S pliS A5 g ya OIS Cunew 0 g3l 1A Gudag e
b Ay LAY (353
(a)fat composition ¢sall ¢ ssi (1)
(b)Effects of bile salts regarded on blood in obstructive jaundice

,these salts are fat emulsifier which cause the loss of elasticity of
R.B.C membrane .

oY) 03a g ¢ galadY) B ) A adl) o Ayl jiial) 3l il il (@)
.R.B.C stic :\-'UJA M8 iy R latien R

(7)Stomatocyte : in blood film ,these cells have centrally
biconcave area appear slit like,

RS A 38 pa Ay yaih) A5 At Lgd LAY o3a ¢ adll ald 804 gad 404 (7)

¢ Jia &d'-
It is used to describe the appearance of some cells in rare type of
hereditary hemolytic anemia

uﬁbﬂ‘dh&\e.ﬂ\ﬂ@JJh&ﬂ&QM\u&JﬁMﬂeM

* In wet preparation ,stomatocyte take cup shape , the cause of
this deformity is decreased PH ,these are seen in alcoholism
under blood film ,




4 0l 138 A Gud) g ¢ ugSl) JS ad) A8 AR ¢ o ) daal) e
¢ adll ald ciad Jgasl) (lad) A oda gl ¢ A gand) Ay 3 alidl)
Their presence in large number has been attributed to genetic

factors ,it described in blood film particularly of mediterrian
region .

pill alid B lghua gl dbg ¢ A8 )9 Jal 9o () B S CiliaS; a9 (s Jma
Ao gial) didaia dald

(8)the bur cells : cells were described in blood film of patients
suffering from variety of disorder but ;

Adlida bl phadal (e G gilay ua sal a3 ald B LDIAY Ca gl 250 LY (8)
3

Particularly in uremia , Burr cell are small cells or cell fragment
bearing one or few spine .

10




Oa s gl Biua LA G0 3 ke Y DA ¢ adll Ui g (2 (el Jdy
Ada SUBE 1aae i 1aa g U 48 13 gas Jany A4140)
They are damaged or fragmented cells which have undergone a
type of crenation.
QAT G g gl Canad B Jaa g ARI LA 1gd)
(9)Acanthocyte :refer to abnormal phospholipids metabolism,
characteristically the majority of red cell are coarsely crenated .
¢ A g gil) Goaall andal) & B SN ) i 1dus gl LSAY) (9)
R IS da e o) pead) adll LA Alle (18 5 juaa 3 g g
*The size and number of projections varying between them ,
some cells have moderated number of small projection
protruded from their surface.
Cra Jiina 338 Lgual UBIALS (any ¢ Lgbu Lagd 43 glitle Cillaliu) das g ana @
Lk (e 8 B psuall cildaliny)
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(10)sickle cell :it is seen in sickle cell anemia (homozygous
sickle cell hemoglobin .ss)

Jilaia Aaiall G gla gangdl) (Aadall pal) j88 8 Helis sdzlaiall 4040 (10)
(S5
* The cells vary in shape between elliptical and oat shape .
OB gddl g g gldand) JSEN Cp JE B LDIAY) (alids
(11)Schistocyte (fragmentation) :schistocyte of varying shape
are found in many diseases , the fragmentation occur in :
Cra pdad) A AALAQ) JLSEY) D Lo gl aa g o (i) L el (11)
o i) Gadag g ¢ (yal ya¥)
(a)Certain determined genetically disorders as in thalassemia
and hereditary elliptocytosis .
Ay glidasal) LYIAY) 35S 5 Lasudlil) (4 LaS L) g Badacal) iyl o) ams ()
A gl

(b)Acquired disorder of red cell form ,EX; megloblastic anemias
&IDA.

¥ adll J8 ¢ EX ¢ gl paad) adl) LA JSd B cudSall Gl &) ()
ADA 4 pd2ll

(c)As the consequence of mechanical stress in microangiopathic
hemolytic anemia

L) e ) ol (D) ol i B S 3421 Al ()
(d)As a result of direct thermal injuries as in in severe burn in all

conditions in which fragmentation is occurring , three types of
cells can be distinguished

B BN 3y Jagaﬁ,é Jall oA LaS b_udisall 4.. 1Al cliladd 4t (3)
LAY (e g1 o) ABDE el (Say ¢ il Lgd Siasy Al G gl asen
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Schistocyte 3 C.’ll.nﬁ 9.;.'

L!,.g II'A'L."" Ec.r;inocyte:

Study the red cell morphology in health and disease
Abnormality of R.B.C in size
AU (elia ba
sle gl s
dpdall &l yidal) and /400N As jall U
Study the red cell morphology in health —~¢é5 48 y2a
=<and disease Abnormality of R.B.C in size
Gl g daall b sl peall adl) iy S JS3 83 )
el paall adll iy S elie cilida S _Y
data show + 3_ sl
Login A8al) Loy ) + 3 _pucalaall agh
AlBlie 5 4y 580 5 4 ad ol jlal

0 5 pualaall asJ
B_palaall ¢ gis

:UAJ.\.AS‘ H‘
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T a8 )5 palaa
5™ And 6™ Theory lectures \ hematology
adl) ) gal / Autbad) g Aald) 4 a3 ) pudalaal)
Study erythrocyte morphology in health and disease:
10k pall g dauall (A o) pand) aal) il S L g 58 ) 4 Al o
Erythrocyte membrane is made from three layers
Glida EB e g paad) adll &l S pldS (oS
1-Outer layer made of glycoprotein molecules which carry the

mucopolysaccharides ,blood group antigens and absorbed
proteins.

Sl Cilaae Jaad (5 S (g e Gl o (e A gSal) A AT ABY) -]
Aatiaal) i g sl g adll Aluad il dlaies g Aalaal)

2-Middle layer is a phospholipids bilayer stabilized by
cholesterol .

(3 i) S e g3 i ] ghonkl) At Aids (8 gl Al 2

3-Inner layer has protein molecules extending toward the cell
interior .

AGIAY) JA)S gad atal AL gy il S g AulA)A) ddual) 3
» Hemoglobin contents forms 28% from RBC mass.
) paal) adll il S ALS (e 728 (ool pasgd) Sy giaa JS @

» Metabolism : RBC has two metabolic pathways glycolysis
and glutathione metabolism .
Had s ML) (g lsa o ) jaad) adll & S (g giag 1 A8 Sl e
Ll slad) GO 5 S




Erythrocyte Membrane Composition
gl paall adll &) S LA (4S5

anion exchanger (“band 3)

ot chain (3 chain

spectan

troporyosin

adducin tropomodulin (

http://www.ruf.rice.edu/~bioslabs/studies/sds-page/rbcmembrane.html

» In hematological investigations , it necessary to examine the
well spread and stained blood smear.
Mgﬂmum1eﬂ‘¢‘FﬂgJJ)H‘Cpceﬂ‘ﬂLujﬂgéo
A

Ly

In healthy , the great majority of cells have round ,smooth
,contours and have diameter (6.5 micrometer ) to 7.5 micrometer

¢ ol g ¢ é}\ddﬁwgﬂﬂ‘ww&l\uw\ Oléclg“hl;gé
S84 7.5 ) (Seg S 6.5) kg daghi g

* All the periphery of blood smear , the cell is normally
biconcave disc appearance .




sl AU e il jedia Bale AQIAY) (685 ¢ adl) Aaia Jaaa JS o
In disease abnormality in erythrocyte pictures due to 4
causes:
rpbiual 4 ey o) pand) asll IS ) gua (B 3 gAd (2 e (B

1-Abnormal erythropoiesis which may be effective or
ineffective .

Adlad 8 o) Allad (985 3B Al g Amd i sand) iy SN (685 -]
2-In adequate hemoglobin formation .
dsaliall (o gl gangl) (s <3 (-2

3-Damages or changes effect erythrocyte after leaving the bone
marrow .

ELAL Cya Lga g A 3y o paal) adl) i S o 555l il ) ) pual-3
bl

4-Attempts by bone marrow to compensate for anemia by
increasing erythropoiesis.

saad) il Sl 98 BaL ) Bash (8 adll 88 (o) gail alliel) £LAS Y glaa 4

These processes result respectively in the following
abnormality of erythrocyte :

15 paad) adll Gy S B AL 35380 ) el e cllaad) sda g
«Abnormality of RBC size: 18/ el adll ) S paa B 3ghdie
*The size of RBC is increased or decreased:
:0ally gl gl pand) adll &) S ana 38 3
*A-microcytic : the cell will be smaller in size and of
9 Laaa hual 4141 ¢ oSiu :A-microcytic

Low hemoglobin content from fragmentation of the number of
normal RBC as occur with many types of abnormal
erythropoiesis like IDA ,thalassemia or hemolytic anemia




LS Lsndall 1 paad) adl) ) S 336 oS (pa o 316 gasgl] (pa Labdia g g3
S LS ol TDA Jia dggadal) & paad) cily <) £ 530 (o dydnd) pa Caday
&MY\@ﬁ\)ﬁ

* B- Macrocyte : they are larger than normal erythrocyte and
the diameter is greater than 8.5 Mm , they are uniform in size , it
occurs when there is increased erythropoiesis .

Cra ST L lad g dmaadal) ¢ paad) adl) il S e ST A g 23Sl LDAY) B o
QQJSS\QJSS@SAQJ&UAMLA& Gdadg ¢« adall daaga A9 aa 8.5
aad)

* These are identical by the slightly staining basophilic giving
rise to polychromasia .

OV aamS ) ca Laa LB A8 guaal) Apac il aid) J8 (e AijUatia 034 @

* They are recognized in megaloplastic anemia and aplastic
anemia rarely in congenital dyserythropoietic anemia and
chronic liver diseases.

2 1530 iU aal) 488 g Cila g Y1 adul) al) 88 LB Lgnle G jatll ay e
Al Jal) 2l () sal g paadl cily S 0683 JIA oo Il AIAY) aal) 88
» C-Anisocytosis: are non-specific features of almost any blood

disorder ,the term show the presence of macrocyte ,microcyte
with normocyte in the same field .

)@Egj‘ggﬂ?.ﬂ!gégbbé\ @Y Badaa S Cilaw A 1 LAY (uls Co

Ll udi 8 daks LYA aa B e 4408 ¢ B S LA 393 g petlanaall

It is called Anisocytosis due to the presence of large and of other
smaller than normal cell .

LAY e sl 6 219 B S AlA 352 5 G UDIAY (s dgle (3l
Al




Normocytic °

microcytic: small ‘

MACROCYTIC: LARGE

ANiSoCyToSiS:
Yaried Size 0 ° ‘

Normocytic: normal sized biconcave disc RBC
RBC gle paall AU Ciygal 93 ga B 1l ga gl
Normal MCV g3\l

s




oo o e Gole pe JSuin b puo slyas o LS
Macrocyte Microcyte

Poikilocytosis:




Abnormality in shape (poikelocytosis) is changes in the
shape of R.B.C including

Al 8 LR.B.C JS4 (8 &l il g (b gl BES) JS&) 8 3 gAd)
(1)Elleptocyte :occurs in hereditary elliptocytosis
A8 80 4 bl LAY B )5S & Guasy :Elleptocyte (1)
(2)ovalocyte , commonly seen in megaloplastic anemia
Cila g ) pddall aal) B8 B bl Sy gl ¢ 4 slan 44 (2)
(3)cigar cell found in IDA
IDA (8 Gaa g Jlasadl 444 (3)

(4)spherocyte:the cells are spherical in shape ,their diameter is
less and their membrane thickness is greater than normal .

ST plie oy JBi Wyl g ¢ JSal) 4598 LAY (6 1dy g S L4 (4)
(bl (e
It occur due to genetic defects of RBC membrane as in

hereditary spherocytosis and in many types of hemolytic anemia
, they appear perfectly circular in stained films .

iy 81 3 S B LaS ¢ paad) adll ) S pLEE (B AN )5 g upeny Cadal
Lalad g pila JS&y jgdas ¢ Dlady) adl) 88 £) 53 (e ppaal) A5 450 5 jaad)
RESHAIPLVE P
(5)Leptocyte :this term is used to describe unusual thin
erythrocyte in severe IDA

26 438 ) ¢) jaall aal) il S Ciia gl lhiaal) 138 addiy :Leptocyte (5)
s sl IDA (o Aalad)

Or thalassemia ,It looks ring red cells as ghost red cells .
Josd o) pan LOAS LAl o) paaldl UBIAY) a5 A 9 ¢ Leapadl) )




-~ N

(6)Target cell :they are thinner than normal in stained film , it
appear as rounded center stained with hemoglobin ,

G 38 jas gl ¢ ¢y glall alidl) B aliaal) (e (30 s ABaghaal) 403 (6)
C O ganile (et

Look like a target neatly clear light area then stained periphery
may adhere to the cell membrane surrounded them .




Aa) plday flalal) Jasaal) Guaili 48 o A8y dada) g ¢ gun Allaia Lgils g 9o
S gt

« It appear less staining than normal one , it occur in IDA and
liver diseases ,obstructive jaundice ,following splenectomy ,
thalassemia , sickle cell anemia and hemoglobin C diseases .
CAggadl e W1 g A () el (B Caaag g ¢ Slinal) (e B prdali iy e
¢ g.‘.x'ud\ e.ﬁ) Jﬁj ¢ Leasudil) g ¢ Jladall Juaii g ¢ é.\\éuu\!\ Ol g
s Omsla sasgd) ol pal
* This deformity happen due to loss of elasticity of RBC
membrane because of changes in composition of membrane and
its changes in :
Gl il s o) paadl adl) & S pliS A5 g ya OIS Cunew 0 g3l 1A Gudag e
b Ay LAY (353
(a)fat composition ¢sall ¢ ssi (1)
(b)Effects of bile salts regarded on blood in obstructive jaundice

,these salts are fat emulsifier which cause the loss of elasticity of
R.B.C membrane .

oY) 03a g ¢ galadY) B ) A adl) o Ayl jiial) 3l il il (@)
.R.B.C stic :\-'UJA M8 iy R latien R

(7)Stomatocyte : in blood film ,these cells have centrally
biconcave area appear slit like,

RS A 38 pa Ay yaih) A5 At Lgd LAY o3a ¢ adll ald 804 gad 404 (7)

¢ Jia &d'-
It is used to describe the appearance of some cells in rare type of
hereditary hemolytic anemia

uﬁbﬂ‘dh&\e.ﬂ\ﬂ@JJh&ﬂ&QM\u&JﬁMﬂeM

* In wet preparation ,stomatocyte take cup shape , the cause of
this deformity is decreased PH ,these are seen in alcoholism
under blood film ,




4 0l 138 A Gud) g ¢ ugSl) JS ad) A8 AR ¢ o ) daal) e
¢ adll ald ciad Jgasl) (lad) A oda gl ¢ A gand) Ay 3 alidl)
Their presence in large number has been attributed to genetic

factors ,it described in blood film particularly of mediterrian
region .

pill alid B lghua gl dbg ¢ A8 )9 Jal 9o () B S CiliaS; a9 (s Jma
Ao gial) didaia dald

(8)the bur cells : cells were described in blood film of patients
suffering from variety of disorder but ;

Adlida bl phadal (e G gilay ua sal a3 ald B LDIAY Ca gl 250 LY (8)
3

Particularly in uremia , Burr cell are small cells or cell fragment
bearing one or few spine .

10




Oa s gl Biua LA G0 3 ke Y DA ¢ adll Ui g (2 (el Jdy
Ada SUBE 1aae i 1aa g U 48 13 gas Jany A4140)
They are damaged or fragmented cells which have undergone a
type of crenation.
QAT G g gl Canad B Jaa g ARI LA 1gd)
(9)Acanthocyte :refer to abnormal phospholipids metabolism,
characteristically the majority of red cell are coarsely crenated .
¢ A g gil) Goaall andal) & B SN ) i 1dus gl LSAY) (9)
R IS da e o) pead) adll LA Alle (18 5 juaa 3 g g
*The size and number of projections varying between them ,
some cells have moderated number of small projection
protruded from their surface.
Cra Jiina 338 Lgual UBIALS (any ¢ Lgbu Lagd 43 glitle Cillaliu) das g ana @
Lk (e 8 B psuall cildaliny)

11




(10)sickle cell :it is seen in sickle cell anemia (homozygous
sickle cell hemoglobin .ss)

Jilaia Aaiall G gla gangdl) (Aadall pal) j88 8 Helis sdzlaiall 4040 (10)
(S5
* The cells vary in shape between elliptical and oat shape .
OB gddl g g gldand) JSEN Cp JE B LDIAY) (alids
(11)Schistocyte (fragmentation) :schistocyte of varying shape
are found in many diseases , the fragmentation occur in :
Cra pdad) A AALAQ) JLSEY) D Lo gl aa g o (i) L el (11)
o i) Gadag g ¢ (yal ya¥)
(a)Certain determined genetically disorders as in thalassemia
and hereditary elliptocytosis .
Ay glidasal) LYIAY) 35S 5 Lasudlil) (4 LaS L) g Badacal) iyl o) ams ()
A gl

(b)Acquired disorder of red cell form ,EX; megloblastic anemias
&IDA.

¥ adll J8 ¢ EX ¢ gl paad) adl) LA JSd B cudSall Gl &) ()
ADA 4 pd2ll

(c)As the consequence of mechanical stress in microangiopathic
hemolytic anemia

L) e ) ol (D) ol i B S 3421 Al ()
(d)As a result of direct thermal injuries as in in severe burn in all

conditions in which fragmentation is occurring , three types of
cells can be distinguished

B BN 3y Jagaﬁ,é Jall oA LaS b_udisall 4.. 1Al cliladd 4t (3)
LAY (e g1 o) ABDE el (Say ¢ il Lgd Siasy Al G gl asen
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Schistocyte S la<

L!.ul jldl.l..l." Ec.ﬁinocyte:

Abnormality of R.B.C in shape

AL el bua o
e dsml Jh
Al ) yiaal) and / A s yal) U

Abnormality of R.B.C in shape iz aghs 44 2a
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Abnormality in erythrocyte colour
g paad) a.ﬁ\ ‘;'lr.")s(lﬁ"gﬁ ..\J..h.‘i

*Is the difference of the erythrocyte in color either faint or deep
than normal color ,include :

¢ rall sl 0 Baae gl Galy La) o) paad) adl) i S (g SRS g
:S 3-.-3

1-Hypochromasia : ;g oali -1

*Is used to describe a decrease in intensity of hemoglobin color
at varying degrees.

g Sl g3y (o st s ()58 AR gl paiine




It is characterized by light increase in the area of central pallor
surrounded by small rim of hemoglobin concentrated at the
periphery of cell.

B i Adlay Aalaal) (5 38 sall o gandd) Aabisa (B Addla Bl 3a ey
Al Jasna b 38 G sl gangl)

* Hypochromasia is associated with decreased in M.C.H.C .
MCHC & (auiily s gasl) il (alli bafi

However cell which are thinner than normal may appear slightly
hypochromic but M.C.H.C is still normal .

Sl ¢y gl Al gdii o8 adall (ha (30 (1S AN AR B ¢ 13 pag
Aoazda J) Y MCHC 8y
This is seen in specially in thalassemia minor .
c Sl eS8 ald JSd 12a el
*There are two possible causes:
sdlatiaall Glad) (e (e g GlUiA
« Abnormal thinness of RBC. .8 sead) adll &l <3 dnsida 8 ddlas

* A lowered HB concentration result from impaired HB
synthesis as in sideroblastic anemia .

pdll B8 A Jal) 98 Las HB (3l cinda o Qaddlall HB S 5 i
Slag Y Guaad)

Rarely ,the failure of globin synthesis cause lower HB as in
thalassemia .

(B LaS O ol gangd) A (lAAT) (B o ) (A5 B Candly L 130
LraraSil)
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2-Hyperchromasia : :p) disa b 32

* Mean increase the intensity of stain of RBC in which central
area of pallow is lost so the cell appear more deep staining .

Cra 4 S pal) Allaial) 488 A%y Cua ) yaad) adl) il S Adsa 305 3L Aay
Lee i Al 4080 185 Guay o gadid)
This appearance due to increase thickness of cell and not to
increase concentration of HB so M.C.H.C .normal.

G583 Euag HB 35S 5 84 ) a2 g 408 ASlas B3y (0] sgdiall 138 o a9
«*==k M.C.H.C

* Hyperchromasia cell seen in blood film of patient with
megaloplastic anemia or spherocyte .

Msemﬁgwuaws@;#@x&:emaw;hﬁ&.gs
A g S AA ) cila g )

Hyperchromasia in spherocytosis occur due to increase cell
thickness

@SAQZ.SWSJQJ%)&\CAQJQ\SJKQAMB}@&'
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3-Polychromasia (reticulocyte ): :(&Ss4d) LSAY) ¢ oY) a3 -3

*Suggest that erythrocyte are stained faint diffuse light blue or
grayish tint in cytoplasm .
S 8@ 350 Coaly B puiiia ALy Addala ¢ yaad) adl) Cily S 0685 Ol 3B
AN sl (A gl
Polychromasia cells are young erythrocyte which have not yet
completely with lost their nucleic acid.

S 95 Lgdaan NS a1 3 ALAY ¢ pand) adll LDA A ) oY) aaed LY
A Jalsly

It normally present only in small number in peripheral blood
film .they stain as reticulocyte .

(el adll abid L8 1B ase 8 ek 5 ga g ¢ 4S5 La Bals

It could count in blood film of any patient in whom
polychromasia is more prominent than normal .




G 130 ST Ad &) o) 205 (6% la sa oY ) ald (B sy O (8
LAl
In general marked polychromasia indicating active blood
regeneration .

The polychromasia cells are slightly larger than normal mature
RBC.

Aoagdal) Aol o) yaal) adl) LA e SLIB 5 o) oY) aamd USIA 0 oS5
Polychromasia o) s\ 225

4-Anisochromasia : :0s4 < gliig
*Refer to different abnormality of of color in the same field .
Jlaall (il (8 ol Cilida 3 gAd )

This cell can be seen in blood film of patient suffering from iron
deficiency anemia .

aal) el Cu adll B8 (ha lay a pal a3 ol B A8 008 Ay oSay

Responding to iron therapy or after blood transfusion of normal
blood to patient with hypochromic anaemia and in sideroblastic
anemia .




a8k ilaal) (g pall agadal) adl) J&5 day i Saadly o Mall Alasiay)
ila g Y1 g aaad) aall hd g teall oadll

4-Anisochromasia : :( s < glii 4

o W

Inclusion bodies (aail) alual

Abnormality with inclusion bodies : is the presence of foreign
bodies inside the erythrocyte ,include :
¢ g paall adl) cily S JAla Ay & alual 529 op ARG alual) B 3gdd
sdadi g
A. Pronormoblast (Rubriblast) Pronormoblast is the earliest

morphologically recognizable red cell precursor. Size: 20-25um
in diameter.

Bl ad) A Codl g 539 s Aa g (oSl g ) Coudlga 59 s da gl L
WSiag 80 25-20 W kb aaal) LIS Lgule G el (e 51 pea DA
Nucleus: large, round to oval and contains 0-2 light bluish,
indistinct nucleoli.
dadly s 55520 o giady dygldan ) B yticas ¢ B S 1) sl
5@ @0

The chromatin forms a delicate network giving the nucleus a
reticular appearance.




LS S ) gil) et ABB ALl (il g S Sy
Cytoplasm: there is a narrow (about 2um) rim of dark blue

cytoplasm. There may be a perinuclear halo.

A3 a3k saal) Cra (e g sSia 2 (N gn) Ala ddla lin 2 Bl gl
Blgil) Jos Adla SUp < a8 o8)al)

The nuclear/cytoplasm ratio is about 8:1.
28 (N gn a3k sieead) / Ay g gil) Al 303
B. Basophilic Normoblast sl sasi dpseld o

*-Erythroblast : is used as generic term to describe all
nucleated erythrocyte .

gl paad) adll Gy S azan Cika gl ale mlliadS ad3000 1o jaad) aal) UMA -
Rk
In normal marrow the pronormoblast is the first cell,

recognizable as definitely belonging to the erythroid series from
it.

OSay il g ¢ (AW AN A Bl da g ) 0S5 ¢ alall LAY B
Ada peal) il S Al ) sty ol gl o Lgale Ci il
*The crythrocyte develops through a succession of maturing
gl (a ddudes PSR jaal) &y ) ) ghaty
*Erythroblast ,early normoblast ,intermediate normoblast ,late
BAL « Adase ol Ay guud) dag ) ¢ B_ySuall Ay gl Aag N ¢ g1 pand) dag Y
» Normoblast developing erythrocyte.
sl adl) Gl S phall Cudly ga )

It classified depend on unclear rather than cytoplasmic
characteristics.




aduadl) (e Yu dadal gl el (aladll o saled dilas gl
The process of normoplastic maturation is characterized by the
Following progressive changes:
2Ry gy juil) ity LSS adal) grladl) Ales jaali
*Several bodies may by present in the some cell but when are
large they are usually found singly.

Ll glindl ady ¢ 3 S (100 Lasie (g LDAT) (jany (8 aluaa] 328 ) 6 38
B dia 3ale
They do not stain by leishman stain but can Stain by supra vital
stain and they appears as frectile bodies in un stainedSmear.

ploals il g Ay (398 Aancny (il Of (Sag 0081 Gladipll Adusy el Y
Adble 8 A5
they may be found in some forms of hemolytic anemia.
(Al adl) 88 IS any 4;3 da g a8
B. Basophilic Normoblast <5t sa )58 e ld o
Size: 16-18um in diameter. . ki g &9 S 18-16 :p3al)
Nucleus: round or oval and smaller than in the previous stage.
AR Aa el B dde CulS Laa jiual g 4 oy gl B uticea 151 gdl)
The chromatin forms delicate clumps so that its pattern appears
to be denser and coarser than that seen in the pronormoblast.
@) Qlld (e A gl g ABUS i Adaad gy Cupag AR 80 MIS (yila g SN JSy
Adpal dag i) A gk
No nucleoli are seen...s sl 4 i ol

Cytoplasm: slightly wider ring of deep blue cytoplasm than in
the pronormoblast and there is a perinuclear halo.

Aag ) (A gda (grand) (3,591 03 sisaad) (10 S8 (o f Al 1 500 gl
Bl Jea Al i g Aduall




The nuclear/cytoplasm ratio is about 6:1
1:6 dsn aShsimnd) / Ay g oil) Asadl) 3L
C. Polychromatophilic Normoblast
O oY) Badatia Caudly ga ) of Aa g )
Size: 12-14pm in diameter (58 14-12 L ki ;aaal)

Nucleus: smaller than in the previous cell, has a thick
membrane, and contains coarse chromatin masses.

iy ¢ ha LIS gl ¢ Allad) AR A dgle S Laa sl 13153

" OB Oy S OIS e
Cytoplasm: as the nucleus is shrinking the band of cytoplasm is
widening.

£l (B AT o U glad) (GUad (8 ¢ alil B) gl Y 18I 10 B gl

It has a lilac (polychromatic) tint because of beginning of
hemoglobinization.

O saagd) Ay sy (O 1Y) 2aria) gl et A
The nuclear cytoplasmic ratio varies from 2:1 to 4:1.
124 12 On g sl p B i) dpud CAlAS
D. Orthochromatic Normoblast ¢1sl) 32alafiall Caudl ga ) gl 4a g )]
Size: 10-12pm in diameter. .8 A &9 8 12-10 :a2al)

Nucleus: small and central or eccentric with condensed
homogeneous structure less chromatin.

O B A Aailaia s e ) b1 A 6 51 338 30 9 5 ysiaas 151 530
Sl g 1)

It 1s ultimately Hematology 21 lost by extrusion.
LGl B3 gidal) 2] adll ) yal Algdl) 8 4)

Cytoplasm: a wide rim of pink cytoplasm surrounds the
shrinking nucleus.




Aaliial) 3) 5illy Jaaad (53,50 o33k shaedd) (o Anaal g A8l 2 3 sl
The entire cell is somewhat smaller than the polychromatophilic
normoblast.
O Baantia Ay gl da g ) (e La aa ) sl Lgdasly 4080
The nuclear / cytoplasmic ratio varies from 1:2-1:3.
3 01-2 11 G A Dl gieal) / g 53 Al Calias
E. basophilic stippling: :4:3s &) ki)

*When basophilia is found as variant or diffuse basophilia,in
many blood

« basophilia ,&iis g ds siia Wil te basophilia A5 gl & Laxic
pall (e S (A
*Disease as well in infections and in toxication such as lead
poisoning.

oot b aacdll Jia pandl) g CLLEN) 8 (el IS

*The granules of diffuse puncetate basophilia are uniformly
distributed in the cell.

AR (B aa ga IS B Heiial) Guall) o Claa )8
Basophilic stippling: 4+ i)

Wrights x1000
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F. Reticulocyte After the expulsion of the nucleus a large
somewhat basophilic a nuclear cell remains which when stained
with new methylene blue, is seen to contain a network of bluish
granules.

dalale A5 AN 4y 9 0i) AAY La 2o 1) Agac BB S 51 g} A ke ay A F
Ca Asud o (g giad Ll o Lgat) HBD ¢ aad) Galdfal) 3,591 G sl
A3 ) jal) cilgal)

This network is responsible for the name of the cell and consists
of precipitated ribosomes.

A il ila g g ) (o (985 9 AN ana) 8 A g gana ASp) 030
As the bone marrow reticulocyte matures the network becomes
smaller, finer, thinner, and finally within 3 days disappears.
CAls By el ASA) il alial) £ AN ASUAL) LSIAL) gl Ledic
A1 3 et A 1A i
About 1% of reticulocytes enter the peripheral circulation.
Al 4 gan) 5 gl (A5 AU LAY (e 71 s
Size: 8-10um in diameter. Jhill (8 &9 8 10-8 zpaal)
Nucleus: the reticulocyte does not contain a nucleus.
3o Ao Al A o giad Y 131 i)
Cytoplasm: faintly basophilic (blue)
(35) a2 2 330 g
G-Malaria parasite L)) ik -
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H--—- Howell-Jolly Bodies
Morphology::l:a sl 58 sal) Jsiil) ale
Small round cytoplasmic red cell inclusion with same staining
characteristics as nuclceus.
LBl Feplall ailiad wdl gl B aateua B ukea A gdia o) san A1A #),0)
Found in: 2 2> s
Haemolytic anaemias 5s5Y) aal) 58
Post splenectomy. Jabll Jhaiiu) axs La
Megaloblastic anaemia. <ila g Y adal) aal) a8

Howell-Jolly Bodies
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Translated and arranged by Mustafa Tariq Abdul — Kadim
Hemoglobin O 98 gang)

Is important red pigment within the erythrocyte , an adult has
about 630gram of HB containing about 2.2gm of iron . 1% is
renewed each 24 hours .

Jsn 4ol Gl 5 ol paad) anl) il S JANS B 2 5 Aaga £ pen A 92

JS daad ol /] sl (aa 2.2 (s Ao ssiai HB o ol £ 630
dslu24

Structure of hemoglobin :

e|s a tetramers. It consist of 2pairs of unlinked poly peptide
chains . a hem group ferroprotoporphyrin is linked at a
specific site to each globin polypeptide chain .

10m 58 sagd) JSa
4l 52 Polypeptide Jud ¢se g1l 2 (o S5 Sl 9 @
Omsla S (e 890 & Ferriprotoporphyrin aaal) ds gasa Jag 53
.Polypeptide “lulu
el-Heam:
s sl -

Is made up of ringed structure called pyrrol rings .The building
materials used to synthesis hem within the developing
erythrocyte are the amino acid glycin and succinic acid.

sl (BIA1 Aasdioual) 3l gall, J gl ClBla Lanw (5 03 JSA (e ) S0 4)
Aaladl) paas 5 Cpaels L) alaa¥) o Lualdl) o) paad) adl) cly S aa




One molecule of glycin and one of succinate condense to give
delta aminolaevulinic acid (A.L.A). Two molecules of A.L.A are
called aminolaevulinic acid anhydrase.

B pllaey Cliwsull G Al Omladl Ga 33l 5 S S
lagale (3l ALLLA o Ol L(ALL.A) Lla el i gisa
aminolaevulinic acid anhydrase

e Four of pyrrol rings react to form a tetra pyrrol rings
.additional structures are present on the pyrrol rings to form
protoporphyrin which at this late stages links with iron .

JSLa gy el Jgum cilila JSEE (g ) cilila G clila o f Jo i
dalpall 03a (ALl oM (b ) 50979 0 S8 J gl il o AdLc)
sl 5 alial)

All enzymes carrying out these reactions are present in
mitochondria in normoblast which is the site of hem
synthesis.

(b L sS giall (B B3 ga o OIS L) 03¢y 2 680 (A ey 3Y) e
GlATl a8 ga 94 9 (NnOormoblast) wudlisa ) ¢

Heme
CH, CH,CH,COOH

Hemoglobin
CH,=CH A __ CH,CH,COOH

() CHs=CH CH,




2.Globin: Omsid) g 0
¢ Is major component of hemoglobin . Some of globin are
madedaily . The synthesis of globin like all protein .
Normal hemoglobin Contains four types of globin

molecules . these associated together first in pairs and
then in groups of four .

AT L Cslal) (dm gl o (g gl (i) GsSa 9

Glija G B Aa) gaad) st sangl) (s g Gaigual) IS e Caslad)

Any ) e e gana (B &l ) gl (B Vgl laa (ke (o)

Each tetramers has two @chains, each of which is a sequence
of (141) amino acids . In adult hemoglobin

aan (141) ¢ Adeadus (A g o JS Judhall (ra il Al ol 05,

Ol O sl sangd) (A (sl

e (Hb.A) 2 @ chains associated with 2 B chains (146) amino
acid . Two @ chains also associated with 2 sigma to give

fetal Hb ( Hb.F) and with 2 delta chains to give Hb A2 .
Thus the Hb . in normal erythrocyte is as follows:

ol p2ea B (146) Ol Aasi ja Judl(Hb.A) 2 @
Hb (Hb.F)iall slaeY Laasw 2 o Ll (il yo @ (bl
bl pdagl) i HB. 1358 Hb A2, il Ul (e ibadeny g
trb LaS A ) paall adl) iy S

e Hb A ( 2alpha 2 beta 96%---98%)..Hb F ( 2alpha 2segma 0—
1%)

e Hb A2 ( 2alpha 2 delta 1.5—3%).




Production and degradation of blood cells
adll LA jpaig L)

e The various cells of blood are made in the bone marrow
in aProcess called eamopoiesis or heamatopoiesis. It
include erythropoiesis ,the production of red blood cells
myelopoiesis, the production of White blood cells .

9 eamopoiesis (s idee allinl) glad gé PENEOA] adll LB ada ay
ik L Jadi heamatopoiesis
c&ﬁﬂ\ Ossa Q\JAAJ\ ed.“ Qﬁ C\:ﬂ\ s)&ﬂ\ Ql,uﬂ\ Gsss
slayd Lad) ?.ﬁ\ Ll"% GU\S\
During childhood, almost every human bone produces
red blood cells as adult red blood cell productions limited to

the large bones, the bodies of vertebrate, sternum ,pelvic
bones and bone of upper arms and legs.

A%c;\ﬁad%@ﬂ%ﬂ&&@ﬁchﬁhﬂ&wd%
alie g il 88N aluaai g (3 _ymsl) alliad) o 43lLd) £) saad) adl) LDA #LI)
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¢ |In addition ,during the childhood ,the thymus gland found in
mediastinum is an important sources of lymphocyte.

o A yimall Baid) Ciaa g (Al gilal) Alda pa DA (lld ) ABLEYL o
A giall) LMAN g jas g8 o giicaiall
Break down of hemoglobin:
O ol sangd) pmsS:

¢ Old erythrocyte are largely taken by the reticuloendthelial
system of cells which are broken up and the Hb.is degraded
into:




Al LDAY) LAY @udl) alas 38 cpe pasS aa ) Aagall) AL Y1 34 Al e
D @ HB. L8y Lanudl oty

e 1.hem

pd -1
e 2.¢globin
(Ofisn ) Omste -2
¢ The globin is broken down and amino acids reutilized. The
hem ring is opened up and the iron is retained and reutilized
for new Hb Synthesis .
Ldial) Aala b oty AdiaY) Gabaal) aladiod day g cpslad) Jlatie
Judall Hb G 5 A Aaladicg) Bale) g aally BliiaY) g

® Most of 22 mg iron needed daily comes from this sources
and only 1 -1.5 mg from absorption of daily iron. With the
opening up of the carbon bridge between the pyrrol rings is
converted to carbon monoxide that excreted via the lungs.

(oo kil ida 1,5- 1 9 jdkaal) 038 (14 (Al ila 22 Lia gy p DU yaad) alina o
Wb sad iy Jmall Clla G (93 S0 e 8 L La gy sl Galiaial
L Bk e gAY e Oeesl) Al 0ol A
More erythrocyte are broken down the more carbon
monoxide is exhaled so the CO2 is a measure of erythrocyte
survived and Hb break down. The hem is convert to bilirubin .
A ¢ g S ST J gl yad ) Al LalS g pand) adll il S (e & Sl andaa oy
HB iy ciad ) o) jaall adl) S ubila b & g2 8D Sauas] A o
Ol ) Aadia Gy gat oy

This yellow pigment is carried to the liver bound to albumin
.In the liver glucuronic acid is attached to bilirubin by an
enzyme, glucuronyl transferase. This process is called
conjugation.
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The normal types of hemoglobin
O 88 saxgd) (a Anudal) £ 53Y)
1-hemoglobin A : in normal adult human hemoglobin A is
most common type.The two types of polypeptide are called

the alpha chains ,each of which contain 141 amino acids .Thus
the hemoglobin A is designed alpha 2 beta 2. ¢

Ol o2l 8 gad ASY) £ oil) 8 A Csla sangd) 1A Csla sasgd)-1
S sy e JS ¢ Wl Judla il wae (e Gl 9 a9 ¢ Cdlad)
2 Uy 2 Wl aaaa A Csla sasgd) Ol AUl g ¢ Liaal Laaa 141

* 2-Hemoglobin A2: increase it's percentage consider as
diagnostic aid in beta thalassemia and megaloblastic anemia.
In contrast HbA2 decreased in iron deficiency anemia and
sideroblastic anemia . e

Lraseadl) (8 deasils i) a0 LusaS Allaead B35 it A2 Ot pangd)-2 o
Jsrpdl) 8 8 HDA2 (addd) Jidaly | cilag Y1 addal) aal) ji8 g Uiy
Silag ¥ gaaad) aal) a8 g aaal)
¢ 3-Hemoglobin F : Is the main component during the fetal
development .It has many characters :
Oa dptad) Al g Cpiad) gad oL palal) (9Sal) 58 IF Gmisla gasgd)-3 o
pailadl)
e A-The 02 equilibrium of purified Hb F is nearly identical to
Hb A however fetal erythrocyte have higher 02 affinity than
adult erythrocyte .
#) paad) adl) by S GSI Hb A S L &S (s Aldl Hb F 4 02 )lsi
AR £ jand) adl) il S (e 02 3 Ao o Lgual Auial)




¢ B- Hb F has special property of remarkable resistance to
denaturation of extrams PH .

PH U 4y el A galal) dagliall Lald duald 44a! Hb-F

¢ The erythrocyte of newborn contain about 80% HbF , 20%
HbA and less than 0.5% HbA2 . Hb F falls steadily following
birth approaching anadir at about six months of age .

F e ddlall A 80 (Alsn Ao 5 sl s die o) paad) adll Cily S g giadi e
Hb F u2iil HbA2 (e 4l 2 0.5 e il HDA (e 4lall 3 20
o) e gl Adu Al ga B padl) (el yBY) Ao AV gl) ey 3 ke JSEy
e HbF is increased to a variable extent in several persistence
of fetal hemoglobin and sickle cell anemia . In addition
increase level of fetal Hb be seen in a variety of acquired
hematological disorder including megaloblastic anemia and
leukemia.

Ot gasgd) ) paied VA (o Byand) (B A5 gli0a s )3 HBF 212
i) O sl pangl) (g giana B35 ) ABLGYL | Aadal) pal) BBy diial)
adl) &R D L Lay ApiiSal) 4 gadl) cilyl Yl (e e sl de gana (B
) Gl g <l g Y aduall

Functions of hemoglobin :

e Each 100 ml of arterial oxygenated blood carried 19 ml
oxygen in combination with Hb and about 0.3 ml of oxygen in
plasma.

Hb o GaasSY) (1 Ja 19 (Sl pusisal) adll (0 Ja 100 JS Jaas o
LB A Cpaasi) (4 Ja 0.3 sy

¢ 1-Transport of oxygen :

:Cpsy) i1
e The pressure or tension of oxygen in the air of lung is
equivalent to 100 mm mercury.At this tension oxygen passes




from lung to the blood until the arterial blood becomes about
97% saturated with oxygen .

oA sl A B35 ae 100 AN £1ga (B CaasY) b o) i Jalay
asdia 797 (A ga Al pddl adl) sy g adll AN (e Gt
sl

When the arterial blood reaches the capillaries in the tissues
of the body . It encounters a much lower oxygen tension
which is about 40 mmhg .

S A gy amad) Al B 4 gadl) il il ALyl adll Juay Lanis
o3 ala 40 (g gay S BB (s

At this lower tissues oxygen tension oxygen will moves

rapidly from plasma to tissues across the capillary wall.this is

accompanied by rapid shift of in turn from Hb .

) LB e de pauy Cnas) & Ay ) 65 i) Aaud) o2 B
Hb oo 058 o e J5a5 Alld 381 45 45 padl) i)yl jlaa e AaaY)

Out of the erythrocyte to plasma then to the tissues .In the

capillaries the oxygen saturation of blood falls to about 70%
corresponding to an oxygen content of about 14ml/100ml.

Silia 7 70 (M A adll B s audl (aldl 4y gadl) & pedl)
.34 100/J4 14 (s GaaasY) (s giaa

2-Transport of carbon dioxide :

O 38Y s (AE JAS
¢ Blood takes up carbon dioxide which is relatively high
tension in tissues , most of this CO2passes into the
erythrocyte where it is converted to carbonic acid by the
enzyme carbon anhydrase.

vt L aal) Jakda S LS L Saay oM 000 SN dsaS] A Al (e
s paad) adl) < < ) 13 ¢ g Sl M) A aliea e dua )
2 Y SN 31l Aaad gy elii g SN Glaea ) Al gad ol Eua,




¢ The hydrogen ion released by this weak acid in the
erythrocyte is mopped by hemoglobin its self. Some CO2
also combines directly with hemoglobin to from

oRaall 138 8508 3 G sugl) Gl Al O gt sag) rnas @
dady Ll & ga S deas) AU G2y g paad) adll Sl S (A Chmadal)
O Ol sangd) aa b il

e Carbamino hemoglobin. This uptake CO2 and increase
hydrogen ion concentration Shifts the oxygen
dissociation curve to the right so that more 02 is given
up . In the lung that CO2 tension is lower so thatCO2 is
given up .

Gl 35S 82439 CO2 a pabuatia¥) 138 aaly jSI) (o ol gangl) @
P A Al Gy Cpadl () (s ISES | dade iy G g o)
s U (& ga Sl deas) (A Db s A1) (.02 e 23l
Qs SN sf AU e Al

¢ 3.Buffering the blood:
@.ﬁ\ ?EJ\A Jslaa

¢ The effect of PH in artering dissociation curve is
termed the bohr effect, Each Hb molecules has four hem
group , four iron atoms and four 02 molecules . The 02
molecules probably get into the Hb molecules one at a
time.

50 S L ghal) SSEL date B A gaad) Ay jo il o gl
&)y aigs e gana gl Ao Hb Sliia (s g 08 g i G
Oy iy Ja JANE 0 Jadaal) (pa 02 @l s g lg s )i
B JS (R Baal g gl gangd) i )




One or more O2have linked to the ferrous iron. The
remaning hem group developed an increase affinity for
02 . The affinity of Hb for the 02 molecules being 20
folds greater than the first. This effect is called hem-hem
interaction.
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Translated and arranged by Mustafa Tariq Abdul — Kadim
Hemoglobin O 51 gasgd)

Is important red pigment within the erythrocyte , an adult has
about 630gram of HB containing about 2.2gm of iron . 1% is
renewed each 24 hours .

don 4l Gl g e paadl adl) il S J1a B 2o 6 Aaga 5108 dipna g

J8 42 g 71 3l 5 2 2.2 MNsa o 55883 HB o o) 2 630
islu24

Structure of hemoglobin :

e|s a tetramers. It consist of 2pairs of unlinked poly peptide
chains . a hem group ferroprotoporphyrin is linked at a
specific site to each globin polypeptide chain .

101 sangd) JSa
4,4l 42 Polypeptide dud (e g1l 2 ¢ 5S5 Sy R o
Cmsta S (ma a8 50 2 Ferriprotoporphyrin aeal) ds gasa Jag 5
.Polypeptide “ulu

el-Heam:

: Laal) -1

Is made up of ringed structure called pyrrol rings .The building
materials used to synthesis hem within the developing
erythrocyte are the amino acid glycin and succinic acid.

) AT Aasdional) 3 gall, Syl Cllla o 08 JS (e (0 5S 4)
Aalail) (has g s Al palaal) A Al g paall adl) cily S 2




One molecule of glycin and one of succinate condense to give
delta aminolaevulinic acid (A.L.A). Two molecules of A.L.A are
called aminolaevulinic acid anhydrase.

B pllaey Cliwsull G Al Omladl Ga 33l 5 S S
lagale (3l ALLLA o Ol L(ALL.A) Lla el i gisa
aminolaevulinic acid anhydrase

e Four of pyrrol rings react to form a tetra pyrrol rings
.additional structures are present on the pyrrol rings to form
protoporphyrin which at this late stages links with iron .

JSLa gy el Jgum cilila JSEE (g ) cilila G clila o f Jo i
dalpall 03a (ALl oM (b ) 50979 0 S8 J gl il o AdLc)
sl 5 alial)

All enzymes carrying out these reactions are present in
mitochondria in normoblast which is the site of hem
synthesis.

(b L sS giall (B B3 ga o OIS L) 03¢y 2 680 (A ey 3Y) e
GlATl a8 ga 94 9 (NnOormoblast) wudlisa ) ¢

Heme
CH, CH,CH,COOH

Hemoglobin
CH,=CH A __ CH,CH,COOH

() CHs=CH CH,




2.Globin: Omsid) g 0
¢ Is major component of hemoglobin . Some of globin are
madedaily . The synthesis of globin like all protein .
Normal hemoglobin Contains four types of globin

molecules . these associated together first in pairs and
then in groups of four .

AT L Cslal) (dm gl o (g gl (i) GsSa 9

Glija G B Aa) gaad) st sangl) (s g Gaigual) IS e Caslad)

Any ) e e gana (B &l ) gl (B Vgl laa (ke (o)

Each tetramers has two @chains, each of which is a sequence
of (141) amino acids . In adult hemoglobin

aan (141) ¢ Adeadus (A g o JS Judhall (ra il Al ol 05,

Ol O sl sangd) (A (sl

e (Hb.A) 2 @ chains associated with 2 B chains (146) amino
acid . Two @ chains also associated with 2 sigma to give

fetal Hb ( Hb.F) and with 2 delta chains to give Hb A2 .
Thus the Hb . in normal erythrocyte is as follows:

ol p2ea B (146) Ol Aasi ja Judl(Hb.A) 2 @
Hb (Hb.F)iall slaeY Laasw 2 o Ll (il yo @ (bl
bl pdagl) i HB. 1358 Hb A2, il Ul (e ibadeny g
trb LaS A ) paall adl) iy S

e Hb A ( 2alpha 2 beta 96%---98%)..Hb F ( 2alpha 2segma 0—
1%)

e Hb A2 ( 2alpha 2 delta 1.5—3%).




Production and degradation of blood cells
adll LA jpaig L)

e The various cells of blood are made in the bone marrow
in aProcess called eamopoiesis or heamatopoiesis. It
include erythropoiesis ,the production of red blood cells
myelopoiesis, the production of White blood cells .

9 eamopoiesis (s idee allinl) glad gé PENEOA] adll LB ada ay
ik L Jadi heamatopoiesis
c&ﬁﬂ\ Ossa Q\JAAJ\ ed.“ Qﬁ C\:ﬂ\ s)&ﬂ\ Ql,uﬂ\ Gsss
slayd Lad) ?.ﬁ\ Ll"% GU\S\
During childhood, almost every human bone produces
red blood cells as adult red blood cell productions limited to

the large bones, the bodies of vertebrate, sternum ,pelvic
bones and bone of upper arms and legs.

A%c;\ﬁad%@ﬂ%ﬂ&&@ﬁchﬁhﬂ&wd%
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¢ |In addition ,during the childhood ,the thymus gland found in
mediastinum is an important sources of lymphocyte.

o A yimall Baid) Ciaa g (Al gilal) Alda pa DA (lld ) ABLEYL o
A giall) LMAN g jas g8 o giicaiall
Break down of hemoglobin:
O ol sangd) pmsS:

¢ Old erythrocyte are largely taken by the reticuloendthelial
system of cells which are broken up and the Hb.is degraded
into:




Al LDAY) LAY @udl) alas 38 cpe pasS aa ) Aagall) AL Y1 34 Al e
D @ HB. L8y Lanudl oty

e 1.hem

pd -1
e 2.¢globin
(Ofisn ) Omste -2
¢ The globin is broken down and amino acids reutilized. The
hem ring is opened up and the iron is retained and reutilized
for new Hb Synthesis .
Ldial) Aala b oty AdiaY) Gabaal) aladiod day g cpslad) Jlatie
Judall Hb G 5 A Aaladicg) Bale) g aally BliiaY) g

® Most of 22 mg iron needed daily comes from this sources
and only 1 -1.5 mg from absorption of daily iron. With the
opening up of the carbon bridge between the pyrrol rings is
converted to carbon monoxide that excreted via the lungs.

(oo kil ida 1,5- 1 9 jdkaal) 038 (14 (Al ila 22 Lia gy p DU yaad) alina o
Wb sad iy Jmall Clla G (93 S0 e 8 L La gy sl Galiaial
L Bk e gAY e Oeesl) Al 0ol A
More erythrocyte are broken down the more carbon
monoxide is exhaled so the CO2 is a measure of erythrocyte
survived and Hb break down. The hem is convert to bilirubin .
A ¢ g S ST J gl yad ) Al LalS g pand) adll il S (e & Sl andaa oy
HB iy ciad ) o) jaall adl) S ubila b & g2 8D Sauas] A o
Ol ) Aadia Gy gat oy

This yellow pigment is carried to the liver bound to albumin
.In the liver glucuronic acid is attached to bilirubin by an
enzyme, glucuronyl transferase. This process is called
conjugation.
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The normal types of hemoglobin
O 88 saxgd) (a Anudal) £ 53Y)
1-hemoglobin A : in normal adult human hemoglobin A is
most common type.The two types of polypeptide are called

the alpha chains ,each of which contain 141 amino acids .Thus
the hemoglobin A is designed alpha 2 beta 2. ¢

Ol o2l 8 gad ASY) £ oil) 8 A Csla sangd) 1A Csla sasgd)-1
S sy e JS ¢ Wl Judla il wae (e Gl 9 a9 ¢ Cdlad)
2 Uy 2 Wl aaaa A Csla sasgd) Ol AUl g ¢ Liaal Laaa 141

* 2-Hemoglobin A2: increase it's percentage consider as
diagnostic aid in beta thalassemia and megaloblastic anemia.
In contrast HbA2 decreased in iron deficiency anemia and
sideroblastic anemia . e

Lraseadl) (8 deasils i) a0 LusaS Allaead B35 it A2 Ot pangd)-2 o
Jsrpdl) 8 8 HDA2 (addd) Jidaly | cilag Y1 addal) aal) ji8 g Uiy
Silag ¥ gaaad) aal) a8 g aaal)
¢ 3-Hemoglobin F : Is the main component during the fetal
development .It has many characters :
Oa dptad) Al g Cpiad) gad oL palal) (9Sal) 58 IF Gmisla gasgd)-3 o
pailadl)
e A-The 02 equilibrium of purified Hb F is nearly identical to
Hb A however fetal erythrocyte have higher 02 affinity than
adult erythrocyte .
#) paad) adl) by S GSI Hb A S L &S (s Aldl Hb F 4 02 )lsi
AR £ jand) adl) il S (e 02 3 Ao o Lgual Auial)




¢ B- Hb F has special property of remarkable resistance to
denaturation of extrams PH .

PH U 4y el A galal) dagliall Lald duald 44a! Hb-F

¢ The erythrocyte of newborn contain about 80% HbF , 20%
HbA and less than 0.5% HbA2 . Hb F falls steadily following
birth approaching anadir at about six months of age .

F e ddlall A 80 (Alsn Ao 5 sl s die o) paad) adll Cily S g giadi e
Hb F u2iil HbA2 (e 4l 2 0.5 e il HDA (e 4lall 3 20
o) e gl Adu Al ga B padl) (el yBY) Ao AV gl) ey 3 ke JSEy
e HbF is increased to a variable extent in several persistence
of fetal hemoglobin and sickle cell anemia . In addition
increase level of fetal Hb be seen in a variety of acquired
hematological disorder including megaloblastic anemia and
leukemia.

Ot gasgd) ) paied VA (o Byand) (B A5 gli0a s )3 HBF 212
i) O sl pangl) (g giana B35 ) ABLGYL | Aadal) pal) BBy diial)
adl) &R D L Lay ApiiSal) 4 gadl) cilyl Yl (e e sl de gana (B
) Gl g <l g Y aduall

Functions of hemoglobin :

e Each 100 ml of arterial oxygenated blood carried 19 ml
oxygen in combination with Hb and about 0.3 ml of oxygen in
plasma.

Hb o GaasSY) (1 Ja 19 (Sl pusisal) adll (0 Ja 100 JS Jaas o
LB A Cpaasi) (4 Ja 0.3 sy

¢ 1-Transport of oxygen :

:Cpsy) i1
e The pressure or tension of oxygen in the air of lung is
equivalent to 100 mm mercury.At this tension oxygen passes




from lung to the blood until the arterial blood becomes about
97% saturated with oxygen .

oA sl A B35 ae 100 AN £1ga (B CaasY) b o) i Jalay
asdia 797 (A ga Al pddl adl) sy g adll AN (e Gt
sl

When the arterial blood reaches the capillaries in the tissues
of the body . It encounters a much lower oxygen tension
which is about 40 mmhg .

S A gy amad) Al B 4 gadl) il il ALyl adll Juay Lanis
o3 ala 40 (g gay S BB (s

At this lower tissues oxygen tension oxygen will moves

rapidly from plasma to tissues across the capillary wall.this is

accompanied by rapid shift of in turn from Hb .

) LB e de pauy Cnas) & Ay ) 65 i) Aaud) o2 B
Hb oo 058 o e J5a5 Alld 381 45 45 padl) i)yl jlaa e AaaY)

Out of the erythrocyte to plasma then to the tissues .In the

capillaries the oxygen saturation of blood falls to about 70%
corresponding to an oxygen content of about 14ml/100ml.

Silia 7 70 (M A adll B s audl (aldl 4y gadl) & pedl)
.34 100/J4 14 (s GaaasY) (s giaa

2-Transport of carbon dioxide :

O 38Y s (AE JAS
¢ Blood takes up carbon dioxide which is relatively high
tension in tissues , most of this CO2passes into the
erythrocyte where it is converted to carbonic acid by the
enzyme carbon anhydrase.

vt L aal) Jakda S LS L Saay oM 000 SN dsaS] A Al (e
s paad) adl) < < ) 13 ¢ g Sl M) A aliea e dua )
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¢ The hydrogen ion released by this weak acid in the
erythrocyte is mopped by hemoglobin its self. Some CO2
also combines directly with hemoglobin to from

oRaall 138 8508 3 G sugl) Gl Al O gt sag) rnas @
dady Ll & ga S deas) AU G2y g paad) adll Sl S (A Chmadal)
O Ol sangd) aa b il

e Carbamino hemoglobin. This uptake CO2 and increase
hydrogen ion concentration Shifts the oxygen
dissociation curve to the right so that more 02 is given
up . In the lung that CO2 tension is lower so thatCO2 is
given up .

Gl 35S 82439 CO2 a pabuatia¥) 138 aaly jSI) (o ol gangl) @
P A Al Gy Cpadl () (s ISES | dade iy G g o)
s U (& ga Sl deas) (A Db s A1) (.02 e 23l
Qs SN sf AU e Al

¢ 3.Buffering the blood:
@.ﬁ\ ?EJ\A Jslaa

¢ The effect of PH in artering dissociation curve is
termed the bohr effect, Each Hb molecules has four hem
group , four iron atoms and four 02 molecules . The 02
molecules probably get into the Hb molecules one at a
time.

50 S L ghal) SSEL date B A gaad) Ay jo il o gl
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One or more O2have linked to the ferrous iron. The
remaning hem group developed an increase affinity for
02 . The affinity of Hb for the 02 molecules being 20
folds greater than the first. This effect is called hem-hem
interaction.

cilidl) Ao gana <ok guaal) paally 02 (e ST gl aa g dasi
251 (2 02 iy jal Hb @ M5 CoaeasY) Gildad) A 33y 480l
b= it Joli A 138 panns A5V e 4k 20
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Study the types of normal Hb.Types B palaal) ¢ gic
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Hb abnormalities [Hemoglobinopathiesl:
O saxd) b o
Agroup of conditions in which there are gentically determined
abnormalities in the synthesis of polypeptide chains of globin
these are divided into two main groups:
dﬂﬂégﬁb\,hm&&ﬂ@qﬂéﬁ\b\gﬂ\‘}43.93.4.;4?.«.«3.'\3
sy G0 gana ) 038 Cpgla B Al Judla
1- Synthesis of an abnormal globin chain. Ex. HbE.
HDE Jie sl Aada 58 (sl Adaalis i 5 -1
2- Reduced synthesis of normal globin chains. -

I+ 55 o i 5 152

Synthesis of an abnormal globin chain are:- Hemoglobins
which have some alteration in the primary structure [amino
acid composition ] of the polypeptide chains.
any Ll ) il g gasgl) - b Al 8 Ol Al (383
Sl (o [rinad) aand) ¢ oS0] omalbual) JSagd) (B il
.Polypeptide

These include an amino acid substitusion in either the X or B
Globin chain, A variety of different syndroms may occur
depending on the type and site of substitusion .
éaad B (B Globin o X Adada & Al (aeal) Jlabal sda Jadiy
Sty pdgag £ 58 Ao falaie) ABlA) daPlial) (1 de giia Ao gara




Hb S:(X2 B2) It is ahemoglobin varients which differ from the
normal HbA by the substitution of valine for glutaimic acid in
position 6 in the B chain.

B Adudu b 6 i ga B claliglal)l asal cplld Jiaiu)
It is an insoluble and forms crystals when exposed to Low
oxygen tension, It is Slower in migration electrophoresis than
HbA and it has lower affinity to 02 than it.
coaliial) Cpansy) bl lguda i sis zilaiy oligdll AL L8 o el Lgd)
Ada O2 ) Bl s Lzl g HBA (e Jan ) cbsa g S 3 U 4
The red cells have sickle shape (sickl cells)and may block

different areas of the microcirculation causing infaracts of
various organs. This Hb abnormality lead to. Sickle cell

anaemia [[[IEIEEEENs ckle cell trait (hetrozygous).
Ghlia jBay o680 48 g (dalada LDA) Jada JS& o ¢ jaadl LYAY) (g gias
353 1da  ASliaal) placd Uy quad Al ABSAN) CALES) (pe Adlid
daiad) s o (I 150 o) 50 ) 25 HB
.(Hetrozygous)

Hb C: It is ahemoglobin varient in which there is a
subsitituation of the amino acid lysine for glutamic acid at the
position 6 in B chain,
aaal al) paeal) Cpd Jladad 48 22 g oA G sl gangd) e 4d)
B dludu (2 6 i ga (b cliali glal
it is less soluble than HbA, In homoziygous individuals the

RBCs are more rigid than normal and have shortened life span
(30-55 days) with moderate-chronic hemolylic anaemia, In

hetrozygous the condition is asymptomatic.




RBCs 0s<5 chomoziygous 4183 8 (HBA ¢ il i J8i 43
88 (e (Lags 55-30) & 4l adl) sl juualiy Cudd g dlinall (e ABa S|
A e L gp Al A (Jainal) (o S0 al)

Hb D: it is arare condition there are many types of HbD in
each of which there is asubsitution of certain A.A with other.
Hetrozygous individuals for Hb D are assymptomatic while
homozygous individuals are very very rere.

A.A (s 5 gis) SUA Lgia JS A HDD £ 58 (e uaal) dUa arare bd &
S o s (A U2l Y Hb D J Jilaiall 3180 | 5 A aa Al
rere (A < a3 adilaia

Hb E :This results from subtitution of B26 glutamic acid for
lysine. It has the same solubility as Hb a hetozygous
asymptomatic, while homozygous have mild anaemia.

Olodl) AliB udi Al Caenllly B26 dlaaliglall (s Jlatiud oo 130 il
pd BB e cgag 3l Jilala (Al Lady ¢ 0l 8] gt gl e Hb Jia

-

Hb M: In these variants there is asubstitution in part of
aglobin chain which affect the bouding of iron to haem so the
iron is stabilised in the ferric form, the clinical results of this is
cyanosis from early childhood.
S s gy el Aada e s 3a (B Gk da g ¢ & ptal) oda B
4 o pead) i) g ¢ oada S B daad) cunlii afy A ¢ aal) B daad) dag
B Saal) Al gl (e (38,501 58 V3¢

Thalassemia: It is agroup of disorders which are
characterised by various gentically determind defects of
globin chain synthesis.
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The chain synthesis is unbalanced. There being partial or total
reduction of the rate of synthesis of one or more of the globin
chain.
GalAS Jana B S o) Aa oalia) dUa ¢ gte e Aludad) eSS
Omotad) Aled (pa ST i aal g
Hb H:itis a B chain tetramer, it is unstable and become
precipitated within the RBC as they aged with- formation of

inclusion bodies, with premature destruction of RBC. Hb
Barts: foetal HbH it is atetramer of X chains.

a sl paad) adl) Gl S JAI iy e € sa g ¢ B Alududl ol A
SSea el g ¢ Adadaia alual ¢ eSi e gand) B agadil pa jand B agesi
X Judla (e atetramer $2 Asadl Hb Barts: HbH sl eadl adll & <l

Tests for abnormal Hb:

dppbll ;£ Hb i hid)
1 -Hemoglobin S :
1S £ Omsl e
a-Sickling test.
Al JLss)
b-Solubility test .
Olgdl) s
c-Hb electrrophoresis .

Hb Jd b <) Jaa )

Sickling test: Is atest to detect the prescence of HbS, and
depends on the decreased solubility of the abnormal Hb at
low oxygen tension




025 HB Cre Ol aldas)  JAe dalzsg (HBS 2929 & —aksit jLai)
ORAATAY CpasYY) 565 (o8 aaatal)

with addition of reducing agent to the blood In homozygous
HbS marked sickling is usually visible after incubation for 1 h or
less at 37C.In heterozygous Hb S. the process is slower and the
change is less sever.
Bale Jadiadl) 33 sale HbS o3l Jilaia 8 aall ) J385a Jele A3La) aa
Sigaa3l) alaia Hb S (2 .C37 2 J8) ol 1h J Abma s laia) 9 5% La
lads) S8 il ¢ 9% o Unal datand) o o8
Solubility test:-Mixing the whole blood with sodium
dithionate, phosphate buffer and , Saponine.ifthe solution is
soluble,the sickle negative, if the solution is insouble the
sickle is positive.
ol gaband) 9 il 9dY) JOLe 9 @ 923 geal) aal 908 (U ma AlalsSy aal) Jali: o
G195 e Liaa Jolaall oS 1)l Jadal) 9 Cila oAU (Jul8 (§ glaally 3 g gal)
S e Jadad)

HDbF: Alkaline denaturation test.Hbf resist denaturation at
alkaline PH.
A, o1aY) Aia gaad) Ao a (B Aleid) a oty Hbf (s o181 Fowwdd luaa
Preparation of lysate:
Sallaal) acass
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VY a8 )8 pualsa
ANEMIA ;- Jié
DEFINITION & CLASSIFICATION wisiail) 5 ciy )
$PYSIOLOGICAL DEFINITION (2 5! gacdl] iy o)
Decrease in oxygen carrying capacity of blood.
LSy Jaa o aal) § a8 & yalidl)
< ANALYTICAL (PATHOLOGICAL) DEFINITION
() (rtas iy o3
*Reduction in total circulating red cell mass
B ydiiall £ paad) LAY 4TS e 8 (alidl) o
*Reduction in Haemoglobin concentration and/or Haematocrit
S S gilasgdl 5 / 5 Omsla sangd) S 5 (2 aldal) e
RED BLOOD CELLS )5l adll LA

*These are blood cells produced in the bone marrow from a
pleuripotent haemopoietic stem cell by processes of division,
A p%al) Ao Jad) LYAY) (g alliad) SLAS A Lgalil) aly ) adl) LDA A o3
¢ @Luﬁﬁm «L»l,das é.'l)h s Q\Jﬂ\ dadntia ?Aﬂ

Differentiation and maturation and released in the circulation to
function mainly to transport oxygen from lungs to other tissues
of the body.

Oy JAH il S8 Jani! Ay gadl) 5 ) gal) (A Lg80a) g gricaill g Sulail
LS AY) pead) Al ) G G




MEASUREMENT OF RED BLOOD CELL MASS AND
INDICES

) pigall g &) yandl adll LA ALS (il
*Haemoglobin (Hb) (pdll iliad) (i gla gasgll o
*Haematocrit(Hct)
(HCT) <u S silagdl 0
* [Packed Cell Volume (PCV)]
[(PCV) saall LAY paa] o
* Total Red Blood Cell Count (TRBC)
(TRBC) sl alll LA 230 Hlaa) o
*Mean Cell Volume (MCV)
(MCYV) &) paa Jau gia o
*Mean Cell Haemoglobin (MCH)
(MCH) b gial) 4083 (y3a 518 gash o
*Mean Cell Haemoglobin Concentration (MCHC)
(MCHC) ¢ sia) st sasgd) 58 55 agia o
* Red Cell Distribution Width (RDW)
(RDW) &) ead) LAY a3 68 a8 o
CLASSIFICATION i
*MORPHOLOGICAL CLASSIFICATION (s sal) Cisiatl)

- Based on appearance of RBC under the microscope OR red
blood cell indices

£ yaall adll LB i pdiga ol jgaall cual o) paad) adll cily S jglia o Bl
*PATHOLOGICAL CLASSIFICATION (a4l cisiail) o

— Based on abnormality of anatomical, biochemical or
physiological abnormality.




A ol gaeadl) gl AilaasS gl g dgany pil) il giil) B QA o gy -
* ETIOLOGICAL CLASSIFICATION (81 53dY) Cislail) o
—Based on specific causative process/agent
Saa cna Jale [ dgles e sl -
1-MORPHOLOGICAL CLASSIFICATION
B rall cislaill- |
A-HYPOCHROMIC MICROCYTIC ANAEMIA
A-HYPOCHROMIC s juall aal) jid o

*Iron deficiency anaemiasal) (el oy adl) j3d e

* Thalassaemia minor _sall LuasuBl) o

«Sideroblastic anaemia (23l aa) Jié e

«Anaemia of chronic disordersaia jall <l jaly) oo aalil) sl 88 o
B-MACROCYTIC ANAEMIA

B MACROCYTIC a4 jié
*Megaloblastic anaemia ba g ¥ aduall aal) 88 o

» Aplastic anaemia >iBU) adl) 88

« Myxoedema 4shliall 4adgll o

* Chronic Obstructive Pulmonary Disease (» s ¢ s, 3l o

* Liver Disease 4S1) al sl o

« Myelodysplastic syndromes. . $&) geiil) JI4 da JSlia o
2-PATHOLOGICAL CLASSIFICATION (!l cisiall) -2
A-Blood loss a4 )i

* Acute Sad)

* Chronic (s ¢

B-Decreased production 7Y (aldid) -«




1) Disturbance of proliferation and differentiation Of stem cells
Of erythroblasts

£ paad) adll &l S cra dpe dadl LDAY) Sulaly SIS ol plaial (1
2)Defective Hb synthesis G sle sasgd) (3135 8 JI4 (2
C-Increased destruction el 5.0 -z
1)Intra corpuscular (Intrinsic) defects (Aa13) awal) Jals e (1
2)Extra corpuscular (Extrinsic) defects
B 31 (dua ) dpasal) gl (2
3-ETIOLOGICAL CLASSIFICATION (Aliidy) cisatl -3
A-Hereditary 5,5 -
Blood loss — Hereditary Intestinal telengiectasia
sl (g srall il ) a8 — adl) )i
Decreased production — Pure Red Cell aplasia
A8 o) jaal) LDAY) gl ae — LYY Lalidl)
Increased destruction — Membrane, Enzyme and Hb defects
O s sangll g a3 g sLddd) e — el Baly
B-Congenital A5 -

Defective production — Congenital dyserythropoietic aemia,
Congenital sideroblastic anaemia Increased destruction —Cardiac
defects, vascular defects

adll 88 ¢ BIAY jaad) cil SN eSS JIA G ) aal) 88 mlY) B Q1A
dygadl) de oY) g ¢ il g — paadill Baly) ¢ gaaad) cilag ) AL

C-ACQUIRED ANAEMIAS siSal) adl) et d
1- Blood loss a4 ¢)48é -1

> )Acute S (>

> )Chronic (a3 (>




Ulcerative lesions of GI'T' Female reproductive system Parasites
— Ankylostoma duodenale, Schistosoma haematobium

(BN (B> a5 9l — (o gmal) (o 85IV LLaulinl Slgal) Chlaladlal Ao AU AT
o oSlangt) Lacu slgtal) ¢ e

2- Increased destruction of RBC::8) raal) aal) il 3S saedld 3ol 5 -2
1 )YMembrane defect (PNH)
(PINI) sLdal) s (1
2)Mechanical trauma (Microangiopathies)
(A3 de oYY IS )) Ags s el daaal) (2

3)Antibody mediated (Immune hacmolytic anacmia)

Go=al) DS adll ,ad) Adalew 9u Aldaall avual) (3
4)Parasites (malaria, Aroya fever)(l2so) (o= ¢ L Slall) Claladial) (4
3-Decreased production z\35Y) 453_3
= A-Deficiency anaemias a2 83 (,=ds | -
= Iron deficiency =33ad) (=83 =
= Vitamin B 12 and Folate deficiency

Sl AT imam 9 12 o Omalind Hmds -

= B-Bone marrow discase/infiltration aUS=ll £155 (15 sa Jlas =
4-Miscellaneous <=\8 &5 4
S-Pyridoxine responsive anaemia GwS 9 saall caaatiiual) anl) 58 S5
6-Sidero blastic anaemia 2322l aall 33 _6

VY 2 pdalaal) g

Anemia definition , classification and types B palaal) G gic
LS el ba el o)

e sl
Aplall ) sl and / AGEN Al el U : dBagtiueall A4l
Anemia definition , classification and types sz« agd s 48 2a 18 udlaall (g4 plaldl cisgl)
pdl i (il ie - salal) cila i ) A sladd) Cilaay)

glad b Lealiil i LAY 028 Ja -
alaal)
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Causes ,clinical signs and laboratory findings of
anemia
sl 881 Alanal) guaiiidl) § 4y pead) ciladlad § sy
Causes of anemia may be classified as :
1Al sadll o anll 88 Gl Cidlial (Say
1-Impaired red blood cell (RBC) production,
£ aad) anl) LA L) dina- ]
2-increased RBC destruction (hemolytic anemias),
SN adl J88) o) paad) adll Gy S pradi 33l 5 -2
3- blood loss. .l o6 -3

4- fluid overload (hypervolemia). .(al) aaa Ja8) (il gedd) 325 -4

Several of these may interplay to cause anemia eventually.
Jcilaal) Al B anl) 88 8 Gudill £Y 58 (e Byand) Joliy 48
Indeed, the most common cause of anemia is blood loss.
Al O1AEE ga adl) JAEN LS gudi YISV Casdd) ¢ aBI gl B
1-Impaired production 7\ visa-]
A-Disturbance of proliferation and differentiation of stem cells:
sdse dal) LAY il S Gl jlaa)

>>Pure red cell aplasia [ Aplastic anemia | affects all kinds of

blood cells.

LA £ail aman o i) aealiBU) adl) J88] 4850 ) yaad) LBIAY) aduli [
Al




> Anemia of renal failure[ by insufficient erythropoietin
production

G 2.9 05} 7 ) AGRS e a6 91 SN (o i) pal) B8
> Anemia of endocrine disorders
slaal) 23} Cily) jhasdal (e gilil) adl) 88 [
B-Disturbance of proliferation and maturation of erythroblasts
g) paad) adll LA 7 el g LSS ) jlaial o
>Pernicious anemia|[ is a form of megaloblastic anemia due to
vitamin By, deficiency dependent on impaired absorption of
vitamin By,.
oAl G Cla g ) adual) aal) 88 JISE) (e JSE ga] Cudld) aal) 88 [
12 @ (palih aluaia) Cina o dalagg ]2 @ (palih

Lack of dietary By, causes non-pernicious megaloblastic anemia
Cudl) b Clag Y aduall aall 88 ) A3 12 @ Calid el g2y

|Anemia of folic acid deficiency.] as with vitamin By,, causes
megaloblastic anemia

12 @ Opalid g Jlad) g2 Las [ gil) (aen (el (8 aalil) aal) 88 [
Cilag ¥ adudal) adl) 88 Cusey
"JAnemia of prematurity, by diminished erythropoietin
response to declining hematocrit levels, combined with blood
loss from laboratory testing, generally occurs in premature
infants at two to six weeks of age.
Gl gena GAUAN (o ga g ) Alatied) aBlS Al ¢ aladd) aal) 8
ale ISy Giaay ¢ Llaval) Cl JLEAY) (e adl) 488 ) aé.u;\gg ¢ Sy S gilagd)
Lol D ) e gal pee A zadd) ie
>Iron deficiency anemia, resulting in deficient heme synthesis.
Thalassemias, causing deficient globin synthesis

-

Lpaudlil) | asgd) (5185 (el ) o375 Laa ¢ aaad) el (e anlil) alf 88
O slad) (345 (el (8 il Laa




> Anemia of renal failure (also causing stem cell dysfunction)
(s 2l LAY 8 A Lyl cus) (6 910 JEAN ce il aal) 8
2-Increased destruction el 334 5-2

Anemias of increased red blood cell destruction are generally
classified as hemolytic anemias. These are generally featuring

jaundice

pdl) b Ad) o Lagas ) yaad) adl) LBA jradi 33 (e bl aal) 88 (il
Ol gl LaBale 5 Ay

I- Intrinsic (intracorpuscular) abnormalities cause premature

destruction.

S i G (1 paad) adll 4 S A1) ANl s gl -1

All of these, except paroxysmal nocturnal hemoglobinuria, are
hereditary genetic disorders.

(o ¢ Al Ll Ay 58 gangd) Ay e UL ¢ i) laa¥) oda S
A9 A ) g iyl el
A- Hereditary spherocytosisis a hereditary defect that results in
defects in the RBC cell membrane, causing the erythrocytes to
be sequestered and destroyed by the spleen.
Ll plie B G dde il )9 B A1)l sead) cily SU) aliadl) -

Aaci) 51 W yaadig p) paall aal) by £ 3o A o35 Laa £ paall aal) < <
Jlakal)

B- Hereditary elliptocytosisis another defect in membrane
skeleton proteins.

abindl JGgl) i B AT cue b (A1)l Ay gldanal) LAY alu)
i)

C- Enzyme deficiencies a ¥ ol -z

> Pyruvate kinase and hexokinase deficiencies, causing defect

glycolysis
SSead) Qa8 JIS L) (g0 Laa ¢ LS guaS g LS il g p i [




>(Glucose-6-phosphate dehydrogenase deficiency and
glutathione synthetase deficiency causing increased oxidative
stress

$ 4 Laa Sl (sl slal) galily Salin g g Cldush 6 S8 sl el
@Sl Agal) 32l A

>Sickle cell anemia. .Aaiall adl ji
Hemoglobinopathies causing unstable hemoglobins.
Aal) & (ol pangd) G 91 gangd) SIS uadd
I1- Extrinsic (extracorpuscular) abnormalities:
s( el adll 4y S 7 ) A JAY) il g -]
A- Antibody-mediated: :3biaal) puuat) ddalugs |

>Warm autoimmune hemolytic anemia is caused by
autoimmune attack against red blood cells, primarily by IgG.

L A3 Ao Uiall a s Guaean (AN A e liall DadY) al) 88 Ciaay
JgG Gk (8 bl JSdu ¢ o) jaall pall LBA
It is the most common of the autoimmune hemolytic diseases

& gadh Sy 450 A Lial) lal jal ST ga g

>(Cold agglutinin hemolytic anemia is primarily mediated by
IgM. It can be idiopathic or result from an underlying condition.

JgM Uaad gy psbiad JSy ddan g5 aly 3 ) G galall IMaSY) al) 88
Al Aa oo B30 g ) Jsgae 58 O S
IRh disease, one of the causes of hemolytic disease of the
newborn
BVl s wie (A (e Gl 2a] g4 g Gugan ) Jale Gl e T
Transfusion reaction to blood transfusions
eﬂ\dﬁﬂweﬂ‘d&l&é{)

Microangiopathic hemolytic anemias, including thrombotic




G B I B Lay ¢ ) (5 pgaa (ADaTY) al) b

Thrombocytopenic purpura and disseminated intravascular
(:oagulation| ]

4] 4o g Jala pilall Al g cilagiual) (i 4 8 )8
B- Infections, including malaria LSkl cl1d 3 Lay clilgily) -
C- Heart surgery <& 4a) -z
D- Haemodialysis (AS)) Jows -2
3-Blood loss a2 ())4i8-3

A- Anemia of prematurity from frequent blood sampling for
laboratory testing, combined with insufficient RBC production

pie g Aarall Gandll ) e J8 adl) clie 34 Ga a1AR) alf 8 |
81 yaall adl) &l S i) A LS
B- Trauma or surgery, causing acute blood loss
aéﬂidh%\g}'«,@uﬁgﬂ\h\ﬁ\ 9 paga ) -
C- Gastrointestinal tract lesions causing either acute bleeds (e.g.
variceal lesions, peptic ulcers or chronic blood loss (e.g.
angiodysplasia)
Ao 8l gl (N sal) ] Jia) ala iy 3 e a3 adagd) Slgad) cld
(e o) el JIA Jia) Gpajall adl) ()i gf draiagl)
D- Gynecologic disturbances, also generally causing chronic

blood loss From menstruation, mostly among young women or
older women who have fibroids

O Gl adl) ()08 ale JSi Uaf caneat (A1) 9 ¢ dpibeadll i) lanay) -2
i ) gb cilibaal) U s pludl) g colllad) cpm GS 5 ¢ & gl 5 9a)

E- Infection by intestinal nematodes feeding on blood, such as
hookworms .

Agdladl) olaal) Jia adll o o355 AN 4y gal) Apdaidd) Clually Ala)

4-Fluid overload?s 3 Ji) ssdl-4




Fluid overload (hypervolemia) causes decreased hemoglobin
concentration and apparent anemia:

O ol pangd) a8 5 Qalad) 2 (adl) aaa T jB) i geadl i) 3 Jaad) quseay
: AU aal) 88 g
General causes of hypervolemia include excessive sodium or

fluid intake, sodium or water retention and fluid shift into the
intravascular space.

obia) g ¢ Jil guad) of 2 933 gaadl J gl By 5 adl) ana Ja jA Aalad) laady) Jads
Ao gadll 4o o) JANa pladl) ) Jil gead) Jgadis lall i a gad guall

Anemia of pregnancy is induced by blood volume expansion
experienced in pregnancy.

Jaall sl aal) ana 3345 Gaub 08 Jaal) e aalil) aal) i Giaay

< Symptoms of anaemia s & (&l &)

Symptoms of anaemia will vary depending on the type and
cause, but include:

sl LSl g ¢ quaead) g £ 51 CADEAL al) 88 ) o f CAliAS

« Fatigue and loss of energy. 48Uall ()i g cal) o

* Unusually rapid heartbeat, particularly with exercise
Al ) A jlan pa duald ¢ i) Sl i A e e i e
*Shortness of breath and headache, particularly with exercise
Ll )l A jlae pa Aald plaay udill) A (G o
« Difficulty concentrating S 3 4 4350z o
* Dizziness )52
» Pale skin «ald ala e

s Leg cramps (bl Claidi e

« Insomnia .glossitis. Ol gl g &Y o




Anaemia caused by chronic red blood cell destruction
(haemolysis):

() JMadl) (e dall £) jaadl adll LYA padi e aalil) aal) 8
v Jaundice (yellow skin and eyes) (cxieadl g Aladl ) il 18 )
v Brown or red urine el sl A J g
v Leg ulcers (bl <l i [
v Failure to thrive in infancy 4 sikll & gaill J28 7
|Symptoms of gallstones 3 sl & gy 4al) (2l e

% Hematological Assessment ) (a) yaf auii T
1. To detect presence of anemia and type
4s gigaall i aga g (o hdsll ]
2. To detect associated nutritional deficiencies
alaal) o g2l (alll) oo B 2
3. Indicate appropriate nutritional support
rualial) AN} aeal) a5 3
O Diagnostic Criteria gasddl) julaa [
Men Ja
>RBC < 4.5 million. Ogse 4.5> ) yaad) adl) &y S [0
>Hb < 14 g/ dl >Hb <14 silswa / 2>
Packed cell < 42% 742> sbaa 413 [
Women sl
TIRBC < 4 million ¢sd 4 (s JB ¢ jaal) adl) &) S [
>Hb < 12 g/dl >Hb <12 silsws / s>
[Packed cell < 37% 737> slaa 404
% Laboratory Tests 4l Cila gadl)




1- CBC (complete blood count)
(Sa\sl) adl) 323) CBC -1
= # of red blood cells aad) adl) LA 23c =
= Hemoglobin content ¢ sk gasgd) (s giaa =
*Hematocrit < S silaxgd) =
= Blood smear- classify size (mcv)
(mev) aaadl cisial -adl) daa =
= Leukocyte and platelet countis sadl) geitieall g ) il <1 33 =
» Reticulocyte count 4:Sadl) LYAY sus
2- Blood Smeara) 4w -2
Under a microscope can classify cells
LAY it (g gl a3
Small (microcytic)(L¥ad) (8:83) sua
Normal (normocytic) (W& k) b
Large (macrocytic) (L&) jus) yus
Size related to Mean Corpuscular Volume
(ohanl) anall Jau giay B yal) anal)
*MCV=Hct x 10 / RBC (millions/ mm3)
* MCV is decreased in Microcytic Anemia
LAY s aal) J88 8 MCV paidd o
*MCV is increased in Macrocytic Anemia
LA S aal) 38 2 MCV 22 @
3- Leukocyte and platelet count
4 gadl) iliall g ) iy S 23 -3

* Leukocyte sbaudl adll LYA o




Low count: indicates marrow failure
SLASN Sudd ) adiy 1 8ATal) daal)
High count: indicates anemia caused by leukemia or infection
9l g) Liaas oll) i aalil) aal) 88 1) ad ta85 e dac
* Reticulocyte — large, nucleated, immature red blood cells
Aamlil) e 9 A o3V il 5 B Sl e saad) anl) LA A AN LAY o

High count: indicates a response to bleeding
iy 3R Alanilay) ) adiy 1 adS je das
4-Other Laboratory Tests s 3% 4, pial) Cilua gadll g4

The patient is placed in a category based upon the diagnosis
from the CBC further testing is needed to confirm diagnosis.

Cra 2 3al Aala dUia s CBC e wasdadal ) e ﬁ\-'\ga_ié‘__',é‘mg' ol ausa g 2ty
LAt ATy LA
A- Microcytic Anemia LAY aa aal) 88 )
Serum iron, total iron binding capacity, serum ferritin are
measured

Seaal) Gy b ¢ gaad) day ;) e ALK B HaEN ¢ Juaal) Aaal) Guld Aty
B- Macrocytic Anemia LAY .S aal) 88 o
Tests for folic acid and vitamin B;,; are taken

12 <2 Oalind g Gyl odl) daas i JLEAY £ ) aly

VY 15 yualaal) g

Anemia.causes. clinical signs and laboratory finding 1B palaall ¢ gie
)SU.L UALA Lu.a .2 :UAJ.\AI\ H‘
‘?Jc J}u\ Jlé.u
Al il sl and / 2l Ala all 5k : Abagional) 4adl)
Anemia.causes. clinical signs and iz« pgd 5 48 y2a 2 8 pdlaall (1 plaldl Cisgl)
laboratory finding
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What is megaloblastic anemia?

Megaloblastic anemia is a form of anemia characterized by very large red blood
cells and a decrease in the number of those cells. Anemias are blood disorders
that occur when the body has fewer red blood cells than normal. Red blood cells
carry oxygen throughout the body using a protein called hemoglobin. If there
aren’t enough of these cells or this protein, anemia results.

Usually, megaloblastic anemia is due to acquired deficiency in vitamin BYY or
folic acid. The deficiency can be related to inadequate dietary intake of these B
vitamins or poor intestinal absorption. Rarely, megaloblastic anemias are the
result of medications or inherited defects in the transport/metabolism of vitamin
B Y or folic acid.

Pernicious anemia

Pernicious anemia is a type of megaloblastic anemia in which the body isn’t able
to absorb vitamin BYY due to a lack of intrinsic factor in stomach secretions.
Intrinsic factor is needed for the body to absorb vitamin B) Y.

For all types of megaloblastic anemia, in addition to the red blood cells being
large, the inner contents of each cell are not completely developed. This
malformation causes the bone marrow to produce fewer cells, and sometimes the
red blood cells die earlier than the )Y+ -day life expectancy.

Megaloblastic Anemia [Symptoms & Causes
What are the symptoms of megaloblastic anemia in children?

Each child may experience symptoms of megaloblastic anemia differently. Some
children with pernicious anemia do not have symptoms, or they may be mild.
Common symptoms of the condition include:

Pale skin, lips, and hands

Decreased appetite

[rritability

Lack of energy or fatigue

Diarrhea or constipation



https://www.childrenshospital.org/conditions/anemia
https://www.childrenshospital.org/conditions/anemia
https://www.childrenshospital.org/conditions/anemia
https://www.childrenshospital.org/conditions/chronic-fatigue
https://www.childrenshospital.org/conditions/chronic-fatigue
https://www.childrenshospital.org/conditions/chronic-fatigue
https://www.childrenshospital.org/conditions/diarrhea
https://www.childrenshospital.org/conditions/diarrhea
https://www.childrenshospital.org/conditions/constipation
https://www.childrenshospital.org/conditions/constipation
https://www.childrenshospital.org/conditions/constipation

- Difficulty walking (Vitamin B Y specific)

- Numbness or tingling in hands and feet (Vitamin B Y specific)

- Smooth and tender tongue

- Weak muscles (Vitamin B Y specific)

- Lightheadedness upon standing or exertion

- Difficulty concentrating

- Shortness of breath (primarily during exercise)

- Swollen, red tongue

- Bleeding gums
It is important to understand that some symptoms of megaloblastic anemia may
resemble those of other more common medical problems or other blood disorders.
Because some of these symptoms can also point to other conditions, and because
anemia itself can be a symptom of another medical problem, it’s important to

have your child evaluated by a qualified medical professional for an accurate
diagnosis and prompt treatment.

What causes megaloblastic anemia in children?

Megaloblastic anemia most commonly results from an acquired nutritional
deficiency or inability to absorb nutrients. Common causes include:
- Dietary deficiency of folic acid
- Dietary deficiency of vitamin B Y
- Certain diseases of the lower digestive tract, including celiac disease
 Atrophic gastritis

- An autoimmune attack on the stomach cells that produce the binding partner
of Vitamin BV Y that allows it to be absorbed further down the intestine

- Medication-induced folic acid deficiency

In rare cases, megaloblastic anemia is the result of inherited problems. These can
include thiamine-responsive megaloblastic anemia syndrome (TRMA) — a rare
inherited megaloblastic anemia characterized by megaloblastic anemia,
sensorineural hearing loss, and diabetes mellitus; congenital (inherited) vitamin
B)Y deficiency which can be the result of inherited deficiency of intrinsic factor
or the receptor in the intestines (Imerslund-Grasbeck syndrome), or other vitamin
BYY transporters (Transcobalamin deficiency); or inherited congenital folate




malabsorption is a genetic problem in which infants cannot absorb folic acid in
their intestines. This requires early intensive treatment to prevent long-term
problems, including significant intellectual disabilities.

Megaloblastic Anemia |Diagnosis & Treatments
How is megaloblastic anemia diagnosed in children?

Your child's doctor may suspect megaloblastic anemia after taking a complete
medical history and physical examination of your child. Megaloblastic anemia is
diagnosed through a physical exam and other tests, including:

- Complete blood count

- Reticulocyte count

- Blood tests to measure of vitamin B)Y, methylmalonic acid (MMA), or
homocysteine levels

- Blood tests to detect the antibodies toward intrinsic factor or the cells that
produce it

- A bone marrow exam may be necessary if the diagnosis is unclear.
There may be other diagnostic tests that your doctor will discuss with you
depending on your child's individual situation. After we complete all necessary
tests, our experts meet to review and discuss what they have learned about your

child's condition. Then we will meet with you and your family to discuss the
results and outline the best possible treatment options.

What are the treatment options for megaloblastic anemia in children?
Megaloblastic anemia treatment typically includes:

- Replacing any nutritional deficiencies through changes in diet
- An oral dietary folic acid supplement regimen
- Injections of vitamin B) Y once a month

- Possibly addressing the absorption problem in the digestive tract

Of course, your child's team of doctors will help determine the best approach for
your child's unique situation, based on a number of factors including:

« The underlying cause of the megaloblastic anemia




Your child's age, overall health, and medical history

The severity of the disease

Your child's tolerance for certain medications, procedures, or therapies
How your child's doctors expect the disease to progress

Y our opinion and preferences
How we care for megaloblastic anemia in children

Children and young adults with megaloblastic anemia are treated through
DanaFarber/Boston Children's Cancer and Blood Disorders Center, an integrated
pediatric hematology and oncology partnership between Dana-Farber Cancer
Institute and Boston Children's Hospital.

Our joint Blood Disorders Center brings together world-renown pediatric
hematology specialists and support staff from across Dana-Farber/Boston
Children's, including pediatric hematologist/oncologists, hematopathologists,
hematology nurse practitioners, social workers and designated hematology
patient coordinators. For many appointments and certain procedures, your child
can also receive care at one of Boston Children's satellite offices.

Degenerative forms of RBC

Poikilocytosis - abnormal variation in shape

€

acantocyte target cell ovalocyte stomatocyte sickle cell

Anisocytosis - abnormal variation in size

X -~ microcyte sk macrocyte .
schistocyte 5.6 |, 7-8 p 8-12 u

2-3 ¢ megalocyte

>12



https://www.childrenshospital.org/centers/cancer-and-blood-disorders-center
https://www.childrenshospital.org/centers/cancer-and-blood-disorders-center
https://www.childrenshospital.org/centers/cancer-and-blood-disorders-center
https://www.childrenshospital.org/centers/cancer-and-blood-disorders-center
https://www.dana-farber.org/
https://www.dana-farber.org/
https://www.dana-farber.org/
https://www.dana-farber.org/
https://www.dana-farber.org/
https://www.dana-farber.org/
https://www.dana-farber.org/
https://www.childrenshospital.org/programs/blood-disorders-center-program
https://www.childrenshospital.org/programs/blood-disorders-center-program
https://www.childrenshospital.org/programs/blood-disorders-center-program
https://www.childrenshospital.org/programs/blood-disorders-center-program/meet-our-team
https://www.childrenshospital.org/programs/blood-disorders-center-program/meet-our-team
https://www.childrenshospital.org/programs/blood-disorders-center-program/meet-our-team
https://www.childrenshospital.org/programs/blood-disorders-center-program/meet-our-team
https://www.childrenshospital.org/programs/blood-disorders-center-program/meet-our-team
https://www.childrenshospital.org/about-us/locations
https://www.childrenshospital.org/about-us/locations
https://www.childrenshospital.org/about-us/locations
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Aplastic anemia (A.A) (2«3 Y p3 8

Pancytopenia lelall <y I 48 result from effect in bone morrow, decreased in WBC,
Hemoglobin and Platelets. '

Classification :

1) Primary Aplastic anemia l—) congenital is associated with other disease

5 Acquired , autoimmune disease

2)Secondary Aplastic anemia causes:

a) Treatment high-dose radiation or ionizing radiation, chemotherapy for
cancer ' .

b) Exposure chemical e.g. benzene hair dyes,

¢) drug e.g. chlorampheniral, antibiotics cytotoxic

d) infection e.g. chronic hepatitis .

Lab. Feature:

Anemia (Hb)
Reticulopenia : decreased mature RBC
Leukopenia : decreased WBC

Thrmocytopenia :decreased platelets
Bone marrow finding hypocellulary with replacement of marrow by fat
tissue in about 70%

g~ WS




Normal Aplastic Anaemia

[Power red cells, white cells, and platelets)

Aplastic anemia
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What is aplastic anemia?

What it is

Despite its name, aplastic anemia, or bone marrow failure, is more than
anemia. Aplastic anemia is a rare but serious blood condition that occurs
when your bone marrow cannot make enough new blood cells for your
body to work normally. It can develop quickly or slowly, and it can be
mild or serious. At this time, there is no way to prevent aplastic anemia.

What are the symptoms of aplastic anemia?

Symptoms
Symptoms of aplastic anemia include:

- Fatigue

- Infections that last a long time
- Easy bruising or bleeding


https://www.nhlbi.nih.gov/health/anemia/symptoms
https://www.nhlbi.nih.gov/health/anemia/symptoms

How is aplastic anemia diagnosed?

Diagnosis
To diagnose aplastic anemia, your doctor will order tests to find out

whether you have low numbers of cells in your bone marrow and blood.

What causes aplastic anemia?

Causes

Aplastic anemia is caused by damage to _stem cell inside your bone
marrow, which is the sponge-like tissue within your bones. Many diseases
and conditions can damage the stem cells in bone marrow. As a result, the
bone marrow makes fewer red blood cells , white blood cells , and _platelet

The most common cause of bone marrow damage is from your immune
system attacking and destroying the stem cells in your bone marrow. This
is a type of autoimmune illness, a disease that makes your body attack
itself. Other causes of aplastic anemia include some medicines, such as
those used in chemotherapy, and exposure to toxins or chemicals in the
environment.

You can also inherit the condition, in rare cases. How

is aplastic anemia treated?

Treatments
Treatments for aplastic anemia may include the following:

- Blood and bone marrow transplants, which may cure aplastic anemia in
some people

- Blood transfusions

- Medicines to stop your immune system from destroying the stem cells
in your bone marrow

- Medicines to help your body make new blood cells

- Removing or staying away from toxins in your environment

Your doctor will monitor your condition and screen you for blood
conditions regularly. If you take medicine that affects your immune
system, you will also need to take steps to prevent infection and get
annual flu shots.

What happens if aplastic anemia is not treated?

What happens if not treated


https://www.nhlbi.nih.gov/health/anemia/diagnosis
https://www.nhlbi.nih.gov/health/anemia/diagnosis
https://www.nhlbi.nih.gov/health/anemia/diagnosis
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia
https://www.nhlbi.nih.gov/health/anemia/aplastic-anemia

Aplastic anemia can raise your risk of complications such as bleeding,
leukemia, or other serious blood conditions. Without treatment, aplastic
anemia can lead to serious medical conditions such as an irregular
heartbeat and heart failure
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https://www.nhlbi.nih.gov/health/arrhythmias
https://www.nhlbi.nih.gov/health/arrhythmias
https://www.nhlbi.nih.gov/health/arrhythmias
https://www.nhlbi.nih.gov/health/arrhythmias
https://www.nhlbi.nih.gov/health/arrhythmias
https://www.nhlbi.nih.gov/health/arrhythmias
https://www.nhlbi.nih.gov/health/heart-failure
https://www.nhlbi.nih.gov/health/heart-failure
https://www.nhlbi.nih.gov/health/heart-failure

\o f@)fsfp\.?m

Red Blood Cells

1-Sickle cell anemia :- laiall aall s

Define: (abbreviated HbS) is genetic disease results from a single glutamic acid to
valine situat‘ion replace of beta globin poly peptide chain, it is inherited from
parents’ this type is more common in Africa , result in abnormally-shaped
(sickled) red blood cells These abnormal red blood cells cannot easily pass
through small blood vessels leading to inadequate oxygen for the tissues of the
body.

Type of Sickle cell anemia:-

1-the cell like sickle ,due to abnormal Hb inside RBC,it is inherited from two
parents.

2-the cell is like leaf of tree, this type inherited from one parents’.
Laboratory features:-

The blood film shows : 1- the cell is like sickle 2-target cell 3-pokilocytosis
4-polychromasia .

Clinical feature :-

Some of Clinical feature , Sever bone pain due to affects in morrow , hypoxia,
severe anemia, tachycardia etc....

Treatments might include medications and blood transfusions.




Normal Thalassemia

Malformed
Red Blood Calf red blood cetl
ed &l
white Blood Cell ’ .
O ] ® ] / ‘ ‘

© "¢
‘ o ‘{Plaxelat , ’ ’ /Pla(elet
2 Thalassemia :it is congenital disorder in which there is defection in hemoglobin

production one or more of Hb sub unite, failure to synthesis specific type of
globin chain (alpha or beta).

Type of Thalassemia:

1- In Beta Thalassemia failure synthesis beta chain so called (beta
Thalassemia) it is more common type of Thalassemia in the Mediterranean
area, it is Asymptomatic, occurs when one or both of the two genes
needed for making the beta globin chain of hemoglobin are variant.

2-  Alpha Thalassemia reduce or absent alpha chain synthesis so called (alpha
Thalassemia) is common in southeast Asia.it is symptomatic ,occurs when
one or more of the four genes needed for making the alpha globin chain of
hemoglobin are variant or missing

3- Laboratory features:

Hypo chronic, target cell ,schisto cytosis ,polychromasia ,total iron binding
capacity is normal , serum ferritin is normal , one electrophoresis we see in HbA2
and HbF

People who have alpha or beta thalassemia trait can have miid anemia. However, many
people who have these types of thalassemia have no signs or symptoms.
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Red Blood Cell (RBC) Color Variation

When evaluating RBC morphology on a peripheral smear, the
intensity of color and the size of the central pallor will reflect
the amount of hemoglobin in the population of RBCs. RBCs
that appear disc-shaped and have an area of central pallor that
occupies approximately one-third of the cell's diameter contain
the "normal" amount of hemoglobin and are considered
"normochromic."

RBCs that appear disc-shaped and have an area of central pallor
or lightening of color that is larger than expected are considered
"hypochromic." Although hypochromic cells can vary from
those with a slight increase in central pallor to cells with just a
thin ring of hemoglobin, the term is used to describe the number
of RBCs exhibiting increased central pallor rather than the

increased central pallor of any individual cell. Hypochromia




Hematology / Theoretical

Asst.Inst.Fakheraldin N Rasheed

generally parallels the MCHC. As the MCHC decreases, the
likelihood of hypochromia increases but, like the MCV, the
MCHC is an average measurement and may not reflect a mixed
population of cells. Hypochromia is most often associated with
microcytosis, rarely seen in normocytic cells, and not seen in
macrocytic disorders.

Lack of central pallor due to increased hemoglobin
concentration in the red cell results in a dense, deep staining
RBC called a spherocyte (two spherocytes are indicated by the
arrows in the image on the right). These are the only cells that
are truly hyperchromic, containing more hemoglobin than
normal in relation to the cell volume. Hyperchromia parallels
the MCHC. As the MCHC increases, the likelihood of
spherocytes being present increases. However, the MCHC is
prone to false elevation due to interfering substances such as
lipemia, hemolysis, and red cell agglutination. Note that

hyperchromia is generally not a reported descriptive term.




Sickle cell anemia
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Normal red blood celis Sickle cell anemia
Normal Sickled
Red Blood Cell Red Blood Cell

Image source Natonal Center on Brth Defects and Developmentl
Disabities. Centers 1or Disease Control and Preventon

Picture 1 Sickled red blood cells are
hard, sticky, and shaped like a banana.
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Sickle cell an. And acquired and autoimmune hemolytic
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NORMAL RED BLOOD CELL

10 25 yualaall ol
18 _palaall o) sie
:UAJA.AS‘ H‘

s ABaginall 44dY)
1 5 palaall (ha alad) Ciagd)

sl il i g) A slead) CilaaY)

dadiioeal) aeail) cliant) i)
duigal) ) gl
Badlizall ulidll d)h

ALl Aluy)

‘54.\:1\ LS}:\AA.“ -0

sl AidY) -1

SICXLE RED BLOOD CELL




