adll aal sl

o %55 JNE Ay dle A ; glalia GO Gl aall B diec amall 55 0 %7 (s dSG Jila gl aal)
ol Gl S b paai 488 ) Adda Legin g %45 o S50 ¢ jealdl b KU oo Al ddida 5 L 53U
Gladall

- e Kl Platolets arw soll

-
B W T2 Nagse M agrments essental
| Plasma o o svediom for l 5 -* . Q‘ - 0 blood dotting
| ranperting materah b -
in the blood ey
i e - T~ o~
\ v
N
: )
» . o A v
. - :
% .
Whits biood celts
e defend the body
‘." | agarat Sanese

] Mo blood coth |
Varoguet osygen |

. The Reermed elements consint |
of the red Blood cell, whits
blood celln. and plateiety

i gyl Lgaal jualiall (pe LI Lo 33 (5 sin

& iy don Sl Aalad) ol g1 e i i gl o) Jas b Lo 33Ul <l 55 JlseS Dla o)l die
Gl srslall 22 st o1 1 opmialata Lgia jae Ba3aa (3hlia

2 Uins 1 Uiy 2 Wiy 1U oa Gl o lall 8 (3halia (pead e Liild (s I 8 52a) 5 dihaia (e sl 280 gm0
Lele

Omsle sulgld ¢ (la il lalade e dane (lSa (8 Ja jn sed Al Baaas D 56S anadl Dl g (e 05 0 S
il g lall Lal ¢ 2 Uiy (8 daaial) liig yo s yis 1 Ui (A cp i) il Js p cps 82U dadaidl) b s
Leladl didaie 8 () 5S5 5SY) A S5, Lale Aihaiall (ia 2U ddaial) (pe iy al 5 Jlae (8 U 55 (e daelial)

|

l

’ A Transferrin
‘ Hopeoglobin C3 complement
l LDL v |
VLDL -
2 v A2\ NG
> N A 1 IA | 1
Albumin A4 * THemopexin
ATT Immunglobulins
oal-globulins

o2-M
B-globulins
o2-globulins  Y-globulins

DA 5 S el b5 Al A glaalll 5 dpa B LA (al el 8 Aage Auardili e i 5l (Dl



Hemopoiesis a2l ¢3S

Dl 0SS e A ol b dadl
el A Il s Sl (e Amas) 5 e gene st aa Sl Aleall ga ol (5 5S

OS] Baantie dpe dal) Al o 8| Aliny dadaia g Baias 4y ) sk dilee (0 (Al a2l 4 Sl palinll i

(8 Lol AL fasiands 8 gl g ¢ I sanil) dilaay Ledld e Lalially a0l 45 &4 (Pluripotent Stem cell)
e Lailas Cuny J)gall 5 gaall Jaald) Ganm WIAN e dliall ¢ 58915 dlae Y1 o oS80 Judld) saneie el Alae
s gadlly S dpalie Y e clllaiall dlacindl dphalial) 5 a8l ALl ¢ 4 seall pualinll adall slasl)
o Al A Ll 3ol S pandall e e A Ll JAYI LOAN el ) (4 jeday Cua chlalll e el
salal) cHLLEY) & xlll LAY s syl

Dol B a,Sl el il s Y1 4 (5585 Al iad) sl Gl Gana aall (65 oy all A5 Sl el
3 Aae 2all AN saled dealdl (e Y1 & saal) e 2l @l g liaddl e 4 gladl LAY 4l 4 45 sedll

o e olaily aall (355 Jgady o ey L malall el ia @lld 3 a5 cdadall &5 2l ) deadl (e aoll s
gkl el 8 sball Jish and) o oS8 ol a8 sall sa g caliall 5 8 Jlgdl)

die 5 yandly 2388 ae L 505 Jagieny S0 ca2aial alial) L&) 138 o alaed) auas (5 555 6 SLY sLall 8
Al ) G (el pasad) el i) (aill ) Aadaval) pUaed) (s s Jladl) S a5 5eS)

On b ol (g sl 488 all de 38 (e 3355 Dy seall (agadll (e LS B Lealing i al Clie (8 ellM daii

ind) (5 saall 5 oS @81 g B A gl ) gaSl Baasie LA @llin L85 (Sl | jlall JUkY) die sl
o) 31 8 LS g sl jall B 508 (e el i) dpa el VA Lelae apaisi g Judi o) oSy Al 7 s

Lo 85 (oS LDl ) aal) 315 sl DY) anll ) (3 3l 4 i) (oal 5aY1) Al Cali e 480 jial)

Ao 2l LDAD HaaaS aoding 08 ) aall 45 oSl dgeglhal) UBIANG e o pad) daad) o S |l 58l J 55l sy
Sl Waaland (e %2 e i sy Lial sl ) & duedal) 408 aa gy e a3

el (oSl B A Bal) ) A ki
e 4@ Jal yall Lol <stochastic 4aa ¢ SS...u.\"'N)Ai Baaaall Alllll) olasily LA}Y\ 3 shadll [j Cibaaall C)'.'\ES
LeiDline DA (e ddline LA e Jand Gl ¢ A glall Gl gind) ol gaill Jal gay il gl (2 yidd geal
il s Al LAY s Calll iy guma ) (o callis il 5 alaal) a0 Gan ) Al) ASE 138 3 sl s e il
(Apanill LAY 5 alaal)

15l el Jaw

Ao g S gan il cns | G Al e p JSE (5 seal) O Sy

Gl ok e e (S WA I ey VL Agrdie e 55 e USIA (e LAY o2a Jsati ¢ ISAN Lalil (1
e il Gl L i 5 5 hae Apndan O Lk g LA 230 oSS | ) 5 6 553 (5 simall 5 JSEN

13 Q\JM\‘ )AA.“ C’_ﬂ:\)ﬁ\gh 6%}“\4};&1&}&& éﬂ\wbw\a.\é J);.\SQ\_JL@_J\ Lf)
il slaall AWl clagiia s Ol (liaes (Clany ¢ Sl

Aagal) Ay o) LW Leain GMI-CSF — (s sia s il — s s 30N A slal) i siand) (pa Lingy



Al iy s (A %90 WS (e oty IS5 5k (5 S i s i Erythropoietin ossw s oY) -1
S A A ) ) 8 sl A s )Y bl e e 4| AanSY) a5l st 4801 408
el s il e s Al Jal ) 8 cile (Sl aail) 53 ) g o Eal) (it (5 jenll Alaal) L
@ Al ) jes) SV (8 daaall 8o 3 5 0l 3 Cus ¢ dadle 5 dpand i saili 4l o LS ¢ il 5 alussy)
g)sil pans z3e & Epoetin (oaall (el 48 jo 2y ¢ sl adll ) jeal 8 (el gl oanda 06K s (B
S sualll 381 IS aall b

C\_u\a\;.\l_i L@A@)Q}W@\J}J&_\ﬂ;%u\gbﬂ\&dﬂwﬂc‘5)454;1_\4\u:\.})yjui)ﬂ\ -2
Revolade s lad anls Claiiall (ails (yial jal any 8 a4l 3alia CILS o aiea o3 ¢ Claical)

— OYaiaall Ll = aill JeleGranulocyte Macrophage Colony — Stimulating Factor -3

L;a_\md.a.\.ad.\;}zcu.\ms_a\.ﬂ}q}&uw\\_l)\al\)s_}wuu@hl\b)\;.‘\m?uﬂ\@@ﬁyﬁd&uhy
abilal) 4 glax<l) Aallaall 2 ladae (jadh Ladie dald g Ciluaall CLu\ch. e il 2 el 5ﬂ\j Neupogen

Erythropoiesis : sl by S (53

led A S gl Y1 5 s jelS o) peall Alududl gha g ) dlae aplali d de siie il 5 Jol so ablasi -1
Osaoall 585 O i oY) Leaal Culd Jana 385 ((eadl 0585 ) dlenll 38 3 gl 5 JS83 4 ) 5 ein Claalina
(Asad) Ao 5,0 Adilu ) endl cly HSU B gl Alaadl LA U0 o ek cdline 41 G Ailaall 028 3 aaY)
ool LeS i€ M ansall dala 4aliil e Ging g 4y seall Jand) (o o Alaall oda iy JiISE e Cuny 5o
SN U B ) el s —BO-B12 lisalisd — S 5 il — sail) (g gaa I sSH — i 5 Y
el yanl)

L o alaal) & 8 g 5 ) s Aaadl o A ISV AR 4 Proerythroblast 4 sl de Y ddda o) -2
Clapune Gan ) Clasn 520 )53 1 (558855 o8 IS (5 5%0e 20-15 Lk it 5 Gl duma 5 S
e Jlea s Ay, S

LSl A yo 3 AGa) &l ol s (aISE L) 5 jraa s g ol 3 LS ol yaall A s Y1 ana (ailly

L i 0l 3y g3l Cladll e yamy g g zeamill 0) 5 LalS sy a3 0o 3 mals ol wm‘y\ Ol Jaty SIS
a3 o Adaw siall 4y gaal) Fa g Y o5 8 SL A gl Ay 51 2 A ) A g,V Aids Als e ey pars L e Y G
ko) 01 i il o e gy (e it Anali] ¢l janl) &y S5 RS 5 5 alial) Ay o
adald)

gshaﬂ

ot LS LSl Jana gli ) die ol by SO ans 313 3 I ¢ daalill ol yaall &y S o ST S0 aaa

L Kol s Gaea sl aiall JEN G pan Aaalil) Ay KU A o Jgaill SR Ly DAY )

Lal) 8 53 g pal) ol paiial) Ay 685 SIS ¢ (i g g gy )1 O une o 08 () S g0 pLall Laiall (s i)
Ll 5 (s 5 g yat) Al 4ol Alanl U Jaind A4 520800 Ll 253 120 o) yeall &y SU (in

.A:\A;j\ 4.‘41;}

82 sall LAY Al (g ) 5S5 alaall 5 3 WA (e Ly 5 725 ()l Apmpdall Zas g 3adl) oy il sl b

Ll 8 (Sa5 3-5\105S5 il s M\E Zansills Lo an s (il 83 ) uaill Jaje S ¢ eal) iy SN
Lol 038 i (o o) yanll Alaall



© o) yeall il S

pan Ji s 4 S o Aalise oy adf 3300 ) sl (3 2k 138 5 Gnean sl aie a8 IS Ll o) el 4 S0
3ilall Wb ¢ a9 4,80 Jals el s AlSal b 2y 4il LS ¢ (g 3l Jalil) dalise 30l 5y 2y Laa
45 o) peal) 4y Ik e Jiy b ol Ay ped el 8 Jad Lasii s iy I il of AlSal a4
8 Vs B LS peal) iy S G5 el (a5 A 5Y) o3a (B R aga s ol N ) Jumdl (g 5le JaS (g o
(4882 e $¥) JDLely DAY ol

(rm 8 ) i 110 il pumall iy LSl i 385 g ol (5 s (Sl ol il S0 i o (g
V5L Ala e i Y Cumy 5 saae cobimdll Jund (s (ALY o3 38 LS ¢ Ll 55 o lad
S G b e

ladl)

O 2 o s S Y Jany -1
a8 el sl Slea (0 %85 S 3 auall (8 (g5l iaeall o) gl e Jadlanl( ) sl S Jeny -2
48U %1500 AY) auall Slisi gy JS JSE (s

Haemogloblin Synthesis wbasll S 5

0o oalaily bl g gl () 0 e i€ Y1 Jan (b el il S 8 Cliadll duulu) dadda ) )
o il o AL o) agdal) sl s a calli g e ) 8 asill 8 3 g sall (50 K1) sl 38
(il (o sen Judls ) | Resilusdus 5

5 JsY) anhll Cladll (e AT (le 53 ol 5 Ul sal Cladll (40 797 4 8 Aciasll il

Glasll s Sl (Ll el Claddl e %1.5-3 03505 ¢ § Ofiladu s Gilaadis (g0 alsall A2 L)

o Sladll 0 K3 (g sa s () ol Gladll e 71 e JB (sSas ¢y bl g o bl (e algal) Fiual)
& succinic acid <liuS sull (st glycine Gaestall i sad (o8 4k 581 el 1) A H1) 3 gladll 5 o) aiial)
il plaial g aniyy (O iYL Gk s sl i (o3 e liil) 1ag] Liankas) Lasa BB (il 35 ¢
JRiis el ) & clilall o3 aaniis «(porphobilinogen culy i) sall A sa) J sl d8la (5385 §-ALA
b I ased) aats il A5 ¢ magd) o Lo 2aall xe 35 Al protoporphyring <l s ) s i )
Ot sasgll G sSE (G slil)

Om sl Judls GDEAL Leany (e liadll ¢ il Calias

sl Judls Gl Lebiay 2 5305 Ay sy slad) Judls 8 Aina¥) (i sl Josdes Jias A 3y ladll el
il (S Jualie JSET A5 5la e (3halia Lgi Baal g Aadad (S8 & a5 ASulaia adad 1S Ll 45 3l iy
) G Al adail) w53 Leliagd AN Al Lal ¢ & jall (e A g 3lal)

4,0 el i Judlall o3l daxil Lgazany ae da HY1 Cliadd) Jusdls 483le Jiad 4 ) 43y liadl) ¢ 3 clliag
T Ua g all JSEI R s I JSEN Laa Claddl cplS5 430l 038 (8 juaig

G sea el JSA 06 Con (¢ eSSV O S O Ay smaall e ST CamnS YL e 055 530 JSal)
(5 AEA Axy )Y Judd) G 383l e an Agilae Alla ) A s 4l ol (g0 a0 405 a0
O 5Y) o (585 G A iy in S VL Lafiine Ay oladd) o Al oda a5 (2lzadl)

505 yada



A3y AUl s DPG-2,3 S e s SIS 5l G5 Cpa s el 3LE 255 s (B a g ) JSEN 0
G A 8 Lo ALl VA S5 a1 ) jad (e bl all 4 3 LS ¢ il (A a1 jal
LY Ly Suaay

@ ¢ oS YL Al gl and o5 ea N S 48 a3y JEll s DPG-2,3 ae LYl e 5olE e Foliasll
S J&.\AX | liadl \géd&\ & LS eSS JYQCJ)X\ LAEUQ)SSBAL&QQLAA Sl O8O

Ballad Wl clmdll o i) ol s 2 OY) i O U (i e al) o3 (3 (DPG-2,3) 55 3 5
Lo groall Jilie GaansS Y1 (31580 e 4 jaaiall 3 ga s Wl o) ) om0V Ji 3 G yall Cliadl)
i) a5 Gl S O Ay 3l

8 750 o8 lelud) Chand (A a5 ) Jasall iad s ¢ P50 (a5 lad) A8l (e yuny
P50 I (a8diy g V) gnd a6 (3581 Jaie Cooaty eanS o Glleadd) A8 ks 35 Ladie 5 ¢ ladl)

ol Ay g el paall 4 SN 3 CO23S 53sPH s (( DPG3-25 siveas OaneS Y 153 i iy

Canny g ecpanS O AAY) Gamlaas) ) @l g5 ca) sad Caan€ V) (31581 i SliadllS fpee liad
O T peal) 3 S a3 ¢l LS liad 2 ga 5S 5 00 OV b e s GaanS V) G351 iaie (ol )
ey 138 5 Fabadd) o ga g s 8 Ll @lld Casliay s cmutl) (8 S ) ) ja3 Gl g Cppans€ 30 281N 5005
Al O 2138 g JeSU) Ja )l die 4ie ST aie Cladll 5% o o8 Gua a5 pial) vie Gladll plis )
Wiz a3 )5 Lgad (55 (5 Aol 1l Ala e oy 2l (e hlial 40al (55,

- Oloadll Alall e L)

adals Y ALYl (8558 sl il Aay W) s3I 3 e Ui e gl Adls Jala sl aa gy -1
Oo aall we dagi gy (oA GamnS BV Ll Aipmaa Al 5 (A slall b 8 oy il Cpainsel) ae
g gl a5 € Y e Jed) (e 0355 B (5 AT em e 3l Cpniinl s A
Al Tl Y1 dilee cans O (Rars g dasi ol ol a5V e Jasi ) o) g SN LS aas) 580
3auSl Cad

o) lmal) s 4l y Jlans ) 53891 (e dsans Lo 1385 elall o S Cuim ann wa)l 3a gy -2
Gaang o S 328 5l Jalsall 2955 L G 5Y) Jan ooy Y SIS 33 s 53 (e sangtine
Alia ()5S of oSy, (A KA 3aall 35 NADH metHB reductase 3 sed (Sl Jsaill 13
Ol G530 il ¢S5l 6 sl pmsgaal 330330 Gl (3305 8 el ol b (o

138 e andly ¥ s )SU 2S5l AU g8 O sle sanm (oS5l ASEe 3aally eSSV i g (n (B -3
i DSV a5 Gmste sanm siaas S ) st Al 4isa¥) (im ganlly Lo s 4 o 5a O Cam o 5al)
0 S LA SEy 3l Capmall (o KU (mand slall ge Jsads Cam e e Galil
OS5V 3Ol e L jae G sbill Al 41 Aleil) qa dasi o oAW1 138 5 (s el 5
O S5 350 200 (sl wasdl adalii )l o b sl e GunnS V) Gl s @52 SU 2S5l Jf Ll
Bl sl 4y alani¥l (g%

Ao sl s 5l Ll iy paad) by ST A gl ypalaall
G a5 Wl Ls o O (R 1 sl il U laas -1

el ans A ) A giaall jesd) LA ans aily Copm ¢y S silasell (uld -2



o ey (g sle sasgial Ay sady yeall Gl SN padly Gladll 5 ja8 e Gl 1 (sl sangll Ll -3
&yl bl

Ak ) 38y jadie s 5 RNA W 0 sl (505 o g Lalll O30 580 55k L sb dmy oy LSl sl -4
Je @l€udl) A Al Aregenerativ 23 e 5 Regenerative 23aie G adll 8 Caniail adde adiad i)
%06-2 Ol aie a s, el S SH (e %2-0.2 JseS)

S aland e Leal jA3ul (Says «Blood Indices sedll conlially Liayl (o jas g & gaall &l jaiiall -5
(st Ol padiall o3a aal AdA) Al B Caia gy Chpial 8 25 0 5, S gilase) 5 (sl sangdl s yenll

:Mean Cell Volume (MCV) :hu sl ¢ jaall 45 Sl aas -

A iy 5 ey N Gy 5 e salally 1 jaie yaadl iy jSI ae e (%) S silaggdl laie apndly Gy

13 Normocytic aaall 4 s o) yeall 4y U e slhai (F1) il siad ol CaaSa (5 Sae 95-75 (e anhall MCV
8 nS 5 Ay gud) 2 gaal) e B IS I3 Microcytic aaall 8 pia Lele (slhis oy gudl 3 gaal) Gaa MOV (S
Ag sl 353al) e ST IS 1Y) Macrocytic asal)

()MCH)  Mean Cell Hemoglobin o sle sall e Janssll & S (5 sina

A iy 3 iy Il oy 5 6 salally Ty el il S8 Slaes e o/ 0T e (sl sasgd) anily Canay
MOV alaily e e cady a5 (pg) o2 5 32-28 (e 2hll MCH

((Mean Cell Hemoglobin Concentration(MCHC : sl &SI sl samm S 55 -

Ay gl iy A sl Aty Taie S gilasgl) e (e o bl Al Toake s sle sangl) mandily sy
glaall &g pead) il SN e Ul 2 gudl 2 gasd) Gava MCHC 1 S 13) L %34-30 (ol laiall &l
Ssas Vs 8 adi s s Hypochromic ¢ laall il and Leils @lld o0 B8 S 13) W Normochromic
3 oSall by S

a5 sk sl L e 2 ) i sl a2 Bl Rl 5 B e o

bty L ) U 3yt s | A sall cilaioal @ISy il s yandl el I QST )3 b A el 28U s
A el il S

:Anisocytosis <t S asa < sl |

1S Leans 5 cMlicrocytic paall ssia san leand ¢ yeall by SI aas (35 508 (358 25a 5 S A s
Gl e aiy S PECNIUIPIE Jy .Normocytic ?éal\ A gl LAY e A Sllia o 4S5 08 Macrocytic
S (5 503 el oo 53 e 4S5 (g 5e0

:Poikilocytosis JS&I sl axe-c

oala Y S 32l A Lpvany s T juSa 5oy lpvansd el iy S JSE (35S CDR) 3 sa 5 @l sl
Syl ) Cali g Ol jad) anll i Lgia cadll (ial pal (pa aanadl 8 35300 138 Jaa S ¢ glia () 55 Lgninns s
Al (5903 a e e JaY

:Hypochromia §luall aii-z



Cosntll 138l 5 glat¥ s Lald a3 e 055 e sl aiall LIS Cannns 30 o) jeal) 4 Sl lama flaa
ol s el 138 i) 13) Wl Normochromic ¢ lall 4 g Lo goni Lia 5 ¢ 49 SI) lad Gl (g S yall
2l o AV YL (g B caaall Ggm aall 8 o) 5 Le 138 5 of Luall Aadls Ay S uad (g sle sasgl)
.( Annulocyte = Ring Cell Zxalall 1Al ) 018l ¢ luall (el o Apdaine 488 ) A8ls S5 ) jeall 45 K1)

:Polychromsia s dssall 5l g lbaal) slaws —¢

Led Cmsle gangll 55 &5 8 () 5S) saill ALISH LDIANE | ) odill (e Adliae Jal je (B el pen LOA a5 Jny 10
22l Y sagd gaill (e 3 )Sue Jal ye & aa s ) LAY Ll 4 glall dalalll e ildl) (5o ) o sl 3als il
) 2alls LA o3 aa i ¢ shaill 5 il Als o cann 5l slis lin il el Cpn Las SV @0
ol sl da 8 g salad) o ) 8 o) Hile 138 geadaal) 6 dalds da 8 e Ja5 Lok 55 ¢%2-0.2 Ay

‘Target Cells 4dagll LA —a

AL A o 655 38 el sl dave g Camay W3S je (8 (sl sangl) 09 50 CRali 488 ) jea G S (A
aalin | latall aal) i s A SIS 2ol il amy e Ja LSS ) 3 o saall (adll die LA 238 (g Taa
Lol Jadall Jlaiiod sy LAY 538

:Howell —jolly s> — Jsta abual -

o2 LaaBl o) 0 WLy ()1 5 ) pandl 4 Sl lame (B a5 605 5Sae 1 L kB Ay 555 W (e B le (A
ekl Jlaiivl e s LapwsUll 5 ) aall i 8 SluaY)

:Papenheimer axils sbual -

130 cibans 5l Jllay 0 5hi g ¢ WA i) 500 28055 o1 jand) 2SI (pan a5 31 51350 e 3ok (A
Apanall e s VG wal iy cJakal) Jleaiiol 3a LAY o3 3a 55, 3aal e 3 o ke b

seall &b I s i de e a(Erythrocyte Sedimentaton Rate (ESR i s S Jdiill de -7
A s tall ez sdes w20 sk il ) sl Qe (L o g0 geall <l i ) il il e 33 saldl)
Leany o o) janll il SN and e aaiy 585, 0a 0l (e el 2y el ey Jl) de s 58 4852200
Ot g 53l 31 AU Leadans e Al jeSl) daadl) Jaasd sa o a5 Lgan sy L 5 333 Uil

G sl

Sl Ao pu (i dle IS5 3l vie 7-4 (a5 o) die 523 e (J Y1 deludl 8 il de jud (g pudl i)
A0 e T olie ) il Aoy gl ) e Cupaall Juads ¥ g o ulil) aliea die (J5Y1 ALl 810 ge JBl 5SS
.20

30 A )5 dexitasal) SN e s ¢ pall Cons 48 Lgie ¢ J8i) Ao o o S35 A Jal sall (e el Sllin
il 5 ) aada sy il Ll LS yuadl)

(laiall adll i lac ) adll B maan 8 Aai pa o I ¢ janll iy ) J\A,‘.;@‘L,s; Jei) ey canli
O (A JE Ao s (e @ 5 g yudll g Gl slall g i g ) Giam 3345 O LS Yatia (56K Lee i) oSl
stV Gl Y b i i

5 ae i 5 Ll LS a1y 31yl ie Telin ) ST g8 ¢ Ja) A jun 8 s sl gy 5l 0V at)) amy Jaals
ol G Y ey eall (e cpind) (358 JeS e Landa 30-20 (e JiE Ao e e ) (S Cuny eall
ol a5 il LS I s¥) deludl 8 50-40 I il 35 Y) Jaall el 8 J85) Aoy o 3 disna 4y yo

Leaal Gl e (e el A JEE) Ao s i i



Agdaidl) aall B lae ) s K -
(Baaed) e 3O ) Baladl 5 die jall zledl) -

CBlzanll gl calal) alaad cgaiall Gl il Jsa lealledy e Apalen 4033 )e ) jadl (al sl 5 dpelidll (il 5aY) -
(coeedpanll

(wfg}uduahau\ eej)mﬂﬁubfsJMg}ﬁeJJ)M\E%}Q@Q}H\QYM\_

i3 0 sh s e 5, ¢ I 5 ) ) enSl) qah it paban) ol Bapse iy el Y e -
RPN

Aale Al o)) -

(.. danall a1 5 Joaliall gl ¢ 5550 Jualiall gl ¢ 55l anl Yau si ol (a1 -
) ey g jaall gl Y1 -

A VA 8 JEE e ymid

Ol g Sl sie s ol g0 38 -

AU 5 Al jeall s S b -

Lslaiall aall s -

O sioadll e SV b

3aall ) gl 230n g A1 ye B8 53 40 5 cadae el Liba g (ad JED A s g il e 2S5 of cang Tyl
Cuala ) Ay sl g 3 S ol gas ¢ A A b gally N 5 Al ppad ailaliy e LAY 13 | Gl 1Y) (e

adll G Caian
Al pll i Caiay
LAY dlaes -1
Regenerative 2aaie oy 8 *
Aregenerativeadaic e a3 8 *
i sall il jrdiall -2
Microcytic Hypochromic gluall (il aasll jiaa a2 jsé *
Normocytic Normochromic gluall s aaall (5 s an i *

Macrocytic Hyperchromic gluall 2l ) aasll ;€ oy ja8 *



1 AY) adll jualic (yall ae 48l 55 -3
EJJAA (‘aJ )ﬁé *

Pancytopenia :s A adll jpualial Jilu Galil (38 e a2 8 *



Plasma is a medium for

N

= The formed elements consist
of the red blood cells, white
blood cells, and platelets.

fragments essential

Platelets are cell
to blood clotting.

White blood cells
defend the body

against disease.

Red blood cells
transport oxygen.
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Hemopoietic
stem cell

IL-1 | GM-CSF
IL-6 | G-CSF
IL-3 | SCF
Bone marrow
lymphocyte
precursor
Committed stem cells .
// (progenitor cell) ;
|

g e H ey
GM-CSF GM-CSF } GM-CSF GM-CSF IL-4 Bursal
erythro /\ IL-6 IL-3 equiv. Wi
e P
E
Eﬂ"\-“,,-f;_':': ) -~
!

Late normoblast

e oo

Juvenile

o Monocyte @ @ e
Reticulocyte

Segmented
Q i won ® o
B T

Red blood Platelets Neutrophil  Eosinophil Basophil
Lymphocytes

cell

Tissue Polymorphonuclear
macrophage cells

Hem(at)opoiesis = Blood Cell Formation

* Few uncommitted stem cells in red
bone marrow throughout life time (g2

» Controlled by cytokines. Examples:
*«CSFs and ILs: e.g. M-CSF, | = |
3 (= multi CSF)
e Thrombopoietin

* Leukemia vs. leukocytosis vs. leukopenia
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Stem cell Committed cell Developmental pathway >

Phase 1 Phase 2 Phaso 3
Ribosome synthesis| | Hemoglobin accumulation E]ection of nucleus

@ @000

Early
Hemocytoblast Proerythroblast erythroblam erytl'lroblast Normoblast Reticulocyte Erythrocyte

Copyright © 2004 Pearson Education, Inc,, publishing as Benjamin Cummings
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Hemoglobin Molecule
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two states: R (relaxed) and T (taut)

= Hemoglobin exists in two conformations,
the low-affinity T state, and the high-affinity R state.

'-.1_._,|
His HC3
T state
Low affinity - High affinity
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Biochemistry 2/e - Garrett & Grisham

= The T state is more stable, and unbound Hb (deoxyHb)
exists predominantly in the T form.

= When O, binds to a Hb subunit in the T form, it triggers a F helix
conformational change in adjacent subunits, converting
them to the R form.

= a sigmoidal (positive coorperative) binding curve.

e

FG corner

g oA Val FGs l..-..'- F - X b
' \g{_ t \&_L“ il E_: \h{_, His F5
FG3 -
. 4 o g
.’ L“I:_:} ’ ‘j:} ] B ) P T ) .
l 3 —_— [ His F8 X -Rj 7 Heme
Sy HelixF "~ g
‘_ !  LeuF4
T state R state

puckered planar
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Figure 28-2 Tertiary structure of a globin chain. Globin folds into a tertiary structure such that polar or charg
are located on the exterior of the molecule and the heme ring resides in a hydrophobic niche between the E
Linked to the heme are the proximal (F8) histidine and the distal (E7) histidine. (From Perutz MF: Molecuiai
physiology, and pathology of hemoglobin. In Stamatoyannopoulos G, Neinhuis AWV, Leder P, Majerus PV [¢
Molecular Basis of Blood Diseases. Philadelphia, WEB Saunders, 1987, p 127.)



Biochemistry 2/e - Garrett & Grisham

Garett & Grisham: Bio:remising e
Figure 15,332
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Biochemistry 2/e - Garrett & Grisham

Garett & Griskhsm: Blockemisiny, 2ia
Flgure 15,34
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Biochemistry 2/e - Garrett & Grisham

Gmaresit & Grishumm: Blosbeanising, 2
Figure 15,39
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TEST RESULT FL.AG LIMIT -~ REFERENCE RANGE <(LIMIT 1)

WBC 8.2 K/uL [ % 1 4.1 - 10.9 HK/uL

LYM 2.9 35.7 %L [ %] 0.6 — 4.1 10,0 - 58.5 %L
*MID 0.7 9.0 %M [ % 1 0.0 = 1.8 Oul — 24.0 %M
GRAN 4.5 55, 3 %G [ % 1 £.0 = 7.8 37.0 - 92.0 %B
RBC 4.58 M/ul e 1 4,20 - 6.30 M/ul

HGB 12.8 ng/dL [% 1] 18.0 — 18.0 pg/dL

HCT 8.7 % L¥ 1 37.0 - 51.0 %

MOV 84.6 fL L 1 80.0 - 97.0 fL

MCH 27.9 pg L% 2.0 — 32.0 pg

MCHC 33.1 g/dL [ % 1 31.0 - 36.0 pg/dL

RDW 12.8 % L% 3 11.5 - 14.5 %

PLT 173. KZuL % 1 140, — 440, K/ul

P 000 = BB Sk e S S p
0. 00 9.98 b
PDW 16.9 10(GSD) [* 1 0.0 — 99.8 1046GSD)

* MID cells may include less freguently occuwvring and rare cells correlating to
monocytes, eosinophils, basophils, blasts and other precursor white cells.
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Anisocytosis: <l Sl ana < glai |
Poikilocytosis: JS&ll alatil axe-c
Hypochromia: gluall jati-=

Polychromsia: sl Jssall 5l ¢ ldaa¥l alaad ¢
Target Cells: 4dagll LA —a

Howell —jolly: s> — st abual -
Papenheimer el alual -Ca
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a7 0000

Red cell

Normal

Macrocyte

Target cell

Stomatocyte

Pencil cell

Echinocyte

Acanthocyte

Liver disease, alcoholism.
Oval in megaloblastic
anaemia

Iron deficiency, liver disease,
haemoglobinopathies,
post-splenectomy

Liver disease, alcoholism

Iron deficiency

Liver disease,
post-splenectomy.
storage artefact

Liver disease, abetalipo-
proteinaemia, renal failure

Fragments

Elliptocyte

Tear drop
poikilocyte

Basket cell

Sickle cell

Microcyte
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Lymphoid follicle

HLA-DR*®
cD19*"

laG CD20*
9 chzz"
co21v-

HLA-DR* HLA-DR®
cD1o” cDi9*

HLA-DR* HLA-DR* HLA-DR"
cD19” cD1g* cD19”

cD10* cD10* cDz20* cD20* cD2o*
cD20" cbh22" cbDz22* cbD22"
cpaz* cD21* cb21* cbD21*

Early B cells ‘ Intermediate B cells Ef;':

Mantle cell CLL

cD38*

Secretory B cells

HLA-DR* HLA-DR*
cDi1g* cD19*
coioY-  cD20*
cDzo* cD22+-
cozz* cD21*
co21+* cD5*
cDs*

Mantle zone B cells

Follicular center B cells

cDa20* PCA—1"






TABLE 2: Immunophenotypic and histochemical
markers of B-cell lymphomas/leukemias

slg clg CD5 CD10 CD20 CD23 CD103 Cyclin D1
Follicular + - —(+) - -
CLL/SLL dim* —(+) + + -

Mantle + — + -

MZL/ +/+ () (+) —(+)/=(+)
MALT

B-cell-PLL"+ - +
DLBCL* +(—) —(+) —(+) —
HCL + - - +
BL/BLL + - - +
LPL + + — — - —(+) -

+ = > 90% positive; +(-) = > 50% positive; -(+) = < 50% positive; - = < 10% positive; BL/BLL = Burkitt
lymphoma,/Burkitt-like lymphoma; clg = cytoplasmic immunoglobulin; CLL = chronic lymphocytic leukemia;
B-cell PLL = B-cell prolymphocytic leukemia; DLBCL = diffuse large B-cell lymphoma; HCL = hairy cell leukemia;
LPL = lymphoplasmacytic lymphoma; MZL/MALT = splenic marginal zone/mucosa-associated lymphoid tissue;
slg = surface immunoglobulin; SLL = small lymphocytic leukemia

* = A T-cell variant is present in approximately 20% to 30% of PLL cases.

# = A T-cell histiocyte-rich B-cell lymphoma variant is present in approximately 1% to 3% of DLBCL cases.

A = 20% to 25% of cases are CD23+ by flow cytometric immunophenotyping; testing for bel-1 is essential.
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CRITERIA FOR DIAGNOSIS OF MULTIPLE
MYELOMA(SALMON AND DURIE)

MINOR CRITERIA-
1. Bone marrow plasmacytosis 10-30% plasma cells

2. Monoclonal globulin spike IgG <3.5 g/DL, or IgA <2g/DL
3. Lytic bone lesions

4. Normal IgM <50 mg/dl, IgA <0.1 g/dl OR 1gG <0.6 g/dl

CRITERIA FOR MM

Diagnossi of myeloma 18 confirmed when at least-

* (One major + one minor criteria OR

= 3 minor criteria, that must include 1 and 2 of minor eritera.




Bone Marrow Aspirate
* Usually =10% plasma Cells, but can be
from 5-100%

— > 50% mvolvement — worse prognosis

 Immunoperoxidase staining detects either
kappa or lambda light chains, NOT both
(confirming proliferation 1s monoclonal)

* Immunophenotyping —Malignant Plasma
Cells stain positive for CD38, CD356, and
CD138




Staging 1.
* Hb/Serum Ca/M component level/radiology™

— Stage I: Hb >10;Serum Ca < 12;Normal Bone
survey:.Low M component levels

— Stage III: HB < 8.5, Serum Ca>12:Lytic
lesions+;High M component levels
— Stage 11 ; Intermediate

* Divided into A or B depending on Serum
Creatinine level < or > than 2 mg/dl.




Intemational Staging System

* Stage | - B2M <3.5 mg/L and serum alb =
3.5 g/dL

* Stage II —neither stage I nor Stage

» Stage III —B2M = 5.5 mg/L
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GUS: 2aaall ye dliall a9 cilisi g pl) S dpad &8l
Monclonal gammopathy of undetermined significance
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(Multiple myeloma)
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SMM: L..gA;J\ Adziall ng;u]\ \’JJM

(Smoldering multiple myeloma)
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Complete blood count (with RBC indices and WBC differential),
reticulocyte count, and peripheral blood smear

| Micmcyﬁclilow MCV) |

=0

Y
| Reticulocyte count |

| Macrocytic I.:him mcv) |

Low/normal or
“inappropriate”
v ]
Pure red cell aplasia Pancytopenia | | Variable other cytopenias |

¥ Y
Megaloblastic features Nonmegaloblastic

Macro-ovalocyles features
Hypersegmented neutrophils
Nuclear/cytoplasmic

Elevated or Dysynchrony in marrow

‘appropriate”

L
Erythrocyte morphology on

peripheral blood smear
I

"Normal”

Erythrocyte fragments
schistocytes

Source: Rudolph CD, Rudolph AM, Lister GE, First LR, Gershon AA:
Rudolph's Pediatrics, 22nd Edition: www.accesspediatrics.com

Copyright & The McGraw-Hill Companies, Inc. All rights reserved.
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Pathophysiology of Megaloblastic Anemia

Key Reactions (1)

» 5,10-methylene tetrahydrofolate required for dUMP
conversion to dTMP by thymidylate synthetase
» dTMP required for DNA synthesis
» Cobalamin required for regeneration of methylene-FH,
- Without cobalamin, folate trapped as methyl-FH,

Thymidylate Synthetase

dUMP 7? dTMP — dTTP — DNA

Methylene-FH, FH,

N

Cobalamin
(Several intermediate steps)



dUMP N5:10-methylene THF . /
\ / Glycine

Thymidylate
synthase
/ \ Serine \
AT oHF gl Purines
DHF -
reductase Methionine
ot
MTX Homocysteine
Cytosol N®-methyl THF
4|
Plasma ‘ l

NS-methyl THF

Source: Jon C. Aster, H. Franklin Bunn:
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FIGURE 3.1 Intrinsic and extrinsic causes of hemolysis.
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Intravascular Hemolysis. =

4 Breakdown of RBC within Blood Vessel

* Etiology:
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= (Clinical features:
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FIGURE 3.3 Indicators of acute intravascular hemolysis.
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RED BLOOD CELL MORPHOLOGY

Hemoglobin ' Red cell
Size variation |distribution Shape variation Inclusions distribution
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Macrocyte

Rouleaux

Oval macrocyte \ Tear drop Howell-Jolly
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TABLE 8.2. CAUSES OF HEREDITARY HEMOLYTIC

ANEMIA

Membrane Metabolic Hemoglobin
defects defects defects
Hereditary Deficiency of: Defective synthesis
spherocytosis pyruvate kinase (e.g.thalassemia
Hereditary triose phosphate o or p)
elliptocytosis Isomerase Abnormal variants
Hereditary pyrimidine (€.9. HbS, HbC,
stomatocytosis 5-nucleotidase unstable)
Southeast Asian glucose-6-phosphate
ovalocytosis dehydrogenase

glutathione synthase
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Heriditary

Spherocytosis

ophorin A
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Figure 8-2 Red blood cell membrane cytoskeletal structure and the associated membranopathies, with the corresponding
genes responsible encircled. Mutations from different cytoskeletal genes can give rise to the same phenotype, while certain proteins,
such as band 3, can give rise to different phenotypes depending on the location and nature of the mutation. Note that HS and HE/HPP
are caused by defects in protein-protein interactions in the vertical and horizontal axes, respectively. HS, hereditary spherocytosis; HE,
hereditary elliptocytosis; SAO, Southeast Asian ovalocytosis; OHS, overhydrated hereditary stomatocytosis; DHS, dehydrated hereditary
stomatocytosis. Modified from Liem R, Gallagher PG. Drug Discov Today Dis Mech. 2(4):539.
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Glucose dahydroganase deficiency *
l ! Oxidant stress ' ‘
Ehacoss  * Infections

glucose 6—phosphate glutathione glutathione (ROS)
__________ dehydrogenase reductase peroxidase
{Glycolysis «- < 6- Phospho-4~ A NADPH—" GS-564~ “Na2H0 O;

‘/\‘ gluconate +H*
2 ATP NADH ; Pentose i l

+ phosphate :
i pathway | * Heinz bodies ‘e—metHb  oxy Hb

2 Lactate

Hemolysis caused by reactive oxygen species. 1. Maintenance of the integnty of the erythrocyte membrane depends on its ability to
generate ATP and NADH from glycolysis. 2. NADPH 1s generated by the pentose phosphate pathway. 3. NADPH is used for the reduction of
oxidized glutathione to reduced glutathione. Glutathione is necessary for the removal of H,0, and lipid peroxides generated by reactive oxygen
species (ROS). 4. In the erythrocytes of healthy individuals, the continuous generation of superoxide ion from the nonenzymatic oxidation of
hemoglobin provides a source of reactive oxygen species. The glutathione defense system is compromised by glucose 6-phosphate dehydroge-
nase deficiency, infections, certain drugs, and the purine glycosides of fava beans. 3. As a consequence, Heinz bodies, aggregates of cross-linked
hemoglobin, fom on the cell membranes and subject the cell to mechanical stress as it tries to go through small capillaries. The action of the
ROS on the cell membrane as well as mechanical stress from the lack of deformability result in hemolysis.
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0 -Thalassaemia

More than 95% of a thalassaemias resutt from the deletion
of one or both of a globin genes located on chromosome
16. This gives rise to five possible genotypes:

Type Genotype
Normal 0.0./0.0.
o heterozygote o=/ 00
0. homozygote 0=/0-
o heterozygote - /0.0

o homozygote

-~ / == (Barts hydrops foetalis)

o o Double heterozygote

-~/ 0.~ (hemoglobin H disease)

[EP |

o4 o4

B-Thalassaemia

Most B thalassaemia result from a point mutation within the p
globin gene complex. Each mutation can result in a reduction
or abolition of B globin gene function and so to B or B°
thalassaemia. Therefore, the classification of § thalassaemia is
similar to that for o thalassaemia:

Type Cenotvpe
Nommal B/B
B heterozygote B°/B
B” homozygote g7/ B
B° heterozyzote [}
“homozyzots g g’




B-Thalassaemia

Mast B thalassaemia result from a point mutation within the B
globin gene complex. Each mutation can result in a reduction
or abolition of B globin gene function and so to B or B°
thalassaemia. Therefore, the classification of B thalassaemia is
similar to that for o thalassaemia:

Type Genotype
Mormal E'E
E heterozyrote E B
" hombzyzote E ' B
E-: hatserozvEots E-f B
EF'E

[

B homozyEots
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Hb Ban 14 T
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a Thalassaemia

The affected individuals in this disease are
belonging to one of four groups according to
the increasing severity of their symptoms:

"silent” carriers

a thalassaemia trait

haemoglobin H disease
haemoglobin Barts hydrops foetalis

The groups correspond approximately to the
functional equivalent of the deletion of 1, 2, 3
or 4 a globin genes respectively.



Beta thalassemia major

treatment

» Transfusion
* |ron chelation
+ stem cell transplant
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IgD, IgE, IgG
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IgA

Pentamer
IgM

Antigens

Antigen

87Amigen-tinding site
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Antibody




Mechanism of autoimmune red cell
destruction




: Positive test result Legend

Antigens on the
red biood cell's
surface

Y Human anti-RBC
antibedy

%r Antihuman
antibody
(Coombs reagent)

Blood sample from a patient with The patient's washed RECs agglutinate: antihuman

immune mediated haemolytic anaemia: RBCs are incubated with antibodies farm links between
antibodies are shown attached to antihuman antibodies RBCs by binding to the human

antigens on the RBC surface. (Coombs reagent), antibodies on the RBCs.

3 Positive test result

Recipient's serum Donor's blood sample is Recipient's Ig's that target Anti-human Ig's Agglutination of red blood o
is obtained, added to the tube with the donor's red blood cells (Coombs antibodies) cells occurs, because :
containing SEerum. form antibody-antigen are added to the human Ig's are attached to

antibodies (Ig's). complexes, solution. red blood cells.






Fig. 1 — Gangrenous lesions on all toes of both feet
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Immune Complex Mechanism
Quinidine, Quinine, Isoniazid

“Haptenic” Immune Mechanism
Penicillins, Cephalosporins

True Autoimmune Mechanism

Methyldopa, L-DOPA,
Procaineamide,
Ibuprofen
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Inhibitor drugs
Platelet agonists

Theombin Vorapaxar

Thromboxane A2 COX-1 Inhibilor
NSAID

\ Aggregation

PAR1 receplor

AP Clopdoge

4 | Prasugre|
Ascimeb GPIBla | | P2, rceplr Tl(caas;!ilzr
Eplfibatide ‘ | Cangrelor
Tirofiban

F Adhesion

\von Willebrand Factor

N
Colagen 87

[ Intrinsic pathway |
Injury to blood vessels

Epomedicine.com
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IX — IXa

Exudrinsic pathw.
pathway

Tissue factor

VIl
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Prothrombin ———— Thrombin (lla)
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| Cross linking fibrin |
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vWF-rich Uncleaved (hyper-adhesive) Cleaved (hypo-adhesive)
microthrombi vWF multimers vWF multimers

ADAMTS13
deficiency

Endothelial cells

Microvessels \

= Multiorgan
(Very high shear stress)

injury
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Hemolyt|c uremic syndrome ( HUS
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DIC = Desth is Coming




Risk factors and etiology of DIC

Almost always a secondary event from activation of one of the coagulation
pathways. Underlying pathology creates a triggering event either 1- Tissue injury
(Extrinsic) or 2- Blood vessel injury (Intrinsic)

« Exirinsic ( tissue) * Inftrinsic (blood vessel)

- Shock or frauma - Infectious vasculitis (certain

— Infections viral infections, rocky
gram positive & gram mountain spotted fever)
negative sepsis, aspergillosis - Vascular disorders

~ Obstetric complications - Intravascular hemaolysis
(eclampsia, placenta (hemolytic transfusion
abruptio, fetal death reactions)
syndrome) - Miscellaneous snakebife

= Madalignancies pancreatitis
APML, AML, cancers of the liver disease

lung, colon, breast, prostate)

(Porth, 2004) & (Otto, 2001)
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ISTH SCORING SYSTEM FOR

THE DIAGNOSIS OF OVERT
DIC IN HUMANS®*

Platelet Count (/pl) Score
=>100,000
<100,000
<50,000

Fibrin-Related Marker
Mo increase
Maoderate increase

Strong increase

PT Prolongation (sec)
<3

31-6

=6

Fibrinogen (g/L)
>1.0
<1.0

-‘Q; H-'ﬂ; H-'EJE b =D

*This scoring system s solely for use in patients identitied as
having an underlying disorder known o be associated with
DIC {see box on pape 4). Overt DIC is diagnosed when the
score is 25.
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