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Hemoglobin

» Each hemoglobin contains:

> 4 globin chain: polypeptide chain composed of large number of
different amino acids.

> 4 haem molecules: specialized structure consist of central (Fe **)
surrounded by prophyrin ring.

4@0% chain

> L iron atoms: located within the haem moelcule in the active
reduced form.

> 4 prophyrin rings: organic compounds containing four pyrrole
rings functioning as a metal-binding cofactor in hemoglobin and
certain enzymes.

> 4 oxygen molecules :the maximum capacity per hemoglobin
molecule.

Or Ajabry

-Hemoglobin is the protein molecule in RBC that carries 02 from
the lungs to the body's tissues and returns carbon CO2 from the
tissues back to the lungs.

- Hemoglobin maintains the shape of RBC also.

Hematopoiesis

Lymphoid lineages

Self-renewal Other myeloid lineages "White blood cells
HSC
.. glhigha
Hematopoietic stem cell: Myeloid SC Eryt h roid Precursors Jlcirculatio
1- Self renewal Red blood cells ... ;4 dgagn (Jgal lo euhll circulation "
2- Cell differentiation
Transcriptional Erythropoietin
Factor GATA1
[1] Any defect in any part of this structure can cause anemia.. and each part has specific type of anemia, and Iron the most common cause.
(71
[2] Haem = Iron + oxygen.
) ) ) . 2 hormones control hematopoietic.
[3]If there is any defect in these will cause early stage of malignancy or disease. Erythropoietin the most important one.
[4] 10l g go pall Ll 4 Lain glini ° Erythropoietin secreted mainly by renal , so any
) problem in renal system can cause defect.
[5] Formation of blood cells. ° 90% by renal and 10% by liver.

[6] HSC (J0 UJJ mesenchymal Hemangioblast.

-Hemoglobinals has a buffering effect,




Erythropoiesis

The “Bone Marrow” is the major site with the need of:
Folic acid - Iron “Eerrous” - Vit B12 - Erythropoietin:: -Amino acids minerals -
other regulatory factors

In bone marrow In circulation

Synthesis High amount of Hb

Basophilic Interm‘eﬂiate Late

Erythroblast Reticulocyte Erythrocyte

Normoblast Normoblast Normoblast
L B i |
Blast will give more than 1 cell Synthesis of Hemoglobin
Normal Ranges meoran
Hemoglobin(g/dL) 13.5-17.5 11.5-15.5 o
Hematocrit (PCV) (%) 40-52 36-48
Red Cell Count (x10%2) 4.5-6.5 3.9-5.6 o]
Mean Cell Volume (MCV) (fL) 80-95
;\/Ie)an Cell Hemoglobin (MCH) 30-35
P8

ANEMIA

-An (without) -aemia (blood)
-Reduction of Hb concentration below the normal range for the age and

gender
-Leading to decreased O2 carrying capacity of blood and thus O2 availability to

tissues (hypoxia)

[1] Formation of red blood cells.

[2] Loyl (i ailiganll aa o yadi S|

[3] Mature red blood cells.

[4] Saic ggat Lol e Al La Ul gugldgoiall (1gal ata ggad Jalpall Ja 4 gl aagli +d)lal Erythrocyte
[5] Table for adult .. neonates are different

of anemia depends on: Hb , MCH and MCV.




Clinical Features

Presence or absence of clinical feature depends on:

1-Speed of onset :

Rapidly progressive anemia causes more symptoms than slow onset anemia due to
lack of compensatory mechanisms:

(cardiovascular system, BM;, &02 dissociation curve

2-Severity:
* Mild anemia :no symptoms usually
« Symptoms appear if Hb less than 9g/dL

3- Age:
* Elderly tolerate anemia less than young patients

General features of anemia Specific features
Weakness Specific signs are associated with
* Headache | particular types of anemia :
* Pallor Related to anemia |\, 5500 nail with iron deficiency,
e Lethargy v Leg ulcers with sickle cell anemia
e Dizziness v Jaundice with hemolytic anemia
. Palpltatlon (tachycardia) Related to |V bone deformities in thalassemia
* Angina compensatory
e Cardiac failure Mechanism £9i S| @0 Jilw J4 Jgéipai ao pan
° ° - °
Classification of Anemig sess-

Hypochromic Microcytic Anemia Normocytic Normochromic Anemia

e site=Hb e site= DNA synthesis. e RBC Count 1

1. Blood loss: acute bleeding.
e Structure affected: e Megaloblastic anemia due |2. hemolysis: ( autoimmune,
1. porphyrin: Sideroblastic anemia to: enzymopathy,membranopathy,
2. lIron :iron deficiency anemia 1. Vit B12 deficiency. mechanical, sickle cell anemia ).
3. Globin Chain: Thalassemia 2. Folate deficiency. 3. RBC production ( Bone marrow

3. Myelodysplastic failure ) :
syndrome(MDS). chemotherapy.

malignancy .

Aplastic anemia.

anemia of chronic disease.

EENENEN

[1] BM=bone marrow .. cellularity of bone marrow will increased.
[2] paulc aanlg galpclll gal 9 go sl ggas galubl ggu gano
(3] yuglagoiall go awai pall a Jlall ggay



[ron Deficiency Anemia

*Iron is among the abundant minerals on earth (6%).
* Iron deficiency is the most common disorder( 24%).
* Limited absorption ability :
1-Only 5-10% of taken iron will be absorbed
2- Inorganic iron can not be absorbed easily.
* Excess loss due to hemorrhage

Duodenum| Siteof absorption

Daily absorption 1 mg

Iron store in liver. muscle and macrophages .

o‘ & b
Macrophage (18) | Transferrin](4me) ﬁ

\ is Iron transport
protein. each

transferrin carry Liver and mUSCIe
Storage forms: % molecules of iron. ﬁ myoglobin (650mg)
Ferritin \
Haemosiderin

The total body

man is about 4 g
Bone marrow

erythroblasts
(150mg)

All Iron that carried by transferrin
goes to Bone marrow to
synthesize the Hemoglobin.

| | ironin a 70-kg

Circulating O diring
; faeces
hemoglobin Q

> Skin Dail ~
i y loss =1 mg
(2.5¢) O nail
hair

menstrual loss
(hemorrhage)




This process (iron absorption) take place in duodenum.

o 1) IL6 will increase
Feoogo ° l:ez: * Haem release of hepcidin Hypoxia
SAS 0% . IL6 2) Hypoxia will
° = .
Ferrireductase \, . HCP-1 f decrease it
® il ) Tfr2
o

L

@ oxygenase
9,

2 \. Ferritin

epein |

epcidin is the
Ferroportin master that control

Ferroxidase Iron absorption,
secreted by liver
- 6 6 >————— Transferrin
Portal ——= High hepcidin = low
plasma - T absorption of Iron

Low hepcidin = high
absorption of Iron

>

% -
00
o°‘. :o -
Iron for - .
«=H° . ;

erythropoeisis

-

B

BM macrophage

In organic (non-heme) Iron needs to one additional step to absorb which is
converted the Fe3+ form (Ferric iron) which is non-absorbable form to the
Fe2+ form (Ferrous Iron) which is absorbable form , by 2 enzymes
1)Eerrireductase.

2)DMT-1

At the end all Iron that absorbed will export to the plasma through Eerroportin
where we control the Iron absorption indirectly by Hepcidin in the liver that
control Ferroportin by negative feedback control.

During the iron passage through Ferroportin it converted again to inactive form
(Fe3+) which is the Irons storage form and then it took by transferrin

Team 436




[ron Absorption

Factors favoring absorption Factor reducing absorption

Haem iron Inorganic iron

Ferrous Iron (Fe++) Ferric iron Fe+++

Acid Alkalines

Iron def Iron overload

Pregnancy Tea

Hemochromatosis Increased hepcidin
Solubilizing agent (Sugar) Precipitating agent(phenol)

1-Body Iron status:

e Increased demands (iron def.,pregnancy..) —-> Low iron stores —->
high absorption.
e Iron overload —-> Full iron stores —-> Low absorption.

2- Content and form of dietary iron
e More Iron ,Heam Iron and Ferrous Iron—-> More absorption.
3- Balance between dietary enhancers and Inhibitory factors:

e Enhancers: Meat (haem iron), fruit (Vit-C), sugar (solubilizing
agent),and acids.

e Inhibitory: Dairy foods (calcium), high fiber foods (phytate), coffee and
tea (polyphenols), and anti-acids .

[1] Or meat or organic iron.

]
[2] Disorder of iron, the hepcidin will decrease.
[3]In vegetable .

]

[4] Alsolt coffee and green tea aijuii (Jhay nig aclw 1wy, and if you eat a lot of iron the tea won't cause anemia



Causes of iron Deficiency Anemia

1-Chronic blood loss:

* GIT Bleeding: peptic ulcer, esophageal varices , hookworm & cancer.
* Uterine bleeding.

* Hematuria.

2- Increased demands:
* Immaturity.

« Growth.

* Pregnancy.

« EPO therapy

3-Mala bsorption: problem in duodenum because it is a site of absorption.
« Enteropathy.

+ Gastrectomy

4-Poor diet: Rare as the only cause (rule out other causes)

Development of iron Deficiency Anemia

1 2 3 4
Normal Pre-latent Latent Iron def.

anemia

Stores Normal

MCV/MCH Normal Normal Low Low

Hemoglobin Normal Normal Normal Low

Signsof M

anemia




-+Beside symptoms and signs of anaemia +/- bleeding patients present with:
(a): Koilonychia (spoon-shaped nails).

(b): Angular stomatitis and/or glossitis.

(c): Dysphagia due to pharyngeal web (Plummer-Vinson syndrome).

Investigation

normal y ' VO
(%) ' / uv(; - Oo 100°0 (
-Microcytic hypochromic anemia with: Y ol 0,08 §0d. ¢
» Anisocytosis( variation in size). "% |8 S0 GE AL
* Pokiliocytosis (variation in shape) 02°a o9000"Web © 1% . 0 %
5 (;j' {7 0 A}O'@ Cwo : \:O ; : VA (0
0 JaaV0al 8P A 0 Y5t %0 -

-BM Iron stain (Perl’s stain):
The gold standard but invasive
procedure

P
10> ik oo
SERANE

(‘a)

IDA: reduced or
absent iron stores
(hemosiderin)



Iron Studies

TIBC= total iron
binding capacity

There is a lot of Free
transferrin which is iron
" transport protein
TIBC* | because of less amount
of Iron.
~| high TIBC
* SerumIron
* Serum ferritin * | Low serum iron

* Transferrin Low serum ferritin

saturation .} Low transferrin
saturation
Because the problem here is | .
not in the reduction of the Iron [RLEICESEUIE!
but, because of reduction of

production of globin chain, so 7
there will be a lot of Iron
without any function

Low TIBC*

| high TIBC

* High SerumIron

* High Serum ferritin

* High Transferrin
saturation

Low serum iron
Low serum ferritin

.} o
Treatment of IDA- PREVENTION OF IDA

-Treat the underlying cause. * Dietary modification : Meat is better
-Iron replacement therapy: source than vegetables.

*Qral :( Ferrous Sulphate OD for 6

months). * Food fortification (with ferrous
*Intravenous:( Ferric sucrose OD for sulphate)

6 MONtNS). il amei dlial a5 gl ot el -GIT disturbances ,staining of teeth

& m eta I I i C ta Ste . jmJﬁJ L'mﬁmfﬂdﬁm o LAl aladinll glao wapei
. awa dingl, lalaj Jglaig
_H b should rlse zg/d L eve ry 3 GIT disturbances we should give the patient iron by IV
weekS ..; i ic s good response * Iron supplementation: For high risk

groups.
e



Anemia of chronic disease

*Normochromic normocytic (usually) anemia caused by decreased
release of iron from iron stores and reduction of iron absorption due to
raised serum Hepcidin .

*Associated with
- Chronic infection including HIV, malaria
- Ch ron IC Inﬂa m matlons These diseases release cytokines which
_T|Ssue necros|s cause increased synthesis of hepcidin.

When hepcidin increase release of the iron

- M a | |gna n Cy from Macrophages will decrease

IL-6
Tuberculosis

SLE
Carcinoma
Lymphoma

IL-1

‘Zo‘;% 02
Work-up and treatment o]

*Normocytic normochromic or mildly microcytic anaemia.

* Low serum iron and TIBC.

* Normal or high serum ferritin ( acute phase reactant).

* High haemosiderin in macrophages but low in normoblasts

Management:
-Treat the underlying cause.
-Iron replacement +/- EPO




summary

Important nates!

normal range : You should to know the difference between male
and female ... for example, if they ask you about 12g/dL of
Hemoglobin.. it will be normal in female but abnormal in male.
Erythropoietin —> control hematopoietic, Erythropoietin secreted
mainly by renal.

Hepcidin is the master that control Iron absorption, secreted by liver.
Hematopoiesis is formation of all blood cell.

Erythropoiesis is formation red blood cells only.

Erythrocyte is the mature rell blood cell and in this stage there is no
synthesis of hemoglobin.

Symptoms of anemia appear if Hb less than 9g/dL.

The specific features and classification of anemia very important.

The absorption of Iron in duodenum .
The Iron store in bone marrow macrophages, liver and muscle.

transferrin is Iron transport protein. each transferrin carry 2
molecules of iron.

When we eat the food Iron needs to one additional step to absorb
which is converted the Fe3+ form (Ferric iron) which is non-absorbable
form to the Fe2+ form (Ferrous Iron) which is absorbable form , by 2
enzymes Ferrireductase and DMT-1.

(Perl's stain): The gold standard.

Treatment of IDA : Hb should rise 2g/dL every 3 weeks.

Anemia of chronic disease caused by decreased release of iron.
decrease hemoglobin cause anemia .. increase cause polycythemia
women have anemia more than polycythemia

The eryrhoblast wil give 4 basophilic normoblast .. and the number of
cell will increase till reticulocyte.

erythropoietin will push the myeloid stem cells to differentiate into
red blood cells

Tea affect 10-15% of the absorption of iron so if you eat a lot of iron
you won't have anemia

Hemoglobin has a buffering effect




