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• An 19 years old female started 
to complain of tiredness, 
dizziness, and tachypnea. She 
has been found to be pale, and 
having tachycardia. A lab test 
have shown a hemoglobin of 8 
g/dl, and microcytic 
hypochromic RBCs.
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Agents Used in Anemias

• Iron

• Vitamin B12

• Folic Acid

• Erythropoietin

• Myeloid Growth Factors

• Megakaryocyte Growth Factors
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Iron

• Iron deficiency is the most common cause of 
chronic anemia – microcytic hypochromic 
anemia

• Most of the iron used to support 
hematopoiesis is derived from damaged RBCs.

• Normally small amounts are lost each day and 
thus, daily requirements are small.
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Iron

• Daily requirements may increase and iron 
deficiency may develop in certain 
circumstances (growing children, pregnancy, 
menstruation, …etc).
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Iron

• Iron content in the body in normal adults:

Iron content (mg)

Men Women

Hemoglobin 3050 1700

Myoglobin 430 300

Enzymes 10 8

Transport 
(transferrin)

8 6

Storage (ferritin) 750 300

Total 4248 2314
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Iron

Pharmacokinetics:

1. Absorption:

• The average diet contains 10-15 mg of 
elemental iron daily. 

• Normally, 5-10% of which (0.5-1 mg) is 
absorbed, in the duodenum and proximal 
jejunum.

• Iron absorption increases in response to low 
iron stores or increased iron requirements:
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Iron

A. 1-2 mg/day are absorbed in menstruating 
women.

B. 3-4 mg/day are absorbed in pregnant women.

• Iron in vegetables and grains, is often tightly 
bound to organic compounds and is much less 
available for absorption.

• Iron in meat protein is efficiently absorbed, 
because heme iron can be absorbed intact.
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Iron

• Nonheme iron in food and iron in inorganic 
iron salts must be reduced to ferrous iron 
(Fe2+) to be absorbed from intestinal mucosal 
cells.

• Ferrous iron is transported efficiently across 
the luminal membrane of intestinal 
enterocytes by the divalent metal transporter 
(DMT1). 

• Excess iron can be stored in mucosal cells as 
ferritin



10

Iron

2. Transport:

• Iron is transported in the plasma bound to 
transferrin.

• The transferrin-iron complex enters maturing 
erythroid cells by transferrin receptor-
mediated endocytosis. 
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Iron

• The iron released in endosomes is used for 
hemoglobin synthesis, whereas the 
transferrin-transferrin receptor complex is 
recycled to the plasma membrane, where the 
transferrin dissociates and returns to plasma.

• Increased erythropoiesis is associated with 
increased number of transferrin receptors.

• Iron store depletion and iron deficiency are 
associated with increased serum transferrin.
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Iron

3. Storage:

• Iron is stored as ferritin in macrophages in the 
liver, spleen, bone, and in parenchymal liver 
cells. 

• Ferritin is proportionately detected in serum.



13

Iron

4. Elimination:

• No mechanism for iron excretion.

• Small amounts are lost by exfoliation of 
intestinal mucosal cells.

• Thus, regulation of iron balance is achieved by 
changing absorption and storage.
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Iron

Clinical Pharmacology:

A. Indications:

• The only indication is treatment or prevention 
of iron deficiency anemia.

• It is seen in populations with:

1. Increased iron requirements:

a. Infants, especially premature.

b. Children during rapid growth episodes.

c. Pregnant and lactating women.
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Iron

2. Increased iron loss:

a. Chronic kidney disease – loss of RBCs during 
hemodialysis

b. Blood loss – most common in adults

- Menstruation (~ 30mg/cycle)

- Upper gastrointestinal bleeding
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Iron

3. Inadequate iron absorption:

a. Gastrectomy (?)

b. Severe small bowel disease – generalized 
malabsorption.
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Iron

B. Treatment:

1. Oral Ferrous Iron Salts:

Elemental iron 

per tablet

Tablet size (mg)Prepararion

65325Ferrous sulfate

hydrated

36325Ferrous gluconate

106325Ferrous fumarate
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Iron

• In an iron-deficient individual, ~ 50-100 mg of 
iron can be incorporated into hemoglobin 
daily, and about 25% of iron given as ferrous 
sulfate can be absorbed.

• Therefore, 200- 400 mg of elemental iron 
should be given daily for 3-6 months after 
correction of the cause of the iron deficiency 
anemia, to correct the anemia and replenish 
iron stores.
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Iron
Adverse effects:

1. Nausea, epigastric discomfort, abdominal 
pain, constipation and diarrhea.

• These effects are dose-related and can be 
reduced by lowering the dose or giving it with 
meals or immediately after meals. 

2. Black stools are common and may obscure the 
diagnosis of continued gastrointestinal blood 
loss.
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Iron

2. Parenteral iron therapy:

• Should be reserved for patients:

1) Unable to tolerate oral iron.

2) Unable to absorb oral iron. Malabsorption 
syndromes, small bowel resection.

3) With extensive chronic blood loss.
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Iron

Preparations include:

A. Iron dextran:

• It is a stable complex of ferric hydroxide and 
low-molecular-weight dextran containing 50 mg 
elemental iron/mL of solution.

It can be given by deep IM injection or IV 
infusion.

Adverse Effects:

1. After IM: local pain and tissue staining.
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Iron

2. After IV: headache, fever, arthralgia, nausea & 
vomiting, back pain, flushing, bronchospasm, 
anaphylaxis and death.

• The hypersensitivity reactions may be delayed 
48-72 hours after administration.

B. Other alternative parenteral iron reparations 
are available.

• Antidotes (For iron excess): the chelating agents 
Deferoxamine (parenteral) and Deferasirox (PO).
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• A 50 years old morbidly obese female 
with diabetes mellitus,  underwent a 
stomach surgery procedure to reduce 
the capacity of the stomach to be able 
to reduce weight. 3 years later she 
developed a macrocytic type of 
anemia. Her medications included 
metformin for diabetes. She had a 
history of dyspepsia. Serum folic 
acid was normal
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Vitamin B12

• Its deficiency leads to anemia, gastrointestinal 
symptoms and neurological abnormalities.

• It consists of a porphyrin-like ring with a 
central cobalt atom attached to the nucleotide.

Active forms are:

1. Deoxyadenosylcobalamin

2. Methylcobalamin
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Vitamin B12

Pharmacokinetics:

1. Vitamin B12, in physiologic amounts is 
absorbed only after it complexes with the 
intrinsic factor (a glycoprotein secreted by the 
parietal cells of the gastric mucosa).

2. The intrinsic factor-vitamin B12 complex is 
absorbed in the terminal ileum by a highly 
specific receptor-mediated endocytosis.
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Vitamin B12

3. Daily absorption ~ 1-5 μg.

4. Vitamin B12 is stored mainly in the liver with 
an average normal storage pool of 3-5 mg.

5. Daily requirements are ~ 2 μg.

How long would it take for the storage pool to be

depleted and symptoms of deficiency to appear?
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Vitamin B12

6. Only trace amounts are lost in urine and stool.

7. Once absorbed it is transported in the body 
bound to a plasma glycoprotein, 
transcobalamin II. 

Causes of deficiency:

Malabsorption of Vitamin B12 due to:

1. Lack of intrinsic factor.

2. Loss or malfunction of the terminal ileum.
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Vitamin B12

3. Strict vegetarians (long-term):

• The vitamin is NOT synthesized by animals or 
plants.

• The ultimate source is microbial synthesis

• Mainly present in meat (liver), eggs and dairy 
products. 

• It has to be released from these sources 
before absorption.
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Vitamin B12

4. Atrophic gastritis (from Helicobacter pylori)

5. Lack of gastric HCl (cobalamin is NOT released 
from protein).

6. Drugs: proton pump inhibitors and metformin. 
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Vitamin B12

Pharmacodynamics:

Vitamin B12 is involved in 2 essential enzymatic 

reactions in humans:

1. Deoxyadenosylcobalamin is responsible for 
the isomerization of methylmalonyl-CoA to 
succinyl-CoA by the enzyme methylmalonyl-
CoA mutase.

• In Vitamin B12 deficiency, methylmalonyl-CoA 
accumulates. 
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Vitamin B12

2. Methylcobalamine is involved in the transfer of 
a methyl group from N5-
methyltetrahydrofolate to homocysteine to 
form methionine and tetrahydrofolate (THF).

• THF is the precursor of many folate cofactors.

• In Vitamin B12 deficiency, folate cofactors 
become deficient leading to defects in several 
biochemical reactions involved in the transfer of 
one-carbon groups.
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Vitamin B12

• In particular, depletion of THF prevents the 
synthesis of dTMP and purines required for DNA 
synthesis in rapidly dividing cells.

• The accumulation of folate as N5-
methyltetrahydrofolate and the associated 
depletion of THF has been referred to as the 
“methylfolate trap”.
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Vitamin B12

• This is where vitamin B12 and folic acid 
metabolism are linked, and explains why the 
megaloblastic anemia of Vitamin B12 deficiency 
can be partially corrected by large doses of folic 
acid, which is converted to dihydrofolate and 
then to THF by folate reductases.
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Vitamin B12

• Evidence implicates disruption of the 
methionine synthesis pathway as a cause of 
neurological manifestations of Vitamin B12

deficiency in contrast to accumulation of 
methylmalonyl-CoA.

• Whatever the cause, administration of folic 
acid for Vitamin B12 deficient individuals will 
NOT correct neurological manifestations, but 
will largely correct the anemia.
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Vitamin B12

Clinical Pharmacology:

1. Treatment of pernicious anemia

2. Treatment of neurological manifestations of 
Vitamin B12 deficiency.

• Used as parenteral injection of cyanocobalamin 
or hydroxocobolamin, both to replenish stores 
and maintenance, usually for life.
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Vitamin B12

• Hydroxocobalamin is preferred because it is 
more highly protein-bound and remain longer 
in the circulation.
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Folic Acid

• Reduced forms of folic acid are required for the 
synthesis of amino acids, purines and DNA.

The consequences of folate deficiency include:

1. Megaloblastic anemia.

2. Congenital malformations – neural tube 
defects, such as spina bifida and anencephaly,

3. Occlusive vascular disease due to homocysteine 
accumulation.
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Folic Acid

• Folic acid (pteroylglutamic acid) can exist in the 
form of monoglutamate, triglutamate and 
polyglutamate.

• It undergoes reduction by folate reductase to 
dihydrofolate and tetrahydrofolate.
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Folic Acid

• Tetrahydrofolate can be transformed to folate 
cofactors possessing one-carbon.

• The folate cofactors are inter-convertable and 
serve the donation of one-carbon units at various 
level of oxidation.
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Folic Acid

Pharmacokinetics:

• Food rich in folic acid include yeast, liver, kidney 
& green vegetables.

1. Usual daily absorption from diet ~ 50-100 μg, 
depending on metabolic requirements.

2. Pregnant women may absorb up to 300-400 
μg.
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Folic Acid

3. Normal tissue storage in liver and other 
tissues ~ 5-20 mg.

• If folic acid absorption stops, megaloblastic 
anemia develops in 1-6 months.

4. Folic acid is absorbed in the proximal jejunum.
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Folic acid

Clinical pharmacology:

1. Megaloblastic anemia. Vitamin B12 deficiency 
must first be excluded. Why?

2. Prevention of folic acid deficiency in high risk 
groups such as pregnancy, alcohol 
dependence, hemolytic anemia, …

• Usually used orally until the cause is removed 
and stores are replenished.
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Folic acid

Causes of deficiency:

1. Inadequate dietary intake.

2. Liver disease and alcohol dependence because 
of diminished stores and poor diet.

3. Increased requirements: pregnancy, hemolysis

4. Malabsorption syndromes.

5. Renal dialysis.
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Folic acid

6. Drugs:

A. Methotrexate, trimethoprim, pyrimethamine
inhibit dihdrofolate reductase

B. Long-term phenytoin therapy impair folate 
absorption
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Hematopoietic Growth Factors

• The hematopoietic growth factors are 
glycoprotein hormones that regulate the 
proliferation and differentiation of 
hematopoietic progenitor cells in the bone 
marrow.

49
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Erythropoietin

• Formed by the kidney in response to tissue 
hypoxia (severe anemia).

• Recombinant human Erythropoietin is available 
for use (epoetin alpha).

Pharmacodynamics:

1. It stimulates erythroid proliferation and 
differentiation by interacting with specific 
receptors on red cell progenitors.

2. It induces release of reticulocytes from bone 
marrow.
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Erythropoietin

3. It corrects the anemia (provided that bone 
marrow response is not impaired by iron 
deficiency, primary bone marrow disorders, or 
bone marrow suppression from drugs or chronic 
diseases).

4. Normally, an inverse relationship exists 
between the hematocrit and erythropoietin 
level. This is NOT true in anemia of chronic renal 
failure.
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Erythropoietin

Clinical Pharmacology:

• Used for anemia of chronic renal failure, NOT 
other types of anemia where endogenous 
erythropoietin is usually high. 

• Iron and folate supplementation may be 
required in cases of inadequate response. 
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Erythropoietin

Adverse Effects:

1. Most common are those associated with rapid 
rise of hemoglobin and hematocrit: 
hypertension and thromboembolic 
complications.

• Hemoglobin levels should not be increased > 11 
g/dL because of risk of serious cardiovascular 
events, thromboembolic events, stroke, and 
mortality.

2. Infrequent and mild allergic reactions.
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Myeloid Growth Factors

• Granulocyte colony-stimulating factor (G-CSF), 
granulocyte-macrophage colony-stimulating 
factor (GM-CSF).

• Recombinant human G-CSF (rHuG-CSF): 
Filgrastim

• Recombinant human GM-CSF (rHuGM-CSF): 
Sargramostim
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Myeloid Growth Factors

Pharmacodynamics:

• They stimulate proliferation and differentiation
by interacting with specific receptors found on 
myeloid progenitor cells.

1. G-CSF stimulates proliferation and 
differentiation of progenitors committed to the 
neutrophil lineage. It also activates the 
phagocytic activity of mature neutrophils and 
prolongs their survival in the circulation.
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Myeloid Growth Factors

2. GM-CSF has broader biologic actions than G-
CSF. 

• It is a multipotential hematopoietic growth 
factor that stimulates proliferation and 
differentiation of early and late granulocytic, 
erythroid and megakaryocyte progenitors.
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Myeloid Growth Factors

Clinical Pharmacology:

1. Cancer Chemotherapy-Induced Neutropenia.

• G-CSF and GM-CSF accelerate the rate of 
neutrophil recovery and reduces the duration of 
neutropenia after dose-intensive 
myelosuppressive chemotherapy.
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Myeloid Growth Factors

Adverse effects:

1. Bone pain.

2. Fever, arthralgias, myalgias.

3. Capillary leak syndrome characterized by 
peripheral edema, and pleural or pericardial 
effusions.

4. Allergic reactions.

5. Splenic rupture.



59

Megakaryocyte Growth Factors

• Thrombopoietin and interleukin-11 (IL-11) are 
endogenous regulators of platelet production.

1. Thrombopoietin agonists: Romiplostim and 
Eltrombopag.

2. Recombinant form of IL-11: Oprelvekin.
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Megakaryocyte Growth Factors

Eltrombopag:

• It is an orally active small nonpeptide
thrombopoietin agonist used for therapy of 
patients with chronic immune 
thrombocytopenia who have had an inadequate
response to other therapies (steroids, 
immunoglobulins, or splenectomy).

•
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Megakaryocyte Growth Factors

• It is also used for treatment of 
thrombocytopenia in patients with hepatitis C
to allow initiation of interferon therapy. 

Romiplostim:

• It is used for therapy of patients with chronic 
immune thrombocytopenia.
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Megakaryocyte Growth Factors

Adverse effects:

Eltrombopag:

1. Hepatotoxicity.

2. Portal vein thrombosis. 
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Megakaryocyte Growth Factors

Romiplostim:

1. Portal vein thrombosis.

2. In patients with myelodysplastic syndromes, it 
increases the blast count and risk of progression 
to acute myeloid leukemia. 

3. Marrow fibrosis. 

4. Rebound thrombocytopenia.
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Megakaryocyte Growth Factors

Oprelvekin:

1. Fatigue, 

2. Transient atrial arrhythmias.

3. Anemia (due to hemodilution).

4. Dyspnea (due to fluid accumulation in the 
lungs).

5. Hypokalemia.


