MEGALOBLASTIC ANAEMIAS 

Group of disorders characterized by a common biochemical defect in DNA synthesis.

Results in a state of unbalanced cell growth and impaired cell division.

Normal cells:  Series of events in DNA, RNA and protein synthesis.

Resting Phase followed by doubling of cellular DNA in S phase and then mitosis with the production of 2 cells.

In Megaloblastic anaemia:  Arrest in S phase as the cell attempts to double its DNA.

Expressed as:  Larger than normal immature nucleus.  Relatively unimpaired RNA and protein synthesis.  Therefore the cells are large with greater mature cytoplasm.

Causes are deficiency of vitamin B12 or folic acid.

Vitamin B12

Cobalamin

Dietary sources – Animal protein e.g. meat, milk products and egg yolk.

Average diet – 5 – 7ug/day

Daily excretion – 1ug/day

Total body content – 2-5mg

3-4 years to deplete stores if dietary intake ceases

Vitamin B12 absorption

Dietary B12 binds to Intrinsic Factor secreted by the parietal cells of the stomach.  IF-B12 complex travels through to the terminal ileum where IF is released and B12 is absorbed.  B12 is bound to TCII and transported to the liver for storage or to the bone marrow and other sites for use in DNA synthesis.

Folates

Source – Leafy vegetable, fruits and animal protein.

Thermolabile

Daily requirement 50ug/day. Varies with age, pregnancy, lactation and haemolysis.

Daily intake 400-600ug/day

Folate absorption

Dietary folates are in polyglutamate form and need to be reduced to monoglutamate for absorption.  Absorption occurs in the SI (proximal jejunum).  Reduction of monoglutamate and subsequent methylation e.g. 5methyl THF

Normal range 5-20ng/ml

Function in donating single C units e.g. methyl, formyl  and methylene groups.

Causes of B12 deficiency

a)   Decreased dietary intake – vegans, vegetarians

b)   Poor absorption – Pernicious anaemia, Gastrectomy, Ileal disease

c)    Increased bacterial utilization-Blind-Loop syndrome, Bacterial overgrowth

d)   Parasitic infestation – Fish tapeworm

e)   Absence of TCII

Pernicious anaemia

Condition associated with autoimmune destruction of parietal cells. Results in absence of IF.  Also associated with Ab to IF and to parietal cells.

Occurs classically in late middle age.  In Blacks there is an earlier age of onset with females being more commonly affected than males.

Results in Megaloblastic anaemia due to B12 deficiency.

Causes of Folate deficiency

a)  Decreased intake – poor diet in elderly, anorexia nervosa, alcoholism

b) Malabsorption – alcoholism, Coeliac, drugs

c) Increased requirements – pregnancy, haemolytic anaemias, exfoliative dermatitis

d) Impaired Folate utilization – alcoholism, folate antagonists

(trimethoprim, methotrexate).

Clinical and Laboratory Features of Megaloblastic anaemia

a) Blood changes -  macrocytosis (high MCV), Low retics, marked poikilocytosis, 

teardrop cells and fragmentation.   WBC – Increase in size with hypersegmentation of nucleus of neutrophils.

b) Bone Marrow – Megaloblasts (large cells with nuclear/cytoplasmic asynchrony).

Large bands, Hypercellularity with erythroid  hyperplasia.   Ineffective erythropoiesis – destruction of abnormal cells within the BM.  May be responsible for pancytopaenia.  Is responsible for elevated LDH and bilirubin.

c) Skin - Pale yellow skin and hyperpigmentation, early greying

d) Mouth - Glossitis – beefy, sore red tongue and angular stomatitis
e) GIT - Malabsorption  and weight loss
f) Neurological – Seen only with B12 deficiency.  Due to demyelination.
Include Sub-acute combined degeneration of the cord, peripheral neuropathy, optic atrophy and megaloblastic madness.

Biochemical basis of features of megaloblastic anaemia

Folate:  Normal

DUMP------------  ( dTMP ------- ( DNA

Folate Deficiency:

DUMP ------------( dUTP --------- ( Uracil containing DNA.  Excision of abnormal stretches of DNA results in misrepair with abnormal sequences.

Vitamin B12




B12

a) Homocysteine ------------( Methionine

    Methyl THF --------( THF -------------( Polyglutamate

This reaction maintains folate in its active form inside the cell an available for DNA synthesis.

Methyl Folate Trap Hypothesis:

In Vitamin B12 deficiency there is failure to generate THF which is the substrate for folylpolyglutamate synthetase.  There is therefore a build-up of Methyl THF that cannot be polyglutamated and leaks out of the cell.  Folate is therefore trapped in methyl THF form.

In the laboratory in association with B12 deficiency there is also therefore a reduction in IC folate with an increase in serum folate.
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b) Methylmalonyl CoA ------------ ( Succinyl CoA

This reaction is involved in myelin synthesis.  Although not well defined it is felt that there is an accumulation of Propionyl CoA, which competes with Acetyl CoA in fatty acid synthesis.  The end result is fatty acids with odd numbers of C atoms and thus defective myelin.

Investigation of Megaloblastic anaemia

a) Blood-Anaemia or Pancytopaenia, Macrocytosis, Hypersegmented Neutrophils

b) Bone Marrow – Megaloblastic

c) Serum B12 and Folate levels

d) Schilling Test

e) Anti-IF Ab, Anti-parietal cell Ab

Schilling Test:

Most specific test for diagnosing PA and helping to distinguish it from other causes of B12 deficiency.

Part 1:  Large parenteral dose of B12 is given to saturate TCI and II

Radiolabelled B12 is given orally and 24-hour urinary excretion is measured.  In a person with normal renal function if excretion is low <9%, it means that absorption is low.

Part II:  If the first part is abnormal a repeat dose of Radiolabelled B12 is given with IF orally and the urinary excretion is measured.  If excretion is now normal it means that B12 malabsorption is of gastric origin i.e. PA or gastrectomy is the problem and not Ileal disease.

Treatment

Folate deficiency:

a) Oral replacement

b) Alcoholics should be advised to stop drinking

c) Measure retics at 7-10 days

B12 deficiency

a) B12 IM 1mg/day for 2-3 weeks, then 1 mg every 3 months or monthly after.

b) Retics will rise by day 2-3 and peak at 7-10 days

c) Avoid blood transfusion

Peripheral neuropathy will improve over weeks to months.  Spinal cord damage is usually irreversible.

If you do not know which vitamin is deficient

It is preferable to give B12  first and assess response or alternatively give both B12 and folate.  Disadvantage of giving both is that it is not possible to tell which agent the patient is responding to.  Never give folate alone.
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