-----------------------------------------------------------------Crystal induced arthropathies
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They include the followings:-
1- Gout ( Hyperuricaemia).

2- Pseudogout ( pyrophosphate arthropathy).
3- Pseudo-Pseudogout ( Hydroxy apatite arthropathy). 

Gout ( Hyperuricaemia)
Definition:-

  Hyperuricemia is defined as a serum uric acid >7mg/dL in males and >6mg/dL in females . The term gout refers to a disorder characterized by defect in purine metabolism, and manifested by:

1- Hyperuricemia.

2- Crystalline deposition of monosodium urate in tissues (tophi).

3- Gouty arthritis.

4- Uric acid stones and gouty nephropathy.
Biochemical Basis:-
Catabolism of purines:

- It occurs in liver, intestine, spleen, kidney, pancreas, skeletal muscles and heart muscle.

- In human and higher primates as chimpanzee, the ultimate end product of purines catabolism is uric acid. The starting metabolites are either adenosine (adenine + ribose) or guanosine (guanine + ribose).

- For adenosine, it is firstly converted to inosine by adenosine deaminase (a nucleoside deaminase). Ribose is then removed from inosine by phosphorylase and inorganic phosphate to form hypoxanthine and ribose-1-phosphate. Hypoxanthine is then oxidized to xanthine, then to uric acid by xanthine oxidase.

- For guanosine, it is converted to guanine by removal of ribose, in the form of ribose-1-phosphate by phosphorylase (actualy is a nucleosidase).  Then guanine is deaminated by guanase to xanthine.  Xanthine is then oxidized to uric acid by xanthine oxidase.

- Xanthine oxidase activity is very high in liver, intestine and kidney which are the sites for purine catabolism. It is the rate limiting enzyme for purine catabolism, before which purines can be salvaged for resynthesis of nucleotides.  Allopurinol (Xyloric) is a competitive inhibitor of xanthine oxidase and is used as a prophylactic drug that decreases uric acid synthesis in gout
- In lower primates and other mammals, uricase enzyme converts uric acid to allantoin by removal of CO2 molecule.  Uricase enzyme requires copper (Cu2+) as a cofactor.

Notes:

1. In birds and reptiles, uric acid is the chief end product of protein nitrogen.  Thus, they are called uricotellic compared to the ureotellic mammals that excrete urea as a major end product for protein nitrogen.  This allows these animals to excrete a smaller volume of concentrated urine and spare their body water better than mammals.  Fishes are ammonotellic, as ammonia being the chief end product of protein nitrogen.

2. Methyl-purines are largely broken down into urea and other products, but not to uric acid.

3. Uric acid production increases in most cases of gout with purine-rich diets (diet rich in nucleic acids, e.g., meat).  It also increases in leukaemia, and polycythemia, due to increased rate of turn over of blood cell nucleic acids.
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· AMP = Adenosine monophosphate.

· IMP = Inosine monophosphate.

· GMP = Guanosine monophosphate.

· XO = Xanthine oxidase.

· HGPRT· = Hypoxanthine-guanine phosphoribosyl-transferase
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Excretion of uric acid:

- About 80% of the uric acid formed in the body is excreted in the urine.  The remaining part is probably excreted in the bile.  The amount of uric acid excreted in the urine varies between 0.5 - 0.6 gm/day.  It is mainly in the form of uric acid because the acidity of urine (~5 pH) prevent sodium urate formation that is much more water soluble than uric acid.  Thus, alkalinization of urine help preventing urinary uric acid stone formation.

- It is approximately halved on a purine-free diet, showing that about 50% of uric acid excreted in the urine is of exogenous origin (results from the oxidation of dietary purines).  

Uricolytic Index (UI):

- It is an index that shows how much of the uric acid is converted to allantoin in the liver.

UI = allantoin nitrogen/uric acid nitrogen + allantoin nitrogen X 100

- It is 0 - 2 in primates due to absence of uricase enzyme.  Thus, any allantoin in the urine must be dietary in origin or product of non-enzymatic oxidation in conditions of oxidative stress.

- It is 98 - 100 in lower mammals due to the presence of uricase enzyme, but only 32% in the Dalmation dog.  The presence of uric acid in the urine of the Dalmation dog is due to failure of the kidney to completely reabsorb uric acid from the glomerular filterate.

Classification of hyperuricemia
A) Primary:
1- Metabolic Hyperuricemia : Which constitutes most of the cases, is due to inherited autosomal or X-linked recessive metabolic defects characterized by increased rate of purine sunthesis and/or decreased rate of salvaging purine from the breakdown pathway, leading to overproduction of uric acid. They may be accompanied with immunodeficiency.  These patients show lowered blood urates (uric acid) levels on a low protein (glycine) diet.
Causes:

• Idiopathic, 10-20% of patients with primary gout.

• Enzymatic defects. e.g:

A)- Lesh-Nyhan syndrome: in which the defective enzyme is  (Hypoxanthine - guanine - phosphoribosyl - transferase) which is essential for reconversion of guanine, hypoxanthine into their mother substance so this enzymatic defect leads to  accumulation of uric acid. X linked recessive , associated with  Choreoathetosis, mental retardation and self mutilation
B)- Von Gierk's disease:- It is  glycogen storage diseases type I characterized by genetic deficiency of glucose-6-phosphatase which shuttles glucose-6-phosphate to HMP-shunt with excessive production of ribose, a precursor for purine synthesis.
II- Primary renal gout: is a rare condition and is due to an inherited defect in the kidney leading to decreased secretion of urates by the renal tubules. Such patients show lowered blood urate levels on a diet poor in nucleic acids, e.g., milk, dairy products and eggs, which are the recommended sources of proteins to treat these cases.

B) Secondary: 
As a part of other diseases with elevated uric acid level in the body fluids as in:

1. Increased uric acid production secondary to increased cell destruction and breakdown of nucleoproteins (increased turnover of nucleic acids) as in:

· Cancer, e.g., leukaemias.

· Polycythaemia.

· Pneumonia.

· Psoriasis.

2- Decreased excretion of uric acid as in sever renal failure (secondary renal gout) , or Altered tubular handling by drugs. e.g thiazides, low dose aspirin

and cyclosporine lead to  decrease renal excretion of uric acid.

              • Lactic acidosis, alcohol.

              • Lead ne hro ath has Ion been associated with out saturnine out).
Pathology
 Acute gouty arthritis:
· Urate crystals themselves are not irritating and urate crystals can be found in asymptomatic joints. When urate crystals become phagocytosed by leucocytes , this lead to release of   their lysosomal enzymes, cytokines and chemotactins which can elicit an inflammatory reaction leading to  Acute arthritis.

· Colchicine leads to decrease  leucocytes migration and modifies their phagocytic activity.
Chronic tophaceous gout (Deposition of urate):
Deposition of urate:

· In joint lead to  chronic erosive arthropathy.

· In kidney lead to  gouty nephropathy.

· Tophi : Tophi are deposits of solid urate crystals that elicit a foreign body reaction of mononuclear cells with granuloma formation, this occurs after longstanding severe hyperuricemia. Tophi deposits occur usually in the skin, around joints and ear lobule, extensor surface of fingers, achilles tendon or in elbows. Large deposition may cause overlying skin to ulcerate and extrude urate crystals. Periarticular deposition lead to a halo of radio-opacity on x-ray.
Investigations

· . Serum uric acid> 7 mg/dl in malesor > 6 mg/dl in females (it may be normal).
Normal level is

3.5 - 7 mg/dl in males

2.5-6 mg/dl in females

· Increased ESR .
· Increased total leucocytic count.
· Aspiration of tophi show  urate crystals (by polarized microscope).

· Uric acid in urine> 1100 mg / 24 hours = overexcertion.

N.B1 :  Normal serum uric acid does not exclude the diagnosis of gout.
N.B 2: Hyperuricaemia  is frequently associated with/obesity,hypertension D.M,

hyperlipidemia (syndrome x) but still there is no relation between increased  uric acid  and hypertension, DM or atherogenesis.
Treatment:

1. Antiinflammatory treatment to releaf pain: Colchecine is an antiinflammatory drug used in treatment of acute gout that acts through inhibition of phagocytosis of uric acid by polymorphs and also by inhibition of the release of the chemotactic substances.

2. Increase uric acid excretion: Uricosuric drugs, e.g., salicylates, cortisone and probenecid inhibit the renal tubular reabsorption of urates to increase its excretion in the urine.  These drugs are also antiinflammatory.  ACTH increases uric acid excretion. Alkalinization of urine: this increases dissolution of uric acid as sodium urate and prevents its precipitation as stones.

3. Inhibition of uric acid synthesis: Allopurinol is a structural analog of hypoxanthine and competitively inhibits xanthine oxidase to prevent formation of uric acid. This leads to accumulation of hypoxanthine and xanthine that are more readily excreted in the urine since they are more soluble than uric acid.  

4. Dietary control: Avoidance of nucleic acid-rich diets, e.g., liver and meat particularly of old animals and birds. Dairy products, eggs and meat of young animals are suitable sources. 
Pyrophosphate arthropathy 
( Chondrocalcinosis)
(Pseudogout)
    Calcium pyrophosphate dihydrate (CPPD) crystal deposition disease is characterized by the deposition of CPPD crystals in the articular cartilage visualized as intra-articular calcifications (chondrocalcinosis), identification of the crystals in the synovial fluid, and acute arthropathy . Radiographic surveys show an age-related increase of chondrocalcinosis and by the ninth decade almost 50% of individuals have chondrocalcinosis . 
   The manifestations of CPPD crystal deposition disease include incidental finding of chondrocalcinosis, acute attack of arthritis (pseudogout), and chronic arthritis. The knee is the most commonly involved joint, followed by the wrist, metacarpophalangeal, hips, shoulder, and ankle joints . 

Figure showing Chondrocalcinosis of the articular and fibrocartilage of the left knee in a patient with calcium pyrophosphate dihydrate deposition disease (CPPD)

   In young patients who are under 40 yr old, chondrocalcinosis is an unusual finding. Chondrocalcinosis in young age is known to be associated with a variety of endocrine and metabolic conditions . Calcium pyrophosphate dihydrate (CPPD) crystal deposition disease is a disease of the elderly and extremely rare in young individuals. If young people develop CPPD crystal deposition disease, it may be associated with metabolic diseases such as hemochromatosis, hyperparathyroidism, hypophosphatasia, hypomagnesemia, Wilson’s disease, hypothyroidism, gout, acromegaly, and X-linked hypophosphatemic rickets. Therefore, in young-onset polyarticular CPPD crystal deposition disease, investigation for predisposing metabolic conditions is warranted.

Pseudo-Pseudo Gout :(Hydroxy appatlte.arthropathy):
· Females affected more than males.

· Shoulderjoint is the oornrnonst-slte, but it may

· occur at knee, hip or elbow.
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