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Under simple simulated physiological
conditions in vitro we have previously
established that 40 ,u mol/l of
pyrophosphate is needed to initiate
formation of calcium pyrophosphate
crystals in the presence of 1-5 mmol/l
of Ca- at 37°C in three days.' If
magnesium is added to the system to
approach the physiological range (0 5
mmol/l) the requirement for
pyrophosphate rises to 175 AmolIl.
We have now investigated the effect
of another important ion, ortho-
phosphate, over the physiological
range, on crystal formation and on
long term crystal growth.

Contrary to expectation there was a
dose-related decrease in the amount of
pyrophosphate needed to initiate the
formation of calcium pyrophosphate
crystals in the presence of increasing
phosphate. At 0 5, 1-0, and 2-0
mmolVl phosphate, 125, 75, and 37 5
,umol/l pyrophosphate are required
respectively in the presence of a
standard 1 5 mmolIl Ca++ and 0-5
mmoll Mg++. These results are of
particular interest because hitherto it
has been thought that pyrophosphate
acts as an inhibitor of calcium
phosphate crystal deposition. The use
of t mmol/l phosphate and 1 5 mmol/l
of calcium with pyrophosphate added
creates conditions that are close to
physiological and raises the important
question of which crystal forms first
deposit in vivo. The amount of
pyrophosphate (75 ,umoll1) needed for
crystal growth of calcium
pyrophosphate is still higher than the
amount of pyrophosphate found in

extracellular fluids (normal range 1-4
,u mol/l) or in synovial fluid in
pseudogout (range 5-60 ,umol/l). This
suggests that under pathological
conditions in vivo additional
mechanisms may be needed to
produce high local concentrations of
calcium or PP,, or that nucleating
agents are involved.
Long term incubations at

physiological temperature, pH, and
ionic strength, with 1 c mmol/l Ca++,
05 mmolIl Mg`+ and 200 ,umol/l
pyrophosphate lead, in the absence of
phosphate, to the formation of
predominantly monoclinic crystals of
calcium pyrophosphate. The addition
of phosphate at 1 mmol/l stabilises the
amorphous gel that is formed initially,
thereby prolonging the time needed
for crystal growth. However, it does
lead to the formation of much larger
crystals. These crystals are of the same
type as in the absence of phosphate but
differ in that a small proportion of
them transform slowly to crystals which
appear by optical criteria to be triclinic
calcium pyrophosphate dihydrate (the
type found in vivo). This indicates that
under simulated physiological
conditions of pH and ionic strength
and at physiological concentrations of
key ions, it is possible to grow the
crystal type found pathologically by
using high (200 ,umol/l
pyrophosphate concentrations.
The possibility that nucleating

agents are involved in vivo was
explored using crystals of
hydroxyapatite or preformed crystals
of CPP, (monoclinic + orthorhombic).

Preliminary results indicate that
addition of large numbers of
hydroxyapatite crystals (40 Ag/ml)
raise the concentration of
pyrophosphate required for CPPi
crystal initiation, presumably because
they bind pyrophosphate to their
surfaces. Lower numbers of added
crystals (4,g/ml) on the other hand
had no obvious effect on the initiation
of CPPi crystals, suggesting that any
surface binding effect was
compensated by a promoting effect on
nucleation.

In long term incubations (> 2
months) neither added hydroxyapatite
nor added CPP, crystals altered the
type of new CPPi crystals formed.
Both types of crystals considerably
accelerated CPPi crystal formation in
the presence of excess PP1 (100-300
,umol/l) both in the presence and
absence of phosphate.

In conclusion, it has not yet been
possible to grow the pathological CPP,
crystal type (triclinic) in short term
culture in vivo under simulated
physiological conditions. Such crystals
do, however, appear in long term
incubations (i-2 years), supporting the
suggestion that their presence in
chondrocalcinosis represents the end
point of a gradual process.
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