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Summary. A method is described for the growth of calcium
oxalate dihydrate in normal urine. Soluble chlorophyllin, at
a concentration of 20 ug/ml inhibited the crystallisation
and the growth kinetics of the dihydrate crystals. The
inhibitory capacity of chlorophyllin was compared with
previous results. Data obtained suggest that the food and
drug colourant chlorophyllin might be useful in the treat-
ment of calcium oxalate stone disease.
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Introduction

It has been suggested by Berg and co-workers that calcium
oxalate dihydrate crystals (weddellite) are most probably
the primary product of calcium oxalate crystallisation in
urine [1, 2]. Weddellite undergoes phase conversion to cal-
cium oxalate monohydrate if not stabilised by the presence
of urinary foreign ions [3]. In our laboratories it was found
that calcium oxalate dihydrate is formed in rat kidneys in
the first 2 h after the injection of 4 hydroxy-L-proline. This
dihydrate undergoes gradual transformation into the more
stable calcium oxalate monohydrate [4].

In previous communications we established the powerful
inhibiting effect of chlorophyllin on the growth of calcium
oxalate monohydrate in aqueous media [5]and in gel systems
[6]. Furthermore, soluble chlorophyllin was found to inhibit
the growth of calcium oxalate monohydrate in rat kidneys
[7]. Soluble chlorophyllin used in these studies was the wa-
ter soluble sodium copper complex, permitted in many
countries, as colourant for food and drugs [8]. The acceptable
daily intake is up to 15 mg/kg bwt. [9].

Since calcium oxalate dihydrate is considered to be a
primary phase in calcium oxalate stone formation, it would
be of interest to develop a reproducible method for the
growth of calcium oxalate dihydrate in natural urine and to

evaluate the effect of soluble chlorophyllin on the growth
kinetics of the dihydrate crystals in the urine environment.

Materials and Methods

Crystals of calcium oxalate dihydrate can be grown by a number of
methods but are often contaminated with calcium oxalate mono-
hydrate or are unstable [10]. The crystallisation of the dihydrate by
means of the chemical reaction between the oxalate ion and Ca®™
in simulated urine was described by Gardner and Doremus [11]. The
crystals obtamned using this technique were contaminated with other
hydrates. Better results were achieved in our laboratory when 5% of
natural urine was added to simulated urine to stabilise the calcium
oxalate dihydrate [12]. In this study further improvement was in-
troduced to the crystallisation process to grow the dihydrate in a re-
producible manner using natural urine as the growth medium.

Urine Samples

The urine of normal healthy individuals (20, age 20—25) with no
history of stone formation was used. The urine sample (100—150
ml) was taken before lunch. The Ca®™™ concentration (corning cal-
cium analyser Model 940) and pH were determined immediately for
each urine sample. The sample was filtered through Millipore filter
0.22 um. The filtered urine sample (100 ml) was used for each growth
experiment, 50 ml used as control and the other 50 ml was used to
test the activity of chlorophyllin on the growth process.

Crystal Growth Study

Calcium chloride 0.25 mi (1 M) 1n bidistilled water was added to
50 ml of the filtered urine. The pH was adjusted to 5.7 and to the
system, which was maintained at 37 °C, 2.5 ml of sodium oxalate
(0.005 M) was added. The system was kept at 37 °C for 3 h without
any agitation. The other 50 mi of the same urine was used to evaluate
the effect of chlorophyllin. Soluble chlorophyllin was incorporated
to the filtered urine before the Cat* and oxalate™ = were added.
The crystals obtained were separated and characterised by methods
described previously [12].

The size distribution of the calcium oxalate crystals obtained in
each urine specimen in the presence and in the absence of chloro-
phyllin was determined using a particle counting technique (Coulter
counter Model TA) previously described [13].
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Fig. 1. Scanning electron micrograph of the calcium oxalate di-
hydrate grown in natural urine (x 2,220)

100
[
€
]
2
\
o with 20 pg/ml - Control
g 50! of Chlorophyllin
c
Q
o
ko]
a

2 4 8 16 32 64

Particle size in microns (iog scale)

Fig. 2. Size distribution of calcium oxalate dihydrate grown in nor-
mal urine

Growth Rate Studies

In kinetic studies, growth was followed up to the moment of agglo-
meration. The growth process was followed in the presence and in
the absence of chlorophyllin using the experimental conditions de-
scribed above. We monitored the size-number data in a fixed volume
(0.05 mi) of the system as a function of time. The volume of cal-
cium oxalate dihydrate precipitated (Vppt) was calculated as a
function of time by the method described recently by Markovic
[14). This was done in the presence and absence of soluble chioro-
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Fig. 3. Linear presentation of the size distribution of calcium oxa-
late dihydrate in presence and absence of soluble chlorophyllin

phyllin. The change in particle radius in a given period of time was
used as a basis for the calculation of the growth rate in cm/s [5].
The growth rates were determined in five urine samples before and
after the addition of chlorophyliin.

Results

Figure 1 shows the calcium oxalate dihydrate obtained in
natural urine under the conditions described. The presence
of soluble chlorophyllin (20 ug/mt) in the growth media did
not change the structural or morphological characteristics of
the dihydrate crystals. Figure 2 shows clearly the marked
effect of chlorophyllin on the size distribution. The degree
of uniformity (#) of size distribution was determined graphic-
ally as the slope of the linear relationship between (log log
100/V) vs (log D) (where V is the volume percentage, and
D is the diameter in microns) [13]. The value of n provides
a measure of the uniformity of the distribution. When all
sizes are represented to the same extent n = 0 whereas with
monodisperse systems, its value is infinity. The median
diameter D¢ was also determined from this plot (Fig. 3).
Table 1 summarises the mean diameter, uniformity fac-
tor n and the percentage inhibition in twenty different sub-
jects. In all cases chlorophyllin reduced the mean crystal
size, and the inhibition activity ranged from 7.5%—43%.
The effect of chlorophyllin on the uniformity factor n
was not significant (P > 0.05). This finding agrees with pre-
vious data obtained in our laboratory when calcium oxalate
was induced in rat kidney by injecting L-hydroxyproline
or sodium oxalate [4]. In the experiments soluble chloro-
phyllin inhibited the deposition and the growth of calcium
oxalate, but did not change the distribution characteristics
of the crystals, represented by the uniformity factor (n).
The time course of crystal growth in urine is given in
Fig. 4. The increase in the crystal volume precipitated over
thirty minute periods was determined from the Coulter
Counter data. The volume of the precipitated crystals is
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Table 1. Effect of soluble chlorophyllin on the size characteristics of calcium oxalate dihydrate grown in normal urine

No. Control 20 ug/ml chlorophyllin Inhibition activity
Dsg (um) n Dsg (um) n ADsgqg (um) Inhibition [%]
1 16.72 2.95 12.96 3.15 3.76 -22.5
2 17.95 3.82 1648 3.09 1.47 - 8.2
3 16.45 2.37 9.43 4.13 7.02 —42.7
4 20.05 3.42 15.29 2.95 4.76 ~23.7
5 19.40 2.01 13.40 1.62 6.00 -30.9
6 21.56 3.16 19.43 2.55 2.13 - 99
7 17.13 2.98 12.94 1.88 4.19 —24.5
8 15.31 2.36 11.50 2.64 3.81 -24.9
9 20.63 2.77 18.79 2.99 1.84 - 8.8
10 16.39 1.94 11.42 2.12 4.97 -30.3
11 21.24 2.51 20.73 2.81 0.51 - 24
12 20.78 2.18 17.25 2.13 3.53 ~16.9
13 18.38 2.53 11.56 1.65 6.82 —37.1
14 17.38 2.76 16.08 1.86 1.30 -~ 7.5
15 19.71 2.48 16.11 1.87 3.60 -18.3
16 16.36 2.39 15.06 3.18 1.29 - 79
17 18.03 2.64 16.36 2.44 1.67 - 9.3
18 15.14 2.09 12.29 1.92 2.85 ~18.8
19 15.10 2.10 9.73 2.24 5.37 -35.6
20 17.32 2.20 10.18 1.85 7.14 —~41.2
X 18.05 2.58 14.35 245 3.70 -21.1
S.E. £0.46 +0.11 +0.74 £0.15 0,46 2.8
251

N
o

d
L7 20pg/ml of
_*  Chlorophyllin

Volume precipitated x10°® pm3/0 05ml
(o))

[

-
———

y —

v y u
5 10 15 20 25 30
Time in minutes

Fig. 4. Effect of soluble chlorophyllin (20 ug/ml) on the growth of
calcium oxalate dihydrate in urine

obtained from the sum of the volumes of all particles detect-
ed at the time just preceeding agglomeration as described
by Markovic {14]. This plot shows the inhibitory activity
of soluble chlorophyllin (20 ug/ml) on the growth process.
Increasing the concentration of soluble chlorophyllin above
20 pg/ml did not change growth inhibition significantly.

The growth rate (R) was determined in the absence and
in the presence of chlorophyllin (Table 2). In all cases

Table 2. Effect of soluble chlorophyllin on the growth rate of cal-
cium oxalate dihydrate in urine '

(Rg: Growth rate = Ar/At cm/s, Re: Growth rate in presence of
soluble chlorophyllin, Ar: The change in the crystal radius, At:
Change in time

Ro-R¢
—x

Ro Re 100

Ro
1 4.88x 108 2.85x 108 41.6%
2 7.73x 108 6.91x10~8 10.6%
3 7.98 x 10~8 2.55x 10~8 68.0%
4 10.80 x 108 8.02x 108 25.7%
5 6.73x 108 3.90 x 10—8 42.0%
X 7.62x 108 4.85x 108 37.6%
+S.E. £0.96 x 10~8 £1.11x 1078 +9.6%

studied there was a marked inhibition on the growth rate of
calcium oxalate dihydrate averaging 38%. The influence of
soluble chlorophyllin on the growth kinetics of calcium
oxalate dihydrate may be attributed to: a) formation of
complexes with Ca** which effectively decrease the (-AG)
for the precipitation or b) absorption of chlorophyllin on
the growth sites of the crystal face. At the concentration
level of 20 ug/mi, complex formation can be ruled out.
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Discussion

If we try to compare the effect of chlorophyllin concen-
tration on the growth of calcium oxalate monohydrate and
calcium oxalate dihydrate, we find a marked difference be-
tween the concentration required to suppress growth in
both cases. In calcium oxalate monohydrate a low concen-
tration of 1 ug/ml produced a remarkable growth retarda-
tion, whereas 20 pg/ml was required in the case of the
dihydrate. This confirms the observation reported recently
by Tomazic and Nancollas on growth of calcium oxalate
monohydrate and calcium oxalate dihydrate in the presence
of polyphosphate [15]. The pronounced difference in the
adsorption behaviour of foreign molecules is probably due
to the structural differences between the two calcium oxa-
late crystals.

The activity of chlorophyllin in this study as inhibitor
for the growth of calcium oxalate dihydrate in natural urine
supports previous data on calcium oxalate monohydrate
and suggests that the food and drug colourant may become
a useful medicine for the prevention of calcium stones.
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