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ABSTRACT

Background: A large number of people are suffering from problems due to urinary stones. Calcium oxalate
monohydrate containing stones are the commonest ones. We studied the effect of herbal extracts of Tetraclinis
articulata and Chamaerops humilis on these crystals in vitro.

Material and Methods: Calcium oxalate monohydrate crystals were grown by the classical model for the
study of oxalate crystallisation. Crystallisation was studied and compared without and with inhibitor. Ex-
tracts of Tetraclinis articulata and Chamaerops humilis were studied as inhibitors.

Results: The crystallisation of calcium oxalate monohydrate occurred in the absence of inhibitors and were
calculated at 5, 10, 15, 20, 25 and 30 minutes, by polarised light microscopy. The same procedure was
followed for the study of calcium oxalate monohydrate crystallisation in the presence of Tetraclinis articulata
and Chamaerops humilis extracts. A series of concentrations of 25, 50, 75, 100% of these extracts were
studied. The follow-up of the crystal size by polarised light microscopy was carried out at 5, 10, 15, 20, 25
and 30 minutes and the percentage inhibition was calculated. With the addition of Tetraclinis articulata, the
best inhibitory concentrations 87.94% and 84.12% were encountered at the concentration of 100% and 50%
respectively. For Chamaerops humilis the best inhibitory concentrations 94.86% and 93.07% were encoun-
tered at the concentration of 25% and 50% respectively after 30 minutes.

Conclusion: Extracts of Tetraclinis articulata and Chamaerops humilis inhibit the growth of calcium oxalate

monohydrate crystals in vitro.
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INTRODUCTION

A large number of people are suffering from
problems due to urinary stones. There are many
areas of high incidence of urinary calculi, which
include British Isles, Scandinavian countries, North-
ern Australia, Central Europe, Northern India and
Pakistan and Mediterranean countries.! It has also
an economic impact on the society.? Calcium con-
taining stones are the most common comprising
about 75% of all urinary calculi, which may be in
the form of pure calcium oxalate (50%) or calcium
phosphate (5%) or a mixture of both (45%). Many
factors affect the growth of urinary calculi. Differ-
ent mineral metabolisms are important in the for-
mation of urinary stones or calculi.® Hypercalciuria
has received attention from researchers on uroli-
thiasis. The pathophysiology of calcium oxalate
stone formation has been discussed by Menon et
al." The urinary calculi are composed of mainly
crystalline components. Multiple steps are involved

in the formation of crystals, which are nucleation,
growth and aggregation. The stone formation be-
gins from the occurrence of nuclei and the forma-
tion of these nuclei is from supersaturated urine.
Super-saturation also depends on urinary pH, ionic
strength, solute concentration of certain glycopro-
teins, complex anions and the pathogenatic fac-
tors, which are quite complex and well explained
by Menon et al.!

Many inhibitors of growth of calcium oxalate
calculi are studied."* The slow and controlled dif-
fusion to the growing crystals in the gel medium is
very useful to study the growth and inhibition of
calcium oxalate crystals in vitro. This also helps to
develop different inhibitory conditions, which can
be extended to urinary calculi, by adding different
inhibiting solutions.

In our study the effect of aqueous extracts of
common medicinal plants, Tetraclinis articulata and
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Chamaerops humilis was studied on the growth
and inhibition of calcium oxalate monohydrate
(COM) crystals in vitro.

MATERIAL AND METHODS

Commercial dry herb from Tetraclinis arti-
culata (Cupressaceae) and Chamaerops humilis
(Arecaceae) were purchased from a specialised
company, Oran Co, Algeria and identified by the
plant taxonomy unit of Oran University. Infusions
were prepared daily just before handling by sus-
pending a weighed amount of dry plant material
in boiling tap water. The suspension was left at
room temperature for 15 minutes and then filtered.
The infusion was used at room temperature.

We chose the classical model for the study
of oxalate crystallisation because of its simplicity
and satisfactory reproducibility. This model in-
cludes the study of crystallisation without inhibi-
tor and with it, in order to assess the inhibiting
capacity of any chemical species used.

Two solutions were prepared by dissolving
chemicals of reagent-grade purity in deionised
and redistilled water. Solution A was Na,C,0O,
(2 mmol/1) and Solution B CaCl, 2H,0 (10
mmol/1). Artificial urine was prepared by mixing
and stirring equal volumes 50 ml of solutions A
and B at 37°C in capped vessels.®

The crystal size development was monitored
by polarised microscopy at different time inter-
vals by proceeding as follows: Sample drops were
examined every five minutes by polarising optical
microscopy. Crystals were identified with x40 mag-
nifying lens under microscope of the Zeiss type
equipped with a camera WINDER M 476079.

RESULTS

Study of the oxalate crystallisation without in-
hibitors: Crystallisation of oxalate in the absence
of inhibitors, led to the formation of COM crystals
by polarised light microscopy. The process of
calcium oxalate crystallisation in the control with-
out the addition of inhibitors is shown in Table-1
and Fig-1.

Study of oxalate crystallisation in the presence
of inhibitors: We followed the same experimental
procedure for the study of crystallisation in the
presence of inhibitors in order to assess the inhib-
iting potential of these substances and to under-
stand the mechanism of action of these inhibitors
on oxalate crystallisation.

We tested the effectiveness of extracts of me-
dicinal plants Tetraclinis articulata and
Chamaerops humilis. The same procedure as
above was followed. However, we added the in-
hibitory amounts corresponding to the physiologi-
cal concentrations to the synthetic urine prepared
by mixing solutions A and B at 37°C.

The same parameters (size and number of
crystals, time of crystallisation) were investigated.
A series of experiments corresponding to the physi-
ological concentrations of 25, 50, 75, 100% of
Tetraclinis articulata and Chamaerops humilis were
carried out in order to cover the physiological
excretion range. The follow-up of the crystal
size development by polarised light micro-
scopy was carried out at 5, 10, 15, 20, 25 and 30
minutes.

Calculation of the Percentage of Inhibi-
tion (1%) was based on the formula:® 1% = [(TSI -
TAI') / TSI] x100

TSI represents the number of COM crystals
without inhibitors and TAI the number of COM crys-
tals after addition of inhibitor.

Tetraclinis articulata: We followed the experimen-
tal procedure as mentioned above. We focussed
on crystallisation because it may be the nucleat-
ing factor for many stones.” The inhibitory effect
was not dose dependent; the best inhibitory con-
centrations (87.94% and 84.12 %) were encoun-
tered at the concentration of 100% and 50% re-
spectively. The results of addition of 1 ml of
Tetraclinis articulata to the mixture are given in Fig-
2. The inhibitory effect involved the crystal growth
phase. (Fig-3)

Chamaerops humilis: Results show that crystal
morphology depends considerably on the con-
centration of medicinal plant. Size of the crystal

Table-1: Study of the calcium oxalate crystallisation without inhibitors.

Time (min) 5 10 15 20 25 30
Number of COM/mm? 663 725 840 704 690 762
COM agregation /mm?3 101 104 115 114 87 76
Total 764 829 955 818 777 838
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Fig. 1: Photograph of calcium oxalate monohy-
drate crystal formation without inhibitors

was found to decrease with increase in the con-
centration of medicinal plant and disintegration of
the crystals was also observed. The addition of
Chamaerops humilis worked on the aggregation
phase of calcium oxalate crystallisation and to a

Inhibition of COM by Tetraclinis articulata

Percentage of inhibition
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Fig. 2: Inhibition of COM crystal after addition of
Tetraclinis articulata.
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Fig. 3: Photograph of COM crystals after addi-
tion of Tetraclins articulata

Inhibition of COM by Chamaerops humilis
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Fig. 4: Inhibition of COM crystals after addition
of Chamaerops humilis
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Fig. 5: Photograh of COM crystals after addition
of Chamaerops humilis
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lesser extent on crystal growth but did not affect
the nucleation stage of calcium oxalate
crystallisation. (Fig-5)

The best inhibitory concentrations (94.86%
and 93.07%) were encountered at Chamaerops
humilis concentration of 25% and 50% respectively
after 30 minutes. The results of addition of 1 ml of
Chamaerops to the mixture are given in Fig-4.

DISCUSSION

The present work was performed to study, in
vitro, the inhibitory effects of certain plant extracts
on calcium oxalate crystallisation. The tested sub-
stances included extracts of Tetraclinis articulata
and Chamaerops humilis. Utilising polarised light
photography, we were able to demonstrate the
various phases of crystallisation, i.e. nucleation,
growth and aggregation, which eventually lead to
urolithiasis. Calcium stone formation involves dif-
ferent phases of increasing accumulation of Cal-
cium oxalate; nucleation, crystal growth, crystal
aggregation and crystal retention. On the other
hand, in vitro studies showed that Tetraclinis
articulata inhibited both the growth phases with a
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maximal inhibitory effect of 87.94%. Growth is
the formation of a solid crystal phase in a
solution. It is an essential step in renal stone
formation.8®

Our study has proved the inhibitory effects
of Chamaerops humilis mainly affecting the ag-
gregation phase and to a lesser extent the crystal
growth but has no effect on crystal nucleation with
a maximal inhibitory effect of 94.86%. After nucle-
ation, crystal growth is the next major step of stone
formation. What causes crystals to “grow”? The
driving force for crystallisation is a reduction in
the potential energy of the atoms or molecules
when they form bonds to each other. The crystal
growth process starts with the nucleation stage.
Several molecules in a supersaturated liquid start
forming clusters; the bulk free energy of the clus-
ter is less than that of the liquid.” Finally, the in-
hibitory effect of Tetraclinis articulata and
Chamaerops humilis on the growth and aggrega-
tion processes in the case of COM appear to over-
lap during the initial lag-phase of precipitation.
This later hypothesis was confirmed in recent work
(Atmani et al.) showing that aqueous extract ob-
tained from Herniaria hirsuta significantly inhibited
COM crystal."" Such effect has been observed in
vitro when crystallization was induced in the urine
in presence of herb extract, and suggest that the
plant may contain substances that inhibit COM
crystallization." Plants in Mediterranean region are
widely used in Algeria to treat lithiasis patients and
may have possible therapeutic potential as pre-
ventive agents hindering the formation crystals.'®
The absence of a realistic concept regarding the
generation of urinary lihiasis in a large number of
cases, up to a considerable degree, is proved by
the fact that we cannot directly observe this pro-
cess in vivo; all hypotheses are based on in vitro
experiments.'*

CONCLUSION

Extracts of Tetraclinis articulata and
Chamaerops humilis inhibit the growth of calcium
oxalate monohydrate crystals in vitro.
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