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Abstract The main objective is to study the inhibitor
effect of acid fraction of the extract of Tamarix gallica L.
on the crystallization of calcium oxalate. The extract of
Tamarix gallica L is very rich by acid compounds that are
used as an inhibitor of nephrolithiasis (calcium oxalate).
Our study of the calcium oxalate crystallization is based on
the model of turbidimetry by means of a spectrophotome-
ter. The calcium oxalate formation is induced by the
addition of oxalate solutions of sodium and of calcium
chloride. The addition of inhibitor with various concen-
trations enabled us to give information on the percentage of
inhibition. The comparison between the turbidimetric
slopes with and without inhibitor gives the effectiveness of
inhibitor for the acid fraction. By comparing the photo-
graphs of with and without inhibitor, we concluded that the
extract of Tamarix gallica L acts at the stage of growth.
The acid fraction of the extract of Tamarix gallica L gives
an activity remarkable in the formation of urinary lithiasis
(calcium oxalate); this effectiveness is due to the presence
of functions of acid.

This article directly relates to the material presented at the 11th
International Urolithiasis Symposium, Nice, France, 2-5 September
16-09-2008, from which the abstracts were published in the following
issue of Urological Research: Urological Research (2008) 36:157—
232. doi:10.1007/s00240-008-0145-5.
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Introduction

The genus Tamarix belongs to the Tamaricaceae family
[1], and is also employed in the traditional medicine as
astringent, aperitif, stimulus and diuretic [1]. The Tamarix
is found to be rich in polyphenolic compounds such as
flavonoids, phenolic acids, tannins and coumarins [2—4].
Nephrolithiasis term indicates that the disease is charac-
terized by the formation of a stone in the kidneys or
urinary tracts [5], and is a frequent disease that affects
about 10% of people in the western countries [6]. The
crystals of calcium oxalate (CaOx), are the primary con-
stituent of more than 60% of the majority of human
kidney stones [7]; they exist in the form of CaOx mono-
hydrate (COM) and CaOx dehydrate (COD) [8]. The
crystallization studies of calcium oxalate (CaOx) have
been an interest to the researchers and urologists for many
years [7]. The clinical use of inhibitors to prevent the
formation of CaOx stones has been limited to some min-
erals (Selenium, Magnesium, etc.) and orthophosphates [9,
10].There are several methods for measuring the inhibitory
activity such as photometry, turbidimetry and mixed sus-
pension, mixed product removal (MSMPR) [11]. The
medicinal plants contain chemical compounds which
themselves possess an inhibitor effect in the crystallization
of calcium oxalate [11]. The use of some natural sub-
stances as inhibitors in the formation of nephrolithiasis
[12-15] allowed us to study the inhibitor effect of the acid
fraction of the extract of Tamarix gallica L on the inhi-
bition of COD crystal. In this work, we have used the
model turbidimetric [16].
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Materials and methods
Plant material

Leaves of Tamarix gallica L were collected from Djelfa in
September. Identification was performed in the Department
of Agronomic Sciences of University of Djelfa.

Preparation of the extract

Plant material was air-dried in shade at room temperature.
A total of 200 g powder from plant was extracted with
400 ml diethyl ether at 40°C in Soxhlet extractor for 24 h.
The extracts were then filtered through Whatman filter
paper. After the evaporation of solvent, the residue is
agitated with ether petroleum. We let it decanted. We
collected the phase of ether petroleum. The operation is
repeated until the ether petroleum is colorless. The extracts
of the ether petroleum are gathered. After the evaporation
of solvent, the residue is agitated with diethyl ether, and
extracted five times with sodium carbonate (1 M). We
collected the aqueous phase and acidified with 12N sulfuric
acid, then extracted by diethyl ether. After washing with
water up to neutrality, drying by sodium sulfate, and
evaporation of the diethyl ether, we get the fraction acid.

Turbidimetric study

The Precipitation of calcium oxalate at 37°C and pH 6.5
has been studied by the measurement of turbidity at
620 nm. A spectrophotometer UV/Vis (Beckman Du series
520) was employed to measure the turbidity of the for-
mation of calcium oxalate. Pure chemicals, including
calcium chloride dehydrate CaCl,, 2H,O (Riedel-De
Haén), sodium oxalate Na,C,0, (Riedel-De Haenag) and
sodium chloride NaCl (Fluka), are used for this study.

Study without inhibitor

We prepared the solutions CaCl,, 2H,O (10 mM) and
Na,C,0,4 (4 mM) using solvent such as sodium chloride
solution (0.15 M). A volume of 1.5 ml of calcium chloride
dehydrate is transferred into the cell and blank reading was
taken. Add 1.5 ml of sodium oxalate, to the previous vol-
ume, and the measurement is immediately started for a
period of 10 min. For each experiment, six replicates were
taken.

Study with inhibitor
The inhibitor (100%) is prepared taking 0.9 g of the fraction

acid with 60 ml of sodium chloride (0.15 M). From
this inhibitor, we prepared diluted inhibitory solutions
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(10%, 50%) using solvent such as sodium chloride solution
(0.15 M). A mixture of 1 ml of calcium chloride dehydrates
(10 mM) and 1 ml of inhibiting solution is versed in the
cell. Take a blank reading, and then add a volume of 1 ml
of sodium oxalate (4 mM) and the measurement is
immediately started for a period of 10 min. The percent-
age of inhibition was calculated using the following
formula:

(%) = [1 - (;)} % 100

where T; is turbidemetric slope with inhibitor, T, turbide-
metric slope without inhibitor.

Microscopic study

The photographs were taken using a microscope optic
equipped with a digital camera and connected with a
micro-computer. At time corresponds at the stage of
growth and aggregation (t;, #;) a drop of the mixture of
crystallizable solution, or inhibiting solution is placed in
the cell of Malassez, which is immediately placed under
the objective of the microscope.

Results
Turbidimetric study

The maximum values of the variation of absorbance, and
the turbidimetric slopes relating to the curves of crystalli-
zation without and with inhibitors (10, 50, and 100%) are
gathered in Table 1.

The variation of absorbance according to the time for
tries without inhibitor is shown in Fig. 1.

The Figs. 2, 3 and 4 represent the variation of absor-
bance according to time for the tries with inhibitors 10, 50
and 100%.

The Fig. 5 shows the difference between the curve
without and with inhibitor.

Table 1 The maximum values of the variation of absorbance, and the
turbidimetric slopes relating to the curves of crystallization without
and with inhibitors

CI (%) TS 1 (%) AD R? Cv (%)
0 0517 00.00 0.399 0.856 479
10 0.148 71.37 0.206 0.924 4.00
50 0.101 80.46 0.181 0.986 4.19
100 0.079 84.71 0.140 0.940 6.84

CI concentration of inhibitor, 7S turbidimetric slope, R? linear
regression of the quadruplicate data, Cv (%) coefficient of variation,
AD variation of absorbance, I percentage of inhibition
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Fig. 1 Variation of absorbance according to time for tries without
inhibitor
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Fig. 2 Variation of absorbance according to time for tries with
inhibitor (10%)
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Fig. 3 Variation of absorbance according to time for tries with
inhibitor (50%)

Microscopic study

The times of photographs 1, 2, 3, and 4 correspond,
respectively, to the stage of growth and aggregation for
tries without and with inhibitor, and are gathered in
Table 2 and Fig. 6.
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Fig. 4 Variation of absorbance according to time for tries with
inhibitor (100%)
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Fig. 5 Variation of absorbance according to time for tries with
inhibitor

Table 2 times corresponding to the stage of crystallization for tries
without and with inhibitor

NP SC CI (%) TC (S)
1 Growth 00 20
2 Aggregation 00 60
3 Growth 10 50
4 Aggregation 10 120

NP number of photographs, SC stages of the crystallization, CI
concentration of inhibitor, 7C time corresponding to the stage of
crystallization

Discussion

The richness of Mediterranean area by the medicinal plants
enabled us to give the access to study the effect of these
natural substances on the crystallization of calcium oxalate
(CaOx) in vitro [14, 15]. Finally, majority of the work is
directed toward studying the inhibiting effect of the
extracts of medicinal plants on the lithiasis urinary [17, 18].
The values in Table 1 and the curves in Fig. 5 show that the
variation of the absorbance decreases gradually with the
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Fig. 6 Photographs of
crystallization for tries without
and with inhibitor

increase in the concentration of the inhibitor. We explain
these results owing to the fact that the fraction acid of
Tamarix gallica L has an inhibiting activity. The fraction
acid of Tamarix gallica L rich in the acid compounds,
which has acid functions, and is directly implied in the
complexation of the calcium ions. Several studies are
carried out using microscope to validate the results
obtained by the turbidimetric model [16]. Then we observe
that the number and the size of the crystals are important
for photographs 1 and 2 corresponding to the stages of
growth and aggregation for the crystallization without
inhibitor of calcium oxalate. The comparison of photo-
graphs of the tries with inhibitor (10%) enabled us to give
the number and size of the crystals for the inhibitor are not
important, which explains why inhibition increases
according to the concentration of inhibitor. The number
and size of the crystals existing in the photograph 3 cor-
respond to the stage of growth for the tries with inhibitor
are reduced when compared with the photograph 1 that
corresponds at the stage of growth for the tries without
inhibitor, which explains that the acid fraction of Tamarix
gallica L produces a significant quantity of inhibition on
the growth of the crystals. Many works are shown that the
extracts of the medicinal plants are reacted at the stage of
growth [12, 19]. In conclusion, the various results obtained
in our work (Turbidimetric slope, absorbance and per-
centage of inhibition) show that the acid fraction of
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.. Photograph 2

Tamarix gallica L has an important inhibiting effect in
vitro due to the effect of the functions of acid. On the other
hand, the mechanism of action of the inhibitors being
related to its chemical composition. The photographs
obtained by microscope, show clearly that the acid com-
pounds manifests at the stage of growth.
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