
ABSTRACT

Accumulated evidence from experiments conducted in vitro and in vivo favors a beneficial effect of the aqueous extract of Herniaria hirsuta in the prevention
and cure of urolithiasis. In the current study, we attempted an initial fractionation of the methanol extract of the plant bio-guided by in vitro and in vivo

crystallization assays to determine the nature of compound responsible for the beneficial effect of the plant. A ground plant sample was sequentially
submitted to ether and methanol extraction by soxhlet apparatus. Methanolic part was further purified by silica gel chromatography using a series of organic
solvents with different increasing polarity. The fractions were then assayed on calcium oxalate crystallization in vitro and in vivo models. In the whole human
urine, only the fraction eluted with ethanol/water was associated to formation of smaller crystals composed of calcium oxalate dihydrate, similarly to the
aqueous extract. When tested at 5 mg/day, it reduced significantly crystal deposition in lithiasic rats. Preliminary identification of plant compound found in
that fraction showed the presence of saponins. We conclude that saponins may be responsible for the beneficial effect of Herniaria hirsuta in the treatment
of kidney stones. (J Bras Nefrol 2006; 28(4):199-203)
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RESUMO

A evidência acumulada por resultados de experimentos conduzidos in vitro e in vivo é favorável a uma ação benéfica do extrato aquoso da Herniaria hirsuta

na prevenção e cura da urolitíase. No presente estudo, nós nos propusemos a fazer um fracionamento inicial do extrato metanólico  da planta,
biologicamente guiado por ensaios de cristalização in vivo e in vitro, na tentativa de determinar a natureza do composto responsável pelo efeito benéfico
da planta. A planta moída foi submetida seqüencialmente à extração por éter e metanol pelo equipamento "soxhlet". A porção metanólica foi adicionalmente
purificada por cromatografia em gel de sílica  empregando uma série de solventes orgânicos de polaridade crescente. As frações foram então testadas em
modelos de cristalização de oxalato de cálcio in vivo e in vitro . Nos testes com urina humana total, somente a fração eluída com etanol/água esteve
associada a cristais menores, compostos de oxalato de cálcio di-hidratado, em similaridade com o extrato aquoso. Quando testada na dose de 5mg/dia,
uma redução significativa na deposição de cristais foi observada em ratos litiásicos. Uma identificação preliminar dos compostos contidos naquela fração
revelou a presença de saponinas. Nós concluímos que saponinas podem ser responsáveis pelos efeitos benéficos da Herniaria hirsuta no tratamento de
cálculos renais. (J Bras Nefrol 2006; 28(4):199-203)

Descritores: Nefrolitíase. Oxalato de cálcio. Cristalização. Herniaria hirsuta. Saponinas.
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INTRODUCTION 

It is widely known that urolithiasis is characterized
by high recurrence if patients are not treated appropria-
t e l y7 , 9 , 1 6. Despite tremendous advances accomplished in sur-
gical management, by the introduction of highly sophisti-
cated technologies to eliminate kidney stones, failures
o c c u r6 , 8. Therefore, efforts are required to assess medical
therapy better and develop new agents that can be used either
alone or in combination to prevent stone formation effi-
ciently in lithiasis patients. Accordingly, we believe that the
rational investigation and incorporation of some botanical
medicines may turn out to cause little harm and, hopefully,
lithiasis patients may benefit from all means available since
herbal medicines are widely used and therefore deserve to be
s t u d i e s1. In fact, we carried out a study aiming to evaluate the
effectiveness of Hernairia hirsuta on calcium oxalate (CaOx)
crystallization in vitro and in vivo2 , 4 , 5. The main results
showed that crud extract obtained from the plant has a direct
effect on calcium oxalate crystals by promoting the forma-
tion of small calcium oxalate dihydrate crystals that can be
easily eliminated out of the urinary tract4. Also, the extract
inhibited efficiently CaOx aggregation and kept crystals
dispersed in the milieu. Furthermore, our data indicated that
the administration of H. hirsuta extract to experimentally
CaOx-induced nephrolithiasic rats reduced the deposition of
crystals into kidneys and more importantly had an impres-
sive prophylactic effect by the elimination of preexisting
kidney stones confirming, therefore, its antilithiasic effect2 , 5.
Recently, we demonstrated that aqueous H e r n i a r i a e x t r a c t
inhibited the adhesion of calcium oxalate monohydrate
crystals to renal epithelial cells in vitro3. The study suggested
that the plant extract may coat the crystals blocking their
attachment to cells. The most exiting results obtained in this
study showed that the extract had the ability to remove
significantly pre-bound crystals without adverse effects on
cell function. At this stage of advance of our work, one
fundamental question arise is what is the nature of the
compound responsible for the beneficial effect of H e r n i a r i a
h i r s u t a. An initial effort was undertaken to respond to this
question by fractionation of H e r n i a r i a accompanied by
assays in vitro and in vivo. 

MATERIAL AND METHODS

Plant material preparation 

Herniaria hirsuta L. (Caryophyllaceae) was collected in
spring 2002 at Oujda city (Eastern of Morocco). A voucher
specimen (AS43) was deposited at the Agronomic and
Veterinary Institute of Hassan II at Rabat City, Morocco. It was
cleaned with cold water, dried at 45°C overnight, and conserved
in dark at room temperature until its use. 

Aerial parts of H e r n i a r i a (170 g) was grounded finely and
submitted for organic solvent extraction by using soxhlet
apparatus. Ether and methanol solvents (400 ml each) have been
used successively for 12 hours. Each extract was concentrated
until dryness. Taken into consideration that patients use aqueous
solution of the plant in their treatment, the only methanolic fraction
(31 g) was considered and submitted to silica gel (silica gel 60-250
mesh, 80 g) column chromatography (27 cm x 5.5 cm). Series of
organic solvents with increasing polarity have been used starting
with dichloromethane (9.13 l), ethyl acetate (3.70 l), then ethyl
acetate/ethanol (50/50) (0.60 l), followed by ethanol 95% (0.73 l),
e t h a n o l / H2O (50/50) (0.75 l), and ending by H2O (0.4 l). 

Crystallization assay in whole urine 

Twenty four hours urine sample was collected from a
healthy subject in a propylene bottle containing sodium azide as
an antibacterial agent. Aliquots of 2 ml of urine were distributed
into tubes and allowed to warm up to 37°C. 50 µl of fraction
extract solution at different concentrations ranging from 0.04 to
1 mg/ml were added into the tubes. Tubes with no extract added
were used as control. Finally, 50 µl of 0.1 M sodium oxalate
solution was added and tubes were incubated at 37°C for 30
min. At the end of the experiment, tubes were read at 620 nm
and examined by light and polarized microscope. 

Crystallization in animal model 

Wistar rats weighing about 350 g were acclimatized for 3
days in metabolic cage prior to start the experiment. The
experiment was conducted in accordance to internationally
accepted standard guidelines for use of animals. All animals had
free access to drinking water and regular chow every day and kept
under a controlled 12 h light dark cycle and temperature. Then,
rats were separated into four groups of 5 individuals and were
given ammonium chloride 0.5% and ethylene glycol (EG) that has
been added to their drinking water to a final concentration of
0.75% for two weeks. During the experiment, three groups of rats
were given respectively 1 ml containing 5 mg of organic fraction
F9, F12, and F15 dissolved in distilled water. The untreated rats
were given the same volume of regular water. At the end of the
experiment, rats were sacrificed and their kidneys were removed
and processed for light microscopic examination. 

Nature of plant compounds 

To detect flavonoids in fractions, an aliquot of extract was
treated with a few drops of concentrated HCl and magnesium
turnings (0.5 g). The presence of flavonoids is indicative if pink
or magenta-red color developed within 3 min1 4.

To detect saponins rich fractions, aliquots of extract of
fractions were dissolved in a minimum of methanol (2ml) and
then in diethylic ether (8 ml). The presence of saponins is
detected by a formation of a precipitate.  

Also thin layer chromatography was carried out on silica
gel 60 plates (Merck) with n-BuOH-CH3COOH-H2O (13:3:5),
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EtOAc-MeOH-H2O (100:17:13) or CH2Cl2-MeOH (8:2). UV at
256 nm and Anisaldehyde-H2SO4 (anisaldehyde 0.5 ml, H2SO4
5.0 ml, HOAc 10.0 ml, MeOH 85 ml) was used for the
visualization. 

RESULTS 

Ether and methanol solvents extraction of
Herniaria hirsuta resulted in obtaining two fractions with
a yield of 2 and 24% respectively. Only methanolic
fraction was submitted to silica gel chromatography and
eluted with dichloromethane, ethyl acetate, then ethyl
acetate/ethanol (50/50), followed by ethanol 95%, etha-
nol/H2O (50/50), and H2O. The number of fractions
obtained is 18, 6, 5, 2, 2, and 1 respectively. Fractions of
dichloromethane (18) and H2O (1) were discarded since
the yield of extraction was very low. The remaining
fractions (F1 to F15) were concentrated in a rotary
evaporator to dryness. 

The organic fractions obtained from Herniaria
hirsuta were tested at different doses on the turbidity of
whole human urine. The dose response curve obtained
after 30 min showed that absorbance decreased slightly at
0.04 mg/ml then increased progressively at 0.2 and 1
mg/ml for fractions F9 and F12 (Figure 1). However,
fraction F15 showed a significant increase of absorbance

at all doses tested. For this particular fraction, the
examination of crystals by light microscopy showed that
increasing doses produced a higher density of CaOx
crystals with reduced size when compared to control
(Figure 2). Interestingly, by using polarized light, we
found that crystals induced in the presence of fraction F15
were mostly calcium oxalate dihydrate (COD) rather than
a mixture of calcium oxalate monohydrate (COM) and
dihydrate particles as obtained in control. 

During the experiment conducted in nephrolithiasic
rats, crystalluria analysis demonstrated the presence of
COM and COD crystals in the urine of rats treated with
fractions F9 and F12 similarly to control nephrolithiasis
rats. For nephrolithic rats treated with fraction F15,
crystalluria was composed mostly of small COD
particles, only with a few COM particles (Not shown). 

At the time of sacrifice, all kidneys obtained from
rats challenged with ethylene glycol were grossly
enlarged to marked degree for both untreated and treated
rats with fraction F9. It was observed in much less severs
form in rats treated with fraction F12 and, more
importantly, appeared mostly normal in rats treated with
the fraction F15. 

The examination of paraffin kidney sections of
untreated rats showed that ethylene glycol administration
resulted in crystal deposition over all the parts of the
kidney. Typical birefringent COM crystals were found in
dilated tubules whose epithelium was partially destroyed
(Figure 3a). Similar observation was made for kidney
sections of rats treated with fraction F9 (Figure 3b). For

Figure 1. Effect of organic fractions obtained from Herniaria
hirsuta on CaOx crystallization in whole urine. Crystallization
was induced in whole normal human urine by adding sodium
oxalate solution in the presence of different amounts of organic
fractions. Each tube contained 2 ml of urine, 50 µl of sodium
oxalate (0.1 M), and 50 µl of organic extract at the concentration
of 0.04, 0.2, and 1 mg/ml. The tube with no extract added was
used as control, and the OD of the control was subtracted from all
experimental tubes containing the extract. 

Figure 2. Light microscopy analysis of CaOx crystals
induced in whole normal human urine. Crystals were induced
by adding sodium oxalate (0.1 M) solution in absence (a) and
presence of fraction F15 at 0.04 mg/ml (b), 0.2 mg/ml (c), and 1
mg/ml (d). Barr represents 20 µm.
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rats treated with fraction F12, we noticed a reduction of
CaOx deposition in their kidneys (Figure 3c). This effect
was significantly pronounced in rats treated with fraction
F15 where few scattered CaOx deposits were seen (Figure
3 d). In the same time, we noticed few dilated tubules and
necrosis was significantly limited. 

To identify the nature of compounds found in the
organic fractions, assays were performed to detect flavo-
noids and saponins. The presence of flavonoids was detec-
ted in fraction F12. No significant positive reaction was
observed for fractions F9 and F15. The presence of
saponins was detected in fraction F15 by formation of a
precipitate resulted in mixing methanol containing an ali-
quot of fraction F15 with diethylic ether. The light yellow
water soluble precipitate gives characteristic persistent
foam by agitation confirming the presence of saponins. 

DISCUSSION

In Morocco, as in many countries, recent interest
has focused on the therapeutic potential of traditional plants
in a variety of diseases by using scientific and objective
methods. In respect to this view, we were interested in
plants used in the treatment of urinary tract among them
Herniaria hirsuta. Effectively, increasing evidence
obtained from experiments conducted in vitro and in vivo,
has pointed to the beneficial effect of this plant in the
treatment of urolithiasis2 - 5. However, the composition and
the nature of substances contained in the aqueous extract,
as used for medicinal purposes, has not been undertaken
yet. Accordingly, we report in this current work, an initial
attempt of fractionation of Herniaria hirsuta bio-guided by

crystallization assays in vitro and in vivo. 
The induction of crystallization in whole human

urine in presence of different doses of fractions showed a
particular increase of absorbance for fraction F15. This
increase indicates a higher density of crystals as
confirmed by light microscopy. More interestingly, the
crystals formed are most of them small COD particles.
These observations are similar to those obtained when
whole crude extract of Herniaria hirsuta was tested4. In
this regard, we postulated that fraction F15 may contain a
substance that promotes nucleation of small COD crystals
and inhibits, or at least reduces, significantly the
formation of COM particles. These results are of much
great interest since supersaturation maybe lowered and
small crystals can be easily flashed out of urinary tract.
Moreover, the COD crystals formed are less adhered to
renal epithelial cells when compared to COM particles1 5.

The experiment conducted in lithiasic rats showed
that among organic fractions obtained from Herniaria
hirsuta only fraction F15 had a net beneficial effect.
Indeed, the kidneys obtained from rats treated with
fraction F15 appeared mostly normal in shape. Moreover,
kidney sections analyzed by polarized light microscope
showed a significant reduction of CaOx deposition. We
suggest that fraction F15 contains a substance that prevent
the adhesion of crystals to renal epithelial cell. Indeed, in
a recent preliminary study, the results showed that
fraction F15 blocked adhesion of COM crystals to cells in
a concentration dependent manner (unpublished results).
The experiment confirmed that faction F15 decreased cell
adhesion by pre-coating crystals mimicking property of
the crude extract of the plant3.

Although the specific compounds have not been
precisely identified, our research results credit the
therapeutic action of Herniaria hirsuta on urinary tract
stones to saponins. Indeed, the fraction F15 was shown to
be rich in saponins possessing the property of forming
characteristic stable froth when shaken with water.
Different triterpenes saponins compounds were isolated
from other species close to hirsuta1 1 - 1 3. Interestingly,
other kind triterpenes, lupeol and butinin, isolated from,
Crataeva nurvala, have been shown to be beneficial in
reducing the risk of stone formation in animals1 0.

In summary, we carried out preliminary fractiona-
tion of Herniaria hirsuta and studied their effects on
CaOx crystallization. Among fractions obtained from the
extract, we identified fraction F15 which appeared to be
responsible for the beneficial effect of the plant in the
treatment of kidney stone formation. Such effect could be
attributed to saponin compounds. Structural identification
and characterization of this compound constitutes the
main objective of our next study.

Figure 3. Micrographs under polarized light of stained paraffin
sections through the median kidney derived from untreated
nephrolithiasic rats (a), treated nephrolithiasic rats with fraction
F9 (b), with fraction F12 (c), and with fraction F15 (d) respectively.
Barr represents 100 µm.
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