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Abstract 

Background  This study explores the potential litholytic activity of medicinal plant infusions, specifically Arenaria 
rubra, Hordeum vulgare, and Zea mays, as well as a combination of these infusions, on various types of urinary calculi. 
Given the traditional use of these plants in managing kidney stones and the need for alternative treatments, this 
investigation aims to assess their efficacy in dissolving different types of calculi.

Materials and methods  Samples representing calcium oxalate monohydrate (COM), calcium oxalate dihydrate 
(COD), cystine (Cy), uric acid (UA), and calcium phosphate (CP) calculi were analyzed using FTIR and optical micros-
copy. Herbal infusions were prepared at a concentration of 14 g/l, and the dissolution capacity was evaluated by incu-
bating the calculi samples in the infusions for eight weeks. Microscopic examination and statistical analysis were 
conducted to assess the efficacy of the infusions.

Results and discussion  Limited dissolution of COM and COD calculi was observed with the infusions, consistent 
with their known resistance to dissolution. Significant dissolution effects were observed for Cy, UA, and CP calculi, 
especially with infusions of A. rubra and H. vulgare. These findings suggest the potential of plant infusions as comple-
mentary therapeutic agents for certain types of kidney stones.

Conclusion  This study highlights the promising litholytic activity of medicinal plant infusions, specifically A. rubra and 
H. vulgare, which indicates a significant dissolution of various urinary calculi. While further research is needed to vali-
date these findings, integrating plant infusions, extracts, or essential oils into clinical practice could offer additional 
treatment options for managing kidney stones and preventing recurrence.
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1 � Background
Urolithiasis, a condition with multifactorial origins, is on 
the rise not only in Algeria but also globally [1]. A study 
conducted in Algeria involving approximately 3989 cases 
of urolithiasis assessed the progression of the disease 
over time. The findings confirmed a consistent evolu-
tion of the disease’s characteristics, reflecting shifts in 
Algeria’s socio-economic landscape [1]. Epidemiological 
studies worldwide suggest that recurrence rates for this 
painful ailment can reach up to 50% [2]. Consequently, 
proactive measures such as diuretic therapy, phytother-
apy, and dietary adjustments for predisposed individuals 
have gained importance [3].

Concurrently, there is a growing trend favoring alterna-
tive or complementary phytotherapy over conventional 
medical treatments for various ailments, including uro-
lithiasis [4]. Traditional medicine, rooted in herbal reme-
dies, is embraced by nearly 80% of the global population. 
It involves utilizing plants or their extracts to treat vari-
ous conditions, including urinary stones [5].

Algeria, endowed with diverse climates due to its geo-
graphical positioning, boasts a rich phytogenetic reser-
voir, elevating its stature among Mediterranean nations 
with a longstanding tradition of herbal medicine. These 
natural remedies offer both preventive and curative 
potential [6].

Recognizing the significance of natural resources, the 
World Health Organization (WHO) advocates for evalu-
ating the safety and efficacy of herbal medicines to inte-
grate them into mainstream healthcare systems [7].

Numerous studies worldwide have explored the ther-
apeutic effects of medicinal plants, yielding promis-
ing results and ongoing research endeavors [8, 9]. Plant 
extracts have primarily been studied for their efficacy 
in treating oxalocalcic lithiasis, as evidenced by numer-
ous publications [10, 11]. However, there is a scarcity of 
research on less common lithiasis types, such as cystine, 
carbapatite, and uric acid stones, largely due to chal-
lenges in social care [12, 13].

Dissolution therapy, which includes various approaches 
such as urinary alkalinization [14], hydration, dietary 
modifications [15], and specific medications, provides 
a treatment option for certain types [16, 17]. Yet, some 
stones, such as cystine, pose considerable challenges and 
may require alternative interventions like flexible ureter-
orenoscopy or percutaneous nephrolithotomy [18, 19].

This study aims to analyze samples of various types 
of kidney stones using FTIR and an optical microscope 
to elucidate the morpho-constitutional chemical struc-
ture of each type. In a subsequent investigation, the 
study aims to examine the effects of three plant infu-
sions commonly utilized by our population for treating 
urolithiasis—Arenaria rubra, Hordeum vulgare, and Zea 

mays—on the dissolution of all types of kidney stones, 
including calcium oxalate monohydrate (COM), calcium 
oxalate dihydrate (COD), cystine (Cy), uric acid (UA), 
and calcium phosphate (CP).

2 � Material and methods
2.1 � Urinary calculi
Three pure samples of each type of calculus (COM, COD, 
Cy, UA and CP) originated from a sample library of the 
pharmacovigilance department at EHU-ORAN in Alge-
ria. Selection was based on attenuated total reflection 
(FTIR-ATR) spectroscopy in the range of 450–4000 cm−1 
(Perkin Elmer) and morphological identification using an 
educational optical microscope (10×–40×) (IHM) at the 
Pharmaceutical Inorganic Laboratory of the Faculty of 
Medicine in Oran [20].

2.2 � Medicinal herbal infusions
Through a comprehensive bibliographic investigation, 
we have ascertained that the predominant plant spe-
cies employed by the populace for the management 
of nephrolithiasis include A. rubra, H. vulgare, and Z. 
mays’s stigma (Fig. 1) [21]. The botanical specimens were 
obtained from a local herbalist drug store located in the 
city of Oran, Algeria. The investigated plants were iden-
tified at the LRDP research laboratory of the University 
of Oran 1, and their authentication was conducted by the 
university’s plant identification and validation authority 
[21].

2.3 � Litholytic activity
We begin by weighing kidney stone samples and then 
transferring them into Petri dishes. Next, using the same 
scale, we measure out 14  g each of powdered complete 
dried herbs (A. rubra and H. vulgare) and corn stigmat 
(Z. mays). Boiling 1 L of distilled water is poured over the 
herbal powder, which is left to steep for 30 min at 100 °C. 
After infusion, the herbal mixture is filtered using a fun-
nel and filter paper. Subsequently, the kidney stones in 
the Petri dishes are completely submerged in the herbal 
infusions and left in contact  for two weeks. The stones 
are then rinsed with distilled water and dried in an oven 
at 40  °C for 24  h [20]. The following day, their weights 
are recorded. This entire process is repeated for 8 weeks. 
Each experience was performed in triplicate (Fig. 2). We 
also prepared a mixture of the three infusions, with dis-
tilled water as a negative control and potassium citrate 
(Sigma-Aldrich, Germany) as a positive witness. The 
herbal infusions were retrieved for microscopic observa-
tion (magnification 40×, 10×)  to search for any possible 
presence of crystals that have dissolved from the stones 
[22].
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The effectiveness of the infusion was assessed by 
determining the rate of dissolution of calculi after 
exposure to the experimental environment. This was 
done by comparing the residual weight of the cal-
culi after incubation with the infusion to their initial 
weight (Fig. 2). The percentage of dissolution was then 
calculated using the following formula (12, 20):

L%: is the rate of calculi dissolution; W initial and W final 
are the weights of the calculus before and after the incu-
bation with the plants infusion.

2.4 � Data analysis
Data were expressed as mean ± standard deviation 
(SD). Statistical comparisons between all groups were 
performed by a one-way ANOVA. The difference is 
considered as significant for p ≤ 0.05.

L% = (W · initial − W · final)× 100/W · initial

3 � Results
3.1 � FTIR analysis
The infrared spectra of certain lithic constituents and 
specific mixtures analyzed in the laboratory are pre-
sented in Fig.  3. The absorption spectrum obtained is 
specific to the molecular composition and the potential 
crystalline structure of the sample. Integrating morpho-
logical data with the results of infrared spectrophotom-
etry has led to several observations. The identified lithic 
constituents are of mineral or organic origin, with the 
absence of iatrogenic molecules (medications).

The FTIR spectra analysis covered the range of 450–
4000  cm−1 for all sample classes. COM exhibits a peak 
at 3427  cm−1 corresponding to O–H stretching bonds 
from the water molecule in the monohydrate form. A 
strong, sharp peak around 1613 cm−1 corresponds to the 
stretching vibration of the carbonyl (C=O) bonds in the 
oxalate ion. Another peak in the region of 1314 cm−1 cor-
responds to the stretching vibration of C–O bonds in the 

Fig. 1  The selected plant species: a Arenaria rubra, b Hordeum vulgare, and c Zea mays 

Fig. 2  Different steps of the litholytic activity preparation, a stone weighing, b infusion, c in-vitro samples, d microscopic navigation, e drying.
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oxalate ion. The absorption peak at 511  cm−1 confirms 
the presence of bonds with the metal (calcium) [23].
COD exhibits a peak at 3331  cm−1 corresponding to 

the stretching vibration of O–H bonds from the water 
molecule in the monohydrate form. A sharp peak around 
1613 cm−1 corresponds to the stretching vibration of the 
carbonyl (C=O) bonds in the oxalate ion. Peak around 
1317  cm−1 corresponds to the stretching vibration of 
C–O bonds in the oxalate ion. Peaks in the region of 
1027  cm−1 corresponds to various stretching vibrations 
of carbon–carbon bonds. The peak at 777  cm−1 can be 
attributed to the bending vibration of the C–C–O bonds 
within the oxalate ion. The absorption peak at 513 cm−1 
confirms the presence the bonds with oxygen-metal (cal-
cium) [24].
Cy exhibits absorption bands around 2500–

2600  cm−1 may indicate the stretching vibration of 
the S–H bonds present in cysteine. A peak around 
1700  cm−1 corresponds to the stretching vibration of 
the carbonyl (C=O) bonds present in the molecule. 
Peaks in the region of 1200–1400  cm−1 correspond 
to the stretching vibrations of the carbon–nitrogen 
(C–N) bonds. A strong peak around 500–600  cm−1 
corresponds to the stretching vibration of the disulfide 
(S–S) bond, which is characteristic of cystine. The 

bands around 1500–1700 cm−1 are attributed to amide 
I (C=O stretching coupled with N–H bending) and 
amide II (N–H bending coupled with C–N stretching) 
vibrations, respectively [25].
UA spectrum, there is a prominent, sharp peak at 

around 1680 cm−1 corresponds to the stretching vibra-
tion of the carbonyl (C=O) bonds within in the mol-
ecule. A peak around 1600–1660  cm−1 corresponds to 
the amide I band, which arises from the C=O stretch-
ing vibration coupled with N–H bending. A peak 
around 1530–1560  cm−1 corresponds to the amide 
II band, which arises from the N–H bending coupled 
with C–N stretching. Peaks around 700–900  cm−1 
correspond to the out-of-plane bending vibrations of 
the aromatic C–H bonds in the benzene ring. Various 
peaks in the region of 2800–3000  cm−1 correspond to 
stretching and bending vibrations of carbon–hydrogen 
(C–H) bonds in the molecule [26].
CP exhibits peaks of ν1 PO4 and ν4 PO4 at 1000 cm−1 

and 560–610  cm−1 respectively. Peaks at 1430  cm−1 
and 871 cm−1 corresponding to B-Type Carbonate and 
A-Type Carbonate, respectively, in carbonate apatite, 
carbonate ions replace some of the phosphate ions in 
the crystal lattice. ν1 OH Stretching observed as a 
broad band around 2900 cm−1 [27].

Types IR spectrum Types IR spectrum

COM UA

COD CP

Cy

Fig. 3  FTIR spectrums of different types of kidney stones
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3.2 � Microscopical morphology identification
Microscopical morphology findings elucidate physi-
cal traits such as surface roughness and crystal size, 
which influence stones’ reactivity to treatments (Fig.  4). 
Smoother surfaces may hinder dissolution compared 
to rougher ones, while crystal size affects susceptibil-
ity to litholytic agents. Structural defects and impurities 
revealed by microscopy also affect the stability and dis-
solution potential of stones.
COM has a smooth, spherical, mammillary, or mul-

berry-shaped dark-brown surface (Fig.  4). Frequent sin-
gle umbilication is indicative of a papillary origin. The 
section has a compact, concentric structure with radial 
crystallization [28].
COD has a spiculated surface showing aggregated bip-

yramidal crystals with blunt angles and ridges, and pale 
yellow–brown (Fig. 4). The section is a compact unorgan-
ized crystallization, pale yellow–brown [28].
Cy has a homogeneous, microcrystalline surface that 

is smooth with a very fine roughness and a whitish to 

yellowish color (Fig.  4). The section is heterogeneous, 
compact, with microcrystalline whitish thin concentric 
layers in the periphery. Crystalline, unorganized core. 
Yellowish to pale brown–yellow [28].
UA has a homogeneous, crystalline, smooth, or slightly 

embossed surface in ocher or orange (Fig.  4). The sec-
tion consists of compact concentric layers with a radiat-
ing organization around a well-defined nucleus, forming 
a concentric structure with radial crystallization. Ocher 
to red–orange [28].
CP has heterogeneous surface, which is heterogeneous, 

both embossed rough, surface with confluent superficial 
sometimes appearing porous and ranging in color from 
porous cream to dark brown (Fig. 4). The section is also 
heterogeneous, concentric, made of irregularly alternat-
ing thick, whitish, and thin, brown–yellow layers [28].

3.3 � The infusion crystals microscopical identification
Crystals identification in different infusion samples were 
conducted using an optical microscope at a magnification 

Fig. 4  Surface and section of different types of kidney stones
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of 40×, 10×. COM and COD crystals appear as envelope-
shaped or elongated structures with pointed ends. Cy 
crystals present as hexagonal or rectangular plates. UA 

crystals appear as rhomboid or diamond-shaped struc-
tures with smooth edges. CP crystals appear as needle-
like or prismatic structures (Fig. 5) [28].

Fig. 5  Different infusion crystals under optic microscope (G * 10/*40)
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3.4 � Litholytic activity
The dissolution capacity of different types of calculi by 
various infusions, distilled water, and citrate over 8 weeks 
is illustrated in (Fig. 6).
COM calculis showed a low percentage of dissolu-

tion in the three infusion plants, with a high percentage 
of dissolution observed with A. rubra (29%), and (25%, 
28% and 27%) for H. vulgare, Z. mays and the mixture, 
respectively. However, it was still better than the positive 
control (20%). While the dissolution was better observed 
with distilled water (33%) (Fig. 6).
COD calculis showed a significantly lower percentage 

of dissolution in the three infusion plants (6.78%, 7.42%, 

8.85%, 7.19%) for A. rubra, H. vulgare, Z. mays and the 
mixture, respectively. These percentages were lower 
than the positive control (9%) (Fig. 6). While the dissolu-
tion was significantly better with distilled water samples 
(20.14%).
Cy calculis showed a very high percentage of dissolu-

tion in the three infusion plants starting from the second 
week of the experiment with (85.61%, 83.00%, 84.85%) for 
A. rubra, Z. mays and the mixture, respectively. These 
values were higher than both the positive and negative 
controls (58% and 17.49%, respectively) (Fig. 6).
UA calculis showed a 100% dissolution in the mixture 

of the three infusions, which was higher than both the 

Type % of dissolution Type % of dissolution

COM AU

COD CP

Cy

Fig. 6  Dissolution of different calculi samples
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positive and negative controls (53% and 49.36%, respec-
tively). The dissolution rates were also high for the other 
infusions separately (60.42%; 67.08%; 52.81%) for A. 
rubra, H. vulgare, Z. mays respectively (Fig. 6).
CP calculis showed a modest dissolution (36.75%; 

33.92%; 27.79%; 30.86%) for A. rubra, H. vulgare, Z. mays 
and the mixture, respectively, showed higher values than 
both positive and negative controls (18%; 11.18%) (Fig. 6).

4 � Discussion
Studying the litholytic activity of plant infusions is cru-
cial for exploring potential natural remedies for kidney 
stone management. This research offers safer and more 
accessible treatment options, especially in regions with 
limited healthcare resources. This study employed two 
approaches: Firstly, analyzing calculus samples of differ-
ent types using FTIR and optical microscopy to elucidate 
their morpho-constitutional chemical structure; and sec-
ondly, investigating the effects of three commonly used 
plant infusions (A. rubra, H. vulgare, Z. mays) on the dis-
solution of various kidney stone types (COM, COD, Cy, 
UA, CP).

Crystal identification under an optical microscope 
revealed characteristic morphologies of urinary calculi 
in various infusion samples. (COM) and (COD) crystals 
displayed envelope-shaped or elongated structures with 
pointed ends. (Cy) crystals exhibited hexagonal or rec-
tangular plates, while (UA) crystals appeared rhomboid 
or diamond-shaped with smooth edges. (CP) crystals 
were identified as needle-like or prismatic structures. 
These findings provide valuable insights into the compo-
sition and potential litholytic activity of urinary calculi 
influenced by plant infusions.

Our results showed no significant dissolution 
effect on COM and COD calculi with three infusions 
(Table  1). We may explain this result by the fact that 

calcium oxalate calculi are notoriously challenging to 
dissolve due to their insoluble nature, high stability, and 
low solubility product [29]. Their dense crystal struc-
ture and tendency to form hard coatings also hinder 
dissolution efforts [30].

Although, for Cy calculi, our results show a signifi-
cant dissolution effect of the three plants and the mix-
ture infusions (p < 0.001) (Table  1). Arenaria rubra 
showed the highest dissolution effect on Cy after eight 
weeks of experimentation (85.61%) [31].

Furthermore, UA calculi exhibit a significant dis-
solution effect with H. vulgare (67.08%) (p < 0.05) and 
complete dissolution of calculi (100%) in the mixture 
(p < 0.01) (Table  1). We can explain the dissolution 
effect of H. vulgare infusion by its high content of cer-
tain compounds, such as phytosterols, polyphenols, 
and dietary fibers. These bioactive compounds may 
have beneficial effects on stone dissolution [32].

Regarding CP calculi, we observed that the dissolu-
tion effect was significant with all three plant infusions 
(p < 0.01) compared to the negative control (Table  1). 
The highest dissolution effect was observed with A. 
rubra infusion (36.75%) [33]. Studies that have been 
conducted and published, examining the effects of 
medicinal plant extracts on urinary calculi, have fre-
quently focused on cystine lithiasis [20, 34, 35]. The 
Moroccan study [20] showed that the extract of the 
seeds of T. foenum-graecum has a better effect on the 
dissolution of Cy and CP stones.

Limitations in employing DRX, TEM, and MEB for 
characterization and incomplete extraction of plant 
biomolecules constrain the depth of understanding 
regarding litholytic activity. Nonetheless, the study 
still offers valuable insights into the potential thera-
peutic effects of the plant infusions on kidney stone 
dissolution.

Table 1  Percentages of dissolution of different caculis types in the prepared infusions

The results expressed as a percent (%) calculi dissolution in comparison to both negative and positive witnesses. (a) p < 0.05; (b) p < 0.01; (c) p < 0.001 indicate the 
results statistically significant

Arenaria rubra Hordeum vulgare Zea mays Mixture

COM Citrate (T+) 29% 25% 28% 27%

Distilled water (T−) 29% 25% 28% 27%

COD Citrate (T+) 6.78% 7.42% 8.85% 7.19%

Distilled water (T−) 6.78% 7.42% 8.85% 7.19%

Cy Citrate (T+) 85.61% (c) 59.43% (c) 83.0% (c) 84.85% (c)
Distilled water (T−) 85.61% (c) 59.43% (c) 83.0% (c) 84.85% (c)

UA Citrate (T+) 60.42% 67.08% (a) 52.81% 100% (b)
Distilled water (T−) 60.42% 67.08% (b) 52.81% 100% (b)

CP Citrate (T+) 36.75% (c) 33.92% (a) 27.79% 30.86% (a)
Distilled water (T−) 36.75% (c) 33.92% (c) 27.79% (c) 30.86% (c)
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5 � Conclusion
In conclusion, this study investigated the dissolution 
effects of three plant infusions—A. rubra, H. vulgare, 
and Z. mays—along with a mixture of these infusions 
on various types of kidney stones. FTIR analysis pro-
vided insights into the molecular composition and 
crystalline structure of the stones, while microscopic 
examination elucidated their morphological charac-
teristics. The results revealed that COM and COD cal-
culi exhibited limited dissolution with the infusions, 
consistent with their known resistance to dissolution 
because of their dense and stable crystal structures. 
However, Cy calculi exhibited a significantly high disso-
lution effect with all infusions, especially with A. rubra. 
UA calculi showed significant dissolution, particularly 
with H. vulgare infusion and the combination of infu-
sions, attributed to the bioactive compounds found in 
H. vulgare. CP calculi showed significant dissolution 
with all infusions, with the most pronounced effect 
seen with A. rubra infusion. These findings suggest that 
plant infusions, particularly from A. rubra and H. vul-
gare, show promise as potential therapeutic agents for 
certain types of kidney stones, providing a natural and 
complementary alternative to conventional treatments. 
Further experimentation will be necessary to provide 
empirical evidence of the beneficial effects of these 
tested infusions on the dissolution of such calculi. Due 
to the time required to observe any significant effects 
in vitro, it appears challenging to advocate for the use 
of these plants in patients for the direct dissolution of 
calculi in  situ. However, there may still be potential 
benefits yet to be fully evaluated for the prevention of 
recurrence using these plants. The absence of standard-
ized preparation protocols and long-term efficacy data 
necessitates further investigation for clinical transla-
tion and recurrence prevention. Additionally, the safety 
profile and potential adverse effects of prolonged use of 
these herbal remedies remain to be fully elucidated.
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