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Kidney stone, also known as calcium oxalate nephrolithiasis, is one of the most common diseases worldwide. Calculi 

usually forms when urine becomes supersaturated with particular calcium salts such as calcium oxalate. In the present study, 

we investigated the ameliorative potential of the root extract of the Common golden thistle, Scolymus hispanicus L. (SH) on 

rats with ethylene glycol (EG) induced kidney stone disease. Sprague-Dawley rats, each weighing 250-300 g, were divided 

into three groups (n=6 per group): (i) Control (C); (ii) EG; and (iii) EG+SH. To induce nephrolithiasis, the rats received 1% 

of EG with drinking water, while the C group received normal drinking water during the study. SH extract 2 g/kg was added 

to the treatment from the 4th week onwards in EG+SH group. At the end of each experiment, rats were decapacitated and 

serum levels of calcium, magnesium, phosphorus, creatinine, aspartate aminotransferase (AST), alanine aminotransferase 

(ALT) and alkaline phosphatase (ALP) were assessed in all groups at 0, 4, and 8 weeks. Oxalic acid and creatininelevels 

were measured in urine samples collected at 24 h in metabolic cages. Renal tissues were evaluated histopathologically at the 

end of the experiment. After 8 weeks, serum creatinine levels were found decreased in the SH group while increased in the 

EG group. Serum magnesium and AST levels were also found decreased in the EG group, however, SH treatment reversed 

these values. The SH treatment also increased urinary oxalic acid levels. When the kidney tissue of EG group was examined, 

there was a high level of crystal/stone, especially in the renal cortex. In kidney tissues of the SH group, only small amounts 

of crystal/stone were observed. Our experimental findings have demonstrated the ameliorative potential of the aqueous 

extracts of S. hispanicus roots and shells on EG-induced in the kidney stones in rats. Isolation of active compounds of SH 

would be desirable to understand the biochemical mechanism behind the process better. 
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Nephrolithiasis, known as kidney or renal stone 

disease, has multifactorial pathology which has not 

been fully elucidated yet1. It is known for its fairly high 

incidence in the Western countries (e.g., Europe 5-9% 

and North America 12-15%) and in Eastern countries 

(about 5%)2. The risk of kidney stone disease has been 

reported to be three-times higher in men than in 

women3. It has been suggested that chronic diseases 

such as obesity, diabetes mellitus, hypertension, and 

metabolic syndrome, are also associated with kidney 

stone formation3,4. In addition, some medications (such 

as acetazolamide, indinavir, triamterene, vitamin D 

supplementation, ceftriaxone, and quinolone) have 

been reported to cause kidney stone disease2,5,6. 
The stone formation mechanism is a highly 

complex process involving supersaturation of urine 
and various physicochemical changes. As a result of 
supersaturation, the solution precipitates in the urine 
and causes nucleation, and thereby crystallization 
after the aggregation process. The risk factors for 
crystallization vary greatly based on the level of stone 
formation causing components such as calcium, 
phosphorus, uric acid and oxalate in the urine. 
Approximately, 75-80% of kidney stones contain 
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calcium [calcium oxalate (CaOx) and calcium 
phosphate]; and the rest consists of uric acid, cystine, 
struvite and hydroxyapatite7-9. The presence of CaOx 
crystals in the renal cells leads to the rise of free 
radicals causing oxidative stress10. Increased reactive 
oxygen species (ROS) in renal tubular cells cause 
inflammation in the cell epithelium and remodeling of 
the tissue11-13. Irregularities in mineral metabolism 
and impairment of antioxidant mechanism cause 
formation of CaOx stones affecting the kidney 
epithelial cells4. 

For the treatment of kidney stones, different 

treatment approaches are applied depending on the 

area where the stone is located, its size, and the 

components from which it is formed. 

Pharmacologically, thiazide diuretics reduces calcium 

clearance directly; alkaline treatment with potassium 

citrate decreases calcium excretion and increases 

urinary citrate; and allopurinol prevents recurrent 

stone formation by decreasing uric acid excretion. In 

addition, febuxostat, terpene essential oil preparations 

and corticosteroids are also used to treat of kidney 

stone14,15. Although significant advances towards the 

madications have been made for the treatment of 

kidney stone disease, no cost-effective and efficacious 

drug has been found yet16. 

Medicinal plants are known to be suitable for 

developing effective drugs for kidney stone treatment 

because of their high efficacy, minimal side effects, 

and relatively low costs. Studies have reported that 

natural products prevent oxidative damage and kidney 

stone formation in renal cells due to CaOx crystals. 

Scolymus hispanicus L. (SH), commonly called ‘the 

common golden thistle or Spanish oyster thistle’, 

locally known as “sevketibostan or Sevket-I Bostanr” 

plant, is one of the most common wild vegetables in 

the Mediterranean countries. This traditional 

medicinal herb is known for its diuretic, depurative, 

digestive, choleretic and lithiuretic effects. Roots, 

stems and leaves of SH are reported to contain 

tannins, -tocopherol, -carotene, terpenoids and 

flavonoids which enrich the plant with various 

phytochemical and pharmacological properties17,18. 

SH is used as a medicine in kidney stone disease 

under the trade name “Lityazol Cemil”, thanks to the 

antioxidant properties of flavonoids and -carotene 

molecules18-20. Antioxidants or the anti-inflammatory 

properties of SH extract have been reported in 

previous experimental diabetes studies; and reduce 

pelvic renal stone, ureteral stone, and bladder stone 

with its antispasmodic effect19-23. However, there is no 

study on the protective effect of SH on renal calculi 

deposition in animals. Therefore in this study, 

we investigated the ameliorative potential of SH 

extract by monitoring the biochemical and 

histopathological parameters in rats with kidney stone 

induced by 1% ethylene glycol (EG). 

Materials and Methods 

Materials 

All chemicals and reagents used in the 

determination of blood and urinelevels of AST, ALT, 

ALP, calcium, magnesium, phosphorus, and 

creatinine, etc. were purchased from Elabscience 

(Houstan, TX, USA) and bt Products (Izmir, Türkey). 

Plant material and preparation of S. hispanicus extract 

Root and shell parts of S. hispanicus plant were 

obtained from Samsun Botafarma Health Products 

Company, Turkey. The plant roots and shells of 400 g 

were dried in an oven at 55-60C. After drying, the 

remaining 20 g of the substance were grinded. 

Forty mL of 70% ethyl alcohol was added to 20 g of 

the substance and left for maceration. Then it was taken 

to the percolator where 2, 3, 4, 5 and 6 percolates of the 

six putative percolates were combined. The alcohol 

was evaporated, and with the extract remaining at the 

bottom of the beaker; it was joined to the 1st perched, 

and 20 mL of the extract was obtained. 

Animals 

All animal experiments were carried out with the 

approval of the Marmara University Animal 

Experiments Local Ethics Committee (Project No: 

04.2017.mar). Adult male Sprague-Dawley rats 

(250-350 g) (n=6 in each experimental group) were 

obtained from Marmara University’s Experimental 

Animal Implementation and Research Center. The 

rats were housed under controlled temperature 

(20-23C), in humidity (40-60%), and light (12 h 

light/dark regime) regulated rooms. The animals were 

kept on a standard rodent pellet diet, with tap water 

available ad libitum. 

Experimental design of the study 

The animals were made into three groups 

(randomly n=6 per group) as: (i) the saline-treated 

control (Control); (ii) saline-treated with EG; and (iii) 

SH-treated with EG (EG+SH) groups. To induce 

nephrolithiasis, the rats received 1% of EG with 

drinking water, while the control group received 

normal drinking water during the study. Therapeutic 

group (EG+SH) was given 1% EG in their drinking 
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water for 8 weeks while the extract of SH at 2 g/kg 

was given to these rats by oral gavage from the 4th 

week until the end of the experiment. 

Assessments of biochemical parameters 

At the beginning of the experiment, and 4 & 

8 weeks, the blood spcimens were drawn from the 

experimental animals; which were centrifuged at 

4000 rpm for 15 min. Blood levels of calcium, 

phosphorus, magnesium, creatinine, AST, ALT and 

ALP were measured utilizing appropriate biochemical 

assays. For this, bt Products® calcium, phosphorus and 

magnesium assay kits and Elabscience® creatinine, AST, 

ALT and ALP Rat ELISAkits, respectively, were used 

according to the kit manufacturers’ procedures. 

The urine of the experimental animals placed in 

24 h metabolic cages were collected at the beginning 

of the experiment, and at the end of 4th and 8th week. 

Food and water were also kept in metabolic cages 

throughout the experiment. For analysis, 1 mL of 

urine samples were centrifuged at 2000 rpm for 

5 min. Creatinine and oxalic acid levelsin urine were 

determined utilizing Elabscience® Rat ELISA kit. In 

addition, the levels of leucyl aminopeptidases (LAP) 

and gamma-glutamyl transferase (GGT) enzymes 

were measured utilizing Elabscience® LAP and GGT 

Rat ELISA kits. 

Statistical analysis 

The results are expressed as mean ± standard error 

of mean (SEM). The interactions between the 

different groups were tested using analysis of variance 

(ANOVA) with 95% confidence interval (CI) and 

Tukey’s post hoc test. Statistical difference was 

considered significant at P< 0.05. The data were 

analysed using Graph Pad 9.0 software (Graph Pad, 

San Diego, CA, USA). 

Results 

In this study we investigated the effect of Scolymus 

hispanicus L. root and shell extract for potential 

treatment of kidney stone disease. No changes in the 

water and nutrient intakes were observed during the 

experimental study period. The body weights of the 

animals were measured at the beginning and at the 

end of the experiment. At the end of the experiment, 

there was no statistically significant increase in the 

weight of the animals in all cages (Fig. 1). 

Fig. 1 — Measurment of blood serum levels of (A) magnesium; (B) phosphorus; (C) creatinine; (D) calcium; (E) aspartate 

aminotransferase (AST); and (F) alanine aminotransferase.[*P< 0.05 compared to the control group and +P< 0.05 compared to ethylene 

glycol (EG) group. SH = Scolymus hispanicus L.] 
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Blood collection and parameters 

In the first 4 weeks, magnesium levels decreased in 

the EG+SH treatment groups, whereas the EG group 

showed no change after 4 weeks. Magnesium levels 

increased significantly in SH treatment group 

(P< 0.05) and returned to control group levels 

(Fig. 1A).Serum phosphorus levels were significantly 

higher (P< 0.05) in the control and EG groups 

(Fig. 1B). 

As shown in Figure 1C, serum creatinine levels of 

EG+SH group were decreased significantly (P< 0.05) 

as compared to the EG group. The creatinine levels of 

EG group continuedto increasesignificantly (P< 0.05) 

as compared to the control group (Fig. 1C). 

Serum calcium levels were significantly 

increasedduring the first 4 weeks in the EG group as 

compared to the control group, and continued to 

increase in the EG group at 8 weeks. At the end of SH 

treatment, calcium levels were close to the control 

group (P< 0.05) (Fig. 1D). 

Serum AST levels decreased in the EG group and 

the first 4 weeks in SH group; however, no further 

decrease was noted after starting the SH treatment. 

At the end of the treatment, AST levels in the SH 

group were significantly higher (P< 0.05) than in the 

EG group and were significantly lower (P< 0.05) than 

the control group (Fig. 1E). 

Serum ALT levels were significantly increased 

(P< 0.05) during the first 4 weeks in EG group, and a 

decrease was seen after 4 weeks. At the end of the 

experiment, serum ALT levels of the SH treatment 

group were found to be increased significantly 

(P< 0.05) as compared to the EG group (Fig. 1F). 

Urine collection and parameters 

When creatinine levels in the urine samples were 

examined, a significant decrease was observed in the 

EG group (P< 0.05), whereas in the SH treatment 

group, it decreased after 4 weeks. At the end of 

the experiment, creatinine levels of the EG+SH 

treatment group was significantly higher than in the 

EG group (P< 0.05); and a significant decrease 

(P< 0.05) was found when compared to the control 

group (Fig. 2A). At the end of the experiment, the 

level of oxalic acid in the urine samples increased 

significantly (P< 0.05) as compared to the EG 

and control groups in the EG+SH treatment group 

(Fig. 2B). 

Histopathological studies 

No abnormalities were detected in the kidney tissue 

of the control group (Fig. 3A). When the kidney tissue 

of EG group was examined, an excessive level of 

crystal/stone was seen (Fig. 3B). In the kidney tissues 

of SH group, very small size and exiguous level of 

crystal/stone formation were found (Fig. 3C). It was 

determined that the plant extract of SH administration 

reduced the formed stones and crystals. 

Fig. 3 — Representative light micrographs of kidney tissue in the experimental groups. (A) control group normal tubules in the kidney 

cortex; (B) Ethylene glycol (EG) group rats with lots of birefringent crystals, desquamation, dilatation, and degeneration, fed with 75% 

EG; and (C) Normal cortex tubules and glomerulus in the Scolymus hispanicus L. (SH) treatment group. [Hematoxylin and Eosin (H&E) 

staining Magnification, 20X and inset 40X] 

Fig. 2 —Levels of (A) Creatinine; and (B) Oxalic acide in urine 

samples of the three groups at the beginning and after 4th and 8th 

week of experiment. [*P< 0.05 compared to control group,  
+P< 0.05 compared to ethylene glycol (EG) group. SH =Scolymus 

hispanicus L.] 
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Discussion 

In the urine, there are substances that cause crystal 

or stone formation, as well as crystal inhibitory agents 

such as citrate and magnesium, which inhibit their 

formation. Stones/crystals seen in kidney stone 

disease cause damage to epithelial cells in kidney 

nephrons and also generate free radicals. It has been 

reported that free radical formation and antioxidant 

enzymes decrease in this disease process11-13. 

Although allopurinol, febuxostat, thiazide diuretics, 

terpene essential oil preparations, potassium citrate, 

sodium citrate and corticosteroid have been used for 

the treatment of renal stone disease, no effective 

medication has been found yet. Therefore, many 

herbal medicinal alternatives have been investigated 

for possible treatment of the disease11-13,16. 

The antioxidant effect of Scolymus hispanicus L. is 

(SH) is attributed to its contents viz. tannins, terpenoids 

and flavonoids. The flowers and leaves of SH have been 

found to contain  -tocopherol17,18. It has antiarthritic, 

antibacterial, antiherpetic, anti-inflammatory and 

antispasmodic effects due to the presence of glycosides, 

bioactive nitrogen compounds, caffeine, flavanoids, 

rosmarinic acid and -carotene. In addition, in colon, 

kidney and lung cancers, this substance has been 

reported to have anti-tumoral effects19.  

We observed that during the first 4 weeks of the 

experiment, calcium levels increased in the EG group 

and continued to increase until the experiment ended 

at 8 weeks. The SH treatment resulted in calcium 

level decrease at the end of experiment; however, 

the levels were not close to the control group. 

The increase in calcium levels in the EG group of 

our study is in agreement with other reported 

findings24,25. 

Magnesium plays a significant role in the inhibition 

of kidney stone formation by forming soluble 

magnesium oxalate and excretion of oxalate24. In 

our study, the EG group showed a significant change 

in magnesium level after 8 weeks of treatment. On 

the contrary, treatment with SH for 8 weeks 

almost reversed the magnesium level similiar to the 

control group. Therefore, therapeutic effect of 

SH treatment increased the serum levels of 

magnesium, which contributed to its preventetive 

effect in the formation of kidney stone. Likewise, 

the increase in phosphorus levels in serum may be 

considered as a marker for of kidney stone 

formation25. Here, we observed the SH treatment 

increased the serum phosphorus levels, while in the 

EG group it was found to be decreased as compared 

to the control group. 

At the end of the treatment, AST levels of SH 

group were significantly higher than the EG group 

(P< 0.05) and significantly lower than the control 

group. In a similar study with the Spirulina plant, the 

decrease of AST levels in the EG group is in 

accordance with our results16. In a study conducted 

with streptozotocin-induced diabetic animals of SH 

treatment group, AST levels were reported to 

decrease, but in our study, stability was achieved in 

AST levels., Experimental diabetic model was used in 

this study as compared to our study21,23.  

Serum ALT levels were significantly increased 

(P< 0.05) in the EG treated groups during the first 

4 weeks; but there was a fall after 4 weeks. At the end 

of the experiment, serum ALT levels of SH group 

were significantly (P< 0.05) higher than the EG 

group. Furthermore, ALT levels decreased in the EG 

group after 4 weeks and subsequently fell below the 

control group levels. In a different study conducted 

with SH plant, streptozotocin-induced diabetic serum 

ALT level was found to be decreased, that issimilar to 

our current study21,23. 

Although the serum ALP levels of SH treatment 

group were numerically higher than the EG group, but 

there was no statistically significant difference. The 

importance of ALP has been expressed as a marker 

enzyme in the renal tubular membrane and as an 

important enzyme for kidney damage. However, its 

increased level can only be seen when high doses of 

renal stone-forming substances (e.g., sodium oxalate, 

etc.) are given, which have been demonstrated in 

other studies26. 

Increased level of creatinine, one of the nitrogen-

containing compounds in blood, occurs due to the 

decrease in glomerular filtration with the formation of 

stones. Accordingly in our study, EG exposure 

showed significant (P< 0.05) increase in the serum 

creatinine levels consistently. At the same time, the 

decrease in the SH treatment group stopped at the 4th 

week of treatment. In other words, the serum 

creatinine level in the SH treatment group decreased 

significantly as compared to the EG group (P< 0.05). 

Thus, the lowered creatinine levels by SH treatment 

can be considered as evidence for improved kidney 

function. 

There was no significant change in oxalic acid 

level in the control and EG groups during our 

experiments. Although no stones/crystals were found 

in the kidney tissues of the treatment group, the oxalic 
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acid level in the urine samples was high; i.e., SH 

extract of stones in urine is thought to break. Similar 

to our study, in a previous report in a group of kidney 

stones, oxalic acid levels were found increased during 

the first 3 days and its levels decreased from the 7th 

day26. Studies on the effects of extracts of red grape 

seeds and white grape seeds on kidney stones have 

shown higher oxalic acide levels at the end of first  

8 days compared to the control group. In the same 

study, the amount of oxalic acid in the EG group 

increased during the first 8 days27. 

When the LAP and GGT levels were evaluated at 

the end of the experiment in urine; there was no 

significant difference between the groups (P> 0.05). 

These enzymes have been reported to be potential 

markers in the renal tubular membrane, whichare 

important for kidney damage. Especially in idiopathic 

CaOx stone formation studies, GGT was found to be 

higher than the normal levels in urine analysis. This 

enzyme is considered as a marker of renal proximal 

tubules damage4,26. In a study where the renal stone was 

induced by high dose of sodium oxalate (e.g. 10 mg/ 

100 g) within the first 24 h, the GGT and LAP levels 

were reported to be increased; and slightly decreased 

during the next 7 days
26

. In our study, we measured 

these levels only at 4 and 8 weeks of the treatment 

which showed xxxx levels. 

When the kidney tissue of the control group was 

examined, there were no crystals/stones, especially in 

the renal cortex. Notably, when the different segments 

of the nephrons were examined in the renal tissue of 

EG group, there were large amounts of crystals/ 

stones. In the kidney tissues of the SH treatment 

group, relatively smaller amount of crystal/stone 

formation was found. This observation suggests that 

the plant extract of SH treatment reduces the stone/ 

crystals formed in the kidney. We observed that the 

plant extract could not reach the subepithelial 

intrapapilla completely. It is also possible that stones 

were excreted from the kidney and cortex-medulla-

subepithelial papilla in order to be removed from the 

kidney. Therefore, during this period, the stones may 

obstruct the subepithelial papillae, and therefore the 

stones may appear more often in this area than in the 

other areas during the SH treatment process. As a 

result, the reduction in the levels of stones and 

crystals formed by the plant extract of SH supports 

the biochemical findings of our study. In the liver 

tissues, necrosis was not seen in any of or 

experimental groups. 

Conclusion 

Our experimental findings suggest that aqueous 

extracts of roots and shells of Scolymus hispanicus L. 

may be effective in treating kidney stones, and it 

could be attributed to the diuretic, anti-inflammatory, 

and antioxidant effects of the active compounds 

present in the SH extract. Further studies would be 

desirable to better clarify the mechanism(s) of 

treatment and elucidate the renal stone lowering effect 

of SH and other related phytochemicals. 
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