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Abstract
Background: Some plant extracts can prevent kidney stone formation in a dose-
dependent manner. In our study, we aimed to investigate the protective role of
Cannabis sativa aqueous extraction on calcium oxalate formation in ethylene glycol-
induced rats.
Materials and Methods: To evaluate anti-urolithiasis, variations of the main risk factors
(citrate, phosphorous, calcium, and Ph) have been evaluated in 24-hour urine samples
of rats one day before the end of the experiment. Ratswere divided into 4 groups: group
1 was administered regular drinkingwater; group 2was administered 1% ethylene glycol
in drinking water, group 3 was administered 100 mg/kg of Cannabis sativa extract for
oral administration by gavage along with drinking water containing 1% ethylene glycol;
and group 4 was administered 200 mg/kg of Cannabis sativa extract by gavage along
with drinking water containing 1% ethylene glycol. Finally, histopathological slides from
the kidney were also evaluated.
Results: Results showed that 100 mg/kg and 200 mg/kg doses of Cannabis sativa
extract significantly reduced the mentioned risk factors in comparison with ethylene
glycol-treated rats (p<0.05).
Conclusion: Histopathological slides showed reduced calcifications with extract
treatment at 200 mg/kg of Cannabis sativa. Thus, this antioxidant herb can prevent
kidney stone formation. These findings pave the way for new therapy.

Keywords: Antioxidants, Cannabis sativa, Ethylene Glycol, Rats, Urate calcium oxalate
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1. Introduction

Urinary calculi disease is well-known as nephrolithiasis, and regarded as systemic,
painful, and costly, and especially affects the male gender (1). The increased prevalence
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of this disease is pandemic and differs between ethnicity and race. Epidemiological
studies revealed the rising prevalence rates globally (2). In our country, the Iran Islamic
Republic, the prevalence rate of urolithiasis is 5.7 % (3). Several studies have mentioned
many extrinsic (diet and lifestyle), and intrinsic (genetics) causes related to this disease in
different individuals. Nephrolithiasis is also associated with different diseases including;
chronic kidney disease (CKD), coronary artery/heart disease (CHD), hypertension, type 2
diabetes mellitus (T2DM), and other metabolic syndromes (4). Worldwide, approximately
80% of kidney stones are composed of calcium oxalate mixed with a small percentage
of calcium phosphate (1). Remarkable advances in the therapy and management of
individuals with kidney stones have emerged. Shockwave lithotripsy fragments kidney
stones to pass through the urine, or percutaneous nephrolithotomy and retrograde
intrarenal surgery remove them (5, 6). However, these methods are expensive, and
in many cases, kidney stones are reversible. Thus, increasingly, research attention
has been devoted to medicinal plants as novel and alternative options with effective
properties and less cost (7-9). In a similar vein, many herbs such as the aqueous extract
of Bergenia ciliate (10) and Chenopodium album (1), have been examined in-vitro for
their inhibitory effects on calcium oxalate crystallization. In a recent study, we aim to
investigate the role of Cannabis sativa, as an alternative for inhibition of kidney stone
formation. Cannabis sativa, famous as marijuana, is probably the world’s most recogniz-
able and notorious plant which is harvested chiefly for its fiber (11). It has amassive variety
of antioxidant chemicals such as cannabinoids and C-21 terpenophenolic compounds
(12). Cannabinoids are highly lipophilic, and when inhaled, can infiltrate cell membranes
and cross the blood-brain barrier (BBB). The chief metabolite, 11-hydroxy-δ9THC, is
possibly responsible for the psychological and physiological effects of cannabis, such
as its regulatory role in feeding behavior, analgesia, moodmodulation, anti-inflammatory
activity, anti-oxidant activity, energy metabolism, among others (13). Therefore, we
decided to investigate the protective effect of Cannabis sativa as a herbal therapy
and a less expensive treatment for preventing renal stone formation in a male rat animal
model.

2. Materials and Methods

2.1. Plant extracts

Cannabis sativa leaves were collected and dried under conditions without exposure to
direct sunlight and then made into powder. The powder was dissolved in boiling distilled
water for 30 minutes, then filtered by a sterile filter (0.2 μm) and lyophilized for 24 hours
(14).

2.2. Animal care

In our study, 32 adult male Wistar rats weighing 120-180 ±20 g was obtained from
Birjand University of Medical Sciences, Iran. In all procedures, animal experiments were
conducted in accordance with the institutional ethics committee for the care and use of
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laboratory animals of this university. In all experiments, rats were fed standard rat chow
daily and allowed free access to water. Animals were housed individually at 25∘± 3∘C,
with a 12 h light/dark cycle and 50% ± 5% humidity.

2.3. Experimental design

The rats were housed under standard conditions and randomly divided into four groups
(n = eight rats per group). An ethylene glycol diet was used to induce kidney stone
formation in rats. The experimental groups were as follows:

Group 1 (normal control): regular rat drinking water ad libitum daily for a period of 28
days; Group 2: 1% ethylene glycol (Merck, Germany) in drinking water for 28 days; Group
3: a dose of 100 mg/kg of Cannabis sativa extract for oral administration by gavage
along with drinking water containing 1% ethylene glycol for 28 days; Group 4: a dose of
200 mg/kg of Cannabis sativa extract by gavage, along with drinking water containing
1% ethylene glycol for 28 days.

2.4. Biochemical analysis

One day before the end of the experiment, the 24-hour urine samples of rats were col-
lected using metabolic cages. The urine pH, oxalate, citrate, calcium, and phosphorous
levels were determined using commercially available assay kits (15, 16). At the end of the
experiment, blood was collected from the aorta under anesthesia, and the animals were
sacrificed. The serum was separated for the analysis of creatinine, uric acid, calcium,
and phosphorous levels using an auto-analyzer (Technicon RA-1000).

2.5. Histopathological examination

At the end of the experiment, both rat kidneys were used for histopathological anal-
yses and fixed in 10% buffered formalin and blocked using paraffin wax. After these
procedures, they were sectioned at a 5-μm thickness and mounted on slides. Then, the
sections were stained with hematoxylin and eosin for examination under a polarized
light microscope. Furthermore, the numbers of calcium oxalate crystal depositions were
calculated using a light microscope fitted with a polarizing filter.

2.6. Statistics

Data are presented as the means± standard division (SD) and were analyzed using one-
way analysis of variance (ANOVA) with SPSS software (SPSS version 15 Inc., Chicago, IL,
USA). Bonferroni multiple comparison analysis was applied to compare the differences
between the groups. A P-value of 0.05 or less was considered statistically significant.
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3. Results

3.1. Effects of Cannabis sativa on urine factors

During our study, Group 1 (normal control): plain drinking water ad libitum daily for 28
days; Group 2: 1% ethylene glycol in drinking water for 28 days; Group 3: 100 mg/kg of
a Cannabis sativa extract by gavage along with drinking water containing 1% ethylene
glycol for 28 days; Group 4: 200mg / kg of Cannabis sativa extract by gavage along with
drinking water containing 1% ethylene glycol for 28 days, the urinary pH remained con-
stant in all groups. Furthermore, the phosphorus, calcium and oxalate levels of the urine
were remarkably decreased in groups treated with 100 mg/kg and 200 mg/kg doses of
Cannabis sativa extract in comparison with the ethylene glycol-induced group. These
reductions in levels of phosphorus, calcium, and oxalate were statistically significant
(P<0.001), and they gradually returned to normal levels (data not shown). The observed
reduction in phosphate, calcium, and oxalate levels was dose-dependent. Additionally,
a considerable dose-dependent increase in urine citrate could be observed in groups 3
and 4, treated withCannabis sativa extracts, in comparison with group 2 to reach normal
levels (P<0.05) (Table 1).

Table 1: Urine analysis of different experimental groups.

Group 1 Group 2 Group 3 Group 4

Urine phosphorus
(mg/dl)

61.75± 2.11 88.68± 1.15 73.35 ±1.19* 64.11 ± 1.11*

Urine calcium (mg/dl) 6.38 ± 0.76 11.15 ± 0.84 7.31± 1.11* 6.16± 0.08 *

Urine oxalate (mg/dl) 17.15 ± 1.12 33.06 ±2.02 24.11 ± 1.18* 20.16±2.06*
Urine citrate (mg/dl) 21.55 ± 1.71 17.21 ± 1.15 19.84 ± 1.22* 20.59 ± 1.12*

Urine pH 6.51 ± 0.52 6.16 ±0.44 6.52 ± 0.31 6.62 ± 0.28

*P<0.05 compared with group 2

3.2. Effects of Cannabis sativa on serum factors

As shown in Table 2, Group 1 (normal control): plain drinking water ad libitum daily for
28 days, Group 2: 1% ethylene glycol in drinking water for 28 days, Group 3: 100 mg/kg
of Cannabis sativa extract by gavage, along with drinking water containing 1% ethylene
glycol for 28 days; Group 4: 200 mg/kg of Cannabis sativa extract by gavage along with
drinkingwater containing 1% ethylene glycol for 28 days, the serum calcium levels in both
treated groups are statistically increased in comparison with the ethylene glycol-induced
group (p<0.05). It seems that the treated groups return to normal values gradually. There
was no apparent difference in serum phosphorus levels between treated groups and
both controls. Serum uric acid concentration and creatinine analysis in groups 3 and 4
became notably lower in comparison with group 2 (P<0.05).
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Table 2: Serum analysis from different groups.

Group 1 Group 2 Group 3 Group 4

Serum calcium (mg/dl) 8.88± 0.33 6.21 ± 0.83 7.21 ± 0.26* 7.67 ± 0.35*

Serum phosphorus (mg/dl) 8.05 ± 0.88 8.56 ± 0.63 8.92±0.57 8.98±0.45
Serum Uric acid (mg/dl) 3.73±0.23 9.22 ±1.01 4.45 ±0.55* 3.12±0.68*
Serum Creatinine (mg/dl) 0.68 ± 0.11 1.6 ± 0.15 0.84 ± 0.13* 0.71± 0.15*

*P<0.05 compared with group 2.

3.3. Effects of Cannabis sativa on histopathologic factors

The number of calcium oxalate crystals were remarkably reduced in a dose-dependent
manner (Table 3). Group 1 (normal control): regular drinking water ad libitum daily for 28
days; Group 2: 1% ethylene glycol in drinking water for 28 days; Group 3: 100 mg/kg
of Cannabis sativa extract by gavage along with drinking water containing 1% ethylene
glycol for 28 days; Group 4: 200 mg/kg of Cannabis sativa extract by gavage along with
drinking water containing 1% ethylene glycol for 28 days. Furthermore, the histopatho-
logical features of the renal tissue related to healthy control rats manifested regular
characteristics without signs of calcium oxalate deposits (Figure 1-A). Figure 1-B shows
renal segments of ethylene glycol-induced control rats with full signs of calcium oxalate
deposits. The number of calcium oxalate deposits in the kidney slides of rats receiving a
200 mg/kg dose of Cannabis sativa extract were remarkably reduced in comparison
with rats administered a 100 mg/kg dose (Figure 1-C&D). Calcium oxalate crystals in
various parts of the renal tissue in group 4 were considerably smaller in comparison
with group 3.

Figure 1: Kidneys histopathologic slides; A=Group 1 (normal control): regular rat drinking water ad libitum
daily in a period of 28 days, B=Group 2: 1% ethylene glycol (Merk, Germany) in drinking water for 28 days,
C=Group 3: dose of 100 mg / kg of cannabis sativa extract for oral administration by gavage along with
drinking water containing 1% ethylene glycol for 28 days, D=Group 4: dose of 200 mg / kg of cannabis
sativa extract by gavage along with drinking water containing 1% ethylene glycol for 28 days.Microscopic
magnification:40×.
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Table 3: The number of calcium oxalate crystals formed in different groups.

Group 1 Group 2 Group 3 Group 4

Number of calcium
oxalate crystals

0 28±3.5 8±15* 2.5±1.1*

*P<0.05 compared with group 2.

Microscopic field = 10

Magnification = 40

4. Discussion

Urinary calculi cause severe morbidity worldwide, and surgical interventions have
brought about serious side-effects (17). In this regard, new therapies with fewer compli-
cations, for example, phytotherapy as a favorable alternative approach are of significant
research interest (7). In our study, we investigated the preventive effects of Cannabis
sativa aqueous extracts on calcium oxalate formation in ethylene glycol-induced male
rats. Rats were used tomimic urolithiasis -kidney calcium oxalate deposition- by ethylene
glycol induction due to the similarity of their urinary system to humans (18). In the
primary stage of renal stone formation, over-saturation of the urine is accomplished
with components, notably calcium and oxalate. Oxidative stress speeded the process
of crystallization and aggregation, which results in stone formation (19). Although the
process of urinary calcification is multi-factorial, studies have demonstrated the func-
tional role of oxygen free radicals during the development of cellular injuries. Therefore,
these injuries support the events of calcium oxalate maintenance in kidney tubules and
ultimately, stone development (20).

Conversely, citrate inhibits the aggregation of CaOx crystals on the renal epithelial cell
membrane (21). Several studies suggest that the non-cannabinoid fraction of the natural
extract from Cannabis sativa can scavenge free radicals (22); hence, one mechanism by
which aqueousCannabis sativa extracts prevent CaOx stone formation and aggregation
may be by their antioxidant components. Since oxalate is a chief factor in CaOx stone
formation and citrate is regarded as an efficient suppressor of CaOx stone aggregation,
it seems noteworthy to suggest Cannabis sativa plant extracts as a novel remedy for
urolithiasis. We observed increased urinary phosphorus, calcium, and oxalate levels and
a decrease in citrate levels in ethylene glycol-treated rats. Increased excretion of the
mentioned factors has been reported in stone formation and this provides a suitable
environment for crystallization (23).

Administration of 100 mg/kg and 200 mg/kg doses of Cannabis sativa extracts to
groups 3 and 4 reduced crystallization factor levels in a dose-dependent manner, revert-
ing almost to normal control levels. Furthermore, the citrate level was reduced in ethy-
lene glycol-treated rats, in which Cannabis sativa extract prevented over-saturation with
citrate in treated groups in a dose-dependent manner. The histopathologic analysis and
calcium oxalate crystal reduction confirmed our findings. We observed that the number
of calcium oxalate deposits in the kidney slides of rats receiving 100mg/ kg and 200mg/
kg doses of Cannabis sativa extracts, in comparison with ethylene glycol-treated rats
were remarkably and dose-dependently reduced. Inconsistent with our study, Alireza
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Golshan et al. reported that 200 mg/kg of a Cynodon dactylon extract, a medicinal plant
with anti-oxidant properties similar to Cannabis sativa, can reduce stone formation in
rats receiving ethylene glycol (1%) in drinking water (24).

Furthermore, another study indicated that the antioxidant activity of Dolichos biflorus
makes it a useful plant for therapy of kidney stones and urinary disorders. Treatment of
ethylene glycol-treated rats with a hydro-alcoholic extract of its seeds reduced calcifica-
tions in the kidneys (25). Furthermore, Bergenia ciliata, well-known for its anti-oxidant
properties, is used in traditional medicine for treating renal disorders, including kidney
stones. This study also showed reduced calcifications following extract treatment (26). In
conclusion, these data indicate that aCannabis sativa extract can prevent crystallization
in urolithiasis rats. Therefore, aqueous Cannabis sativa extracts may be candidates for
prevention and perhaps treatment of renal calcium oxalate stones in early stages in
humans; further studies are required to confirm the exact mechanism of this effect.
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