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Background: Renal stones are the accumulated or deposited crystals that form and appear in supersaturated urine. This
study aimed to the investigate the therapeutic effects of Huashi Pill on clearance of renal stones.
Material/Methods: Sprague Dawley rats were divided into normal control, positive control, low-dosage Huashi Pill, medium-dosage
Huashi Pill, and high-dosage Huashi Pill groups. A renal rat model was established by using ethylene glycol,
ammonium chloride, and calcium gluconate. The urinary pH, urine protein, and uric acid levels, as well as the
calcium, magnesium, and phosphorus levels were examined. The blood urea nitrogen (BUN) and creatinine (Cr)
levels were also evaluated. Aspartate aminotransferase (AST), alanine aminotransferase (ALT), and total bili-
rubin (TBIL) levels were evaluated. Crystal formation and calcium deposits were examined using hematoxylin
and eosin (H and E) staining and von Kossa staining, respectively. Osteopontin (OPN) expression was evaluat-
ed with quantitative real-time polymerase chain reaction assay and immunohistochemical assay.
Results: A renal stone rat model was successfully established. Huashi Pill significantly improved water and food intake
and enhanced pH value of urine (P<0.05). Huashi Pill significantly improved the liver functions by decreasing
ALT and TBIL levels (P<0.05). Huashi Pill regulated the amounts of microelements. Huashi Pill significantly de-
creased the urine protein, uric acid, and Cr levels (P<0.05). Huashi Pill inhibited formation of stone crystals and
reduced the insoluble calcium deposition. Huashi Pill significantly downregulated expression of OPN in the kid-
ney tissues of renal rat models (P<0.05).
Conclusions: Huashi Pill inhibited stone formation by regulating urine biochemical indexes and reducing OPN expression in
kidney tissue in a renal stone rat model.
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Background

Renal stones are the accumulated or deposited crystals that
form and appear in supersaturated urine [1,2]. In recent years,
the prevalence and incidence of kidney stones has been increas-
ing year by year worldwide [3,4]. Clinically, approximate 75% of
renal stones are caused by calcium oxalate (CaOx) [5], which
is caused by hypercalciuria and induces pain [6,7]. A previous
study [8] reported that CaOx is closely related to free radicals that
induced renal tubular cell injury and stone formation. Another
study [9] documented that the oxidative stress induced renal
tubular cell injury and eventually caused renal stone formation.

Several previous studies [10,11] reported on several approaches
for establishing a renal stone model. These approaches for es-
tablishing renal stone models were conducted mainly by down-
regulating pH values and increasing levels of uric acid and cal-
cium excretion. In our study, we established a renal stone rat
model by applying ethylene glycol, ammonium chloride, and
calcium gluconate, and then the urinary protein and uric acid
levels, as well as calcium, magnesium, and phosphorus levels
were evaluated in the rat model. Therefore, the model was ap-
propriate for investigating the effects of drug-administration
in a laboratory setting. The interstitial and intraluminal renal
mineralization can be regulated by osteopontin (OPN), which
has a higher affinity to calcium and inhibits the intraluminal
crystal growth [12]. Therefore, OPN was also examined to con-
firm the renal stone model and effects of drugs.

Until now, plenty of drugs have been used to treat or remove
renal stones in the clinical setting, and most of the drugs are
derived from plants [13]. However, the effects of the aforemen-
tioned drugs always need a long-term treatment period and
the efficacy is relatively low. Moreover, some of the drugs ex-
hibit a few side effects which inhibit long-term administration.
Meanwhile, open renal surgery is also used for managing the
urolithiasis [14], but it’s rarely used in clinical settings due to
the often unavailable standard procedure and the high cost.
Therefore, discovering effective anti-renal stone drugs is criti-
cal and urgently needed for renal stone treatment.

Huashi Pill is a novel drug-formula in traditional Chinese medi-
cine and has been assigned as a “National Medicine Permission
Drug”. Huashi Pill is mainly composed of Desmodium styraci-
folium, Ventriculi galli mucosa, Alisma orientalis, Sand cattle,
Astragalus, Plantago seed, Corydalis corydalis, and licorice.
Our clinical practice found that Huashi Pill could inhibit oxi-
dative stress caused by renal tubular cell injury and suppress
inflammation in tissues. Also, Huashi Pill is benefit to the di-
gestive functions and could improve the status of the stomach.
Therefore, we speculated that Huashi Pill might potentiate the
anti-stones effects and increase the oxalate excretion, when
administered.
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In this study, the renal model was established by applying a
novel approach and using ethylene glycol, ammonium chlo-
ride, and calcium gluconate. Then, therapeutic effects of Huashi
Pill on clearance of renal stones were observed. This research
could identify a promising drug-selection for renal stones ther-
apy for clinical practice.

Material and Methods

Animals

Sixty specific pathogen free (SPF) Sprague Dawley (SD) rats
(6 to 8 weeks old, weighting from 250 to 300 g) were pur-
chased from Tengxin Biotech Co., Ltd. (Chongging, China) and
used in this study. SD rats were maintained at 25+2°C and
with light/dark cycle of 12 hours/12 hours; rats were fed with
a normal diet (CLEA Japan Inc., Shizuoka, Japan) and had ac-
cessed to water freely.

The present study was conducted following the Guidance of
Care and Use of Laboratory Animals of HNI. Meanwhile, this
study was approved by the Ethics Committee of Southwest
Medical University, Luzhou, China.

Renal rat model establishment and trial grouping

The SD rats were divided into a normal control group (NC group,
n=10), renal stone group (Model group, n=10, intragastri-
cally administrated with 1% ethylene glycol (SinoPharm Co.,
Ltd., Shanghai, China), 2% ammonium chloride (BBI Life Sci.,
Shanghai, China) and 10% calcium gluconate (Sangon Biotech,
Co., Ltd., Shanghai, China) 1 time per day for 28 days), Positive
control group (intragastrically administrated with potassium
sodium hydrogen citrate granules (Madaus AG, Koln, Germany)
at concentration of 0.6 g/kg weight body, n=10), low-dosage
Huashi Pill (Low-Huashi Pill group, intragastrically adminis-
trated with Huashi Pill (Qingdao Gla Dandong Pharm Co., Ltd.,
Ge’ermu, China) at concentration of 0.01 g/kg weight body,
n=10), medium-dosage Huashi Pill (Medium-Huashi Pill group,
intragastrically administrated with 0.02 g/kg weight body, n=10)
and high-dosage Huashi Pill (High-Huashi Pill group, intra-
gastrically administrated with 0.04 g/kg weight body, n=10).

Urine routine and urine biochemical analysis

On Day 0 (for identifying the model establishment) or Day 28
(for evaluating the effects of Huashi Pill), the rats were fed
in metabolic-cages and the 24-hour urine was harvested by
incubating with 0.02% sodium azide (SinoPharm Co., Ltd.,
Shanghai, China) to prevent the appearance of bacteria.
The urinary pH and urinary volume were evaluated and then
the urine was used for the other urine biochemical analysis.
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The urine protein (urine protein quantitative kit, Cat. No.
C035-2, Nanjing Jiancheng Bioengineering Inst., Nanjing,
China), uric acid (uric acid assay kit, Cat. No. C012-1, Nanjing
Jiancheng Bioengineering Inst.), calcium (calcium assay kit, Cat.
No. C004-3, Nanjing Jiancheng Bioengineering Inst.), magne-
sium (magnesium assay kit, Cat. No. C005, Nanjing Jiancheng
Bioengineering Inst.), phosphorus (phosphate assay kit, Cat.
No. C006, Nanjing Jiancheng Bioengineering Inst.) were ex-
amined by utilizing the commercial kit on the semiautomat-
ic photometer (Mode: 750, Hitachi, Tokyo, Japan) following to
the instructions of the manufacturers.

Moreover, the levels of serum urea nitrogen (BUN) and creati-
nine (Cr) were also evaluated using the urea assay kit (Cat. No.
C013-1, Nanjing Jiancheng Bioengineering Inst.) and creatinine
assay kit (Cat. No. C011-2, Nanjing Jiancheng Bioengineering
Inst.), according to the manufacturer’s instructions.

Liver function evaluation

On Day 28 (for evaluating the effects of Huashi Pill) post Huashi
Pill administration, the plasma was obtained from the blood
treated with 11% trisodium citrate (Sangon Biotech Co., Ltd.,
Shanghai, China) using centrifugation. The aspartate amino-
transferase (AST), alanine aminotransferase (ALT), and total
bilirubin (TBIL) in plasma were evaluated with commercial
kits according to the manufacturers’ instructions and stan-
dard methods [15].

Histopathological evaluation

The kidney was resected from the rats in each group, incu-
bated with the 4% paraformaldehyde (Sangon Biotech Co.,
Ltd., Shanghai, China) and embedded in the paraffin (Sangon
Biotech Co., Ltd., Shanghai, China). The kidney tissues were
cut into 4-pm thick sections and stained with hematoxylin
(Nanjing Jiancheng Bioengineering Inst., Nanjing, China) and
eosin (Biyotime Biotech Shanghai, China) and also sections
were stained using a von Kossa staining kit (Beijing Leagene
Biotech Co., Ltd., Beijing, China). The sections were observed
by employing the polarized-light optical micro-photography
(Mode: AX80, Olympus, Tokyo, Japan) to better confirm that
the stained materials were the crystals. The formed crystals
were evaluated using the professional image analysis soft-
ware (NIH Image, version: 1.61, Scion Inc., Bethesda, MD, USA).

Quantitative real-time polymerase chain reaction
(qQRT-PCR)

Kidney tissues were lysed with radio-immunoprecipitation as-
say solution (RIPA, Tiangen Biotech Co., Ltd., Beijing, China)
according to instructions of the manufacturer. The RNAs were
extracted using RNAiso Plus Kit (Cat. No. 9108Q, TaKaRa,
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Table 1. Primers for the real-time polymerase chain reaction
assay.

Genes Sequences

Forward 5’-ATCAGGACAGCAACGGGAAG-3’
Osteopontin oo
Reverse  5’-TGATGTTCCAGGCTGGCTTT-3’
Forward 5’-GACCCAGATCATGTTTGAGACC-3’
B G T it
Reverse  5’-AGTACTTGCGCTCAGGAGGA-3’

Dalian, China) and transcribed reversely with PrimeScript Il 1st
strand cDNA synthesis kit (Cat. No. 6210A/B, TaKaRa, Dalian,
China) to synthesize complementary DNAs (cDNAs). The prim-
ers for the OPN gene are listed in Table 1. The amplification
was conducted by using SYBR Green | real-time PCR kit (Cat.
No. DRR820A, Takara, Dalian, China) according to instruction
of the manufacturer. Amplification conditions were listed as
follows: 35 cycles of 30 seconds at 95°C, 20 seconds at 60°C,
and 60 seconds at 72°C. The gRT-PCR results were evaluated
using method of 2724,

Statistical analysis

Data were represented as mean + standard deviation and ana-
lyzed using SPSS software 19.0 (SPSS Inc., Chicago, IL, USA).
Tukey’s post-hoc test was employed to validate analysis of
variance (ANOVA) for comparing data among multiple groups.
Student’s t-test was utilized to analyze differences between
2 groups. P<0.05 was assigned as statistical significance. All
experiments or tests repeated at least 6 times.

Results

Identification for renal stone rat model

In order to identify the establishment of renal stone rat model,
the biochemical parameters, including urine protein, uric acid,
and urine routine tests including calcium, magnesium, and
phosphorus levels were analyzed. The results showed that
the levels of urine protein (Figure 1A) and uric acid (Figure 1B)
were significantly higher in the Model group compared to the
NC group (P<0.05). Meanwhile, the levels of calcium and phos-
phorus were significantly higher and magnesium levels were
lower significantly in the Model group compared to the NC
group (Figure 1C-1E, P<0.05). Moreover, H and E staining re-
sults also showed that there were many stone crystals in the
intraluminal renal tubular in the Model group compared to
the NC group (Figure 2A).
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Figure 1. Evaluation for urine protein (A), uric acid (B), calcium (C), phosphorus (D), and magnesium (E) for identifying renal stone rat

model. ** P<0.01 versus NC group.

Huashi Pill improved water and food intake and enhanced
pH value of urine

The results indicated that the Huashi Pill-Medium group and
Huashi Pill-High group had significantly increased water intake
(Figure 2B) and food intake (Figure 2C) compared to the Huashi
Pill-Low group (P<0.05). Meanwhile, Huashi Pill-Medium group
and Huashi Pill-High group also had significantly upregulated
pH values compared to the Huashi Pill-Low group (Figure 2D,
P<0.05). The effects of Huashi Pill on water intake, food in-
take, and pH values were increased following with concentra-
tion increasing.

Huashi Pill improved liver functions

In order to observe the effects of Huashi Pill on liver function
of renal stone rat models., the markers of liver function, includ-
ing ALT (Figure 3A), AST (Figure 3B), and TBIL (Figure 3C) were
examined. The results showed that the Huashi Pill-Medium
group and the Huashi Pill-High group significantly reduced
the activity of ALT and decreased levels of TBIL compared to
that of the Huashi Pill-Low group (P<0.05). However, there
were no effects of Huashi Pill on the activities of AST in the
renal stone rat models.

Huashi Pill regulated the amounts of microelements

The results exhibited that the Huashi Pill-Medium group
and the Huashi Pill-High group had significantly decreased
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Figure 2. Hematoxylin and eosin (H and E) staining observation and evaluation for water, food intake and pH value of urine: (A) H and
E staining images. (B) Water intake. (C) Food intake. (D) pH values. * P<0.05 versus Positive group.

calcium levels (Figure 4A), significantly increased magnesium
levels (Figure 4B), and significantly reduced phosphorus lev-
els (Figure44C) compared to that of the Huashi Pill-Low group
(P<0.05).

Huashi Pill improved urine routine and urine biochemical
indexes

The urine protein (Figure 5A) and uric acid (Figure 5B) levels in
the Huashi Pill-Medium group and the Huashi Pill-High group
were significantly decreased compared to that of the Huashi
Pill-Low group (P<0.05). Meanwhile, the BUN levels (Figure 5C) in
Huashi Pill-Medium group and the Huashi PIll-High group were
significantly increased compared to that of the Huashi Pill-Low

group (P<0.05). The Cr levels (Figure 5D) in the Huashi Pill-Medium
and the Huashi Pill-High group were significantly decreased com-
pared to that of the Huashi Pill-Low group (P<0.05). Also, the ef-
fects of Huashi Pill on urine protein, uric acid, BUN, and Cr levels
were enhanced following the increased concentrations.

Huashi Pill inhibited formation of stone crystals

The H and E results showed that the stone crystals in the Huashi
Pill-Medium group and the Huashi Pill-High group were signif-
icantly fewer compared to that of the Huashi Pill-Low group
(Figure 6A, P<0.05). Meanwhile, the stone crystals in the Huashi
Pill-High group were also significantly fewer compared to that
of the Huashi Pill-Medium group (Figure 6A, P<0.05).
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Figure 3. Examination for the liver functions of renal stone rat models. (A) ALT activity. (B) AST activity. (C) TBIL levels. * P<0.05 versus
Positive group.
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Figure 4. Effects of Huashi Pill on the amounts of microelements. (A) Calcium levels. (B) Magnesium levels. (C) Phosphorus levels.
* P<0.05, ** P<0.01 versus Positive group.
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Figure 5. Improvement of Huashi Pill for the urine routine and urine biochemical indexes. (A) Levels of urine protein. (B) Levels of uric
acid. (C) Levels of BUN. (D) Levels of Cr. * P<0.05, ** P<0.01 versus Positive group.

Huashi Pill reduced the insoluble calcium deposition

The occurrence of the renal stones is associated with insoluble
calcium deposition; therefore, we examined the levels of insoluble
calcium in this study. The results indicated that compared with
the Huashi Pill-Low group, the insoluble calcium deposition was
significantly reduced in the Huashi Pill-Medium and the Huashi
Pill-High group (Figure 6B, P<0.05). Also, the amount of insol-
uble calcium deposition in the Huashi Pill-High group was less
compared to the Huashi Pill-Medium group (Figure 6B, P<0.05).

Huashi Pill downregulated expression of osteopontin
(OPN)

A previous study reported that OPN is closely correlated with
renal stone formation [16]; therefore, we evaluated OPN lev-
els in our renal stone rat model. The RT-PCR data (Figure 7A)
showed that the OPN mRNA levels in the Huashi Pill-Medium
group and the Huashi Pill-High group were significantly de-
creased compared to the Huashi Pill-Low group (Figure 7B,
P<0.05). Furthermore, the immunohistochemical assay also in-
dicated that there were significantly fewer OPN staining posi-
tive cells in the Huashi Pill-Medium group and the Huashi Pill-
High groups compared to the Huashi Pill-Low group (Figure 7€,
P<0.05).

Discussion

Recently, the epidemiological investigations demonstrated that
the incidence rate of renal stones has been increasing year-
by-year worldwide [3,17]. Renal stones are mainly caused by
insoluble calcium deposition, especially by CaOx composition,
which accounts for about 80% renal stones in clinical set-
tings [18]. A previous study reported that CaOx-caused stone
formation might be a direct result of urinary excretion of oxa-
late [8]. Actually, higher concentration of oxalate always par-
ticipates in the onset and development of renal epithelium
injury, which might be caused by oxidative stress [19]. Also,
damage of epithelial cells is considered to be a risk factor for
CaOx associated renal stone formation [9]. Therefore, discov-
ering an effective drug that can reduce the oxidative damage
of renal epithelial cells might inhibit the crystal deposition and
renal stone formation in rat models.

Huashi Pill is a novel discovered Chinese medicine compound
that initially was applied in clinical settings, in recent years.
Huashi Pill has been proven to be effective for protecting epithe-
lial cell from oxidative stress and also has been used for di-
gestive diseases. In the present study, we applied Huashi Pill
as treatment in a renal stone rat model and observed the ef-
fects of Huashi Pill on the insoluble calcium deposition and
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Figure 6. Formation of stone crystals and insoluble calcium deposition was illustrated by using hematoxylin and eosin (H and E)
staining and von Kossa staining, respectively. (A) Images for the H and E staining. (B) Images for the von Kossa staining.

stone formation. At the begin of this study, we established the
renal stone rat model by employing a novel method and com-
pound, which was mainly compose of ethylene glycol, ammo-
nium chloride, and calcium gluconate. Our renal stone mod-
el demonstrated the obvious characteristics of renal stones,
including increased urine protein and uric acid, as well as en-
hanced calcium and magnesium, and decreased phospho-
rus [20]. Meanwhile, H and E staining also illustrated obvi-
ous stone crystals, which suggested that the renal rat model
was appropriate.

Previous studies [21,22] reported that the urinary pH, water
intake, and food intake could reflect the formation of renal
stones. Our results showed that Huashi Pill significantly in-
creased the water and food intake and enhanced the pH val-
ues, which suggested the severity of renal stones was alle-
viated. In the other hand, the liver function also reflects the
digestive function and indirectly affects the formation of renal
stones [23]. Therefore, we examined the levels of ALT, AST, and
TBIL in the renal rat model. The results indicated that Huashi
Pill significantly decreased the activity of ALT and decreased
the levels of TBIL in a renal rat model, which suggested that
Huashi Pill remarkably improved liver functions in a renal rat
model and further improved clearance of the stones.

The critical affecter for renal stones, calcium and phosphorus
have also been examined in rat models [24]. The data showed
that Huashi Pill significantly decreased the amounts of calci-
um and phosphorus in renal stone rat models [25]. This re-
sult suggested that the Huashi Pill inhibited the accumulation

of calcium and phosphorus, and further inhibited the forma-
tion of stones. A previous study [26] reported that the mag-
nesium was effective in reducing oxalate absorption and uri-
nary excretion and could reduce the risk of stone formation.
However, our results showed that Huashi Pill decreased the
levels of magnesium, which might promote the formation of
stones. Therefore, in the future studies, the specific effects and
associated mechanism of Huashi Pill on magnesium needed
to be clarified. Moreover, the kidney function biomarkers [27],
including urine protein, uric acid, BUN, and Cr levels, were also
determined in our study. The results indicated that Huashi Pill
significantly decreased the levels of urine protein, uric acid,
and Cr in a renal stone rat model, all of which suggested that
Huashi Pill significantly improved kidney functions.

In order to confirm the effects of Huashi Pill on the formation
of stones, the stone crystals and insoluble calcium deposition
in the kidney have also been observed in rat models [28,29].
Our results showed that Huashi Pill obviously inhibited forma-
tion of stone crystals and reduced the insoluble calcium de-
position in a renal stone rat model. Furthermore, in order to
clarify the mechanism of Huashi Pill triggered clearance of re-
nal stones, the OPN protein levels were evaluated in the re-
nal stone rat model. A previous study [30] reported that the
OPN protein could promote crystal formation and induce re-
nal stone formation. According to the present study, both the
RT-PCR and immunohistochemical assay showed that Huashi
Pill significantly reduced the OPN levels in a renal stone rat
model. This result suggested that the Huashi Pill triggered
clearance of stones might be triggered by reducing the OPN
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protein levels in kidney tissue. We must emphasize that the
levels of OPN in the kidney tissue were taken into account in
our study, because that the OPN level in kidney tissue and uri-
nary OPN level have different effects on kidney stone forma-
tion [31]. For the urinary OPN, the lower OPN levels might be
positively correlated with the increased risk of renal stone [31].

Conclusions

The data of this study showed that Huashi Pill could enhance
water and food intake, improve liver functions, decrease
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amounts of calcium and phosphorus, reduce uric acid and Cr
levels, and promote the pH values of urine. Huashi Pill also
inhibited formation of stone crystals and reduced insoluble
calcium deposition in our renal stone rat model. Meanwhile,
Huashi Pill also significantly reduced the expression of OPN
in kidney tissues. In summary, Huashi Pill inhibited stone for-
mation by regulating urine biochemical indexes and reducing
OPN expression in kidney tissue in a renal stone rat model.
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