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Abstract

Wu-Ling-San (WLS) formula has been proved to prevent calcium oxaate nephrolithiasis both in vitro and in vivo.
This is the first prospective, randomized and placebo-controlled clinical trial of WLS in calcium oxalate nephrolithiasis
prevention. All patients who enrolled were asked to drink enough fluid to urinate at least 2 L daily during the study period. A
24-hour urine collection was performed to establish the baseline levels of multiple urinary parameters before taking the
medicine. The patients were randomized and divided into two groups. The medication group took 2 gm WLS formula three
times daily for 1 month. The control group took 2 gm placebo three times daily for 1 month. A 24-hour urine collection was
performed to evaluate multiple urinary and serum parameters from all patients during the study period. A total of 39 patients
were enrolled and 28 patients completed the study. Fourteen patients were allocated to WLS group and 14 patients to placebo
group. After treatment, the mean urine output level increased to 2796.4 + 525.7 ml/day (percentage of change, 13.9 %) in the
WLS formula group. With placebo therapy, the mean decreased slightly to 2521.4 + 762.7ml/day (percentage of change, -5.7
%). The percentage of change was significantly different between the two groups (independent t-test, P=0.02). No patient
complained of side effects, such as fatigue, dizziness, musculoskeletal symptoms, or gastrointestinal disturbance. WLS
formulais a promising adjunct to surgical and medical management of kidney stones. Active therapy with WLS formula has

apositive effect on diuresis without leading to el ectrolyte imbalance.
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I ntroduction

Urinary stone disease affects 9.6% of the total population in Taiwan, including 4.3% of females and 14.5% of males
(Lee et a., 2002). The recurrence rate ranges from 35% within 5 years and after first treatment to 74% within 10 years
(Uribarri et al., 1989). A number of medica treatments have been reported to prevent the recurrence of urinary stone,
including encouraging patients to take more fluid, nutrient supplements and diet control (Lewandowski et al., 2004).

In recent years, the most popular medication for preventing calcium oxalate nephrolithiasis has been potassium citrate
(Barcelo et al., 1993; Ettinger et d., 1997; Hofbauer et al., 1994; Whalley et al., 1996). Potassium citrate effectively reduces

the recurrence rate of calcium oxaate nephrolithiasis (Hofbauer et a., 1994; Whalley et al., 1996). However, potassium
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citrate irritates the gastric mucosa, and this problem may limit patient acceptability. In published clinical trials of potassium

citrate, the incidence of gastrointestinal adverse events ranged from 9 to 17% (Barcelo et a., 1993; Ettinger et al., 1997).
Medicina herbs are widely accepted by people in Taiwan and in Chinese societies elsewhere. We previoudy reported
that Wu-Ling-San (WLS) formula effectively inhibited the process of calcium oxalate nucleation, crystallization and
aggregation in vitro and in vivo (Chen et al., 2007; Tsal et al., 2008). These findings inspired us to clarify the nephrolithiasis
prevention effects of WLS in a clinical trial. In this study, we examined the efficacy of WLS formula prophylaxis for
preventing recurrent calcium oxal ate nephrolithiasis. We analyzed the changes in urine output and biochemical parameters of

urine and serum.

Materialsand Methods
Preparation of Wu-Ling-San Formula Extracts

The WLS formula consists of five herbs including Rhizoma alismatis, Poria cocos Wolf, Polyporus umbellatus Fries,
Rhizoma Atractylodis Macrocephalae and Ramulus Cinnamomi Cassiae; the weight of each isin aratio of 4:3:3:3:2. Thefine
powder formula used in this study was provided by the Koda pharmaceutical company (Taichung, Taiwan). Aqueous extracts
of WLS formula were prepared by putting 100g of formula into a bottle containing 500 ml d.d. water; the solution was then
heated for 15 min in an autoclave at 121°C. The resulting jelly-like product was dissolved in d.d. water to a fina volume of
750 ml and stored at 4°C for 7 days. The solution was then centrifuged at 1,500 rpm for 10 min. The concentration of the
extract was measured by weighing 1 ml of the supernatant which had been dried in a60°C oven for 1 day (82 mg/ml). Finaly,
the solution was then used to prepare five concentrations: 25, 3.125, 6.25, 12.5, and 50 mg per ml. The placebo, which had
similar drug color, the same sodium content, equal osmolality and uniform bottle cover as WLS formula, was also provided

by the Koda pharmaceutical company (Taichung, Taiwan).

Study Protocol

This experimental protocol was approved by the Ingtitutional Review Board of Show Chwan Memoria Hospital (IRB,
SCMH No: 960202). This was a prospective pilot study that evaluated the effect of WLS formula on 39 patients with
recurrent calcium oxalate nephrolithiasis. The stones analyses for proving calcium oxalate nephrolithiasis were performed in
al patients. Patients with malignant tumors with bony metastasis, hyperthyroidism, psychosis, rena tubular acidoss,
anatomical abnormalities, chronic urinary tract infection, osteoporosis, gout, chronic diarrhea or pregnancy were excluded.
The patients were randomized and divided into two groups (Figure 1). The medication group took 2 gm WLS formula three
times daily for 1 month. The control group took 2 gm placebo formula three times daily for 1 month. The patients were asked
to drink enough fluid to urinate at least 2 L daily during the study period. Before treatment, a 24-hour urine sample was
collected from each patient, who had been kept on a random diet, for measurement of calcium, uric acid, pH and total urine
volume. A venous serum sample was collected for calcium, phosphate, sodium, potassium, creatinine, GOT (AST), GPT
(ALT) and uric acid. At the beginning and 1 month later, image follow-up with a single KUB (kidneys, ureters and bladder)
x-ray film and renal ultrasonography was donein all patients. The severity of stone disease was determined by calculating the
sum of the long-axis diameter of the largest stone (1 point, largest stone size < 1 cm; 2 points, largest stone size 1-2 cm; and

3 points, largest stone size > 2 cm) and the number of stones (1 point, one stone; 2 points, two stones; 3 points, more than two
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stones) from the KUB image (Liu et a., 2007). Statistical analysis was performed using the independent t-test, P<0.05 was

considered statistically significant.

Results

A total of 39 patients were enrolled, of whom 31 (79.5%) were men and 8 (20.5%) were women. Six patients of the
WLS group and 5 patients of the placebo group withdrew before the end of the study. Twenty-eight patients completed the
study, of whom 23 (82.1%) were men and 5 (17.9%) were women. The major reason for withdrawal was that the patients did
not want to come back to the clinic for the clinic trial. Only one patient in placebo group complained of thirst (Figure 1). The
mean age of the patients was 46.8 + 8.8years (range 30 to 63). The patients reported a lifetime total of 3 to 6 (average 4.2)
stone episodes. The patients had undergone 2 to 3 (average 2.5) stone procedures. There were no differences in baseline data
between the two groups, including age, male/female ratio, stone severity index, urolithiasis procedures and BMI (Table 1).
The baseline urine output was 2485.7 + 386.5ml/day (mean + SD) in WLS group and 2732.1 £ 797.9 ml/day in placebo
group. After treatment, the mean urine output level increased to 2796.4 + 525.7 mi/day (percentage of change, 13.9 %) in
WLS formula group and decreased dightly to 2521.4 + 762.7ml/day (percentage of change, -5.7 %) in placebo group. The
percentage of changes was significantly different between the two groups (independent t-test, P=0.02, Table 2).

The baseline serum BUN was 14.7 + 2.7mg/dl in WLS group and 15.0+4.6 mg/dl in placebo group. After treatment,
the mean BUN level decreased to 13.8 + 3.9 mg/dl (percentage of change, -6.9 %) in WLS group and increased slightly to
16.9 + 5.3 mg/dl (percentage of change, 13.8 %) in placebo group. The percentage of change was significantly different
between the two groups (independent t-test, P=0.006, Table 3). We believe that these results were related to the diuretic
effect of WLS.

Commonly used drugs for urolithiasis prophylaxis, such as potassium citrate, alkalinize urine. We checked the urine
pH before and after treatment. The baseline urine pH was 6.6 + 0.6 in WLS group and 6.3 + 0.8 in placebo group. After
treatment, the urine pH was 6.5 + 0.7 (percentage of change, -0.02 %) in WLS formula group and 6.3 + 0.7 (percentage of
change, 0.6%) in placebo group. The percentage of change between the WLS and placebo group was not significantly
different (independent t-test, P=0.91, Table 2). These data suggested that WLS had no direct effect on urine pH.

For the study of possible drug toxicity, we checked the liver and renal function of patients before and after treatment.
After treatment, the mean GOT level was 23.7 + 9.61U/L (percentage of change, -0.04 %) in WLS formula group and 22.2 +
7.01U/L (percentage of change, -4.3 %) in placebo group. The percentage of change between the WLS and placebo group
was not significantly different (independent t-test, P=0.6). Similarly, the mean GPT level was 36.7+ 27.9 IU/L (percentage of
change, 7.7 %) in WLS formula group and 31.1 + 20.1 IU/L (percentage of change, -4.9 %) in placebo group post treatment.
The percentage of change between the WLS and placebo group was not significantly different (independent t-test, P=0.25,
Table 3). About renal function test, after treatment, the serum creatinine level was 1.1 + 0.1 mg/dl (percentage of change, -0.4

%) in WLS formulagroup and 1.2 + 0.2 mg/dl (percentage of change, 2.8%) in placebo group. The percentage of change
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WLS clinical trial flow diagram

Assessed for eligibility (n = 42)

[ Enrollment Inclusion criteria: patients with a history of
recurrent calcium oxalate nephrolithiasis.

Exclusion criteria
Exclusion (n = 3)
The patients with malignant tumor with
bony metastasis, hyperthyroidism,

o Declined to participate. not
complete the IRB form (n = 3)

psychosis, renal tubular acidosis,

anatomical abnormalities, chronic urinary :
< - : o2 Randomized (n = 39)

tract infection, osteoporosis, gout, chronic

diarrhea or preenancv were excluded.

i [ Allocation ] X
WLS group Placebo group
Allocated to intervention (n = 20) Allocated to intervention (n=19)
Received allocated intervention (n = 20) Received allocated intervention (n = 19)
Did not receive allocated intervention (n = 0) Did not receive allocated intervention (n=0)
v [ Follow-Up } v
Lost to follow-up (patients did not want to Lost to follow-up (patients did not want to come
come back clinic for the clinic trial) (n = 6) back clinic for the clinic trial) (n = 4)
Discontinued intervention (n = 0) Discontinued intervention (feel thirst) (n= 1)
v ( Analvsis ] v
Analysed (n=14) Analysed (n=14)
Excluded from analysis (n = 0) Excluded from analysis (n = 0)

Modified from CONSORT, http://www.consort-statement.org.

Figure 1: Wu-Ling-San clinica trial flow diagram.

between the WLS and placebo group was not significantly different (independent t-test, P=0.44, Table 3). Furthermore, the
percentage of change of 24-hour Urine Ccr are dightly increased in WLS group than placebo group (26.2% versus 14.5%),
but not significantly different (independent t-test, P=0.53, Table 2). These data suggested that WLS was safe and did not
affect liver or renal function.

Urinary parameters, including 24-hour urine calcium and uric acid were checked. After treatment, the 24-hour urine
calcium increased to 302.1 + 106.5mg/day (percentage of change, 44.6 %) in WLS formula group and 415.1 + 290.7mg/day
(percentage of change, 62.7 %) in placebo group. The percentage of change in urinary calcium between the two groups was

not significantly different (independent t-test, P=0.62). Similar results were noted on urine uric acid level. After treatment,
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Table 1: Patient data at basdline.

Wu-ling-san group Placebo group P value(t-test)
Men(n) 12 11
0.63

Women(n) 2 3

Mean age (years old) 448+ 8.7 48.8+£8.7 0.23
Urolithiasis procedure 26+05 24+05 0.690
Stone severity index 38+11 34+05 0.421
BMI (kg/m?) 26.3+£3.0 26.2+3.0 1.000

the 24 hours urine uric acid increased to 893.5 + 334.1mg/day (percentage of change, 27.6 %) in WLS formula group and
849.3 + 478.4mg/day (percentage of change, 9.5%) in placebo group. The percentage of change between the two groups was
not significantly different (independent t-test, P=0.22, Table 2).

Because some drugs used for urolithiasis prophylaxes such as diuretics have the side effect of serum electrolyte
imbalance, we checked serum e ectrolytes including sodium and potassium before and after treatment. After treatment, the
serum sodium level was 140.9 + 1.2mmol/L (percentage of change, -0.5 %) in Wu-Ling-San formula group and 140.9 +
1.7mmol/L (percentage of change, 0.2%) in placebo group. The percentage of change between the WLS and placebo group
was not significantly different (independent t-test, P=0.12). Furthermore, the serum potassium level was 4.0 + 0.3mmol/L
(percentage of change, 0.7%) in WLS formula group and 4.0 + 0.3mmol/L (percentage of change, -3.2%) in placebo group
post treatment. The percentage of change between the two groups was not significantly different (independent t-test, P=0.16,
Table 4). These data suggested that WLS did not induce serum electrolyte imbalance.

Serum calcium and phosphate concentrations are known risk factors of urolithiasis formation. We therefore checked
the serum calcium and phosphate before and after treatment. After treatment, the serum calcium level was 9.1 + 0.4 mg/dl
(percentage of change, -0.8 %) in Wu-Ling-San formula group and 9.2 + 0.3 mg/dl (percentage of change, 0.3%) in placebo
group. The percentage of change between the WLS and placebo groups was not significantly different (independent t-test,
P=0.47). The serum phosphate level was 3.3 + 0.5 mg/dl (percentage of change, 4.0 %) in Wu-Ling-San formula group and
3.2+ 0.5 mg/dl (percentage of change, 4.3%) in placebo group post treatment. The percentage of change on serum phosphate
level between the WLS and placebo group was not significantly different (independent t-test, P=0.96, Table 4). These data
suggested that WL S had no direct effect on serum calcium and phosphate.

During the study period, no patient complained of side effects, such as fatigue, dizziness, musculoskeletal symptoms,
body weight loss or gastrointestinal disturbance. No statistical significant differences in urine calcium, urine uric acid, urine
creatinine and urine pH were noted between the two groups (Table 2). The changes in liver function, renal function and

serum electrolytes were not significantly different between the two groups (Table 3, 4).

Discussion

Many traditional Chinese medicines (TCM) are used to treat urolithiasis, and WLS is one of them (Freitas et al., 2002;

Gohel et al., 2006). WLSisaTCM formula mainly used for treatment of uremia, dropsy, nephrosis and to promote urination.

The formula for WLS was first recorded in the book “Shang Han Lun” (Treatise of Cold-induced Disorders) written by
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Zhong-Jing Zhang. The original indications for WLS were symptoms of headache, fever, voiding difficulty, irritability,

strong thirst with vomiting immediately after drinking and a floating pulse (Tsai et a., 2008). Treating urinary stone disease
with WL S was first recorded in the book written by Ken-Tang Wang entitled “ Zheng Zhi Zhun Sheng” (standards of patterns
and treatment) during the Ming Dynasty (late sixteenth century). Since that time, the WLS formula has been commonly used
for treating urinary difficulties and febrile diseases because of its diuretic properties (Tsal et al., 2008).

To the best of our knowledge, the possible antilithic mechanism of WLS remains unclear. Some studies have
suggested that macromolecules may be involved in the antilithic mechanism of WLS (Tsa et a., 2008). One of the
components of WLS, Alisma orientalis, has been shown to inhibit the stone formation process (Cao et a., 2004; Y asui et al.,
1999). Furthermore, several studies have shown that this herb significantly decreased the formation of calcium oxaate (CaOx)
deposits, and downregulated the expression of inter-alpha-trypsin inhibitor and bikunin (Cao et al., 2004). Yashimura et a.
noted that WLS significantly inhibited CaOx crystallization in human urine in vitro (Yoshimura et al., 1998). Liu et a.
reported that in reducing CaOx crystals, WLS also suppressed the development of hydroxylapatite renal calcinosisin rats fed
a high phosphorus diet (Liu et a., 2001). Our previous study already concluded that WLS effectively inhibits the process of
CaOx nucleation, crystallization and aggregation in vitro and in vivo (Chen et ., 2007; Tsai et al., 2008). All of these reports
suggest that WLS may be a useful drug for preventing renal stones. We conducted this prospective randomized controlled
clinical trial to investigate the effect of WLS in recurrent calcium oxalate nephrolithiasis patients.

This pilot study results showed that urine output increased after treatment with WLS group, and these increase was
significant when compared to the change in urine output in patients treated with placebo (Table 2). Patients treated with WLS
also had decreased serum BUN. We believe that this change in serum BUN is a diuretic effect. The percentage of change of
24-hr Urine Ccr are dlightly increased in WLS group than placebo group (26.2% versus 14.5%), but not significantly
different (independent t-test, P=0.53, Table 2). The results of this study have confirmed that WLS formula is effective in
causing diuresis in recurrent calcium oxalate stone formers (Table 3). Hydration, diuresis and increasing urine output are
effective methods for stone prevention (Trinchieri et a., 2005).

It iswell known that hydration and increasing urine output are important for stone prevention. Borghi et a. recruited 101
controls and 199 patients from the first calcium stone episode. Patients were randomly divided into two groups and followed
prospectively for 5 years. In group 1, patients increased their water intake without any dietetic change, while in group 2
patients did not receive any treatment. The results showed that baseline urine volume was lower in male and female stone
formers /compared to controls (P < 0.0001). During the follow-up period, stone recurrence was noted in 12 of 99 (12%)
group 1 patients and 27 of 100 (27%) group 2 patients (P=0.008). The average interval for recurrence was 38.7 months in
group 1 and 25.1months in group 2 (P= 0.016) patients. They concluded that urine volume isarea stone risk factor in stone
formers and more water intake is the initial therapy for prevention of stone recurrences (Borghi et al., 1996). In areview by
Manz et a., maintaining good hydration status has been shown to positively affect urolithiasis (Manz, 2007). In contrast,
dehydration is arisk factor of urolithiasis. Atan et al. reported the incidence of urinary stones among male employees in the
steel industry who were exposed to a high-temperature work environment. Their results showed that 181 of 10,326 workers
(1.75%) presented with at least one episode of urinary stones. Of these, 103 (56.9%) were hot-area workers and 78 (43.1%)
were room-temperature workers (P < 0.001). They suggested that workers exposed to high temperatures with dehydration
status presented with anine-fold risk of urolithiasis (Atan et ., 2005).

Some popular stone prevention drugs have side effects. Potassium citrate may lead to gastrointestinal disturbance,

athough this may be prevented by diluting it in alarge glass of water (Koff et al., 2007; Whalley et a., 1996). Loop diuretics
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such as the thiazides, may induce hypokalemic, hypochloremic, metabolic alkalosis and this may be treated with potassium

chloride replacement. Thiazide diuretics have also been linked to glucose intolerance, which may be an effect of hypokalemia
rather than the diuretic itself. Thiazides may lead to hyponatremia which may cause permanent neurologic damage
(Greenberg, 2000). In the contrast, WLS was not associated with any side effects such as gastrointestinal disturbance,
electrolyte imbalance or malaisein our series (Table 4).

An interesting finding from our study was the overall good compliance with the instruction to urinate 2 L daily. All the
patients in the WLS and placebo groups met the goal. This may be because we educated the patients on the possible antilithic
mechanism and diuretic effect of WLS. One should drink enough fluid to urinate at least 2 L daily for WLS to reach its best
effect. Furthermore, WLS is also cost effective. In Taiwan, the WLS formula costs only 10.2 USD/month, while potassium
citrate costs 40.9 USD/month.

The limitation of this study is that we did not examine the oxalate and citrate levelsin urine. The statistical significance
of this study was also limited due to the small number of subjects and the short treatment period. Another limitation of our
clinical trial was we used daily urine amount as a marker of drug efficacy. It is not very scientific, because there are so many
factors that could influence the daily urine amount. For example, the amount of fluid intake, the environment temperature, the
water content of meal and the amount of insensible water loss. The better way to elucidate the diuretic effect of WLS isto
admit the patient to a special ward, consume a constant diet, stay in a constant environment (such as standardization of the
room temperature, humidity, etc.) and under close observation while collecting urine. But that was difficulty to reach under

our current health care system and limited foundation.

Conclusions

Traditional Chinese herb medicine WLS is a safe promising adjunct to surgical and medical management of kidney
stones. It might be better accepted by patients because it has a good safety profile and a low incidence of side effects. Active
therapy with WLS formula increased urine volume without causing e ectrolyte imbalance. Patients should be educated and
hydration encouraged to meet the goals of increased urinary output, and treatment with WLS formula may help patients reach

these goals.
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Table 2: Urine parameters before and after treatment were checked in Wu-ling-san formula or placebo group.

P value
Wu-ling-san group Placebo group
(% of change)
Pretreatment Post-treatment % of change Pretreatment Post-reatment % of change
Urine volume(ml/day) 2485.7 + 386.5 2796.4 £ 525.7 13.9% 2732.1+797.9 2521.4 £ 762.7 -5.7% 0.02*
Urine Ca (mg/day) 2495+ 132.2 302.1+ 106.5 44.6% 266.3 + 101.6 415.1 + 290.7 62.7% 0.62
Urine UA (mg/day) 749.6 + 336.6 893.5+ 334.1 27.6% 760.6 + 246.2 849.3+ 4784 9.5% 0.22
Urine Cr (mg/dl) 59.1+21.7 71.1+24.4 42.9% 66.0 + 33.5 80.4+27.6 36.6% 0.84
Urine PH 6.6+0.6 6.5+0.7 -0.02% 6.3+0.8 6.3+0.7 0.6% 0.91
24hr Urine Cer (ml/min)  89.2 + 26.4 107.5+30.9 26.2% 1334+37.1 1141+ 44.0 14.5% 0.53

Data presented as mean +SD * Percentage of change between groups P < 0.05 (independent t-test)

206
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Table 3: Rena and liver function in Wu-ling-san formula and placebo groups.

207

P value
Wu-ling-san group Placebo group
(% of change)
0,
Pretreatment Post-treatment % of change Pretreatment Post-reatment 6 of change
Serum BUN (mg/dl) 147+27 13.8+3.9 -6.9% 151+ 4.6 169+5.3 13.8% 0.006*
Serum Cr (mg/dl) 1.1+01 11+01 -0.4% 12+0.1 12+0.2 2.8% 0.44
Serum GOT (1U/L) 246+12.1 237196 -0.04% 236+6.6 222+7.0 -4.3% 0.60
Serum GPT (IU/L) 36.0+32.1 36.7£27.9 7.7% 328+184 31.1£20.1 -4.9% 0.25
Data presented as mean +SD * Percentage of change between groups P < 0.05 (independent t-test)
Table 4: Serum electrolytes in Wu-ling-san formula and placebo groups.
P value
Wou-ling-san group (mean+S.D.) Placebo group
(% of change)
Pretreatment Post-treatment % of change Pretreatment Post-treatment % of change
Serum Na (mmol/L) 1416+ 13 1409+1.2 -0.5% 1406+ 1.3 1409+ 17 0.2% 0.12
Serum K (mmol/L) 40+0.3 40+03 0.7% 42+05 40+03 -3.2% 0.16
Serum Ca (mg/dl) 9.2+0.3 9.1+04 -0.8% 9.1+0.3 9.2+0.3 0.3% 0.47
Serum P (mg/dl) 3.3+0.6 33+05 4.0% 3.1+0.6 3.2+05 4.3% 0.96

Data presented as mean +SD * Percentage of change between groups P < 0.05 (independent t-test)
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