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Abstract This study amied to investigate the effects of
Orthosiphon grandiflorum on the renal tubular cell injury
induced by oxalate and the inhibitory effects of O. grandi-
Sflorum on urinary deposit formation in an animal model and
compared the results with those from a potassium citrate
treatment. Rats were divided into three groups: an untreated
stone-forming group, an O. grandiflorum-treated stone-
forming group and a potassium citrate-treated stone form-
ing group. Ethylene glycol (0.5%) was administered to the
rats during the last week, and vitamin D3 (0.5 pm) was
force fed to induce hyperoxaluria and kidney calcium oxa-
late crystal deposition. Twenty-four hour urine samples
were collected before and after inducing crystal deposits.
Rats were killed and both kidneys were harvested after
3 weeks. Bisected kidneys were examined under a polar-
ized light microscope to determine the number of crystals.
The renal tissue superoxide dismutase and catalase levels
were measured by Western blot. Oxidative stress was
examined by 8-OHdG immunohistofluorescence. O. gran-
diflorum and potassium citrate have the ability to alkalinize
urine. Among all groups, the number of crystal deposits and
the level of 8-OHdG staining decreased significantly in the
O. grandiflorum-treated stone forming group, as compared
to the other groups. Superoxide dismutase and catalase lev-
els also increased significantly in the O. grandiflorum-
treated stone-forming group, as compared with the
untreated stone-forming group. The results indicate that
O. grandiflorum has a significant inhibitory effect on crystal
deposition in the calcium oxalate-stone-forming rat model.
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Introduction

Urolithiasis is an important health problem all over the
world. Its prevalence differs in various parts of the world;
1-5% in Asia, 5-9% in Europe, 13% in North America, and
20% in Saudi Arabia [1]. Another report indicated that the
prevalence of urolithiasis varies from 0.38% [2] to 16.9%
[3]. Calcium oxalate is the most common stone component
with a frequency of approximately 80% [4]. The northeast-
ern part of Thailand has the highest incidence of urolithiasis
[5]. The composition of surgically removed urinary stones
in northeast Thailand was reported in 1983; all stones were
of a mixed type, and calcium oxalate was the main compo-
nent [6]. In Japan the incidence of urolithiasis has steadily
increased since the 1950s, which is a similar trend to other
developing countries in Europe and the United States [7].
Idiopathic calcium urolithiasis in the upper tract has
become the most common type of urinary calculi [8].

Over the past two decades, revolutionary advances in the
minimally invasive and noninvasive management of stone
disease have greatly facilitated the ease with which stones
are removed. However, treatments such as percutaneous
nephrolithotomy and extracorporeal shock wave lithotripsy
do not necessarily prevent the recurrence of stones. Further-
more, these techniques result in side effects such as hemor-
rhage, hypertension, tubular necrosis, and subsequent
kidney fibrosis [9]. Hence, the development of a medical
prophylactic program to prevent stone recurrence is desir-
able.

The use of natural medicine is a persistent aspect of pres-
ent-day health care. Although modern medicine may be
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available throughout the world, many people have turned to
alternative or complementary therapy, including medical
herbs [10].

Java Tea (Orthosiphon grandiflorum) is a medicinal
herb trusted for many centuries to treat kidney ailments and
bladder stones [11]. O. grandiflorum has synonyms such as
O. aristatus, O. stamineus, and O. spicatus. This herb is
also known by its vernacular names such as Java tea
(English), Thé de Java (France), kumis kucing (Indonesia),
kumis ucing (Sudanese), remuk jung (Japanese), kumis
kucing or misai kucing (Malaysia), balbas-pusa and
kabling-gubat (Philippines), kapen prey (Cambodia),
hnwad méew (Laos), yaa nuat maeo (Thailand) and r[aaJu
m[ef]o in Vietnam.

O. grandiflorum belongs to the family Lamiaceae. It is
occasionally planted throughout Thailand for medicinal and
ornamental purposes. Three main groups of O. grandiflo-
rum chemical constituents are flavonoids, organic
acids, and terpenoids. For example, the flavonoids are
eupatorin, sinensetin, salvegenin, ladanein, vomifoliol,
5-hydroxyl-6,7,3' 4'-tetramethoxylflavone, 6-hydroxy-5,7,4'-
trimethoxyflavone, 7,3',4’-tri-O-methylluteolin, tetrameth-
ylscutellarein, and scutellarein tetramethylether [12-15].
Caffeic acid and its derivatives including rosmarinic acid
[14, 15] and 2,3-decaffeoyltartaric acid [16] are organic
acids in aqueous extracts.

Flavonoids from plants or herbs decreased calcium oxa-
late stone formation in a rat hyperoxaluria-induced stone
model [17, 18], and rosmarinic acid inhibited several com-
plement dependent inflammatory processes, acting through
stimulation of a host antioxidant response [19]. A clinical
study in Thailand was performed to compare the efficacy of
O. grandiflorum and sodium potassium citrate in treatment
of renal calculi by ultrasound images and evaluated with
rates of stone size reduction per year (ROSRPY). This
study indicated that treating renal calculi with O. grandiflo-
rum tea is an alternative method for management. These
two means of ROSRPY were not significantly different
[20].

The present study was undertaken to determine the
protective effect of O. grandiflorum on urinary excretion
factors and to determine the antioxidative effects on
calcium oxalate urolithiasis formation in a rat hyperoxalu-
ria-induced stone model, compared with sodium potassium
citrate [21], for the treatment of renal calculi.

Materials and methods
Preparation of O. grandiflorum for gastric feeding

Fresh leaves of OG were collected from Thailand. The sam-
ples of leaves were washed thoroughly, dried in an oven at
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45°C for 48 h. The dried samples were ground to powder,
then passed through a sieve with mesh no.180 and kept in
well-closed containers. In order to prepare a solution for
gastric gavages, 100 g of finely powdered OG and 500 ml
of doubly distilled water were heated until OG powder
turned into solution. Then, the solution was stored at room
temperature. Finally the feeding solution contained 200 mg
of OG per milliliter.

Stone forming rat model and experimental design

All animal experimental protocols were approved by the
Animal Research Committee of the University of Osaka.
Sixteen male Sprague-Dawley rats, 7-weeks-of-age, and
weighing 180-200 g, were used.

The rats were acclimated to room temperature and fed a
standard commercial rat chow during the study. Ethylene
glycol (EG, 0.5%) was administered to the rats in their
drinking water during the last week, and 0.5 pm of vitamin
D3 dissolved in 1 ml of salad oil was force fed by gastric
intubation to induce hyperoxaluria and kidney calcium oxa-
late (CaOx) crystal deposition.

The rats were divided into three groups. All groups
rested for 1 week before the start of the experiment. Group
1, EG group (n = 6): the animals received normal drinking
water for 2 weeks and crystal deposits were induced in the
last week. Group 2, potassium citrate (KCit) group (n = 6):
the animals were force fed KCit (100 mg/kg daily) by gas-
tric intubation [20, 21] for 2 weeks before the induction of
crystal deposits with 1 week of 0.5% EG. Group 3,
O. grandiflorum (OG) group (n=06): the animals were
force fed OG (200 mg/kg daily) by gastric intubation [20]
for 2 weeks before the induction of crystal deposits with
1 week of 0.5% EG.

The experimental period was 3 weeks. At the end of the
experiment, all rats were euthanized with anesthesia, killed,
and both kidneys were harvested. One kidney was fixed in
formalin, embedded in paraffin, and strained with hematox-
ylin and eosin solution, while the other kidney was immedi-
ately stored at —80°C for further study.

Measurement of urinary variables

Twenty-four hour urine samples were collected on day 14
before starting the crystal deposit induction and before kill-
ing. Rats were kept individually in metabolic cages for 24 h
to collect urine, which was either analyzed immediately or
stored at —80°C until further analysis. Drinking volume,
urine volume, and urine pH were measure manually.
Urinary calcium, potassium, sodium, phosphate, creatinine,
and magnesium levels were measured using a Model 705
automate analyzer (SRL, Tokyo, Japan). A portion of the
urine sample was acidified with 6 mol/L. HCI to maintain
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urine pH at <3 for measuring urine oxalate levels by capil-
lary electrophoresis (SRL, Tokyo, Japan). Urine citrate was
measured with a Citric Acid Enzyme Bio-Analysis kit
(Boehringer Mannheim, Mannheim, Germany). Relative
calcium oxalate supersaturation indices [SS(CaOx) Rat]
were calculated by [SS(CaOx) Rat] = —0.3562 + 34.634
[Ox] + 0.394 [Ca] — 0.483 [Mg] + 0.101 [Cit] (all mmol/l)
[22].

Evaluation of the severity of renal crystal deposition

Paraffin-embedded sections (5 pum) were stained with
hematoxylin and eosin. A polarized light microscope was
used to highlight the CaOx birefringent crystals at a magni-
fication of 100. The number of crystal deposits (percent in
renal tubules) was determined by randomly choosing a dig-
ital image from one of eight regions per slide, and 5 slides
per kidney, so 40 image files represented one kidney. These
digital pictures were quantitatively analyzed by Image J
version 1.42 [23].

Immunohistofluorescence analysis of an oxidative stress
biomarker

Anti-8-HOdG mouse monoclonal antibody (Japan Institute
for the Control of Aging) and fluorescent antibody (Alex
567; anti mouse IgG, Invitrogen, Carlsbad, CA, USA) were
used to localize 8-OHdG in the paraffin-embedded kidney
slides. The sections (5 pm) were dewaxed and rehydrated
in a graded alcohol series and distilled water. After depar-
affinization, the antigen was retrieved by autoclaving the
sections at 121°C for 10 min in zinc sulfate solution. The
sections were incubated with anti 8-OHdG mouse mono-
clonal antibody (5 pg/ml) overnight at 4°C and then
washed in phosphate-buffered saline containing Tween
(PBS-T). Sections were probed with fluorescent antibody
for 5min at 37°C and then fixed with 4’,6’-diamino-
2-phenylindole. The slides were examined by fluorescence
microscopy (Olympus Inc., Center Valley, PA, USA).

Evaluation of superoxide dismutase (SOD) and catalase
levels

The kidney samples were thawed and homogenized in 1 ml
of 25 mM Tris—HCI, pH 7.6, 150 mM NaCl, 1% NP-40, 1%
sodium deoxycholate, and 1% SDS and centrifuged at
10,000g for 10 min at 4°C. The supernatant was recovered
and the protein concentration was measured using Bradford
protein assay. An equal protein concentration was electro-
phoresed by SDS PAGE and transferred to a PVDF mem-
brane. Blots were blocked with 3% BSA overnight at 4°C,
probed with appropriate dilutions of SODI antibody
(EP1727Y, rabbit monoclonal to SODI1, Abcam Inc.,

Cambridge, MA, USA) or catalase antibody (EPR1928Y,
rabbit monoclonal to catalase, Abcam) and incubated with a
1:1000 dilution of anti-rabbit IgG conjugated second anti-
body (Cell Signaling Technology, Inc., Danvers, MA, USA)
for visualization by enhanced chemiluminescence. Blots
were quantitatively analyzed using Image J version 1.42 [23].

Statistical analysis

All data are presented as the mean =+ standard error (SE).
The statistical analysis was performed with the Mann—
Whitney U-test, and a p < 0.05 was considered significant.

Results
General variables

Table 1 presents the general variables obtained before and
after we introduced the CaOx crystals. All groups had a
similar increase in body weight after the experiment. There
were no differences in water intake or urine output among
the groups. The urine pH increased significantly in the KCit
group rats compared with the EG group rats. Urine pH val-
ues among the stone-forming rats increased significantly in
the OG group rats.

Urinary creatinine, calcium, and phosphate excretion
were similar before and after inducing crystal deposition.
Urine magnesium excretion in OG + EG group was
reduced more than EG and KCit + EG groups but was not
statistic significantly. Urine calcium excretion increased
slightly after crystal induction. Urine oxalate excretion
increased significantly in untreated stone-forming rats com-
pared with normal drinking water rats. Urine citrate excre-
tion tended to decrease after inducing crystals in untreated
and OG treated rats, but the difference was not significant,
whereas urine citrate excretion increased significantly in
stone-forming rats treated with KCit compared with
untreated stone forming rats (Table 2).

Calcium oxalate relative supersaturation indices

SS(CaOx) was not significantly different before stone form-
tion and after in stone-forming rats, but after inducing
crystal formation, all groups had significantly increased
SS(CaOx) compared with the normal drinking water group

(Fig. 1).
Evaluation of the severity of renal crystal deposition
Hematoxylin- and eosin- stained kidney sections revealed

crystal deposits (Fig. 2). There were increased levels of
crystal deposits in the kidneys from untreated (EG) and
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Table 1 General variables data

Body weight (g) Urine pH 24 h Water intake (cc) 24 h Urine output(cc)
Before
Normal drinking water 266 +2.41 7.5+£0.20 32.5+4.33 16.75 £ 2.13
KCit 273.5+£3.30 8.5 +0.00* 31.25 +£4.26 15.75 £2.17
oG 280 £ 4.56 8.38 £ 0.12 39.75 £2.86 20 +2.38
After
EG 317 £2.34 6.38 £+ 0.23 38.5 £ 10.53 30.25 £6.98
KCit + EG 352.4 £4.58 7.25+£0.32 31.25 +£4.26 33.75+£4.93
OG + EG 365.5 £ 14.56 8.25 £ 0.14* 47.75 & 10.08 3525 £7.59
* P < 0.05 vs. Normal drinking water
* P <0.05vs. EG
Table 2 Urine parameters before and after inducing crystal deposits
Creatinine Calcium Phosphate Magnesium Oxalate Citrate
(mg/kg/24 h) (mg/24 h) (mg/24 h) (mg/24 h) (mg/24 h) (mg/24 h)
Before
Normal drinking water 296 +0.18 0.82 £0.25 12.70 £ 3.53 244 £1.22 0.69 £ 0.06 77.22 +£22.54
KCit 296 +0.11 0.66 £ 0.12 7.77 £ 1.01 0.77 £0.03 0.96 £ 0.15 64.56 £ 20.29
oG 3.02+0.24 0.87 £0.16 12.53 £ 2.18 1.24 £0.69 0.95 £ 0.13 72.37 £22.92
After
EG 326+ 0.44 0.88 = 0.38 13.71 £ 4.26 3.82 £ 1.69 2.99 + 0.60* 62.9 + 20.49
KCit + EG 395+ 0.15 223+ 191 23.56 +2.83 253 £1.32 3.84 £ 0.86 91.33 £ 43.07*
OG + EG 391 +0.52 2.00 £ 1.80 11.86 +2.12 0.25£0.13 4.48 £1.25 42.65 +£23.24
* P <0.05 vs. Normal drinking water
* P <0.05vs. EG
70 - KCit treated stone-forming rats, whereas there was
M Before+EG . . . .
@ Aorsid decrease in crystal deposits in the kidneys from stone-
S sl X forming rats treated with OG.
S X X A o . . .
b & quantitative analysis of the number of crystal deposits
E 50+ (Fig. 3) showed that the KCit-treated stone-forming rats
= tended to have fewer crystal deposits than untreated stone-
::'_. ol forming rats, but it was not statistically significant, whereas
E in the OG-treated stone-forming rats there was significantly
a8 fewer crystal deposits than KCit-treated and untreated
» e = stone-forming rats.
2
:g ar Evaluation of oxidative stress biomarker
x
Q 101 8-OHdG immunohistofluorescence is shown in Fig. 4. The
o greatest number of positive nuclear stains occurred in the
0 EG - K Cit . oG d untreated stone-forming rats. The KCit-treated stone-

*P<0.05 vs. Normal drinking water
Fig. 1 SS (CaOx) increased significantly in the stone-forming rat

group compared with the normal drinking water group before inducing
crystal formation
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forming rats were moderately positive for nuclear stain, and
the lowest positive nuclear stain occurred in the OG-treated
stone-forming rats. KCit-treated and OG-treated stone-
forming rats had a significantly lower percentage of positive
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Fig. 2 Crystal deposits in the kidneys of the stone forming rat group.
There was an increase in crystal deposits in EG-untreated stone form-
ing rats and a slight increase in the KCit-treated stone forming rats,
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Fig. 3 The percentage of crystal deposits in the renal tubules were
significantly lower in OG-treated stone forming rats than in KCit-
treated and untreated stone forming rats

nuclei stained than untreated stone-forming rats. The
OG-treated stone-forming rats tended to have fewer positive
cells than the KCit-treated stone-forming rats, but the
difference was not significant (Fig. 5).

Evaluation of SOD and catalase level

A SOD and catalase band were clearly detected on the
Western blot. (Fig. 6a, c). A quantitative analysis of SOD
and catalase revealed that the SOD level in OG-treated
stone-forming rats increased significantly compared with
untreated and KCit-treated stone-forming rats. The catalase
level in OG-treated stone-forming rats was significantly
higher than that in the untreated stone-forming rats but not

Fig. 4 8OHdG immunohisto-
fluorescence examined using
fluorescence microscopy. The
greatest number of positive
nuclear stained cells occurred in
the untreated stone forming rat
(EG).The least number occurred
in the OG-treated stone forming
rat

KCit + EG

OG+EG

whereas there was a decrease in crystal deposits in OG-treated stone
forming rats. H&E, under polarized light, reduced from x100

significantly higher than that in KCit-treated stone-forming
rats (Fig. 6b, d).

Discussion

To date, the development and increased use of minimally
invasive and non-invasive stone managements such as
extracorporeal shock wave lithotripsy, percutaneous neph-
rolithotomy, and endoscopy have greatly facilitated the
removal of kidney stones; however, high recurrence rates
have been reported: 10 to 23% per year [24] and 50% at
5 years [25].Thus, stone recurrence is a critical problem in
stone formers and requires an effective prophylactic treat-
ment. Potassium citrate therapy has become one of corner-
stones of medical stone management [21] and has been
prescribed as a prophylactic remedy aimed to lengthen the
stone-free status [26]; therefore, the present study choose to
compare results obtained usig this medicine. The physical
process of stone formation is a complex mechanism. State
of saturation, crystal growth, aggregation, retention, and
inhibitors and promoters of crystal formation are still under
discussion. We found that urine pH was increased by KCit
under normal and stone-inducing conditions. The primary
mechanism for KCit is to inhibit calcium oxalate and cal-
cium phosphate stone formation [27], but OG had the abil-
ity to increase urine pH in a stone inducing condition. Urine
citrate is an inhibitor of crystal formation, causing an
increase in urine citrate, resulting in a decrease in stone for-
mation [28], which corresponded with our result.

OG+EG

KCit + EG
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Fig. 5 8-OHdG in kidneys decreased significantly in KCit-treated and
OG-treated stone forming rats

The risk of stone formation is determined by the level of
urine supersaturation with CaOx and a balance between
stimulatory and inhibitory factors. Generally, the urine of
human CaOx stone formers is more supersaturated with
CaOx than that of normal subjects, and there is a strong
correlation between supersaturation level and disease
severity [29]. Thus, our rat stone-forming model was effec-
tive for increasing the risk of stone formation by raising the
relative CaOx supersaturation indices to the supersaturation
zone [30]. However, among the stone-induced rat groups,

indices. In contrast, the number of crystal deposits was sig-
nificantly different and decreased in the OG-treated rats.

Renal calculi can be broadly classified in two large
groups: tissues attached and unattached. Attached calculi
are mainly integrated by calcium oxalate monohydrate
(COM) renal calculi. Unattached calculi are developed in
renal cavities of low or reduced urodynamic efficacy.
At present, its seems clear that renal epithelial cell injuries
play a decisive role in such a type of renal calculi develop-
ment, and in fact the lithogenic effect caused by ethylene
glycol must be mainly attributed to the oxidative damage
caused by the high level of oxalate generated by ethylene
glycol. Thus, epithelial cell injuries caused crystal aggrega-
tion and retention that contributed to the severity of crystal
deposits in the present study [10].

One popular theory proposes that oxalate-induced injury
to renal tubular epithelial cells is caused by the production
of reactive oxygen species (ROS). Oxidative stress influ-
ences cell injury and inflammatory processes that promote
aggregation and retention of CaOx crystals [31]. Another
interesting study reported that renal tubular cell injury is
mediated by free radical formation [32]. Not only are high
concentrations of oxalate toxic to renal tubular cells, but
CaOx crystals themselves also promote damage to cells
[33]. In a previous animal experiment in which the admin-
istration of high oxalate loads lead to CaOx crystal forma-
tion, elevated urinary levels of cell injury enzyme markers,
including N-acetyl-f3-glucosidase and 8-OhdG, indicated

there were approximate relative CaOx supersaturation  renal tubular epithelial cell damage [34]. 8-OHdG is a
Fig. 6 Western blot perfomed a b 61
to detect SOD and c.atalase. *p<0.05 vs EG * +
levels. a SOD band in rat kidney 51 + .
. . h o P<0.05 vc KCit+EG
tissues. b A quantitative analysis =
of the SOD level revealed a 8 4f
significantly higher level in -~ E
OG-treated stone forming rats. SoD ® 3
¢ Catalase band in rat kidney ’ S
tissues. d A quantitative analysis R NRE e 060 8 2r
of catalase revealed a signifi- ]
. . ir
cantly higher level in in
OG-treated stone forming rats R — — 0 | omlm ﬁ
than in untreated stone forming B actin EG KCit+EG 0G+EG
rats
(v d 251
*p<0.05 vs EG
2 4t
-
i
£
B 15t
- L]
a
Catalase T 1t
T
EG KCit+EG  OG+EG ©
. . — S 0sT
B actin : ; KCit+EG OG+EG
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protein that functions in damaged DNA, results in oxidative
stress, and can be detected in the nucleus of affected cells.
Thus, many pathological studies have used 8-OHdG as a
biomarker for oxidative stress [35, 36]. In this study, the
percentage of 8-OHdAG positive nuclei in kidneys increased
in the untreated stone-forming rats but decreased signifi-
cantly in the KCit-treated and OG-treated stone forming
rats, suggesting that KCit and OG have the ability to
decrease renal tubular cell injury from oxidative stress and
that OG is the most effective.

Flavonoids are anti-oxidants that are currently of inter-
est and are contained in OG. Flavonoids are semiessential
food components that are ubiquitously present in nature.
Natural products with a source of flavonoids are fruits,
vegetables, grains, bark, roots, stems, flowers, tea, and
wine. The mechanism and sequence of events by which
free radicals interfere with cellular functions are not fully
understood, but one of the most important events seems to
be lipid peroxidation, which results in cellular membrane
damage. Free radicals attract various inflammatory medi-
ators, contributing to a general inflammatory response and
tissue damage. Flavonoids interfere with various free
radical-producing systems including direct radical scav-
enging, reduction in ischemia-reperfusion injury by
interfering with inducible nitric-oxide synthase activity,
leukocyte immobilization during ischemia, inflammation
conditions, and the xanthine oxidase pathway, which is an
important oxidative injury route that is inhibited by flavo-
noids [37].

In a previous study, we noted that the anti-oxidative
effects of flavonoids (catechin) in green tea decrease oxida-
tive injury in renal tubular cells and CaOx deposition in the
rat kidney [18]. Similar results were obtained in the cate-
chin-treated oxalate-induced stone formation group com-
pared with an oxalate-induced stone formation group [38].
In vitro and in vivo studies have concluded that the biofl-
avonoid quercetin has potential antioxidant effects to
decrease the lipid peroxidation production induced by
oxalate in MDCK cells [17]. The reduction or elimination
of renal tubular cell damage that initiates the process of
crystal deposition is associated with restoring anti-oxida-
tion kidney defenses and increasing the activities of SOD,
catalase, glutathione peroxidase (GPx) and/or free radial
scavengers [39]. In this study, we demonstrated signifi-
cantly increased SOD levels in OG-treated stone-forming
rats compared with KCit-treated and untreated stone-
forming rats. The catalase level increased significantly in
OG-treated compared with untreated stone-forming rats but
was not significantly higher than KCit treated stone-
forming rats. These results and the result of positive
8-OHdG nuclear staining show that OG has an anti-oxidative
effect of decreasing the number of crystal deposits in stone-
forming rats, which corresponds with the result of percent

crystal deposits that were significantly lower in the
OG-treated stone-forming rats. Flavonoids are probably the
main chemical component that promote this function, but
further investigation is necessary.

Our study reported that OG treatment has good efficacy
in reducing calcium oxalate crystal deposits. However,
KCit has more urine inhibitory factors. Thus, in areas that
have OG it can be used as a therapeutic tool in a combina-
tion therapy to prevent and treat calcium oxalate urolithiasis,
or OG could be used alone in low socioeconomic cases for
longer-term treatment.
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