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ABSTRACT ARTICLE INFO

Purpose: Many medicinal plants have been employed during ages to treat urinary stones
though the rationale behind their use is not well established. Thus, the present study was
proposed to evaluate the effect of coconut water as a prophylactic agent in experimen-
tally induced nephrolithiasis in a rat model.

Materials and Methods: The male Wistar rats were divided randomly into three groups.
Animals of group I (control) were fed standard rat diet. In group II, the animals were ad-
ministrated 0.75% ethylene glycol in drinking water for the induction of nephrolithiasis.
Group III animals were administrated coconut water in addition to ethylene glycol. All
the treatments were continued for a total duration of seven weeks.

Results and Conclusion: Treatment with coconut water inhibited crystal deposition in
renal tissue as well as reduced the number of crystals in urine. Furthermore, coconut
water also protected against impaired renal function and development of oxidative stress
in the kidneys. The results indicate that coconut water could be a potential candidate for
phytotherapy against urolithiasis.
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INTRODUCTION

Urolithiasis is a common ocurrence, affec-
ting up to 10%-15% of the population at some
point during their lifetime (1). Increased incidence
of kidney stones in the industrialized world is as-
sociated with improved standards of living, race,
ethnicity and geographical area (2). Studies by
Trinchieri et al. (3) reported recurrence rates of 50 -
75% after 10 and 20 years, respectively. Kidney sto-
nes composed of Ca0Ox, either alone or mixed with
calcium phosphate, are hitherto the most common
stones accounting for more than 80% of them (4).
Earlier studies have shown that tubular cell injury
facilitates calcium oxalate (CaOx) crystal formation
and deposition in the renal tubules (5). Similarly

various authors demonstrated that calcium oxala-
te crystals increased lipid peroxidation that further
led to renal epithelial injury (6,7).

Although during recent years development
of modern techniques such as extracorporeal sho-
ck wave lithotripsy and percutaneous nephrolitho-
tomy has revolutionized the surgical management
of the problem, yet not much progress has been
made towards the medical management of uroli-
thiasis. Many medicinal plants have been employed
during ages to treat urinary stones though their
mechanism of action is not well established throu-
gh systematic and pharmacological studies, except
for some composite herbal drugs and plants (8-10).

Coconut water (Cocos nucifera L.) is the
most nutritious wholesome beverage in all the
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coconut producing countries. Coconut water, the
liquid endosperm of coconut, contains sugars, vi-
tamins, minerals, proteins, free amino acids and
growth promoting factors. It is a natural isotonic
beverage and is acclaimed in the tropics for its
numerous medicinal properties. Coconut water
is an essential dietary ingredient of South India
where the incidence of urolithiasis is very low (11).
However, so far no systematic study has been re-
ported regarding the antiurolithiatic property of
coconut water. So the present study was designed
to evaluate the efficacy of coconut water on ethy-
lene glycol induced nephrolithiasis.

MATERIALS AND METHODS

Collection of coconut water

Fresh coconuts were purchased from the
market, broken carefully, liquid endosperm were
collected and used for each day experiment. Whi-
le purchasing coconuts from the market, the nuts
stored in cold conditions and from the same stock
were procured.

Animals

Male Wistar rats weighing 150-170 g were
housed in polypropylene cages in a room maintai-
ned at 25 + 1° C with alternate exposure to light
and dark for 12 hours. The animals were acclima-
tized for one month in polypropylene cages under
hygienic conditions. All procedures were done in
accordance with ethical guidelines for care & use
of laboratory animals and were approved by the
local experimental animal ethical committee. The
animals were provided standard animal feed and
water ad libitum. The standard rat diet was acqui-
red from Aashirwad Company (Ludhiana, Punjab,
India), and the composition of the diet is given
in Table-1. To induce urolithiasis in animals, they
were exposed to 0.75% ethylene glycol in their
drinking water for 7 weeks. The protocol to induce
urolithiasis was adapted from Huang et al. (12),
where the authors showed evidence that the admi-
nistration of “0.75 % ethylene glycol” in drinking
water can induce “urolithiasis” in male wistar rats.

Rats were divided into three groups of six
rats each and fed the following diet:

Group 1: Normal rat diet (control).

Group 2: Normal rat diet + 0.75% ethylene
glycol (EG) mixed with tap water for 7 weeks ad
libitum (12).

Group 3: Normal rat diet + 0.75% EG +
10% Coconut water for 7 weeks ad libitum.

Methods

A 10% of kidney homogenate was prepared
in 0.1 mM tris buffer (pH 7.4) and was used for
assaying lipid peroxidation (13), antioxidant enzy-
mes superoxide dismutase (14) and catalase (15).

All the animals were kept in individual
metabolic cages and urine samples were collec-
ted throughout 24hours, one day before sacrifi-
cing the animals. Blood was collected from orbi-
tal sinus under mild anesthetic conditions, using
diethyl ether as an anesthetic agent and animals
were sacrificed by cervical decapitation. Serum
was separated by centrifugation at 3,000 x g for
15 minutes, analyzed for creatinine (code no. FRE-
BCERMO0082) and urea (code no. FRCER0034) by
Erba Manheim diagnostic kits.

For the expression studies, total RNA was
isolated from kidney of rats using Trizole reagent
(Gibco BRL, UK). Single stranded cDNA was syn-
thesized using oligo dT 12-18 as primers and AMV
reverse transcriptase. The amplification of diffe-
rent antioxidant enzymes was carried out by using
specific primers viz, SOD (forward primer 5’- GCA
GAA GGC AAG CGG TGA AC-3’, reverse primer
5’- TAG CAG GAC AGC AGA TGA GT-3’, 446 bp),
catalase (forward primer 5- GCG AAT GGA GAG
GCA GTG TAC-3’, reverse primer 5- GAG TGA
CGT TGT CTT CAT TAG CAC TG-3’, 652 bp). GA-
PDH was chosen as house keeping gene (forward
primer 5’-TCT AAG AAA CAT GGC GGT CC-3’ re-
verse primer 5’-CAG TTA GCA GGC CAG CAG AT-
3’, 197bp) (16-20). PCR products were resolved on
1% agarose gels. The bands were identified based
on the product size using 100 bp ladder. The PCR
products were quantitated by densitometric scan-
ning using scion image software. The values were
expressed as percentages with respect to control.
The RT-PCR conditions were as follows: (1) re-
verse transcription, (30 minutes, 55° C for CAT,
SOD and 50 minutes 45° C for GAPDH) (2) initial
activation step, 2 minutes at 94° C (3) three step
cycling (34 cycles for GADPH , 26 cycles for SOD
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Table 1 - Composition of standard animal diet.

Elements Concentration (ppm)
v 1.5+04
Mn 122.4 + 0.6
Fe 817.5 £+ 54
Co 0.21+0.06
Ni 3.11+£0.04
Cu 16.99 + 0.05
Zn 64.03 + 1.07
As 2.22 +1.99
Se 0.54+£0.2
Br 5.67 + 0.87
Sr 23.85+1.0
Cr 2.7+0.2
Ingredients Amount (g)
Casein 18
Starch 25
Sucrose 25
Cellulose 14
Vitamin mixture 2

Salt mixture 6

Corn oil 10mL

and 30 cycles for CAT), each cycle consisting of
denaturation for 45 sec at 94° C followed by an-
nealing for 45 sec at 55.5° C and extension for 1
minutes at 68° C.

Though ideally, urine chemistry and the
pH should have been noted; based on our earlier
observation and those of others (21-23) it was as-
sumed that the urine chemistry & pH did not differ
significantly in the 3 groups of rats. A 24hours
urine collection was done for polarization micros-
copy to compare calcium oxalate crystallization in
the 3 groups. For analysis of crystalluria a drop of

urine sample was spread on a glass slide and visu-
alized under polarized light using Leica DM3000
light microscope (24).

For histopathological studies, the kidneys
were removed and their transverse sections were
fixed in 10% buffered formalin solution (pH 7).
The tissues were dehydrated and embedded in pa-
raffin wax (68 C). The paraffin sections were then
cut and finally stained with Delafield’s Hemato-
xylin and Eosin staining (H&E staining).

Data analysis

The results were expressed as mean +
standard deviation (S.D) for six animals in each
group. Kolmogorov Smirnov test was applied to
check the parametric distribution of the data. Di-
fferences between groups were assessed by one
way analysis of variance (ANOVA) using the SPSS
software package for Windows. Post hoc test was
performed for inter-group comparisons using the
least significance difference (LSD) test; significan-
ce at P-values < 0.001, < 0.01, < 0.05 have been
given respective symbols in the tables and figures.

RESULTS

To assess the renal function and injury,
creatinine & urea level in the serum was determi-
ned. Creatinine level was also found to be increa-
sed significantly (P < 0.001) in urolithiatic group II
animals. Urea in group II was found to be 70.92%
increased compared to control. However, admi-
nistration of coconut water significantly lowered
the level of creatinine and urea in group III ani-
mals (Table-2). In group II, lipid peroxidation was
found to be significantly elevated as compared to
group I rats. MDA level was found to be increa-
sed by 191.84 % in group Il compared to control
group (Table-3). Treatment with coconut water in
group III partly reversed this increase in MDA le-
vel. In urolithiatic animals, the gene expression of
SOD and CAT was significantly increased during
RT-PCR analysis (Figures 1 and 2a). Similarly, the
activity of SOD and CAT was found to be increa-
sed after the administration of ethylene glycol in
group II animals as compared to group I animals
(Figures 3a and 3b). However, the administration
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Table 2 - Effect of various treatments on serum creatinine and urea level in experimental rats.

Group | Group Il Group Il
Creatinine (mg/dL) 0.46 + 0.03 0.77 £ 0.02*** 0.57 + 0.01#
(+66.37%) (+23.86%)
Urea (mg/dL) 49.53 +2.94 84.66 + 4.44*** 68.03 + 3.95*#
(+70.92%) (+ 37.35%)

Values in brackets are percentage increase (+) or percentage decrease (-) compared with control (group I); *p < 0.05 **p < 0.01, ***p < 0.001 indicates
significant change in comparison with control group I; #p < 0.05, ##p < 0.01, ###p < 0.001 indicates significant change in comparison with group Il.

Table 3 - Effect of coconut water on Lipid peroxidation status
in the kidney.

Animal group Lipid peroxidation (mol MDA/mg
protein/15 min.)

Group | 13.36 + 3.36

Group I 38.99 £3.86™ (+191.84 %)

Group Il 27.68 + 2.45% (+107.18%)

Values in brackets are percentage increase (+) or percentage decrease (-)
compared with control (group I); *p < 0.05, **p < 0.01, ***p < 0.001 indica-
tes significant change in comparison with control group I; #p < 0.05, ##p <

0.01, ###p < 0.001 indicates significant change in comparison with group II.

of coconut water decreased the enzyme activity
of the SOD and CAT in the group Il compared to
group II (Figures 3a and 3b) but decrease in the
expression level of catalase in the group Il com-
pared to group II was not as that much as in case
of SOD (Figures 1, 2a and 2b).

On observing urine samples under pola-
rization microscope, no crystal deposition was
observed in control animals (Figure-4a), whereas
group Il rats revealed presence of abundant CaOx
crystals deposition (Figure-4b). In group III, a dras-
tic decrease in the number of urinary crystals was
observed (Figure-4c). The histopathological obser-
vation of renal tissue under light microscope sho-
wed normal architectural and intactness without

Figure 1 - Effect of various treatment on the expression level
of different antioxidant enzymes ( SOD, CAT and GAPDH).
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any apparent damage in control rats. However, the
urolithiatic rats showed tubulae containing crys-
talline particles, mostly distal segments with con-
sequent dilation of distal tubules, thin loop and
collecting ducts. In group IIl, no depositions of
crystalline particles were observed (Figure-5c).

DISCUSSION

Coconut is grown and consumed largely in
South India where incidence of urolithiasis is low.
It is therefore pertinent to investigate the effect
of coconut water in nephrocalcinosis model of
male Wistar rats. Some investigators (21,25) have
studied various natural therapeutic agents in vivo
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Figure 2 - Densitometry scanning of antioxidant enzymes following RT PCR program using scion image software in different
groups. (A) Urolithiatic group Il vs group I(control), (B) coconut water treated vs group | (control).
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animal models. In the present study, efficacy of
coconut water was evaluated on ethylene glycol
induced nephrocalcinosis in male Wistar rats.
Stone formation in ethylene glycol fed animals
is caused by hyperoxaluria, which causes incre-
ased renal retention and excretion of oxalate
(26). Under hyperoxaluric condition, oxalate has
been reported to induce lipid peroxidation and to
cause renal damage by reacting with polyunsa-
turated fatty acids in the cell membrane (27). In

SOD CATALASE

SOD CATALASE

the present study lipid peroxidation was found
to be significantly increased during hyperoxalu-
ria (Table-3). The increased MDA content might
have resulted from an increase of free radicals
as a result of stress condition in the rats with
ethylene glycol intoxication. Administration of
coconut water was able to reduce the levels of
MDA (Table-3), thereby showing the potential of
coconut water as free radical scavenger. Our re-
sults revealed that oxalate exposure resulted in
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Figure 3 - Effect of coconut water administration on Superoxide dismutase (A) and Catalase activity (B) in kidney tissue of

animals in different groups.
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comparison with group I1.
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Figure 4 - Polarization micrograph of rat’s urine sample.

(A) Urine of control rats (group 1), devoid of any crystals. (B) Urine of urolithiatic rats (group I1) showing CaOx crystals. (C) Urine of coconut water treated rats

showing reduced crystals deposition. Original magnifications of 100x.

increased antioxidant enzymes SOD and CAT acti-
vity and their expression at mRNA level in kidney
tissues (Figures 1, 2a, 2b, 3a and 3b). The increase
in SOD activity as observed in our experimenta-
tion could be an adaptive response of this enzyme
to increased production of superoxide ions follo-
wing activation of NAD(P)H oxidase via cytokine
TGF-b1 (transforming growth factor b1) induction
(28). The increase in SOD activity will further lead
to high production of hydrogen peroxide (H202).
Catalase is responsible for the decomposition of
hydrogen peroxide, therefore after ethylene glycol

exposure an increase in catalase activity was also
observed. The rebalancing of elevated antioxidant
enzyme’s activity and their expression by coco-
nut water post treatment further substantiated the
protective nature of coconut water against free ra-
dical induced oxidative stress. Furthermore, ethy-
lene glycol administration increased the level of
serum creatinine and urea (Table-2) indicating re-
nal dysfunction due to urolithiatic condition. Here
again rebalancing of serum urea further unveils
the potential effect of coconut water on maintai-
ning renal functioning.
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Figure 5 - Representative microscopic examination under light microscope of renal tissue.

(A) Renal tissue of control (group1) rats showing no sign of crystallization. (B) Renal tissue of urolithiatic rats (group 2) showing Crystals deposition mainly
located in renal tubules (200x). (C) Renal tissue of group 3 treated rats showing no crystal formation.
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In the present study, administration of co-
conut water reduced the number of crystals in the
urine as compared to urolithiatic rats (Figure-4c).
Our findings are consistent with the studies by Itoh
et al. (29) who showed that green tea reduces CaOx
crystal deposits in the kidneys of rats made hype-
roxaluric by the administration of ethylene glycol.

The present histopathological studies sho-
wed EG induced crystal deposition in the renal cells
(Figure-5b) and most of crystal deposition took
place in the renal tubules, which corroborates the
results of other studies reporting that crystals depo-
sition mainly occur in tubules (30). Administration
of coconut water to urolithiatic animals prevented
supersaturation of calcium oxalate and thus decre-
ased their deposition in renal tubules (Figure-5c).

We are aware of some limitations of the
study such as absence of liquid ingestion control
by the animals, yet the study does suggest bene-
ficial effect of coconut water in nephrocalcinosis.

CONCLUSIONS

In conclusion, coconut water has potential
to inhibit the genes of oxidative stress to push the
activity of these enzymes towards normal. The re-
balancing of elevated antioxidant enzyme gene
expression by coconut water treatment, reduced
mineral deposits in kidney tissue further substan-
tiated the prophylactic nature of coconut water in
nephrolithiasis.
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