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ABSTRACT

Background: Oxalate is a frequent component in foods from plant origin. Extraordinary concentrations of oxalate in urine
leads to several renal pathological disorders. Green tea and black tea have several beneficial effects attributed to their
polyphenols which act as metal chelators and scavengers of free radicals.

Aim: The present study aimed to clarify the possible ameliorating impact of black and green tea on renal tissue damage
caused by oxalate.

Material and Methods: Thirty male mice were divided into six groups: Group I (control) ,Group II were injected with
sodium oxalate, group IlIwere fed with black tea extract and group IV were fed with black tea extract and injected with
sodium oxalate, group V were fed with green tea extract and group VI were fed with green tea extract and injected with
sodium oxalate. The black or green tea extracts were given orally for 10 days (2ml/100g/day ). Sodium oxalate (100 mg/kg)
were injected as a single intraperitoneal dose at thel1th day and animals sacrificed 12 h later. At the end of experiment, blood
samples and kidney specimenswere obtained from all groups. Serum urea and creatinine analysis were done. The renal tissue
sections were stained with H&E and PAS stains and examined. Immunohistochemical investigation for iNOS and NF-kB and
morphometric analysis were also implemented.

Results:Microscopically, the examined kidneys in oxalate group revealed degenerated and necrotic tubular cells ,tubular
dilatation, protein casts and translucent oxalate crystals and interrupted tubular brush border and basal laminae. Furthermore,
serum urea and creatinine were elevated and iNOS and NF-kB immunoreaction were highly positive. The aforementioned
changes were reversed in group [Vand VI.

Conclusion: Black and green tea extracts could protect against oxalate-induced nephrotoxicity due to their antioxidant
characters.
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INTRODUCTION the renal tubules, damage to different varieties of cells in
the renal tubular, glomerular and interstitial compartments
, and disturbance of cellular functions that leads to kidney

injury, inflammation and impaired renal function,damage
and end-stage renal diseasel™.

Oxalate is a natural metabolic product and it is the
conjugate base of oxalic acid. At high concentrations,
oxalate can cause death in animals and less commonly
in humans via its destructive influences on tissue cells!!!.
Oxalate is a frequent component in foods from plant origin Tea extracts are added to dietary supplements due to
such as vegetables, fruits, grains, legumes, and nuts™ the increasing attention to the health profits of tea. The
favorable effects of tea are due to its content of catechins.
They are powerful scavengers of reactive oxygen species.
They may also act indirectly as antioxidants through their
influences on the enzyme causing the oxidation state and
certain transcription factors!®. Urinary stones formation,
particularly oxalate stones, may be suppressed by green
tea consumption. The suppressing impact of green tea on

Oxalate compounds, in the average range, are
harmlessly excreted from the body through the kidneys!*!
On the other hand, at extraordinary concentrations, oxalate
aggregates leads to several pathological disorders such
as hyperoxaluria, nephrocalcinosisand nephrolithiasist*.
Calcium oxalate crystals, when assembled, can be held in
various parts of the urinary tract, resulting in blockage of
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stone formation is most probably due to its anti-oxidative
outcomes!”!. Furthermore, some records reinforced the
inverse correlation between tea and coffee consumption
and renal stones®®'. Although the well-known health
benefits of black and green tea due to their antioxidant
components, relatively few studies were done to clarify the
possible ameliorating impact of black and green tea on
renal tissue damage caused by oxalate. Therefore, the aim
of the present study was to investigate the biochemical and
morphological changes in the mice kidneys after injection
by sodium oxalate and to evaluate the effect of black and
green tea pretreatment.

MATERIALS AND METHODS

Animals

30 male adult albino mice (25 - 30 g) were obtained
from Jouf University animal house. The mice were
maintained under convenient conditions (temperature
22 + 2°C, lights on at 6:30 AM to 6:30 PM hours) with
free access to water and food. The animals' health was
evaluated by clinical examination before the experimental
period. All procedures of the experiment were carried
out according to the guide rules of the Ethics Committee
of Jouf University, Aljouf, Saudi Arabia. After 7 days of
acclimatization to their surroundings, the mice were placed
individually in the experimental cages and permitted to
move freely inside.

Chemicals

Urea, and creatinine kits were obtained from Randox,
UK. Sodium oxalate was acquired from Sigma Chemical
Co., USA. All other chemicals were of analytical grade.

Preparation of water extract of tea

Processed black tea and green tea powder (Lipton,
Unilever United States.) was obtained from a local market
in Aljouf. 25 grams of tea (blackor green) was immersed in
100 ml of boiling water. Filtering was done after 5 minutes
and the filtrate was fed orally to mice at a temperature of
37 + 20C[1],]2].

Experiment procedure

Mice were divided randomly into six groups with 5
mice in each group.

Group I (control group): were received tap drinking
water.

Group II( oxalate group): were given 100 mg/kg of
sodium oxalate intraperitoneally at 11" day of experiment
and sacrificed 12 h later.

Group III( black tea group): were fed daily with
2ml/100 g body weight per day of black tea extract orally
by gastric tube to ensure that all the mice received a
constant supplementation of the tea extract.

Group IV (black tea plus oxalate group): were fed
daily with 2ml/100 g body weight per day of black tea
extract orally by gastric tube. At the 11th day, the mice

in that group were given 100 mg/kg of sodium oxalate
intraperitoneally and sacrificed 12 hours later.

Group V( green tea group): were fed daily with
2ml/100 g body weight per day of green tea extract orally
by gastric tube.

Group VI (green tea plus oxalate group): were fed
daily with 2ml/100 g body weight per day of green tea
extract orally by gastric tube. At the 11th day, the mice
in that group were given 100 mg/kg of sodium oxalate
intraperitoneally and sacrificed 12 h latert'*!4l.

Atthe 11th day, Mice from all groups were anesthetized
and sacrificed. Their kidneys were obtained and blood
samples were drained from the heart for biochemical
assessment of serum creatinine and urea.

A) Histological study

The kidneys removed from the mice of each group
were weighed and kept in buffered formol saline 10%.
Processing for paraffin blocks was implemented and five
micron sections were prepared from the paraffin fixed
blocks of both kidneys. Staining of the sections with
hematoxylin-eosin and Periodic acid—Schiff (PAS) stain
was donel'.

B) Immunohistochemical study

4 micron sections were prepared from the paraffin blocks
of the six groups. Deparaffinization was done followed
by rehydration.Endogenous peroxidases were inactivated
by H,O, in methanol. Subsequently, incubation for 10
minutes with 10% goat serum to block unspecific coupling
was performed. Later, Sections were incubated for 12 hours
with the specific primary antibodies (for iNOS and NF-kB
antibodies, Dako, USA). Horseradish peroxidase labeled
secondary antibodies was added followed by Di-amino-
benzidinetetrahydrochloride solution. Counterstaining of
the sections with hematoxylin was done after adequate
soaking in distilled water"®.The slides were examined
and photographed using an Olympus digital microscope
(Olympus BX 41TF, Tokyo,Japan ) attached to a computer
system (DP2-BSWsoft ware ,Olympus Corporation).

C) Morphometric study

Oxalate crystals in renal tubules were counted in
10 microscopic fields of H&E slides of each group!”.
Similarly, the immunostained sections were examined
using an Olympus DP2-BSW Image computer system
(Olympus Imaging System., Tokyo, Japan), and Image-
Pro Plus program (version 4.5.1.27) was utilized to get
morphometric data. 10 non-overlapping fields in slides of
each group were analyzed for quantitative morphometric
measurement of the area percentage of iNOS and NF-
kBimmunopositive reaction at a magnification of 400X.

D) Biochemical study

Determination of creatinine and urea was done using
modified Jaffe’s!'® and Urease Berthelot’s method,
respectively!'.
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E) Statistical analysis

Statistical analysis was performed using SPSS (version
20) program. Results were represented as mean =+ standard
deviation and all statistical comparisons were made by
means of the one-way ANOVA test analysis. P value <0.05
was regarded significant.

RESULTS

A) Histological study
Hematoxylin and eosin stain

Histological examination of kidneys of control, black
tea and green tea groups showed normal histological
structure of renal glomeruli and tubules (Fig. 1 A). Kidneys
of mice intoxicated with a single dose of sodium oxalate
revealed marked tubular damage in the form of either
hydropic degeneration or necrosis, tubular dilatation,
protein casts and deposition of translucent oxalate crystals
of different shapes which are predominantly intraluminal
.The degenerative changes where in the form of fine
eosinophilic granules and vacuoles in the cytoplasm of
renal tubular epithelium. The renal glomeruli appeared
normal(Fig. 1 B). Examination of kidneys of mice that
were intoxicated with a single dose of sodium oxalate
and pre-treated with black tea extract orally showed that
most of the tubular cells were healthy but some of them
still had pyknotic nuclei and deeply eosinophilic cytoplasm
i.e. cellular necrosis. The intra-luminal oxalate crystals
and intertubular congestion were also present (Fig. 1 C).
Kidneys of mice intoxicated with a single dose of sodium
oxalate and pre-treated with green tea extract orally
showed a nearly normal histological structure apart from
mild congestion of intertubular blood vessels. The oxalate
crystals couldn’t be seen in the lumina of renal tubules
(Fig.1 D).

Periodic acid-Schiff (PAS) stain

Examination of PAS stained sections of control mice
showed that the renal tubules had intact brush border and
clear basal laminae (Fig. 2A). Sections from oxalate group
showed partial or complete loss of the brush border in most
of the tubules. Thetubular basal laminae were interrupted at
many sites (Fig. 2B). Sections from the groups intoxicated
with oxalate and pretreaed with either black or green
tea revealed that the brush border was preserved with
continuous clear basal laminae in nearly all renal tubules
(Figs.2Cand D).

B) Immunohistochemistry for iNOS and NF-kB

Immunohistochemical investigation for iNOS and
NF-kB revealed negative reactions in the control, black
tea and green tea groups (Figs. 3A, B, C and 4A,B,C).
Moreover, a highly positive reaction was seen in the renal
tubular cells of oxalate intoxicated mice in the form of
dark brown cytoplasmic reaction in sections stained for
iNOS and dark brown nuclear reaction in sections stained
for NF-kB (Figs. 3D and 4D). Black tea pretreatment
reduced the immune-reaction in the renal tubular cells
in oxalate intoxicated mice (Figs. 3E and 4E).Marked
reduction in the immune - reaction in the renal tubular
cells was also seen in the sections of mice that were
intoxicated with oxalate and pretreated with green tea
(Figs. 3F and 4F).

C) Morphometric study

The mean number of oxalate deposits (crystals) in
sections of kidney in the group of mice intoxicated with
sodium oxalate was 9.70 + 2.06 which was significantly
more than control group, P< 0.05. Meanwhile, the mean
number of deposits in sections of kidneys in group of mice
that were intoxicated with a single dose of sodium oxalate
and pre-treated with black tea was 4.70 + 1.89 and in group
of mice that were intoxicated with a single dose of sodium
oxalate and pre-treated with green tea was 0.90 = 1.10
that were both significantly lower than the group of mice
intoxicated with sodium oxalate, P< 0.05 (Histograml).

Measuring the area percentage of iNOS and NF-«B
immune- reaction demonstrated a significant increase
in the immune- reaction in the sections of oxalate group
compared with the control group. Additionally, a significant
reduction in the area percentage of the immune-reaction
was observed in the sections of the groups of black tea
plus oxalate and green tea plus oxalate as compared to the
oxalate group (Table 1 and Histogram 2).

D) Biochemical study

Intraperitoneal injection of sodium oxalate in a dose
100 mg/kg body weight to mice caused nephrotoxicity
manifested by significant (P<0.05) increases in serum
levels of urea and creatinine when compared with the
normal (negative) control group. Oral pre-treatment
with the extracts of black tea and green tea to oxalate -
intoxicated mice induced significant (P<0.05) decreases
in the serum levels of urea and creatinine when compared
with oxalate -intoxicated mice ( oxalate group) as depicted
in Table 2 and histogram 3 and 4.
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Fig. 1: Photomicrgraphs of renal sections of albino mice A) showing normal histological structure in the kidney of a control mouse. B) degenerated and necrotic
tubular cells (thick arrow),tubular dilatation (*),protein casts(arrow head) and translucent oxalate crystals (thin arrow) in a kidney of oxalate intoxicated
mouse.C) healthy renal tubules with some congested blood vessels(V) , some areas still showing necrosis ( thick arrow)and translucent oxalate crystals(thin
arrow) in a mouse kidney of black tea plus oxalate group. D) a nearly normal structure apart from some intertubular congestion (V) in a kidney a mouse
from the green tea plus oxalate group. (H & E stain x400)

Fig. 2: Photomicrgraphs of renal sections of albino mice A) a section of control group shows many tubules with intact brush border (thick arrow) and clear
basal laminae (thin arrow). B, a section of oxalate group shows partial or complete loss of brush border in most of the tubules (*), the tubular basal laminae are
interrupted at many sites (arrow heads). C) a section of oxalate plus black tea and D) oxalate plus green tea group show many cortical tubules with preserved
brush border (thick arrow) and continuous clear basal laminae (thin arrow) in nearly all the tubules. (PAS stain x400)
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Fig. 3: Photomicrgraphs of renal sections of albino mice A) a section of control group. B) a section of black tea group C) a section or green tea groupD) a
section of oxalate group shows a highly positive reaction ( dark brown colour) in the renal tubular cells. E) a section of oxalate plus black tea shows a reduction
in the immune - reaction in the renal tubular cells and F) a section of oxalate plus green tea group shows a very weak reaction in the renal tubular cells.

( Immunostaing for iNOS x400)
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Fig. 4: Photomicrgraphs of renal sections of albino mice A) a section of control group. B) a section of black tea group C) a section or green tea group D)a
section of oxalate group shows a highly positive reaction ( dark brown colour) in the renal tubular cells. E) a section of oxalate plus black tea shows a reduction
in the immune - reaction in the renal tubular cells and F) a section of oxalate plus green tea group shows a very weak reaction in the renal tubular cells.

( Immunostaing for NF-kB x400)
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Histogram 1: showing the means of oxalate crystals in the experimental

groups

Table 1: Means of area % of iNOS and NF-kB in the experimental

groups
Group Means of area% of iNOS Means of area% 'of NF-
immune- reaction+ SD kBimmune- reaction+ SD

I 1.42+1.25 2.47+1.07

11 28.60+11.85° 19.17+6.09°

I 1.45+0.79 2.46+1.20

v 7.19+1.19° 9.07+1.36°

\% 1.30£1.10 1.83+1.21

VI 3.79+2.41° 2.14+1.14°

0 P<0.05 as compared to group I

0 P<0.05 as compared to group II
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Histogram 2: showing the means of area % of iNOS and NF-kB in the

experimental groups

Table 2: Serum level of urea and creatinine in the experimental

groups
Group Means of serum urea Means of serum creatinine
+SD +SD

I 71+2.63 0.69+0.06

I 335.6+12.07° 1.93+0.03°

11 76.6+3.19 0.72+0.01

v 243.4+9.9° 1.5940.01°

\Y 56.242.11 0.68+0.02

VI 218.4+8.69° 1.47+0.031°

o P<0.05 as compared to group I

0 P<0.05 as compared to group II

mg/dL

m Urea

I VI 1| B LA VA
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Histogram 3: showing serum levels of urea in the experimental groups

mg/dL
H Creatinine

v Vv VI

Histogram 4: showing serum levels of creatinine in the experimental
groups

DISCUSION

Persistent hyperoxaluria can cause nephrocalcinosis
which means retention of calcium oxalate in the tubules
of the kidneys. If the condition not treated, it may progress
to nephrolithiasis and renal parenchymal disease (RPD).
RPD is characterized by an accumulation of calcium
oxalate crystals everywhere in the renal parenchyma with
an intense tubular injury. The profound hyperoxaluric renal
affection is called hyperoxaluric nephropathy manifests
clinically as acute or chronic renal failure that may proceed
to end-stage renal disease?’l. Experimental hyperoxalurea
could be induced by sodium oxalate administration(?!l.

In the present study, Intraperitoneal injection of sodium
oxalate to mice caused a significant increase in serum
urea and creatinine indicating a significant functional
impairment of the kidney. Serum creatinine concentration
is a more potent indicator than the urea in the early stadium
of kidney disease. Urea levels in blood commence rising
only following parenchymal injury®??. The histological
structure of the kidneys of mice intraperitoneally injected
with sodium oxalate could explain the aforementioned
rise in the kidney function parameters, creatinine and
urea. Marked renal tubular damage was seen and the
oxalate crystals appeared in the lumina of the tubules. PAS
stained sections also revealed damaged brush border and
interrupted basal lamina of the renal tubules. The previous
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studies on ethylene glycol induced hyperoxalurea showed
renal tubular dilatation with epithelial damage in ratst'”.
The tubular dilatation was not profound and not affecting
the majority of the tubules, in the present study ,may be
due to the short period of exposure to oxalate. The tubular
cellular damage without dilatation indicated that the
oxalate crystals were injurious to the renal tubular cells
even in the absence of tubular obstruction. A previous in
vitro study by Jeong B.C. et al stated that as the oxalate
concentration increased , the number of surviving cells
decreased®!. Recently, It is well known that calcium
oxalate crystals can produce cellular and/or tissue injury
by provoking interruption to cell membranes, generation
of lipid mediators (leukotrienes and prostaglandins ), and
excess creation of reactive oxygen species, all of which
result in an imbalance between antioxidants and oxidants,
with mitochondrial malfunction. Furthermore, other
studies have shown that calcium oxalate crystals may cause
phosphatidylserine imbalance in the cellular membrane
and higher production of cell death signals, ceramide!**.

In the current study, the pretreatment with the extract
of green tea ameliorated the noxious effect of sodium
oxalate.The serum wurea and creatinine manifested a
significant decline as compared to the oxalate group.
Moreover, the histological sections stained with H&E
stain and PAS stain revealed that green tea pretreatment
alleviated tubular degeneration and caused a substantial
reduction in the oxalate crystals. Itoch y. et al reported
that co-administration of green tea in drinking water
or as a powder with ethylene glycol (hyperoxaluric
material) showed a significantly diminished number of
calcium oxalate deposits by quantitative evaluation?®®,
Furthermore, Milica V. et al postulated that administration
of green tea extract with gentamycin mitigated not only
the tubular degeneration induced by gentamycin but also
the infiltrations by inflammatory cells and the glomeruli
seemed normal in the histological sections?”. Green tea
extract could significantly enhance antioxidant protective
mechanism in rat kidney by increasing catalase activity.
Its catechins have antioxidant characteristics and are
powerful scavengers of hydroxyl free radicals®®. The most
plentiful catechin in tea is epigallocatechin-3-gallate. It
prevents renal damage by aiding in the removal of uremic
toxins. Catechins react with H,O, in the cellular membrane
through a single electron transfer and deprotonation. They
also enhance the transcription of phase 2 detoxifying
enzymes which serves as an antioxidant response®” and®®!,

Controversy encompasses the issue of whether black
tea consumption raises urinary oxalate crystals or not.
A number of researchesP'¥ had supported the idea
that soluble oxalate is absorbed more significantly than
insoluble oxalate. Therefore, it has been proposed that
black tea had a notable amount of soluble oxalates and
could increase the risk of oxalate stone production due to
an increase in the discharge of urinary oxalateP**. On the
other hand, it should be acknowledged that the affirmation
that black tea intake leads to an essential elevation in

urinary oxalate concentrations is based on results from a
very limited number of studiesP3%. Moreover, Liebman
M. and Murphy S. suggested that black tea—derived oxalate
is of low bioavailability®”. Additionally, 2 prospective
studies reported an association between the intake of tea
and decreased risk of renal stones in both males?®! and
females.

In the present study, Intraperitoneal injection of sodium
oxalate to mice that were pretreated with black tea extract
produced a significant reduction in serum creatinine and
urea.The histological examination revealedcongestion of
the renal tissue andThe renal tubular damage was mild.
The oxalate crystals could be seen in the tubular lumina
but they were significantly reduced in number when
compared with the sections of the oxalate group. Also PAS
stained sections showed a prominent improvement in the
renal structure with black tea pretreatment.The results of
the current study could endorse not only the assumption
of low bioavailability of black tea —derived oxalate but
also the potential positive effects of black tea consumption
and its few associated risks. Furthermore, Liebman M. and
Murphy S. postulated that there was a little support for
the recommendation that kidney stone formers limit their
consumption of black tea*”. The protective effect of black
tea on renal tissue may be due to the antioxidant effect of
tea catechins or the increase in urinary volumet®,

Once inducible nitric oxide synthase enzyme (iNOS)
is activated in cells, a substantial amount of nitric oxide
(NO) is generated. NO combines with H,O,, which creates
intermediary products of oxidative stresst*!). Therefore,
iNOS expression in immunohistochemical investigations
has been utilized as a marker of oxidative stress. iNOS was
first cloned and distinguished in macrophages, though its
activity has been determined in a diversity of cell types ..
In the current study, oxalate injection to mice elevated
iNOS expression. Additionally, Black and green tea
extracts pretreatment significantly reduced the expression
of iNOS in the kidneys.

NF-kB is considered a crucial inflammatory
transcription factor that has a fundamental role in the
signaling pathway for inflammation in various pathological
states. NF-kB signaling mechanism is demonstrated to
play a significant role in the renal injury caused under
the influence of different agents. NF-kB activates several
inflammatory genes resulting in cellular degeneration. At
resting normal state, NF-kB is inactive due to its binding
with its specific inhibitor (IkB) in the cell cytoplasm. Yet,
generation of inflammatory cytokines initiates the NF-kB
signaling mechanism!*], after the degradation of IkB“*4.. The
activated NF-kB is transported to the nucleus and triggers
the transcription of many genes such as IL-6 and TGF-f14°),
These proteins, in turn, provoke multiple reactions,
including nitric oxide (NO) overproduction, creation of
free radicals, stimulation of apoptotic mechanisms and
enhanced generation of extracellular matrix proteins, thus
leading to renal injury**#”l, Administration of Black and
green tea extracts to mice exposed to renal toxicity by
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oxalate injection, effectively down-modulated the increase
in NF- kB expression, compared with oxalate intoxicated
counterpart group.

CONCLUSION

Sodium oxalate caused a deleterious histological and
immmunohistochemical alterations in mice’ kidney which
coincided with elevated renal biochemical parameters.
Black and green tea extracts could ameliorate sodium
oxalate-induced nephrotoxicity most probably due
to their antioxidant characters. Therefore, the earlier
recommendations to patients suffering from hyperoxaluric
renal diseases and oxalate stone former patients to limit their
consumption of tea and dietary supplements containing tea
should be changed.
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