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Abstract Renal tubular epithelium is the major target for
oxalate induced injury, and sustained hyperoxaluria
together with CaOx crystal formation/deposition may
induce renal tubular cell damage and/or dysfunction.
This may express itself in cell apoptosis. To evaluate the
possible protective effects of certain agents (vitamin E,
potassium citrate, allopurinol, verapamil and MgOH)
on the presence and the severity of apoptotic changes
caused by hyperoxaluria on renal tubular epithelium, an
experimental study in rabbits was performed. Seventy
rabbits were divided into seven different groups (each
group n=10): in group I severe hyperoxaluria was
induced by continuous ethylene glycol (0.75%) admin-
istration started on day 0 and completed on day 14.
Histologic alterations including crystal formation
together with apoptotic changes (by using the TUNEL
method) were evaluated on days 21 and 42, respectively.
In the remaining experimental groups (groups II–VI),
animals received some agents in addition to the induc-
tion of hyperoxaluria in an attempt to limit apoptotic
changes. Group VII) animals constituted the controls.
Kidneys were examined histopathologically under light
microscopy for the presence and degree of crystal
deposition in the tubular lumen. The percentage of
apoptotic nuclei in the control group was significantly
different from the other group animals (2.9–2.4%) in all
study phases (P<0.05). Apart from potassium citrate
and allopurinol, the other medications seemed to
prevent or limit the formation of apoptotic changes in
renal tubular epithelium during the early period

(day 21). The percentage of positively stained nuclei in
animals undergoing potassium citrate medication ran-
ged from 24.3% to 28.6%, with an average of 27.1%.
This was 18.4% in animals receiving allopurinol. On the
other hand, animals receiving magnesium hydroxide
(MgOH), verapamil and vitamin E demonstrated limited
apoptotic changes (11.2, 9.7, 8.7%, respectively) during
this phase(P<0.05). In the long-term (day 42), the ani-
mals receiving allopurinol and eitamine E showed a
decrease in the percentage of the positively stained nuclei
(13.5% and 8.3%, respectively). Animals in the other
groups showed an increase in the number and percent-
age of apoptotic cells. Although, there was a significant
decrease in the mean values of apoptosis in animals
receiving vitamine E (8.7%–8.3%) and allopurinol
(18.4%–13.5%) (P<0.05), animals on verapamil,
MgOH and potassium citrate medication had an
increase in these values or the change was not found to
be significant. In the light of our findings and results
from the literature, it is clear that that both hyperox-
aluria and CaOx crystals may be injurious to renal
epithelial cells. Apoptotic changes observed in renal
tubular epithelial cells induced by massive hyperoxaluria
might result in cell degradation and may play a role in
the pathologic course of urolithiasis. Again, as demon-
strated in our study, the limitation of both crystal
deposition and apoptotic changes might be instituted by
some antioxidant agents as well as urinary inhibitors.
Clinical application of such agents in the prophylaxis of
stone disease might limit the formation of urinary cal-
culi, especially in recurrent stone formers.
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Introduction

Hyperoxaluria is the main risk factor for human idio-
pathic calcium oxalate (CaOx) stone formation, and the
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induction of hyperoxaluria is a powerful driving force in
stone formation and the development of CaOx urolith-
iasis [9, 10, 11, 18]. Both clinical and experimental
studies suggest that renal tubular epithelium is the major
target for oxalate induced injury and sustained hyper-
oxaluria, and that CaOx crystal formation/deposition
may result in injury to the renal tubular cells [8, 14, 21].
Thus, it is clear that the interaction between renal epi-
thelial cells and CaOx crystals and/or oxalate ions play a
critical role in the formation of urinary calculi [8, 14, 21].
Although crystals themselves can cause cell damage, the
cause and effect relationship between injury and crystals
has not yet been elucidated. However, recent studies on
LLC-PK1 cells have shown that oxalate exposure can
produce a variety of changes in renal epithelial cell
morphology and function, including increased cellular
proliferation and, at elevated concentrations, cell death.
Again, the induction of hyperoxaluria is associated with
necrosis and cell injury in the renal tubular epithelium.
These and other studies demonstrate that the interaction
of oxalate ions with renal epithelial cells elicits a pro-
grammed sequence of events that can lead to cell pro-
liferation or cell death [19, 34, 35, 41]. Thus, a high
oxalate concentration together with CaOx crystal for-
mation/deposition may induce renal tubular cell damage
and/or dysfunction which may express itself as cell
apoptosis.

The etiopathogenesis of cell injury during hyperox-
aluric diet involves induced lipid peroxidation in
tubular cells, which usually leads to the functional
impairment of cellular components by reactive oxygen
species (ROS) formation due to oxidative stress [19, 20,
37, 39, 41]. Apart from possible tubular ischemia,
which gives rise to ROS production as a result of lipid
peroxidation, results of some animal studies suggest
that the interaction of oxalate ions with renal epithelial
cells may initiate a programmed sequence of events
which can lead to cell proliferation or cell death [19,
30, 33, 34, 42].

Taking the injurious effects of hyperoxaluria causing
crystal deposition in renal parenchyma and apoptotic
changes in renal tubular epithelium (as a result of ROS
production) into account, it may be useful to apply
protective agents in an attempt to prevent or at least to
limit the extent of the pathologic alterations. While
verapamil and nifedipine (calcium channel blocking
agents) were found to limit the histologic changes as well
as crystal deposition induced by certain renal trauma [4,
28, 39, 38], potassium citrate was found to limit stone
recurrence after SWL [37], and allopurinol as well as
vitamin E have been used as antioxidant agents to
minimize the effects of free oxygen radical formation in
certain tissues [4, 6, 25, 26, 43, 44].

In this present animal study, it was our main goal to
evaluate the possible protective effect of some definite
agents (vitamin E, MgOH, allopurinol, potassium cit-
rate and verapamil) on the presence and degree of
apoptotic changes in renal tubular epithelial cells
induced by an hyperoxaluric diet in a rabbit model.

Materials and methods

TMale, New Zealand white rabbits, each weighing 3–
5 kg, were used. All animals were fed standard chow and
kept under normal room conditions. Following a com-
plete physical examination, all animals underwent bio-
chemical evaluation including blood and urine analyses
and stool examination. Ultrasonographic examination
of the kidneys was performed to detect any anatomic
abnormalities. No pathologic findings or urinary tract
infectionswere found.

The rabbits were then divided into seven groups (each
with n=10): group I, the animals were given an hyper-
oxaluria inducing diet of 0.75% ethylene glycol (EG) in
distilled drinking water from day 0 to day 14. Animals
in groups II–VI received some protective agents in
addition to the induction of hyperoxaluria by EG: group
II, vitamin E (50 IU/day); group III, magnesium
hydroxide (MgOH, 200 mg/day); group IV, allopurinol
(200 mg/kg); group V, potasium citrate (1 g/kg/day);and
in group VI, verapamil (1 mg/kg). Lastly, group VII
comprised control animals. While the induction of hy-
peroxaluria was made by EG in distilled drinking water,
antioxidant protective agents were given via a feeding
catheter. Control group animals received only distilled
drinking water during all study phases. During the
experimental period, all animals were provided regular
rabbit chow ad libitum. Following a 2 week hyperox-
aluric diet (days 0–14) in group I and additional pro-
tective agents in groups II–VI and a normal diet in
group VII, five animals were killed on both day 21 and
day 42. Bilateral flank incision was performed and the
kidneys were removed for histopathologic evaluation.

Evaluation of renal tissue histology and crystal
deposition were performed under light microscopy.
Tissue specimens were fixed with 10% formalin solution
and then embedded in paraffin blocs. After this proce-
dure, 3–5 lm sections were cut with a microtome for
hematoxylin and eosin staining. The tissue sections were
examined under a light microscope (10·40, 10·10). By
utilizing a specific grading system, tubules demonstrat-
ing granular crystallization and/or calcification were
counted in a 1 cm2 area and the extent of the crystalli-
zation was graded as follows: minimal (+), crystal and/
or calcification in 1–3 tubules; moderate (++) same
findings in 4–7 tubules; severe (+++) same findings in
‡7tubules.

In situ detection of apoptosis

The in situ detection of renal tubular cells with DNA
strand breaks in paraffin-embedded parenchymal sec-
tions was achieved by the terminal deoxynucleotidyl
transferase (TdT)-mediated dUTP in situ nick and-
labeling (TUNEL) method using an ApopTag kit (On-
cor, Gaithersburg, Md.). Briefly, after deparaiffinization
and rehydration, tissue sections were incubated with
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proteinase K (200 lg/ml, Oncor) for 20 min at room
temperature, washed in distilled water and then treated
with 3% hydrogen peroxide in PBS for 10 min at room
temperature to quench endogenous peroxidase activity.
Sections were incubated with terminal deoxynucleotidyl
transferase (TdT) and dioxigenin-1, l-dUTP in a
humidified chamber at 37�C for 1 h and then treated
with antidioxigenin-peroxidase at room temperature for
30 min. Subsequently, sections were exposed to 0.05%
substrate for 7 min, washed with distilled water and
PBS, and then counterstained for 10 min. Sections were
then dehydrated in 100% butanol, cleared in xylene and
mounted with Entellan (Merck Scientific, Fairlacon,
N.J.) Negative controls were obtained by omitting the
TdT enzyme, and the same volume of distilled water was
used. The Apoptag kit used during the study contained
the positive controls.

Quantification of apoptosis in tubular cells

To quantitate the incidence of apoptosis at each time
point, the percentage of the number of TUNEL-positive
cell nuclei within a renal tubule cross section was been
calculated after counting 1,000 tubular cells in each
sample. Scoring the degree of apoptosis was defined as;
+ (limited) apoptosis less than 5 %; >++ (moderate)
apoptosis ranging from 5 to 10%; +++ (evident)
apoptosis >10%

Results

Light microscopy findings

Examination of renal parenchymal tissue specimens
from rabbits on an hyperoxaluric diet for 2 weeks re-
vealed various degrees of crystal deposition, mainly in
the tubular lumen. Apart from a slight degree of crystal
deposition, no notable histologic alteration could be
demonstrated in the interstitial areas. Crystal deposition
was widespread in two rabbits, moderate in two and
minimal or slight in one rabbit during the early phase
(day 21), and tended to be self limiting in the long-term
(day 42) evaluation. At this time, there were two mod-
erately and one severely affected rabbit. Different

degrees of crystal deposition were present in the other
specimens obtained from animals given protective
agents. The degree of crystal deposition in all groups is
given in Table 1.

Evaluation of tissue specimens from the control
group revealed no detectable crystal formation/deposi-
tion.

Evaluation of apoptotic changes during early follow-up
(day 21)

More apoptotic changes were present close to crystal
deposits. Thus, in addition to hyperoxaluria itself,
crystal formation and deposition also affected the degree
of apoptosis in tubular cells. Apoptotic changes were
found to be more prominent in tubular cells surrounding
the crystals, however some degree of apoptotic change
could also be found in tubular cells, even when no
crystal formation was seen. On the other hand, apop-
totic changes were prominent in distal tubular as well as
collecting duct cells. The degree of apoptotic change was
less prominent in proximal tubular cells.

A larger number of positively stained nuclei were
found on evaluation during the early phase (day 21)
follow-up in animals receiving potassium citrate medi-
cation (Fig. 1), and to some extend in animals receiving
allopurinol. The percentage of positively stained nuclei
in animals undergoing potassium citrate medication
ranged from 24.3% to 28.6% with an average value of
27.1%. This value was 18.4% in animals receiving
allopurinol. Animals receiving MgOH, verapamil and
vitamin E showed limited apoptotic changes during this
early phase examination (Fig. 2). The percentage of
positively stained nuclei in the animals receiving differ-
ent protective agents during the early phase are listed in
Table 2. Verapamil and vitamine E seemed to prevent or
limit the formation of apoptotic changes in renal tubular
epithelium during the early period. Although the pro-
tective effect was found to be meaningful in these ani-
mals, it was limited in animals receiving other
medications. There was a significant difference between
the control group and the all other groups with respect
to the apoptotic changes during early-term evaluation
(Table 2).

Table 1 Evaluation of tubular
crystal deposition in all groups.
Fisher’s exact test was used to
test for statistical significance;
+ (minimal) 1–3 tubules in
each cross section, ++
(moderate) 4–7 tubules in each
cross section, +++ (severe) 7
or more tubules in each cross
section

Groups Follow-up

Early (day 21) Late (day 42) P (week-month)

+ ++ +++ + ++ +++

Hyperoxaluria treated 1/5 2/5 2/5 – 2/5 1/5 0.05
MgOH 1/5 2/5 1/5 – 2/5 1/5 0.05
K-citrate 1/5 1/5 1/5 – 1/5 1/5 0.05
Verapamil – 1/5 1/5 – 1/5 – 0.05
Vitamin E 1/5 – 1/5 1/5 – – <0.05
Allopurinol 1/5 1/5 – 1/5 – – <0.05
Control – – – – – –
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Evaluation of apoptotic changes during long-term
follow-up (day 42)

During long-term follow-up (day 42), among the groups
receiving medications apart from those receiving allo-
purinol and vitamin E, a considerable percent increase in
the number of positively stained apoptotic nuclei was
noted. While the animals receiving allopurinol and
vitamin E showed a decrease in the percent positively
stained nuclei (Fig. 3), all the other animals showed an
increase in the number and percentage of apoptotic cells.
While there was a decrease in the mean percentage of
apoptotic nuclei in animals receiving vitamin E (from
8.7% to 8.3%) and allopurinol (from 18.4% to 13.5%);
in animals undergoing verapamil, MgOH and potassium
citrate medication there was an increase in the mean
value or the change was not found to be significant
(Table 2). Thus, apart from allopurinol and vitamin E,
all other medications failed to exhibit a protective effect
on the presence and degree of apoptotic changes in renal

Fig. 3 Limited tubular apoptotic changes in the cross section of a
kidney obtained from an animal treated with allopurinol at
1 month follow-up. (TUNNEL method)

Table 2 Evaluation of the percentage of tubular apoptotic cells in all groups (A, B, C, D, E, F, G) during (1) early, and (2) late follow-up.
P<0.05 decreased apoptotic index, P>0.05 no significant change in apoptotic index

Groups

A1 B1 C1 D1 E1 F1 G1

Days Hypeoxaluria treated Verapamil MgOH K-Citrate Allopurinol Vitamin E Control
21 15.2–19.8 8.4–10.2 9.1–12.0 24.3–28.6 16.0–19.2 7.5–9.4 2.4–3.2
mean 17.3±2.1 9.7±0.85 11.2±1.45 27.1±2.1 18.4±1.5 8.7±0.9 2.9±0.4

A2 B2 C2 D2 E2 F2 G2
42 20.4–21.8 28.2–31.5 34.3–37.0 28.0–30.5 12.4–14.3 9.1–12.2 1.7–2.6
mean 20.9±0.7 29.3±1.65 36.2±1.30 29.7±1.20 13.5±0.95 8.3±1.5 2.4±0.45
v2-test results*
A1-B1 P<0.05 A2-B2 P>0.05
A1-C1 P>0.05 A2-C2 P>0.05
A1-D1 P>0.05 A2-D2 P>0.05
A1-E1 P>0.05 A2-E2 P<0.05
A1-F1 P<0.05 A2-F2 P<0.05
A1,B1,C1,D1,E1,F1–G1 P<0.05 A2,B2,C2,D2,

E2,F2–G2
P<0.05

Fig. 1 Apoptotic changes in a cross section of the kidney obtained
from hyperoxaluria at early follow-up (day 21). TUNEL positive
cell nuclei, arrows, and apoptotic nuclei (AN), were stained dark
purple and normal cell nuclei are without any evident staining,
arrow, normal nuclei (NN)

Fig. 2 Moderate apoptotic changes in tubular cells, arrows,apop-
totic nuclei (AN) and normal nuclei (NN), in the cross section of a
kidney obtained from an animal treated with verapamil at 1 month
follow-up. (TUNEL method)
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tubular epithelial cells with a persistence and/or increase
of apoptotic changes. Evaluation of tissue sections
obtained from control animals did not demonstrate any
significant evidence of apoptotic changes in tubular
epithelial cells. The percentage of TUNEL-positive
nuclei varied from 2.4% to 3.2% (mean 2.9%) at day 21
and 1.7%–2.6% (mean 2.4%) at day 42 (during the
long-term phase), and positive staining of cell nuclei was
present in a very limited number of tubules. However, as
seen in Table 2, there was a significant difference
between the control group and the all other groups with
respect to the apoptotic changes during long-term
evaluation.

The degree of crystal deposition in all groups is given
in Table 1.

Discussion

Hyperoxaluria is the main risk factor for idiopathic
calcium oxalate (CaOx) stone formation [7, 9, 12, 18],
and experimental studies have demonstrated that the
interaction between renal epithelial cells and CaOx
crystals and/or oxalate ions plays a critical role in the
formation of urinary stones. Induction of hyperoxaluria
has been found to be associated with cellular injury and
necrosis in tubular epithelial cells [9, 10, 12, 13, 21].
Demonstration of enzymuria, proteinuria as well as
membranuria following an hyperoxaluric diet in animal
models also supports the proposal that either hyperox-
aluria itself or in combination with CaOx crystal for-
mation could be injurious to renal tubular epithelial cells
[14].

Moreover, injury to the tubular cells was observed
even in the absence of crystalluria, suggesting that the
oxalate induced damage was not due solely to injury
produced by CaOx crystals [15, 18, 22].

Apart from the original study by Khan etal. [12],
other groups were also able to demonstrate the func-
tional impairment of cellular components by ROS [19,
20, 37, 39, 41]. Scheid et al. demonstrated that of the
various mono-and dicarboxylates examined in their
study, oxalate was the most potent at increasing free
radical production and cell death [35]. Apart from pos-
sible tubular ischemia which gives rise to ROS produc-
tion, results of some animal studies led the authors to
propose that the interaction of oxalate ions with renal
epithelial cells may initiate a programmed sequence of
events which can lead to cell proliferation or death, in
other words [19, 30, 33, 34, 42]. Koul et al. were able to
show that there may be a causal link between the oxa-
late-induced increase in C-myc gene expression and
oxalate-induced increase in cellular proliferation [19].
Taking the results of recent studies on LLC-PK1 cells
into account, oxalate exposure has been found to
produce a variety of changes in renal epithelial cell
morphology and function, including increased cellular
proliferation and, at elevated concentrations, cell
death. These and other studies demonstrate that oxalate

interactions with renal epithelial cells may elicit a pro-
grammed sequence of events that can lead to cell pro-
liferation or cell death [19, 20, 23, 33, 34, 42]. Thus, as a
distinctive form of cell death, apoptosis could also be
responsible for the injury induced by hyperoxaluria. To
support this proposal, we were able to demonstrate
apoptotic changes in rabbit renal tubular cells, the
degree and extent of which were found to be time
dependent [32].

After observing the injurious effects of hyperoxaluria
causing crystal deposition in renal parenchyma and
apoptotic changes in renal tubular epithelium, physi-
cians began to search for protective agents to prevent or
at least minimize the extent of these pathologic altera-
tions. Among the agents used, verapamil and nifedipine
(calcium channel blocking agents) were found to limit
histologic changes and crystal deposition, possibly
induced by blunt renal trauma [2, 27, 28, 31, 38, 39].
Potassium citrate was found to limit stone recurrence
after SWL [37] and allopurinol as well as vitamin E have
been used as antioxidant agents in an attempt to mini-
mize free oxygen radical induced alterations in certain
tissues [1, 4, 5, 6, 25, 26, 36, 43, 44]. Magnesium is a
potent inhibitor of calcium oxalate crystallization in
vitro and accounts for about 20% of urine’s total
calcium phosphate crystallization inhibitory activity.
However, studies dealing of its potential inhibitory ef-
fects on crystallization as well as subsequent stone for-
mation could not demonstrate a discrete, positive benefit
although there were some limited, contradictory results
[16, 17, 24, 40]. As a very potent antioxidant, vitamin E
appears to be an effective scavenger, especially in pre-
venting the deleterious effects of free radicals in paren-
chymateous organs [5, 25, 29, 36, 44]. It has been shown
that a deficiency of vitamin E, which protects well
against free radical formation, leads to parenchyma-
teous organ damage, for example in testes or kidneys.
Antioxidant agents such as vitamin E and allopurinol
have been regarded and applied as protective agents in
order to prevent parenchymal damage by inhibiting
ROS formation. In the pharmacological activity of
allopurinol and its metabolites, the main mechanism of
action was found to be the inhibition of xanthine oxi-
dase.

Our results demonstrate significant crystal formation/
deposition together with apparent TUNEL-positive cell
apoptosis in the early phase of follow-up (day 21).
Apoptotic changes tended to be widespread and evident
in animals, forming a higher degree of CaOx crystals in
tubules. Quantitative examination of cell apoptosis also
demonstrated the predominance of tubular cell apop-
tosis in early follow-up. However a number of animals
showed that both apoptotic changes and crystal depo-
sition tended to decrease during late follow-up exami-
nation (day 42). Although apoptotic changes
disappeared and were self limiting to a certain propor-
tion of tubules; crystal deposition tended to persist to
some extent in some tissue sections after 6 weeks,
although the hyperoxaluric diet has been discontinued.
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No crystal deposition with even insignificant apoptotic
changes could be demonstrated in control group ani-
mals.

While animals receiving EG alone showed an evident
percentage of apoptotic changes in renal tubular cells
during the early hyperoxaluric period, both crystal
deposition and/or apoptotic changes were found to be
limited in animals receiving protective agents. Of these
agents, vitamin E and allopurinol pre-treatment were
more effective in limiting the apoptotic changes. In this
way, the presence and degree of such changes in tubular
epithelial cells were limited to a considerable extent
when compared with other groups. MgOH, potassium
citrate and verapamil pre-treatment were found to be
less effective. Although pre-treatment with MgOH re-
vealed limited apoptotic changes during the early phase,
the percentage of apoptotic changes increased during
long-term follow-up under this medication. In summary,
pre-treatment of the animals with vitamin E and allo-
purinol provided a significant protection from calcium
oxalate deposition and apoptosis in tubular cells.
However, the doses of the agents used in the animal
model in this study do not match those used clinically in
humans.

In the light of our findings and those in the literature,
it is clear that both hyperoxaluria itself and CaOx crystal
formation are injurious to renal epithelial cells. These
findings supported the hypothesis that apoptotic chan-
ges do occur during the hyperoxaluric phase, and that
these alterations may result from free radical formation
causing lipid peroxydation. Apoptotic changes observed
in renal tubular epithelial cells damaged by massive
hyperoxaluria might result in cell degradation and could
be responsible for the pathologic course of urolithiasis.
Again, as demonstrated in our study, limitation of both
crystal deposition and apoptotic changes might well be
instituted by some antioxidant agents as well as urinary
inhibitors. Clinical application of such agents (especially
vitamin E and allopurinol) in the prophylaxis of stone
disease might limit the formation of urinary calculi,
especially in recurrent stone formers.
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