Urol Res (2012) 40:17-25
DOI 10.1007/s00240-011-0388-4

ORIGINAL PAPER

Hyperoxaluria-induced tubular ischemia: the effects of verapamil
and vitamin E on apoptotic changes with an emphasis on renal

papilla in rat model

Orhan Tanriverdi - Dilek Telci - Mustafa Aydin -
Isin Dogan Ekici + Cengiz Miroglu -
Kemal Sarica

Received: 20 February 2011/ Accepted: 26 April 2011/Published online: 24 May 2011

© Springer-Verlag 2011

Abstract An experimental study in rats was performed to
evaluate the presence and the degree of both tubular
apoptotic changes and crystallization at cortical, medullar
and papillary regions of the kidney during hyperoxaluric
phase and assess the possible protective effects of vitamin
E and verapamil on these pathologic changes (particularly
in papillary part of the affected kidneys). A total of 32 rats
have been included into the study program. Hyperoxaluria
was induced by continuous administration of ethylene
glycol (0.75%). In addition to hyperoxaluria induction,
animals in Groups 2 and 3 did receive a calcium channel-
blocking agent (verapamil) and vitamin E, respectively.
Histologic alterations of the kidneys including crystal for-
mation together with apoptotic changes were evaluated on
days 1, 14 and 28, respectively. Both apoptotic changes and
the presence and degree of crystallization were assessed
separately in renal cortical region, medulla and particularly
papillary parts of the removed kidneys. Although
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verapamil did well limit the degree of crystal formation
and apoptosis and brought it to the same levels observed in
control group animals in all parts of the kidneys during
intermediate phase, addition of vitamin E was failed to
show the same protective effect during both intermediate
and late phase evaluations. As demonstrated in our study,
the limitation of both crystal deposition and apoptotic
changes might be instituted by calcium channel-blocking
agents. Clinical application of such agents in the prophy-
laxis of stone disease might limit the formation of urinary
calculi, especially in recurrent stone formers.
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Introduction

Clinical and experimental studies suggested that renal
tubular epithelium is the major target for oxalate-induced
injury where sustained hyperoxaluria and subsequent cal-
cium oxalate (CaOx) crystal formation/deposition may be
injurious to the renal tubular cells [1-4]. The interaction
between these cells and CaOx crystals and/or oxalate ions
is likely to play a critical role in the formation of urinary
calculi [5-7].

Related with this issue, studies on LLC-PK1 cells have
clearly shown that oxalate exposure can produce a variety
of changes in renal epithelial cell morphology and func-
tion, including cell necrosis at elevated concentrations. The
interaction between oxalate ions with renal epithelial cells
was found to elicit a programed sequence of events that
can lead to renal tubular cell damage and/or dysfunction
which may express itself as cell apoptosis [8, 9]. The
underlying mechanism of cell injury during hyperoxaluria
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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. Hyperoxaluria-induced tubular
ischemia has been suggested as the main responsible factor
initiating the programed sequence of events leading to cell
death [9-15].

Keeping the crucial role of tubular ischemia in crystal
formation in renal parenchyma in mind, the ongoing
controversy about the primary site of calcium oxalate
stone (CaOx) formation gains more importance than ever.
Anatomical studies evaluating the pathogenesis of
Randall’s subepithelial plaques have clearly demonstrated
a close association between the renal vasculature and
renal tubules [16, 17]. It has been again hypothesized that,
depending on the highly characteristic blood supply of the
kidneys where smallest branches “end arteries” in nature,
the exceptional papillary environment with low oxygen
and high carbon dioxide is of interest in this context, and
its impact on CaOx toxicity to renal cells has to be
evaluated. Being mostly supplied by end arteries, low O,
and high CO, pressure in papillary region of the kidney
influence the metabolism of interstitial and tubular cells,
and cell death may occur more commonly in these spe-
cific portions of the kidneys which promote subsequent
crystal deposition and possible stone formation [18-20].
Thus, ischemia-induced apoptotic changes occurring
mostly in the papillary region of the involved kidneys will
cause crystal deposition in a more common manner than
the other parts of the kidneys.

Last but not least, taking the injurious effects of
hyperoxaluria causing crystal deposition in renal paren-
chyma and apoptotic changes in renal tubular epithelium
(as a result of ischemia-induced ROS production) into
account, studies focused on the possible protective
effects of some agents in an attempt to prevent or at
least limit ischemia formation and related pathologic
alterations [21-25]. Among these agents, 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 [26-30],
potassium citrate was found to limit stone recurrence
after SWL [31-33], and allopurinol [27, 34-36] and
vitamin E have been used as antioxidant agents to
minimize the effects of lipid peroxidation in certain tis-
sues [37-40].

In this present animal study, we aimed to evaluate the
presence and degree of intratubular crystal formation as
well as cell apoptosis in different sections but especially in
the papillary region of the involved kidneys and possible
protective effect of some definite agents (verapamil and
vitamin E) on these changes induced by hyperoxaluria in
rat model.
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Materials and methods

A total of 32 Sprague-Dawley rats (350400 g of each)
were included into the study program after obtaining the
ethical committee approval from the animal laboratory of
the medical faculty. All animals were kept in special cages
under normal room conditions (with temperatures of
23 4+ 1°C and humidity of 55% =+ 5%) with 12 h of light
and dark periods. Following a complete physical exami-
nation, all animals underwent biochemical evaluation
including blood and urine analyses and stool examination
for parasitic infections which may affect the renal paren-
chymal alterations induced by hyperoxaluria. No patho-
logic anatomical findings and/or infections of the urinary
tract were found. Apart from the study protocol, no specific
treatment has been applied.

Animals (n = 32) were then divided into four main
groups: while three study groups contained nine animals
(3 animals were evaluated separately during early, inter-
mediate and late follow-up for pathologic alterations),
control group was consisted of five animals. In Group I
(EG study group) hyperoxaluria was induced by 0.75% EG
containing drinking water. In addition to hyperoxaluria
induction, animals in Group 2 were given verapamil
(1 mg/kg, through feeding tube); in Group 3 they were given
vitamin E (150 mg/kg through feeding tube). Subgroup
animals (n = 3) in all study groups were evaluated during
early (24 h), intermediate (14 days) and late (28 days).
Animals in Control group received no specific medication.

Animals were euthanized, and bilateral flank incision
was performed to remove both kidneys for histopathologic
evaluation. Histologic alterations including crystal forma-
tion (under light microscopy) together with apoptotic
changes (by using the TUNEL method) were evaluated on
days 1 (short term), 14 (intermediate term) and 28 (late
term), respectively. During all evaluations, both apoptotic
changes and the presence and degree of crystallization
were assessed separately in renal cortical region, medulla
and particularly papillary parts of the removed kidneys.

Evaluation of apoptotic changes

Terminal deoxynucleotidyltransferase-mediated deoxyuri-
dine triphosphate nick-end labeling assay (TUNEL) has
been used to evaluate the tubular apoptotic changes. For
detection of apoptotic nuclei in frozen kidney sections from
male Sprague-Dawley rats treated with ethylene glycol
(EG) alone or ethylene glycol and vitamin E (EGE), or
ethylene glycol and the drug verapamil (EGV), TUNEL
was used to mark cells fluorescently with DNA fragmen-
tation. An In Situ Cell Death Detection Kit (Roche Applied
Science, USA) was used according to manufacturer’s
suggestions. Briefly, slides with kidney sections were air
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dried at 37°C for 20 min, fixed with 4% paraformaldehyde,
washed in PBS, permeabilized with 0.1% Triton X-100 in
0.1% sodium citrate and pre-treated with microwave irra-
diation in 0.1 M citrate buffer for 1 min. The TUNEL
reaction was carried out for 1 h at 37°C with deox-
ynucleotidyltransferase (TdT) and FITC-labelled dUTP;
negative control samples were incubated without the TdT
enzyme. Samples were then counterstained with nuclear
dye DAPI in order to visualize all the nuclei and mounted
with anti-fade solution (Sigma). DAPI- and TUNEL-posi-
tive nuclei in kidney cortex, medulla and papilla were
visualized by a Nikon Eclipse fluorescence microscope by
capturing five images for each kidney region for a total of
15 images per experimental sample. For quantification, the
Image Analysis program Scion Image (National Institute of
Health) was used to analyze the total number of cells which
was given by DAPI-stained nucleus and that of apoptotic
cells which were positively stained with the TUNEL
labeling. The percentage of apoptotic cell death was cal-
culated by the number of TUNEL-stained nuclei per total
number of DAPI-stained nuclei multiplied by 100.

Evaluation of tubular crystallization
Evaluations of renal crystal deposition were performed

under light microscopy. The tissues were fixed in 10%
formalin for 24 h. After routine tissue processing, the

tissues were embedded in paraffin. 4-pm-thick sections
were stained with hematoxylin and eosin for histopathol-
ogical evaluation. Crystal deposition and calcification were
evaluated under light microscopy by calculating the per-
centage of crystal granules and/or calcification in tubules of
cortical area, medullar area and renal papilla, respectively.

Statistical analysis

All statistical analyses have been made with NCSS 2007
package program. During evaluation of the data obtained,
in addition to the definitive statistical methods [mean val-
ues, standard deviation, median value, interquartile range
(IQR)], Kruskal-Wallis test has been used to make com-
parison between the groups, and finally, Dunn’s multiple
comparison test has been used to compare the data between
subgroups. p < 0.05 value was accepted as statistically
significant.

Results
Tubular crystallization at papillary region
Although no significant crystallization could be demon-

strated in all study groups during early phase evaluation
(24 h) (Table 1), verapamil was found to be effective

Table 1 Evaluation of the presence and the degree of crystallization during early, intermediate and late phase evaluation in different parts of the

affected kidneys

Cortex Medulla Papilla

EG group
Early 0£0 0 (0-0) 1+£1.73 0 (0-3) 242 2 (04)
Intermediate 48.33 + 50.08 45 (0-100) 38 £ 28.93 50 (5-59) 54.67 £ 23.35 50 (34-80)
Late 58.67 £ 52.21 76 (0-100) 36.67 £ 40.42 30 (0-80) 1533 £ 21.46 5 (1-40)
p value 0.230 0.166 0.079

EGV group
Early 0£0 0 (0-0) 0£0 0 (0-0) 0.33 £ 0.58 0 (0-1)
Intermediate 0£0 0 (0-0) 0£0 0 (0-0) 0£+0 0 (0-0)
Late 60.33 £+ 52.35 80 (1-100) 29.33 £+ 22.94 40 (3-45) 2233 £ 17.79 30 (2-35)
p value 0.022 0.022 0.035

EGE group
Early 0£0 0 (0-0) 0+0 0 (0-0) 1+£1 1(0-2)
Intermediate 12.67 £+ 4.51 13 (8-17) 23 £7.21 25 (15-29) 733 £1.53 7 (6-9)
Late 56.67 £ 45.09 60 (10-100) 53.33 £ 45.09 50 (10-100) 18 +£5.29 20 (12-22)
p value 0.046 0.055 0.027

Control group
Early 0£0 0 (0-0) 0£+0 0 (0-0) 0+0 0 (0-0)
Intermediate 0£0 0 (0-0) 0£+0 0 (0-0) 0+0 0 (0-0)
Late 0£0 0 (0-0) 0+0 0 (0-0) 00 0 (0-0)

Bold values are statistically significant at p < 0.05

EG ethylene glycol, EGV ethylene glycol + verapamil, EGE ethylene glycol + vitamin E
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enough to limit crystal formation at this particular level
during intermediate phase (14 days) being similar to the
findings obtained during early phase (p > 0.05). During
intermediate phase, however, while statistically significant
crystallization (up to 80%) was present in Group 1 (Fig. 1;
Table 1), both verapamil (Fig. 2) and vitamin E did tend to
limit the degree of crystal formation during this period.
However, this difference was statistically significant in
animals receiving verapamil (Group 2) (p < 0.05; Fig. 3).

Finally, while late phase (28 days) evaluation did show
the persistence of crystal formation in Group 1 animals to
some extent (40%, which was statistically different from
control group animals) (p < 0.05; Table 1) unlike to the
expected values, similar degree of crystallization has been
observed both in Group 2 and 3 animals which was sig-
nificantly higher than control group animals (p < 0.05;
Fig. 3).

Tubular crystallization at medullar region

During early phase evaluation, no statistically significant
crystal formation could be seen at medullar level in all
groups (p = 0.261; Fig. 3). In Group 1 animals evident
crystallization has been noted during all phases (early,
intermediate and late phase) which varied between 0 and
80% (p = 0.166; Table 1). In Group 3, however, there was
no significant difference between crystal formation during
all phases, and vitamin E application did not seem to be
effective to limit crystal formation (p = 0.055; Table 1).
Although verapamil administration has been found to be
significantly effective in limiting crystal formation during
intermediate phase (14 days), this effect has not been
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Fig. 1 Pathology: marked crystal deposition (arrows) in the tubules
of papillary areas after ethylene glycol alone during intermediate
phase
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Fig. 2 Pathology: crystal deposition is limited by verapamil, espe-
cially in the papillary tubules during intermediate phase

observed during late phase assessment (p = 0.022;
Table 1), where crystal formation persisted during this
phase when compared with early phase. Thus, the protec-
tive effect was not significant during late phase assessment
(p > 0.05; Fig. 3).

In summary, evaluation of crystallization at medullar
level during late phase (28 days) did reveal significant
changes (similar to EG only group) in Groups 2 and 3
indicating the lack of efficacy with two medications
(p < 0.05; Fig. 3).

Tubular crystallization at cortical region

During early phase evaluation, no statistically significant
crystal formation could be seen at cortical level in all
groups (p > 0.05; Fig. 3). In Group 1 animals, evident
crystallization has been noted during all phases (early,
intermediate and late phase) which varied between 0 and
100% (Table 1). In Group 3 again, there was no significant
difference between crystal formation during both interme-
diate and late phases, and vitamin E application did not
seem to be effective to limit crystal formation (Fig. 3).

Evaluation of tubular crystallization in animals receiv-
ing verapamil, however, did reveal a statistically significant
difference between early, intermediate and late follow-up
(p = 0.022; Table 1). While there was a significant crys-
tallization during late phase with a significant difference
when compared with both early and intermediate phases,
there was no statistically significant difference between
early and intermediate phases in terms of tubular crystal-
lization (p > 0.05; Table 1).

Evaluation of tubular crystallization during late phase
showed significant crystallization in all three study groups
when compared with control one (p < 0.05; Fig. 3), indi-
cating the lack of efficacy of both medications given.
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Fig. 3 Early, intermediate and 80 -
late findings of crystallization

according to renal anatomy. *In
animals receiving verapamil,

the degree of crystallization was
significantly limited in cortex

medullar and papillar region,
and the findings were similar to

the early phase with limited or
no crystallization. "During late
phase follow-up, crystallization
was found to be similar to EG
only group in both group of

% crystallization
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However, the degree of crystallization was significantly
lower (p < 0.05) than the animals receiving EG only or
additional vitamin E (similar to control group animals) in
animals receiving verapamil during intermediate phase.
These findings have clearly indicated the efficacy of
verapamil in limiting crystallization during this phase
(Fig. 3).

Evaluation of the apoptotic changes

In animals receiving hyperoxaluric diet (EG only), similar
degree of tubular apoptosis has been observed in cortical,
medullar as well as papillar region of the kidneys during
early phase (p = 0.670) (Table 2). During intermediate
and late phase, however, while tubular apoptosis was more
evident in papillary region than that of medullar and cor-
tical region (p = 0.048, p = 0.045; Table 2), there was no
significant difference between the degree of tubular apop-
totic changes in cortical and medullar regions during these
phases.

Verapamil administration did not change the presence
and the degree of apoptotic changes in cortical, medullar
and papillar region during early phase evaluation, and there
was no statistical difference between these regions
(p = 0.099) (Table 2). Although the degree of apoptosis
was found to be significantly lower in cortical region than
that of medullar and papillar region (p = 0.027) (Table 2),
when compared with the other groups the degree of
apoptosis in this region did not show any significance at all
(p > 0.05). During intermediate and late phases, similar to
the control group findings, papillar apoptotic changes was
found to be significantly lower in animals receiving
verapamil than the ones receiving EG only and vitamin E
(Fig. 4).

Last but not least, evaluation of the specimens obtained
from animals receiving vitamin E did show no significant
difference in apoptotic changes between cortical, medullar
and papillar regions during early phase (p = 0.587;
Table 2). During intermediate and late phase, however, the
degree of papillar tubular apoptosis has been found to be
higher than cortical and medullar apoptotic changes
(p = 0.027, p = 0.046). Again, papillar tubular apoptosis
has been found to be significantly higher than the animals
receiving verapamil and the control group animals (Fig. 4).

Sections consisting of intact papillary parenchyma of rat
treated with EG showed increased number of TUNEL-
positive apoptotic nuclei to total DAPI-stained nuclei ratio
with increased duration of the exposure to EG (Fig. 5a, b,
top panels). Vitamin E co-treatment of rats with EG did not
reduce the number of TUNEL-positive apoptotic nuclei in
kidney papillary sections from intermediate or late phase
animals (Fig. 5a, b, middle panels). However, the number
of nuclei that were stained by the TUNEL was very low in
the papillary cross-sections from rats which received
verapamil co-treatment with EG (Fig. 5a, b, bottom pan-
els). Sections from the control group rats stained in the
TUNEL assay did not show apparent positive staining
where the nuclear DAPI staining was used as reference
(Fig. 5c¢).

Discussion

Both clinical as well as animal studies have clearly shown
that hyperoxaluria is the main risk factor for idiopathic
calcium oxalate (CaOx) crystal formation [2-5] where the
interaction between renal tubular epithelial cells and CaOx
crystals and/or oxalate ions plays a critical role in the
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Table 2 Evaluation of apoptotic changes during early, intermediate and late phase in different sections of the kidneys

Cortex Medulla Papilla p value
EG group
Early 037 £0.26 0.27 (0.18-0.66) 0.29 £ 0.25 0.2 (0.1-0.58) 0.16 £ 0.14 0.19 (0-0.28) 0.670
Intermediate ~ 1.78 + 1.54  1.97 (0.16-3.22) 294 £2.05 3.4 (0.69-4.72) 21.67 £2.61  20.21 (20.11-24.68)  0.048
Late 191 £ 1.27  2.49 (0.45-2.79) 1.48 £ 0.7 1.86 (0.67-1.9) 40.74 £ 3.6 39.45 (37.97-44.81)  0.045
EGV group
Early 1.69 + 1.12 1.6 (0.62-2.86) 1.96 £ 0.24  2.08 (1.68-2.11) 0.38 £ 0.46 0.26 (0-0.89) 0.099
Intermediate 0.6 £ 0.31  0.52 (0.34-0.94) 227 £ 094 2.7 (1.2-2.91) 4.29 + 1.01 4.78 (3.12-4.96) 0.027
Late 0.89 £0.97 0.74 (0-1.92) 444 £ 54 1.71 (0.96-10.66) S5.11 £ 1.75 4.32 (3.89-7.11) 0.148
EGE group
Early 2.18 £3.09 0.82 (0-5.72) 2.66 £ 0.94 2.4 (1.88-3.71) 1.29 £ 1.31 0.83 (0.26-2.76) 0.587
Intermediate  0.39 £+ 0.23 0.3 (0.22-0.65) 2.63 £0.77 222 (2.15-3.51) 20.99 + 4.28  20.35 (17.06-25.55)  0.027
Late 4.89 £ 5.06 3.21 (0.88-10.58) 43 £235 489 (1.71-6.31) 3336 £ 7.77 3333 (25.6-41.14) 0.046
Control group
Early 349 £ 34 3.89 (0-6.79) 339 £249  3.49 (0.95-5.78) 1.82 + 2.19 0.42 (0.12-4.22) 0.675
Intermediate ~ 3.49 £ 3.4 3.89 (0-6.79) 339 £249  3.49 (0.95-5.78) 1.82 + 2.19 0.42 (0.12-4.22) 0.675
Late 349 £ 34 3.89 (0-6.79) 339 £ 249  3.49 (0.95-5.78) 1.82 £ 2.19 0.42 (0.12-4.22) 0.675
EG ethylene glycol, EGV ethylene glycol + verapamil, EGE ethylene glycol + vitamin E
Fig. 4 Evaluation of the tubular 40
apoptosis rate in all groups in 1
different sections of the kidneys. 30 &
*When compared with animals 1
receiving EG only and vitamin 1
E, verapamil administration did 20 - m earl
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P » ) EG Group EGV Group EGE Group | Control Group
formation of urinary stones. Induction of hyperoxaluria has  epithelial cell morphology and function, including

been found to be associated with cellular injury, and
necrosis in these cells and the presence of the injury even in
the absence of crystalluria have clearly suggested that the
oxalate-induced damage was not due solely to injury pro-
duced by CaOx crystals themselves [3-7].

As a result of the possible tubular ischemia which gives
rise to reactive oxygen species (ROS) production,
depending on the data derived from animal studies has led
the authors to propose that the interaction between oxalate
ions and renal epithelial cells may initiate a programed
sequence of events which can lead to cell death, in other
words cell apoptosis [8, 9]. Related with this subject,
studies on LLC-PK1 have clearly demonstrated that oxa-
late exposure may produce a variety of changes in renal
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increased cellular proliferation and, at elevated concentra-
tions, cell death [10-15]. Thus, as a distinctive form of cell
death, apoptosis could also be responsible for the tubular
injury induced by hyperoxaluria [8, 9]. 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 [9].

Keeping the crucial role of tubular ischemia in crystal
formation in renal parenchyma in mind, the ongoing con-
troversy about the primary site of calcium oxalate stone
(CaOx) formation gains more importance than ever. Ana-
tomical studies evaluating the pathogenesis of Randall’s
subepithelial plaques have clearly indicated a close asso-
ciation between the renal vasculature and that of tubules
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Fig. 5 DAPI- and TUNEL- A
stained kidney sections after

treatment with ethylene glycol

(EG) alone, ethylene glycol plus

vitamin E (EG + E), and EG
ethylene glycol plus the drug
verapamil (EG + V). a Rats
exposed to EG and received
vitamin E for 28 days had
positive TUNEL staining while
verapamil treatment led to a
substantial decrease in TUNEL-
positive nuclei. b Similar to
group I, TUNEL-positive
staining was observed in
animals administered EG and
EGE for 14 days unless they
have received verapamil
treatment (EG + V). ¢ Control
group showed no positive
TUNEL staining in the nucleus. C
Scale bar 50 pm

DAPI

EG+E

EG+V

[16, 17]. It has been again hypothesized that the excep-
tional papillary environment with low oxygen and high
carbon dioxide is of interest in this context, and its impact
on CaOx toxicity to tubular epithelial cells has to be
evaluated [18-20]. The local low O, and high CO, pressure
influence the metabolism of interstitial and tubular cells
and may result in cell death promoting further stone for-
mation. Thus, depending on the highly characteristic blood
supply (as end arteries), the apoptotic changes occurring in
the papillary tip of the kidneys may be of importance with
respect to the crystal deposition than the other parts of the
kidneys. Unfavorable low oxygen tension in this part of the
kidney (due to the exceptional vascular supply of the kid-
ney) increases the risk of toxic injury to the epithelial cells
of long thin Henle’s Loop located at papillary tip induced
by oxalate and/or CaOx crystals being present at para-
physiological concentrations [41]. Recently, Evan et al.
analyzed the plaques obtained by operative biopsies of
renal papillae. Based on histological examination of the
tissues, they concluded that Randall’s plaques begin in a
unique location in the basement membrane of the thin
loops of Henle and subsequently spread into the papillary
interstitium. Close examination of their data also revealed
that crystal deposits were always associated with the vasa
recta and cells in the loops of Henle appeared normal,
suggesting that an initial vascular etiology remains entirely
feasible [20].

After observing the injurious effects of hyperoxaluria
causing crystal deposition in renal parenchyma and apop-
totic changes in renal tubular epithelium, physicians began
to search for protective agents to prevent or at least

TUNEL DAPI TUNEL

i - -
E(H—\'- -

minimize the extent of these pathologic alterations.
Administration of antioxidants to hyperoxaluric rats has led
to a decrease in renal injury; the production of lipid per-
oxides and CaOx crystal deposition in the kidneys indi-
cated once again the involvement of reactive oxygen
species in hyperoxaluria-induced renal injury [21, 23-25].

Among the agents used, while verapamil and nifedipine
(calcium channel-blocking agents) were found to limit
histologic changes and crystal deposition, possibly induced
by blunt renal trauma [26-30], vitamin E has been applied
to minimize free oxygen radical-induced alterations in
certain tissues. As a very potent antioxidant, vitamin E
appears to be an effective free radical scavenger, especially
in preventing the deleterious effects of these radicals in
parenchymatous organs. It has been shown that vitamin E
deficiency causes damage in such organs, for example in
testes or kidneys. However, studies dealing with its
potential inhibitory effects on crystallization as well as
subsequent stone formation could not demonstrate a well-
documented positive benefit with some limited, contra-
dictory data [37-40].

In this present animal study, following hyperoxaluria
induction, we aimed to evaluate the apoptotic changes as
well as crystal formation and at different regions (cortical,
medullar and papillary), particularly at the papillary tip of
the kidney, and to examine the possible preventive effects
of verapamil and vitamin E on the presence and degree of
these changes.

Our findings did reveal very limited or no crystallization
in three different sections of the affected kidneys (cortical,
medullar and papillary region); during early phase,

B
EG
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examination shows that 24 h is very early period for the
initiation of crystal formation after hyperoxaluria. During
intermediate phase, however, similar to control group
animals, administration of verapamil was able to limit
crystallization significantly in all sections evaluated when
compared with the animals receiving EG only and that
vitamin E. During late phase, however, none of the agents
applied was able to limit crystal formation. As a result,
while verapamil was effective in limiting crystal formation
during intermediate phase, vitamin E application was failed
to show the same effect during the whole study phases.

On the other hand, evident tubular apoptosis has been
demonstrated during early phase in all sections of the
affected kidneys. In other words, 24-h time period was
enough for the initiation of apoptotic changes after
hyperoxaluria induction. There was again no significant
difference in all groups with respect to apoptotic changes in
medullar and cortical regions during early, intermediate
and late follow-up. But verapamil administration did sig-
nificantly limit the apoptotic changes in papillar region
during intermediate and late phases of evaluation. Vitamin
E application, however, failed to show this effect during all
phases in all sections of the affected kidneys. As a result,
verapamil application was able to limit papillar apoptotic
changes during intermediate and late phases of evaluation,
similar to control group animals. Vitamin E was not able to
show the same effect in all sections of the kidneys during
all phases of evaluation.

In the light of our findings and published data in the
literature, it is clear that both hyperoxaluria and CaOx
crystal formation are injurious to renal epithelial cells.
These findings supported the hypothesis that apoptotic
changes do occur during the hyperoxaluric phase, and that
these alterations may result from free radical formation
causing lipid peroxidation. Both tubular cell apoptosis and
crystal deposition were more prominent at papillary tip
level (compared with cortical and medullar tubules) indi-
cating the high likelihood of such specific changes due to
the relatively ischemic (high CO, and low O, content)
nature of this region.

Prominent apoptotic changes observed in renal papillary
tubular epithelial cells damaged by hyperoxaluria-induced
ischemia might result in cell degradation and could be
responsible for the pathologic course of urolithiasis. Again,
as demonstrated in our study, limitation of both evident
crystal deposition and apoptotic changes, especially in
papillary region, might well be limited by some blood flow
regulating (calcium antagonists) and antioxidant agents
(vitamin E). Clinical application of such agents in the
prophylaxis of stone disease might limit the formation of
urinary calculi, most importantly in recurrent stone
formers.

@ Springer
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