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Abstract Investigations were carried out as to whether
cytoprotective agents such as calcium antagonists can
influence vitamin D induced nephrolithiasis. Increased
vitamin D levels are found in 10-30% of all calcium
oxalate stone formers. Male rats were assigned to one of
the following groups: (1) 1,25-dihydroxycholecalciferol
(DHCC) (n=38), (2) 1,25-DHCC +calcium antagonist
Goe 6070 (a new 1,4-dihydronaphthyridine, Goedecke,
Berlin) (z=8), or (3) control (z=8§). 1,25-DHCC was
administered for 6 days (120 pmol/24 h s.c.), Goe 6070
(1 mg/kg/24 h) by gavage. Clearance studies were per-
formed on day 6. Kidneys were taken for histological
examination and determination of calcium tissue con-
tent. 1,25-DHCC induced substantial concrement forma-
tion, which could be significantly limited by Goe 6070.
The calcium tissue content was also reduced (0.17 vs.
0.04 mg/100 mg dry weight). 1,25-DHCC induced a dra-
matic fall in the glomerular filtration rate (GFR)
(3.84 ml/min per kilogram). This reduction could be al-
most completely inhibited by the concomitant applica-
tion of Goe 6070 (9.4 ml/min per kilogram; control
10.7 ml/min per kilogram). Goe 6070 did not influence
the calcium handling. The results demonstrate a protec-
tive effect of Goe 6070 on vitamin D induced nephro-
lithias. The histological pattern (intracellular and mem-
brane-bound concretions) and the fact that biochemical
parameters were not influenced significantly by Goe 6070
indicate that cellular processes are important for 1,25-
DHCC-induced nephrolithiasis.
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1,25-Dihydroxycholecalciferol (DHCC), the active metab-
olite of vitamin D, plays an important role in the patho-
genesis of calcium urolithiasis. Increased 1,25-DCHH
levels are found in 10-30% of all calcium oxalate stone
formers|[1, 3, 5, 9, 13]. The underlying mechanisms, how-
ever, are far from being completely understood. Most
frequently stone formation was attributed to hypercal-
cemia and hypercalciuria with consequent supersatura-
tion of the urine [1, 9]. Scarpelli et al. [10], however, ex-
plained it by vitamin D induced renal epithelial damage
and cellular calcification as the starting point of concre-
ment formation. In an experimental study we investigat-
ed whether cellular processes are important for the
pathogenesis of vitamin D induced nephrolithiasis. As-
suming this hypothesis to be true cytoprotective agents
such as calcium antagonists should influence these pro-
cesses.

Materials and methods

Male Wistar rats (body weight 250—300 g, Chbb: THOM, Thomae,
Biberach/R., Germany) were randomly assigned to one of the fol-
lowing groups: (1) 1,25-DHCC (n=28), (2) 1,25-DHCC plus calcium
antagonist Goe 6070 (Goedecke, Berlin, Germany) (n=38), or (3)
control (n=28). 1,25-DHCC (Roche, Basle, Switzerland) was admin-
istered for 6 days (120 pmol/24 h s.c.), Goe 6070 for 6 days (1 mg/kg
body weight per 24 h) by gavage. Goe 6070, a new 1,4-dihydronaph-
thyridine currently under development, is a high-affinity specific
L-type voltage-gated calcium channel blocker [6—8]. Its half-life of
>12h enables an application to be made once a day. Clearance
studies (inulin, creatinine, calcium, phosphate) were performed on
day 6 as described recently [14]. The fractional excretion (FE) of
calcium and phosphate was calculated [e.g., FE Ca (%) =calcium
clearance (ml/min)/inulin clearance (ml/min)x 100]. The kidneys
were taken for the measurement of calcium tissue concentration and
the histological examination (Kossa and Voigt staining) with deter-
mination of the calcification index (CI) [2]. The CI is a semiquanti-
tative grading of renal calcification (- no calcifications, 1 + low, 2+
moderate, 3+ strong). This analysis was done by three independent
coworkers who did not know to which group the specimens be-
longed or what the analysis of their coworkers was. The average CI
was calculated for each group using the predetermined calcification
grades. For statistical analysis, Student’s #-test was used for a Gaus-
sian distribution and the same variance. Parameters with a non-
Gaussian distribution and/or different variances were analyzed by
the Wilcoxon-Mann-Whitney test.
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Fig. 1a,b Longitudinal sections of the kidney. Kossa stain, x 25.
Calcification were predominantly located in the corticomedullary
junction zone. a 1,25-DHCC, b 1,25-DHCC+ Goe 6070

Results

1,25-DHCC induced substantial concrement formation,
which was significantly less pronounced in the 1,25-
DHCC plus Goe 6070 group (Table 1). The microliths
were not homogeneously distributed all over the kidney,
but concentrated predominantly in the area of the corti-
comedullary junction (Fig. 1). Concrements were located
within the tubular cells or were bound to the luminal
membrane (Fig. 2). Free intraluminal particles could be
observed only rarely and there were no signs of relevant
tubular obstruction. 1,25-DHCC rats showed significant-
Iy higher calcium tissue concentrations in the kidney than
1,25-DHCC plus Goe 6070 animals (Tabie1). The
glomerular filtration rate (GFR) was significantly re-
duced by 1,25-DHCC. This could be almost completely
inhibited by concomitant application of Goe 6070
(Table 2). 1,25-DHCC anmials showed increased plasma
calcium (Table 1) and fractional excretions of calcium
and phosphate (Table 2). These parameters were not
changed by Goe 6070. Plasma phosphate levels were not
statistically different between the study groups (Table 1).

Fig. 2 Intracellular and membrane standing calcifications in renal
tubules of the corticomedullary junction zone. Kossa stain, x 400

Table 1 Mean values 1 SD of plasma calcium and phosphate con-
centrations and of the histological calcification index (CI) and the
calcium content of renal tissue of 1,25-DHCC, 1,25-DHCC + Goe
6070 and control groups (significant differences vs. control:
2 P<0.01; ® P<0.05; 1,25-DHCC vs. 1,25-DHCC+ Goe 6070:
°P<0.01)

Calcium  Phosphate CI Ca content
(mmol/l)  (mmol/l) (mg/100 mg
dry weight)
1,25-DHCC 227+ 246+ 240+  0.1680+
0.19* 0.27° 0.82%¢  0.0857*°
1,25-DHCC 247+ 251+ 145+  0.04334
+Goe 6070 0.20° 0.25° 0.82* 0.0214
Control 1.91+ 2.08+ 036+  0.0188+
0.20 0.29 0.38 0.0036

Table 2 Mean values +SD of inulin and creatinine clearance and
of fractional excretions (FE) of calcium (Ca) and phosphate (P) of
the 1,25-DHCC, 1,25-DHCC 4 Goe 6070 and control groups. Sig-
nificant differences vs. control: * P<0.01, ® P<0.05, 1,25-DHCC
vs. 1,25-DHCC 4 Goe 6070: ¢ P<0.01

Inulin Creatinin FE Ca FE P
(ml/minfkg) (mlmin/kg) (%) (%)
1,25-DHCC 3.84+ 4.20+ 348+ 19.6+
1.69%¢ 1.05%° 2.60* 10.7®
1,25-DHCC 9,39+ 9.59+ 1.96+ 16.8 4+
+ Goe 6070 1.59 1.47 1.28% 7.3
Control 10.69+ 9.88 + 0.64+ 9.1+
0.93 1.92 0.28 36
Discussion

Our results demonstrate that 1,25-DHCC induced a
marked concrement formation in the corticomedullary



junction area, which starts within the tubular cells. The
corticomedullary junction is a predisposed area for con-
crement formation in the rat kidney, since the epithelium
of this zone is highly differentiated and there is a high
concentration of minerals (tip of the loop of Henle),
which can result in supersaturation [12].

This supersaturation with calcium could easily explain
the concrement formation. The calcium antagonists treat-
ed group, however, revealed significantly less calcifica-
tions, although the calcium plasma and urine concentra-
tions were similar to those in the animals which received
only 1,25-DHCC. Therefore we assume that celtular fac-
tors are important for the initiation of 1,25-DHCC-in-
duced concrement formation. Scarpelli et al. [10] have
already discussed cellular damage as a cause of vitamin D
nephrolithiasis, since after vitamin D administration a
vacuolization in the apical parts of the tubular cells (i.e.,
a sign of cell damage) preceded the occurrence of calcifi-
cations by several days. High doses of vitamin D inhib-
ited the mitochondrial calcium accumulation and the ox-
idative phosphorylation which results in cytoplasmic su-
persaturation with calcium [10]. In the absence of ATP,
apatite and brushite are formed [17].

The fact that the calcium antagonist Goe 6070 limited
the concrement formation supports the theory of cellular
initiation of 1,25-DHCC-induced nephrolithiasis, since
calcium entry blockers are able to inhibit the calcium
overload in renal tubular cells [11]. Figure 3 summarizes
this theory of vitamin D induced nephrolithiasis and the
beneficial role of calcium antagonists.

The GFR was dramatically reduced by 1,25-DHCC.
Since no relevant signs of tubular obstructions could be
observed, the reduced GFR may be attributed to an 1,25-
DHCC-induced increase in the contractility of mesangial
cells. Weinreich et al. recently demonstrated that 1,25-
DHCC enhances the contractility of mesangial cells [16].
This action results in a decreased glomerular filtration
surface area and consequently in a reduced GFR. A sec-
ond reason for the decreased GFR could be a hypercal-
cemia-induced increase in the resistance of the vas affer-
ens [15].
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Fig. 3 Theorey of 1,25-DHCC-induced renal stone formation and
the beneficial effect of calcium antagonists

303

The concomitant application of Goe 6070 almost
completely inhibited the reduction of the GFR. This may
be explained by an inhibitory effect of calcium antago-
nists on mesangial cell contraction or on vascular smooth
muscle contraction [4].
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