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Females of spontaneously hypertensive (SHR strain) and normotensive rats (WKY strain and 
Wistar) received drinking water with normal (80 mg/liter) or reduced concentration of Ca2+ (8 
mg/liter). Activity of calcium-dependent calpain protease in neurons did not differ in 18-day-
old rat pups born and suckled by these animals. Our results are consistent with published data 
on normal metabolism of SHR rats up to the age of 30 days.
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Spontaneously hypertensive rats (SHR strain) serve as 
a convenient model for evaluation of the mechanisms 
of blood pressure (BP) elevation. The hereditary char-
acteristic of these animals is elevated Ca2+ concentra-
tion in smooth muscle cells (e.g., in cells of blood 
vessel walls). It results in the contraction of smooth 
muscles, vasoconstriction and, therefore, increase in 
BP [7,11]. BP in SHR rats can be reduced by feeding 
a diet with a 3-fold higher content of Ca2+. By contrast, 
the decrease in dietary Ca2+ is followed by a progres-
sive increase in cytoplasmic Ca2+ concentration [3,10]. 
The mechanisms of this phenomenon remain unclear. 
Some authors believe that dihydroxylated vitamin D 
(1,25-(OH)2-D) plays the key role in the regulation of 
Ca2+ infl ux into smooth muscle cells [14]. Its synthesis 
decreases with increasing Ca2+ concentration in the 
intercellular space. Ca2+ infl ux into cells decreases 
under these conditions. On the other hand, feeding a 
low-calcium diet is accompanied by enhanced secre-
tion of parathyroid hormone, which contributes to Ca2+ 
outfl ow from the bones, accumulation of Ca2+ in soft 

tissues, and increase in intracellular Ca2+ concentra-
tion [4].

Previous studies showed that SHR rats have some 
behavioral disturbances [6]. It can be suggested that 
brain cells in these rats (e.g., neurons) differ in he-
reditary characteristics. Ca2+ concentration is elevated 
in the cytoplasm of neurons and smooth muscle cells. 
These data are consistent with increased infl ux of Ca2+ 
into synaptosomes (isolated axons of neurons) of SHR 
rats as compared to that in animals of other strains [5]. 
The increase in cytoplasmic Ca2+ concentration causes 
an imbalance between calcium-dependent processes 
in neurons, which affects the formation of neuronal 
networks and behavior of animals. This concept is 
confi rmed by published data on increased content of 
cytoplasmic Ca2+ in brain cells of spontaneously hy-
pertensive rats [2].

The elevation of cytoplasmic Ca2+ concentration is 
accompanied by changes in cellular metabolism (e.g., 
increase in activity of calcium-dependent calpain pro-
tease). This protease exists in the following two forms: 
μ-calpain and m-calpain. They are activated in the 
extracellular systems with micromolar and millimolar 
concentrations of Ca2+ in the medium, respectively. 
Previous studies showed that neuronal protein GAP-43 
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serves as a m-calpain substrate, which splits GAP-43 
(the only site near Ser41) [13]. The C-terminal frag-
ment GAP-43-3 (20 kDa) is identifi ed in immunoblots 
after treatment with polyclonal antibodies to GAP-43. 
The elevation of GAP-43-3 in brain protein samples 
(or decrease in the number of GAP-43 molecules) re-
fl ect hyperactivity of m-calpain and, therefore, sig-
nifi cant increase in cytoplasmic Ca2+ concentration in 
neurons. Protein spectrin can be used as a fi ne marker 
of elevation of cytoplasmic Ca2+ concentration in neu-
rons. Spectrin serves as a μ-calpain substrate. In vitro 
activation of μ-calpain occurs at a lower concentra-
tion of Ca2+ in the medium (as compared to that for 
m-calpain) [15]. The same regularities are probably 
typical of living cells.

This work was designed to evaluate whether a diet 
with the reduced or normal content of Ca2+ is associ-
ated with increased activity of calpain and cytoplasmic 
Ca2+ concentration in neurons of SHR rats. The ana-
lyzed situation (experiments on newborn animals and 
only drinking water is Ca2+-defi cient) is of consider-
able importance for applied dietetics.

MATERIALS AND METHODS

Experiments were performed on 18-day-old rat pups 
from SHR, WKY (normotensive control), and Wistar 
rats. The mothers were divided into 2 groups. Both 
groups received a standard dry feed to meet the daily 
calcium requirements for 3 months before pregnancy 
and then during period pregnancy and nursing. The 
mineral composition of drinking water was different 
for animals of groups 1 (normal content of Ca2+, 80 
mg/liter) and 2 (low content of Ca2+, 8 mg/liter).

The specimens (mouse brain) were kindly provi-
ded by N. Z. Klyueva and E. I. Petrova (I. P. Pavlov 
Institute of Physiology, Russian Academy of Sciences). 
The synaptosomal fraction was isolated as described 
previously [13]. Synaptosomes were lysed with aque-
ous solution of sodium dodecyl sulfate (2%) at 100oC 
for 2 min to solubilize the synaptosomal proteins. Pro-
teins were separated by electrophoresis 12% PAAG 
in the presence of sodium dodecyl sulfate (Laemmli 
method) [8]. The separated synaptosomal proteins 
were placed on a nitrocellulose membrane (immuno-
blotting technique). Immunochemical identifi cation of 
proteins was conducted with polyclonal antibodies of 
the corresponding specifi city (Chemicon).

RESULTS

The content of total proteins (GAP-43, αII-spectrin, 
and BASP1) and their fragments was measured in 
axon terminals (synaptosomes) of brain neurons from 
SHR, WKY, and Wistar rat pups, whose mothers re-

ceived drinking water with various concentrations of 
Ca2+. The loss of proteins during isolation could af-
fect quantitative ratio between these proteins. Hence, 
portions of lysed synaptosomes were put on the gel 
for electrophoretic separation of study proteins. Each 
portion contained the same amount of total proteins. 
Se veral independent series were performed. The re-
sults of typical experiments are presented as an im-
munoblot of proteins. Previous studies showed that 
neurons of Wistar rats contain not only full-length 
GAP-43 protein, but also the m-calpain-produced frag-
ment GAP-43-3 [13]. Its content is high in the brain 
of late embryos and newborn rats [9]. The content of 
GAP-43-3 in synaptosomes did not differ in 18-day-
old pups of Wistar, WKY, and SHR rats (Fig. 1). The 
decrease in Ca2+ concentration in drinking water had 
no effect on the content of the intact protein GAP-43 
or GAP-43-3 fragment (shown for SHR rats; Fig. 1).

The protein αII-spectrin serves as a substrate for 
-calpain. Activation of μ-calpain occurs at a lo wer 
concentration of Ca2+ in the medium (as compared to 
that for m-calpain). Immunoblot assay showed that 
the degree of spectrin fragmentation in neurons from 
18-day-old SHR rat pups is not increased after con-
sumption of drinking water with normal or reduced 
concentrations of Ca2+ (Fig. 1, shown for SHR rats). 
Similar results were obtained in studying the animals 
of all strains.
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Fig. 1. Immunoblots of total proteins and their fragments in the 
isolated axon terminals of neurons (synaptosomes) from 18-day-
old rat pups of WKY, SHR, and Wistar strains after consumption 
of drinking water with a normal or reduced concentration of Ca2+.
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BASP1 content was practically the same in 
18-day-old rats of various strains. The amount of this 
protein did not depend on the presence of normal or 
reduced concentration of Ca2+ in drinking water (Fig. 
1). BASP1 fragmentation was not observed under vari-
ous experimental conditions.

Therefore, no increase in calpain activity was 
revealed. It cannot be expected that cytoplasmic Ca2+ 
concentration is increased in SHR rat pups. This 
study failed to confi rm the hypothesis that cytoplas-
mic Ca2+ concentration in brain cells of SHR rat pups 
is elevated after consumption of a low-calcium diet 
(drinking water) by mothers. At the fi rst glance, our 
fi ndings seem to contradict the results of previous 
experiments. It was found that cytoplasmic Ca2+ con-
centration is high in SHR rats. Moreover, cytoplas-
mic Ca2+ concentration was shown to increase pro-
gressively with a decrease in the amount of dietary 
Ca2+ [14]. It should be emphasized that these experi-
ments were performed on adult animals (older than 
8 weeks). Expression of the protein factor, which in-
duces the increase in cytoplasmic Ca2+ concentration, 
was observed in SHR rats aged more than 4 weeks 
[1]. Various authors reported that cytoplasmic Ca2+ 
concentration and BP in 4-week-old SHR rats do not 
differ from normal [11,12]. The same features should 
be observed in rat pups younger than 3 weeks (used 
in our experiments). Moreover, experimental animals 
(mothers of rat pups) received a standard diet to meet 
the daily calcium requirements and only drinking wa-
ter contained the reduced amount of Ca2+. Therefore, 
these animals were exposed to mild Ca2+ defi ciency. 
These facts can explain the absence of signifi cant 
changes (e.g., activation of calpain).

The result of our experiments can be considered 
as “negative”, which agrees well with published data. 
We did not plan to publish these fi ndings. The experi-
mental work was still continued. However, we decided 
to prepare this manuscript after publication of N. Z. 

Klyueva et al. [1]. It contains only some data that were 
obtained at the early stage of this study (Figs. 2 and 
3 [1]). Moreover, the designations of SHR and WKY 
strains in Fig. 3 of the cited article [1] were confused. 
The authors concluded that Ca2+ defi ciency in drink-
ing water is accompanied by activation of calpain and, 
therefore, increase in cytoplasmic Ca2+ concentration 
in neurons of 18-day-old SHR rats. These data were 
not reproduced in subsequent experiments repeated 
many times (Fig. 1) and, therefore, should be consid-
ered as erroneous.
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