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Abstract—Content of mono-, di- and triphosphoinositides as well as *2P incorporation into these
phospholipids was investigated on erythrocytes from spontaneously hypertensive rats at 1, 2 and 4
months of age. Already at 1 month the diphosphoinositide content was higher and the *P incorporation
into di- and triphosphoinositides lower, compared with the controls. During development of hypertension
%P incorporation rates for hypertensive rats decreased more slowly then for controls, so that the initial

differences decreased and were then even reversed.

Polyphosphoinositides (PPI) as well as their syn-
thesizing [1] and hydrolysing [2] enzymes are known
to be located on the inner surface of erythrocytes.
Their metabolism causes changes in calcium binding
[3,4] and, consequently, in membrane permeability
to monovalent cations {5, 6].

On the other hand SHR show disorders of potas-
sium transport [7] and passive sodium transport in
arterial muscle tissue [8,9] and erythrocyte mem-
branes [10, 11]. The disorders in transport of mono-
valent cations are assumed to be associated with
changes in calcium binding on membranes [12-14].
Increased calcium efflux was observed for both
smooth aortic muscle and adipose tissue of SHR
[13,15].

The membrane alterations in hypertension might
be connected with disorders of PPI metabolism.
Changes in PPI context of erythrocyte membranes
of three-month-old SHR were reported in [16].

Our aim was to study PPI content and **P incor-
poration into PPI of erythrocytes throughout devel-
opment of hypertension in SHR.

MATERIALS AND METHODS

In vivo experiments

Kinetics of *P incorporation into erythrocyte
phospholipids. We used two-month-old male Wistar
rats weighing 230 to 250 g. Carrier-free P disodium
hydrogen phosphate was intraperitoneally injected
(2 mCi/kg body wt) and the animals were decapitated
after 20, 45, 90 and 180 min respectively. The blood
of each of the rats was collected in a solution that
contained 0.9% of NaCl, 8mM of glucose and
20 U/ml of heparin. Haematocrit was determined in
the blood solution thus obtained, and samples were
taken for both extraction of phospholipids and
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determination of specific activity of inorganic
phosphate.

2P incorporation into erythrocyte phospholipids
from rats of various age. One-, two- and four-
month-old male SHR and normotensive Wistar rats
(NWR) of the same age and sex were used. 90 min
after *P injection the animals were decapitated and
the blood was collected as described above. Eryth-
rocytes were prepared, lipids extracted and relative
specific activities determined as follows.

Lipid extraction and phospholipid fractionation.
The blood samples were centrifuged at 1500 g for 0.5
min. The supernatant as well as most of the leuko-
cytes were removed by suction. The lipids were
extracted with a mixture of chloroform-methanol-
conc. hydrochloric acid (100:100:0.6). The lipid
extracts (after washing with 1-N HCI and then with
a  chloroform-methanol~0.2-N  HCl  mixture
(3:47:50)) were evaporated under nitrogen and the
phospholipids chromatographically separated on for-
maldehyde-treated paper [17].

Determination of relative specific activity of
phospholipids. The content and radioactivity of the
phosphate groups were determined for monophos-
phoinositides (MPT), diphosphoinositides (DPI) and
triphosphoinositides (TPI) as well as for total
phospholipids (total PL). Radioactivity was meas-
ured by means of a LKB Wallac 8100 liquid scintil-
lation counter, the phospholipid paper strips being
directly applied to the dioxan scintillation fluid. The
same phospholipid-containing paper strips were then
used for phosphate determination [18]. Phospholipid
contents are given in ug P/ml of erythrocytes and
specific activities (SAp.) in cpm/ug P. To determine
the specific activity (SAgp,) of inorganic phosphate,
protein was precipitated using 10% trichloroacetic
acid. Afterwards the amount of phosphate {19] and
its activity was determined in the supernatant. *P
incorporation rates of phospholipid fractions are
given as relative specific activities (RSA):

SAp
RSA = —— x 100.
SA SA

Pi
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In vitro experiments

Experiments with fresh erythrocytes. Erythrocytes
were tested from one- and four-month-old animals.
We used an incubation solution of the following
composition: 154.0 mM NaCl, 5.6 mM KCl, 2.0 mM
CaCl,, 1.0mM MgCl,, 0.2 mM Na,HPO,, 8.0mM
glucose, 1.0 mM adenosine, 16.5 mM Tris buffer (pH
7.4). The packed erythrocytes were washed three
times with heparinized (20 U/ml) incubation sol-
ution, pre-incubated for 30min (in incubation

medium) at 37° and exposed for another 30 min to -

2P after addition of 10 mCi/m] Na,H**PQ,. The final
volumes were 15 ml for four-month-old rats and 10 ml
for one-month-old rats, haematocrit being about 10
per cent. After incubation samples of the erythrocyte
suspension were used for lipid extraction and for
determination of specific activity of inorganic phos-
phate (carried out just as those in vivo).
Experiments with erythrocytes stored for 48 hours.
These experiments were performed on four-
month-old rats. The blood was collected and the
erythrocytes were washed as already described for
the in vivo experiments. The erythrocytes were kept
in incubation solution at 5° for 48 hr. Then they were
washed once in incubation solution, pre-incubated
for 1.5hr at 37° and exposed for 30min to *P
(incubation vol., 10 ml). The other procedures that
followed were identical with those already described.

RESULTS

In vivo experimenits

The time course of *P incorporation into eryth-
rocyte phospholipids is given in Fig. 1. Obviously
incorporation into phospholipids did not reach its
maximum within the time interval chosen. The
increase of specific activity of the phospholipids is
nearly linear.

The dependence of the phospholipid content in
erythrocytes of NWR and SHR on age is given in
Table 1.

In one-month-old SHR the content of phospho-
lipids analyzed is higher than in the corresponding
NWR (significantly for total PL and DPI). This dif-
ference is smaller after two months. For phospho-
inositides it is even reversed in four-month-old SHR
(significantly for DPI).

The content of phosphoinositides has a differing
age dependence between NWR and SHR. When
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Fig. 1. Time course of ¥P incorporation into phospholipids
of erythrocytes from NWR (in vivo). Key: TPI (O): DPI
(®); MPI (A); total PL (A). Relative specific activity =
RSA = (SAp/SAp-100.  SAp = specific activity  of
phospholipid (cpm-ug Ppl). SAp = specific activity of
inorganic phosphate (cpm-ug P3!). n=3. Mean
values = S.E.M.

comparing one- and four-month-old NWR, TPI and
DPI increases strongly (to 138% and 203%, respec-
tively). Yet, in SHR there was only a small increase
of TPI (115%), whereas DPI and MPI decreased
(to 67 per cent and 85 per cent).

Figure 2 shows *P incorporation into phospho-
lipids of erythrocytes from NWR and SHR in
dependence on age.

*P incorporation rates of phospholipids always
decreased with age, most strongly for TPI and DPI
and more expressed in NWR. The relative specific
activities of TPI and DPI were lower in one-month-
old SHR compared with NWR, while in two-month-
old animals there were no differences between SHR
and NWR.

In vitro experiments

Total PL content in erythrocytes of SHR of either
age group was higher than in that of NWR (Table
2,A) similar to the in vivo experiments (Table 1).

Phospholipid contents were higher in one-
month-old SHR (as in the in vivo experiments). The
PPI contents in four-month-old SHR were also
higher (contrary to the in vivo experiments). 2P

Table 1. Phospholipid content of erythrocytes from SHR and NWR in dependence on age (in
vivo)

Content (ug P/ml erythrocytes)

Age

(months) Animals TPI DPI MPI total PL

1 SHR 7.3x0.24 3.6 +0.207 10.4 = 0.44 174 £ 9%+
NWR 6.5 +0.18 1.6 £0.10 9.5+042 142 +3

5 SHR 6.4 +0.47 1.6 +0.14 6.9 = 0.16* 144 +2*>
NWR 5.4+043 2.0+£0.32 7.5+0.19 1322

4 SHR 8.4 £0.45 2.4 +0.20* 8.9 +£0.40 158 £ 9.7
NWR 9.0 +0.19 3.3x0.21 9.7x0.47 149 £5.3

n=35. Mean values = S.E.M. Significant differences between SHR and NWR: *P < 0.05;

** P <0.01; *** P <0.001.
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Fig. 2. P incorporation into phospholipids of erythrocytes from SHR and NWR in dependence on age
(in vivo). Key: SHR (A) and NWR (O). RSA = relative specific activity. n = 5. Mean values + S.E.M.
Significant differences between SHR and NWR: *P <0.05; ***P <0.001.

incorporation rates of PPI as well as of total PL
(Table 3,A) showed an age dependence similar to
the in vivo experiments.

Stored erythrocytes of four-month-old rats showed
no differences between SHR and NWR as to the
centent of total PL and TPI (Table 2,B). The DPI
content, however, differed, just as is the case with
fresh erythrocytes (Table 2,A).

The total PL content of stored erythrocytes from
SHR as well as TPI contents from SHR and NWR
(Table 2,B) were lower than the corresponding val-
ues of fresh erythrocytes (Table 2,A). *P incorpor-
ation into PPI of stored erythrocytes from four-
month-old SHR was lower than that from NWR
(Table 3,B) and reached values similar to the in vivo
experiments with one-month-old SHR (Table 3,A).

Table 4 shows the dependence of blood pressure
on age.

While the blood pressure of one-month-old SHR
scarcely differed from that of NWR, two-month-old
SHR had a slightly and four-month-old SHR a
strongly elevated blood pressure.

DISCUSSION

Under our experimental conditions the most rapid
%P incorporation was found for DPI and TPI (Fig.
1) containing about 70 per cent of the total phospho-
lipid radioactivity. Autoradiography of the paper
chromatograms showed very low *?P incorporation
into phosphatidic acid.

From Figure 1, it follows, with regard to the 1:2:3
ratio of the phosphate groups in MPI, DPI and TPI,
that P incorporation into DPI is about 10 times and
into TPI about 25 to 30 times faster than into MPI.

Because of the low incorporation rate of MPI and
since MPI is a precursor for the PPI, the diester
phosphate groups must be stable aiso in the PPIL.
Hence P incorporation is confined to the monoester
phosphate groups and consequently results from
phosphorylation of MPI (DPI) by kinases and from
dephosphorylation of TPI (DPI) by phosphomono-
esterases.

A low rate of *P incorporation into PPI of eryth-
rocytes from one-month-old SHR was found in vivo

Table 2. Phospholipid content of erythrocytes from SHR and NWR in dependence on age in vitrof

Content (ug P/ml erythrocytes)

Age

(months) Animals TPI DPI MPI total PL

1 SHR 7.7 £0.39** 2.7+0.24* 9.0 £ 0.47** 197 & 2.5%**
(n=235) NWR 5.9+0.34 1.9+0.10 6.6 £0.50 148 £ 6.5
(A)

4 SHR 8.9 +0.38** 1.8 x0.11%** 8.5 +0.48 174 + 9.0*
(n=29) NWR 7.5+0.23 1.3+0.04 842021 146 = 6.7
(B)

4 SHR 5.1+0.40 2.0 = 0.05%* 139 =44
(n=175) NWR 5.3+0.62 1.4 +0.09 142 £5.6

9 Without (A) and with (B) cold storage.

Mean values + S.E.M. Significant differences between SHR and NWR: * P <0.05; ** P <0.01;

*Ex P < 0.001.
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Table 3. *P incorporation rate (per cent of control) of phospholipids of erythrocytes from SHR in dependence on age
(in vitroY and in vivol])

RSA (per cent of control)

Age

(month) Incubation (n) TPI DPI MPI total PL

1 in vivo (5) 65.6 = 1.5%* 57.5 &£ 2.5% 100.4 5.3 86.4 £2.1*
in vitro (5) 50.5 = 2.87* 58.0 = 5.1 70.0 £ 15.2 89.3x17.5

(A)

4 in vivo (5) 144.0 £ 7.7%** 136.7 + 10.9* 10421+ 3.9 1143 +54
in vitro (8) 131.7 +7.2* 129.5 = 3.77* 160.1 = 15.1%* 119.5+7.0

(B)

4 in vitro (5) 65.8 = 61 84.9 +10.6 — 103.9 +17.5

| Without (A) and with (B) cold storage.
| Fig. 2 in the present study.

RSA = relative specific activity. (RSA of NWR = 100 per cent).
Mean values = S.E.M. Significant differences between SHR and NWR: * P < 0.05; ** P < 0.01; *** P < 0.001.

Table 4. Blood pressure of NWR and SHR in dependence on age

NWR SHR
Age
(months) systol. diastol. systol. diastol.
1 109 +3.1 70 £2.14 119" £ 4.09 73 +2.80
2 128 1.9 73+2.14 162%* +2.49 94%* +2.49
4 121 2.7 62 +1.79 204** £ 3.96 1327%* +3.39

n = 70; mm Hg, mean value + S.E.M.;

NWR: *P < 0.05, **P < 0.001.

(Fig. 2) as well as in vitro experiments (Table 3).
This low *P incorporation together with higher PPI
contents (Tables 1 and 2, A) can be due to a decrease
of dephosphorylation or a decrease of both, phos-
phorylation and dephosphorylation with that of the
latter predominating.

Figure 2 shows that **P incorporation decreases
age-dependently in both, NWR and SHR with a
stronger decrease in NWR. Because of this stronger
decrease in NWR the incorporation rates at four
month are higher in SHR than in NWR, which is in
contrast to the values at one month.

After cold storage of erythrocytes and subsequent
incubation under normal conditions, however, ¥P
incorporation in SHR is lower than in NWR, both
four month of age (Table 3). On cold storage break-
down of PPI gets activated and on subsequent
reestablishment of physiological conditions resyn-
thesis is activated as.well [20, 21].

We thus suppose the lower *P incorporation found
in SHR to be linked with a decreased capability of
activating phosphorylation/dephosphorylation reac-
tions. We consequently believe that regulation of
phesphoinositide phosphorylation in erythrocytes of
SHR is altered in the prehypertensive as well as in
the hypertensive stage (at one and at four months,
resp.).

These alterations may even be connected with the
development of hypertension. Since phosphoinosi-
tide phosphorylation is known to cause changes in

Significant differences between SHR and

the Ca**-binding capacity of membranes [3, 4] and
consequently in transport of monovalent cations
across the membrane [5, 6], these alterations in phos-
phoinositide phosphorylation might also cause the
changes in Ca**-binding [12-14] and membrane
transport of monovalent cations [7-11] observed in
essential hypertension.

This had to be tested also on other objects (e.g.
in the humoral system or on neuronal tissue).
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