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Angiotensin II-induced change in inositol phosphates were studied in
cultured rat mesangial cells prelabeled with [3H]myo-inositol. By using
anion-exchange high performance liquid chromatography, we could analyzed
the change in inositol mono-, bis-, and tris-phosphate more rapidly and
easily with higher resolution than the previously reported methods. Angio-
tensin II rapidly increased inositol 1,4,5-trisphosphate and inositol 1,4~
bisphosphate within 15 sec, followed by an increase in inositol l-monophos-
phate at 30 sec. Angiotensin II-induced increases in inositol phosphates
were dose-dependent and completely blocked by saralasin. These results
indicate that angiotensin II induces the production of inositol phosphates
including inositol 1,4,5-trisphosphate, an intracellular Ca2+—re1easing
factor, in cultured rat mesangial cells. © 1987 Academic Press, Inc.

Angiotensin II(AII) is thought to affect the filtration function of
renal glomeruli by causing contraction of glomerular mesangial cells
(1,2,3,4.). However, the signal transduction system of AII in these cells
has not yet been completely clarified. It is generally accepted that hor-
mones whose action is mediated by increasing cytosolic Ca?t stimulate the
metabolism of membrane phosphoinositide, i.e., the phosphoinositide cycle,
yielding two second messengers: Diacylglycerol(DG) which activates protein
kinase C (5) and inositol 1,4,5-trisphosphate(IP3) which releases Calt from
endoplasmic reticulum (6,7). AII has been shown to stimulate phosphoinosi-
tide cycle in vascular smooth muscle cells (8,9), adrenal glomerulosa cells
(10) and hepatocytes (11,12). We have reported that AII causes a rapid

breakdown of phosphatidylinositol 4,5-bisphosphate(PIP7) and a simultaneous

0006-291X/87 $1.50
Copyright © 1987 by Academic Press, Inc.
All rights of reproduction in any form reserved. 70



Vol. 142, No. 1, 1987 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

increase in DG in cultured rat mesangial cells (13), suggesting the activa-
tion of phospholipase C after the binding of AII to mesangial receptor. To
confirm this suggestion, it is necessary to analyze the change in inositol
phosphates. The conventional method using Dowex column that has been widely
used is not suitable for analyzing inositol phosphates, because of compli-
cated procedure and poor reproducibility (14,15). Using this method,
Pfeilshifter et al. demonstrated that AII increased IP3 in cultured rat
mesangial cells (19). However, the increase was only minimal (about 100cpm
/mg protein) and neither the time course nor the dose dependency was shown.
Therefore, we have developed the new high performance liquid chromatography
(HPLC) method by which we could analyze inositol phosphates rapidly and
easily with high resolution. By using this method, we have clearly demon-
strated that AII increases inositol phosphates in cultured rat mesangial

cells.

MATERIALS and METHODS

Cell culture. Cultured mesangial cells were prepared from Sprague-
Dawley rat kidneys as previously described (13,17,18). In brief, under
sterile conditions, renal cortical tissue was removed and consecutively
passed through stainless mesh with pore size of 280 um and 120 um onto a
mesh of 53 um pore size., The isolated glomeruli were seeded in 60 mm plas-
tic culture dishes, and the cells were grown in RPMI 1640 medium supple-
mented with 20 % fetal bovine serum and bovine insulin at 1 pg /ml. Culture
dishes were kept at 37°C in a humidified atomosphere with 95% air and 5%
COp. The first subculture was done on day 21 of the primary culture, when
almost all of the grown cells were of mesangial origin. The second subcul-
ture was seeded on a cover glass (102 cells/glass). The cells were used for
all experiments 14 days after the seeding.

Labeling. Medium was removed 24 h prior to labeling and the cells were
incubated in inositol-free MEM containig 10 7 dialyzed fetal bovine serum.
Cells were prelabeled for 48 h with [1,2—3H Jmyo-inositol ( 20 upCi/ml ).
The medium was removed and cells were rinsed three times to remove free
[3H] inositol. After rinsing, the cover glass was detached, washed in
warmed Hanks-Hepes buffer ( 137 mM NaCl, 5.4 mM KC1, 1.3 mM CaClp, 0.81 mM
MgSO4, 4.2 mM NaHCO3, 5.6 mM glucose, 0.34 mM NagHPO,, 0.44 mM KHoPO4, 30
mM Hepes, pH 7.4 ) containing 1 mM myo-inositol and placed onto the glass
dish for 20 min at 37°C.

Analysis of inositol phosphates. Cells were incubated for various
times in 1.5 ml of Hanks-Hepes buffer with or without agents. At indicated
times, the buffer was rapidly aspirated and the reaction was terminated by
the addition of chloroform / methanol ( 1:2; v/v ). The extraction was done
according to Bligh & Dyer (18). Agueous phase was removed. Chloroform phase
was rinsed with 1 ml of water. Combined aqueous phase was dried with the
rotary evaporater (Savant), dissolved in water and applied to HPLC. The
samples were analysed by HPLC on TSK gel DEAE-2SW anion exchange column
(TOYO SODA Co. Ltd., Tokyo) with a flow rate of Iml/min at 25°C. The solvent
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was 0.14 M sodium phosphate buffer, pH 6.8. Volumes of the collected frac-
tion were 0.25 ml for the determination of inositol l-monophosphate(IPy)
and inositol 1,4-bisphosphate(IPy), and 0.5 ml for that of IP3. Each frac-
tion was subjected to liquid scintillating counting in ACS-II scintillation
fluid (6 ml) containing water (0.5 ml). For determining the retention time
in every analysis, we used the standards of IPj, IPy and IP3, Detector was
a refractive index monitor (Knauer).

Chemicals. (1-Asp, 5-Ile) AIT and [l-Sar, 8-Ala] AII (saralasin) were
from Peptide Institute, Protein Research Foundation (Osaka). Standards of
IPy, IPp and IP3 were purchased from Amersham Japan (Tokyo). RPMI 1640,
inositol-free MEM, fetal bovine serum and dialysed fetal bovine serum were
from Gibco Oriental (Tokyo). [1,2-3H] myo-insitol (45-80Ci/mmol) was ob-
tained from New England Nuclear (Boston, MA). All other chemicals and sol-
vent used were reagent grade.

RESULTS
Fig. 1 shows the chromatogram of the standard mixture for IPy, IpPo,
glycerophosphoinositol 4,5-bisphosphate(GroPI(4,5)P7) contaminated in 1Py
standard, and IP3. Amounts of each standard were about 64 nmol, 24 nmol, 24

nmol and 40 nmol, respectively. Each inositol phosphate was clearly sepa-

GroPI(4,5)P;

!
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Fig. 1. HPLC of inositol phosphates.

Authentic IPy, 1IP; and IP3 were loaded onto a DEAE-2SW column and eluted
with 0.14 M sodium phosphate buffer, pH 6.8 with a flow rate of 1 ml/min
at 25°C. Detection was done with a refractive index monitor xl.
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Fig. 2. Separation of [3H]-labeled inositol phosphates from rat cultured
mesangial cells with HPLC.

Inositol phosphates were extracted as described under "Materials and Meth-
ods". The samples dissolved in water was applied on HPLC. The fractionation
was performed: for the determination of IP] and IPp, the fraction volume
was 0.25 ml from 3 min to 10 min after the sample injection, for the deter-
mination of IP3, the fraction volume was 0.5 ml from 10 min to 14 min. Data
are expressed in dpm. (0-o) unstimulated, (o-o) stimulated by 100 nM AII.

rated with the retention times of 4.3 min, 7.6 min, 8.8 min and 11.5 min,

respectively.

In addition to clearly separated three peaks corresponding to IPy, IPp
and IP3, two unknown peaks were detected in the HPLC profiles of aqueous
[3H] inositol-labeled extracts prepared from cultured rat mesangial cells
stimulated or unstimulated with 100 nM AII for 30 sec in the absence of
LiCl1 (Fig. 2). Of the unkown peaks, one was between IPy and 1Py, and an-
other was between IPp and IP3. These peaks didn't coincide with glycero—
phosphoinositol 4-monophosphate(GroPI4P) and GroPI(4,5)Py, respectively.

When the cells were stimulated by 100 nM AII, 1IPy and IP3 rapidly

increased at 15 sec and reached maximum at 30 sec (Fig. 3). There was no
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Fig. 3. Time course of AlI-stimulated inositol phosphates production.
Cultured mesangial cells (105/dish) were prelabeled with [3H]myo—inositol
(20 uCi/ml) for 48 h and then exposed to 100 nM AII for different
intervals, After the rapid aspiration of the medium, the reaction was ter-
minated by the addition of chloroform/methanol (1:2). Inositol phosphates
were analyzed by HPLC. (o-0); control, (o-o0); AIl-stimulated. Each point
represents the mean = S.D. of triplicate determinations. *: p<0.01, *#*¥*:
p<0.05 vs. control. ’

significant increase in IPj at 15 sec, while it increased at 30 sec (Fig.
3). AIT had no effect on [3H] content in the two unknown peaks (data not

shown).

AIT increased TIP3 formation in a dose-dependent manner at the range
from 10 oM to 1 uM (Fig. &4). The increasing effect of AIT upon the forma-

tion of IP; and IP, was also dose-dependent (Fig.4).
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Fig. 4. Effect of various concentrations of AII on inositol phosphates
accumulation.

Cultured mesangial cells (105/dish) were prelabeled with [3H]inositol (20
uCi/ml) for 48 h. Experiments were initiated by the addition of various
concentrations of AII. After 30 sec of incubation, medium was rapidly aspi-
rated and chloroform/methanol (1:2) was added to terminate the reaction.
Inositol phosphates were analyzed by HPLC. Each point represents mean
S.D. of triplicate determinations. *: p<0.01 vs. control.
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Table 1. Effect of saralasin on AIl-induced
inositol phosphates accumulation

10-3 x Radioactivity (dpm/dish)

1P, 1P, IP3

control 1.1020.21 1.5620,33 0.890.15
100nM angiotensin IT  8.38:1.20%  14.30%2.28% 2.84%0.53%

100nM angiotensin II 1.3240.49 2.2740.38 0.87%0.32
+ 10uM saralasin

Cultured mesangial cells (105/dish) were labeled with [3H] inositol
(20 uCi/ml) for 48 h. Experiments were initiated by the addition of
100nM AIT with or without 10 uM saralasin. After .30 sec of incubation,
the reaction was terminated by the rapid aspiration of the medium

and the addition of chloroform/methanol (1:2). Inositol phosphates
were analyzed by HPLC. Each point represents the mean = S.D. of
triplicate determinations. *: p<0.0l, vs. control.

The increase in inositol phosphates by 100 nM AII for 30 sec was com—

pletely blocked by 10 uM saralasin (Table 1),

DISCUSSION

By wusing HPLC on anion exchange resins, we could clearly separate
inositol phosphates within 15 min. The use of isocratic elution buffer has
made it possible to ensure the retention time of each inositol phosphate
just before the analysis by a refractive index monitor.

Applying this refined HPLC method, we studied the metabolism of inosi-
tol phosphates in cultured rat mesangial cells stimulated by AII. We detec-
ted two unknown peaks different from IP;, 1IPy and IP3. Several possible
substances produce these peaks. First, they may be GroPI4P and GroPI(4,5)P;
which are deacylated products of PIP and PIPy, respectively. However, nei-
ther of the peaks coincided with authentic standards for them. Second, they
may be isomers of IP5 and IP3, such as inositol 1,3-bisphosphate and inosi-
tol 1,3,4-trisphosphate (14,15). Third, they may be cyclic IP3 and cyclic
TP3 because we used the neutral condition for the assay. However, we could-
n't identify these two peaks because of unavailability of the authentic
standards for the isomers or cyclic inositol phosphates. Anyway, these two

peaks showed no significant change by the stimulation with AII. Therefore,
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they don't seem to be so important components in the signalling mechanism
of AIT in the cells.

In this study, we could clearly show the rapid increase in IP3 within
15 sec. Taken this result together with our previous finding that AII in-
duced a rapid breakdown of PIPy with a simultaneous increase in DG in the
cells, we conclude that AII activates phospholipase C to induce the hydro-
lysis of PIPy. Concurrently with the increase in IP3, IPy increased within
15 sec, suggesting a rapid hydrolysis of PIP or a rapid dephosphorylation
of TIP3, or both. IP; increased after 30 sec, but not within 15 sec, sugges-
ting that PI is not hydrolyzed by phospholipase C as early as PIPp. PI has
been also shown to be hydrolyzed only following the breakdown of PIP and
PIP; in the membrane fraction of vascular smooth muscle (9). Again, it is
unknown whether the increase in IPj results from hydrolysis of PI or from
dephosphorylation of IP9, or from both.

AlI-induced change in inositol phosphates showed dose dependency and
was completely blocked by saralasin, suggesting that this action of AII is
mediated by its specific receptor. In conclusion, in glomerular mesangial
cells, AIl induces the production of inositol phosphates including TIP3

which may be an important messenger in the hormone action,
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