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The Angiotensin II -Stimulated Phospholipase Activity
in Adrenal Glomerulosa Cells of Diabetic Rais

Yeon-Ah Sung
Department of Internal Medicine, Ewha Womans University Medical College

Objectives : Diabetic patients develop hypoaldosteronism which frequently caused hyperkalemia
and metabolic adidosis and diabetic hypoaldosteronism is associated with selective unresponsiveness
of aldosterone to angiotensin [[(A 1), but mechanism of defect in A I stimulated aldosterone
response still remain unclear.

To elucidate the mechanism of defect in A T stimulated aldosterone response and whether the
defect was corrected by insulin treatment, author evaluated the responses of aldosterone
production to A T, K and ACTH. I also evaluated the products of phospholipase C(PLC) and
phospholipase D(PLD) activation important for increase of intracellular calcium and protein kinase
C activation after A T activation in adrenal glomerulosa cells prepared from streptozotocin
induced diabetic rats.

Methods : Two wecks after induction of diabetes by streptozotocin, rats were sacrificed by
decapitation. The aldosterone production to A II, K and ACTH was measured by RIA.
Inositol triphosphate(IP;) and diacylglycerol(DAG) generated by activaion of PLC and
phosphatidic acid(PA), phosphatidylethanol(PEt) and DAG generated by activation of PLD
were meastred by anion exchange column and thin layer chromatography.

Results :

1) Plasma renin activity and aldosterone level were not different among control rats,
untreated and insulin treated diabetic rats.

2) Basal, ACTH and K'-stimulated aldosterone production were similar in cells from the
three groups(p>0.05), but A I stimulated aldosterone production was significantly decreased
in cells from untreated diabetic rats compared with control and insulin treated diabetic rats(p
<0.05).

3) A I - induced IP;, PA, PEt and DAG generation was similar among the three groups(p>
0.05).
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Conclusion : These results suggested that decreased A II -stimulated aldosterone response
was present in glomerulosa cells from strepzptocin induced diabetic rats and reversed by insulin
treatments. The main defect of altered A I response of zona glomerulosa might be located in

the step distal to the activation of phospholipase.
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yeicosatetraencic acid(HETE)7} £715E A& #83
o A TA= aldosterone®4]¢] Ago] lipoxygenase?
o] 23 382 Budlga A2 Kim$Pe T
oA A T Kol that aldosterone®} A|@a) Fujdt
$o] AHeteo] glont AEdXBe o3 FBEH A I
2= inositol triphosphate(IP;) 9] 442 diZzTd &
o7} glolM A L A= aldosterone®H] o] 2go] IPA
AolFo & Rolgta st ol¢ldl= A aldos-
terone@ & o] e T YA F2 glomerulosa
AE A 15849 o} H3=E FANET Zol7t
oM 2FxA A aldosterone BZ 7170 Hie
AEE A I7h 584 AFolF $440% B4 9
T Bag v o) gl A aldosterone¥F,
Z A [A aldosterone #4] ¥H8-2] 232 A 15§
A Aol o] AXY BA, 53] A 19 ASALA
7140] & Aoz ST

o9} Zo] FixioA basal®} ACTH, K* A5 al-
dosterone ¢ ¥u]&E AR A} AJolslA BHaEe] A
#xlo] 9x &3, A T A= aldosteroned] EHlE F
E2doz 7taF0] 9ot A T aldosteroneiH]|
9] 7448 71A& HE3A gt}

B dAT7E BHE SR Sl A} AEd
W aldosteroneitHle] WIS FESTL A [AF
aldosterone #u)9] ZH47} HEo AFADA ] o]
o3 Jelv=R] w37 A8 A 1 289 Axe 4s
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2 Aitstn Axe] AFEAL trypan blue &
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EE AZAe) kA F T 95018 AZdE A 50
1Y A=ERIAE viald] E3ste] vjdr]olA] 37T, 602
wjoket & 1500g= 1027 A Eestd dEds -
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CaCl,, ImM MgSO., 3.7TmM KCD°] HEZ 23] A&
33t} o8 AAE glomerulosalEo] 0.1% BSA,
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Table 1. Characteristics of rats

Control (n=30) DM (n=30) Insulin treated DM(n=28)

Body weight (g) 255 + 9 182 £ 6* 244 + 14
Plasma glucose (mg/dl) 1M o+ 7 294 +40* 163 + 42
Plasma insulin (uU/ml) 154+ 2.3 1.3+ 0.9*

PRA{(ng/ml/hr) 23+ 09 21+ 19 20+ 09
Plasma aldosterone (pg/ml) 483 +294 468 £221 459 +303
Plasma sodium (meg/L) 141 = 4 133 + 3 140 + 2
Plasma potassium (meg/L) 38+ 19 41+ 1.2 4.1+ 1.1

PRA ; plasma renin activity Data are means SD. *p<{0.05 vs. control

Table 2. Response of aldosterone production to angiotensin [ (10°M), ACTH(10°M) and K'(8.7mM) in glomerulosa cells

from each group of rats

Aldosterone production(ng/10°cells/hr)

Stimulus -
Control DM Insulin treated DM
Basal 22+04 19408 21405
Angiotensin 1 (10°M) 11.0+£34 4.4+£2.1* 10.2+2.5
ACTH(10®M) 10.3£34 10.84+3.2 8.7+5.4
K*(8.7mM) 94+49 8.1+34 8.5+3.2

Data are means=+SD of 4 experiments.

A= Zel7h AN (p>0.05), AHAFTEE ALzt
oujglE Z4oj7t UitHTable 1).

2. Angiotensin T, ACTH, Kl ti 8t glomerulosaM
X9 aldosterone2H| I &

Py 2] BAlglomerulosadl 9] 7|44, ACTH
¢} K*A= aldosteronesHl= zHzF 1.9+0.8, 10.8+3.2,
8.1+3.4ng/10%ells/hr= AANZTS] 2.2+04, 10.3+
3.4, 9.4+4.9ng/10%ells/hre} oln] ¢ Ael7t Y=
HA(p>0.05) A TAZ aldosteroned) EH|E 4.4+2.
Ing/10%ells/hr2 AAZTFS] 11.0+-3.4ng/10%lls/
hrell vl 9w glAl ZAH] o H (p<0.05) Y&
o2 ARG FeHTAME A I, ACTH, KA al-
dosteroned] #E]7} 10.2+2.5, 8.7£54, 8.5+3.2ng/
10%cells/hr2 B4tz fo @ 2ozt YATHp>O.
05)(Table 2).

3. Angiotensin ITA=°F it inositol phosphates]
8y

A TAZ] 83 inositol phosphate% inositol 1-

monophosphate(IPy), inositol 1.4-bisphosphate(IP

2, P& A T A5 1020157 F7157] A2t

IP,S} IP:S] 7% 3027M4 7152, 1P 1580154

= A5EHY Qol(Fig. 1) IPEAS 95 wsAE

*p<0.05 vs. control

Table 3. Response of aldosterone production to phos-
pholipase C(PLC), inositol 1,4,5-triphosphate(IPs),
phospholipase A;(PLA,), arachidonic acid(AA)
and 12-o-tetradecanoylphorbol 13-acetate(TPA)
in glomerulosa cells from each group of rats

Aldosterone production(ng/10°cells/hr)

Stimulus Insulin treated
Control DM DM
Basal 2.2+04 1.94+0.8 21+05
PLC(50mU/ml) 93+24 3.4126% 87434
1P5(10pM) 9.0+16 3.8x2.1* 8.7+44
PLA,(50mU/ml) 5.4%3.9 6.1+3.4 56+2.2
AA(10pM) 59429 3.0£1.4* 55+2.2
TPA(2uM) 74+29 3.1+1.4% 6.6+3.2

Data are means+SD of 4 experiments.
*p<0.05 vs. control

2022 39t A TASE PAXRL AldelA 25 7]
el ws ejw] §IA F7H8E 2 (p<0.05), B
T 6931168, AYTIET 641+114, U&= XET
T 6501134 (PH) CPM/10° cells/20seconds 2.
2 AZZ] Au|dE Zelrt A THp> 0.05) (Fig. 2).

4. Angiotensin O A= Hi%t phospholipase D&Y
A TAS 93 12 %3 PA, PEt$F DAGE A
TAtold 9RIglE Aol 7} fATH(p>0.05) (Fig. 3).
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~——o— inositol 1-monophosphate
~—a— inositol 1,4-bisphosphate
~—ainositol 1,4,5-triphosphate

PH] DPM/10° cells(x 10%)

Time(minutes)

Fig. 1. Time course of inositol phosphate generation in the
presence of angiotensin I in zona glomerulosa

cells of rats.
B control
goo| = DM *

3 insulin treated DM

PH] DPM/10° cells/20seconds

basal angiotensin I

Fig. 2. Inositol triphosphate response to angiotensin II in
glomerulosa cells from each group of rats. Data are
means+SD from 4 experiments.

*<0.05 vs basal
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terone@E< BYW EF reninFEE AYOlAY A%
o] glo}? 24l glomerulosa | EAHA 8] Agto] H9le
2 554 F9??. Aaldosterone@Fo] e T=
WA o] A 24l glomerulosadl ¥4 A 15839 ¢
AT APUET Zol7t flolA] B4 Aaldos-
terone &9 7]do] HE AFS A 17} 784 2%
ol el 4~2AF FAd vtz BuF wf ot Fx
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. B DM
gZODOO- B3 jnsulin treated DM
f=
E
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§1 0000
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basal Al basal AT
DAG PA and PEt

Fig. 3. Diacylglycerol(DAG), phosphatidic acid(PA) and
phosphatidylethanol(PEt) response to angiotensin I
in glomerulosa cells from each group of rats.

Data are means+SD from 4 experiments.
*n<0.05 vs basal
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o] 24 &£ adrenotrophic, A% 239 4L 53
TEE QAo dFE EF o, dad BinE
o] HEE A dYolA ¢dede] ol s 32£2)
o] Z715 o] e1&¥ o] glomerulosad ¥ al-
dosterone ¥ = ZHEF ity AT ol T ¢l
£99] Z4-2 A&dFEA7 B4 glomerulosad®
oA Fwge] upeh Axete) =839 At vere
F 918 Aotp®, oo = Tzt Q1EHY] FAle|
ol&] AFZ® P A A T I3 aldosteroned] £
H)7} Z2718E Ao E Bol A glomerulosad ¥
aldosterone £8ld] ¢l&do] Q7= o] A Ao Azt
o, B ME Qe oR XEF AS dA
A BEFHE A 1A= aldosteroned] FH|7} 3EH
T ACE ol BEQ Q& Y, T2 AT 1
o] olgjgt 2FE doltky AEY ot FAHA
9919 74 &3] F5= §AT. Reningzel 9
o]l A 19 A2 28T A IA= aldos-
terone2H & ZAAAS o™, renindl 9% A
I44% ofdzt FAdA AdHE A TE aldos-
teroneRH]d] o3 AL slEE2? B A7 EF
renin®] AAaolgki st A TZABY 7e4dE WiAZ
S Q. o9k 2ol Bt A A TAS] of
% 7Z+43 aldosteronei] ¥H-9] 71 & et &
t}. Aaldosterone@F o] glv FuBAA Y F4
glomerulosa M ENA A TFEA9] 9 AdEe 3
Az 2o/} glolA @A A aldosterone@%<]
71de] He A A 17} 584 2T 484
& AR 94 Rela 54i® A TR aldosteronet
v AL A 19 AEZALANA FEstnA A=
750l YSith Nadlers? Bt WMo A 24
glomerulosa 41¥¢ basal® ACTH, K'ZA= al-
dosterone HHIFHS-2 2318 F7kH3, A 1A al-
dosterone ¥H|¥HE-2 ZAHT, AP A&
o] Sofd] 98] A T A= aldosterone #H|7} 8=
b ojd A 9 AsALA #A93= arachidonic
acid®] 12-lipoxygenase A& 12-HETE(hydroxy eico-
sa tetraenoic acid)7} F7HEEZ A 145 aldos-
terone® 419 2§72 0] lipoxygenaseA ] 2l 3L
£& Buslgn, 2 KimFPe 2o A
9 K*o} t3 aldosteroned] Al@#hy Eu|ukgol

Astgo] glont ded g o) FEHY A IR
P9} A& dzFa ztelzt gloiA A 1A aldos-
teroneltH] e Aglo] IPAIA o) % )& Aol 3}
At

A TAS% aldosterone?] 4] DAG R Az
£%714 protein kinase C(PKC)&4387t 234
W DAGE PLCZ43] 9% phosphatidilinositol
(P)E3)v} PLDel 2% phosphatidylcholine(PC)E3
% PAS] thate) ols) A= PLCA 93 A4E 1P
= AXWEEE YA ARE A [TAS aldos-
terone®H|Z2g9 14L& A 1A% PLC 2 PLD9
B & FAow Fustaz stk Ay 2w F
7t Fo8 9L s 1P, PKC EAsl] 43
DAGE A TA=F AzEzte njgles ol7t fiith.
ol Kim% 9] d7anel 94 3t4lx oj50] A%
uke} o] TPAAIolFel aldosteroned] 4] Aol
AU A TFE9 & ol AZEHY] AE F8
o 28] g AoF AT

olte] Axz Rol FuHMAA FA glomeru-
losad X A DA aldosterone £H|7} 74 o]
2E A [A= S22 B A3 ¢ede] X8
o o8] TAFH PLCOS PLD S431% A=) 440
AT 2107t 9 A LS ZHol phospholipased] &
Azlol el AsALA A A T Ro 2 JZ7H
A},

Iy -

oA £ uZEIFTH gAM AESE 29
&= Aaldosterone@ 3] Y2 43| w4 AA
groy 859 reninsy =9 ACTH, K* A5 tgh al-
dosterone®] EH|E th¥sIl 2t angiotensin (A
1A= th3t aldosteroned] HulE FEH o2 74
Hol gtkx BoEHG 2y ol A TAS al-
dosterone®®] 749 71d& F43 U4 A &
ok EATE g 2421 WAA gAe AlE
A aldosterone®r]e] WadE sty A 1A
= aldosterone #4]¢] ATt AEe ASHEA 9 of
ol g vehd=x 9e]7] s A T 28] AE"
A% AGAZFT AEUZEZ7H PKCEAs Fa8
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PLC % PLD® 249 W38 fase] FxolA
A IA= aldosterone®r]dEe] 7148 A 19 A3
AGAFT AXNFRAEL SHIE T o2 3HE| T o

H8 st ded And 96 TRFEA A
3.
R

Sprague-Dawley #ME FAUNEFE, streptozoto-
cinoZ FxHE FEAZ T, B FEF Jede

2 ggzdL 3@ Ages EFen AFAE 2FF 3§
HBAA BF renin aldosteroned AP 2
glomerulosad| =& £23 F AlgduldlA ACTHS
K" A=aldosterone 4] ¥Hg-9) sl A T A= al-
dosterone #H9Hg-2 ST A T ASF PLC ¥
PLD9 84& wg93= 1P, PA, PEt, DAGE 43}

Gl e] B3 renin@A =9 aldsoterone’s
A4 gz7E d&dos ¥g s 79 §

At
4 It
D
2)

L
o ‘} 17F A H(p<0.05).

o] 2 glomerulosatl £ 7144,
K*, ACTHA= aldosterone ¥ul& AAUZL 2}

o7} e (p>0.05), A TA= aldosteroned] &
HE folatAl Zas o] Ao (p<0.05) ¢ledog
2§ FadAZdAE A 1A aldosteroned] ¥
v]7} AR ETEE o Zel7F (tHp>0.05).
3) A I A= 2l8 IP,S PA, PET, DAGS] AAd&
A2zl F% Zo)7t YATHp>0.05).
2.

— "

fid

FuuirdA BA glomerulosadlE£4 A TA=
aldosterone 247} Z44=H o] A IAS €A

HE 2y Hile A&y X854 oF aFsHm
PLCY PLD 2435 A1E-9] AAjo] AT o7}
gl= 402 Hol phospholipased] @43}e]% 9] A%
AgA A A & 2oz JZAFHA
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