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SUMMARY

1. Products of metabolism of arachidonic acid, such as 20-
hydroxyeicosatetraenoic acid (20-HETE), thromboxane A,
(TXA,) and prostaglandin I, (PGI,), regulate vascular tone.
Among them, 20-HETE is a potent constrictor in small arteries
that also has natriuretic properties. The present study investigated
changes in urinary concentrations of 20-HETE and metabolites
of TXA, and PGI, in glucocorticoid-hypertension in rats, a
sodium-independent model.

2. Male Sprague-Dawley rats were treated with saline,
adrenocorticotrophic hormone (ACTH; 0.2 mg/kg) or dexame-
thasone (20 pg/kg) by daily s.c. injection for 12 days. Systolic
blood pressure (SBP) was measured using the tail-cuff method.
Metabolic cages were used for 24 h urine collection. Thymus
weight and urinary concentrations of 20-HETE, TXA, and PGI,
were determined.

3. Inthe present study, SBP was increased by both ACTH (from
102 +2 to 134 =+ 7 mmHg; n =10; P < 0.01) and dexamethasone
(from 106+5 to 122+ 4 mmHg; n=10; P<0.01). Thymus
weight, a marker for glucocorticoid activity, was significantly
decreased by both ACTH and dexamethasone (56+9 and
76 £ 5mg/100 g bodyweight, respectively; n=10; P’ <0.01)
compared with the saline control (151 £ 5 mg/100 g bodyweight;
n=20). Urinary 20-HETE excretion was increased by ACTH
(501 £ 115 pmol/g creatinine; n =10; P’ < 0.05) but not by
dexamethasone (126 + 13 pmol/g creatinine; n = 10) compared
with the saline control (219 = 54 pmol/g creatinine; n = 20).
Neither ACTH nor dexamethasone affected urinary excretion of
TXB, or PGI, compared with the saline control.

4. In conclusion, ACTH but not dexamethasone increased
urinary 20-HETE excretion in male Sprague-Dawley rats.
Urinary concentrations of the metabolites TXB, and PGI, were
unchanged in both models of glucocorticoid-hypertension. The
vasoconstrictor 20-HETE may play a role in the genesis of
ACTH-induced hypertension.
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INTRODUCTION

The products of metabolism of arachidonic acid (AA), such as throm-
boxane (TX) A,, prostaglandin I, (PGL,) and 20-hydroxyeicosatetraenoic
acid (20-HETE), regulate vascular tone. Thromboxane A,, a potent
vasoconstrictor, is a product of AA catalysed by cyclo-oxygenase
and thromboxane synthase.! Because of its short half-life, it is
measured by assaying its stable metabolites, such as TXB,.” In essential
hypertensive patients, urinary 11-dehydro-TXB, concentrations
were significantly higher than in normotensive controls, indicating
that thromboxane excess may increase blood pressure.’ Angiotensin
II treatment significantly increased systolic blood pressure (SBP)
in wild-type but not TXA,-knockout mice.* Treatment with ridogrel
(a TXA, antagonist and synthesis inhibitor) reversed the increase in
SBP in uraemic rats.” Administration of the synthetic glucocorticoid
dexamethasone (Dex; 2.5 mg/L in drinking water; approximately
0.3 mg/kg per day) to male Sprague-Dawley rats fed a saturated
fat-enriched diet significantly decreased serum TXB, by 76-83%.°
Furthermore, treatment with very high doses of Dex (1 mg/kg per
day, i.m.) in newborn rabbits significantly decreased mean plasma
TXB, following exposure to a hyperoxic environment.”
Prostaglandin I, is a vasodilator generated from AA by cyclo-
oxygenase and prostacyclin synthase.! Deficiency of prostacyclin
may be important in the pathophysiology of hypertension.® A
significantly lower plasma concentration of 6-keto-PGF |, (a stable
major metabolite of prostacyclin) was detected in Dahl-salt-sensitive
rats compared with salt-resistant rats.* Administration of buthionine-
sulphoximine (depleting glutathione to induce oxidative stress) to
male Sprague-Dawley rats significantly increased mean arterial
pressure, accompanied by a decrease in plasma prostacyclin compared
with controls.” Dexamethasone (3 mg/L in drinking water; approx-
imately 0.36 mg/kg per day for 7 days) inhibited synthesis of PGI,
in Wistar rats.'® Conversely, plasma 6-keto-PGF,, was significantly
higher in Dex (1 mg/kg per day, i.m.)-treated newborn rabbits
exposed to hyperoxia compared with controls.”
20-Hydroxyeicosatetraenoic acid is a potent constrictor in small
arteries of renal, cerebral and mesenteric arteries. It depolarizes
vascular smooth muscle by blocking calcium-sensitive potassium
(K¢,) channels and may serve as an endogenous intracellular
regulator of the K* channel in arteriolar smooth muscle cells."
20-Hydroxyeicosatetraenoic acid increases intracellular Ca**
concentrations via inhibition of K., channels and by a direct effect
on L-type Ca channels." Conversely, 20-HETE also has naturetic
properties and has been implicated in playing a protective role in
models of salt-dependent hypertension.'* However, the effect of
glucocorticoids on 20-HETE production is not known.
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The aim of the present study was to investigate the effects of
adrenocorticotrophic hormone (ACTH), which raises blood pressure
by increasing endogenous corticosterone concentrations," and
low-dose dexamethasone on these AA metabolites in male Sprague-
Dawley rats.

METHODS

Experimental animals

Forty male Sprague-Dawley rats (approximately 200 g; Animal Resources
Centre, Perth, WA, Australia) were used in these studies, which were
approved by the Animal Experimental Ethics Committee of the Australian
National University (Protocol number JHB. 16.03 and 18.04). Rats were
housed in plastic cages at constant temperature of 20—22°C, humidity 30—
31% and under a 12 h light—dark cycle. Rats had free access to standard
commercial feed and drinking water. Rats were handled and acclimatized to
the equipment for 2 weeks before experiments were started.

Experimental protocol

Adrenocorticotrophic hormone (0.2 mg/kg, in a volume of 1 mL/kg; Novartis
Pharmaceuticals, North Ryde, NSW, Australia), Dex (20 pg/kg per day, in
avolume of 1 mL/kg; David Bull Laboratories, Mulgrave, Victoria, Australia)
or saline (1 mL/kg per day) was administered subcutaneously. After 4 control
days, rats were randomly divided into three groups and treated with saline
vehicle (Group 1; n =20), ACTH (Group 2; n = 10) or Dex (Group 3; n = 10)
for 13 days. Treatment day was defined as ‘T".

Systolic blood pressure and bodyweight measurements

Systolic blood pressure was measured at 0900—1200 hours on alternative days
using a heating plate (at 40°C) and tail-cuff system (Narco Biosystems, Houston,
TX, USA). Rats were put on the heating plate for 2550 min. The mean of four
recordings (difference < 10 mmHg) was accepted as SBP for each rat. Body-
weight was measured on alternative days after blood pressure measurement.

Metabolic measurement

On the last treatment day, rats were put into individual metabolic cages
(Mascot Wire, Sydney, NSW, Australia) for 24 h for urine collection and
measurement of food/water intake.

Assays for urinary AA metabolites

Twenty-four hour urine samples were collected prior to anaesthetic for assays
of concentrations of 20-HETE and thromboxane and prostacyclin metabolites.
Urinary 20-HETE concentrations were measured using electron-capture
negative-ion gas chromatography—mass spectrometry, as described previously.'
Urinary TXB, and PGI, concentrations were measured using enzyme
immunoassays (Assay Designs, Ann Arbor, MI, USA) after extraction, as
described previously."” The adequacy of urine collection was ensured by
correcting for urinary creatinine concentrations.

Thymus weight

After rats had been killed, their thymus was isolated and measured as an
in vivo glucocorticoid activity marker. Thymus weight was expressed as
mg/100 g bodyweight.

Lucigenin chemiluminescence assay

After rats had been killed, their thoracic aorta was removed and cut into two
S mm segments. Lucigenin-enhanced chemiluminescence was used to measure
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Fig.1 (a) Systolic blood pressure (SBP) and (b) bodyweight of saline- (O),
adrenocorticotrophic hormone- (ACTH; M) and dexamethasone-treated
(Dex; @) rats.

NADPH-stimulated superoxide production from aortic rings. The final con-
centration of lucigenin (Sigma-Aldrich, St Louis, MO, USA) was 5 wmol/L.
Superoxide production was expressed as count/s per mg dry aorta weight.

Statistical analysis

Data were analysed using spss version 11.0 (SPSS, Chicago, IL, USA);
Greenhouse—Geisser P and P’ values (the Bonferroni-corrected value) < 0.05
were regarded as significant. All statistical analyses used raw data. Systolic
blood pressure and bodyweight within and between groups were analysed
using repeated-measures ANOVA. Urinary excretions of AA metabolites,
thymus weight, lucigenin chemiluminescence and metabolic data between
different groups were analysed using unpaired Student’s #-test. Data are
expressed as the meantSEM.

RESULTS
Systolic blood pressure

Saline treatment had no significant effect on SBP (109 £3 and
113 £ 2 mmHg on TO and T10, respectively). Systolic blood pressure
was significantly increased from TO to T10 by both ACTH (from
102 £2 to 134+ 7 mmHg; P <0.001) and Dex (from 106 £5 to
122 + 4 mmHg; P < 0.01). Systolic blood pressure was high in both
ACTH- (P’ < 0.001) and Dex-treated rats (P’ < 0.01) compared with
saline-treated rats (Fig. 1a).

Bodyweight

Bodyweight was increased from TO to T10 in saline- (from 237 £ 6
t0293 5 g; P<0.01), ACTH- (from 215+ 410240+ 7 g; P < 0.01)
and Dex-treated rats (from 247 £ 11 to 269£9 g; P<0.01).
Bodyweight gain was slower in ACTH- and Dex-treated rats
compared with saline-treated rats (P’ < 0.001; Fig. 1b).
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Fig.2 Metabolic measurements. (a) Daily food consumption, (b) water
intake and (c) urine volume of saline-, adrenocorticotrophic hormone
(ACTH)- and dexamethasone (Dex)-treated rats.

Metabolic measurements

Daily food consumption was similar in all three groups (21 + 1 g/rat,
n = 10-20 in each group; Fig. 2a). Adrenocorticotrophic hormone
increased daily water consumption (47 + 3 mL/rat), whereas Dex
(20 pg/kg per day) had no significant effect on daily water intake
(30 £ 1 mL/rat) compared with saline-treated rats (31 £ 2 mL/rat;
Fig. 2b). Twenty-four hour urine output was significantly increased
by ACTH but not Dex compared with saline treatment (18 2,5 + 1
and 5 + 1 mL/rat, respectively; Fig. 2¢).

Urinary AA metabolites

Urinary 20-HETE excretion was higher in ACTH-treated animals
compared with saline-treated rats (501 = 115 vs 219 £ 54 pmol/g
creatinine, respectively; n =10 and 18, respectively; P’ < 0.05).
There was no significant difference in urinary 20-HETE excretion
between the saline- and Dex-treated rats (126 + 13 pmol/g creatinine;
Fig. 3a). There was no significant difference in urinary TXB, excretion
between the saline (n = 18)-, ACTH- and Dex-treated rats (320 £ 42,
379 £ 50 and 222 + 10 ng/g creatinine, respectively; Fig. 3b). Urinary
PGI, excretion was similar in the saline (n = 18)-, ACTH- and
Dex-treated rats (7.9 £ 1.2, 8.3 £ 1.3 and 4.5 £ 0.3 pg/g creatinine,
respectively; Fig. 3c).

Thymus weight

Both ACTH and Dex treatment significantly decreased rat thymus
weight compared with the saline control (569, 76+5 and
151 £ 5 mg/100 g bodyweight, respectively; P’ < 0.001; Fig. 4a).

Production of superoxide in the aorta

Lucigenin-enhanced chemiluminescence in aortic segments was
higher in ACTH-treated rats compared with saline-treated rats
(183 £27 vs 108 + 14 count/s per mg, respectively; P’ < 0.05), but
similar between the saline- and Dex-treated (84 + 14 count/s per mg;
n=9) groups (Fig. 4b).

DISCUSSION

In the present study, both ACTH (0.2 mg/kg per day, s.c.) and Dex
(20 pg/kg per day, s.c.) treatment significantly increased SBP and
decreased bodyweight and thymus weight in Sprague-Dawley rats,
consistent with previous publications.'¢
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Fig.3 Concentrations of urinary arachidonic acid metabolites (corrected by urinary creatinine levels): (a) 20-hydroxyeicosatetraenoic acid (20-HETE),
(b) thromboxane B, (TXB,) and (c) prostaglandin I, (PGL,) in saline- (O), adrenocorticotrophic hormone- (ACTH; M) and dexamethasone-treated (Dex; @) rats.
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Fig.4 (a) Thymus weight and (b) aortic superoxide production in rats
treated with saline (O), adrenocorticotrophic hormone (M) and dexamethasone
(@). BW, bodyweight.

Neither ACTH nor Dex had any effect on food intake. Adreno-
corticotrophic hormone, but not Dex, increased water consumption
and 24 h urine volume. The effects of ACTH on food and water
consumption and urinary output are consistent with previous
publications.'” The metabolic effects of Dex vary between species
and depend on dose. In sheep, administration of Dex at 24 mg/day
for 5 days increased water intake (only on Treatment Day 1) and
urine output.'® However, in Sprague-Dawley rats, high-dose Dex
(5 mg/day per rat (approximately 23-25 mg/kg per day), s.c., for 3
weeks) had no effect on water intake, but increased urine volume."
In humans, Dex orally at 8 mg/day for 5 days enhanced urine
volume.” In the present study, the low dose of Dex used (20 pg/kg
per day, s.c.) increased SBP without any significant effect on these
metabolic parameters.

We have demonstrated previously that ACTH-induced hypertension
is associated with increased oxidative stress, as determined by
plasma F,-isoprostane concentrations,'® and superoxide, measured
by lucigenin-enhanced chemiluminescence.?' In the present study,
aortic superoxide production, measured by lucigenin-enhanced
chemiluminescence, was increased by ACTH, confirming these
previous findings. However, in Dex-treated rats, although plasma
F,-isoprostane concentrations have been reported to be increased in
previous studies,'® there was no increase in lucigenin-enhanced
chemiluminescence.

The major finding of the present study was that ACTH (but not
Dex) treatment increased urinary 20-HETE excretion. In hypertensive
humans, urinary 20-HETE excretion is positively correlated with

diastolic blood pressure.”? Formation of 20-HETE is inhibited by
nitric oxide (NO), which binds to the catalytic heme site in the
cytochrome 450 4A (CYP4A) enzyme.” We have demonstrated
previously that ACTH treatment inhibits inducible and endothelial
NO synthase (NOS) expression in kidney** and lowers plasma
nitrate/nitrite (NO,), L-arginine and L-citrulline concentrations.”
Feeding L-arginine, a NOS precursor, reversed ACTH-induced
hypertension in Sprague-Dawley rats.” Accordingly, ACTH-induced
20-HETE overproduction may be the result of NO deficiency. 20-
Hydroxyeicosatetraenoic acid has vascular prohypertensive and
renal tubular antihypertensive properties. Adrenocorticotrophic
hormone-induced hypertension is not sodium dependent,* so any
effects of 20-HETE on blood pressure in this model would be likely
to reflect vasoconstriction rather than changes in sodium excretion.

It has been demonstrated that the 20-HETE analogue WIT003
stimulates superoxide formation in human microvascular endothelial
cells.”” Arteries from CYP4A-overexpressing rats produced more
20-HETE, less NO and displayed higher levels of oxidative stress,
as measured by increased generation of superoxide and increased
expression of nitrotyrosine and gp91phox.” Inhibition of 20-HETE
production by HET0016 reduced androgen-induced interlobar
arterial production of superoxide and the levels of gp91-phox and
p47-phox proteins and decreased blood pressure in Sprague-Dawley
rats.”’ In hypertensive patients, urinary 20-HETE excretion is
positively associated F,-isoprostanes.” We have demonstrated
previously that plasma F,-isoprostane concentrations are increased
in ACTH- and Dex-induced hypertension and that chronic anti-
oxidant therapy (e.g. tempol and apocynin) prevent and reverse both
ACTH- and Dex-induced hypertension,**** indicating that oxidative
stress plays an important role in both models of hypertension.
However, in the present study, only ACTH-induced hypertension was
associated with increased 20-HETE and superoxide production.
There is no significant correlation between superoxide and 20-
HETET production (= 0.085; P =0.0799).

The role of thromboxane in hypertension varies in different models.
A marked increase in urinary TXB, levels was found in N®-nitro-L-
arginine methyl ester-induced hypertensive male Wistar rats.**
Chronic angiotensin II infusion raised blood pressure more in
wild-type mice than TXA,-knockout mice.* However, U63557A, a
thromboxane synthetase inhibitor, did not reverse cyclosporine-
induced hypertension in sheep.”® High-dose Dex (0.142-0.3 mg/kg
per day) treatment decreased serum TXB, in Sprague-Dawley rats
fed a high-fat diet® and in one-kidney, one-clip rats.* In the present
study, both ACTH and low-dose Dex increased blood pressure, but
neither altered urinary TXB, excretion, suggesting that thromboxane
may not play a major role in glucocorticoid-induced hypertension
in rats.

Vasodilator prostanoid deficiency may also be important in exper-
imental hypertension. A decrease was observed in plasma PGI, in
oxidative stress-induced hypertensive Sprague-Dawley rats’ and
urinary 6-keto-PGF,, concentrations were significantly lower in
uraemic rats compared with controls.” In the present study, neither
ACTH nor Dex had any effect on urinary PGI, metabolite excretion.
Previous studies investigating the effect of Dex on PGI, using high
doses of Dex gave inconsistent results.'**® In Wistar rats, Dex (3 mg/L
in drinking water; approximately 0.3 mg/kg per day) inhibited the
synthesis of PGI, in the kidney (measured by 24 h urinary excretion
of PGI-M, a major metabolite of PGI,).” Administration of Dex
(2.5 mg/kg per week, s.c.) to rats produced a biphasic effect on
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urinary PGF,, excretion.”” In that study,’” after Dex Treatment Day 1,
there was a significant decrease in urinary PGF,, excretion com-
pared with control; however, after Day 5 and Day 14, urinary PGF,,
excretion was higher than in the control group. In Sprague-Dawley
rats, immobilization stress increased plasma ACTH and corticosterone
concentrations and aortic ring 6-keto-PGF,, levels; however,
coadministration of ACTH (2 pg/kg) and noradreanline, which also
raised plasma levels of ACTH, corticosterone and noradrenaline to
peak stress levels, did not increase 6-keto-PGF, levels in aortic
tissue.™® Urinary 6-keto-PGF,, concentrations were unchanged in
cortisol-treated humans.*® Although uterine concentrations of 6-oxo-
PGF1la (a hydrolysis product of PGI,) in ACTH-treated sheep during
labour were elevated,* treatment of sheep with prostacyclin did not
prevent ACTH-induced hypertension,*' suggesting that PGI, may not
play an important role in glucocorticoid-induced hypertension.
However, we cannot completely exclude the possibility of having
underestimated the role of thromboxane and deficiency of PGI, in
glucocorticoid-induced hypertension because urinary excretion rate
may not reflect tissue levels.

In conclusion, in male Sprague-Dawley rats, ACTH but not Dex
increased urinary 20-HETE excretion. Urinary excretion of TXA, and
PGI, metabolites was not changed in either model of glucocorticoid-
hypertension. 20-Hydroxyeicosatetraenoic acid may play a role in
ACTH-induced hypertension and studies investigating the effect of
a 20-HETE inhibitor on glucocorticoid-induced hypertension are
warranted.
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