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Abstract—Previously, we showed that peripheral administration of 63-hydroxytestosterone, a CYP1B1 (cytochrome P450
1B1)-generated metabolite of testosterone, promotes angiotensin II-induced hypertension in male mice. However, the
site of action and the underlying mechanism by which 6f-hydroxytestosterone contributes to angiotensin II-induced
hypertension is not known. Angiotensin II increases blood pressure by its central action, and CYP1B1 is expressed in the
brain. This study was conducted to determine whether testosterone-CYP1B 1 generated metabolite 63-hydroxytestosterone
locally in the brain promotes the effect of systemic angiotensin II to produce hypertension in male mice. Central CYP1B1
knockdown in wild-type (CyplIbI**) mice by intracerebroventricular-adenovirus-GFP (green fluorescence protein)-
CYPI1BI1-short hairpin (sh)RNA attenuated, whereas reconstitution of CYP1B1 by adenovirus-GFP-CYP1B1-DNA
in the paraventricular nucleus but not in subfornical organ in CyplbI~~ mice restored angiotensin II-induced increase
in systolic blood pressure measured by tail-cuff. Intracerebroventricular-testosterone in orchidectomized (Orchi)-
CypIbI** but not in Orchi-CyplbI~-, and intracerebroventricular-6[3-hydroxytestosterone in the Orchi-CyplbI~~ mice
restored the angiotensin II-induced: (1) increase in mean arterial pressure measured by radiotelemetry, and autonomic
imbalance; (2) reactive oxygen species production in the subfornical organ and paraventricular nucleus; (3) activation of
microglia and astrocyte, and neuroinflammation in the paraventricular nucleus. The effect of intracerebroventricular-63-
hydroxytestosterone to restore the angiotensin II-induced increase in mean arterial pressure and autonomic imbalance
in Orchi-CypIbl~~ mice was inhibited by intracerebroventricular-small interfering (si)RNA-androgen receptor (AR)
and GPRC6A (G protein-coupled receptor C6A). These data suggest that testosterone-CYP1B1-generated metabolite
6[3-hydroxytestosterone, most likely in the paraventricular nucleus via AR and GPRC6A, contributes to angiotensin II-
induced hypertension and neuroinflammation in male mice.

Graphic Abstract—An online graphic abstract is available for this article. (Hypertension. 2020;76:1006-1018. DOI:
10.1161/HYPERTENSIONAHA.120.15567.) ® Data Supplement
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Men display higher blood pressure (BP) than do women
of similar reproductive age.! This protection against
high BP in females has been attributed to 17(3-estradiol,
the predominant estrogen. Recently, we showed that a
17B-estradiol-CYPIBI (cytochrome P450 1B1)-catechol-O-
methyltransferase-generated metabolite, 2-methoxyestradiol
in the brain protects against neurogenic hypertension induced
by Ang II (angiotensin II), and DOCA (deoxycorticosterone
acetate) salt in female mice.> However, this protection against
hypertension was absent in the males. Studies in humans and
experimental animal models suggest that the male sex hormone
testosterone is a prohypertensive hormone.> Gonadectomy

minimized the increase in BP in male spontaneously hyper-
tensive rats and hypertension induced by DOCA salt in male
rats, and Ang II in the male mice and rats,*® and peripheral tes-
tosterone replacement restored DOCA salt and Ang II-induced
increase in BP in the rats.>® These observations suggest that
testosterone, unlike estrogen, promotes the effect of Ang II to
increase BP in males.

A chronicincrease in circulating Ang II produces its hyper-
tensive effects (neurogenic hypertension), primarily through
sympathoexcitation via its action in the circumventricular
organs, including the subfornical organ (SFO).’ This, in turn,
leads to increased neuronal activity in the paraventricular
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nucleus (PVN) and rostral ventrolateral medulla, and subse-
quently, the preganglionic sympathetic nerves.!” Plasma renin
activity in ovariectomized female rats was increased with tes-
tosterone treatment, whereas it was reduced by castration in
male rats.!! Therefore, testosterone by itself or through the
generation of a metabolite might act in the brain to promote
the hypertensive effects of Ang II. Supporting this view is
the observation that intracerebroventricular (ICV) injection
of the androgen receptor (AR) antagonist flutamide reduced
the Ang II-induced increase in BP in male mice.'> However,
the mechanism by which testosterone contributes to the effect
of Ang II to increase BP and associated neuroinflammation in
the brain is not known.

Nongenomic GPRC6A (G protein-coupled receptor
C6A) is present in both human and mouse brain,*'* and
testosterone-mediated metabolic functions such as stimula-
tion of insulin secretion in pancreatic islets were shown to
be dependent on testosterone-GPRCOA rapid signaling.'
However, the role of GPRC6A in the brain in the action of
testosterone on Ang II-induced hypertension has not been
explored. Testosterone is metabolized by CYP1BI1 into 6f3-
OHT (6p-hydroxytestosterone),'®!” and CYPIBI1 is widely
expressed in the male mouse brains'® and in human neurons
and astrocytes.!” These observations together with our pre-
vious findings’ that systemic administration of 63-OHT con-
tributes to Ang II-induced hypertension and its pathogenesis
led us to the hypothesis that the testosterone-CYP1B1 gener-
ated metabolite 63-OHT, produced in the brain contributes to
the effect of Ang II on autonomic function, neuroinflamma-
tion, and hypertension, via genomic (AR) and nongenomic
(GPRC6A) receptors in male mice.

Materials and Methods

The authors declare that a detailed Methods section and all support-
ing data are available within the article and in the Data Supplement.
Other details regarding analytic methods, study materials, and the
data will be made available from the corresponding author upon rea-
sonable request.

Animals

All experiments were performed in accordance with the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals under protocols approved by the University of Tennessee
Health Science Center Institutional Animal Care and Use
Committee. Experiments were conducted on 8- to 10-week-old, 20-
to 25-g body weight, intact and orchidectomized (Orchi) Cyplbl+*
(Wild-type, C57BL/6J background) and Cyplb1~- (C57TBL/6J back-
ground) male mice. Mice were maintained on a 12:12-h light-dark
cycle in temperature (22°C+0.2°C)-controlled rooms with access
to mouse chow and water ad libitum. The mice were randomly di-
vided into different groups for the experiments. The effects of Ang II
(infused for 14 days, 700 ng/kg per minute, subcutaneous, osmotic
minipump) was investigated in mice injected ICV with (1) adeno-
virus (Ad)-GFP (green fluorescence protein)-scrambled (Scr)-short
hairpin (sh)RNA (a single injection of 2 pL, 6.4x10" pfu/mL) and
Ad-GFP-CYP1B1-shRNA (a single injection of 2 pL, 1.3x10"* pfu/
mL); (2) Ad-GFP-DNA (a single injection of 2 pL, 1.0x10'? pfu/mL)
and Ad-GFP-CYPIB1-DNA (a single injection of 2 pL, 1.0x10'?
pfu/mL); (3) testosterone (3 pg/2 pL per alternate day, starting 6
days before implantation of osmotic minipump till the end of the ex-
periment), 63-OHT (1.5 pg/2 pL per alternate day), and their vehicle
(Veh, 20% w/v 2-hydroxypropyl-f3-cyclodextrin in artificial cerebro-
spinal fluid, 2 pL per alternate day); and (4) after selective injection
of Ad-GFP-DNA/Ad-GFP-CYP1B1-DNA in SFO (200 nL, single
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injection) and PVN (200 nL, bilaterally), respectively. Saline was
infused as a vehicle for Ang II.

Statistical Analysis

The data were expressed as the mean+SEM with P<0.05 con-
sidered statistically significant. For the BP data, a comparison
between the groups was performed using 2-way ANOVA with re-
peated measures. Unpaired #-test was used for comparisons be-
tween 2 groups with normally distributed data. Multiple groups
with normally distributed variables were compared by 1-way
ANOVA. In most of the experiments, the primary outcomes and
main comparisons exceeded a power of 0.8 with the number of
animals used (Data Supplement).

Results

Central CYP1B1 Knockdown in Cyp1b1+*
Attenuates, and Its Reconstitution in Cyp1bI~"-,

but Not in Orchi-Cyp1b1~- Mice, Restores Ang II-
Induced Hypertension

Ang II increased systolic BP (SBP) in CyplbI*"* mice trans-
duced with ICV-Ad-GFP-Scr-shRNA (Figure 1A). However,
ICV-Ad-GFP-CYP1B1-shRNA that reduced the Cyp1bI mes-
senger (m)RNA expression in both PVN and SFO (Figure
S1A and S1B in the Data Supplement) minimized the effect
of Ang II to increase SBP in Cyp1b1*"* mice (Figure 1A).

Ang II caused a small increase in SBP in Cyplb1~~ mice
transduced with ICV-Ad-GFP-DNA (Figure 1B). However,
transduction with ICV-Ad-GFP-CYP1B1-DNA restored
the expression of Cyp/bl mRNA in both the PVN and SFO
(Figure S1C and S1D), and the Ang II-induced increased SBP
in intact CyplbI™~ (Figure 1B) but not in Orchi-Cyplbl™~
mice (Figure S1E).

GFP expression in the PVN and SFO (Figure 1C and 1D;
Figure S1F) confirmed the transduction with adenoviral vec-
tors given by ICV. The CYP1B1 adenoviral vectors selectively
downregulated expression of CypIbl mRNA, as indicated by
a lack of effect on the expression of Cyp4al0 and Cyplal
mRNA in the PVN (Figure S1A and S1C).

CYP1B1 Contributes to Ang II-Induced Reactive
Oxygen Species Production in the Brain

Ang II-induced hypertension is mediated via reactive oxygen
species (ROS) production in the SFO and PVN.?° Moreover,
the central infusion of tempol, a superoxide dismutase mi-
metic, prevents Ang II-induced hypertension in male mice."
Therefore, we investigated the contribution of CYP1B1 in the
brain to ROS production, as indicated by enhanced 2-hydroxy-
ethidium fluorescence (yellow color) generated after staining
with dihydroethidium and visualized using a dual-wavelength
filter, excitation at 375 nm and emission at 585 nm.?! Ang
IT increased the ROS production in the PVN and SFO in
CyplbI*"* mice with ICV-Ad-GFP-Scr-shRNA (Figure 1E;
Figure S2A). However, this effect of Ang II to increase ROS
production was lower in the PVN than in the SFO in Cyp1bI**
mice with ICV-Ad-GFP-CYP1B1-shRNA (Figure 1E; Figure
S2A). Transduction with ICV-Ad-GFP-CYP1B 1-DNA but not
its control Ad-GFP-DNA restored 2-hydroxyedithium fluores-
cence in the PVN completely and only partially in the SFO in
CyplbI™~ mice (Figure 1F; Figure S2B). Ang II-induced in-
crease in 2-hydroxyedithium fluorescence in PVN or SFO was



1008 Hypertension September 2020

+/+ =
ICV Cyp1b1 IcV Cyp1b1-/
~#—Ad-GFP-Scr-shRNA+Saline —o— Ad-GFP-DNA+Saline
A Ad-GFP-CYP1B1-shRNA+Saline B —®—Ad-GFP-CYP1B1-DNA+Saline
~—®—Ad-GFP-Scr-shRNA+Ang Il —&—Ad-GFP-DNA+Ang Il
200 7 —*—Ad-GFP-CYP1B1-shRNA+Ang Il 200 7 ~* Ad-GFP-CYP1B1-DNA*Angll $ 4
180 - D180 - 5
T I
£ 160 1 £ 160 -
£ 140 - £ 140 - *#
& 1 o ﬂ. F
B 20 o 120
“ 100 1 v 100 -
A4 “
0 1 v v T -+ " 0 1 v T T v
0 3 6 9 12 0 3 6 9 12
Days Days
PVN, SFO, PVN, SFO,
c 40X D 40X
Adé‘i"f" Ad-GFP
-shRNA RN
Ad-GFP Ad-GFP
-CYP1B1 -CYP1B1
-shRNA -DNA
E F
Ad-GFP Ad-GFP
-CYP1B1 -DNA
-shRNA +Saline
+Saline
Ad-GFP
AdéGFP -CYP1B1
S -DNA
-shRNA +Sali
+Saline aline
Ad-GFP Ad-GFP
-Scr -DNA
.shRNA +Ang |l
+Ang ll
AL-GEP Ad-GFP
-CYP1B1
-CYP1B1
-DNA
-shRNA SAna
+Ang Il 9

Figure 1. Central CYP1B1 (cytochrome P450 1B1) knockdown with intracerebroventricular (ICV)-injection of adenovirus (Ad)-GFP (green fluorescence
protein)-CYP1B1 short hairpin (sh)RNA (Ad-GFP-CYP1B1-shRNA) but not Ad-scrambled (Scr)-shRNA in Cyp1b7++ mice attenuated (A) and reconstitution
with ICV-injection of Ad-GFP-CYP1B1-DNA but not Ad-GFP-DNA in Cyp1b1-- mice restored (B) the Ang Il (angiotensin Il)-induced increase in systolic

blood pressure (SBP) as measured by tail-cuff method. Transduction by ICV-Ad-GFP-CYP1B1-shRNA/Ad-GFP-Scr-shRNA (C) and Ad-GFP-DNA/Ad-GFP-
CYP1B1-DNA (D) was confirmed by their fluorescence in the subfornical organ (SFO) and paraventricular nucleus (PVN). Ang Il in Cyp1b1** mice transduced
with ICV-Ad-GFP-Scr-shRNA increased the reactive oxygen species production in PVN and SFO as indicated by 2-hydroxyethidium (2-HE) fluorescence (E).
However, Ang ll-induced increase in 2-HE fluorescence was lower in PVN than in the SFO in Cyp71b1+* mice transduced with ICV-Ad-GFP-CYP1B1-shRNA
(E). Transduction with ICV-Ad-GFP-CYP1B1-DNA but not its control Ad-GFP-DNA restored 2-HE fluorescence in PVN and partially in SFO in Cyp1b1-- mice
(F). Saline was used as a vehicle for Ang Il. *P<0.05 vs Day 0 values (before the start of Ang Il infusion) within the group, #P<0.05 vs corresponding saline-
treated groups; 1P<0.05 vs Ad-GFP-Scr-shRNA+ANg IlI; $P<0.05 vs Ad-GFP-DNA+AnNg Il, n=5-8/group.
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not observed in orchi-Cyplb1~~ mice transduced with ICV-

Ad-GFP-CYP1B1-DNA (Figure S2C and S2D).

Reconstitution of CYP1B1 Expression in the

PVN, but Not in SFO Exacerbates Ang II-Induced
Hypertension in Cyplb1~- Mice

We recently reported that in female mice, Cyp/bl mRNA
is expressed in both the SFO and PVN and reconstitution of
Cyplbl mRNA in PVN but not SFO in the CyplbI™~ mice
protected against Ang Il-induced hypertension.> This obser-
vation raised the possibility that Ang Il-induced hyperten-
sion might also depend on CYP1BI1 in the PVN in male mice.
Therefore, we examined the expression of Cypl/bl mRNA
in PVN and SFO and the effect of selective transduction of
the SFO and PVN with Ad-GFP-CYP1B1-DNA on the Ang
[I-induced increase in SBP in male Cypl/bI~~ mice. Like in
females, Cyp/b1 mRNA was expressed in both SFO and PVN
(Figure S3A). However, in contrast to females,? transduction
with Ad-GFP-CYP1B1-DNA in PVN but not in SFO restored
the Ang II-induced increase in SBP in Cyplbl~~ male mice
(Figure 2A and 2B). The selective transduction of the adeno-
viral vectors in PVN and SFO was confirmed by GFP fluores-
cence (Figure 2C and 2D) and the restoration of the expression
of Cyplbl mRNA in the PVN or SFO but not in the adjoining
areas—ventromedial hypothalamic nucleus and ventral hippo-
campal commissure, respectively (Figure S3B and S3C).

Testosterone via Its CYP1BI-Generated Metabolite
6p-OHT in the Brain Contributes to Ang II-Induced
Hypertension

Since transduction with Ad-GFP-CYP1B1-DNA by ICV or
selectively injecting into PVN restored the Ang Il-induced
increase in SBP in CyplbI~- mice, we investigated whether
testosterone in the brain contributes to Ang Il-induced hy-
pertension via its metabolism to 63-OHT. Ang II failed to in-
crease mean arterial pressure (MAP), SBP, and diastolic BP in
ICV-Veh injected Orchi-Cyplb1** and Orchi-CyplbI~~ mice
(Figure 3A and 3B; Figure S4A through S4D). ICV-injection
of testosterone restored the effect of Ang II to increase MAP
(Figure 3A and 3B), SBP (Figure S4A and S4B), and diastolic
BP (Figure S4C and S4D) to a higher degree in Orchi-Cyp1b1+*
than in Orchi-Cyplb1~~ mice. However, ICV-injection of the
testosterone-CYP1B1 metabolite 63-OHT, but not testos-
terone, restored the Ang Il-induced increase in MAP, SBP,
and diastolic BP (Figure 3B; Figure S4B and S4D) in Orchi-
CyplbI~~ mice. Ang II did not alter heart rate and locomotor
activity in any of the above groups (Figure S4E through S4H).

Central 68-OHT Mediates the Effect of Testosterone
to Promote Ang II-Induced Impairment of
Autonomic Function

Systemic Ang II in mice is associated with impairment of
autonomic function.?>?* Therefore, we assessed whether tes-
tosterone via its CYP1B1-generated metabolite 63-OHT in
the brain promotes this effect of Ang II. The autonomic func-
tion was identical in ICV-Veh injected Orchi-Cyplbl** and
Orchi-Cyp1bI~~ mice infused with saline (Figure 3C through
3F). Power spectral analysis of heart rate variability showed
no increase in the ratio of low frequency to high frequency

Central CYP1B1-Testosterone Metabolite and Hypertension 1009

oscillations or LF/HF ratio (Figure 3C) during Ang II infusion
in ICV-Veh injected Orchi-CyplbI** and Orchi-Cyplbl-
mice, indicating intact sympathoparasympathetic balance.
Also, in these mice, Ang II did not alter either the vascular
(decreased MAP to ganglionic blocker hexamethonium, 30
mg/kg, intraperitoneal, Figure 3D) or cardiac (bradycardia to
[-blocker propranolol, 4 mg/kg, intraperitoneal, Figure 3E)
sympathetic activity, or vagal tone (tachycardia to muscarinic
antagonist atropine, 1 mg/kg, intraperitoneal, Figure 3F).
However, systemic administration of Ang II resulted in sym-
pathoparasympathetic imbalance (Figure 3C), increased both
vascular (Figure 3D), and cardiac (Figure 3E) sympathetic ac-
tivity, and reduced vagal tone (Figure 3F) in ICV-testosterone
injected Orchi-CyplbI** mice, and ICV-63-OHT but not
ICV-testosterone injected Orchi-Cyp1bI~- mice.

During Ang II infusion, ICV-testosterone in Orchi-
CyplbI*"* but not in Orchi-CyplbI~~ and ICV-6B-OHT in
Orchi-Cyp1bI7"- mice, increased urinary levels of norepineph-
rine (Figure S5A), an index of sympathetic outflow, and the
vasopressin prosegment, copeptin (Figure S5B), a biomarker
for vasopressin release.*

ICV-testosterone injection over the duration of the exper-
iment did not result in an increase in plasma testosterone lev-
els (Figure S5C) in Orchi-CypIb1*"* or Orchi-Cyp b1~ mice,
suggesting that there was no leakage of testosterone from the
brain.

Testosterone-CYP1B1-Generated Metabolite 6f-
OHT Promotes Ang II-Induced ROS Production in
the Brain

We also investigated the CYP1BI1-dependent action of tes-
tosterone on ROS production. Ang II failed to stimulate the
production of ROS as indicated by 2-hydroxyethidium fluo-
rescence in SFO and PVN in Orchi-CyplbI** and Orchi-
CyplbI7~ mice (Figure 4A; Figure S6A). ICV-testosterone
increased Ang II-induced ROS production in both the SFO
and PVN in Orchi-Cyplb1*"* (Figure 4A; Figure S6A) but
not in Orchi-Cyplbl~~ (Figure 4A; Figure S6B) mice. ICV-
63-OHT caused a larger increase in ROS production in the
PVN than in the SFO in the Orchi-Cyplb1~~ mice (Figure 4A;
Figure S6B).

Since transduction with Ad-GFP-CYP1B1-DNA in PVN
but not in SFO in CypIbI1~~ mice restored the Ang II-induced
increase in SBP, further studies of the action of testosterone
and 6B-OHT were performed only in the PVN, which are
described below.

Testosterone Increases Adam17 but Not nNos
mRNA in PVN in Orchi-Cyp1b1+* and 68-OHT in
Orchi-Cyplb1~- Mice

The ADAMI17 (a disintegrin and metalloprotease 17)-medi-
ated impairment of ACE2 (angiotensin-converting enzyme 2)
compensatory function in the mouse hypothalamus has been
shown to contribute to the development of neurogenic hy-
pertension.” Hence, we investigated the CYP1B1-dependent
action of 63-OHT on Adami17 mRNA expression in PVN in
response to Ang II. Orchidectomy reduced, and Ang II infu-
sion increased PVN Adam17 mRNA expression in Cyplbl*"*,
but not in Cyplbl” mice (Figure 4B). Testosterone in
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Figure 2. Selective reconstitution of CYP1B1 (cytochrome P450 1B1) in the paraventricular nucleus (PVN) bilaterally (A), but not in the subfornical organ
(SFO; B) of Cyp1b1-- mice with adenovirus (Ad)-GFP (green fluorescence protein)-CYP1B1-DNA but not Ad-GFP-DNA restored Ang Il (angiotensin Il)-
induced increase in systolic blood pressure (SBP) measured by tail-cuff method. The selectivity of Ad-GFP-DNA/Ad-GFP-CYP1B1-DNA injection in PVN
(C) and SFO (D) was confirmed by its GFP fluorescence. Saline was used as a vehicle for Ang Il. *P<0.05 vs Day 0 values (before the start of Ang Il infusion)

within the group, 1P<0.05 vs Ad-GFP-DNA+Ang II; n=12-13/group.

Orchi-CypIbI** but not in Orchi-Cyplbl~~, and 63-OHT in
Orchi-Cyp1b1~~ mice increased the Adaml7 mRNA expres-
sion in PVN in response to Ang II infusion (Figure 4B).

Central inhibition of NOS (nitric oxide synthase) has been
shown to contribute to Ang Il-induced increase in the dis-
charge of renal sympathetic nerves and elevated arterial BP
and heart rate in male rats.”® However, in the present study,
orchidectomy or CypIbl gene disruption and Ang II infu-
sion did not affect PVN nNos-mRNA expression (Figure 4C).
Neither testosterone in Orchi-CyplbI** nor 6p3-OHT in
Orchi-Cyp1bI~~ mice altered the nlNos mRNA expression in
the PVN in response to Ang II infusion (Figure 4C).

6p-OHT Promotes Ang II-Induced Increase in PVN
c-Fos+ Cell Population

The effect of testosterone and 63-OHT on PVN neuronal ac-
tivity was also assessed by examining c-Fos immunoreactivity

in response to Ang II. As expected, Ang II failed to increase
the total number of c-Fos+ cells in both Orchi-CyplbI**
or Orchi-Cyplbl~~ mice (Figure S7TA and S7B). However,
ICV-testosterone in Orchi-CyplbI**, and 6B-OHT in Orchi-
Cypl1bI~~, but not ICV-testosterone in Orchi-CyplbI~~ mice
increased the number of c-Fos+ cells in PVN (Figure S7).

6p-OHT Promotes Ang II-induced PVN
Neuroinflammation

Systemic Ang II increases activation of microglia and pro-
inflammatory cytokines including IL (interleukin)-1f), IL-6,
TNF-a (tumor necrosis o), and decreases anti-inflammatory
cytokine IL-10 mRNA levels in the PVN.”’ We examined
the contribution of CYPI1BI1-dependent effects of testos-
terone on the neuroinflammatory markers in the PVN in the
male mice in response to Ang II. Ang II failed to increase
the number of activated microglia (ionized calcium-binding
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Figure 3. Ang Il (angiotensin Il) increased the mean arterial pressure (MAP) in Orchidectomized (Orchi)-Cyp1b1++ mice with intracerebroventricular (ICV)-
administration of T (testosterone) but not its vehicle (Veh, 20% w/v 2-hydroxypropyl-f-cyclodextrin in artificial cerebrospinal fluid; A) as measured by
radiotelemetry. However, ICV-63-OHT (63-hydroxytestosterone) but not T, restored the Ang ll-induced increase in MAP (B) in Orchi-Cyp1b1-- mice. T

in Orchi-Cyp1b1++ but not in Orchi-Cyp1b7-- mice restored the Ang ll-induced increased low frequency (LF)/high frequency (HF) ratio of heart rate (HR)
variability, C), decreased MAP in response to ganglionic blocker hexamethonium (D), bradycardia in response to (3-blocker propranolol (E) and tachycardia
in response to muscarinic antagonist atropine (F). In Orchi-Cyp1b71-- mice, ICV-6(3-OHT restored these effects of Ang Il (C through F). Saline was used as
a vehicle for Ang Il. “P<0.05 vs Day 9 value (the day before implantation of the osmotic minipump) within the group, 1P<0.05 vs Vehicle (Veh) Ang Il in the
corresponding Orchi-Cyp1b1++ and Orchi-Cyp1b1-/- groups, #P<0.05 vs T+Ang Il in Orchi-Cyp1b1-~ group; n=4-8/group. A indicates change.

adaptor molecule 1 positive or IBA+ cells) in the PVN in
Orchi-Cyp1b1** and Orchi-Cyplbl~- mice (Figure 5A and
5B; Figure S7C). ICV-testosterone in Orchi-Cyplbl**, and
6B-OHT in Orchi-Cyplbl~-, but not testosterone in Orchi-
CyplbI™~ mice, increased the number of activated microglia
in the PVN (Figure 5A and 5B; Figure S7C). Most of these
microglia appeared to have globular cell bodies with shorter
and thicker cell processes (Figure SA, lower panel). The re-
maining microglia appeared to have thinner and longer

processes and reduced cell bodies as observed in ICV-Veh
injected Orchi-CypIbI** and Orchi-CyplbI~= or in ICV-
testosterone injected Orchi-CyplbI~~ mice with or without
Ang II (Figure 5A, lower panel).

Astrocytes contribute to Ang II-mediated sympathoex-
citatory effects in the PVN.?® In our study, Ang II failed to
increase the number of activated astrocytes (glial fibrillary
acidic protein, GFAP+ cells) in the PVN in Orchi-Cyplb1**
or Orchi-CyplbI~~ mice with ICV-Veh (Figure 5A and 5B;
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Figure 4. Ang Il (angiotensin Il) increased 2-hydroxyethidium fluorescence to a greater degree in the paraventricular nucleus (PVN) and minimally in the
subfornical organ (SFO) in orchidectomized (Orchi)-Cyp1b1++ with intracerebroventricular (ICV)-T (testosterone) but not in Orchi-Cyp1b1-- mice (A). ICV-6(3-
OHT (6f3-hydroxytestosterone) caused a greater increase in the reactive oxygen species production in the PVN than in the SFO in the Orchi-Cyp1b7-- mice
(A). Ang Il increased Adam17 messenger (m)RNA expression in the PVN in the Cyp1b7+* but not in Orchi- Cyp1b7++ and Cyp1b1-- mice, and this effect was
restored by ICV-T in Orchi-Cyp1b1+* but not in Orchi-Cyp1b1-- mice (B). ICV-63-OHT increased the Adam17 mRNA expression in PVN in Ang ll-infused
Orchi-Cyp1b1-- mice (B). Ang Il did not alter nNos mRNA in intact or Orchi- Cyp1b1++ and Cyp1b1-- mice with or without ICV-T or 63-OHT (C). Saline was
used as a vehicle for Ang Il. Vehicle (Veh) for T and 63-OHT, 20% w/v 2-hydroxypropyl-B-cyclodextrin in artificial cerebrospinal fluid. n=3 samples/group,
each sample consist of bilateral PVN punches pooled from 3 to 4 mice.
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Figure 5. Intracerebroventricular (ICV)-T (testosterone) in orchidectomized (Orchi)-Cyp1b1++

but not in Orchi-Cyp1b1--, and ICV-63-OHT (6f3-
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hydroxytestosterone) in Orchi-Cyp1b1-- mice restored the Ang Il (angiotensin Il)-induced increase in the number of activated microglia (ionized calcium-
binding adaptor molecule 1 [IBA], A and B) and astrocytes (glial fibrillary acidic protein [GFAP], A and B) in the paraventricular nucleus (PVN). The enlarged
images in the lower panel (A) show the colocalization of microglia and astrocyte and their morphology. Ang Il failed to increase Tnfa-mRNA (C) and reduce
1170-mRNA (D) in PVN, which were restored by ICV-T in Orchi-Cyp1b1++ (C and D) or 63-OHT in Orchi-Cyp1b1~- (C and D) mice. Saline was used a vehicle
for Ang Il. Vehicle (Veh) for T and 63-OHT, 20% w/v 2-hydroxypropyl-$-cyclodextrin in artificial cerebrospinal fluid. n=3/group for histological analysis; for
mRNA expression: n=3 samples/group, each sample consist of bilateral PVN punches pooled from 3 to 4 mice.
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Figure S7C). Ang II infusion in ICV-testosterone injected
Orchi-Cyp1b1*"*, and ICV-63-OHT injected Orchi-Cyplbl~-,
but not ICV-testosterone injected Orchi-Cyplbl~~ mice
increased the PVN activated astrocytes (Figure 5A and 5B;
Figure S7C), mostly having shorter and thicker cell processes
(Figure 5A, lowe;r panel). The remaining astrocytes showed
longer and thinner processes resembling those observed in
the ICV-Veh injected Orchi-CyplbI** and Orchi-Cyplbl™-
or ICV-testosterone injected Orchi-CyplbI~~ mice with or
without Ang II (Figure 5A, lower panel).

Ang II increased Tnfoo mRNA (Figure 5C) and reduced
1110 mRNA (Figure 5D) in the PVN of CyplbI** mice, but
these effects were reversed by orchidectomy or CYP1B1 gene
disruption. ICV-testosterone in Orchi-CyplbI1** or 63-OHT in
Orchi-Cyp1bI17~ mice increased Tnfa-mRNA (Figure 5C) and
reduced ///0-mRNA (Figure 5D) in PVN in response to Ang II.

ICV-Small Interfering RNA of AR and GPRC6A
Blunts the Effect of 68-OHT to Restore Ang II-
Induced Hypertension in Orchi-CypIb1~- Mice
Testosterone produces its actions via both genomic AR**° and
nongenomic GPRC6A receptors.” ICV-63-OHT failed to re-
store the effect of Ang II to increase MAP (Figure 6A), SBP, di-
astolic BP (Figure S4B and S4D), and LF/HF ratio (Figure 6B)
in mice injected with ICV-small interfering (si)RNA-AR or
siRNA-GPRC6A. In addition, these siRNAs attenuated the
effect of ICV-6B-OHT on the restoration of the decrease in
Ang II-induced increased MAP in response to hexamethonium
(Figure 6C), a decrease in heart rate in response to propranolol
(Figure 6D), or to prevent an increase in heart rate in response
to atropine (Figure 6E) in Orchi-Cyp1b1~~ mice. Interestingly,
Ang II increased the Gprc6a- but not Ar mRNA in the PVN
in CyplbI**mice (Figure S8). ICV-siRNA-AR and siRNA-
GPRC6A (0.4 nmol/2 pL, single injection) selectively reduced
the expression of Ar- and Gprc6a mRNA, respectively, in PVN
(Figure S8).

Central CYP1B1 Contributes to the Development of
DOCA Salt-Induced Hypertension in Male Mice

We also examined the contribution of brain CYP1B1 in uni-
nephectromized-DOCA (50 mg/kg, subcutaneous) salt (1%
NaCl)-induced hypertension for 4 weeks. DOCA salt increased
SBP in CyplbI1** but not in CyplbI1~~ mice (Figure S9A). ICV-
Ad-GFP-CYP1B1-shRNA but not Ad-GFP-Scr-shRNA mini-
mized the SBP in response to DOCA salt treatment in Cyp1b1**
mice (Figure S9B). Transduction in the brain by ICV-Ad-GFP-
CYP1B1-DNA but not Ad-GFP-DNA restored the DOCA salt-
induced increase in SBP in the Cyplb1~~ mice (Figure S9C).

Discussion
The present study is the first to show the contribution of central
testosterone in Ang Il-induced neurogenic hypertension via
its CYP1B1-generated metabolite 63-OHT, most likely by its
action in the PVN by increasing (1) sympathetic outflow, (2)
vasopressin release, (3) ROS production, (4) Adaml7 mRNA,
(5) activation of microglia and astrocytes, and (6) proinflam-
matory cytokine 7nfo. mRNA, while reducing (7) anti-inflam-
matory cytokine ///0 mRNA expression. Also, we show for the
first time that 63-OHT in the brain promotes Ang II-induced

hypertension through both the AR and GPRC6A receptors in
Orchi-Cyp1b1~~ mice.

CYPIBI is present in human and mouse brain,'®! and the
central administration of the AR antagonist, flutamide in male
mice attenuated Ang II-induced hypertension.'? Our findings
that (1) ICV-Ad-GFP-CYP1B1-shRNA in the CypIbI** mice
attenuated, and ICV-Ad-GFP-CYPIBI-DNA in Cyplbl™~
mice restored Ang II-induced increase in SBP, and (2) ICV-
Ad-GFP-CYP1B1-DNA in Orchi-Cyplbl~~ mice that lack
endogenous testosterone, failed to restore the Ang II-induced
increase in SBP suggests that testosterone contributes to
Ang II-induced hypertension via a CYP1B1-generated me-
tabolite, most likely 6B-OHT locally in the brain. Ang II is
known to produce neurogenic hypertension via its action in
brain circumventricular organs, including SFO,’ through its
communication with the PVN of the hypothalamus.! The
central effect of Ang II-induced hypertension is dependent on
ROS production in these areas.?® In the present study, trans-
duction with ICV-Ad-GFP-CYP1B1-shRNA showed a trend
of greater reduction in ROS production in CyplbI** mice,
whereas the ICV-Ad-GFP-CYP1B1-DNA caused a greater in-
crease in ROS production in CyplbI~~ mice in response to
Ang IT in PVN than in SFO. These observations suggest that
CYPIBI1 in the PVN contributes to the Ang II-induced ROS
production via the metabolism of testosterone into 63-OHT.
Supporting this view was our observation that transduction
with Ad-GFP-CYP1B1-DNA in PVN, but not SFO, restored
the Ang II-induced increase in BP in CyplbI~~ mice. Further
evidence that testosterone contributes to Ang II-induced hy-
pertension via its metabolism by CYP1B1 locally in the brain
was that Ang II failed to increase BP or impair autonomic
function in ICV-Veh injected Orchi-CyplbI** and Orchi-
CyplbI~- mice. The effects of Ang II to increase BP and im-
pair autonomic function were restored by ICV-testosterone in
Orchi-Cyp1bI** but not in Orchi-CyplbI~~ and by 63-OHT
in CyplbI~~ mice. Moreover, urinary levels of norepinephrine
were also increased by ICV-testosterone in Orchi-Cyplbl**
but not in Orchi-CyplbI~~ mice, and ICV-63-OHT in Orchi-
CyplbI7~ mice. In as much as ICV-63-OHT alone did not
affect BP, it seems to act as a permissive factor (ie, it is re-
quired) for Ang II-induced hypertension. The effect of ICV-
testosterone appeared to be limited to the brain since plasma
levels of testosterone that were attenuated in Orchi-Cyp b1+,
and Orchi-Cyp1bI~- mice were not increased by ICV-injected
testosterone. From these observations, it follows that the
testosterone-CYP1B1-generated metabolite 63-OHT locally
in the brain promotes Ang II-induced hypertension primarily
by its central action of increased sympathetic activity inde-
pendent of its direct vascular and renal effects.

Ang II in the brain increases vasopressin release that con-
tributes to its pressor effect.’! In our study, Ang II in ICV-Veh
injected Orchi-Cyp b1+, and Orchi-Cyp b1~ mice increased
urinary concentrations of the vasopressin prosegment,
copeptin which was further enhanced by ICV-testosterone
in Orchi-Cyp1b1** but not in Orchi-CyplbI~~ mice, and 6f3-
OHT in Orchi-Cyplbl~~ mice. These observations indicate
that 68-OHT contributes to the Ang II-induced increase in
vasopressin release that could complement the hypertensive
effect of Ang II. The mechanism by which 63-OHT promotes
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Figure 6. Intracerebroventricular (ICV)-63-OHT (63-hydroxytestosterone) failed to restore Ang Il (angiotensin Il)-induced increase in mean arterial pressure
(MAP; A), low frequency (LF)/high frequency (HF) ratio (power spectral analysis; B), decreased MAP in response to ganglionic blocker hexamethonium (C),
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mice with ICV-small interfering (si)RNA-AR (androgen receptor) or siRNA-GPRCBA (G-protein coupled receptor C6A). Saline was used as a vehicle for Ang

1. *P<0.05 vs Day 9 value (the day before implantation of the osmotic minipi
indicates change; and NT, nontargeted control.

the Ang II-induced increase in vasopressin prosegment release
remains to be determined.

Recently, we have shown that the effect of 17f-estradiol
to inhibit ROS production and increase nNos mRNA ex-
pression in the PVN, and to protect against Ang II-induced
hypertension, is mediated by its CYP1BI-generated me-
tabolite 2-methoxyestradiol in the PVN of female mice.?
In the present study, ICV-testosterone caused a greater in-
crease in Ang IlI-induced ROS production as determined by
2-hydroxyethidium fluorescence in the PVN than in SFO of
the male Orchi-CyplbI** mice. However, testosterone failed
to increase Ang II-induced ROS production in the SFO and
PVN in Orchi-CyplbI~~ mice, most likely due to lack of its
CYP1B1-generated metabolite 63-OHT. Supporting this con-
clusion was our demonstration that ICV-63-OHT in the Orchi-
CyplbI~~ mice caused a greater increase in Ang Il-induced
ROS production in the PVN than in SFO. These observations
further support our contention that 63-OHT acts primarily in

ump) within the group, #P<0.05, vs 63-OHT +siRNA-NT+Ang Il; n=4-5/group. A

the PVN. Ang II-induced ROS production leads to increased
calcium (Ca*) signaling and neuronal firing.*> Our finding
that the Ang II-induced increase in the number of c-Fos+ cells
in the PVN by ICV-testosterone in Orchi-CyplbI*"* but not
in Orchi-CyplbI~-, and by ICV-63-OHT in Orchi-Cyplbl'-
mice, suggests that 63-OHT increases neuronal activity most
likely by increasing Ca*" signaling. It has been reported
that castration rescued mice from heatstroke-induced apop-
tosis and neuronal damage in the hypothalamus, which was
reversed by the restoration of circulating testosterone levels.*
Whether or not this effect of testosterone is mediated by its
metabolite 63-OHT is not known.

6B3-OHT in the PVN could mediate the effect of testos-
terone to enhance the effect of Ang Il by increasing ADAM17-
glutamatergic or by inhibiting NO-GABA signaling.?>26:3+-37
In the present study, Ang II increased Adamli7- but not the
nNos-mRNA expression in the PVN of ICV-testosterone
injected Orchi-CypIbI** but not in Orchi-CyplbI~-, and
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ICV-6B-OHT injected Orchi-CyplbI1~~ mice. These observa-
tions suggest that ADAM17 and not NO most likely contribute
to the action of 63-OHT to promote the effect of Ang II in the
PVN to increase sympathetic activity and BP in male mice.
The mechanism by which 63-OHT contributes to ADAM17-
mediated effects of Ang II on glutamatergic neurons remains
to be determined. Our observation that Ang II did not alter
PVN nNOS mRNA is consistent with previous reports that the
Ang Il-induced increases in BP and sympathetic activity is
independent of nNOS (neuronal NOS) in the PVN or SFO in
male mice.”” Therefore, it appears that in male mice, unlike in
rats,*® GABAergic inhibitory input to presympathetic neurons
in the PVN is independent of NO. Further studies are required
to assess the interaction of the ACE2-GABAergic system® in
6B-OHT-mediated effects of Ang II on the activity of presym-
pathetic neurons in the PVN and BP.

The present study demonstrates, for the first time, the crit-
ical role of testosterone in neuroinflammation associated with
Ang II-induced hypertension that is mediated by the CYP1B1-
generated metabolite 63-OHT. Supporting this view was our
demonstration that ICV-testosterone in Orchi-CyplbI** but
not Cyplbl™, and the testosterone metabolite 63-OHT in
Orchi-CyplbI~~ mice increased Tnfo. mRNA, and reduced
1110 mRNA levels in PVN. Stimulation with TNF-a in the
PVN increases sympathetic outflow and enhances cardiac
sympathetic afferent reflex with subsequent BP elevation.?

Neurogenic hypertension involves activation of mi-
croglia in the PVN, and inhibition of PVN microglia activa-
tion prevents Ang-Il-induced hypertension.>*” Our findings
that Ang II increased PVN-activated microglia IBA+ cells in
ICV-testosterone injected Orchi-Cyplb1** but not in Orchi-
CyplbI™= and ICV-6B-OHT injected Orchi-Cyplbl~~ mice
indicates that the testosterone metabolite 63-OHT promotes
this effect of Ang II. Ang II also stimulates hypothalamic
astrocytes and decreases PVN glutamate currents by decreas-
ing extracellular glutamate uptake, thereby resulting in an in-
crease in extracellular glutamate and presympathetic nerve
activity, and hypertension in male rats.”® In a recent study,
we showed that 17B-estradiol via CYP1B1-generated me-
tabolite 2-methoxyestradiol inhibited activation of microglia
and astrocytes in the PVN in response to Ang II in female
mice.? However, in the present study, Ang II produced op-
posite effects on PVN astrocytes in male mice. Ang II failed
to induce an increase in astrocyte activation in the PVN in
ICV-Veh injected Orchi-Cyp1b1*"* and Orchi-CyplbI~- mice;
these effects of Ang II were reversed by ICV-testosterone in
Orchi-Cyp1b1** but not in Orchi-CyplbI~"-, and by ICV-6f3-
OHT in Orchi-Cyplbl~~ mice, as indicated by the increased
number of GFAP+ cells in the PVN. From these observations,
it follows that the testosterone metabolite 6(3-OHT also pro-
motes the effect of Ang II to cause activation of astrocytes
that contribute to neuroinflammation, sympathetic outflow,
and hypertension in male mice.”® Importantly, both human
neurons and astrocytes contain CYP1B1 protein.!” The mech-
anism by which 63-OHT promotes these effects of Ang II that
could be due to increased extracellular glutamate as a result
of decreased uptake by astrocytes® remains to be determined.

Testosterone produces its actions via both genomic
AR and nongenomic GPRC6A receptors.'> While the role

of GPRCO6A in the brain is unknown, the role of AR in the
brain has been explored traditionally due to its relationship
with behavior involving the administration of a nonaromatiz-
able AR agonist (usually dihydrotestosterone) or antagonist
(eg, flutamide). The effects of dihydrotestosterone may not
be AR specific, as dihydrotestosterone can be metabolized
into 3a-androstanediol (3a-diol), which has a low affinity for
ARs but a high affinity for GABA receptors, and 3pdiol, an
estrogenic compound which binds estrogen receptors.*” The
observations that AR is expressed in the PVN and other hy-
pothalamic regions in male mice* and central administration
of the AR antagonist flutamide in male mice attenuated the
Ang Il-induced hypertension'? suggest that testosterone con-
tributes to Ang Il-induced hypertension via its action on AR
in the brain, most likely in the PVN. In this study, we found
that ICV-63-OHT in Orchi-CyplbI1~~ produced a similar in-
crease in MAP and autonomic imbalance as ICV-testosterone
in Orchi-CypIbI1** in response to Ang II but failed to do so
in mice injected with ICV-siRNA-AR or siRNA-GPRC6A.
These observations suggest that 63-OHT contributes to the
effect of testosterone-dependent Ang II-induced autonomic
imbalance and hypertension via both the receptors AR and
GPRCO6A in the brain, most likely by acting in the PVN. 6f3-
OHT could act via AR and GPRC6A receptors through in-
dependent pathways or by crosstalk acting on membrane
GPRCO6A that in turn leads to activation of nuclear receptor
AR.*! Our observation that Ang II increased the Gprc6a- but
not Ar mRNA in the PVN in CypIbI** mice support the pos-
sibility of the latter mechanism. However, further studies are
required to elucidate the cellular signaling pathways and the
mechanism of interaction between AR and GPRC6A in medi-
ating the effects of 63-OHT in the brain on Ang II-induced
hypertension, autonomic imbalance, and neuroinflammation.

There are epidemiological studies showing that high lev-
els of androgens increased the incidence of cerebrovascular
disease in young adult men* and high doses of testosterone
produced deleterious effects in a mouse model of cerebral is-
chemia.®* Therefore, based upon the findings of our study, it
is possible that the CYP1B1-generated metabolite 63-OHT
might contribute to the deleterious effect of high levels of tes-
tosterone on the pathogenesis of the cardiovascular, renal, and
cerebrovascular diseases associated with increased activity of
the renin-angiotensin system.

There are some limitations in our study that need to be ac-
knowledged. First, we did not measure levels of testosterone or
its metabolite 63-OHT in the PVN. This would have required
many mice for analysis of these steroids by LC/MS, and cur-
rently, there is no ELISA assay available for the measurement
of 63-OHT. Therefore, the doses of the drugs used were based
on preliminary experiments. Second, Ang II can also alter au-
tonomic function and BP by its action in other areas in the
brain, including the nucleus of the solitary tract and ventrolat-
eral medulla. Therefore, the testosterone-CYP1B1 generated
metabolite 63-OHT that could also contribute to the action of
Ang II by acting in these sites cannot be excluded and needs to
be explored. Third, whether the observed effects in our study
were independent or the consequence of hypertension per se
remains to be addressed.
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In conclusion, our study provides novel and significant in-
formation, and it demonstrates that CYP1B1-generated tes-
tosterone metabolite 63-OHT contributes to Ang II-induced
autonomic imbalance, hypertension, and neuroinflammation,
most likely by its action in the PVN in male mice. Moreover,
6B-OHT promotes Ang Il-induced autonomic imbalance
and hypertension via both AR and GPRC6A (Graphical ab-
stract, Figure S10). Furthermore, our preliminary experiments
show that in the male mouse brain, CYP1B1 also contributes
to DOCA salt-induced hypertension, which is known to be
mediated by central Ang I1.> Whether it is mediated by the
testosterone-CYP1B1-generated metabolite 63-OHT remains
to be investigated. Moreover, the potential role of 63-OHT in
other models of neurogenic hypertension and neuroinflamma-
tory diseases needs further exploration.

Perspectives

Our study is the first to demonstrate the mechanism by which tes-
tosterone via its central CYP1B1-generated metabolite 63-OHT
in the hypothalamic PVN contributes to Ang Il-induced hyper-
tension, autonomic imbalance, and increases neuroinflammation.
Therefore, inhibitors of CYPIBI activity would be useful for
protection against the deleterious effects of Ang II in the devel-
opment of neurogenic hypertension and neuroinflammatory dis-
eases, which could be exacerbated using testosterone in males.
However, in view of our recent study? that the 17f3-estradiol-
CYP1BI1-catechol-O-methyltransferase  generated metabolite
2-methoxyestradiol via its action most likely in the PVN protects
against Ang Il-induced hypertension and neuroinflammation,
CYP1B1 inhibitors would be detrimental in females but could be
treated with 2-methoxyestradiol, which can also be used in males.

Our study could have significant implications in the patho-
genesis of COVID-19 infection, which is associated with cardio-
vascular dyshomeostasis, inflammation, and higher mortality in
men than in women, and in patients with hypertension, which are
known to have exacerbated activities of renin-angiotensin and
sympathetic nervous system. A recent study shows that estra-
diol and AR antagonist enzalutamide downregulate the SARS-
CoV-2 host factor transmembrane serine protease TMPRSS2
that is required for viral entry into cells.* Therefore, the explo-
ration of the contribution of CYP1BI to the sex differences in
the pathogenesis of COVID-19 infection is warranted and could
provide information on potential clinical significance and hence
the use of CYP1B1 inhibitors in males and 2-methoxyestradiol
in both females and males to protect cardiovascular damage and
inflammation associated with COVID-19.
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Novelty and Significance

What Is New?

This provides the first evidence that central testosterone contributes to
the development of angiotensin ll-induced increases in blood pressure
and sympathetic outflow, most likely via the CYP1B1 (cytochrome P450
1B1)-generated metabolite 6(3-hydroxytestosterone locally in the para-
ventricular nucleus of the hypothalamus.

Testosterone increases reactive oxygen species production and neuroin-
flammation associated with angiotensin ll-induced hypertension via the
CYP1B1-generated metabolite 6(3-hydroxytestosterone in the paraven-
tricular nucleus.

6(3-Hydroxytestosterone in the brain contributes to the development of
angiotensin ll-induced neurogenic hypertension via genomic AR (andro-
gen receptor) and nongenomic GPRCBA (G protein-coupled receptor C6A)
receptors.

Central CYP1B1 also contributes to the development of deoxycorticoster-
one acetate salt-induced hypertension in male mice.

What Is Relevant?

This study is the first to demonstrate that testosterone-CYP1B1-generat-
ed metabolite 6(3-hydroxytestosterone locally in the brain, most likely in

the paraventricular nucleus, via its action on AR and GPRC6A promotes
angiotensin ll-induced hypertension, autonomic imbalance, and associ-
ated neuroinflammation in male mice.

Interfering with 6(3-hydroxytestosterone generation from testosterone by
inhibiting CYP1B1 in the brain could protect hypertestosteronemic males
or hypogonadal males on testosterone replacement therapy against the
development of neurogenic hypertension induced by angiotensin Il and
deoxycorticosterone acetate salt.

Summary

The testosterone-CYP1B1-generated metabolite 63-hydroxytestos-
terone contributes to the development of angiotensin Il-induced hy-
pertension, reactive oxygen species production, and neuroinflam-
mation in male mice, most likely in the paraventricular nucleus via
AR and GPRC6A. Central CYP1B1 also contributes to the develop-
ment of neurogenic hypertension induced by deoxycorticosterone
acetate salt in male mice, probably through a similar mechanism.






