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Losartan is more effective than angiotensin
(1-7) in preventing thyroxine-induced renal
injury in the rat

Slava Malatiali'" and Mabayoje Oriowo?

Abstract

Aim Studies have shown that renal hypertrophy seen in experimental hyperthyroidism induced by thyroxine (T4)
is due to angiotensin (Ang) Il. However, other renal effects of Ang Il in experimental hyperthyroidism have not been
investigated. In addition, Ang 1-7 is believed to be protective against renal injury, but its possible role in thyroxine-
induced renal injury is not known. The aim of this study is to elaborate the role of Ang Il in thyroxine-induced

renal injury and the possible protective role of Ang 1-7. We hypothesize that Ang 1-7 will be as protective against
thyroxine-induced renal injury as the use of an ACE inhibitor or an Ang Il receptor blocker.

Methods Adult Sprague Dawley rats were used in this study and were divided into 5 groups: (1) Control (treated
with vehicle), (2) Treated with thyroxine (T4, 100 pg/kg), (3) Treated with T4 and Ang 1-7 (500 pg/kg), (4) Treated
with T4 and captopril (20 mg/kg), and (5) Treated with T4 and losartan (10 mg/kg). Parameters tested after fourteen
days of treatment were creatinine clearance, protein excretion rate, glomerular volume, renal ACET and ACE2 protein
expression. Data were compared using One-way-ANOVA followed by Tukey's HSD post hoc test.

Results Thyroxine caused glomerular hypertrophy and proteinuria but had no effect on glomerular filtration rate
(GFR). Glomerular hypertrophy was prevented by losartan and captopril, but not by Ang 1-7. Captopril and losartan
had no effect on GFR; however, Ang 1-7 caused an increase in GFR in T4-treated rats. The increase in protein excretion
rate was prevented by losartan but not by captopril or Ang 1-7. Renal expression of ACE1 protein was not altered in
any of the treatment groups except in captopril treated rats were ACE1 expression was increased. Renal ACE2 protein
expression was only increased in T4-losartan-treated rats and not affected by any of the other treatments.

Conclusion We conclude that losartan was more protective than captopril against thyroxine-induced renal changes
while Ang 1-7 offered no protection.
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Introduction

Treatment of experimental animals with thyroxine (T4)
has been shown to reproduce the effects of hyperthy-
roidism such as pulmonary hypertension [1, 2], cardiac
hypertrophy, hypertension [3, 4], and weight loss [3].
Renal hypertrophy [5-7], glomerular growth and mesan-
gial expansion have also been observed in T4-treated rats
[8].

Previous studies in rats have shown that thyroxine-
induced cardiac hypertrophy involves activation of car-
diac renin-angiotensin system (RAS) [9]. All components
of RAS are expressed in the kidney [6, 10] and Ang II
is locally produced. Studies have shown that thyroxine
caused renal hypertrophy and increased renal Ang II [5]
and angiotensin converting enzyme (ACE) activity and
mRNA expression [6]. Treatment with losartan, a selec-
tive angiotensin receptor 1 (AT1R)-receptor antagonist,
reduced renal hypertrophy, indicating a significant role
for Ang II in thyroxine-induced renal growth. However,
the role of Ang II in thyroxine-induced renal functional
changes was not explored.

In the classical pathway, Ang II is produced from angio-
tensinogen mainly by angiotensin converting enzyme
(ACE1). In this pathway, renin converts angiotensino-
gen to angiotensin I which is then converted to Ang II
by ACEIL. Ang II can also be produced from non-ACE
pathways involving chymases [11]. In addition to the
classical/alternate pathways of Ang II generation in the
kidney, another pathway leading to the generation of Ang
1-7 has also been reported where ACE2 converts Ang II
into Ang 1-7 [12]. Even though Ang II is the main sub-
strate for the generation of Ang 1-7, it has been reported
that Ang 1-7 can also be generated by a direct action of
neprilysin, a neuropeptidase on angiotensin I [11]. Ang
1-7 is an endogenous ligand for the G protein-coupled
receptor Mas (MasR) [13] (Santos et al., 2003) and all the
components of ACE2-angiotensin-(1-7)- MasR axis are
expressed in the kidney [14].

Ang 1-7 plays an opposing role to Ang II and hence
could play a protective role against renal injury [15, 16].
The possible role of Ang 1-7 in hyperthyroidism-induced
hypertrophy was studied in the rat heart, where cardiac
ACE2 activity and protein levels of Ang 1-7 and MasR
were increased [17]. Senger et al. (2017) [18] showed that
transgenic rats overexpressing Ang 1-7 do not develop
cardiac hypertrophy when treated with thyroxine; and
when the rats were treated with A779, a MasR blocker,
cardiac hypertrophy developed. These studies show that
hyperthyroidism is associated with an upregulation of
Ang 1-7, ACE2 activity and MasR in the cardiac muscle
providing a counter-regulatory system against thyroxine-
induced cardiac hypertrophy. The possible protective
effect of Ang 1-7 has been studied in renal injury associ-
ated with diabetes where some studies show protection
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against renal injury [19-21], and others show more exac-
erbation or lack of protection [22-24]. However, the role
of ACE2-Ang 1-7-MasR axis in thyroxine-induced renal
changes is not known. The aim of this study is to further
elaborate the contribution of Ang II to renal changes in
experimental hyperthyroidism and to identify the pos-
sible protective role of Ang 1-7 against these changes.
Therefore, we hypothesize that Ang 1-7 will be as pro-
tective as an ACE inhibitor or an Ang II receptor blocker
against thyroxine-induced renal functional and structural
changes.

Methods

Animals

Adult male Sprague-Dawley rats weighing about 200-
250 g were used in this study. The rats were placed in a
room with a 12:12 light dark cycle and kept at 22.3+0.3°C
and 31.24+0.8% humidity. The rats had free access to
water and standard chow (801151, Special Diets Ser-
vices, UK). All animals were cared for in accordance with
the Guide for the Care and Use of Laboratory Animals
and all experimental protocols used in this study were
approved by the Health Sciences Research Ethics com-
mittee, Health Sciences Centre. Hyperthyroidism was
induced by treating the rats with thyroxine (100 pg/kg)
intraperitoneally daily for 14 days. Thyroxine-treated rats
were randomly divided into 4 groups (n=6-8 per group):
(1) Treated with thyroxine (T4), (2) Treated with T4+the
ACE1 inhibitor captopril (20 mg/Kg ip.), (3) Treated
with T4+the ATI1R blocker losartan (10 mg/Kg, i.p.), (4)
Treated with T4+Ang 1-7 (500 pg/Kg, i.p.) [20, 25]. The
control group (C, n=6-8) was treated with saline.

Data collection

The rats were euthanized at day 15 post treatment.
Twenty-four hours before sacrifice, rats were placed into
metabolic cages, and 24 hours’ urine samples were col-
lected, and urine volume (V, ml/24hrs) was measured.
The rats were then anesthetized with urethane (94300,
Sigma-Aldrich, USA) at a dose of 1.3-1.5 g/kg, i.p. [26]
then blood samples were collected from the right ven-
tricle, centrifuged at 3000 RPM for 5 min and stored at
-80 °C. Both kidneys were removed. The right kidney was
removed, then a 5 mm-thick transverse section was cut
and placed in 4% paraformaldehyde then fixed in paraffin
wax for morphometric studies. The left kidney was snap
frozen in liquid nitrogen and stored at -80°C to be used
for Western blotting.

Assessment of renal function

Creatinine clearance as an estimate of glomerular filtration
rate

Creatinine concentration in serum and 24-hour urine
samples was measured using Colorimetric Rat Creatinine
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kit (#80340 by CrystalChem, USA). Creatinine clear-
ance (ml/min) was calculated as (U, X V)/P., where
Ug, is the concentration of creatinine in urine (mg/ml),
V=urine flow rate (ml/min) and P, = Concentration of
creatinine in serum in mg/ml. Clearance was then cor-
rected to grams of body weight.

Protein excretion rate

Urinary protein concentration was measured using Coo-
massie Plus (Bradford) assay kit (# PI23200, Thermo-
Fisher Scientific, USA). Protein excretion rate (PER) was
calculated as: PER=U,,, X V, where U= Concentra-
tion of proteins in mg /24-hour urine samples, V=Urine
flow rate in ml/24 hours.

Assessment of glomerular morphometry

Four um-thick paraffin sections were cut and mounted
on APES-coated slides for morphometric studies. To
assess the glomerular area and mesangial matrix area the
sections were stained with periodic acid Schiff stain [27].
The images were viewed and captured using Axio micro-
scope, then image analysis was performed using Image]
software. Fifteen to twenty glomeruli were studied per
rat. Glomerular volume was calculated from the glomer-
ular tuft area as described earlier [27].

Measurement of Ang Il and Ang 1-7 in sera and kidneys of
control and thyroxine-treated rats

Levels of Ang II in serum were determined using ELISA
kit (# E-EL-R1430, ElabScience, USA) and, Ang 1-7
was measured in serum using ELISA kit (#OKEH02599,
Aviva Systems Biology, USA). As for the kidney samples,
they were homogenized in sodium phosphate buffer
(1 g/10 ml) and protease inhibitors with stainless steel
homogenization beads (#E-8045, Next Advance, USA).
Homogenization of tissues was performed at 12,000 rpm
for 4 min. The homogenates were then centrifuged at
5000 rpm for 30 min at 4°C and the supernatant was used
without dilution for the determination of Ang II and Ang
1-7 as described by the manufacturer.

The effect of thyroxine treatment on renal RAS
components

The effect of T4, T4-Ang 1-, T4-Captopril, and T4-losartan on
renal expression of ACE1 and ACE2 using Western blotting
Western blotting was used to assess the renal protein
expression of ACE 1 and ACE2 in all treatment groups.
Renal tissue was homogenized in ice-cold tris homog-
enization buffer with protease inhibitors (Pierce Protease
inhibitor tablets, SA 2286912, ThermoFisher Scientific,
USA) using stainless steel homogenization beads (E-8045,
Next Advance, USA). Primary antibodies used were rab-
bit monoclonal anti-ACE1 antibody (ab254222, Abcam,
USA) at 1:250 dilution and rabbit polyclonal anti-rat
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ACE2 antibody (C717324, LifeSpan Biosciences, USA) at
1:200 dilution.

The effect of thyroxine treatment on protein expression of
AT1R, AT2R and MasR in renal membranes using Western
blotting

Western blotting was used to assess the protein expres-
sion of AT1R, AT2R and MasR in renal membrane frac-
tions from control and thyroxine-treated rats. To prepare
membrane fractions, renal homogenates were centri-
fuged for 10 min at 4°C at 6000xg. Then the supernatant
was centrifuged at 4°C at 150000xg for 60 min and the
pellet was used for Western blotting [28].

Primary antibodies used were rabbit polyclonal AT1R
antibody (ab18801, Abcam, USA), at a 1:500 dilution,
AT2R (ab19134, Abcam, USA) at a 1:200 dilution, anti-
MASIL antibody (ab200685, Abcam, USA) at 1:250
dilution.

Western blotting protocol

Samples were incubated with X1 Laemmli buffer
(#161-0747, BioRad, USA) and homogenization buffer
at 37°C for 35 min. Fifty pug of proteins was loaded on
stain-free gel (Mini-protein tgx stain-free gels: 4568096,
BioRad, USA) and electrophoresis was run at 200 V for
30-40 min after which the proteins were transferred to
nitrocellulose transfer membranes (trans-blot turbo
transfer pack cat no: 1704158, BioRad) at 25 V and 1.0
Amp for 30 min and visualized on ChemiDoc MP imag-
ing system from BioRad to measure total proteins loaded
per sample. After washing, the membranes were incu-
bated with primary antibodies at 4°C overnight.

The membranes were then blocked using 1x Tris buff-
ered saline (TBS) (1% casein blocker: #161078, BioRad,
USA). Secondary antibodies, rabbit polyclonal antibody
for ACE1, ACE2, ATIR, AT2R and guineapig poly-
clonal antibody for MasR, were then added at a dilution
(1:10,000). Negative controls with elimination of the pri-
mary antibody were run for every western blot. Heart
tissue was used as a positive control where specified.
The bands were visualized using chemiluminescence on
Chemidoc Imager, then analyzed using Image Lab soft-
ware from BioRad. The expression of each protein was
taken as a ratio of band density of the protein of interest
to the cumulative densities of all proteins separated in the
gel [29].

The effect of thyroxine on renal expression of nephrin
using western blotting

The effect of thyroxine treatment on the expression of
nephrin, a protein expressed in podocytes and an impor-
tant constituent of the glomerular filtration barrier, was
studied in renal membrane fractions using the primary
antibody anti-nephrin antibody (ab216341, Abcam, USA)
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Fig. 1 The effect of thyroxine on creatinine clearance. C=Control, T4=Thyroxine. Results are expressed as mean + SE. *p <0.05 when compared to the
control group, *p <0.05, when compared to T4-treated group (One-way ANOVA followed by Tukey’s HSD post hoc test)

Table 1 The effect of T4,T4-Ang 1-7, T4-Captopril, T4-Losartan
on protein excretion rate: differences between the groups are
tested using one-way-ANOVA followed by Tukey’s HSD post hoc
test). Results are expressed as mean+SEM. *p <0.05, **p < 0.01
when compared to the control group. p <0.05, when compared
to T4-treated group. C=control, T4 =thyroxine. Up =urinary
protein concentration, PER=protein excretion rate

Group UrineVolume Up PER
(ml/day) (mg/ml) (mg/24hrs)
C(n=6) 117424 08+0.1 111410
T4 (n=8) 167416 24402" 396+58"
T4-Ang 1-7 A (n=6) 158429 23404 318%53
T4-Captopril (n=8) 29.1+33™ 1.1+03" 26.1+33
T4-Losartan (n=8) 169425 16404 219+31"

at a dilution of 1:500 following the same sample prepara-
tion and Western blotting protocol explained previously.

Statistical analyses

Data was expressed as meantSEM. Data was compared
using one-way ANOVA followed by Tukey’s HS post hoc
test. When comparing thyroxine-treated with controls,
unpaired student ¢-test was used. Significance is consid-
ered when p value is less than 0.05.

Results

The effects of T4, T4-Ang 1-7, T4-Captopril, and T4-losartan
on renal function

The effects of T4, T4-Ang 1-7, T4-Captopril, and T4-losartan
on creatinine clearance

Thyroxine had no effect on creatinine clearance. Simi-
larly, losartan and captopril had no effect on creatinine

clearance in T4-treated rats. However, Ang 1-7 caused a
significant increase in creatinine clearance in T4-treated
rats (p<0.05, Fig. 1).

The effects of T4, T4-Ang 1-7, T4-Captopril, and T4-losartan
on protein excretion rate

Thyroxine caused a significant increase in protein excre-
tion rate (p<0.01, Table 1). Treatment with losartan
decreased protein excretion rate to values not different
from controls and significantly lower than T4-treated
(p<0.01). However, protein excretion rates in captopril
and Ang 1-7 treated rats were not different from thyrox-
ine-treated rats (Table 1).

The effect of effects of T4, T4-Ang 1-7, T4-Captopril, and
T4-losartan on glomerular volume

Thyroxine caused a significant increase in glomerular tuft
area (p<0.01) and glomerular volume (p<0.01) (Fig. 2;
Table 2), which was prevented by captopril and losar-
tan. However, the glomerular tuft area and volume in
the group treated with Ang 1-7 were not different from
thyroxine-treated rats (Table 2). There was no mesangial
matrix expansion with thyroxine treatment (Table 2).
Captopril caused a slight but significant increase in the
ratio of mesangial area to glomerular area.

The effect of thyroxine on serum levels of Ang Il and Ang
1-7

Treatment with thyroxine had no effect on levels of Ang
II or Ang 1-7 in rat serum (Fig. 3). Ang II and Ang 1-7
could not be detected in the renal homogenates probably
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Fig. 2 Glomerular morphometric changes in control (A), T4-treated rats (B), T4-Ang 1-7 (C), T4-Captopril (D) and T4-losartan (E). There was a significant
increase in glomerular tuft area (GTA) but no change in mesangial matrix area (MMA) or MMA/GTA with T4 treatment. Glomerular volume was not differ-
ent from controls after captopril or losartan treatments, however in Ang 1-7 treated rats glomerular volume was not different from T4-treated rats. PAS
stain, X 40

Table 2 The effect of T4,T4-Ang 1-7, T4-Captopril, T4-Losartan on glomerular morphometry. Differences between the groups are
tested using one-way-ANOVA followed by Tukey's HSD post hoc test. Results are expressed as mean+SEM. *p <0.05, **p <0.01 when
compared to the control group. *p <0.05, when compared to T4-treated group. C = control, T4 = thyroxine

Group Glomerular tuft area (um?)  Glomerular tuft volume Mesangial matrix area Mesangial area/ Glomerular tuft area
(um3x10%) (um?)
C(n=6) 6617.19+216 690.269+34.2 408.38+41.2 6.11+£05
T4 (n=6) 8126.29 + 340%* 937.63 +63.2%* 496.48+34.2 6.08+0.3
T4-Ang 1-7 (n=6)  7514.55+198 82936+33.2 489.58+14.8 6.39£64
T4-Captopril (n=6) 686194+ 155" 727.05+27.8" 511.30£253 744+0.2%
T4-Losartan (n=6) 692320+ 220" 734.478 +353" 48555+19.0 712402
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Fig. 3 The effect thyroxine on Ang Il and Ang 1-7 levels in rat serum. C=Control, T4 =Thyroxine-treated. Results are expressed as mean +SEM and were
compared using unpaired student t test
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Fig. 4 The effect of all treatments on renal expression of ACE1 protein. (A) Representative Western blot of ACE1 protein expression in renal homogenates,
total protein, and negative control. Observed band size is a round 180kDa. (B) Western blot analysis and quantification of ACET protein expression. Results
are expressed as mean = SEM, n=6 for all groups. C=control, T4=Thyroxine. **p <0.01 when compared to control (One-way ANOVA followed by Tukey's
HSD post hoc test)
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Fig.5 The effect of all treatments on renal expression of ACE2 protein. (A) Representative Western blot of ACE2 protein expression in renal homogenates,
total protein, and negative control. Observed band size is 105-110 kDa. (B) Western blot analysis and quantification of ACE2 protein expression. Results
are expressed as mean + SEM, n=6 for all groups. C=control, T4=Thyroxine. **p < 0.07T when compared to control, #p < 0.01 when compared to thyroxine
treated (One-way ANOVA followed by Tukey’s HSD post hoc test)

because levels are lower than the minimum detection
level of 15.63 pg/ml for Ang II and 7.8pg/ml for Ang 1-7
kits.

with Ang 1-7 and losartan treatments was not different
from control. However, treatment with the ACE1 inhibi-
tor captopril significantly increased renal expression of
ACE1 (p<0.01, Fig. 4).

The effect of effects of T4, T4-Ang 1-7, T4-Captopril, and

T4-losartan on renal expression of ACE

ACE1 bands were detected at the expected size (Fig. 4).
Treatment with thyroxine did not affect renal ACE1
protein expression. Similarly, ACE1 protein expression

The effect of effects of T4, T4-Ang 1-7 T4-Captopril, and T4-
losartan on renal expression of ACE2

ACE2 bands were detected at the expected size (Fig. 5).
There was no effect of thyroxine, thyroxine-Ang 1-7, or
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thyroxine captopril, or on ACE2 expression. However,
treatment with losartan caused a significant increase in
renal ACE2 expression in T4-treated rats (p<0.01, Fig. 5).

The effect of T4 on renal expression of AT1R, AT2R and
MasR in renal membranes

Thyroxine treatment had no effect on the expression of
AT1R, AT2R, or MasR expression (Fig. 6) in renal mem-
brane fractions.

The effect of T4 on the renal expression of nephrin
Thyroxine treatment had no effect on nephrin expression
in renal membrane fractions (Fig. 7).

Discussion
Treatment of experimental animals with thyroxine was
shown to reproduce the effects of hyperthyroidism [1,
2]. Thyroxine is produced by the thyroid gland and con-
verted to the active form of the hormone triiodothyro-
nine (T3) by iodothyronine deiodinases of which type 1
(D1) is expressed in the liver, kidney, thyroid, and pitu-
itary gland [30]. This study is exploring the possible pro-
tective role of Ang 1-7 against thyroxine-induced renal
functional and structural changes in comparison to
inhibiting the formation or blocking the effect of Ang II.
We studied the effect of thyroxine on creatinine clear-
ance, which is a measurement of glomerular filtration
rate (GFR). Human studies show that hyperthyroidism
is associated with higher-than-normal eGFR and lower
than normal serum creatinine [31]. Animal studies are
conflicting with some reporting a decrease in creati-
nine clearance [32] and others reporting no change in

A
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creatinine clearance [33]. Thyroxine did not affect cre-
atinine clearance in our study and nor did the treatments
with captopril or losartan [33]. However, Ang 1-7 caused
an increase in creatinine clearance in rats treated with
thyroxine indicating an increase in GFR. Ang 1-7 was
shown to cause afferent arterial vasodilation in rabbits
[34] through the production of NO [34]. However, stud-
ies on the effect of Ang 1-7 on renal function are con-
tradictory with some showing that Ang 1-7 increases
renal blood flow [35] while others show no effect of Ang
1-7 on GER [36]. A study showed that deletion of MasR
caused hyperfiltration [37]. van Twist et al., (2013) [38]
suggested that the renal vasodilatory effect of Ang 1-7
seen also in humans depends on the level of RAS activa-
tion. The effect seen on creatinine clearance in our study
is most likely due to Ang 1-7 since thyroxine alone had
no effect on renal function.

Thyroxine also caused an increase in protein excretion
rate as previously reported in experimental animals [33,
39] and human studies [40, 41]. Proteinuria in hyperthy-
roidism suggests either impairment of the glomerular
filtration barrier permeability or the re-absorptive mech-
anisms in the proximal tubule [42]. We studied the effect
of thyroxine on the expression of nephrin, an important
constituent of the glomerular filtration barrier and is piv-
otal for the selectivity of the glomerular filtration barrier
against plasma proteins [43]. Nephrin expression in renal
membranes was not altered after thyroxine treatment,
consistent with a study that shows that T3 restores neph-
rin expression in podocytes after exposure to a high glu-
cose media [44]. However, despite the lack of change in
total nephrin expression in renal membranes, abnormal

ac
aT4

p b

AGT2R Mas

AGTI1R

Fig. 6 The effect of thyroxine treatment on the expression of AT1R, AT2R and MasR proteins in renal membranes. (A) Representative Western blot of
AT1R protein expression in renal membranes. Observed band sizes is 50kDa. (B) Western blot analysis and quantification of receptors protein expression.
Results are expressed as mean + SEM, n=6 for all groups. Results are compared using unpaired student ¢ test. C=Control, T4 =Thyroxine-treated, H=Heart

sample
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Fig. 7 The effect of thyroxine on the expression of nephrin protein in renal membranes. (A) Representative Western blot of nephrin protein expression in
renal membranes, total protein, and negative control. Observed band size is 170 kDa. (B) Western blot analysis and quantification of nephrin protein ex-
pression. Results are expressed as mean + SEM, n=6 for all groups. Results are compared using unpaired student t test. C=Control, T4 =Thyroxine-treated

distribution of nephrin [45], structural changes to podo-
cyte cytoskeleton or foot processes effacement cannot be
ruled out as a cause of increased protein excretion rate.
Proteinuria in this model could also be of tubular origin
as thyroid hormone affects many tubular transport pro-
teins such as Na*-H* exchanger [46] Na*-K"-ATPase
[47] and aquaporin 1 [32]. However, protein reabsorption
in the proximal tubule is mainly dependent on two brush
boarder proteins megalin and cubilin. Megalin is respon-
sible for the binding and uptake of the thyroxine carrier
transthyretin [48]. In addition, low levels of thyroxine due
to thyroidectomy decreased the expression of cubilin in
rat intestine which was restored to normal by thyroxine
[49]. These studies suggest the significance of these pro-
teins for the renal uptake of thyroid hormone, and it is
unlikely that they would be altered by thyroxine. Hence,
the effect of thyroid hormone on renal protein handling
should be explored further.

Thyroxine-induced increase in protein excretion rate
was prevented by treatment with losartan but not Ang
1-7 suggesting that proteinuria is mediated by Ang II.
However, proteinuria was not prevented with the ACE1
inhibitor captopril, which is likely due to the fact that
captopril reduces only ACE-dependent production of
Ang II, while losartan blocks the action of Ang II regard-
less of its source [50]. The protective role of Ang 1-7 to
the glomerular filtration barrier has been shown mainly

in diabetic animals [25], however, it was not protec-
tive against the increase in protein excretion rate in this
model.

As for morphometric changes, thyroxine caused glo-
merular hypertrophy, which was prevented by captopril
and losartan treatments. However, with Ang 1-7 treat-
ment, glomerular volume was not different from thyrox-
ine-treated rats suggesting that captopril and losartan
are more effective than Ang 1-7 in reducing glomerular
hypertrophy contrary to what was reported in diabetic
rat models using the same dose and treatment method of
Ang 1-7 [20, 25].

Thyroxine had no effect on the expression of ATIR,
AT2R or MasR in renal membranes. A study showed
that thyroidectomy caused a decrease in AT1R and an
increase in AT2R [51]. However, they studied whole kid-
ney homogenates and not membrane fractions and since
ATIR is internalized after binding to the ligand [52],
membrane expression is more informative.

Renal ACE1 expression was not affected by thyroxine,
Ang 1-7 or losartan, however, was increased with capto-
pril treatment as expected. We could not measure renal
Ang II or Ang 1-7 levels, however, the prevention of thy-
roxine-induced proteinuria and glomerular hypertrophy
with the ATI1R blocker losartan strongly suggests that
these changes are caused by increased levels of renal Ang
II despite unaltered ACE1 expression since increased
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enzyme activation cannot be ruled out. However, the
role of renal Ang 1-7 against injury cannot be ruled
out as losartan’s effect could be a combination of block-
ing AT1 receptors and increasing renal ACE2 expres-
sion as we have detected and was reported earlier [53],
hence increased renal Ang 1-7 levels as was detected in
the heart [17]. In addition, theoretically, blocking AT1
receptors eliminates the negative feedback effect on
renin secretion, leading to more angiotensin 1 and sub-
sequently more Ang 1-7 via neprilysin. We conclude that
losartan was more protective than captopril against thy-
roxine-induced renal changes while Ang 1-7 offered no
protection.
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