The influence of Olmesartan on the Renin .. Kawa Dizaye

The Influence of Olmesartan on The Renin-Angiotensin-
Aldosterone System of Rats with Thyroid Dysfunction

Kawa Dizaye* , Susan Abdulkadir Farhadi*
*College of Medicine , Hawler Medical University , Erbil, Iraq
Correspondence: kawa.dizaye@hmu.edu.iq

(Ann Coll Med Mosul 2022; 44 (2):115-120).
Received: 25" Octo. 2022; Accepted: 19" Nove. 2022.

ABSTRACT

Background : The thyroid gland and its hormones participate and have a critical part in the development
and function of different parts of the body like the kidney, which is the most important site of renin synthesis
and release which is followed by angiotensin and aldosterone formation. As needs are; any abnormality in
this gland’s function can harm the Renin-Angiotensin -Aldosterone System.

We aimed to discover the effects of using an Angiotensin Receptor Blocker (Olmesartan) on the Renin-
Angiotensin-Aldosterone System (RAAS) in rats with abnormal thyroid functions.

Methods : Thirty rats were used and three groups were formed. 6 rats (First group) were the control. 12 rats
(Second group) was the hypothyroid group (6 rats control, 6 rats given Olmesartan). 12 rats (the Third group)
was the hyperthyroid group (6 rats control, 6 rats given Olmesartan).

L-Thyroxine and Propylthiouracil (PTU) were given orally daily for induction of hyperthyroidism and
hypothyroidism respectively.

Blood pressure measurement was done on days 1 and 40" day of the study. The rats were sacrificed on day
40" of the study.

Results : In hyperthyroid rats, T4 was raised and the use of Olmesartan on these rats caused a lowering of
this parameter. Renin levels increased in hyperthyroid rats treated with Olmesartan. Angiotensin | increased
in hyperthyroid rats. Systolic BP increased in hyperthyroid rats and the use of Olmesartan on these rats
caused a lowering of this parameter. Diastolic BP and Mean BP both increased in the hyperthyroid rats.

T3 and T4 levels dropped and TSH increased in hypothyroid and hypothyroid treated with Olmesartan rats.
The level of Renin decreased in hypothyroid rats and increased in Olmesartan-treated rats. Angiotensin |
decreased in hypothyroid and Olmesartan-treated hypothyroid rats. Blood Pressure components decreased
in both hypothyroid and hypothyroid treated with Olmesartan rats.

Conclusions : Olmesartan was able to decrease T4 level along with Systolic BP in hyperthyroid rats. It also
decreased Angiotensin | and Blood Pressure components in hypothyroid rats.
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INTRODUCTION

hyroid hormone (TH) which is produced by

the thyroid gland, regulates the most
important metabolic functions needed for normal
growth and development .

There are two primary thyroid hormones that
bind to and activate thyroid receptors (TRs): T3
and T4 (also known as thyroxine). T3 is the active
form of TH, as T3 has a higher affinity to TRs than
T4 2 T3 is mostly formed peripherally from 5 -
monodeiodination of thyroxine (T4) 2.

The levels of circulating thyroid hormones are
tightly regulated through a feedback mechanism in
the neuroendocrine axis (i.e., the HPT axis). These
hormones show tremendous effects on cardiac
function, body weight, metabolism, metabolic rates,
body temperature, bone, muscle, and behavior ‘

From a physiologic aspect, there seems to be a
series of effects over the range of thyroid function,
including within the known euthyroid range. These
effects could be opposing and specific for different
organs at both ends of the thyroid function range °,

Thyroid function affects cardiac function, and
abnormal thyroid function is regarded as a risk
factor for developing cardiovascular disease °.

The important signs and symptoms of
hyperthyroidism are cardiac and hemodynamic
manifestations including tachycardia, palpitations,
exercise intolerance, dyspnea on exertion, and
wide pulse pressure ‘.

In thyroid gland overactivity, the preload, cardiac
output and heart rate will increase; with a lowered
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peripheral vascular resistance and hyperdynamic
circulation. The lowered systemic vascular
resistance results in the lowering of renal perfusion
pressure resulting in the activation of the Renin-
Angiotensin-Aldosterone System (RAAS) and an
increase in sodium absorption and blood volume 4

The hemodynamic changes caused by
hypothyroidism are opposite to those of
hyperthyroidism 8,

The coaction between the thyroid gland and the
kidney in their functions is a known fact. Abnormal
thyroid function has effects on renal physiology
and development, while kidney disease could
result in abnormal thyroid function °.

Other studies have shown that Renin-Angiotensin
system (RAS) inhibitors such as angiotensin
receptor blockers (ARBs) decrease the incidence
of cardiovascular disease and end-stage renal
disease *°.

We carried out this study to find out the outcomes
of the angiotensin receptor blocker (Olmesartan)
on the RAAS system in rats with abnormal function
of the thyroid gland.

METHODS

Animals

Male albino lab rats were used in this study and
were housed in the animal house of the College of
Medicine (Hawler Medical University).
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Materials

Olmesartan (Olmetec) 20 mg by Daiichi-Sankyo

was purchased in Erbil. Levothyroxine (Eltroxin)
100 mcg by aspen. Propylthiouracil (Prouracil) 50
mg by Iran.

Study Design

We used thirty rats in this study. The rats were
separated and divided into 3 groups. The 1> group
of 6 rats was the control group. The 2 group was
of 12 hypothyroid rats, which were further divided
into two smaller groups of 6 rats each. The 1%
subgroup was a positive control. The 2" subgroup
was given Olmesartan daily ™.

The 3 group of 12 hyperthyroid rats, was further
divided into two smaller groups of 6 rats each.
Again thel® subgroup was a positive control. The
2" subgroup was given an Olmesartan daily .

Heart rate & blood pressure were recorded on
day one of the study, and on the 40" day. Heart
rate & blood pressure were taken using a non-
invasive CODA monitor.

Hyperthyroidism was induced by giving
(0.0012%w/v) L-Thyroxine in drinking water for 40
days and hypothyroidism through giving

Propylthiouracil ( PTU) (0.05%w/v) give the
duration of treatment *2.

On day 40, the rats were given Xylazine 5mg/kg
and Ketamine 35mg/kg intraperitoneally for
anesthesia **. A cardiac puncture was done for
blood withdrawal. After centrifuging the blood
mention the speed and duration of centrifuging;
levels of Renin, Angiotensin | & I, Aldosterone, T4,
T3& TSH were estimated from the serum.

Statistical Analysis

Statistical data analysis was done using (SPSS)
Version 25.0 for Windows. All the data were
expressed as Mean + SD and SE. Duncan test and
student t-test for analyzing the data. A P-value of
0.05 or less was regarded as significant.

RESULTS

The results of this study showed that the T3 level
was increased significantly in the hyperthyroid rats
in comparison to the control group. Table 1 shows
that the change in T3 level in the hyperthyroid +
Olmesartan group was non-significant.

In table 1 it can be seen that the T4 level
increased significantly in the hyperthyroid rats
compared to the control rats. This parameter has
fallen tremendously and significantly in the
hyperthyroid + Olmesartan group.

On the other hand, serum THS showed a
significant lowering in the hyperthyroid rats in
comparison to the control group (table 1), but it has
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risen (non-significantly) again in the hyperthyroid +
Olmesartan group of rats.

Renin in table 1 can be seen to have increased
non-significantly in the hyperthyroid rats when
compared to the control rats but the increase is
significant in the hyperthyroid + Olmesartan group
compared to the control.

Angiotensin | showed a significant rise in the
hyperthyroid rats in comparison to the control
group, while it was lowered non-significantly in the
hyperthyroid + Olmesartan group of rats (table 1).

The changes in Angiotensin Il and Aldosterone
levels were non-significant in both hyperthyroid
and hyperthyroid + Olmesartan groups once

compared to the control group (table 1).

Table 1: Effects of hyperthyroidism and
hyperthyroid treated with Olmesartan on different
parameters
. . | Hyperthyroid+
Parameters | Control Hyperthyroid Olmesartan
T3 1'7073 2.34 + .27 1.43+.04
nmol/L — b A
a
T4 Ig'gg + fgi'gz + 115+ .7
ug/dL ) . A
TSH E'%Sg 1.27 +.29 515+ .24
ng/L o a B
b
. 274.58 + 372.42 + 437.77 +
Efge/?#'l 24.91 42.02 56.86
a ab B
Ang | 2176'23 * | 2449+93 | 198.77+9.99
pg/mL : b A
a
Ana I 143.25 + 166.25 + 134.87 +
/gmL 9.59 4.23 15.24
Pg a a A
Aldosterone | 323:86+ | 363.1+ 306.88 + 43.7
36.61 27.24
pg/mL a a A

*** Different letters indicate significant differences

at P<0.05

** Comparing to Control-P<0.001
* Comparing to Control-P<0.05

117




Kawa Dizaye

Table 2 shows the results of BP components and
they are as follows:

Systolic BP was significantly increased in the
hyperthyroid rats when compared to the control
rats while the use of Olmesartan in the
hyperthyroid rats caused a significant change
when compared to the control rats.

Diastolic BP showed a significant increase in
hyperthyroid rats and a non-significant change in
the hyperthyroid + Olmesartan group of rats.

Regarding Mean BP, again the hyperthyroid
group was the group with the significant change
when compared to the control rats.

The changes in heart rate were non-significant in
both groups in comparison to the control group.

Table 2: Effects of hyperthyroidism and
hyperthyroid treated with Olmesartan on Blood
Pressure components

The influence of Olmesartan on the Renin ..

Table 3: Effects of hypothyroidism and hypothyroid
treated with Olmesartan on different parameters

. Hypothyroid+

Parameter | Control Hypothyroid Olmesartan
T3 1'70727 1.07+.084 | 1.03+.012
nmol/L — b b

a
2 7888+ | 17.52+ 8044167
Lo/dL 16.55 4.37 b

A b
TSH 6.08 + .89 ‘1193'36 * 9.81+2.25
ng/L A ’ b

b
. 27458+ | POL30E | gog 664

Renin 24.91 19.83 101.91
pg/mL A b b
Ang | 3176'23 * 1217'22 * | 18059+ 9.72
pg/mL A b b
Ang Il ;"[53525 + 3009416 * | 121.53+5.38
pg/mL A a ab

353.86+ | 396.16 + 236.47 +
ng%sl_tem“e 36.61 49.76 17.52

Ab ab a

. . | Hyperthyroid+

arameters | Control Hyperthyroid Olmesartan
Systolic BP %179438 * i47'77 £38 | 12954+1.74
mmHg ' B

a
Diastolic 88.57 + 107.33 ¢
BP 1.77 4.73 ’24'11 £3.75
mmHg a b
Mean BP 98.46 + 120.83 £ 105.677 +
mmHg 1.95 4.19 3.15

a b A
Heart rate 3892453 * 1'351'26 * 412.74 + 137
Beat/Minute a- a ) A

In table 4 it can be seen that Systolic BP,
Diastolic, Mean BP and Heart rate were
significantly decreased in both the hypothyroid and
hypothyroid treated with Olmesartan group of rats
in comparison to the control rats.

Table 4: Effects of hypothyroidism and
hypothyroidism treated with Olmesartan on Blood
Pressure components.

In table 3 it can be observed that T4 and T3 levels
are significantly decreased in both hypothyroid and
hypothyroid treated with Olmesartan rats in
comparison to normal control rats while TSH is
significantly increased in the hypothyroid and
Olmesartan-treated hypothyroid rats compared to
the control group.

On the other hand, Renin was significantly
decreased in the hypothyroid and significantly
increased in the Olmesartan group of hypothyroid
rats in comparison to the control group (table 3).
Angiotensin | level was significantly decreased in
both the hypothyroid and hypothyroid treated with
the Olmesartan group of rats compared to the
control rats (table 3).

No significant changes were observed in the
levels of Aldosterone and Angiotensin Il
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. Hypothyroid+

Parameters | Control Hypothyroid Olmesartan
Systolic Bp | 11938+ | 107.07+ | g5 64, 5 g7

2.74 4.54
mmHg a

B a
Diastolic 88.57 + 80.833 +
BP 177 46 6714.46 +2.54
mmHg B ab

89.35 +

MeanBP | 98:46% |, 82.15+2.3

1.95
mmHg ab a

B

382.53 +
Heartrate | 7.94 20718'93 £ | 314.3+14.49
Beat/Minute | b a' a
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DISCUSSION

It can be noticed from the results of this study that
induction of hyperthyroidism significantly increased
T4 level and lowered TSH in comparison to the
euthyroid rats. Thyroxine is a synthetic T4 and its
function is similar to the natural hormone which
results in a raised level of T4 and T3 and a
decrease in TSH level because of the
hypothalamic-pituitary feedback. Likewise,
hypothyroidism induction by administration of PTU
resulted in a notable fall in levels of blood T4 and
T3 with an increase in TSH level in comparison to
the normal rats. PTU causes hypothyroidism
through the inhibition of the iodination of tyrosyl
residues in thyroglobulin in addition to the inhibition
of the conversion of T4 to T3 peripherally. TSH
increases as a result of the negative feedback
mechanism **.

Thyroid hormones regulate BP by two
mechanisms. They either increase the response of
cardiovascular system (CVS) to the effect of the
sympathetic nervous system or/and through the
direct activation of the RAAS **.

In hyperthyroid-induced rats, there was a non-
significant increase in Renin level.

Treatment of the hyperthyroid rats with
Olmesartan resulted in an obvious yet non-
significant rise in serum Renin level. ACEls and
ARBs are linked to a feedback loop that increases
plasma renin activity, the removal of negative
feedback leads to an increase in renin release *°. A
significant rise in the Angiotensin | was seen in the
hyperthyroid group. Olmesartan reduced
Angiotensin | non-significantly when compared to
the hyperthyroid rats.

In hyperthyroidism, there is a state of sympathetic
overactivity as it was referred to by Chen et al.
(2010)16. The results that were obtained from this
study on the effect of hyperthyroidism on blood
pressure were a significant elevation in diastolic,
systolic, and mean blood pressure when compared
to the normal rats. The daily use of Olmesartan
resulted in a significant lowering of the blood
pressure  parameters. Olmesartan is an
antihypertensive agent that acts by blocking
Angiotensin Il receptors and disrupts the RAS
activity involved in high blood pressure®’.

The outcomes of hypothyroidism are mostly
opposite to that of hyperthyroidism. It was
concluded by Kumar et al. (2013)*®, T3 & T4 take
part in the RAAS system maturation, that’'s why in
hypothyroidism renin level is low most of the time.

Induction of hypothyroidism resulted in a non-
significant decrease in Renin level in comparison
to the normal rats. Treatment of the induced
hypothyroidism in the rats with Olmesartan yielded
a dramatic rise in Renin level in comparison to the
hypothyroid rats. Following the use of Angiotensin
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receptor blockers and due to the activation of the
feedback mechanism there will be an upsurge in
Renin level .

Angiotensin | was notably decreased in the
hypothyroid and the Olmesartan groups. This is
attributed to the decreased sympathetic activity
which is characteristic of hypothyroidism.

The impact of hypothyroidism on blood pressure
components ( systolic, diastolic, and mean BP)
and Heart Rate was a significant reduction in both
hypothyroid  groups  (positive  control and
Olmesartan) in comparison to the normal rats.
Hypothyroidism is known to cause a downturn in
sympathetic  stimulation and dominance of
parasympathetic (vagal) stimulation.

CONCLUSIONS

Olmesartan was able to decrease T4 level along

with Systolic BP in hyperthyroid rats. It also
decreased Angiotensin | and Blood Pressure
components in hypothyroid rats. Olmesartan is a
good antihypertensive in hypertensive patients with
thyroid dysfunction.
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