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ABSTRACT 
Purpose: Renin-angiotensin-aldosterone-system activation associated with heart failure is one of the main 
determinants of  health condition deterioration of the patients with heart failure. The aim of this study is to 
compare the effectiveness of the metallo-endopeptidase inhibitor Sacubitril alone and in combination with 
azilsartan in ameliorating syndromes of heart failure in rats.  
Materials and Methods: twenty four rats were divided into 4 groups, each of 6 rats. The first group served 
as the normal control group. Heart failure was induced in the rats of the other three groups with isoproterenol 
5 mg/kg/day for one week, 2nd group rats served as appositive control group, rats in the 3rd, and 4th groups 
were administered daily oral doses of sacubitril, and sacubitril-azilsartan combination respectively for two 
weeks. 
Results: Heart failure induction in rats with isoproterenol showed a statistically significant increase in plasma 
concentration of NT-proBNP, MMP9, Renin, Troponin I, and CK-MB. A significant decrease in mean blood 
pressure, urine flow, glomerular filtration rate was observed. 
Administration of sacubitril-azilsartan combinations showed a significant fall of MMP9, NT-proBNP, serum 
urea, Troponin I and creatinine.  Rats that have received Sacubitril alone did not show significant changes in 
the mentioned parameters except for NT-proBNP and serum creatinine. 
Combining sacubitril with azilsartan showed a significant increase in urine flow, glomerular filtration rate, and 
renin plasma level, whereas Sacubitril alone failed to show a significant change in the mentioned 
parameters. 
Conclusion: Combination of sacubitril with azilsartan showed better efficacy to sacubitril monotherapy in 
improving plasma levels of cardiac biomarkers: NT-proBNP, MMP9, and troponin I levels. It has ameliorated 
compromised renal function through increasing glomerular filtration rate, urine flow, creatinine clearance, and 
urea clearance. Results revealed that the combination (azilsartan-sacubitril) showed better ameliorating 
impacts on syndromes of heart failure induced by isoproterenol in rats. 
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 ازیلسارتان مع بالاقتران و بمفردها متالۆئیىذۆپیپتایذیس لمثبطات التأثیرات

 قصىر استحذاث تم يالت الجرران فی ألذوستیرون أوجیىتىسیه ریىیه علی

 التجربة بىاسطة هایلذ القلب

 
 **ػلي حويذ سّصكبس ،* دصەیي فبسیك كبّە

 الؼشاق ، اسبيل ، الطبيت ُْليش صبهؼت ، الصيذلت كليت**  ، الطبيت ُْليش صبهؼت ، الطب كليت*

 

 الخلاصة

ُْ ظبُشة فسيْلْصيت شبئؼت فی لصْس الملب هي أصل حؼْیض فشل الملب،  ُْسهًْيت-إى حٌشيظ آليبث حؼْیضيت ػصبيت خلفیة:

ّالزی ػبدة هب یکْى لَ حأريش هخذُْس ػلٔ الحبلت الصحيت الؼبهت .حن هؤخشاً حضشبت الؼذیذ هي الأدّیت، هزل هزبطبث الٌيبشیلایسيي 

است لخميين فؼبليت السبکيْببحشیل بوفشدٍ أّ ببلخشکيب الِشهًْيت. أصشیج ُزٍ الذس-ّهزبطبث الأًضيْحٌسيي ، لؼلاس الخغيشاث الؼصبيت

 .ُْسهًْيت فی الفئشاى الوصببت بفشل الملب الٌبصن ػي الخضشبت-هغ أصیلسبسحبى، ، فی ػلاس الخغيشاث الؼصبيت
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یحخْی کل ألبيٌْ( بشکل ػشْائی إلٔ سج هضوْػبث، بحيذ  -حن حْصیغ سخت ّرلاريي صشراً هي الفئشاى الغشبيت )ّیسخش  الطریقة:

هضوْػت ػلٔ سخت صشر. کبًج الوضوْػت الأّلٔ الوضوْػت الضببطت )لن یخن اسخخذام أیت هْاد ػليِب(. حن اسخخذام حمي 

هغ/کغ/یْم لوذة أسبْع ّاحذ للحذ ػلٔ اسخحذاد ًوبرس هي لصْس الملب الخضشیبيت فی الضشر  5إیضّبشیٌبليي داخل الصفبق هي 

ْػت الزبًيت کؼٌصش ححکن إیضببی. حلمج الضشر فی الوضوْػبث الزبلزت ّالشابؼت ّالخبهست هي بميت الوضوْػبث. خذهج الوضو

 0هغ/کغ/یْم هغ  0ّ  00أصیلسبسحبى -هغ/کغ/یْم ، ّ السبکيْببحشیل 00ّالسبدست صشػت یْهيت ػي طشیك الفن هي السبکيْببحشیل 

 .هغ/کغ/یْم، ّ ، ػلٔ الخْالی لوذة أسبْػيي

 NT-proBNP ّ MMP9 ّ troponin-I ّ CK-MB صْس الملب فی الضشر إلٔ صیبدة کبيشة فی دّساىأدٓ ححفيض ل الىتائح:

 .ّ سیٌيي ّاليْسیب ّالکشیبحيٌيي فی الذم

حن هلاحظت إًخفبضبث کبيشة فی هؼذل الخششيح الکبيبی، ّحذفك البْل، ّإفشاص الزّببى الکلی، ّ هؼذل ضغظ الذم فی الضشر الخی 

ِشث الضشر الخی ػْلضج ببلسبکيْببحشیل همخشًت ببلأليسکيشیي ، أصیلسبسحبى أّ ساهيبشیل اًخفبضبً إحصبئيبً لذیِب لصْس الملب. أظ

الأليسکيشیي،  -، هصل حشّبًْيي اليْسیب، ّهصل الکشیبحيٌيي. إسخخذام السبکيْببحشیل NT-proBNP  ،MMP9 کبيشاً فی

هسخْٓ بلاصهب سیٌيي ّإفشاص الزّببى الکلی ، ّحذفك البْل ، ّهؼذل أصیلسبسحبى أ أدث إلٔ صیبدة هلحْظت فی  -السبکيْببحشیل

 .الخششيح الکبيبی

 لبم السبکيْببحشیل الومخشى هغ الأليسکيشیي، أصیلسبسحبى أّ هغ ساهيبشیل بخفض الؼلاهبث الحيْیت لبلاصهب الملب هزل استىتاج:

CK-MB ّ MMP9 ّ NT-proBNP کبيشاً بشکل فؼبل فی الضشر الوصببت بفشل الم ً لب. أظِشث صويغ الخشکيببث ػلاصب

، حذفك البْل، ّإفشاص الزّببى الکلی، ّکزلک حمليل هسخْٓ البلاصهب للشیٌيي. کشفج الٌخبئش GFR لْظيفت الکلٔ هي خلال صیبدة

ريشاثٌ أفضل هي الِشهًْيت، ّلکي لِب حأ-الٌِبئيت أى ُزٍ هضوْػبث الخشاکيب لِب حأريشاث ػلاصيت هوبرلت ػلٔ الخغيشاث الؼصبيت

 .اسخخذام هزبطبث الٌيبشیلایسيي ّحذُب

 

 . ػضض للب،  اصیلسبسحبى،  سبکيْببحشیل،  ئيٌذّپيپخيذیض الكلمات المفتاحیة :

 

 

INTRODUCTION 
eart failure is a progressive complex disorder 
that is desribed by incapability of heart to 

eject adequate blood to satisfy the physiological 
needs of our body. It is caused by defects in the 
heart muscles, which is leading to insufficient blood 
pumping to different parts of body, and this will 
lead to appearance of certain clinical signs such as 
dyspnea, edema, and fatigue.

1,2
 

Pathophysiology of heart failure includes changes 
in the physiology of heart. All of these changes are 
ending up with vasoconstriction, and 
increased blood volume in order to increase 
ventricular filling.  
Heart failure is accompanied with neurohumoral 

changes and alterations in sympathetic supply, 
although under normal physiological condition 
these changes provide a good compensation for 
the load. Yet, in chronic heart failure neurohumoral 
changes has an important role in the deterioration 
of the disease. Stimulation of the renin-
angiotensin-aldosterone system (RAAS) increases 
level of renin, plasma angiotensin I, angiotensin II, 
and aldosterone. Angiotensin II is known as a 
vasoconstrictor agent of renal afferent arterioles, 
which increases plasma level of circulating 
catecholamines, and stimulates secretion of 
aldosterone. Intern this increases catecholamines 
level stimulates sodium retention in the proximal 
tubules and enhances excretion of potassium. 

Consequently, this will lead to increased Na and 
water reabsorption, and increased K excretion.

3
 

The neurohumoral changes induce the release of 
natriuretic peptides (NPs) through increased 
stretch of the cardiac wall. NPs are hormones that 
regulate sodium and water excretion though 
promoting natriuresis and vasodilation. Main types 
of NPs are atrial natriuretic peptides (ANP) and 
brain natriuretic peptides (BNP), which are 
released up on increased wall stress in the atrium 
and ventricle respectively, in the study Pro-BNP, 
which is metabolite of BNP, is because it shows 
relative stability compared to BNP and ANP and its 
level is not affected by different treatmets.

4 

Natriuretic peptides increase Na
+
 and water 

excretion; relax vascular smooth muscle, and 
inhibit the release and/or actions of several 
hormones and mediators. NPs exert their effects 
though stimulating NP receptors which exist in at 
least two subtypes, designated A and B.

5
 These 

peptides have relatively short circulatory duration 
(minutes) because they are quickly destructed by 
an enzyme called membrane metallo-
endopeptidase (MME), which is mainly synthesized 
in kidneys.

3
 

Membrane metallo-endopeptidase terminates the 
action of many peptides and autacoids, like NPs, 
angiotensin II, bradykinin, substance P, and 
adrenomedullin.

1
 

Pharmacotherapy for patients with heart failure 
mainly includes some of adrenergic β-receptor 

H 
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blockers, angiotensin-converting enzyme inhibitors, 
and angiotensin receptor blockers.

6
 

With the intention of improving syndromes of 
heart failure, few membrane metallo-
endopeptidase inhibitors like sacubitril and 
candoxatril were designed and tested to check 
outcome of these medicines. Clinical trials 
available in this aspect are limited, although none 
of them has been tested to check the exact 
neurohumoral changes experimentally.

7
 

Using membrane metallo-endopeptidase inhibitor 
(sacubitril) will increase plasma level of angiotensin 
II, that’s why sacubitril is combined with ACE 
inhibitors or renin inhibitors to exhibt better relief of 
the neurohumoral changes. The aim of this study is 
to assess the neurohumoral effects of membrane 
metallo-endopeptidase inhibitor sacubitril alone 
and with its combination with azilsartan in treating 
experimentally induced heart failure in rats. 
 

MATERIAL AND METHODS 

Animals  
24 female albino rats were used in this study 

weighing 200-280 g. The rats were obtained from 
the animal facility for laboratory animals in 
Kurdistan region of Iraq. Standard rat cages were 
used during the study in the animal facility of 
Hawler Medical University. Rats were kept with 
having access to water and food pallet. The facility 
hall was programmed on half-day light/half-day 
dark rounds.  
 

Materials  
Isoproterenol HCl (creative enzymes), sacubitril 

Calcium (MedKoo Biosciences), azilsartan 
medoxomil (Takeda). 
ELISA rat kits for each of renin, NT-proBNP, 

MMP9, CK-MB, and troponin-I were obtained from 
Elabsciences. 
 

Study Design  
30 Wister albino rats were randomly divided into 4 

groups, each group included 6 rats. Rats in group I 
were used as control, they have received 
intraperitoneal isotonic saline for one week, after 
that they were administered starch for two weeks. 
Group II holds the positive control rats in which 
heart failure was induced experimentally, rats in 
this group were injected with 5mg/kg Isoproterenol 
intraperitoneally for seven days for this purpose, 
then the rats were administered placebo for two 
weeks.

8
 

After inducing heart failure experimentally with 
isoproterenol rats of the group III, and group IV, 
the rats of the third group were administered 
Sacubitril 30 mg/kg/day,

9  
whereas rats in the fourth 

group were administered Sacubitril 30 mg/kg/day 
with Azilsartan 3 mg/kg/day,

10
 

Blood pressure, heart rate, 24-hour urine volume, 
and body weight were monitored on the 1st day of 
the experiment in the first group. Mentioned 
parameters were logged on the 8th day of the 
experiment in the2nd group of rats, and on the 
21st day (3 hours following last dose) for III, and IV 
groups. 
The process of urine collection was achieved with 

the help of specially designed urine collection 
cages, measuring 15 cm height and 6 cm in 
diameter with a funnel that was covered by a 
mesh, to which a collecting canister was fixed for 
urine collection. 
All the animals were injected with Xylazine 21 

mg/kg and Ketamine 45 mg/kg on the day twenty 
first day of the experiment,

11
 Blood samples were 

collected through cardiac puncture technique. A 
part of collected serum was taken for biochemical 
assays by using ELISA. The other part of collected 
serum was taken to be tested for other parameters 
that need Cobas instrumentation. 
The 24 hour collected urine samples for all rats 

were used to measure the glomerular filtration rate 
(GFR) and urine flow. 
 

Biochemical Assays  
Biochemical assays were carried out to measure: 

NT-proBNP, MMP9, renin, CK-MB, and troponin I 
in the serum with ELISA rat kit for each parameter. 
Urine, serum creatinine, and blood urea nitrogen 
(BUN) have been estimated though using s Cobas-
Roche analyzer. Urine sodium and potassium were 
measured by using flame photometer Jenway 
PFP7. 
 

Ethics Committee Approval  
Approval number 180502171 is awarded to this 

work by the committee of the ethics in the Hawler 
Medical University/Pharmacy school. 
 

Statistical Analysis  
The data were represented as the mean ± 

standard error (M ± SEM). Results were calculated 
though using Statistical package for social 
sciences software and one-way analysis of 
variables was used to analyze the differences in all 
parameters. Tukey test was used to compare 
between groups. Whenever P value is <0.05 then 
difference is assumed to be significant. 
 

RESULTS 
Effects of Sacubitril Alone, and in Combination 
with Azilsartan on Biochemical Assays 
Data showed in table 1 illustrates that the 

administration of azilsartan together with sacubitril 
for two weeks significantly lowered the raised level 
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of troponin I, NT-proBNP and MMP9 in rats heart 
failure, however, they both have increased renin 
plasma level. 
Results show that plasma level of Troponin I is 

significantly reduced by combinations of azilsartan 
with Sacubitril with sacubitril from 0.62±0.12 ng/ml 
to 1.65±0.22ng/ml, when they are compared to the 
positive control group. However, comparing it with 
control group, reducing troponin I level is not 
statistically significant, sacubitril alone also 
reduced troponin I level to 2.32±.0.28 ng/ml, and 
the change when it is compared with Isoproterenol 
pretreated rats is not significant statistically.  
Results reveal that the experimentally induced 

failing heart group has significantly higher NT-
proBNP plasma levels (980±116.71 pg/ml) when it 
is compared to control group (658±58.68 pg/ml). 
We have also observed that treatment group (III, 
and IV) efficiently reduced the level of NT-proBNP 
to 658±58.68pg/ml, and 376±22.38pg/ml 
respectively, and the reduction was significant 
when it was compared to the positive control. 
Inducing heart failure with Isoproterenol has 

significantly increased the level of CK-MB to 
31.55±1.69 ng/ml when it is compared to the 
control group plasma level (13.78±1.67 ng/ml). 
Sacubitril failed to reduce CK-MB level 
significantly, CK-MB levels in azilsartan groups 
resulted in an improvement compared to the 
isoproterenol pretreated group. 
Inducing heart failure with Isoproterenol high dose 

resulted in a significant increase in the plasma 
level of MMP9 from 15.85±0.57ng/ml to 
9.91±0.43ng/ml compared to the control group. We 
observed that combinations of azilsartan-sacubitril 
has significantly reduced MMP9 level when they 
were compared to the positive control group 
Meanwhile the difference between both mentioned 
group is not significant with the control group and 
the level was returned back to normal. 
Renin concentration was increased significantly in 

groups II, III, IV and V when it was compared with 
the control group. However, rats that had received 
combinations of Azilsartan-Sacubitril combination 
showed higher plasma renin value 
(748±43.073pg/ml) when they were compared to 
Sacubitril pretreated rats (693±42.35 pg/ml). 
 

Effects of Sacubitril Alone, and in Combination 
with Azilsartan on Renal Function  
Results in table 2 revealed that inducing heart 

failure had significantly reduced GFR from 
140.5±14.7 ml/m/kg to 7.031±1.6 ml/m/kg. Rats in 
different groups illustrated a statistically significant 
rise in GFR compared to isoproterenol-pretreated 
group. Blood urea nitrogen and serum creatinine 
were reduced in both treatment groups when it was 
compared to the positive control group, however 

Azilsartan-Sacubitril combinations showed results 
that were significantly different with group II. On 
the other hand, sacubitril alone failed to reduce the 
levels of serum creatinine and blood urea nitrogen 
significantly compared to the positive control 
group. Results showed that all treatment regiments 
were able to increase the significantly reduced 
urine flow in group II, however no statistically 
significant difference was found between groups III 
and IV. 
 

Effects of Sacubitril Alone, and in Combination 
with Azilsartan on Heart Rate, and Systolic and 
Diastolic Blood Pressure: 
Mean and systolic pressure in all groups were 

significantly reduced when it was compared to the 
rats within the control group. Among all treatment 
groups. Unlike systolic blood pressure, a significant 
reduction of diastolic blood pressure was observed 
in all rats when its compared to the control rats. 
Rats with induced HF showed higher heart rate 

than rats in control group. Heart rate was dropped 
with treatments in all the treated rat groups; 
however, no significant difference was observed in 
heart rate in rats treated with sacubitril combined 
with azilsartan when it was compared to control 
group rats (table 3). 
 

DISCUSSION 
Results of this experiment show that daily 

intraperitoneal injection of 5mg/kg isoproterenol for 
seven days has induced pathophysiological 
changes similar to the syndrome of heart failure in 
the rats. Activation of the RAAS appears to have 
an important role for the progression of 
pathophysiological changes in circulatory system 
and heart remodeling. This model has been used 
by many researchers to examine therapeutic 
interventions in heart failure.

7,9
 

Many mechanisms have been suggested to 
explain reasons behind isoproterenol-induced 
myocardial pathogenesis, like imbalance in oxygen 
demand and supply from myocytes because of 
hyperfunction due to the exacerbation in heart rate 
and cardicac muscle contraction.

12
 A recent study 

showed that nitric oxide play an important role in 
heart failure. It shows that compensatory 
expressed amount of nitric oxide cannot maintain 
contractile function of myocytes, it may lead to a 
decreased heart rate, as well as acceleration of 
beta-adrenergic stimulation of myocardial force of 
contraction.

13
 

Troponins are specific markers of cardiac cell 
damage. Although, the normal physiological value 
of cardiac troponin I that results from normal 
protein breakdown is very low, Troponin I plasma 
level is significantly higher after inducing heart 
failure which is practically shown in case of acute 
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myocardial infarction and heart failure. This rise in 
Troponin is probably due to the irreversible 
damage of cardiac myocytes. This finding is in 
agreement with results of Hasic coworkers,

14
 and 

results of this study showed that high dose of 
isoproterenol caused an increase of Troponin I 
levels in rats with failing hearts with a mean of   
3.09±0.147 ng/ml. 
The inactive ProBNP after secretion is cleaved 

into equivalent amounts of NT-proBNP and the 
active BNP. Both of them are proteins released 
into the circulation during myocardial damage and 
used as important tools for diagnosis and 
evaluation of cardiac physiological status.

15
 In this 

research work The cardiac biomarker NT-proBNP 
was used and not BNP because BNP has a shorter 
half-life which makes NT-proBNP more practical to 
handle serum before making measurements, also 
previous works revealed that NT-proBNP serum 
level is not changed by membrane  metallo-
endopeptidase  inhibitor therapy, in contrast to 
BNP, as its serum value shows significant changes 
in patients receiving membrane  metallo-
endopeptidase  inhibitor therapy.

16
 

Blood levels of Creatinine Kinase (CK) enzyme 
rises when skeletal muscles or heart cells are 
injured. CK-MB is the most specific isoform 
correlated to heart muscle injury. CK-MB is a 
laboratory tool for evaluating the degree of cardiac 
muscle injury.

17
 The reduced serum level of CK-

MB in rats of groups III,and IV indicates decrease 
of the progression of cardiac cell injury. Sacubitril 
administration with Azilsartan seems to be the 
most operative in attenuating progression of 
cardiac muscle injuring, and it has effectively 
reduced NT-proBNP as well. This could be a 
reason behind results obtained by Sakamoto 
coworkers in which they showed that Azilsartan 
has better effect on ventricular function than 
Candesartan.

18
 

Matrix metalloproteinases are group of enzymes 
that break matrix polypeptides and in this way it 
changes the outcome of many physiological and 
pathological conditions including myocardial 
infarction and congestive heart failure. The process 
of cardiac muscle remodeling is shown to be 
related to the elevated serum level matrix 
metalloproteinase subtype 9 that’s why it’s used as 
a biomarker for evaluating heart muscle 
remodeling.

19
 Results are indicating that both 

combinations are able to attenuate the process of 
remodeling. A study has shown that raised serum 
level of MMP9 is related with enlarged left ventricle 
and thicker ventricular wall.

20
 also, raised serum 

level of MMP9 is connected to increased left 
ventricular hypertrophy and dysfunction following 
infarction.

21
 

The increased serum level of the renin in heart 
failure resulted from activation of neurohumoral 
cascade, and usually has negative end impacts on 
the normal hemodynamic functions.

22
 

administration of azilsartab lowers circulating renin 
activity although renin serum concentration 
increases and that is because azilsartan blocks 
angiotensin receptor. Eventually, this will end up 
with an increase in circulating renin 
concentration

23,24
.These results disagree with what 

is stated by Cromer and Peker who stated that 
plasma concentration of renin decreases with renin 
blockers therapy.

25
 

All the mentioned parameters above indicate the 
reduction of work load on the cardiac muscle in 
Groups III, and IV rats. This can be seen in the 
form of lowered NT-proBNP and troponin, which 
are released up on incased ventricular work stress 
and myocardial injury. Moreover, all medications 
used in this study significantly reduced MMP9, 
however combination of Sacubitril with Azilsartan 
showed the ability of these agents to slow down 
the process of cardiac remodeling. Slowing down 
the process of cardiac remodeling is considered 
important clinically and prolongs the lifespan in 
patients with heart failure.

26
 

Urine flow and GFR are both significantly reduced 
with heart failure induction with Isoproterenol. This 
reduction can be attributed to the fact that 
physiological compensation in heart failure is not 
enough to make up for the defective cardiac 
function.

27
 Add to that, urea and creatinine can be 

efficiently excreted by kidneys and this will lead to 
an increase in serum levels of both creatinine and 
blood urea nitrogen and creatinine, and this 
indicates a compromise in the renal function.

28 

Membrane metallo-endopeptidase inhibitors like 
Sacubitril stop breakdown of NPs, and since NPs 
stimulates sodium excretion, enhances creatinine 
and urea clearance and, increases GFR, and urine 
flow. These will reduce the elevated serum levels 
of urea and creatinine. Adding a renin inhibitor or 
angiotensin receptor blocker will further 
ameliorates compromised renal function through 
inhibiting production or the vasoconstricting effect 
of Angiotensin II and the possible reduction in 
aldosteron secretion

 11
. 

Due to the failure of heart to pump blood 
effectively due to the diminished heart function that 
is induced by Isoproterenol, all the treatment 
groups (II,and IV) stimulate natriuresis and this will 
lead to additional drop down in the blood pressure. 
A reduction in heart rate was observed in all 
treatment groups. These changes urge that 
inhibiting RAAS system together with membrane 
metallo-endopeptidase inhibition gives rise to 
better physiological changes in heart failure than 
using sacubitril alone. 
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Previously, the desirable effects of combination of 
valsartan with sacubatril was described and 
approved to be used in heart failure, further study 
is needed to compare effects of sacubtril/ valsartan 
combination and sacubtril/ azilsartan combination 
to point fine differences between both 
combinations in order to implement results in 
clinical practice.

29
 

 

CONCLUSION 
Combination of Sacubitril with azilsartan 

combination in improving plasma levels of cardiac 
biomarkers: NT-proBNP, MMP9, and Troponin I 
levels. It has ameliorated compromised renal 
function in heart failure through increasing 
glomerular filtration rate, urine flow, creatinine 
clearance, and urea clearance. Results revealed 
that combination of azilsartan-sacubitril showed 
better ameliorating impacts on heart failure 
syndromes when it is compared to sacubitril alone 
therapy in rats with isoproterenol induced heart 
failure. 
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Table 1 Effects of sacubitril, and azilsartan-
sacubitril on cardiac and renal biomarkers 

Paramet
er 

Control 
Heart 
failure 

Sacubitril 
 

Sacubitril  
and 

Azilsartan 
 

Troponin
-I 

ng/ml 

0.62±0.12
4

a
 

3.09±0.147
c
 

2.32±0.28
5

bc
 

1.65±0.22
8

b
 

NT-
proBNP 
pg/ml 

356±27.63
1

a
 

980±116.7
31

c
 

658±58.68
b
 

376±22.38
a
 

MMP9 
ng/ml 

9.91±0.43
a
 

15.85±0.57
b
 

12.45±1.1
a
 

10.25±0.6
4

a
 

CK-MB 
ng/ml 

13.78±1.6
7

A
 

31.55±1.69
b
 

28.71±3.1
2

b
 

21.83±3.5
8

ab
 

Renin 
Pg/ml 

408±11.45
6

a
 

736±45.88
5

b
 

693±42.35
b
 

748±43.07
3

b
 

 
Different letters indicate statistically significant 
differences; the role of chance is excluded when P 
< 0.05. 
Values are expressed as mean±SEM 
 
Table 2 Effects of sacubitriland azilsartan-sacubitril 
on renal function 

Parame
ter 

Control 
Heart 
failure 

Sacubitril 
Sacubitril  

and 
Azilsartan 

GFR 
ml/h/kg 

140.58±1
4.7

b
 

7.031±1.
6

a
 

207.02±20
.31

b
 

190.42±24
.49

b
 

Blood 
urea 

nitroge
n 

mg/dl 

32.5±1.0
5

a
 

52.1±1.5
7

b
 

47.2±2.13
a

b
 

35.93±7.8
a
 

Serum 
creatini

ne 
mg/dl 

0.37±0.0
2

a
 

0.92±0.0
4

c
 

0.498±0.0
2

ab
 

0.66±0.04
b
 

Urine 
flow 

ml/h/kg 

0.525±0.
09

ab
 

0.2761±0
.06

a
 

1.0607±0.
23

b
 

1.0872±0.
28

b
 

 
Different letters indicate statistically significant 
differences; the role of chance is excluded when P 
< 0.05. 
Values are expressed as mean±SEM 
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Table 3 Effects of Sacubitriland Azilsartan-
Sacubitril on arterial blood pressure and heart rate 

Parameters Control Heart failure Sacubitril 
Sacubitril and 

Azilsartan 

Systolic 
blood 

pressure 
mm Hg 

116.16±1.6
a
 104.16±3.45

ab
 91±1.34

b
 93.66±7.32

b
 

Diastolic 
blood 

pressure 
mm Hg 

85.5±0.56
a
 72.5±1.8

b
 66.3±0.71

b
 68.5±3.8

b
 

Mean blood 
pressure 
mm Hg 

97.3±0.76
a
 83.5±2.6

b
 74.3±0.8

b
 76.6±4.9

b
 

Heart rate 
beat/minute 

355±18.2
a
 505.8±15.15

c
 427±8.56

b
 365.3±12.3

ab
 

Different letters indicate statistically significant 
differences; the role of chance is excluded when P 
< 0.05. 
Values are expressed as mean±SEM 
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