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The Influence of the Losartan, Enalapril and their Combination on the
Functioning of the Heart

E. Tofan

Department of Pharmacology and Clinical Pharmacy
Nicolae Testemitanu State Medical and Pharmaceutical University, Chisinau, Republic of Moldova

Abstract

The effects of the drugs Losartan, Enalapril and their combination on the hemodynamics and morphofunctional parameters of the heart
were studied in 80 patients with chronic heart failure (CHF) of II-IV functional class and the ejection fraction of the left ventricle less then 45%
which worsened the ischemic cardiopathia. It was established that after a 24-week therapy with each drug and their combination, there was a
decrease in symptoms in every group, but more so in the group that took the combined therapy. Along with the symptoms, there was also a
decrease in the functional class of the chronic heart insufficiency by 16.4% of those who took Losartan, by 15.5% of those who took Enalapril and
by 19.9% of those who took the combined therapy. The treatment with Losartan increased the fraction of ejection of the left ventricle by 14.9%,
with Enalapril by 8.9% and with both drugs by 21.4%. It was established that the combined therapy, which included Losartan and Enalapril, had
a better impact on the parameters of the myocardium remodeling then these drugs taken seperately.

Key words: chronic heart failure, ischemic cardiopathy, Losartan, Enalapril, myocardium remodeling.

BnusaHwne JI03apTaHa, SHananpuna n ux KOMGIIIHaI.WII/I Ha ¢yHKI.|IIIIO cepaua

Y 80 manmeHToB ¢ XpOHMYECKOIT CeplievHOI HelocTaTOYHOCThI0 II-IV GyHKIMOHAIBHBIX KITAcCOB 1 hpaKIuert BHIOpOCca IEBOTO KeMyTouKa
MeHee 45% ¢ OC/IOKHEHMEM MIIeMUYecKoil 60/Ie3HM cepjlla M3ydaay BIUAHNE INpPeHapaTtoB 03apTaH, SHA/MANPUI M UX COYeTaHNe Ha
reMofyHaMu4eckye 1 MOphobyHKIMOHAIbHBIE TapaMeTPhI CepALia. BbIIO yCTaHOB/IEHO, UTO MOCTIe 24-Hefe/IbHOTO Kypca TedeHNs, BCe CXeMbI
TepaIvy IPYMBE/N K YTYYIIeHII0 CUMIITOMATNYeCKO KapTIHBI B KaXK/J0ii IPYIIIle, HO OOIbIlle B TPYIIIIe, KOTOPas MPYHMMaIa KOMOVHIPOBaHHYIO
tepammio. IIponsorio yMeHblene GpyHKIMOHAIBHOTO K/IACCa XPOHMYECKOIT CepAevHOI He[IoCTaTOYHOCTY Ha 16,4% moyy BmsaHmeM JIozapTaHa,
Ha 15,5% — Duamanpuia u 19,9% — KOMOMHMPOBaHHOI Tepanuy. JledeHne 03apTaHOM YBEIUYMIO ZOMIO BBIOPOCA JIEBOTO JKEMyfOUKa Ha
14,9%, Onamanpunom — Ha 8,9%, a obonmu npenapartami — Ha 21,4%. Bpino ycTaHOB/IEHO, YTO KOM6I/IHI/Ip0BaHHaH Tepanus, KOTopas BK/I0Jaa
Jlosapran un OHamanpwri, uMmena 6osnee s dexTUBHOE BO3/Ie/ICTBIE Ha ITapaMeTPbl PeMOEMPOBAHNUA MIOKaPAIa.

KnroueBble cioBa: XpOHM4Y€ECKas cepieuHad HEJOCTATOYHOCTD, MIIEMIYECKasA 6071€3Hb cepana, HosapTaH, 9Hananp1/m, peMonenpoBanne
MMOKapza.
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Introduction

Chronic heart failure (CHF) is a syndrome caused by di-
sorders of neurohumoral regulation of the circulatory system,
accompanied by systolic and/or diastolic function disorders
manifested by blood stagnancy in the large and small circula-
tory systems [1]. Chronic heart failure is a complication of al-
most all cardiovascular diseases, coronary heart disease being
the most frequent [3]. CHF is one of the most frequent causes
of hospitalization in developed countries, especially in patients
of older age groups. Patients hospitalized for decompensated
heart failure are at high risk of repeated hospital admissions,
the frequency of which reaches 50% within 6 months after
discharge and within one year re-hospitalization reaches
68% of patients with chronic heart failure [3, 4]. According
to the modern neurohumoral concepts of the pathogenesis,
the primary role in the development of CHF is given to the
sympathetic-adrenal (NAC) and its opposing system of the
atrial natriuretic factor (PNF). This fact justifies the use of
different neurohormonal modulators (NGM), including ACE
inhibitors and AT receptor antagonists I in the treatment of pa-
tients with CHF [3, 4]. ACE inhibitors were the first group of
drugs acting directly on the RAAS and used in a broad clinical
practice [2]. By reducing the activity of RAAS and activating
the system of bradykinin, ACE inhibitors have important
anti-remodeling, vasodilating, diuretic and antiproliferative
effects [3]. The harmonious combination of efficacy and safety
has allowed this class of drugs to gain a worthy place in the
treatment of patients with CHE. However, numerous clinical
studies have shown that monotherapy can effectively control
the symptoms of CHF in a small number of patients. This is
due to the many factors of CHF and the multiple pathogenetic
components involved in its development.

The period of formation and progression of CHF and its
severity is defined in the majority of patients by well-timed
and adequately matched pharmacotherapy. Detailed analysis
of the pathogenetic model of formation and development of
CHF may help in developing differentiated approaches to
pharmacotherapy of this disease adapted to the pathogenic
and clinical course of CHF in each specific patient. In the
literature, the impact of individual drugs on various para-
meters and cardiac function of patients with CHF is covered
pretty adequately [1, 2], but few studies have examined the
possibility of combined therapy between ACE inhibitors and
antagonists of AT I - receptors of the CHF.

Aim of the study - to evaluate the influence of AT I re-
ceptor antagonist Losartan, ACE inhibitor Enalapril and their
combination on the clinical manifestations, hemodynamics
and morphofunctional parameters of the heart in patients
with chronic heart failure as a complication of chronic heart
disease.

Materials and methods

The study included 80 patients with stable symptomatic
CHEF II-IV FC (classification of New York Association of
Cardiologists - NYHA) and LV EF < 45% as complication

of CHE. Among the examined patients 77.5% were male
and 22.5% - women aged 48 to 72 years (average age being
62.2 + 8.4 years). 42 patients were diagnosed with CHF II
FC, 21 - III FC, 17 patients - CHF IV FC. All patients have
suffered an acute myocardial infarction (AMI) no earlier
than 6 months before the study and had a clinically expressed
angina pectoris I-III FC. Angina of I FC was diagnosed in
20 patients, II FC - in 47 patients, III FC - in 13 patients, the
average angina pectoris CF value was 1.88 + 0.2. The average
duration of CHF was 8.83 + 2.42 years. Presence of old MI
was confirmed by ECG and echocardiography data. CHF
duration ranged from 6 months to several years and averaged
54.8 + 13.2 months. All patients with CHF showed a decrease
of contractile function of LV myocardium, left ventricular
ejection fraction averaged 42.7 + 1.89%. CHD developed on
the background of arterial hypertension (AH) in 39 patients
(48.7%). All patients with CHF were divided into 3 groups:
group 1 (26 patients) received Losartan at a dose of 50-100 mg
once a day, group 2 (27 patients) - Enalapril 5-10 mg twice a
day and group 3 (27 patients) - a combination consisting of
Losartan and Enalapril. Duration of treatment was 24 weeks.
All the patients were administered the standard therapy for
CHEF consisting in diuretics, antiagregants and, if necessa-
ry, cardiac glycosides and peripheral vasodilator - nitrates.
37.5% of patients received digoxin in a dose of 0.125 - 0.5
mg/day, 29 (36.2%) patients received hypothiazide 12.5 - 50
mg 1 time per day, 10 (12.5%) patients - Furosemide 1 mg/
day 2-3 times a week. Evaluation of the effectiveness of the
drugs and their combination included the examination of the
dynamics of clinical manifestations of CHF, the tolerance to
everyday physical activities, hemodynamic parameters - heart
rate, systolic and diastolic blood pressure (mm Hg). Systolic
function was assessed according to the value of LV EF and
the degree of shortening of the anteroposterior size of the left
ventricle in systole, diastolic function - highest peak velocity
of early filling (PVEF), peak velocity of late filling (PVLF),
modulus of elasticity (ME) and stiffness (MS). Morpholo-
gical and functional cardiac parameters were assessed using
echocardiography: by determining the size of the left atrium
(LA, cm), end diastolic (EDD, cm) and end systolic (ESD cm)
dimensions, LV ejection fraction (EF) in %. The tolerance to
physical exertion in patients with CHF was assessed by bicycle
stress test with the determination of the total performed work
(TPW, W) and duration of load. Clinical and instrumental
examinations were performed before treatment and after
12 and 24 weeks of therapy with Losartan, Enalapril and
their combination. To assess the safety of the treatment, it
was carried out a laboratory exam with an analysis of blood
potassium and creatinine before treatment and after 12 and
24 weeks of treatment.

Statistical data analysis was carried out using standard
methods of statistics, including the calculation of the unpaired
Student-t criteria. All data are presented as mean standard
deviation (M + m). The difference was considered statistically
significant at p < 0.05.
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Table 1
The dynamics of clinical manifestations of CHF under the influence of Losartan therapy, Enalapril and their combination
Group | (n =26) Group Il (n=27) Group Il (n =27)
Clinical symptoms .. 12 weeks | 24 weeks |, .. 12 weeks | 24 weeks .. 12 weeks | 24 weeks
Initial values Initial values Initial values
later later later later later later
Dyspnea in physical effort 26 15 10 27 18 12 27 15 8
ysp phy 100% 57.7% 38.5% 100 % 66.6% 44.4% 100% 55.5% 29.6%
Dyspnea at rest 3 2 ! 2 2 0 2 ! 0
ysp 11.5% 7.7% 3.8% 7.4% 7.4% 0% 7.4% 3.7% 0%
Weakness 22 13 10 23 14 13 21 13 8
84.6% 50.0% 38.5% 85.2% 51.8% 48.1% 77.7% 48.1% 29.6%
Palbitations 17 12 9 17 16 12 17 10 5
p 65.4% 46.2% 34.6% 63.0% 59.3% 44.4% 62.9% 37.0% 18.5%
Acrocyanosis 6 3 ! 6 3 0 8 / !
4 23.1% 11.5% 3.8% 22.2% 11.1% 0% 29.6% 25.9% 3.7%
. . 20 13 11 22 15 13 25 17
0,
Peripheral swelling 76.9% 50.0% 42.3% 81.5% 55.5% 48.1% 92.6% 6200 | 8296%

Results and discussion

Analysis of clinical manifestations of the disease showed
that after 24 weeks of treatment in all patients with CHF,
there was a decrease of dyspnea and weakness, an increase
in tolerance to daily stress, but it should be noted that in the
group of patients treated with the drug combination consisting
of losartan and enalapril, the positive dynamics of clinical
symptoms of CHF was more pronounced than in case of
monotherapy (tab. 1).

The data presented in table 1 reveals that after 24 weeks
of treatment with Losartan the dyspea diminished by 2.6 ti-
mes, with Lisinopril - 2.2 times, with the combined therapy
- by 3.4 times. In all three groups the administered therapy
contributed to a diminishing or disappearance of peripheral
edemas: in the patients of the I and II groups this manifestation
diminished by 1.8 and 1.7 times, while in the III group - by
3.1 times in comparison with the original data.

The results of the study confirmed that the positive dyna-
mics of clinical symptoms of CHF reduced the FC, but the

significance of the decrease of FC was different in every sur-
veyed group. Thus, after 12 weeks of treatment with Losartan
the FC decreased by 9.1% (p < 0.05), with Enalapril - by 7.2%
(p>0.1) and the treatment with the combination of drugs - by
13.9% (p < 0.01), by the end of 24 weeks the FC decreased by
16.4%, 13.5% and 19.9% respectively (p < 0.001, p <0.05, p <
0.001). The dynamics of the FC under the influence of various
schemes of pharmacotherapy is shown in pic. 1.

The influence of both drugs and their combination on
heart rate and blood pressure in patients with chronic heart
failure as a complication of CHD was approximately the
same. Thus, heart rate before treatment with Losartan was
78.1 + 12.5 bpm, with Enalapril - 79.5 £ 11.2 and with the
combination of drugs — 78.3 + 12.4 bpm. After 24 weeks of
treatment significant changes in the heart rate were not ob-
served in either group 78.7 + 11.2; 74.4 £ 9.0 and 76.3 + 12.1
bpm, respectively.

Receiving Losartan contributed to a reducing of SBP and
decreasing of DBP from 92.4 + 4.2 to 78.5 + 4.0 mm Hg, while

Table 2
The evolution of the LV systolic function (M + m)
Examined groups
Indices I(n=26) I1(n=27) Il (n=27)
Initial values 24 weeks later Initial values 24 weeks later Initial values 24 weeks later
LV EF, % 442 +0.92 50.8 + 0.87*** 445+ 0.94 46.4 +0.95 424 +0.87 51.5+0.71%**
% DS 28.1+0.73 31.5 + 0.74*%* 28.3+0.87 30.1+0.73 27.9+0.54 23.8 + 0.68***

Note: ** - p < 0.01; *** - p < 0.001 - statistically significant differences in performance between the initial and 24 weeks later values.

Table 3
The evolution of the LV diastolic function (M + m)
Examined groups
Indices 1(n=26) Il (n=27) Il (n=27)

Initial values 24 weeks later Initial values 24 weeks later Initial values 24 weeks later

PVEF, cm x sec 578+ 1.14 63.1 £ 1.15** 58.1+£1.13 61.4+1.17* 57.2+0.84 65.1 + 0.95%**
PVLF, cm x sec 544 +1.31 51.3+£1.14 547 £1.21 53.2+1.30 55.4 +0.91 50.4 £ 0.88**
ME, c.u. 4.21+0.18 3.90+0.16 4.09+0.19 3.93+£0.21 4.20+0.15 3.70 +£0.14*
MS, c.u. 3.30+0.23 291+0.12 3.20+£0.24 3.01 £0.28 3.20+0.14 2.70 +£0.13*
Note: * - p < 0.05; ** - p < 0.001; *** - p < 0.001 - statistically significant differences in performance between the initial and 24 weeks

later values.
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Table 4
Indicators of cardiac remodeling in patients with CHF before and after treatment
Examined groups
Indicator 1(n=26) Il(n=27) Il (n =27)

Initial values 24 weeks later Initial values Initial values 24 weeks later Initial values
LVMMI, g/m? 1352+6.8 1182+7.2 141.1£9.7 120.1 £9.7 1375+£56 116.0 + 5.3**
RTW, % 470+£13 43.0 £ 1.2* 469 +3.0 450+3.0 47.1+1.2 40.8 £ 0.9%**
TPVR,din*s*cm-5 2187.7 £86.2 1862.0 = 109.0* 2063.6 +80.5 2009.1£106.3 2103.9 £ 84.9 1683.1 £ 107.2**
EDPLV, mm Hg 124 +£0.9 11.0£1.1 119+£1.1 13.0£0.9 122+0.38 9.1 £1.0%

Note: LVMMI - left ventricular myocardium mass index; RWT - relative wall thickness; TPVR - total peripheral vascular resistance;

EDPLYV - end diastolic pressure in the left ventricle.
*-p<0.05

** - p <0.01 - statistically significant differences in performance between the initial data and after 24 weeks of treatment.

a more significant reduction in blood pressure was found in
patients with concomitant hypertension. During the treat-
ment with Enalapril SBP decreased by 6.6% from 135.8 £ 5.2
to 126.8 £ 3.9 mmHg (p > 0.1) and DBP by 5.4% from 85.2
+ 9.3 t0 80.6 + 8.7 mm Hg (p > 0.1). The medium arterial
pressure decreased from 102.3 + 10.8 to 96.0 + 10.2 mm Hg
or by 8.9% (p > 0.1). When treating with the combination of
drugs including Losartan and Enalapril after 24 weeks there
is was a significant decrease in SBP from 136.2 + 4.2 to 123.5
+ 4.1 mm Hg by 9.3%, (p < 0.05), DBP - by 7.9% from 96.3
+ 3.7 down to 79.5 + 3.5 (p < 0.01).
Ejection fraction of LV in patients with CHF before treat-
ment was approximately the same in either group (tab. 2).
Treatment with Losartan during 24 weeks led to an incre-
ase in LV EF by 14.9% (p < 0.001), with Enalapril - by 4.3%
(p > 0.1), with the combined therapy - by 21.4% (p < 0.001).
The evolution of the LV diastolic function during the
applied therapy in the examined groups is presented in tab. 3.
Data from tab. 3 shows that monotherapy with Losartan
and Enalapril contributed to an increase in peak velocity of
early filling (PVEF) by 9.2% and 5.6% respectively, whereas
their combination resulted in an increase of the same parame-
ter by 13.8%. In patients treated with Losartan and Enalapril

3

251 | ] %

¢ %
24
1,51+
11—

0,5+

Group | Group I

[] 12 weeks later

Group llI
B 24 weeks later

| [] Initial values

*-p<0.05-statistically significant differences in performance
between the initial and 24 weeks later values.

Fig. 1. The dynamics of the FC under the influence
of various schemes of pharmacotherapy.

the peak velocity of late filling (PVLF) was reduced by 5.7%
and 2.7% respectively, in patients receiving the combined
therapy - by 9.0%. Modulus of elasticity (ME) and modulus
of stiffness (MS) of the left ventricle decreased in group I by
7.3% and by 11.8% respectively, in the IT-nd - by 3.9% and 5.9%
respectively, in the ITI-rd - by 11.9% and 15.6% respectively.

The effect of Losartan, Enalapril and their combination
on morphofunctional parameters of the heart expressed in
decreasing the size of the left heart chambers. End systolic
dimension (ESD) of the left ventricle before treatment with
Losartan was 5.24 + 0.67 cm, after 24 weeks of treatment —
5.10 £ 0.71 cm (p > 0.1), with Enalapril - 5.47 + 0.43 and
5.25 + 0.48 cm before and after treatment, respectively (p >
0.1), with the combination of drugs - 5.16 + 0.24 and 4.98
+ 0.25 cm, respectively (p > 0.1). End diastolic dimension
(EDD) before treatment with losartan was 6.4 + 0.7 cm, with
Enalapril - 6.52 + 0.5 and 6.32 + 0.7 cm with combination of
drugs, after 24 weeks of treatment being 6.38 + 0.8 cm, 6.56
+ 0.7 cm and 6.18 + 0.5 cm, respectively (p < 0.05; p < 0.05;
p < 0.05 respectively).

Indicators of cardiac remodeling in patients with CHF
before and after treatment are presented in tab. 4.

The data in tab. 4 show that the use of combined therapy,
which consisted of Losartan and Enalapril, provides a more
favorable effect on the remodeling of the heart than their use
in monotherapy. We found significant positive dynamics of
parameters reflecting LV remodeling: LVMMI decrease by
15.6% with a 13.3% decrease RWT (tab. 4).

According to the bicycle stress test, the total amount of
work performed by patients with CHF increased by 36.2%
under the influence of Losartan, by 31.8% - of Enalapril and
by 38.4% under treatment with both drugs.

The tolerance to drugs in all 3 groups was good. In pa-
tients from group I, transient hypotension was observed in
7.7% of cases, which required short-term reduction of the
dose, but not cancellation of the administration. In patients
from group II, side effects such as dry cough and transient
hypotension were encountered during the observation period.
This required a reduction in the dose of Enalapril in 11.1% of
cases. Side effects were observed in 7.4% cases of the III group.
Discontinuation of the drug was not required in any case.
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Rolul pivotal al macrofagelor in progresia tumorala
V. Mazuru

Catedra Histologie, Citologie si Embriologie, USMF “Nicolae Testemitanu”

The Pivotal Role of Macrophages in Tumoral Progression

Clinical and experimental evidence have shown that macrophages (TAM) are the main component of the leukocyte infiltrate supporting
tumor growth. Over the years the mechanisms that support the tumor growth have become increasingly clear and in several experimental
tumor models, the activation of an inflammatory response mediated by macrophages has been shown to play an essential role for full neoplastic
transformation and progression. TAMs are derived from peripheral blood monocytes recruited into the tumor. Upon being activated by cancer
cells, TAMs can release a vast diversity of growth factors, proteolytic enzymes, cytokines and inflammatory mediators. Many of these agents are
key factors in cancer progression. The presence of extensive TAM infiltration has been shown to correlate with poor prognosis in a variety of
human carcinomas. TAMs promote cancer progression through several mechanisms including the growth of tumor cells, tumor angiogenesis and
lymphangiogenesis, matrix remodeling, tumor cell migration and invasion. There are complex paracrine-signaling networks between TAMs and
cancer cells to activate each other. This evidence strongly supports the idea that TAMs are one of the most important players in the inflammatory
networks expressed in the tumor microenvironment, and it suggests these cells as possible targets of anticancer therapies.

Key words: macrophages, tumor growth, tumoral microenvironment, metastasis, angiogenesis, lymphangiogenesis.

l'naaeucraymu;an ponb MaKpOd)arOB B Nporpeccuun onyxoJsieBoro npotecca

Pe3ynpTaThl MHOTOYMCIEHHBIX KIMHUYECKUX U SKCIEPUMEHTANbHBIX MCCIEJOBAHMII JOKasanu 4To Makpodary sBIsoTCsa caMoii
MHOTOYVIC/IEHHOI K/IETOYHOI ITOITY/LALVel JIJIKOLIMTapHOTO MH(UIBTPATA, MOf/IePXKIBAIOIIET0 OIyX0/IeBblit pocT. Co BpeMeHeM, pas/n4Hble
MeXaHU3MBI Yepe3 KOTOpble peann3yeTcs 9Ta MOAAEPXKKA, CTa/MM XOPOIIO U3YYeHBl. B 9KCIepMMeHTa/IbHBIX OMYXOIEBBIX MOJE/IAX ObIIO
IOKa3aHO, YTO BOCTIA/INTE/IbHAS PeaKIyisl, OLI0CpeoBaHHasl Makpodaramu, Urpaet OrpoOMHYIO POJIb B ITOJTHON HEOIUIACTIYECKOI TpaHcdopMarum
U IIPOTPeCCUPOBAHNM OITYXO0/IEBOTO Ipoljecca. Makpodaru sABIAITCA MIPOU3BOLHBIMM KJIeTKaMI MOHOIIUTOB KpoBU. Ilop Bo3fericTBreM
aKTHMBALINM OITYXOJIEBBIMI K/T€TKaMI, MAKPOdary ClloCOOHBI CHHTE3NPOBATh MIPOKYIO FaMMy (GaKTOPOB POCTa, IPOTEONUTHIECKNX HePMEHTOB,
LMTOKMHOB VI MEAMATOPOB BOCIIa/IeHNs. MHOTHE 113 9THX BEIeCTB CBU/IETE/IbCTBYIOT 00 OIIYX0JIeBOIT porpeccuit. Bpuio Joka3aHo, 4TO BHICOKAsL
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