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RESEARCH OF 1,3-OXAZOLE-4-IL-PHOSPHONIC ACID DERIVATIVE ON THE
CONTENT OF FATTY ACIDS OF LIPIDS IN RATS WITH ARTERIAL

HYPERTENSION

© K. Matskevych

Kinoxicms xeopux 3 apmepiansroio einepmensieio (AT) npodosaicye 36ineuwysamuce. Cymmesum HezamueHum
Hacniokom apmepiansHoi einepmensii € CMpYKmypHi, memaboniuni ma pynxyionansmi NOPYULEHHS ) MKAHUHAX
MIOKGpOY, cyOun ma iHuwiux opeawis, 30kpema 3vina emicmy dcuprux kuciom (JKK) ma ix cnissionowenns.

Mema pobomu — docnidumu 3MIHY JHCUPHOKUCTOMHO20 ckaady ninidie CUpOAMKU KPOGI ma mKaHuH wypic 3
apmepiansHoio zinepmensiero nio dieio Hosol opuzinansnoi cnonyKu - noxionoeo 1,3-oxcaszon-4-in-ghochonosor

Kucnomu (CkopoveHa Hassea - noxioxe okcasony).

Mamepianu ma memoou. Jlocnioscenns nposodunu na Ginux cmamesospinux wypax. Apmepiansiy 2inepmensiio
MOOENI0BANU WNAXOM CONbOBOZO HABAHMAICEHHS — COMbOBO20 NUMMS (1 % posuun nampito xn0pudy) 3 einvHum
docmynom 00 Hb020 enpodoedc 21 dobu. Teapunam 3 14-i 0obu 6600wy noxiowe okcasony 6 003i 25 ma/ke 6Hy-
MpiuHb004epesurno, 00un pas na 006y, ujodenro, npomazom 7 0i6. Buicm KK ninioie eioyenmpughyzosaroi
cuposamku kposi ma zomozenizosanux y 0,9 % ¢izionoziunomy poswuni NaCl mxarnun eusnavan 3a 00NnoM02010

2a30xpomamozpaghiviozo ananizy.

Pesynomamu ma ix od62060pennsn. Beedenns noxionozo OKcasony na oni nidsuuenozo apmepiansHozo mucky
Y wypie oocmosipHo He ennueano va cymy H)KK ma HH)KK @ cuposamyi Kposi na €iominy 6io epynu wypie 3 A1°
3a paxyHok menOeryil 0o 6i0HoGNeHH 6michty CMeapunosol Kuciomu, npome 3miHeHuil émicm niHoneoi ma
apaxiooHosol KUCIOmM NPaKmuuHo He GIOPI3HABCSA 6I0 3HAUCHL OCMANHIX 6 KOHMPONbHIY Kpyni 3a OGHUX YMOE eK-
cnepumenmy. B aopmi chocmepizanocs gionoenenns GMICntY naneMimuHoBol, cmeapuno6ol, ainoreoi ma apaxi-
donosoi kucnom. B cepyi ecmanosnero 3MiHy emicmy niHoneeoi ma apaxioonosoi kuciom y 360POMHLOMY Ha-

NPAMKY NOPIBHAHO 3 KOHMPONLHOIO 2PYNoio.

Buchnoeku. Bsedenns noxionozo okcasony 6 003i 25 me/ke (EDsg) 8HYMPiwHb00uepesuHHo 00uH pas Ha 006y
npomazom 7 OHi6 npu 0OHOHACHOMY MOOeNIOBAHHI apmepiancHol 2inepmeHsii wIAXOM CONbOBO20 HABAHMANCE H~
HA GYINOMY He BUKAUKANO HE2AMUSHUX 3MIH MQA NPUIBOOUNO OO GIOHOGNEHHA NiNiONUX nokasnuxie H)KK, HHI)KK

ma I[TH)KK

Kniouosi cnosa: apmepiansna zinepmensis, HCUPHI KUCTOMU, NOXIOHE 1,3-okcason-4-in-hocghonosoi kucromu,

noxiowe okcasony, wypu

1. Introduction

Today, the global pharmaceutical market presents
a wide range of antihypertensive drugs. However, the
number of patients with arterial hypertension (AH) con-
tinues to increase. This disease causes annually about
12.8 % of deaths in the world and leads to a significant
deterioration in the quality of life of patients due to the
severity of the consequences of its ineffective treatment:
myocardial infarction, stroke, chronic renal failure and
peripheral arterial disease [1, 2]. The accelerated dynamics
of hypertension is an urgent problem of modern medicine,
which is exacerbated by demographic aging of the popula-
tion and behavioural risk factors, including malnutrition,
hypodynamia, and permanent stress conditions [3].

2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

Despite the presence of a significant arsenal of
drugs with a different mechanism of action, the effec-
tiveness of antihypertensive therapy remains low. In par-
ticular, in Ukraine, this figure is only 8.1 % in rural areas
and 18.7 % in the urban population, which requires further
detailed study of the pathogenesis of this disease and the
search for new compounds to achieve the target blood
pressure levels by acting directly on the target, which is
the cause of. development arterial hypertension [4, 5].
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3. Analysis of recent studies and publications in
which a solution of the problem are described and to
which the author refers

Substantial negative effects of arterial hyperten-
sion are structural, metabolic and functional disorders in
the tissues of the myocardium, vessels and other organs,
in particular, changes in the content of fatty acids (FA)
and their ratios [6, 7]. Changes in lipid metabolism in
hypertension are associated with a decrease in the con-
sumption of fatty acids by the body due to increased
absorption and an imbalance between glucose and FA in
mitochondria [8]. It is known that hypertension rats in
blood plasma most change the content of arachidonic,
palmitic, linoleic, pentadecanoic and margaric acids [9].
Therefore, an important task of modern antihypertensive
therapy is the search for molecules and the development
of new antihypertensive drugs, which can not only nor-
malize blood pressure, but also correct these pathological
changes.

4. The field of research considering the general
problem, which is described in the article

The derivative of 1,3-oxazole-4-yl-phosphonic ac-
id (abbreviated name - oxazole derivative) is a novel,
original compound, which, according to the results of
previous experimental studies, in vitro and in vivo has a
vasodilating effect and is promising for further study as a
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low-toxic antihypertensive agent, but its influence on the
fatty acid composition of lipids in the blood to this time
was not investigated [10, 11].

5. Formulation of goals (tasks) of article

The aim of the work was to investigate the
changes in the fatty acid composition of blood serum
lipids and tissues of rats with arterial hypertension under
the action of oxazole derivatives.

6. Presentation of the main research material
(methods and objects) with the justification of the
results

Materials and methods. The studies were con-
ducted on white, sexually mature rats with an average
weight of 181.8+3.54 g. Animal rearing and care was
carried out in accordance with the European Union Di-
rective 2019/10/63 EU on the protection of vertebrate
animals used for experimental and other scientific pur-
poses and, accordingly, to the Law of Ukraine No. 3447-
[V "On the Protection of Animals from Cruel Treatment"
[12, 13].

Arterial hypertension (AH) was modelled with
salt loading — salt drink (1 % solution of sodium chlo-
ride) with free access to it for 21 days [14]. The mean
blood pressure level in non-sarcotised rats was recorded
by sphygmomanometric method using a specialized cuff
with a pulse sensor mounted on the rat's tail and an anal-
ysis of the periodicity of blood flow oscillations at the
UgoBasile installation (Italy, 2005).

With the random sampling technique, rats were
divided into 3 groups of 7 individuals in each. Group |
included intact rats. Group 2 (blank) includes rats, which
formed a model of stable AH during 21 days by salt
loading. Group 3 includes rats with elevated blood pres-
sure of 8 % and above at 14 days after the start of salt
loading. Animals of this group from the 14th day were
given a dose of 25 mg / kg intraperitoneally, once, daily
for 7 days. This group of animals is formed to deterimine
the effect of 1,3-oxazole-4-yl-phosphonic derivative in
order to prevent the development of hypertension or
decrease the degree of hypertension.

The rats were decapitated with subsequent extir-
pation of the heart, aorta, liver, kidneys and blood collec-
tion. The content of liquid lipids of centrifuged blood
serum and homogenized in 0.9 % saline NaCl tissue was
determined by gas chromatographic analysis according to
the generally accepted method [15]. The peaks of fatty
acids were identified by comparing with the time
maintenance of the peaks of standard FA. An assay of the
ratio of fatty acids of lipids in % was carried out by the
method of normalizing the peaks of the peaks of ethyle-
nic derivatives of FA [16].

Changes in fatty acid composition of serum lipids
were evaluated by the definition of the quantitative con-
tent of the 9 most informative FA: myristic C 4.0, penta-
decane C)s., palmitinic C,¢.0, margaric C7.0, stearic C,s.q,
amounting to SFA, and oleic C,s., linoleic C,s, linolen-
ic Cyg3, arachidonic Cyg4, amounting to the MUFA, Lin-

oleic C,s., linolenic C g3 and arachidonic C,.4 FA belong
to the sum of polyunsaturated fatty acids (PUFA) and are
defined as irreplaceable [15].

Statistical data was processed using the BioStat
2009 v 5.8.4 licensing program (produced by Analyst
Soft). To compare mean values of the samples, a simple
Student's coefficient was used, or a two-sample t-test
with different dispersions (heteroscedastic). Changes in
indicators were considered statistically significant at a
significance level of more than 95 % (P<0.05).

Results of the research. Studies have shown that
in the modelling of persistent arterial hypertension by the
salt load in Group 2, the fatty acid composition of blood
serum lipids and tissues of the investigated organs signif-
icantly changed in comparison with the group of normo-
tensive intact rats (Tab.1). In particular, serum levels of
stearic acid increased by 28.4 % (p<0.05), resulting in an
increase in the amount of SFA by 11.2 % (p <0.05). At
the same time, the content of arachidonic acid increased
by almost 5 times (p <0.05), but the amount of UFA and
PUFA decreased in the form of a tendency due to a de-
crease in the content of linoleic acid. In the aorta, an
increase in the content of myristic (by 8 times, p<0.05)
and palmithinic acid (40.4 %, p<0.05) and reduction in
the content of stearic acid (17.8, %, p<0.05), linoleic
(28.9 %, p<0.05) and arachidone (25.4 %, p<0.05) acids.
Accordingly, an increase in the amount of SFA and a
reduction in the amount of UFA, PUFA in the aorta were
noted. In the heart, only a decrease in the content of lino-
leic and an increase in the content of arachidonic acids
was observed, respectively, by 25.8 % (p <0.05) and
16.9 % (p <0.05), and in the liver the increase in the
content of oleic (17.1 %, p <0.05), linoleic acids (by
29.1 %, p <0,05) and reduction of arachidonic acid con-
tent (by 28,6 %, p<0.05). At the same time, in the Kid-
neys, a 22.2 % (p<0.05) decrease in the amount of SFA
was observed due to myristic and palmitic acid and a
corresponding increase in the UFA value by 16.7 %
(p <0.05) due to oleic, linoleic and arachidonic acids .

From Tabl. 2, it can be seen that the administra-
tion of the oxazole derivative in the background of
elevated blood pressure in rats did not significantly
affect the amount of SFA and UFA in serum, unlike the
group of rats with hypertension due to the tendency to
restore the stearic acid content, but the changed content
of linoleic and arachidonic acids was virtually non-
existent it differed from the values of the latter in the
blank group under the given experimental conditions.
Restoration of the content of stearic, linoleic and ara-
chidonic acids in the aorta and reduction of the palmitic
acid content to the baseline level was observed. In the
heart, the change in the content of linoleic and arachi-
donic acids in the reverse direction compared with the
blank group was established. Thus, the content of lino-
leic acid, by contrast, was higher by 14.4 % (p <0.05),
and the content of arachidonic acid was lower by
18.4 % (p <0.05) compared to normalizing rats. In the
kidneys and the liver, all the lipid fatty acid composi-
tion was normalized.
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Table |
Fatty acid composition of rat lipid tissues and serum in experimental arterial hypertension, % (M+m, n=7)
Nomenciius of blood serum aorta heart kidneys liver
FA Group Group Group Group Group Group Group Group Group Group
No.2 No.l No.2 No.l No.2 No.l No.2 No.1 No.2 No.|
Myristic C14:0 0.3£0.1 | 0.3£0.1 | 3.3+0.5* | 0.4+0.1 0.6=0.1 0.4+0.1 L1£0.1* | 3.1£0.5 | 0.4+0.1 | 0.3+0.1
Pentadecane C15:0| 0.4+0.1 | 0.2+0.1 | 0.30.1 0.5+0.1 1.6£0.3 1.6+0.5 0.4+0.1 0.4+0.1 | 0.40.1 | 0.3+0.1
Palmitinic C16:0 | 26.4+1.3 [ 25.31.5 |38.6+1.3% | 27.5+1.5 19.5+1.5 | 18.3+1.5 [21.2+1.0* [ 29.4+1.5] 19.120.1 | 21.3%1 3
Margaric C17:0 | 0.420.1 | 0.3+0.1 | 0.3%0.1 0.4+£0.1 0.6£0.1 0.4+0.1 0.4+0.1 0.4+0.1 | 0.4+0.1 | 0.3+0.1
Stearic C18:0 | 11.3+1.0% | 8.8+1.0 [ 11.1£1.0%| 13.521.0 9.320.5 9.0£1.0 | 10.2+0.5 | 9.5+0.5 | 6.6£0.5 | 6.1%0.5
Oleic C18:1 15.2+1.0 | 15.6£1.3 | 18.4£0.6 | 18.7+0.7 | 15.3£0.7 | 13.9+1.0 14.8+0.7* | 17.241.0 [ 15.1+1.0% [ 12.9+1.0
Linoleic C18:2 |44.2+1.5%| 49.0+1.5 [23.1+1.0% | 32.5+1.5 22.1+1.0% | 29.8+1.5 | 24.8+0.5* [28.1+1.5 | 35.951.5% | 27.821.5
Linolenic C18:3 | 0.4+0.1 [ 0.2+0.1 | 0.3+0.1 | 0.5+0.1 0.60.1 0.4+0.1 0.4+0.1 0.4£0.1 | 0.40.1 | 0.5+0.1
Arachidonic C18:4 | 1.4+0.5* | 0.3+0.1 | 4.4+0.5* | 5.940.8 30.5+1.0% | 26.1%1.5 [26.71.0% | 11.3£1.0 | 21.7%1.5* 30.4x1.5
J.SFA 38.8+1.8% | 34.9+1.8 | 53.6+1.5% | 42.3+1.6 | 31.622.0 | 29.7=1.8 33.3+1.5% |1 42.842.0 | 26.9+1.6 | 28.3+1.8
> UFA 61.2+1.8 | 65.1+1.8 [46.4£1.5% | 57.7+1.6 | 68.5£2.0 70.3+1.8 | 66.5£1.5* [ 57.0+2.0 | 73.1%1.6 | 71.7+1.8
> PUFA 46.0+1.5% | 49.5+1.5 [27.8+1.3* | 38.9£1.5 | 53.2¢1.8 56.3+1.6 | 51.7+1.3* [ 39.8+1.6 | 58.0+1.3 | 58.7+1.5
Note: *—p <(0.05 relative to the intact group (group No. [)
Table 2

Influence of 1,3-oxazole-4-yl-phosphonic acid derivative on fatty acid composition of rat lipid tissues and serum in
experimental arterial hypertension, % (M£m, n=7)

- blood serum aorta heart kidneys liver
0? ; Aa Group Group Group Group Group Group Group Group Group
No.2 No.l No.2 No.1 No.2 No.2 No.| No.2 No.|
Myristic C14:0] 0.5£0.1 | 0.3#0.1 | 3.1£0.5* | 0.4%0.1 | 04%0.1 | 0.4%0.1 | 24205 | 3.120.5 | 0301 | 03201
Pe”g‘ld;f]a"e 0.540.1 | 0.2¢0.F | 0.4%0.1 | 0.5+0.1 | 1.1£0.5 | 1.6£0.5 | 0.4+0.1 | 0.4%0.1 | 03£0.1 | 0301
Pa(':"l’g,i(')“c 28.3+£1.0 | 25.3+1.5 | 30.1£1.5 | 27.51.5 | 17.4%1.0 | 18.31.5 | 24.6£1.0% | 29.4+0.1 | 20.8+1.0 | 21 321 3
Mé"l'%‘f‘am 0.5£0.1 | 0.3+0.1 | 0.4£0.1 | 0.4%0.1 | 0420.1 | 0.40.1 | 0.4+0.1 | 0.4+0.1 | 0.320.1 | 0.320.1
Stearic C18:0 | 10.940.5 | 8.8+1.0 | 14.0+1.0 [ 13.5+1.0 ] 84%1,0 | 9.0£0.1 | 108205 | 95205 | 84207 | 61203
Oleic C18:1 | 14.8£0.6 | 15.6+1.3 | 18.1+1.0 [ 187+0.7 | 16.3£0.5 | 13.9¢1.0 | 19.220.8 | 17.2£1.0 | 14521 0 | 12921 0
Linoleic C18:2) 42.2+1.0* | 49.0+1.5 | 28.041.5* [ 32.5%1.5 | 34.121.0* | 29.8£1.5 | 31.420.5 | 28.121.5 | 30.1213 [ 27 821 5
ng?;f.glc 0.6£0.1 | 0.2+0.1 | 04£0.1 | 0.5£0.1 | 04%0.1 | 04x0.1 | 0.420.1 | 0.4+0.1 | 0.4+0.1 | 0.5%0.1
Arag?;f,g“w L.5£0.5% | 0.3%0.1 | 5.5%0.5 | 5.90.8 | 21.321.0% | 26.1£1.5 | 10.3£1.0 | 11.3£1.0 | 24.941.5 | 30.4<1 5
SSFA 40.741.5 | 34.9+1.8 | 48.0+1.8* | 42.3+1.6 | 27.7+2.0 | 29.7=1.8 | 38.61.5 | 42.802.0 | 301215 | 28351 8
YUFA 39.1x1.5 | 65.1x1.8 | 52.0¢1.8 | 57.7+1.6 | 72.1+2.0 | 70.3%1.8 | 61.321.5 | 57.022.0 | 69.91.5 | 71 721 8
LPUFA__| 44.3+13% | 49.5+1.5 [ 33.9+1.5% | 389515 | 55.8%1.8 | 56.3£1.6 | 42.1=1.3 | 39.821 6 | 554213 [ 58 721 S

Note: * — p <0.05 relative to the intact group (group No. 1)

Discussion of results. The established fact of in-
creasing the amount of SFA in the kidneys compared
with the blank group after the administration of the 1,3-
oxazole-4-yl-phosphonic acid derivative may indicate the
ability of the compound to stabilize cell membranes and
inhibit free radical oxidation during the development of
modulation-induced arterial hypertension inositol lipid
cycle and signal system of the cell [17].

The effect of the oxazole derivative on the in-
crease of arachidonic acid content by 25.0 % (p <0.05) in
comparison with hypertensive rats in the aorta may be
related to one of the mechanisms of vasodilating effect of
the test compound, since arachidonic acid acts as a pre-
cursor in the synthesis of prostaglandin E2 (PGE2),
which, in turn, interacts with receptors of type EP2,
causes vasodilation [18]. At the same time, it is logical to
increase the content of linoleic acid in the aorta as a pre-
cursor to the synthesis of arachidone. On the other hand,
a decrease in the content of the latter in the heart and
kidneys after the introduction of the derivative of oxazole
may indicate the restorative ability of the test compound
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to reduce lipid peroxidation in the abovementioned tis-
sues. A similar effect was found in B-blockers that exhib-
it cardioprotective and nephroprotective effects [9, 19].

7. Conclusions from the conducted research
and prospects for further development of this field

I. Conducted studies showed a pronounced effect
of 1,3-0xazole-4-yl-phosphonic acid derivative on fatty
acids of serum lipids of blood and tissues of rats with
elevated blood pressure in the modelling of arterial hy-
pertension by salt loading.

2. The introduction of the test compound at a dose
of 25 mg / kg (EDsy) intraperitoneally once daily for 7
days with simultaneous simulation of arterial hyperten-
sion by salt load did not cause any adverse changes in
general and led to the restoration of lipid parameters of
SFA, UFA and PUFA,

3. The established fact of the influence of the de-
rivative of oxazole on the composition of FA lipids is the
basis for further study of its mechanisms of action with a
possible prospect of studying as an antihypertensive drug,
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Aim. Spectrophotometry is one of the most widely used methods in
the pharmaceutical analysis. The main advantages of this absorp-
tion method are the highly sensitive, cost-effective and available to
quality control laboratories for dosage forms. However, there is a
need to find new analytical reagents. Therefore, the aim of the pres-
ent work was investigation and development of spectrophotometric
method based on reaction with p-chloranil for the determination of
meldonium dihvdrate in dosage forms.

Methods. In the study were used working standard of meldonium
dihydrate, p-chloranil, DMF, the sample of finished dosage forms.
Absorption of the reaction products was measured using spectropho-
tometer Specord 200).

Results. The optimum conditions of the spectrophotomeltric anal-
ysis has been established during the process of development this
procedure. The influence of various parameters such as nature of
the solvent, concentration of reagent, temperature, time of heating
were investigated. 11 was experimentally established that meldoni-
um dihydrate reacts with p-chloranil in DMF medium to form the

coloured reaction product with absorption maximum at 556 nm. The *

proposed method was subjected to validation tests. The method was
validated for the parameters like linearity, precision, accuracy, ro-
bustness and range of application. Beer s law was performed at the
concentration range of 8.00~20.00 mg/100 ml with correlation co-
efficient 0.9995. The linearity ranges were calculated with the help
of regression analysis by means of least squares. The proposed pro-
cedure meets the requirements of State Pharmacopoeia of Ukraine.

Conclusions. The spectrophotometric method for the determination
of meldonium dihydrate was developed and validated. This proce-
dure is successfully applied for dosage forms analysis. Results of
the study showed that the procedure is accurate, simple and relevant
Jfor application at the quality control laboratories for dosage forms

Keywords: spectrophotometry, derivatives of quinone, p-chloranil,
meldonium dihydrate, analysis, quantitative determination, validation
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The number of patients with arterial hypertension (AH) continues
to increase. Significant negative effects of arterial hypertension are
structural, metabolic and functional disorders in the tissues of the
myocardium, vessels and other organs. in particular. changes i the
content of fatty acids (FA) and their correlation. The purpose of the
study is to investigate the change in fatty acid composition of lipids
in blood serum and lissues of rats with arterial hypertension undei
the influence of a new original compound, 1.3-oxazole-4-yl-phos-
phonic acid derivative (abbrevialed name — oxazole derivative)
Materials and methods. The studies were conducted on white, sex-
ually mature rats. Arterial hypertension was modeled by salt load -
salt drink (1 % solution of sodium chloride) with free access (o il
Jor 21 days. Animals from the 14th day received oxazole derivative
at a dose of 25 mg / kg intraperitoneally, once daily, for 7 days. The
content of fatty acids of centrifuged blood serum and homogenized
n 0.9 % saline NaCl tissue was determined by gas chromatographic
analvsis

Results and discussion. The administration of oxazole derivative in
the background of increased blood pressure in rats did not signifi-
cantly affect the amount of SFA and USFA in serum in contrasi (o

49




Scientific Journal «ScienceRise: Pharmaceutical Science»

Ned(14)2018

the group of rats with hypertension due to the tendency (o restore
the stearic acid content, but the changed content of linoleic and ara-
chidonic acids practically did not differ from the values in the blank
group. There was a restoration of the content of palmitic, stearic,
linoleic and arachidonic acids in aorta. In heart, the change in the
content of linoleic and arachidonic acids in the reverse direction
compared with the blank group was established

Conclusions. The administration of 25 mg/kg (ED,) of oxazole
derivative intravenous intraperitoneally once daily for 7 davs with
simultaneous simulation of arterial hypertension by salt load did
not cause any adverse changes and led to the restoration of lipid
parameters of SFA, USFA and PUFA

Keywords: arterial hypertension, fatty acids, 1,3-oxazole-4-yl-phos-
phonic acid derivative, oxazole derivative, rats
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