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In the of study was investigated the antinociceptive action of derivatives of quinazolinone-4 in 187 male and 
196 female rats, including females rats in the different stages of the estrous cycle: diestrus ½ and proestrus /estrus in 
models of nociceptive responses induced by chemical stimuli (formalin test, «acetic cramps»), to assess the level of 
organization of the peripheral pain sensation. Substances (laboratory code numbers: PGFA – I, II, III, IV, V, VI, VII) at a 
dose of 2/10 of the molecular weight in mg/kg, reference drugs: metamizole sodium and lidocaine was administered 
once intraperitoneally 40 minutes before administration of chemical irritants. Control and males received respectively 
solubilizate Tween-80 and saline (0.4 ml intraperitoneally) under similar conditions. The 4-quinazolinone derivatives 
compounds I–IV, VI, VII were investigated as potential analgesics. Substance I–IV, VI, VII exhibited analgesic activity 
in male and female rats. Substances I, VI, VII have analgesic effects on female rats in phase of the estrous cycle di-
estrus ½; substance I–IV, VI – in the stage of proestrus/estrus. Among the investigated derivatives of quinazolinone-4 
compound VI is a leader in analgesic activity.

Keywords: derivatives of quinazolinone-4, analgesic effect, formalin test, acetic cramps

Изучалось антиноцицептивное действие производных хиназолинон-4 у 187 самцов и 196 самок крыс, в том 
числе у самок в стадиях эстрального цикла: диэструс ½ и проэструс/эструс в формалиновом тесте, тесте «ук-
сусные корчи». Вещества (лабораторные шифры: PGFA – I, II, III, IV, V, VI, VII) в дозе 2/10 от молекулярной массы в 
мг/кг, метамизол натрия и лидокаин вводили однократно внутрибрюшинно за 40 минут до введения альгогенов. 
Контрольные животные получали солюбилизат твина-80 и физиологический раствор. Производные хиназолино-
на-4 соединения I–IV, VI и VII оказались интересны в качестве потенциальных анальгетиков. Вещества I–IV, VI и 
VII проявляют обезболивающую активность у самцов и самок. Соединения I, VI и VII оказывают обезболивающее 
действие на самок крыс в фазе диэструс ½; вещества I–IV и VI – в стадии проэструс/эструс. Среди исследованных 
производных хиназолинона-4 соединение VI является лидером по анальгетической активности.

Ключевые слова: производные хиназолинона-4; обезболивающее действие, формалиновый тест, уксус-
ные корчи
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The creation of new, safe and highly effective 
drugs, including painkillers, is the actual problem 
of pharmacological and pharmaceutical science, 

the solution of which is possible result of synthesis 
and comprehensive studies of new biologically 
active compounds [5, 11, 12, 19]. Earlier, we in 
evaluation of the spectrum of pharmacological action 
of new derivatives of quinazolinone–4 we showed the 
antiparkinsonian activity, effect on blood clotting [6, 
9, 10]. Given the differences in the activity of drugs 
based on gender, stages of the estrous cycle [1, 
7, 8, 15, 18] the study was performed in male and 
female rats, including females in the different stages 
of the estrous cycle. The aim of this study was to 
investigate the antinociceptive action of derivatives 
of quinazolinone-4.

Material and Methods. The series of experiments 
were performed on white rats – males (187) and females 
(196) weighing 200-220g (6–12 per group) contained in 
standard vivarium conditions with natural light. At work 
with animals provided in full compliance with the interna-
tional recommendations of the European Convention [2]. 
The analgesic activity of the compounds was determined 
in models of nociceptive responses induced by chemical 
stimulus (formalin test and «acetic cramps»), to assess the 
level of organization of the peripheral pain sensation [2].

Formalin test evaluates somatic pain caused with 
algogens. The test simulates the reactions, when de-
veloping operational skin incision. The first phase of the 
reaction develops immediately and characterized by the 
influence of the primary afferents pain, the second phase 
is delayed in time and is a pain caused by an inflammato-
ry reaction. Hyperalgesia simulated subplantarian intro-
duction 50 mkl of 2 % aqueous solution of formalin into 
the dorsum of the right hind paw. Record the number 
of pain reactions («flinches»: raising paw, licking, biting 
of the site of injection) after injection of formalin during 
the whole observation time, a differentiated acute (first 
10  minutes) and inflammatory (from 10 to 60 minutes) 
phase of the nociceptive response. The analgesic activity 
of the compounds was evaluated in total, and also sep-
arately for phases I and II by reduction of the nociceptive 
response, reduced the number of pain reactions compared 
with the indices in the control animals, taken for 100 %.

Test «Acetic cramps» is an accepted model of visce- 
ral nociception and is aimed at studying the peripheral 
analgesic activity of new substances using the method 
of chemical stimulation of nociceptors of the peritone-
um and evaluation of characteristic motor responses. 
«Cramps « as a response to pain response are specific 
behavioral responses resulting from the action of chem-
icals that irritate the serous membranes, manifested by 
contractions of abdominal muscles, alternating with their 
relaxation, stretching of the hind limbs, a deflection of the 
back, resembling the pain of peritonitis. The specific pain 
response induced by the intraperitoneal administration of 
acetic acid solution (1 % solution; 0.5 ml/100 g of body 
weight). Analgesic effect was evaluated by the decrease 
in the number of «cramps» in 15 minute observation peri-
od following the administration of acetic acid solution as 
a percentage data of the control group of animals, taken 
as 100 %.

Biologically active compounds (new derivatives of 
quinazolinone-4) – 7 substances synthesized in the De-
partment of Organic Chemistry Pyatigorsk Medical and 
Pharmaceutical Institute [6, 9, 10]. Substances (labora-
tory code numbers: PGFA – I, II, III, IV, V, VI, VII) at a dose 
of 2/10 of the molecular weight in mg/kg (I  – 47.6 mg/
kg; II  – 53.6 mg/kg; III  – 53.6 mg/kg; IV  – 53.6 mg/kg; 
V – 56.4 mg/kg; VI – 75.2 mg/kg; VII – 59.2 mg/kg), refe- 

rence drugs at therapeutically effective doses: metamizole 
sodium – 55 mg/kg (Analgin solution for intravenous and 
intramuscular administration of 500 mg/ml 2 ml ampoule; 
«Moshimfarmpreparaty them. Semashko», Russia) and li-
docaine – 1 mg/kg (ampoules 2 % 2 ml; «Dalkhimpharm», 
Russia) was administered once intraperitoneally 40 mi- 
nutes before administration of chemical irritants. The 
dose of the studied compounds and drugs of comparison 
were selected based on the literature data and the meth-
od of titration of dose [3, 4]. Control females and males 
received respectively solubilizate Tween-80 and saline 
(0,4 ml intraperitoneally) under similar conditions. From 
female animals by vaginal strokes estimated stage of the 
estrous cycle: diestrus ½ and proestrus /estrus prior to 
testing [15]. Experiments were performed in the daytime. 
The results were statistically processed using computer 
software package «Excel» and «BIOSTAT» (S. A. Glantz, 
McGraw Hill, USA). Statistically significant differences 
were confirmed by Student’s t-test, Kruskal-Wallis test, 
the U-Wilcoxon-Mann-Whitney test. Differences were 
considered statistically significant when p<0.05.

Results and Discussion. The analgesic activity of 
derivatives of quinazolinone-4 in male rats. When us-
ing the male test substances I-IV, VI, VII was a decrease 
in the number of pain reactions in General, throughout 
the period of testing with formalin, and in the first acute 
phase nociceptive response (Table 1). This reduction in 
the frequency «flinches» – uplifts paws, licking, biting the 
injection site – was significant when using solubilization 
substances I, III, IV, VI, VII, and also more pronounced 
compared to the effects of drugs comparison of metam-
izolе sodium and lidocaine in the applied doses with the 
introduction of I, III, VI, VII substances. During the second 
inflammatory phase (the last 50 minutes of the test) the 
pain response to chemical stimulation of the observed 
decrease in the number of «flinches» was statistically sig-
nificant for the compounds VI, VII and more distinct than 
with the use of metamizole sodium (Table 1).

Table 1
Effect of quinazolinone-4 derivatives on the parameters 

of the formalin test and «acetic cramps» in male rats  
(% of the control group data) 

Substances

Formalin test 
Acetic 
crampsAll period

Phase 1
(10 mi- 
nutes)

Phase 2
(50 mi- 
nutes)

I 56.6 * 47.0* 63.4 23.7**
II 71.96 66.31 75.98 28.2***+
III 47.0 ** 21.2** 65.3 49.3**
IV 71.6* 51.2* 86.2 30.9***+
V 99.6 90.0 108.1 80.7
VI 36.3*** 44.8* 30.2** 51.1*
VII 44.7*** 42.8* 46.1* 25.0***
Metamizole 
sodium 

61.1 ** 78.9 48.5* 17.4***

Lidocaine 78.9 54.6 96.3 83.9
Reliably relative to the control group of male rats: * – p<0.05; 

** – p<0.01; *** – p < 0.001; comparing males and females: + – 
p<0.05. 

Derivatives of quinazolinone-4 have also limited the 
amount of «acetic cramp» in male rats. Shifts at the same 
time were statistically significant with the introduction of 
solutions of compounds I–IV, VI, VII, but less distinct than 
when administered metamizole sodium.

Thus, the compounds I–IV, VI, VII limited the number of 
pain responses in the formalin test and in the test «acetic 
writhing» in male rats, demonstrating analgesic activity.
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The analgesic activity of derivatives of quinazoli-
none-4 in female rats. When using females of the studied 
compounds showed a statistically significant decrease 
in the number of pain responses was observed after the 
use of the substance VI as a whole, throughout all phases 
of testing with formalin, and also when using solubili-
sate substance III in the first acute phase nociceptive re-
sponse (Table 2). The reduced rate of uplift paws, licking, 
biting the injection site on the background of compound 
VI were more pronounced in comparison with the effects 
of drugs comparison. 

Table 2
Effect of quinazolinone-4 derivatives on the parameters 
of the formalin test and «acetic cramps» in female rats 

(% of the control group data) 

Substances

Formalin test 
Acetic 
crampsAll period

Phase 1
(10 mi- 
nutes)

Phase 2
(50 mi- 
nutes)

I 68.0 65.9 69.3 11.7***
II 71.3 64.5 75.2 45.6* +
III 111.0 42.9* 150.7 63.6
IV 96.7 71.9 111.1 75.6 +
V 96.2 71.0 110.8 82.0
VI 17.0** 29.1** 10.0* 19.5**
VII 43.5 49.2 40.2 32.0**
Metamizole 
sodium 

28.4* 32.4* 26.0* 12.1***

Lidocaine 50.3 61.4 43.8 39.4*

Reliably relative to the control group of female rats: * – 
p<0.05; **  – p<0.01; ***  – p<0.001; comparing males and 
females: + – p<0.05. 

In the test «acetic cramps» 4-quinazolinone deriva-
tives has limited the frequency of pain responses in fe-
male rats, statistically significant when using substanc-
es I, II, VI, VII. Thus the effect of substance I was more 
pronounced than when administered metamizole sodi-
um and lidocaine, and compounds VI, VII more distinctly 
compared to the action of lidocaine. In intergroup com-
parisons, activity of the compounds studied in groups of 
males and females was found more pronounced analge-
sic effect of compounds II, IV in male animals.

Consequently, the compounds I, II, III, VI, VII reduced 
the frequency nocicarried out of the responses in the for-
malin test and in the test «acetic cramps» in female rats, 
exhibiting an analgesic action.

The analgesic activity of derivatives of quinazoli-
none-4 in female rats at different stages of the estrous 
cycle. When analyzing the analgesic activity of the stud-
ied substances in female animals, taking into account 
the phase of the estrous cycle in the stage of diestrus ½ 
revealed a decrease in the number of pain reactions in 
general and especially pronounced during the second 
inflammatory phase of formalin test using the substance 
VII (Table 3). However, during the second phase of the in-
flammatory response was observed nociceptive effect of 
substance IV when used in females in a state of physio-
logical dormancy.

In the test «acetic cramps» derivatives of quina- 
zolinone-4 limited the number of pain responses in female 
rats in a state of diestrus ½, statistically significant for the 
compounds I, VI, VII, but the effect of the substance was 
less pronounced than when administered the comparison 
drugs.

Thus, the compounds I, VI, VII exhibited analgesic 
activity in female rats at the stage of the estrous cycle 
diestrus ½ , limiting the number of pain reactions. 

Table 3
Effect of quinazolinone-4 derivatives  

on the parameters of the formalin test and «acetic cramps» 
in female rats in stages diestrus ½ and proestrus/estrus 

(% of females according to the control groups  
in the respective stages of the estrous cycle) 

Substances

Formalin test 

Acetic 
crampsAll  

period

Phase 
1

(10 mi- 
nutes)

Phase 
2

(50 mi- 
nutes)

I diestrus ½ 152.3 108.3 205.0 22.4 *
proestrus/
estrus

51.6 52.8 * 50.9 3.8**

II diestrus ½ 128.4 85.4 180.0 60.1
proestrus/
estrus

57.4 * 55.6* 58.4 37.4*

III diestrus ½ 193.2 66.7 345.0 85.6
proestrus/
estrus

85.5 34.3** 111.0 44.1 *

IV diestrus ½ 285.5 140.0 460.0* 65.4
proestrus/
estrus

59.1 49.6 63.9 83.5

V diestrus ½ 273.6 116.7 462.0 79.6
proestrus/
estrus

61.6 58.5 63.2 91.1

VI diestrus ½ 33.6 41.7 24.0 16.8 *
proestrus/
estrus

14.9* 26.7** 9.0 * 23.7*

VII diestrus ½ 13.6 * 25.0 0 * 17.7*
proestrus/
estrus

57.97 65.43 54.21 49.4

Meta-
mizole 
so-
dium 

diestrus ½ 72.7 60.0 88.0 9.1**
proestrus/
estrus

20.4* 23.7** 18.7 
**

17.5*

Lido-
caine

diestrus ½ 153.4 137.5 172.5 9.25 *
proestrus/
estrus

31.5* 39* 28 ** 46.8

Reliably relative to the control group of female rats: *  – 
p<0.05; ** – p<0.01. 

In female animals, who are in the stage of proestrus/
estrus (a physiological stress phase), noted the 
decrease in the total number of pain reactions during the 
testing period with the introduction of the investigated 
compounds. The changes were statistically significant 
when using solutions of compounds II, VI. On the 
background of substance VI reducing the frequency of 
painful responses was clearer, than at introduction of 
preparations of comparison.

In the analysis of analgesic activity of the test 
substances in view of the test phases (inflammatory and 
acute), there was a significant limitation of the number of 
painful reactions in females in proestrus/estrus treated 
with solutions of the compounds I–III, IV (p=0,09), 
VI (Table 3). When using substance VI in the second 
inflammatory phase of formalin test was observed a 
significant reduction in the incidence of painful reactions 
are more pronounced in comparison with the action of 
metamizol sodium and lidocaine in female rats in a state 
of proestrus/estrus.

In the test «acetic cramps» derivatives of 
4-quinazolinone limited number of «cramps» in female 
rats in proestrus/estrus, significantly when administered 
solutions of compounds I-III, VI. At the same substances 
the effects were more pronounced than when 
administered lidocaine, but inferior analgesic activity of 
Metamizole sodium.
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Accordingly, the compounds I–IV, VI–VII show 
analgesic activity of female rats at the stage of the 
estrous cycle proestrus/estrus, reducing the amount of 
pain responses.

Thus, the study found executed in analgesic activity 
of novel quinazolinone-4 in the formalin test and in the 
test «acetic cramps» in male and female animals. This 
analgesic effect of substance VI was stable in males and 
females in both the used test methods, including females 
in the different phases of the estrous cycle, and is more 
pronounced than the activity of the compounds studied, and 
the comparison drugs metamizole sodium and lidocaine 
in males and females, and as females in state proestrus/
estrus in the test with formalin. In the test, «acetic cramps» 
greatest analgesic effect observed upon administration 
of substance I in male and female animals, including in 
females in the phase of the estrous cycle proestrus/estrus, 
and this effect was more pronounced than the effects of 
metamizole sodium and lidocaine in General, females and 
females in the stage of proestrus/estrus.

One of the mechanisms of nocigenic action of 
formalin is the activation of TRPA1 channels (family of 
AC receptor potential channel) reacting normally to the 
cold, and stimulating the development of inflammation 
[16, 17]. On the other hand, as observed in the formalin 
test nonsteroidal antiinflammatory drugs inhibit only the 
second phase, and local anesthetics – only the first phase 
[2, 14]. As a result of the study compounds I–IV, VI, VII 
active during the first phase of the formalin test, so it can 
be assumed that the substance exhibit antinociceptive 
action, exerting local anesthetic effect. Compound VI is 
blocked and the second phase of the test in male and 
female rats and substance VII suppressed the second 

test phase in males and in females in a state of diestrus 
½, suggesting that the mechanism of the analgesic 
action of substances VI–VII possible combination of local 
anesthetic and anti-inflammatory activity. Furthermore, 
it can be assumed implementation analgesic activity of 
the test substances when exposed to the C-polymodal 
nociceptors are sensitive to chemical stimuli, particularly 
to formalin and sensitizing with inflammation and tissue 
injury [20].

Installed sex differences in antinociceptive activity of 
the compounds II, IV (most pronounced analgesic effect 
in males compared with females), explains the possibility 
of the influence of sex hormones [1, 7, 8, 18], consistent 
with observations of a more powerful and efficient 
action of butorphanol in males than in females rodents 
and primates [13], which was interpreted as genetic 
differences in the formation of sex chromosomes [18]. 
Award-most manifestation of the analgesic action of the 
compounds in the female rats in the stage of the estrous 
cycle proestrus/estrus than in diestrus ½, can probably 
be explained by the greater sensitivity of the female body 
in a physiological stress period [15].

Conclusions. The 4-quinazolinone derivatives 
compounds I–IV, VI, VII were interesting as potential 
analgesics. Substance I–IV, VI, VII in a dose of 2/10 
of the molecular weight in mg/kg exhibit analgesic 
activity in male and female rats in test models of visceral 
inflammatory pain (formalin test, «acetic cramps»). 
Substances I, VI, VII have analgesic effects on female 
rats in phase of the estrous cycle diestrus ½; substance 
I–IV, VI  – in the stage of proestrus/estrus. Among the 
investigated derivatives of quinazolinone-4 compound VI 
is a leader in analgesic activity.
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CORRECTION OF INITIAL CEREBRAL DISORDERS 
IN ARTERIAL HYPERTENSION
Andreeva O. S. 1, Puzin M. N. 1, Kiparisova E. S. 1, Afanasyev B. G. 1, 
Pryanikov I. V. 1, Makkaeva S. M. 1, Gurieva I. V. 1, Karpov S. M. 2

1 The Institute of Advanced Training FMBA, Moscow, Russian Federation
2 Stavropol State Medical University, Russian Federation

КОРРЕКЦИЯ НАЧАЛЬНЫХ ЦЕРЕБРАЛЬНЫХ НАРУШЕНИЙ 
ПРИ АРТЕРИАЛЬНОЙ ГИПЕРТензИИ
О. С. Андреева 1, М. Н. Пузин 1, Е. С. Кипарисова 1, Б. Г. Афанасьев 1, 
И. В. Пряников 1, С. М. Маккаева 1, И. В. Гурьева 1, С. М. Карпов 2

1 Институт повышения квалификации Федерального медико-биологического  
   агентства, Москва, Российская Федерация
2 Ставропольский государственный медицинский университет, Российская Федерация

A comprehensive examination of 114 patients with stage I and II hypertension was carried out. The aim of the 
study was to develop a modern, pathogenetically substantiated, comprehensive non-medicamentous method of cu-
rative correction of early cerebral manifestations of hypertension. The main correction of the initial manifestations 
of hypertension was a special technique of curative gymnastics and respiratory gymnastics with elements of group 
psychotherapy. Group 1 (n=80) – patients who received complex non-drug treatment; Group 2 (n=34) – patients who 
received drug-induced antihypertensive therapy on the basis of monotherapy or low-dose combination therapy. Pa-
tients of the 1 st group reported a significant (p<0.01) improvement after the end of treatment. Intergroup differences 
obtained before and after treatment, in patients of the 1 st and 2 nd groups it had a significant (p<0.01) nature. The 
study of cerebral hemodynamics significantly (p<0.01) indicated an increase in the majority of patients of the 1st 
group of blood flow along the vertebral arteries, the posterior cerebral arteries. In the state of vasomotor reactivity 
and autoregulation of cerebral blood flow, there was significant (p<0.01) positive dynamics only in patients of the 1st 
group. Thus, the analysis of the results of our algorithm for treating patients with initial manifestations of hypertension, 
conducted with the use of non-drug methods, demonstrates the validity of the proposed pathogenetic approach to 
ongoing therapy.

Keywords: arterial hypertension, therapy, combined therapy, nonmedical methods

Было проведено комплексное обследование 114 пациентов с АГ I и II стадии. Цель исследования – раз-
работать современный патогенетически обоснованный комплексный немедикаментозный метод лечебной 
коррекции ранних церебральных проявлений артериальной гипертензии (АГ). Основой коррекции начальных 
проявлений АГ являлась специальная методика лечебной гимнастики и дыхательной гимнастики с элемен-
тами групповой психотерапии. 1-я группа (n=80) – пациенты, получавшие комплексное немедикаментозное 
лечение; 2-я группа (n=34) – пациенты, получавшие медикаментозную гипотензивную терапию на основе 
монотерапии или низкодозированной комбинированной терапии. Пациенты 1-й группы отмечали достовер-
ное (p<0,01) улучшение после окончания лечения. Исследование церебральной гемодинамики достоверно 
(p<0,01) свидетельствовало об улучшении мозгового кровотока. В состоянии вазомоторной реактивности и 
ауторегуляции мозгового кровотока также отмечалась достоверная (p<0,01) положительная динамика только 


