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Abstract.

The effect of calcium channel blockers on the course of fever was studied in
animals with various models of pyrexia. It was found that calcium channel blockers
significantly modify the hyperthermic effect of pyrogens, which is manifested in a
decrease in body temperature. Diltiazem and cinnarizine slightly more than
amlodipine, on the model of fever induced by pyrogenal - lipopolysaccharide
produced by microorganisms Pseudomonas aeruginosa exhibits a distinct
hypothermic effect, not inferior in activity to diclofenac sodium. On the model of
hyperthermia caused by baker's yeast, calcium channel blockers exhibit a more
pronounced hypothermic effect. The mechanism of antipyretic action of
representatives of calcium channel blockers is probably associated not only with
the development of vasodilation, but also with a change in the level of
proinflammatory cytokines.
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Introduction.

Perexia (fever) is an increase in body temperature, often caused by
physiological processes caused by infectious or non-infectious causes, such as
inflammation, allergy, and neoplasms. An important place in the mechanism of
fever development is occupied by the release of immunological mediators that
disrupt the function of the thermoregulatory center located in the hypothalamus.
Normal human body temperature is approximately 37 degrees Celsius (C) or 98.6
degrees Fahrenheit (F) and fluctuates by approximately 0.5 C during the day.
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Changes in body temperature are the result of normal physiological processes
throughout the human body, including metabolic changes, sleep/wake cycles,
hormonal variability, and changes in activity levels. However, in the case of fever,
an increase in body temperature often exceeds 0.5 C and is attributed to a substance
that causes fever (pyrogen) [2]. It has been established that fever is often mediated
by the pyrogenic activity of prostaglandins [PGF2], which is formed from
arachidonic acid with the participation of cyclooxygenase [COX]. Based on this,
COX inhibitors - non-steroidal anti-inflammatory drugs (NSAIDs) are used to treat
fever [1, 2]. However, the latter quite often causes the development of side effects
up to death [3-10]. Therefore, the search for anti-inflammatory drugs that differ in
the mechanism of action of NSAIDs is an urgent problem of modern
pharmacology. Along with this, it is necessary to take into account that the main
diseases of a non-inflammatory nature are often accompanied by inflammatory
diseases [11]. For example, calcium channel blockers (CCBs) used as hypotensive,
antianginal, antiarrhythmic agents [12, 13] can have a certain effect on the
hypothermic effects of pyrogens. This assumption is based on the fact that this
group of pharmacological agents exhibit distinct anti-inflammatory, analgesic and
antiproliferative effects [14-17]. At the same time, the specifics of the body's
response to the effects of pyrogens against the background of the use of CCBs
require a separate in-depth study. The purpose of this work was to study the effect
of CCB representatives on the course of fever induced by various pyrogens.

Materials and methods of research.

To evaluate the antipyrogenic activity of BKK, sexually mature male rats
weighing 185-200 g were used. They were obtained from the nursery of the
Department of Sanitary and Epidemiological Surveillance of the Main Medical
Department under the Administration of the President of the Republic of
Uzbekistan. All experimental animals were kept in standard vivarium conditions
with free access to food and water, natural alternation of light and darkness. Before
the experiment, the laboratory animals were carefully examined, weighed, their
age, sex, and motor activity were taken into account. Throughout the preparation
for the experiment and during its implementation, the laboratory animals were
kept in a vivarium at a temperature of 22-24 ° C, humidity of at least 50%, in a well-
ventilated room and day / night light mode, in standard plastic cages, with a
standard diet. The daily requirement is made up in accordance with the age of the
animals. All laboratory animals participating in the experiment were healthy and
active before the experiment. The following drugs were used in the experiments:
diclofenac sodium (Hemofarm LLC, Russia); diltiazem (Alkaloid AD Skopje,
Republic of North Macedonia), amlodipine (Ozon Pharm LLC, Russia), cinnarizine
(Sopharma JSC, Bulgaria). The study was conducted in accordance with regulatory
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documents in the field of handling drugs, the principles of good laboratory practice
(GLP), as well as with the "Rules for conducting laboratory work using
experimental animals", the rules given in the European Convention for the
Protection of Vertebrate Animals used for Experimental Research and other
Scientific Purposes (ETS No. 123) Strasbourg 18.03.1986.

The antipyretic activity of the above drugs in all groups of animals was
assessed by the ability to reduce body temperature against the background of
hyperthermia caused by the introduction of pyrogenal. The pyrogenic reaction was
modeled by intravenous administration of pyrogenal at a dose of 5 pg/kg [18].
Sodium diclofenac at a dose of 10 mg/kg; diltiazem and amlodipine - 20 mg/kg,
cinnarizine - 50 mg/kg were administered intragastrically 15 minutes before the
injection of pyrogenal. The hypothermic activity of the drugs was assessed by the
magnitude of the decrease in body temperature compared to the control group that
did not receive the drug. The hypothermic effect of the drugs was calculated by the
ratio between the increase in temperature from the initial level in the control and
experimental groups. The control groups of animals were administered an
equivalent volume of distilled water intragastrically. To measure rectal temperature
(T), an electric thermometer TPEM - 1 (NPO Medfizpribor, Kazan, Russia) was used
before and after the introduction of pyrogen in dynamics for 3 hours with an
hourly interval. Temperature readings were recorded with an accuracy of 0.1°C.

In the next series of experiments, the most widely used model of fever caused
by Perak yeast was used to assess the hypothermic activity of BCC.

Before the introduction of the yeast suspension, the basal level of rectal
temperature (Tnach) was measured in animals, immediately after which a 20%
suspension of baker's yeast (10 ml/kg), preheated in a water bath to 37°C, was
subcutaneously injected into the area between the shoulder blades [19]. It is worth
noting that heating the yeast suspension is important, since without heating,
hyperthermia is observed no earlier than after 16-18 hours. After 6 hours and then
every hour after the yeast injection, rectal temperature was measured to determine
the dynamics of fever. The peak of fever (Tmax) was noted after 8 hours, animals
whose temperature increased by more than 0.5°C were included in the further
experiment. At the height of the fever (i.e. 8 hours after the introduction of the
baker's yeast suspension), the rats were administered diclofenac sodium
intragastrically using a special metal probe at a dose of 10 mg / kg; diltiazem and
amlodipine - 20 mg / kg, cinnarizine - 50 mg / kg. Then, to assess the
antipyrogenic activity of the above groups of CCB drugs, the temperature was
measured after 1 hour (T1h), 2 hours (T2h), 3 hours (T3h). Since fevers activate
numerous neural pathways and factors, such as interleukin - 1 (IL-1) and tumor
necrosis factor alpha (TNFa), we also studied the effect of CCB on the level of
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laboratory animals [20]. Groups of 6 individuals were formed each. Diclofenac
sodium at a dose of 10 mg / kg; diltiazem and amlodipine - 20 mg/kg, cinnarizine -
50 mg/kg were administered intragastrically one hour before the injection of
flagogen. After the introduction of 1% carrageenan solution (Sigma-Aldrich, USA)
into the hind paw, after 3 hours under light ether anesthesia, the animals were
decapitated and blood was collected, in which the concentration of interleukins IL-
1P and TNF-a in the blood serum was determined by the method of solid-phase
enzyme immunoassay (commercial ELISA kits manufactured by Human
Diagnostics and Vector-Best, Russia).

The results of the obtained data were processed statistically using the standard
Statistika for Windows program package using the well-known method of
variation statistics. The data are presented as M + m, where M is the mean value, m
is the standard error of the mean value. Differences between groups were identified
using Student's t-test and were considered statistically significant at p < 0.05.

Research results and their discussions

Fever is a condition in which there is an increase in body temperature above
37.5°C. Exogenous pyrogens such as bacteria or viruses in the body are
phagocytized by lymphocytes and activated. Activated lymphocytes secrete
cytokines such as interleukin-1, which stimulate the thermoregulatory center, and
the stimulated thermoregulatory center increases the "set point" of body
temperature [21].

The results of the experimental studies showed that intravenous injection of
bacterial lipopolysaccharide - pyrogenal clearly increases the body temperature of
experimental animals. Thus, after 1, 2 and 3 hours from the beginning of the
experiment, the rectal temperature increased by 1.9%, 3.7% and 3.2% from the
initial value and reached 40.0°C versus 38.6°C from the initial value. In contrast, the
pyrogenic effect of pyrogenal in animals receiving BCC was somewhat different,
that is, the degree of hyperthermia development was clearly low compared to the
control. The introduction of pyrogen into animals pre-treated with Amlodipine
resulted in an increase in rectal temperature by 1.5% after 1 hour, by 2.8% after 2
hours and by 2.5% after 3 hours. As can be seen from the presented material, the
pyrogenic activity of pyrogenal was clearly low compared to the control. We noted
a somewhat pronounced effect of BCC in animals preventively treated with
dilteazem, in which the rectal temperature increased after 1, 2 and 3 hours by 1.4%,
21% and 1.8%, respectively. We found almost the same effect in animals pre-
treated with cinnarizine. From the data in Table 1 it is evident that the hypothermic
activity of the reference NSAID drug, sodium diclofenac, in the studied observation
periods was 1.3-1.4%. Thus, the pyrogenic effect of pyrogenal - lipopolysaccharide
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produced by microorganisms Pseudomonas aeruginosa against the background of
the action of BCC is clearly reduced, which indicates the presence of antipyretic
action of this group of drugs. It is noteworthy that the indicated drugs - BCC in
their hypothermic activity are noticeably not inferior (especially dilteazem) to the
hypothermic effect of sodium diclofenac. Analysis of the obtained results allows us
to assume that the antipyretic effect of BCC is associated with its interaction with
microbial lipopolysaccharide or there is another mechanism for the identified
effect.

Table 1
Antipyretic activity of amlodipine, diltiazem, cinnarizine and diclofenac

sodium in pyrogenital fever in rabbits (M+m, n=6).

Groups dose, Tnach T1h T2h T3h
mg/kg | Attm, °C Attm, °C Attm, °C Attm, °C
Control - 38,63+0,19 39,37+0,14* 40,07+0,11* 39,87+0,13*
0,74+0,06 1,44+0,11 1,24+0,09
Amlodipine 20 38,47+0,16 39,07+0,18* 39,57+0,13* 39,43+0,11*
0,60+0,05 1,10+0,09 0,96+0,07
Dilteazem 20 38,36+0,14 39,00+0,15* 39,2740,16* 39,1740,13*
0,64+0,06 0,91+0,07 0,81+0,07
Cinnarizine 20 38,43+0,11 39,03+0,13* 39,3040,12* 39,2040,10*
0,60+0,06 0,87+0,07 0,77+0,05
Diclofenac 10 38,57+0,13 39,07+0,16* 39,23+0,18* 39,10+0,19
0,50+0,05 0,66+0,06 0,53+0,04

Note. Here and below, "*" indicates reliable differences (Student p<0.05) compared to
the initial temperature. The numerator shows the absolute body temperature, and the
denominator shows the difference in elevated temperature by the hour.

To clarifty this assumption, the following series of experiments were
conducted, in which the features of the development of fever induced by baker's
yeast against the background of the action of BCC were studied.

The results of this series of experiments showed that subcutaneous
administration of a suspension of baker's yeast leads to an increase in rectal
temperature at most 8 hours after the start of its administration. Thus, compared
with the initial temperature in control animals, the rectal temperature increased by
3.9%. The noted effect gradually weakened in the subsequent hours of observation,
but even by the end of the third hour of observation it remained high by 2.0%.

Consequently, as noted by other researchers, brewer's and baker's yeast in
experimental animals significantly increases body temperature indicating the
development of fever [19, 22, 23].

https://sirpublishers.org/



https://sirpublishers.org/

JOURNAL OF MEDICINE AND PHARMACY
ISSN(Online): 2984-7117
SJIF Impact Factor | (2024): 6.879 |
Volume-8, Issue-3, Published |20-03-2025 |

) SR Pobichers

Unlike bacterial lipopolysaccharides, the pyrogenic effect of baker's yeast is
clearly high, but develops after a certain latent period with its subcutaneous
administration (8-16 hours). In animals receiving preventive CCB, subcutaneous
administration of baker's yeast also led to the development of a feverish state. CCB
preparations were administered orally during the maximum increase in rectal
temperature. As can be seen from the data in Table 2, in animals receiving
Amlodipine, the level of rectal temperature was low compared to the control.

Table 2
Changes in body temperature of rats in the model of yeast-induced fever
after the administration of amlodipine, diltiazem, cinnarizine and diclofenac (M

*m,n=6)
Groups dose, Attm,°C|At £ m, °C|At+ m, °C| At + m, °C | Attm, °C
mg/kg | Tmax T1lh T2h T3h
Tnach
Control - 38,51+0,04 | 40,02+0,12* 39,72+0,08* | 39,58+0,10* | 39,27+0,09*
1,51+0,12 1,21+0,09 1,07+0,08 0,7620,06
Amlodipine | 20 38,45+0,08 | 39,93+0,15* 39,37+0,12* | 39,11+0,14* | 38,92+0,15*
1,48+0,13 0,92+0,04 0,66+0,06 0,47+0,07
Dilteazem 20 38,21+0,09 | 39,66+0,10* 39,22+0,16* | 39,02+0,15* | 38,85+0,14
1,45+0,11 1,01+£0,07 0,81+0,05 0,64+0,05
Cinnarizine | 20 38,38+0,05 | 39,90+0,17* 39,22+0,18* | 38,95+0,16* | 38,81+0,16
1,52+0,13 0,84+0,06 0,57+0,06 0,43£0,03
Diclofenac 10 38,31+0,07 | 39,75+0,17* 39,10+0,18* | 38,84+0,14* | 38,71+£0,17
1,44+0,13 0,79+0,07 0,53+0,05 0,40£0,03

Thus, in these groups of animals after 1.2 and 3 hours the rectal temperature
decreased by 37.8%, 55.4% and 68.2% from the beginning of Amlodipine
administration. It is noteworthy that the degree of temperature decrease was
clearly low against the background of Amlodipine compared to the control. We
found almost the same effect in direction and degree of action in rats receiving
Dilteazem. In contrast, in animals receiving Cinnarizine, the development of fever
was clearly low, but the degree of decrease in rectal temperature over time was
somewhat high, especially compared to the group of animals receiving Dilteazem.
It should be noted that in rats receiving sodium diclofenac, the degree and direction
of hypothermia development were identical to those in the group receiving
Cinnarizine. From the data presented, it is clear that BCC drugs prevent the
development of fever induced by baker's yeast. In their action, they have the same
direction of effect as described in the previous series of experiments using
pyrogenal.
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diltiazem) reduce the influx of calcium ions through L-type voltage-dependent
calcium channels into vascular smooth muscle cells, cardiomyocytes and neurons.
Their hypothermic effect is associated with several key mechanisms. A decrease in
vascular tone, when calcium channels are blocked, leads to relaxation of vascular
smooth muscles, causing vasodilation. Dilation of peripheral vessels promotes
increased heat transfer, which can lead to a decrease in body temperature. A
decrease in metabolic activity, since calcium plays an important role in the
regulation of cellular metabolism and thermogenesis. A decrease in calcium intake
reduces mitochondrial activity and processes associated with heat production.
Some calcium channel blockers can penetrate the blood-brain barrier and affect the
hypothalamic thermoregulatory center. This can lead to a decrease in the set point
of body temperature. Decreased intracellular calcium concentrations in
cardiomyocytes result in decreased cardiac contractility, decreased cardiac output,
and decreased blood flow velocity. This, in turn, reduces heat production in the
body.

In summary, the hypothermic effect of calcium channel blockers is likely
mediated by a combination of vasodilation, decreased cellular metabolism, effects
on the thermoregulatory centers of the central nervous system, and inhibition of
myocardial contractility.

The development of fever involves numerous neural pathways and factors,
such as interleukin-1 (IL-1) and tumor necrosis factor alpha (TNFa). Accumulating
evidence from animal models suggests that TNFa and IL-1 levels are elevated in
baker's yeast fever [22, 23]. This suggests that levels of these factors may be used as
indicators of disruption of the hyperthermic effect of pyrogens. The results of the
conducted studies showed that in animals with aseptic inflammation the level of
IL-1p increased by 2.5-4.0 times, and TNFa by 2.0-3.0 times. At the same time, in the
groups of animals receiving CCB they statistically significantly decreased: under
the influence of amlodipine by 44.7% and 39.9%, and diltiazem by 62.6% and 49.8%,
respectively. Almost the same changes were found in animals receiving cinnarizine.
It is evident that CCB has a distinct effect on the content of the studied cytokines,
manifested in a decrease in their level. These data allow us to assume that
proinflammatory cytokines are indicators reflecting the development of
hyperthermia, as well as the antipyretic effect of CCB. The above experimental
material allows us to conclude that in terms of increasing the effectiveness of
pharmacotherapy with calcium channel blockers, it is necessary to take into account
their modeling effect on the action of pyrogens of various origins, especially in
patients with comorbid inflammatory pathology.

Conclusions
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1. Calcium channel blockers significantly modify the hyperthermic effect of

pyrogens, which manifests itself in a decrease in body temperature.

2. Diltiazem and cinnarizine, somewhat more than amlodipine, exhibit a
distinct hypothermic effect on the model of pyrogenal-induced fever - a
lipopolysaccharide produced by Pseudomonas aeruginosa microorganisms, not
inferior in activity to sodium diclofenac.

3. On the model of hyperthermia caused by baker's yeast, calcium channel
blockers exhibit a more pronounced hypothermic effect.

4. The mechanism of antipyretic action of calcium channel blockers is probably
associated not only with the development of vasodilation, but also with changes in
the level of proinflammatory cytokines.
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