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       With the interaction of drugs belonging to different pharmacotherapeutic groups – nonsteroidal anti-inflammatory and antihyperten-
sive – against the background of comorbid arterial hypertension with rheumatoid arthritis, the activity and safety of drugs may change 
with their combined use. Changes in the analgesic activity of nonsteroidal anti-inflammatory drugs, different in their selectivity to the 
types of cyclooxygenase (diclofenac, nimesulide and celecoxib), under the conditions of their long-term combined use with amlodipine 
in different periods of inflammation against the background of hypertension should be studied. Using the model of adjuvant arthritis 
comorbid with hypertension, in experiments on nonlinear mature white rats, the threshold of pain sensitivity has been determined by 
means of the “tail flick” test. Hypertension was caused by salt load with 1% sodium chloride solution for drinking with free access to it. 
Adjuvant arthritis was induced by the introduction of complete Freund’s adjuvant into the plantar aponeurosis of the hind limb of each 
animal with the established arterial hypertension. Against the background of arterial hypertension and comorbid pathology, there was an 
increase in the threshold of pain sensitivity observed in rats, which indicated the development of hypoalgesia. When combined, amlodi-
pine enhanced the analgesic activity of diclofenac during 60 days of observation, slightly heightened the analgesic effect of nimesulide – 
up to 42 days, the effect of Celecoxib – in the acute period and the period of manifestation of adjuvant arthritis against the background of 
hypertension. The antinociceptive effect of diclofenac with amlodipine and celecoxib with amlodipine exceeded the analgesic effect of 
the combined nimesulide with amlodipine use against the background of comorbid pathology. The results obtained can be taken into 
account under the conditions of prescribing drugs belonging to the studied pharmacotherapeutic groups. It is likely that the use of diclo-
fenac for analgesia against the background of comorbid conditions is only appropriate in the acute period of rheumatoid arthritis. 
The use of nimesulide to achieve an analgesic effect in the recurrence of rheumatoid arthritis against the background of hypertension is 
appropriate in the acute period and in the period of the inflammatory process attenuation. A highly selective coxib group cyclooxyge-
nase-2 inhibitor, celecoxib, can reduce pain during the acute period of arthritis and during the manifestation of an inflammatory reaction 
that has developed against the background of arterial hypertension.  
       Keywords: rheumatoid arthritis; arterial hypertension; amlodipine; non-steroidal anti-inflammatory drugs; analgesic effect.  

Introduction  
 

Comorbidity is an important problem of modern medicine. The cau-
ses of comorbidity are the anatomical proximity of the affected organs, 
joint pathogenesis, cause-effect relations or accidental combination of di-
seases (Kolomoyets & Vashenyak, 2012; Turesson, 2016; Oganov et al., 
2017). Most elderly and senile patients have several combined pathologies 
of different organs and systems that compete in prognostic value. Comor-
bidity is a common phenomenon in young patients, including the age up 
to 20 years. One and the same patient can be diagnosed with 3–5 different 
diseases and their number increases with age (Rudyuk, 2012; Kłodziński, 
2018; Furman et al., 2019).  

Rheumatic diseases, in particular rheumatoid arthritis (RA), are one of 
the main medical and socio-economic problems of modern rheumatology 
due to their prevalence, severe course of the disease, insufficient efficacy 
of pharmacological correction, etc. The disease is characterized by severe 
damage to the joints with destruction of bone tissue, a significant reduction 
in quality of life. RA treatment is based on a pathogenetic approach (Shu-
ba et al., 2018). However, to achieve a rapid effect, accompanied by relief 
of the patient’s condition and suffering, pain attenuation, using basic drugs 
for the RA treatment, is not always possible due to the side effects of these 
drugs, due to the gradual manifestation of their activity, drug intolerance, etc.  

Unfortunately, most patients seek medical advice when RA is already 
chronic, accompanied by severe pain, swelling of the extremities, defor-
med joints, which often leads to disability. The complexity of RA treat-
ment, insufficient efficacy and safety of the treatment are due to the fact 
that most disease-modifying drugs classified as basic therapy drugs (mainly 
immunosuppressants of different groups), significantly affecting the course 
of RA and providing long-term remission, often have side effects. In addi-
tion, the chronic course of the disease and the late (as a rule) treatment 
onset necessitates therapy aimed at eliminating the main symptoms of the 
disease, using nonsteroidal anti-inflammatory drugs (NSAIDs), which are 
rated the most important symptomatic drugs, particularly in rheumatic di-
seases and are “the first-line” drugs (Karateev et al., 2018).  

The rationale for the prescription of NSAIDs is their ability to elimi-
nate pain and inflammation, reduce temperature (overall and local). At the 
same time, the side effects of NSAIDs are a serious limitation in their use 
and doctors are cautious in choosing a drug of this group. Until recently, it 
was believed that the most common side effect of NSAIDs is lesion of the 
gastrointestinal tract. At the same time, the data of modern studies indicate 
that cardiovascular side effects of NSAIDs are observed to be three times 
more frequent than their gastrointestinal effect (Shuba et al., 2018). Some 
researchers believe that the cardiotoxic effects of NSAIDs are more dan-
gerous than the gastrotoxic ones (Combe et al., 2009; Fosbol et al., 2010; 
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Moore et al., 2013). Therefore, the use of NSAIDs requires knowledge not 
only about their mechanism of action, but also about possible side effects, 
including risk factors to the cardiovascular system, in particular, and ways 
of their pharmacological correction (Trelle et al., 2011; Olyulin, 2017; 
Haddani, 2019). Quite frequently against the background of RA there 
occur diseases of the cardiovascular system or, conversely, RA appears 
and develops against the background of pre-existing cardiac pathology 
(Dougados et al., 2015; Dougados, 2016; Turesson, 2016; Mantel et al., 
2017). Comorbidity of RA with cardiac diseases necessitates constant 
monitoring of the patient’s condition, pharmacological correction to pre-
vent complications and fatalities (Hitchon et al., 2016; Widdifield et al., 
2018; Daïen et al., 2019; Luque, 2019; Roubille, 2019).  

One of the threatening side effects of NSAIDs is development of 
hypertension (AH) (Gromova & Myasoedova, 2014; Karateev, 2014; 
Mantel et al., 2017), which justifies additional prescription of appropriate 
drugs. The hypertensive effect of NSAIDs is due to several mechanisms, 
including a decrease in natriuresis due to inhibition of filtration and en-
hancement of proximal tubular reabsorption of sodium ions, decreased 
glomerular filtration and renal blood flow, activation of the renin-
angiotensin system, increased renal resistance through inhibiting synthesis 
of prostaglandins which ensure blood flow, increased norepinephrine 
release from nerve endings, etc.  

One of the most common cardiovascular risk factors in RA is also 
hypertension (Nikitina et al., 2015; Grinyuk & Zakharov, 2019). The level 
of blood pressure does not correlate with the RA activity, but it is asso-
ciated with various characteristics of pain, which requires the attention of 
clinicians and, certainly, appropriate pharmacological correction (Myasoe-
dova, 2012; Antivalle et al., 2013).  

In fact, RA can cause hypertension, as proven by clinical and experi-
mental studies, or RA develops against the background of hypertension 
and frequently treatment with cyclooxygenase inhibitors is complicated by 
elevated blood pressure (Trelle et al., 2011; Wojciechowska et al., 2013; 
Himion & Klimas’, 2015).  

Pharmacotherapy of the above pathological conditions (RA and AH) 
is an extremely important problem of medicine, and the possibility of 
complete recovery of patients, in fact, is not recorded by clinicians. Treat-
ment of AH, as well as rheumatic diseases, is based on a pathogenetic 
approach. This information indicates the ways of pharmacological correc-
tion of RA, comorbid with AH, and requires the selection of drugs belon-
ging to different pharmacotherapeutic groups that can suppress inflamma-
tion, eliminate or at least reduce the pain syndrome, as well as influence 
stabilization of the cardiovascular system, in particular, normalizing blood 
pressure. The need for long-term use of analgesics and anti-inflammatory 
drugs in RA is due not only to the desire to improve the patient’s condition 
and quality of life, but also due to the fact that prolonged pain can also lead 
to complications in the cardiovascular (and other) system and increase the 
risk of hypertension and development of other cardiac diseases (myocar-
dial infarction, angina, coronary heart disease, etc.) by activating the sym-
pathetic nervous system. Treatment of chronic pain and inflammation in 
RA, even when the condition that is not comorbid with AH, requires a 
careful approach to the choice of NSAIDs and constant blood pressure 
monitoring.  

Features of, in fact, action and manifestation of side effects of each 
NSAID in different pathological conditions are largely due to the selectivi-
ty of individual drugs to different types of cyclooxygenase (COG) (Kara-
teev, 2012; Zhuravleva et al., 2016; Naumov et al., 2019).  

It is believed that in frequent and regular use of NSAIDs, including 
use against the background of RA associated with AH, preference should 
be given to the prescription of calcium antagonists (and blockers of type II 
angitensin receptors), which in real clinical practice is far from always 
performed (Rodionov, 2013).  

Previous experimental RA studies revealed, in addition to hypotensi-
ve, analgesic and anti-inflammatory effects of amlodipine (AM) and vari-
ous cardiotropic effects of NSAIDs with different selectivity to different 
types of COX against the background of RA (Seredinskaya et al., 2013; 
Seredinskaya & Pavlyuk, 2013; Seredynska et al., 2013). The results of 
the performed studies permitted us to suggest that due to the ability of 
calcium antagonists of the dihydropyridine series (namely, AM) to cause 
an antispasmodic effect, their analgesic activity is manifested.  

This information indicates possible ways of pharmacological correcti-
on of RA, comorbid with AH, and requires the selection of drugs belon-
ging to different pharmacotherapeutic groups that can suppress inflamma-
tion, reduce pain, and influence the stabilization of the cardiovascular sys-
tem, in particular, normalize blood pressure. Given that to eliminate the 
prohypertensive effect of NSAIDs, it is recommended to use AM as a 
drug that leads to a gradual decrease in blood pressure without changing 
the heart rate, and also considering the data on its own analgesic activity, 
manifested against the background of independent experimental RA (ad-
juvant arthritis – AA) (Seredinskaya et al., 2013), there is a prediction 
about the possibility of modulating the analgesic effect of NSAIDs, diffe-
rent in selectivity to COX, when used in combination with AM against the 
background of experimental RA combined with AH.  

The relevance of this development lies in optimizing the choice of 
drugs of the NSAIDs group for possible combined use with AM, which 
can be effectively and safely be applied against the background of comor-
bid pathology (RA with AH) to correct the inflammatory process, in par-
ticular, providing an analgesic effect.  

For that purpose, a study of the diclofenac (DC), nimesulide (NM) 
and celecoxib (CC) analgesic activity under the conditions of experimen-
tal RA combined with AH was performed.  
 
Materials and methods  
 

All experimental procedures were carried out in compliance with the 
international animal welfare requirements set out by the European Con-
vention for the Protection of Vertebrate Animals (Directive 86/609/EC, 
European Convention for the Protection of Vertebrate Animals used for 
Experimental and Other Scientific Purposes: Council of Europe – Stras-
bourg, 1986) and are used for experimental and other scientific purposes. 
The rules of euthanasia and disposal of dead animals met the requirements 
of preclinical practice.  

The experiments were performed on mature nonlinear white rats of 
both sexes with a starting weight of 160.0 ± 3.3 g, which were kept on a 
standard diet in the vivarium under the conditions of free access to food 
and water. After acclimatization of the animals (14 days) and randomiza-
tion, the groups of rats were identified, each of them including a certain 
number of rats of each sex.  

Experiments to study pharmacological activity of each type of 
NSAID were performed on 11 groups of animals. Group 1 included rats 
(group of intact animals, n = 15) which were kept in the laboratory in 
cages on a normal diet under the conditions of free access to food and 
water for the same period as animals of other groups. Group 2 includes 
rats of the control group (21 animals), in which RA was induced by ad-
ministration of complete Freund’s adjuvant (FA) (Saratikov et al., 1983; 
Darren et al., 2013; Choudhary, 2018).  

In the animals (200 rats, salt drink with free access to it for 21 days) 
arterial hypertension was induced by salt loading (Bohr & Dominiczak, 
1991; Badyal et al., 2003; Dornas & Silva, 2011).  

After the AH formation (21 days), rats were selected in which an in-
crease in blood pressure by 8–20% was registered. These animals were 
divided into groups, among which one group (the third) included animals 
with AH (n = 15; control of hypertension). Group 4 included animals 
which were administered FA (21 days of salt load, n = 15), thus causing 
comorbid pathology (CP) – AH with AA (Seredynska et al., 2019). Gro-
ups 5, 6, 7 and 8 included 15 animals each, which, against the background 
of RA combined with AH development, were administered DC, NM, CC 
and AM, respectively. The following groups included 15 rats, each, which 
against the background of CP, were administered DC with AM (group 9), 
NM with AM (group 10) or CC with AM (group 11). The salt load was 
maintained during the RA development period itself, i. e. for another 
60 days after the FA administration. The drugs under study – DC, 50 mg 
tablets; NM, 100 mg tablets; CC (Revmoxib), 100 mg capsules; AM, 
tablets of 10 mg – were administered through a special metal probe into 
the stomach in 1% starch suspension in therapeutically effective doses lis-
ted for animals of the appropriate species: 8, 15, 15 and 1.5 mg/kg of ani-
mal body weight, respectively. The choice of NSAIDs is due, as noted 
above, to varying degrees of selectivity to COX, fairly high, clinically pro-
ven efficacy, studied safety and clinical application variety (Kozachok & 
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Selyuk, 2010; Mattia et al., 2010; Karateev, 2011; Skorokhodov & Po-
lyanskaya, 2013; Knyazkova, 2014; Eliseev, 2016; Shuba et al., 2018).  

The studied NSAIDs and AM under the monotherapy conditions were 
administered daily, once a day. Under the conditions of combined therapy 
using drugs of different pharmacotherapeutic groups (AM with DC, or 
AM with NM, or AM with CC) medicinal products were administered 
alternately at intervals of 30 minutes. The duration of the animals’ obser-
vation was 81 days after the start of AH simulation, of these 60 days ha-
ving passed after the FA introduction, due to the phasal nature of RA.  

The analgesic activity of drugs was studied by the “tail flick” test (irri-
tation of the proximal part of the tail was carried out by focusing the infra-
red beam) and assessed by the pain sensitivity threshold (c) using the Ugo 
Basil (Italy) analgesimeter with determining the above initial index in all 
animals and further formation of groups only including those animals, 
whose initial value of the index ranging 4–16 s was registered (Seredyns-
ka et al., 2014). The study was performed in the dynamics within the 
terms which corresponded to certain stages of the comorbid process de-
velopment. Thus, registration of analgesic activity was performed in intact 
animals before the start of AH modeling, then – on the 7th, 14th, 21st days 
of AH formation, and then – on the 7th, 14th, 28th, 42nd and 60th days 
after FA administration. It is on (7–14th) days that the acute period of AA 
occurs, when maximal local reaction to the FA administration is observed, 
14–35–42 days are the terms when the AA generalization is taking place, 
the period from 42 to 60 days is characterized as the attenuation of the 
pathological process.  

The results were statistically analyzed in Statistica Software (Stat Soft 
Inc., USA). We calculated the mean arithmetic value and the standard 
error. The differences between the values in the control and experimental 
groups were determined using ANOVA, where the differences were 
considered reliable at P < 0.05.  
 

Results  
 

In the intact animals there were irregular and statistically insignificant 
changes in the threshold of pain sensitivity. During the AH formation 
(21 days), which was modeled by salt loading, there was an increase in the 
threshold of pain sensitivity in white rats by 24–27% compared to the 
baseline, which is evidence of reduced pain sensitivity in animals (Table 1).  

Table 1  
Threshold of pain sensitivity (x ± SE, s)  
in white rats with arterial hypertension formation by salt loading  

Group, number  
of animals (n), % 

Observation term, day 
baseline data 7 14 21 

Intact 9.39 ± 0.3 11.7 ± 1.1 9.8 ± 1.1 9.07 ± 0.2 
n 15 15 15 15 
% (compared to baseline) 100 124.5 14.3 96.5 
AH 9.07 ± 0.02 11.6 ± 0.02* 11.5 ± 0.02* 11.8 ± 0.3*♯ 
n 200 200 200 200 
% (compared to baseline) 100 127 124 127 

Notes: * – p < 0.05 compared to baseline values in animals of this group, ♯ – P < 0.05 
compared to the values in intact animals for the corresponding observation period, by 
ANOVA method with Bonferroni correction.  

During the next period of observing animals with AH, which contin-
ued to be kept in the salt load conditions for another 60 days (total salt load 
period was 81 days), no significant changes in the threshold of pain sensi-
tivity were observed compared to those recorded for 21 days (Table 2). 
Fluctuations in the value of the of pain sensitivity threshold in the direction 
of increase by 12% was observed at the beginning, and in the direction of 
decrease by 13% – at the end of the AA attenuation period against the 
background of AH.  

Table 2 
Pain sensitivity threshold (s, x ± SE, n = 15) and its change degree (%) compared to baseline data  
in rats treated with diclofenac, nimesulide, celecoxib and amlodipine  

Group, 
% 

Observation term, day 
Baseline data 7 (21+7) 14 (21+14) 28 (21+28) 42 (21+42) 60 (21+ 60) 

Intact 9.4 ± 0.02 9.6 ±0.3 9.8 ± 0.3 8.9 ± 0.1 9.4 ± 0.2 9.7 ± 0.4 
AA 9.1 ± 0.02 3.98 ± 0.02* 3.39 ± 0.5 5.47 ± 0.7* 5.7 ± 0.5* 8.9 ± 0.6 
% 100 43.9 37.4 60.3 63 98.1 

AH 11.8 ± 0.1♯ 11.2 ± 1.1♯ 10.7 ± 1.0♯ 10.7 ± 0.8♯ 11.3 ± 1.6♯ 11.1 ± 0.4♯ 
CP 11.6 ± 0.3 10.9 ± 1.2♯ 12.4 ± 1.1*♯ 11.8 ± 1.2* 12.7 ± 1.3♯ 11.5 ± 1.3♯ 
% 100 94 106.9 101.7 109.5 99.1 

CP+ DC 11.3 ± 0.9 15.8 ± 1.0*♯□ 12.6 ± 1.3♯ 9.5 ± 1.9♯ 11.8 ± 1.9♯ 12.7 ± 0.6♯□ 
% 100 139.8 111.5 84.1 104.4 112.4 

CP+ NM 11.6 ± 0.6 12.7 ± 1.3*♯ 13.2 ± 1.2*♯ 12.6 ± 0.9*♯ 14.7 ± 1.7*♯ 11.1 ±2.1 
% 100 109.5 113.8 108.6 126.7 95.7 

CP + CC 11.9 ± 0.3 15.9 ± 1.2*♯∆□ 12.9 ± 1.3 14.9 ± 0.9*♯∆□ 14.0 ± 1.3 12.6 ± 1.2 
% 100 133.6 108.4 125 117.6 105.9 

CP + AM 11.5 ± 0.8 13.1 ± 1.4♯ 12.1 ± 0.8♯ 11.3 ± 0.5♯ 16.3 ± 0.7♯□ 10.1 ± 0.7 
% 100 113.9 105.2 98.3 141.7 88 

CP + DC + AM 11.9 ± 0.6 16.8 ± 2.0*♯□ 17.6 ± 2.0♯□ ƛ 18.4± 3.1*♯□ ƛ 17.0 ± 3.6*♯ ƛ 19.1 ± 3.6♯□ ƛ 
% 100 141 147.9 154.6 142.9 160.5 

CP + NM + AM 11.3 ± 0.8 13.7 ± 1.3*♯ 13.2 ± 1.4♯ 12.7 ± 0.9♯ 15.7 ± 2.4*♯ 10.4 ± 0.8♯ 
% 100 121.2 116.8 112.4 138.9 92.1 

CP + CC + AM 11.8 ± 0.3 16.5 ± 1.2*♯□ 16.9 ± 1.0♯□ƛ 15.6 ± 0.9*♯□ 15.2 ± 1.2♯□ƛ 10.3 ± 3.1 
% 100 139.8 143 132 128.8 87.3 

Notes: * – P < 0.05 compared to the baseline data in rats of this group, ♯ – P < 0.05 compared to the data in animals with AA only, ∆ – P < 0.05 compared to the data in animals 
with hypertension only, □ – P < 0.05 compared to the data in animals with combined pathology, ƛ – P < 0.05 compared to data in animals treated with appropriate NSAIDs only, 
& – in parentheses indicates the total period of animals’ observation (from the beginning of the AH formation), other numbers indicate the period after the FA administration, ∂ – 
animals of this group were observed only for 60 days after the FA administration (rats without AH), by ANOVA method with Bonferroni correction.  

Against the background of AA, a significant decrease in the threshold 
of pain sensitivity in the rats was registered from the first days after the 
lesion. This index in the acute period of AA – 7–14th days – decreased by 
56.1–62.6% compared to baseline and values in intact animals. During 
28–49th days, the pain sensitivity threshold was lower by 37–38% than 
baseline, indicating an increase in pain sensitivity in white rats against the 
background of AA. Restoration of the pain sensitivity threshold occurred 
with the attenuation of the pathological process.  

It should be noted that the baseline data of the pain sensitivity thre-
shold in rats with AH of all subsequent experimental groups correspond to 
the values recorded in animals with formed AH (21 days from the begin-
ning of salt load; see Table 2). In rats with CP, the pain sensitivity thre-
shold was higher compared to the baseline (almost 7–10%) at all stages of 
observation, except for the 7th and the 60th days of AA induction, which 
is an evidence of hypoalgesia against the background of combined patho-
logy, as in animals with AH only.  
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The use of DC led to a statistically significant increase in the pain sen-
sitivity threshold by almost 40% in the first 7 days after the FA administra-
tion against the background of AH. The respective efficacy of this drug 
was observed for 14 days from the induction of AA and during the period 
of inflammatory process attenuation (increase in the pain sensitivity thre-
shold by 11.5% and 12.0%, respectively). In other terms, DC did not 
significantly affect the pain sensitivity of animals with combined patholo-
gy, compared to the untreated animals with comorbid condition.  

The increase in the pain sensitivity threshold (almost 9–14%) com-
pared to baseline in rats under the action of NM occurred both in the acute 
period of AA development against the background of AH, and in the 
period of its attenuation, the greatest (27%, P < 0.05) change of this index 
being recorded on the 42nd day. Compared to this index in animals with 
AA only, changes in the pain sensitivity threshold were significant within 
60 days after the FA administration. The selective COX-2 NM inhibitor 
slightly reduced pain sensitivity (by 16–19% at different stages of observa-
tion) in rats against the background of CP compared to the values in ani-
mals of the control group with combined pathology.  

Against the background of CP, CC significantly increased the pain 
sensitivity threshold in rats both in the acute period of inflammation and 
during the inflammatory process manifestation (in general, within 28 days 
after FA administration), and this change was significant compared to that 
recorded in untreated animals with AH only and in untreated animals with 
CP. Thus, CC significantly reduced pain sensitivity in animals against the 
background ofAH, combined with experimental RA, in the acute period 
of AA and in the period of the actual inflammatory process manifestation.  

The greatest effect of AM on the pain sensitivity threshold in rats with 
CP was observed in the acute period of the inflammatory process (14%; 
the 7th day) and at the beginning of the attenuation period (42%; the 42nd 
day), and changes in the pain sensitivity threshold on the 42nd day after 
FA administration were reliable compared to this index in animals of the 
control group with CP.  

The combined use of DC with AM against the background of CP led 
to a significant increase in the pain sensitivity threshold at all stages of the 
inflammatory process by (41–61%) compared to the baseline. These 
changes were reliable compared to those recorded in untreated animals 
with AH, as well as in rats with CP and, naturally, in rats with AA. More-
over, AM when used in combination with DC significantly reduced pain 
sensitivity in rats with comorbid condition, compared to animals treated 
with DC only, not particularly in the acute period of the inflammatory 
process, but throughout the experimental RA development.  

Thus, AM enhanced the analgesic effect of DC against the back-
ground of AH combined with experimental RA, under the condition of its 
combined use with the specified NSAID. In fact, AM significantly redu-
ces pain sensitivity in animals with comorbid condition in its combined 
use with DC. Under the conditions of AM combined use with NM there 
was a decrease in pain sensitivity by almost 12–40% at different observa-
tion terms in animals; the most significant, as with the use of AM only 
(and equivalent to the latter), was during the pathological process attenua-
tion (42nd day). This fact permits us to assume that AM against the back-
ground of CP does not significantly increase the analgesic effect of NM.  

An increase in the threshold of pain sensitivity, significant (P < 0.05) 
not only compared to the baseline, but to the values recorded in rats with 
CP, was registered in animals under the conditions of CC combined use 
with AM in the acute period and during the generalization of inflammatory 
process induced by FA, against the background of AH (up to the 28th day).  
 
Discussion  
 

In AH simulation, a statistically significant increase in the pain sensi-
tivity threshold in intact animals was confirmed. The results are consistent 
with experimental and clinical studies dedicated to the correlation between 
pain threshold and blood pressure, which indicate that AH is accompanied 
by the development of hypoalgesia (Dworkin et al., 1979; Grinyuk et al., 
2016). The pathophysiological mechanisms of this phenomenon are of 
interest to researchers and continue to be elucidated in experimental and 
clinical studies (Grinyuk & Zakharov, 2019).  

It is reported that this is due to the general risk factors for AH and pain 
syndrome in musculoskeletal disorders (age of 55 years and older, over-

weight, hypokinesia, diabetes, etc.). It is possible that hypoalgesia in AH is 
due to the fact that the systems of blood pressure regulation and pain thre-
shold are anatomically connected, and the main structures of the CNS that 
regulate the pain stimulus also affect blood pressure. It is believed that the 
increase in blood pressure due to pain causes ascending afferentation from 
the baroreceptors of the vascular wall. Sensory input from them stimulates 
the antinociceptive centers of the brainstem (Saavedra, 1981; Wendel & 
Bennett, 1981; Sitsen & Jong, 1983; Ogawa et al., 1991).  

The known fact of hypoalgesia development is confirmed by results 
of our studies in simulation of a comorbid pathological condition – AH 
associated with AA. Against the background of CP there is an increase in 
the pain sensitivity threshold in rats. Obviously, this fact is particularly due 
to AH. The increase in pain sensitivity to the FA administration is offset 
by a pathological condition – AH. The mechanism of this phenomenon is 
not known for sure and requires a special well-planned study.  

Data on the analgesic effect of NSAIDs different in selectivity to 
COX can, apparently, be taken into account in terms of prescribing drugs 
of the studied pharmacotherapeutic groups. Probably, the use of DC for 
analgesia against the background of AH is appropriate only in the acute 
period of RA. The use of NM to achieve an analgesic effect in the condi-
tions of RA exacerbation against the background of hypertension is ap-
propriate in the acute period and in the period of AA attenuation against 
the background of AH. A selective COX-2 inhibitor of the CC coxib 
group can reduce pain during the acute period of AA and during the ma-
nifestation of the inflammatory response that has developed against the 
background of AH.  

The use of AM with DC or AM with CC for the purpose of analgesia 
significantly increases the efficacy of these NSAIDs against the back-
ground of AH combined with AA, while AM does not significantly in-
crease the analgesic effect of NM, i.e. analgesic effect of DC with AM and 
CC with AM is higher than that registered for the use of NM with AM.  

The results obtained should be confirmed by clinical trials. At the 
same time, clinicians can use the information provided in this paper to 
optimize the combined use of NSAIDs with different selectivity to COX 
with dihydropyridine calcium antagonists against different periods of the 
comorbid state.  
 
Conclusion  
 

Against the background of a comorbid condition (arterial hyperten-
sion associated with adjuvant arthritis), pain sensitivity in rats was reduced. 
Diclofenac increased the pain sensitivity threshold in the acute period and 
at the end of the arthritis attenuation period, which developed against the 
background of arterial hypertension, and did not change the pain sensitivi-
ty at other stages of the inflammatory process. The analgesic activity of 
nimesulide increased after the 42nd day of adjuvant arthritis against the 
background of arterial hypertension.  

Celecoxib reduced pain in the acute period of rheumatoid arthritis and 
in the manifestation of the inflammatory response that developed against 
the background of arterial hypertension, and at the same time preponde-
rated in analgesic activity over diclofenac and nimesulide against the 
background of the comorbid condition.  

Amlodipine enhanced the analgesic activity of diclofenac during 
60 days of observation, slightly increased the analgesic effect of nimesu-
lide – up to the 42nd day, the effect of celecoxib – in the acute period and 
the period of adjuvant arthritis manifestation against the background of 
AH. The analgesic effect of diclofenac with amlodipine and celecoxib 
with amlodipine was higher than that recorded with the combined use of 
nimesulide with amlodipine against the background of comorbid pathology.  
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