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Abstract 
Introduction: At present, the issue of gastric mucosal damage, induced by the use of non-
steroidal anti-inflammatory drugs, remains unresolved.  
Objectives: The development of new methods of prevention of NSAID-gastropathies with 
oral coursework use of taurine and procaine, as well as the study of cellular mechanisms 
of the damaging effect of diclofenac sodium and Ketorolac tromethamine. 
Methods: The methodological approach was based on a range of theoretical, 
pharmacological, histological, statistical, biophysical methods. 
Results and discussion: Diclofenac sodium and ketorolac tromethamine, being in direct 
contact with cell membranes, cause a change in the structural and functional properties that 
present in the defect formation. This resulted in a decrease in the acid and hypo-osmotic 
resistance of model cells due to the broken or weakened bonds stabilizing the proteins 
molecules in membrane (which is associated with the dissociation of NH+-groups of the 
imidazole ring of histidine, the terminal α-amino groups (not less than 10.5% relative to 
the control), sulfhydryl groups of cysteine, phenolic groups of tyrosine, ε-amino groups of 
lysine (not less than 8.7%)). In experiments in vitro and in vivo procaine reduces the 
damaging effect of Ketorolac trometamina 28% and 19.7%, respectively, the formation of 
hidden defects reduced by 69% when taurine cellular damage was reduced by 54% and 
19.7% of the latent defects is less than 74%.  
Conclusion: Prophylactic intragastric administration of procaine or taurine for 7 days 
before ketorolac tromethamine administration significantly reduces the amount of erosive 
and ulcerative defects (87% and 90%, respectively). 
Keywords: Procaine, taurine, nonsteroidal anti-inflammatory drugs, membrane damage, 
prophylaxis, NSAID-gastropathy. 
 

Introduction 
Non-steroidal anti-inflammatory drugs 

(NSAIDs) are widely used in medical practice [1, 

2, 3]. However, the issue of tolerability and safety 

of NSAIDs is particularly urgent [1, 4]. Non-

steroidal anti-inflammatory drug gastropathy 

(NSAID-gastropathy) is a specific syndrome, 

mainly presented by the gastric mucosal lesions 

with the development of erythema, erosions 

and/or ulcers, and is recognized as one of the most 

common serious complications of NSAID 

therapy. Currently, research is being conducted to 

identify unknown mechanisms of NSAID-

gastropathy and to develop new drugs for the 

treatment and prevention of complications [5, 6]. 

To prevent and treat NSAID-dependent 

gastropathies, proton pump inhibitors, histamine 

H2-receptor antagonists, antacids, mechanical 

protectors for the erosive-ulcerative lesion, as 

well as new drugs, e.g. rebamipide 
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gastroprotector – synthetic analogue of 

prostaglandin E2 – are used [7, 8]. However, 

histamine H2-receptor inhibitors, local bismuth 

preparations and antacids have been established 

to be ineffective for the treatment and prevention 

of gastric ulcers in patients taking non-steroidal 

anti-inflammatory drugs for a long time [9, 10]. 

Of all these drugs, proton pump inhibitors are 

considered to be the most effective. However, their 

efficiency is reduced by localization of lesions in the 

gastric mucosa, prolonged use of NSAIDs and the 

absence of H. pylori [11]. In addition, long-term use 

of drugs reducing the acidity of gastric juice 

(histamine H2-receptor blockers, proton pump 

inhibitors, antacids) increases intragastric pH and is 

capable of causing digestion disorders, which is 

manifested by the clinical picture of dyspeptic 

syndrome. On the one hand, a prolonged increase in 

pH significantly weakens the barrier to pathogenic 

and potentially pathogenic flora entering the 

gastrointestinal tract. On the other hand, the 

persistent suppression of gastric acid secretion 

causes hypergastrinemia which is fraught with 

development of dis- and metaplastic processes in 

the gastric epithelium (against a background of 

chronic inflammation) [5, 12]. Therefore, the 

development of new ways of preventing NSAID-

gastropathy and clarifying the mechanisms of the 

damaging effect of NSAIDs at the cellular level are 

topical issues [13, 14]. 

Materials and methods 

The drugs used in the study are Diclofenac 

(Lotus Laboratories Pvt. Ltd., India), Ketorol (Dr. 

Reddy’s Laboratories Ltd., India), procaine 

substances (No. LS-000007, 2010-01- 18 

HubeiMaxpharmIndustriesCo, China) and taurine 

(FS.2.1.0039.15; CAS: 107-35-7, CJSC "Vekton", 

Russia).  Experimental studies were conducted on 

503 white mongrel male rats with an initial weight 

of 200-250 g and 225 white mongrel mice of both 

sexes weighing 20-25 g, obtained from the vivarium 

of the Voronezh N.N. Burdenko State Medical 

University. Animals were kept in vivarium 

conditions, T = 17-24 °C, under natural light 

conditions, 50-70% humidity, and were fed with 

conventional combined fodder [15]. 

Study of the ulcerogenic effect of ketorolac 

tromethamine 

 The experiments were carried out in 

accordance with the recommendations of the 

"Guidelines for experimental (preclinical) study of 

new pharmacological substances" [16], using the 

“Biomed-1” microscope (research and production 

company Delta Trans LLC, Russia). The design of 

the study is shown in the figure (Fig. 1) 

Study of the blood coagulation system 

Coagulograms were recorded on the 

automated coagulation analyzer (model “H 334”, 

JSC "Krasnodar ZIP", Russia) [17], the design 

and doses of the experiment being similar to the 

design of the ulcerogenic experiments. 

Study of the structural and functional 

properties of erythrocyte membranes. 

Spectrophotometric method was used (“PE 5400 

VI” spectrophotometer, "Ekohim" Ltd., Russia) 

for the registration of hypo-osmotic acid 

resistance of erythrocytes placed in the hypo-

osmotic solution of sodium chloride (0.55%) [18], 

or by adding of 0,1M hydrochloric acid solution 

to 5 ml of erythrocyte suspension [19]. The main 

analyzed erythrogram indices calculated by the 

equation [18] were as follows: 1) Kmax – constant 

maximum speed of erythrocyte hemolysis 

(relative units), Gsph – relative amount of 

spherocytes (%), G120 – hemolyzed erythrocytes 

in the hypo-osmotic environment for 120 seconds 

(%). The blood of 230 white mongrel rats was 

used. The design of the experiments is shown in 

the figure (Fig.1). 

Study of the optical properties of proteins 

 Spectrophotometric method was used (“PE 

5400 VI” spectrophotometer, "Ekohim" Ltd., 

Russia) [20], oxyhemoglobin solutions were 

prepared of the blood of 95 white mongrel male 

rats, the concentration was monitored 

spectrophotometrically (D = 0.8). The design of 

the study is shown in the figure (Fig. 1).  

Study of alkaline buffer capacity of proteins 

with acid-base titration. The degree of modifier 

effect to physicochemical properties of the protein 

was evaluated according to the change in the 

alkaline buffer capacity of aqueous solutions of the 

protein using hemoglobin as an example. 

Oxyhemoglobin solutions at a concentration of 5 • 

10-5 mol/L were used. Oxyhemoglobin solutions 

were made by osmotic hemolysis of red blood cells 

of white mongrel male rats weighing 180-240 g  

(n = 95). The amount of hemoglobin was monitored 

spectrophotometrically.  
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Fig. 1. The study design 
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The kinetics of the buffering capacity of 

hemoglobin was evaluated by means of “pH-150M” 

pH-metering device (RUE "Gomel Plant of 

Measuring Devices", Belarus), “TS-1/80SPU” 

electric dry-air thermostat, JSC "Smolenskoye 

SKTB SPU", Russia), “OPN-8” laboratory medical 

centrifuge (“TNK Dostan”, OJSC, Kyrgyz 

Republic), “MS-01” magnetic stirrer, “ELMI” Ltd., 

Latvia), titrating a solution of intact or modified 

hemoglobin 0,1 M NaOH in the pH range 3.0-11.0 

[21]. Substance concentrations in in vitro 

experiments, use pattern and dosing regimen in in 

vivo experiments, as well as the number of animal 

series correspond to the method of studying the 

structural and functional properties of erythrocyte 

membranes. 

Pathomorphological studies 

The number of series and animals in series, 

medical regimen, dosage regimen of procaine, 

taurine, ketorolac tromethamine are similar to the 

method used for studying ulcerogenic effects [16]. 

Internal organs (stomach, liver, kidneys) were taken 

to prepare histological preparations [22]. 

Reliability of the results obtained is based on 

the use of modern methods, instruments and 

devices, a sufficient number of experiments 

performed, representativeness of sample (728 

specimens of laboratory animals, no less than 6 

specimens per group) and adequate statistical 

processing of the information obtained using 

parametric criteria (Student's t-test) and 

nonparametric criteria (the Wilcoxon test and the 

Mann-Whitney U test). 

Results 

Study of the analgesic activity. The 

calculated effective dose (ED50) values required 

for further studies were 4.5 mg/kg for diclofenac 

sodium and 0.375 mg/kg for ketorolac 

tromethamine, according to abdominal 

constriction test. 

Study of the efficacy of procaine and taurine 

for the prevention of ketorolac tromethamine 

ulcerogenic effect 

 It has been established that prophylactic 

intragastric administration of procaine at a dose of 

1.07 mg/kg and taurine at a dose of 7.14 mg/kg 

for 7 days before administration of ketorolac 

tromethamine at an ulcerogenic dose UD50  

(0.94 mg/kg) decreased the number of erosive 

ulcerative lesions of the stomach by 87.4% and 

89.96%, respectively, compared to ketorolac 

tromethamine administered alone. Omeprazole 

provided no cases of ulcers in animals, but the 

long-term use of  proton pump inhibitors (PPI) is 

characterized by a number of side effects and 

firstly by digestive disorders, which was 

confirmed by a decrease in feed intake and a 

consequent decrease in body weight by 10% in 

animals of this experimental group. 

Pathomorphological studies 

 It has been established that the use of 

ketorolac tromethamine at a UD50 dose (0.94 

mg/kg) after a 16-hour fasting was accompanied 

by multiple small necrotic foci in the apical part 

of the gastric glands, as well as foci of ulceration, 

destruction with deeper damage to the gastric 

mucosa and a decrease in the mucous layer 

density (increased amount of thinned areas). 

These changes may be induced by the main 

mechanism of ketorolac tromethamine action 

(blocking COX isoforms) and direct damage to 

the cell membranes of gastric mucosa. 

Table 1 

Study of the efficiency of procaine and taurine for the prevention of ketorolac tromethamine 

ulcerogenic effects (M±m) 
 

Animal group 
Number of animals in 

the group 

Number of gastric mucosal  

ulcers, pcs. 

Control 10 0 

Ketorolac tromethamine 0.94 mg/kg 10 13.25±6.67* 

Ketorolac tromethamine 0.94 mg/kg + 

Procaine 1.07 mg/kg 

10 
1.67±1.5* 

Ketorolac tromethamine 0.94 mg/kg 

+Taurine 7.14 mg/kg 

10 
1.33±1.03* 

Omeprazole 111.43 mg/kg 10 0 

Note: * – the differences are statistically significant at р<0.05 
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After the prophylactic taurine administration 

to animals at a dose of 7.14 mg/kg or procaine 

(1.07 mg/kg) before ketorolac tromethamine 

administration at a dose of UD50, the gastric 

mucosa was better preserved and the defects were 

much less pronounced; there were insignificant 

isolated foci of desquamation of the apical part of 

the glands and dystrophy of the mucous 

membrane covering layer. Along with this, the 

gland mucous layer density compared to 

ketorolac tromethamine alone increased and 

approached the control value. Structural 

organization of the liver and kidneys in all groups 

remains within the norm. 
 

                    
 

Fig. 2. Histoarchitecture of the gastric mucosa in the prevention of ketorolac tromethamine-induced 

NSAID-gastropathy by taurine and procaine 
Note: A) control; B) ketorolac tromethamine; С) ketorolac tromethamine + taurine; D) ketorolac tromethamine + 

procaine (Color. gem-eosin. Magnification, appr. 7, v. 40) 

 

Study of structural and functional 

properties of membranes for erythrocytes 

modified with sodium diclofenac and ketorolac 

tromethamine. Review of Kmax for acid 

hemolysis (Table 2, 3), which characterizes the 

hemolytic sensitivity of mid-resistant 

erythrocytes, showed that sodium diclofenac at 

concentrations of 0.78•10-5; 1.57•10-5; 3.14•10-5 

mol/L and ketorolac tromethamine at 

concentrations of 6.21•10-7; 1.24•10-6; 2,48•10-6 

mol/L with incubation for 0, 15, 30, 60, 120 and 240 

minutes in experiments in vitro results in dose-

dependent increase (compared to the control) in the 

amount of erythrocytes concurrently entering the 

hemolysis stage.  Thereafter they increase the 

hemolysis rate by 56.6% -1226.9% with the use of 

diclofenac sodium and by 27% -132% when 

introducing ketorolac tromethamine into the 

erythrocyte suspension, as a result of the formation 

of structural defects in cell membranes. Along with 

this, erythrocyte subpopulations have been 

conditionally classified under low-mid-high- and 

super-resistant subpopulations, which is represented 

by a change of modification processes for a 

destructive process, manifested in the presence of 

maximal and minimal values of Kmax. Increase in 

the concentration of sodium diclofenac and 

ketorolac tromethamine shortens the period of 

modification and subsequent destruction of 

erythrocyte membranes. This action of diclofenac 

sodium and ketorolac tromethamine is obviously 

associated with chemical binding to protein-lipid 

complexes, which leads to the membrane damage 

and a decrease in the H + ion permeability threshold 

compared to the control value. 

The proportion of spherocytes (Gsph index 

reflecting the structural and functional properties of 

a low-resistant population of erythrocytes) modified 

by diclofenac sodium at concentrations of 0.78 • 10-

5; 1.57 • 10-5; 3.14 • 10-5 mol/L and ketorolac 

tromethamine at concentrations of 6.21 • 10-7; 1.24 

• 10-6; 2.48 • 10-6 mol/L was lower than those in the 

control group by 100% -14.7% and 100% -17.6%, 

respectively, depending on the concentration and 

incubation time (see tables 2, 3). This indicates that 

the low-resistant population of erythrocytes also 

shows greater sensitivity to the action of these 

modifiers. However, in separate incubation 

regimens, the proportion of spherocytes exceeds the 

control value by 33% -140%, and in half the cases, 

when erythrocytes were modified by ketorolac 

trometamine, spherocytosis was not recorded. This 

points to a conditional division of low-resistant 

erythrocytes into subpopulations according to their 

resistance to acid hemolytic. 
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Table 2 

Indices of acid and hypo-osmotic hemolysis of erythrocytes modified with sodium diclofenac depending  

on incubation time (M±m) 
 

Concentrations,  

mol/L 

Кmax of acid hemolysis 

Incubation time, min 

0 15 30 60 120 240 

Control 0.709±0.07 0.71±0.08 0.705±0.06 0.704±0.13 0.703±0.13 0.717±0.13 

0.78·10-5 1.11±0.1* 1.88±0.07* 2.25±0.11* 3.27±0.13* 1.80±0.2* 1.483±0.25* 

1.57·10-5 2.747±0.1* 3.08±0.08* 4.71±0.13* 4.35±0. 2* 3.73±0.13* 3.487±0.19* 

3.14·10-5 3.732±0.1* 6.314±0. 1* 5.671±0.2* 5.15±0.25* 5.15±0.38* 9.514±0.5* 

Gsph (%) of acid hemolysis 

Control 4.0±0.32 3.4±0.2 3.6±0.22 3.8±0.2 3.9±0.25 3.6±0.45 

0.78·10-5 7.6±0.35* 2.6±0.2* 2.3±0.19* 1.8±0.32* 5.2±0.26* 3.6±0.45 

1.57·10-5 0* 0.3±0.06* 0.6±0.13* 1.9±0.32* 2.5±0.25* 0.8±0.13* 

3.14·10-5 0* 2.9±0.13* 2.9±0.13* 3.1±0.1* 1.7±0.13* 2.6±0.19* 

Kmax (relative units) of hypo-osmotic hemolysis 

Control 4.7±0.27 4.7±0.36 5.1±0.3 4.7±0.36 5.1±0.34 4.7±0.36 

0.78·10-5 5.1±0.36* 7.1±0.4** 9.5±0.55** 8.1±0.45** 8.1±0.45** 8.1±0.45** 

1.57·10-5 7.1±0.19** 9.5±1.0** 9.5±0.55** 8.2±0.4** 8.1±0.45** 8.1±0.45** 

3.14·10-5 7.1±0.19** 14.3±1.2** 9.5±0.55** 14.3±1.25** 14.3±1.2** 19.1±1.7** 

G120 (%) of hypo-osmotic hemolysis  

Control 11.64±1.5 11.64±1.5 11.66±1.9 11.64±2.1 11.66±1.95 11.64±1.5 

0.78·10-5 25.11±2.3** 28.64±2.5** 32.01±3.1** 33.0±3.1** 33.5±3.2** 33.7±3.5** 

1.57·10-5 29.21±2.1** 33.13±3.1** 34.25±3.5** 34.42±3.5** 36.45±3.7** 40.9±3.8** 

3.14·10-5 34.67±2.5** 35.48±2.5** 37.41±3.2** 41.05±3.0** 43.52±3.5** 48.9±4.0** 

Note: ** – the differences are statistically significant at  p <0.001, * – the differences are statistically significant at p <0.05 

Table 3 

Indices of acid and hypo-osmotic hemolysis of erythrocytes modified with ketorolac tromethamine 

depending on incubation time (M±m) 
 

Concentrations, 

mol/L 

 Incubation time, min 

0 15 30 60 120 240 

 Кmax of acid hemolysis, relative units 

Control 3.3±0.16 2.2±0.15 2.4±0.15 3.5±0.17 3.7±0.18 3.7±0.18 

6.21·10-7 1.9±0.1** 5.1±0.2** 4.3±0.2** 6.3±0.3** 5.1±0.2** 5.8±0.3** 

1.24·10-6 2.5±0.1** 4.7±0.2** 4.3±0.2** 7.1±0.3** 5.1±0.3** 6.3±0.3** 

2.48·10-6 2.6±0.1** 5.1±0.2** 4.3±0.2** 5.8±0.3** 4.7±0.3** 2.9±0.2** 

Gsph of acid hemolysis, % 

Control -1.5±0.1 -2.7±0.2 -3.4±0.2 -3.6±0.2 -2.7±0.14 -1.4±0.11 

6.21·10-7 0** 0.6±0.03** 1.2±0.1** 0.3±0.01** 1.0±0.1** 1.7±0.1** 

1.24·10-6 
-2.0±0.1** 0.2±0.1** -0.5±0.15** 0.8±0.1** 

-

0.6±0.03** 0.8±0.05** 

2.48·10-6 -3.6±0.2** -3.6±0.2** -2.8±0.14** -1.7±0.1** -2.0±0.1** -2.8±0.2** 

Кmax of hypo-osmotic hemolysis, relative units 

Control 6.314±0.32 6.314±0.32 6.314±0.35 7.115±0.36 7.115±0.36 7.115±0.4 

6.21·10-7 7.115±0.4** 11.43±0.6** 9.5±0.5** 7.115±0.41 11.43±0.5** 11.4±0.6** 

1.24·10-6 9.514±0.5** 11.43±0.5** 9.514±0.5** 8.1±0.5** 9.5±0.48** 9.5±0.48** 

2.48·10-6 11.43±0.5** 11.43±0.5** 9.514±0.5** 11.43±0.5** 9.514±0.4** 8.144±0.4** 

G120 (%) of hypo-osmotic hemolysis 

Control 24.2±2.1 26.0±1.4 27.0±1.3 29.0±1.51 29.0±2.0 29.0±1.7 

6.21·10-7 24.4±1.5 29.8±1.5** 27.0±1.4 21.8±1.8** 22.8±1.1** 25.1±1.3** 

1.24·10-6 29.7±1.5** 38.4±2.0** 34.6±1.8** 32.4±1.6* 27.0±1.4 31.0±1.6 

2.48·10-6 39.4±2.5** 37.5±1.9** 37.3±1.9** 35.5±2.0** 31.4±1.8 31.3±1.8** 

Note: ** – the differences are statistically significant at p <0.001, * – the differences are statistically  significant at  

p <0.05 
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Analysis of the kinetics of erythrocyte hypo-
osmotic hemolysis (in in vitro experiments) 
showed that addition of diclofenac sodium at 
concentrations of 0.78 • 10-5; 1.57 • 10-5;  
3.14 • 10-5 mol/L and ketorolac tromethamine at 
concentrations of 6.21 • 10-7; 1.24 • 10-6;  
2.48 • 10-6 mol/L to the incubation medium 
increases dose-dependently the number of latent 
defects of erythrocyte membranes, which is 
confirmed by an increase in the values of Kmax for 
hypo-osmotic hemolysis by 8.5% -306.4% and 
12.7% -81%, respectively, compared to the 
control (Tables 1, 2). This is confirmed by a dose-
dependent increase in the proportion of 
hemolyzed erythrocytes by 115.7% -320.8% 
compared to the control using diclofenac sodium 
at the concentrations specified when observed for 
120 seconds of the experiment (G120) (Table 1). 
At concentrations of 1.24 • 10-6; 2.48 • 10-6 mol/L 
G120 values (Table 2) exceed the control level by 
8% -62.8%, and at ketorolac tromethamine 
concentrations of 6.21 • 10-7 mol/L they either 
exceed the control level by 14.6% or they are less 
than the control level up to 24.8%. This indicates 
the manifestation of modifying reactions for the 
more resistant red blood cells compared to the 
control. As incubation time and/or dose increase, 
modifying reactions are replaced by the 

prevalence of destructive processes. These 
changes probably indicate the interaction of 
sodium diclofenac and ketorolac tromethamine 
with spectrin-actin and lipo-stromatin complexes, 
i.e. the cytoskeleton of the membrane, which 
presents in a decrease in the erythrocyte hypo-
osmotic resistance by means of membrane 
destruction and increased permeability for water 
and ions. 

Study of the structural and functional 
properties of membranes for erythrocyte 

modified with procaine and taurine 
The values of the main indices of acid and 

hypo-osmotic hemolysis erythrograms are 
presented in Tables 4-5. The amount (%) of 
erythrocytes modified with procaine at 
concentrations of 4.9•10-6; 1 • 10-5; 2.01 • 10-5 
mol/L, simultaneously entering the stage of 
proper acid hemolysis (Kmax) in all cases is less 
than the control by 6.6% -38.5% or equal to it 
(Table 3). Analysis of spherocytosis for 
erythrocytes, modified with procaine at 
concentrations of 4.9 • 10-6; 1 • 10-5; 2.01 • 10-5 
mol/L with incubation time 0 to 240 minutes, 
showed that the spherocyte amount (Gsph) in the 
vast majority of cases is more than the control by 
15-170%, but in a number of experiments it is 
equal to or less than the control (Table 3).  

 
Table 4 

Indices of acid and hypo-osmotic hemolysis for erythrocytes modified by procaine depending  

on incubation time (M±m) 
 

Concentrations, 
mol/L 

Кmax of acid hemolysis, relative units 

Incubation time, min. 

0 15 30 60 120 240 

Control 3.7±0.19 3.7±0.27 3.7±0.21 3.5±0.18 3.5±0.19 3.5±0.19 

2.01·10-5 3.7±0.2 2.7±0.15** 2.7±0.18** 3.1±0.16* 2.9±0.16* 2.9±0.15* 

1.0·10-5 3.5±0.18 2.7±0.14** 2.7±0.15** 2.6±0.2** 2.5±0.13** 2.5±0.15** 

4.9·10-6 3.5±0.21** 2.7±0.2** 2.4±0.15** 2.1±0.1** 2.6±0.22** 2.6±0.15** 

Gsph of acid hemolysis, % 
Control -1.9±0.12 -1.7±0.1 -1.1±0.11 -1.2±0.1 -1.0±0.09 -1.0±0.1 

2.01·10-5 -2.6±0.2** -1.3±0.13* -2.0±0.1** -2.2±0.14** -4.0±0.17** -4.0±0.2** 

1.0·10-5 -2.2±0.12* -0.8±0.1** -1.4±0.1* -2.4±0.12** -3.0±0.15** -3.1±0.2** 

4.9·10-6 -1.8±0.1 -1.2±0.1** -1.6±0.12** -1.2±0.13 -2.50.13** -2.7±0.14** 

G120 (%)of hypo-osmotic hemolysis 

Control 44.1±2.5 35.4±2.1 37.1±1.9 36.6±1.6 40.4±1.9 40.4±2.1 

2.01·10-5 32.6±1.7** 40.7±2.0* 38.4±2.3 40.8±2.1* 39.3±2.0 39.1±2.0 

1.0·10-5 37.4±2.5** 40.0±2.3* 38.6±1.8 35.9±1.8* 32.8±1.6** 32.5±1.6** 

4.9·10-6 44.3±3.0 36.2±1.9 36.4±2.2 35.0±1.8 38.9±1.9 39.0±2.0 

Note: ** – the differences are statistically  significant at  p <0.001, * – the  differences are  statistically significant at p<0.05 
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Table 5 

Indices of acid and hypo-osmotic hemolysis for erythrocytes modified with taurine depending  

on incubation time (M±m) 
 

Concentration, 

mol/L 

Incubation time, min. 

0 15 30 60 120 240 

Кmax of acid hemolysis, relative units 

Control 3.732±0.21 3.732±0.19 3.732±0.18 3.732±0.18 3.732±0.2 3.732±0.18 

1.44·10-4 3.732±0.18 3.732±0.2 3.732±0.21 3.732±0.18 
2.904±0.14*

* 

2.475±0.13*

* 

7.2·10-5 3.078±0.17* 3.078±0.16* 2.605±0.14** 2.1±0.11** 2.05±0.13** 1.963±0.1** 

3.6·10-5 3.078±0.16* 3.078±0.16* 2.246±0.11** 1.963±0.11** 2.904±0.14** 2.904±0.15** 

Gsph of acid hemolysis, % 

Control -1.94±0.18 -1.70±0.17 -1.12±0.15 -1.17±0.16 -1.02±0.12 -1.02±0.12 

1.44·10-4 -2.9±0.15** -3.4±0.21** -3.4±0.17** -5.2±0.25** 
-

5.26±0.25** 

-

5.59±0.27** 

7.2·10-5 -4.4±0.27** -4.9±0.25** -3.69±0.19** 
-

5.07±0.25** 

-

6.38±0.39** 

-

6.77±0.34** 

3.6·10-5 -5.41±0.3** -5.90±0.3** -6.20±0.31** 
-

7.42±0.37** 

-

6.44±0.35** 

-

6.44±0.32** 

Кmax of hypo-osmotic hemolysis, relative units 

Control 6.3±0.31 6.314±0.32 6.314±0.29 6.314±0.43 6.314±0.35 6.314±0.27 

1.44·10-4 2.9±0.16** 3.5±0.17** 3.7±0.18** 1.4±0.1** 1.2±0.11** 3.1±0.15** 

7.2·10-5 2.9±0.14** 2.1±0.15** 1.9±0.1** 2.1±0.11** 0.7±0.1** 1.3±0.1** 

3.6·10-5 4.7±0.23** 4.0±0.24** 2.475±0.15** 1.7±0.13** 3.1±0.16** 3.7±0.15** 

G120 (%) of hypo-osmotic hemolysis 

Control 44.1±2.72 30.2±1.91 30.8±2.13 30.9±1.5 31.8±1.64 31.8±1.6 

1.44·10-4 16.4±1.5** 12.8±1.53** 14.3±0.74** 7.2±1.11** 4.3±0.56** 5.2±0.53** 

7.2·10-5 15.4±0.81** 14.0±0.77** 12.4±0.88** 9.4±0.54** 5.7±0.47** 2.7±0.14** 

3.6·10-5 15.3±0.13** 11.4±0.57** 8.7±0.45** 4.3±0.22** 4.9±0.25** 4.7±0.27** 

Note: ** – the differences are statistically significant at p <0.001, * – the differences are statistically significant at 

p<0.05 
 

At the same time, more intensive 

development of the prehemolytic stage indicates 

an increased sensitivity of the "low-resistant" 

erythrocyte population to acid hemolytics. From 

this it follows that procaine increases the 

permeability of "low-resistant" erythrocytes 

membranes for H + ions, for "mid-" and "high-

resistant" erythrocytes the use of procaine leads to 

modification, which is performed by increasing 

the barrier of permeability for H + ions.  

When using taurine at concentrations of  3.6 • 

10-5; 7.2 • 10-5; 1.44 • 10-4 mol/L, prehemolytic 

phase is within 120 seconds, while for the control 

group it is in the range of 30-60 seconds, which 

indicates a certain delay in the development of the 

phase of RBC hemolysis proper. The number of 

erythrocytes simultaneously entering the proper 

hemolysis stage (Kmax) did not exceed the control or 

was less than the control by17.5% -47.4% (Table 4). 

At the same time, the amount of spherocytes against 

the background of taurine administration exceeded 

the control by 48.5% -563.7% (Table 4). These 

changes indicate an increase in the acid resistance of 

erythrocytes, apparently due to the interaction of 

taurine with protein-lipid membrane complexes and 

its antioxidant, membrane-stabilizing action. 

Addition of procaine at concentrations of  4.9 

• 10-6; 1 • 10-5; 2.01 • 10-5 mol/L to the suspension 

of erythrocytes, in conditions of hypo-osmotic 

environment, does not affect the rate of hypo-

osmotic hemolysis, and taurine at concentrations 

of 3.6 • 10-5; 7.2 • 10-5; 1.44 • 10-4 mol/L reduces 

it by 25.5% -88.1% (Table 3, 4). However, the 

structural and functional state of erythrocytes 

more resistant to the hypo-osmotic environment 

(G120) is characterized by the dose-dependent 

interaction of procaine with the spectrin-actin and 

lipo-stromatin membrane complexes. And with 

an increase in the dose of procaine to 1.0 • 10-5 

mol/L; 2.01 • 10-5 mol/L and the incubation time, 

possibly due to the formation of a larger number 

of complexes, some degradation of the 
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cytoskeleton of erythrocyte membranes is 

observed, that is, formation of latent membrane 

defects. At the procaine concentration of 4.9 • 10-

6 mol/L, such changes were not observed and the 

amount of hemolyzed erythrocytes within 120 

seconds of the experiment did not exceed the 

control level (Table 3). In case of using taurine at 

the indicated concentrations, in all experiments, 

the G120 values were less than the control by 63% 

-91.5% (Table 4). 

Study of structural and functional 

properties of membranes for erythrocytes 

modified with ketorolac tromethamine in 

combinations with procaine and taurine 

 In experiments in vivo, animals were 

prophylactically given intragastric procaine or 

taurine at doses of 1.07 mg/kg and 7.14 mg/kg for 

7 days, and ketorolac tromethamine at a dose of 

UD50 was administered on day 8. The results are 

presented in Tables 6, 7. 
 

Table 6 

Indices of acid and hypo-osmotic hemolysis of erythrocytes modified with ketorolac tromethamine  

in combination with procaine and taurine (M±m) 
 

Group Кmax of acid hemolysis, relative units 

 

Incubation time, min. 

0 15 30 60 120 240 

Control 4.011±0.2 4.011±0.23 4.011±0.21 3.732±0.19 3.732±0.22 3.732±0.18 

Taurine + Ketorolac 

tromethamine 
4.011±0.24 4.011±0.2 3.271±0.18** 4.331±0.23* 4.331±0.21* 4.331±0.25* 

Procaine + Ketorolac 

tromethamine 
5.2±0.25** 5.2±0.25** 5.145±0.28** 5.671±0.27** 5.671±0.29** 6.314±0.32** 

Gsph of acid hemolysis, % 

Control -1.936±0.11 -1.698±0.11 -1.121±0.1 -1.166±0.12 -1.016±0.1 -1.016±0.07 

Taurine + Ketorolac 

tromethamine 
-3.7±0.19** -4.5±0.22** -4.6±0.23** -5.1±0.21** -5.7±0.25** -5.4±0.27** 

Procaine + Ketorolac 

tromethamine 
-2.2±0.11 -1.3±0.1* -1.5±0.14* -2.9±0.16** -2.56±0.13** -4.35±0.18** 

Кmax of hypo-osmotic hemolysis, relative units 

Control 5.145±0.25 4.705±0.23 4.705±0.24 4.705±0.23 4.705±0.23 4.705±0.23 

Taurine + Ketorolac 

tromethamine 
4.7±0.25 3.7±0.19** 3.7±0.2** 2.9±0.17** 3.7±0.21** 3.7±0.18** 

Procaine + Ketorolac 

tromethamine 
3.5±0.18** 4.7±0.24 5.1±0.26 5.1±0.25 5.7±0.29** 6.3±0.32** 

G120 (%)of hypo-osmotic hemolysis 

Control 22.2±1.51 22.9±1.15 21.8±1.14 23.6±1.25 23.4±1.17 22.7±1.14 

Taurine + Ketorolac 

tromethamine 
19.8±1.13 15.1±1.21** 13.0±1.43** 10.9±0.94** 9.2±1.11** 7.2±0.73** 

Procaine + Ketorolac 

tromethamine 
15.8±0.82** 11.8±1.32** 12.3±1.15** 11.4±0.87** 9.1±0.57** 9.1±0.57** 

Note: ** – the differences are statistically significant at p <0.001, * – the differences are statistically significant at 

p<0.05 
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Fig. 3. The values of Kmax (relative units) of erythrocyte acid hemolysis against the background of the use 

of ketorolac tromethamine and its combination with taurine and procaine. 
Note: control      ; taurine + ketorolac tromethamine      ; procaine + ketorolac tromethamine    ; ketorolac 

tromethamine 
 

Analysis of the combined use (in in vitro 

experiments) of taurine (7.2 x 10-5 mol/L) and 

procaine (4.9 x 10-6 mol/L) with ketorolac 

tromethamine (1.24 x 10-6 mol/L) allow us to 

conclude that procaine and, to a greater extent, 

taurine, prevent ketorolac tromethamine-induced 

damage to erythrocyte membranes. This is 

confirmed by a significant decrease in the rate of 

acid hemolysis (up to 57%) for the main mid-

resistant erythrocyte population, a significant 

increase in the amount (%) of erythrocytes that are 

simultaneously in the stage of spherulation 

(maximum by 100%), and the duration of the 

prehemolytic stage of hemolysis (maximum  

by100%) against the background of combined use 

of these modifiers compared to the use of 

ketorolac tromethamine alone. 

Table 7 

Values of Kmax, Gsph and G120 indices of acid and hypo-osmotic hemolysis against the combination of 

ketorolac with procaine and taurine in vivo (M±m) 
 

Name 

Acid hemolysis Hypo-osmotic hemolysis 

Kmax, relative units Gsph,% 

Kmax, 

relative 

units 

G120,% 

Control 4.3±0.25 -0.9±0.05 5.7±0.29 42.9±2.15 

Ketorolac tromethamine 7.1±0.35** -1.1±0.06* 19.1±0.75** 62.3±3.12** 

Ketorolac tromethamine + Taurine 5.7±0.28** -2.4±0.12** 4.3±0.27* 25.8±1.97** 

Ketorolac tromethamine + Procaine 5.7±0.31** -2.2±0.11** 5.7±0.36 30.6±2.57** 

Note: ** – the differences are statistically significant at p <0.001, * – the differences are statistically significant at p<0.05 
 

Analysis of the hypo-osmotic erythrogram 

faindings reveals that the introduction of procaine 

and taurine into the suspension of erythrocytes 

prevents the formation of latent defects induced 

by ketorolac tromethamine. This is reflected in a 

decrease in the rate of erythrocyte hypo-osmotic 

hemolysis when combined with taurine by 8.6% – 

38.3% compared to the control. In case of 

combined use of ketorolac tromethamine with 

procaine, the hemolysis rate was less than or equal 

to the control during incubation up to 30 min, and 

it increased by 9.4% -34.2% in the period of 30-

240 minutes compared to the control. When 

ketorolac tromethamine used alone, Kmax 

А А А 
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exceeded the control by 14.5% -81%. Besides, 

G120 values for hypo-osmotic hemolysis against 

the combined use of procaine and taurine with 

ketorolac tromethamine with an incubation time 

of 0-240 minutes decreased by 10.8% -68.1% 

compared to the control. While for the use of 

ketorolac tromethamine alone, the G120 values 

exceeded the control by 6.9% -47.7%. 

Analysis of the results of the in vivo 

experiments (Table 6) showed that the 

preliminary intragastric administration of taurine 

(7.14 mg / kg) and procaine (1.07 mg / kg) for 7 

days reduces the damaging effect of ketorolac 

tromethamine at a UD50 level (0.94 mg kg) for a 

population of mid-resistant red blood cells under 

conditions of acid hemolysis. This is confirmed 

by the fact that the acid resistance of the main 

erythrocyte population when using ketorolac 

tromethamine at a dose of UD50 is reduced by 

64.3% relative to control, and with the preventive 

administration of taurine and procaine – by 

30.9%. At the same time, against the background 

of combined use of taurine and procaine with 

ketorolac tromethamine, the proportion of 

erythrocytes which are simultaneously at the 

stage of spherulation is increased by 115.99% and 

93.2% compared to the use of  ketorolac 

tromethamine alone. Also in both cases of 

combined use, the erythrogram fold area is 

reduced which indicates that the final level of 

hemolysis has been reached for a longer period of 

time. 

Comparing the data of hypo-osmotic 

erythrograms (in vivo), it can be concluded that 

the prophylactic use of taurine (7.14 mg / kg) and 

procaine (1.07 mg / kg) before administration of 

ketorolac tromethamine at a dose of UD50  

(0.94 mg / kg) decreases the number of latent 

defects in erythrocyte membranes, as evidenced 

by a decrease in the rate of hypo-osmotic 

hemolysis with prophylactic administration of 

taurine and procaine by 77.3% -70.3% and G120 

by 58.58% -50.9%, respectively, compared to the 

use of ketorolac tromethamine alone. 

Study of the effect of diclofenac sodium, 

ketorolac tromethamine, procaine, taurine and 

their combinations on the optical properties of 

proteins 

In experiments in vitro, diclofenac sodium 

was injected into the hemoglobin solution at 

concentrations of 0.78 × 10-5; 1.57 • 10-5; 3,14 • 

10-5 mol/L and ketorolac tromethamine  

(6.21 • 10-7, 1.24 • 10-6, 2.48 • 10-6 mol/L) against 

the background of a 30-minute incubation at 55 ° 

C promotes an increase in light absorbance, and 

hence the denaturation depth by 15.1%; 17.82%; 

42.15% and 14.35%; 19.4%; 35.65% 

respectively, compared to the control. These 

changes are evidently caused by a decrease in the 

number or weakening of intramolecular bonds 

(hydrogen bonds) that stabilize the space structure 

of the protein, which manifest themselves as a 

dose-dependent increase in the denaturation level 

under conditions of thermal incubation compared 

to the control. The introduction of procaine into 

the solution of oxyhemoglobin at concentrations 

of 4.9 • 10-6 mol/L; 1 • 10-5 mol/L; 2.01 • 10-5 

mol/L was accompanied by changes in the light 

absorbance, which nature was opposite to the 

experiments with sodium diclofenac and 

ketorolac tromethamine, which was reflected in a 

decrease in the denaturation depth by 2.95%; 

9.44% 17.6%, respectively, compared to the 

control. These changes may indicate some 

consolidation of the protein molecule under these 

conditions. A single application of taurine does 

not cause a change in the optical properties of this 

biopolymer under conditions of thermal 

incubation compared to the control. The 

combined use (in in vitro experiments) of 

procaine (4.9x10-6 mol/L) and taurine  

(7.2x10-5 mol/L) with ketorolac tromethamine 

(1.24x10-6 mol/L) demonstrated the denaturation 

depth to exceed the control by 7.43% -15.1%, 

respectively. When ketorolac was used at this 

dose alone, the light absorbance exceeded the 

control by 19.44%. This indicates a decrease in 

the denaturation depth for oxyhemoglobin under 

the influence of procaine in combination with 

ketorolac tromethamine compared to the use of 

the latter alone. The results of studying the optical 

properties of oxyhemoglobin, modified by 

ketorolac tromethamine and its combined use 

with procaine and taurine in in vivo experiments 

were fairy close to the control and showed no 

statistically reliable differences from the control, 

but a tendency to decrease the degree of 

denaturation against the background of 

preliminary use of procaine and taurine was 

observed. 

Study of the effect of sodium diclofenac, 

ketorolac tromethamine, procaine, taurine and 
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their combinations on the buffer properties of 

proteins 

In experiments in vitro, sodium diclofenac at 

concentrations of 0.78 • 10-5; 1.57 • 10-5; 3.14 • 

10-5 mol/L was found to cause conformational 

changes in the oxyhemoglobin molecule, which 

are accompanied by an increase in the buffer 

capacity of this protein due to the dissociation of 

H +. When using ketorolac tromethamine at 

concentrations of 6.21 • 10-7; 1.24 • 10-6; 2.48 • 

10-6 mol/L, a similar situation persisted, which 

was manifested by an increase in the alkaline 

buffer capacity mainly due to an increase in the 

dissociation of the NH + groups of the imidazole 

ring of histidine, terminal α-amino groups (by 

10.5%, 13.13%; 17.2%  compared to the control, 

respectively) and dissociation of sulfhydryl 

groups of cysteine, phenolic tyrosine groups, and 

ε-amino groups of lysine (by 8.7%, 11.76%, and 

13.8% compared to the control, respectively). 

The use of procaine at concentrations of 4.9 • 10-

6 mol/L; 1 • 10-5 mol/L; 2.01 • 10-5 mol/L was 

accompanied by a decrease in the buffer capacity 

of hemoglobin molecules mainly due to a 

decrease in the dissociation of the NH + groups of 

the imidazole ring of histidine, terminal α-amino 

groups (by 3.7%, 14.35%, 19.5% ) and 

dissociation of sulfhydryl groups of cysteine, 

phenolic tyrosine groups, ε-amino groups of 

lysine (by 5.7%, 7.7%, 10.8%) compared to the 

control. Hemoglobin modification with taurine 

solution at concentrations of 3.6 • 10-5; 7.2 • 10-5; 

1.44 • 10-4 mol/L was similar to the use of 

procaine (a decrease in the dissociation of NH + 

groups of the imidazole ring of histidine, terminal 

α-amino groups by 15.4%, 18.8%, 22.6% and 

sulfhydryl groups of cysteine , phenolic tyrosine 

groups, ε-amino groups of lysine by 1.9%, 4.2%, 

5.51% compared to the control, respectively). 

These indices indicate conformational changes 

caused by the use of procaine and taurine at 

various concentrations, which are accompanied 

by protein molecule consolidation and / or a 

decrease in the number of ionic groups available 

for titration, possibly due to the procaine (taurine) 

binding to the corresponding functional groups, 

which leads to a decrease in the number of 

ionogenic groups determined in the appropriate 

ranges of pH. 

In combination with in vitro (Table 8) of 

ketorolac tromethamine (1.24x10-6 mol/L) with 

procaine (4.9x10-6 mol/L) and taurine (7.2x10-5 

mol/L),  an increase in the alkaline buffer capacity 

was recorded by 5.95% and 8.3%, respectively, 

compared to the control, mainly due to an increase 

in the degree of dissociation of sulfhydryl groups 

of cysteine, phenolic tyrosine groups, and ε-

amino groups of lysine, which is less than values 

of corresponding changes for ketorolac 

tromethamine alone. Therefore, it can be assumed 

that the combined use in vitro of ketorolac 

tromethamine with procaine and taurine to some 

extent prevents conformational changes in the 

hemoglobin molecule, which manifest themselves 

as molecule unfolding and increase in the number 

of ionic groups available for titration. 

In experiments in vivo ketorolac 

tromethamine at a dose of UD50 was found to 

cause a change in the structural and functional 

properties of hemoglobin due to conformational 

transformation of the protein space structure, 

possibly due to molecule unfolding caused by 

breaking or weakening of bonds stabilizing it. 

This results in an increase in the buffer capacity, 

while procaine and taurine in these conditions in 

vivo do not affect the hemoglobin properties 

specified, however, there is a tendency to weaken 

the ketorolac tromethamine action on 

hemoglobin. 

Table 8 

Oxyhemoglobin buffer properties under the action of ketorolac tromethamine in combination with procaine 

and taurine (M±m) 
 

Name, concentration, mol/L 
рН /VNaOH intervals, µL 

3 – 5 5 – 9 9 – 11 

Control 422±8.37 101±8.22 605±19.40 

Ketorolac tromethamine 1.24·10-6 + Procaine 4.9·10-6 424±11.40 104±8.22 641±23.02* 

Ketorolac tromethamine 1.24·10-6 + Taurine 7.2·10-5 420±15.81 109±7.42 655±15.81* 

Note: * – the differences are statistically significant at p <0.05 

Study of the blood coagulation system. 
When studying the effect of ketorolac 
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tromethamine and its combined use with procaine 

and taurine on the coagulation system of blood, 

no significant changes were detected. 

Discussion 
       Long-term administration of currently used 

marketed drugs that reduce the acidity of gastric 

juice (histamine H2- receptor blockers, proton 

pump inhibitors, antacids), increase  intragastric 

pH and are capable of causing digestive disorders, 

which present in the clinical picture of dyspeptic 

syndrome. A prolonged increase in pH, on the one 

hand, significantly weakens the barrier to 

pathogenic and opportunistic flora entering the 

gastrointestinal tract. Persistent suppression of 

gastric secretion, on the other hand, causes 

hypergastrinemia, which is fraught with the 

development of dis- and metaplastic processes in 

the gastric epithelium (against the background of 

chronic inflammation) [12]. 

It is known that the enteral use of procaine in 

gastroduodenal ulcer at doses corresponding to 

the therapeutic range (0.25-0.5% solution up to 

30-50 ml 2-3 times a day) is well tolerated and is 

characterized by the absence of side effects, in 

particular, due to the fact that it poorly penetrates 

through the mucous membranes [23]. In addition, 

procaine has a local anesthetic effect, providing a 

reduction in the severity of epigastric pain. It 

should be emphasized that procaine blocks the ion 

channels of the cell membrane and does not affect 

the acidity of the gastric juice. 

Taurine is characterized by almost complete 

absence of side effects. Taurine has membrane-

protective properties, normalizes the ratio of cell 

membrane phospholipids, regulates oxidative 

processes and exhibits antioxidant properties, 

reduces the degree of apoptosis for endothelial 

cells, prevents excessive calcium release from 

cells, has a number of cardiovascular benefits, has 

cardio-radio- and hepatoprotective properties, 

participates in the conjugation of bile acids and 

prevents cholestasis, participates in the regulation 

of GABA secretion, has hypoglycemic and 

hypolipidemic properties [24, 25].  

Nevertheless, despite a number of properties 

that suggest the presence of a gastroprotective 

effect, procaine and taurine are not currently used 

in the clinical practice for the prevention of 

NSAID-induced damage to the gastric mucosa. 

New components of the mechanism of the 

NSAIDs damaging effect on cell membrane and 

gastric mucosa have been revealed for the first 

time on the example of diclofenac sodium and 

ketorolac tromethamine in effective analgesic 

doses determined experimentally (diclofenac 

sodium 2.25 mg/kg – 9 mg/kg, ketorolac 

tromethamine 0.1875 mg/kg 0.75 mg/kg). These 

components involves changed structural and 

functional properties of protein molecules, which 

leads to a decrease in acid and hypo-osmotic 

resistance of cells. It has been found that procaine 

and taurine exhibit a membrane-protective effect, 

since they increase the acid and hypo-osmotic cell 

resistance to the action of damaging factors in in 

vitro and in vivo experiments. It is observed both 

in their use alone and in their combination with 

ketorolac tromethamine. 

Conclusion 
The mechanism of the diclofenac sodium and 

ketorolac tromethamine damaging effect on the 

gastric mucosa has been clarified, and a direct 

damaging effect on cell membranes has been 

revealed. It has been established that the use of 

procaine and taurine increases the resistance of 

cell membranes in conditions of acidic and hypo-

osmotic environment, and also reduces damage to 

cell membranes caused by ketorolac 

tromethamine. The findings of the in vitro 

experiments are confirmed by in vivo 

experiments, demonstrating ability of procaine 

and taurine in their preventive administration to 

reduce the number of experimental erosive ulcers 

and changes of the gastric mucosal morphological 

structure induced by ketorolac tromethamine use. 

Obviously, the revealed efficiency of procaine in 

treating NSAID-gastropathy is associated with 

the ability to interact with membrane proteins and 

protein-lipid membrane complexes, causing 

changes in their conformation, and thereby 

changing the structural and functional properties 

of cell membranes, which leads to an increase in 

the permeability threshold for H +. The ability of 

taurine to inhibit ketorolac tromethamine-induced 

ulceration is possibly associated with its proven 

antioxidant and membrane-stabilizing properties, 

as well as the ability to normalize the ratio of 

phospholipids to cell membranes and the ratio of 

cholesterol to phospholipids. It follows that the 

prophylactic use of taurine (7.14 mg/kg) and 

procaine (1.07 mg/kg) before administration of 

ketorolac tromethamine (0.94 mg/kg) leads to an 

increase in gastric mucosal resistance. On this 
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evidence, original methods of protecting the 

gastric mucosa from the damaging effect of 

NSAIDs are proposed and consist of 7 days of 

prophylactic taurine (7.14 mg/kg) or procaine 

(1.07 mg/kg) dose. [26, 27, 28]. 

Besides, it was found that, both for the 

administration of ketorolac tromethamine alone 

and for its combined use with procaine or taurine, 

there were no changes in the structural 

organization of the liver and kidneys, the 

coagulogram findings did not differ from the 

control, indicating no hepatotoxic, nephrotoxic 

and hematotoxic effects. 

Conclusions 

1. New components of the mechanism of the 

damaging effect of sodium diclofenac and 

ketorolac tromethamine on cell membranes have 

been revealed; they influence the ability to induce 

weakening or breaking of intramolecular bonds 

stabilizing the protein molecule, which is 

associated with the dissociation of NH + groups of 

the imidazole ring of histidine, terminal α-amino 

groups (not less than by 10.5% compared to the 

control), sulfhydryl cysteine groups, tyrosine 

phenolic groups, and ε-amino groups of lysine (by 

at least 8.7%), and presents in an increase in the 

denaturation depth. 

2. Procaine and taurine in vitro increase the 

resistance of cells to the effects of damaging 

factors. This is proved by an increase in: a) acid 

resistance of red blood cells with the addition of 

procaine by no more than 38.5%; b) acid and 

hypo-osmotic resistance of erythrocytes with 

taurine use by no more than 47% and 88%, 

respectively. 

3. The experiments in vitro and in vivo have 

shown that procaine and taurine reduce the 

damage to cell membranes caused by ketorolac 

tromethamine at a concentration equivalent to 

ED50 and a dose equal to UD50: a) procaine at a 

concentration equivalent to a minimum 

therapeutic dose of 1.07 mg / kg – by 28% and 

19.7%, respectively, and reduces the formation of 

latent membrane defects by no less than 69%; b) 

taurine at a concentration equivalent to an average 

therapeutic dose of 7.14 mg / kg – by 54% and 

19.7%, respectively, and reduces the formation of 

latent defects by at least 74%; c) oral prophylactic 

procaine administration to rats at a dose of 1.07 

mg / kg and taurine at a dose of 7.14 mg / kg 

reduces the number of erosive and ulcerative 

defects caused by ketorolac tromethamine at a 

dose equal to UD50 by 87% and 90%, 

respectively, and also prevents changes in the 

gastric mucosal morphological structure 

according to the histological studies. 

4. Oral prophylactic procaine (at a dose of 

1.07 mg / kg) and taurine (7.14 mg / kg) 

administration before the damaging action of 

ketorolac tromethamine (0.94 mg / kg dose) is 

associated with no changes in the liver and kidney 

histoarchitecture, which is indicative of no 

hepato- and nephrotoxic effects. 

Conflicts of interest 

The authors have no conflict of interest to 

declare. 

 
References 

1. Karateev AE. Modern approaches of effective 

prevention of NSAIDs-gastropathy. The Russian 

Journal of Gastroenterology, Hepatology, 

Coloproctology. 2015;(6):92-102. (In Russian) 

[eLIBRARY] [Full text] 

2. Balabanova RM. Efficiency and safety of 

leflunomide preparation (Arava) in rheumatic 

diseases. Russian Medical Journal. [Russkij 

medicinskij zhurnal]. 2010;18(11):744-748. (In 

Russian) [eLIBRARY] [Full text] 

3. Karateev AE, Nasonov EL. NSAID-

associated pathology of the gastrointestinal tract: the 

real-life situation in Russia. Russian Medical Journal. 

[Russkij medicinskij zhurnal]. 2006;(15):1073-1078. 

(In Russian) [Full text] 

4. Frech EJ, Go MF. Treatment and 

chemoprevention of NSAID-associated 

gastrointestinal complications. Therapeutics and 

clinical risk management. 2009;5(1):65-73. [PubMed] 

[Full text] 

5. Ivashkin VT, Baranskaya YeK, Ivashkin KV, 

Korochanskaya NV, Krapivnaya OV, Lapina TL, 

Nikolayeva KM, Nikolayeva NN, Simanenkov VI, 

Trukhmanov AS, Khlynov IB, Sheptulin AA. 

Statement of The expert council on acid-related 

diseases diagnostics and treatment. The Russian 

Journal of Gastroenterology, Hepatology, 

Coloproctology. 2015;(2):91-92. (In Russian) 

[eLIBRARY] [Full text] 

6. Karateev AE. Errors and problems in the use 

of non-steroidal anti-inflammatory drugs. Russian 

Medical Journal. [Russkij medicinskij zhurnal]. 

2008;(10):650-660. (In Russian) [eLIBRARY] [Full 

text] 

7. Plotnikova EYu, Sukhikh AS. Bismuth 

preparations in medical practice. The attending 

https://elibrary.ru/item.asp?id=25631476
http://www.gastro-j.ru/files/92_102_1458226652.pdf
https://elibrary.ru/item.asp?id=18338152
http://www.rmj.ru/articles/revmatologiya/Effektivnosty_i_bezopasnosty_preparata_leflunomid__Arava_pri_revmaticheskih_zabolevaniyah/
http://www.rmj.ru/articles/obshchie-stati/NPVP__associirovannaya_patologiya_GhKT_realynoe_sostoyanie_del_v_Rossii/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Treatment+and+chemoprevention+of+NSAID-associated+gastrointestinal+complications
http://pubmedcentralcanada.ca/pmcc/articles/PMC2697523/;jsessionid=72F634DC809DF708F77A6CA880F1DFFD.eider?lang=en-ca
https://elibrary.ru/item.asp?id=24154166
http://www.gastro-j.ru/files/s10_1438029258.pdf
https://elibrary.ru/item.asp?id=22934347
http://www.rmj.ru/articles/revmatologiya/Oshibki_i_problemy_pri_ispolyzovanii_nesteroidnyh_protivovospalitelynyh_preparatov/
http://www.rmj.ru/articles/revmatologiya/Oshibki_i_problemy_pri_ispolyzovanii_nesteroidnyh_protivovospalitelynyh_preparatov/


 

Kholodov D.B., Nikolaevsky V.A., Chernov Yu.N., Buzlama A.V. New approaches to prevention of 
NSAID-gastropathy. Research result: pharmacology and clinical pharmacology. 2017;3(3):55-70. 69 

 

September. 2017. 3(3). Res Result Pharmacol Clin Pharmacol. rrpharmacology.ru  

physician. [Lechashchij vrach]. 2016;(2):60-64. (In 

Russian) [eLIBRARY] [Full text]  

8. Nasonova EL, Nasonova VA. Rheumatology. 

National guidance. Moscow: GEOTAR-Media; 2008. 

720 p. (In Russian) [eLIBRARY] [Full text] 

9. Storonova OA, Trukhmanov OA. Comparison 

of clinical and pharmacodynamic features of proton 

pump inhibitors efficacy in gastroesophageal reflux 

disease. The Russian Journal of Gastroenterology, 

Hepatology, Coloproctology. 2015;(6):82-91. (In 

Russian) [eLIBRARY] [Full text] 

10. Micklewright R, Lane S, Linley W, McQuade 

C, Thompson F, Maskrey N. NSAIDs, 

gastroprotection and cycloxygenase II selective 

inhibitors. Alimentary pharmacology & therapeutics. 

2003;17(3):321-332. [PubMed] 

11. Karateev AE, Nasonov EL, Yakhno NN. 

Clinical guidelines «Rational use of nonsteroidal anti-

inflammatory drugs (NSAIDs) in clinical practice». 

Modern rheumatology. 2015;(1):4-24. doi: 

10.14412/1996-7012-2015-1-4-23. (In Russian) 

[eLIBRARY] [Full text] 

12. Morozova ТЕ, Rykova MM, Chukina MA. 

NSAID gastropathy in patients with comorbid 

diseases. Experimental and clinical gastroenterology. 

[EHksperimental'naya i klinicheskaya 

gastroehnterologiya]. 2015;(6):64-70. (In Russian) 

[eLIBRARY] [Full text]  

13. Plotnikova EYu, Sukhikh AS. Bismuth 

preparations in medical practice. The attending 

physician. [Lechashchij vrach]. 2016;(2):60-64. (In 

Russian) [eLIBRARY] [Full text] 

14. Melekhov AV. Risk and benefit in the use of 

acetylsalicylic acid in primary prevention: where will 

scales turn? The attending physician. [Lechashchij 

vrach]. 2015;(9):74-76. (In Russian) [eLIBRARY] 

[Full text] 

15. SanPiN 2.2.1.3218-14. Sanitary and 

epidemiological requirements for the device, 

equipment and maintenance of experimental 

biological clinics (vivaria): approved by Chief State 

Medical Officer of the Russian Federation. 

29.08.2014: Introduction 10/31/2014. – Moscow: 

Rospotrebnadzor, 2014. p. 7. (In Russian) [Full text] 

16. Mironov AN. A guide to preclinical drug 

research: In 2 volumes. Moscow: Grif  i K; 2012. 944 

р. (In Russian) [eLIBRARY] [Full text] 

17. Ivanov EP. Diagnosis of bleeding disorders. 

Minsk: Belarus; 1983. 222 р. (In Russian).  

18. Rezvan SG. «Analysis of molecular 

mechanisms of interaction of synthetic retinol 

homologs with erythrocyte membrane components 

and free hemoglobin: author's abstract» [dissertation] 

[Voronezh]: Voronezh State University; 1996. 26р. 

(In Russian) [eLIBRARY] [Full text] 

19. Gitelzon II, Terskov IA. Issues of biophysics, 

biochemistry and pathology of erythrocytes. 

Krasnoyarsk: Krasnoyarsk; 1960. p. 85-99. (In 

Russian). 

20. Basharina OV, Artyukhov VG. Biophysics. 

Voronezh: Publishing house of Voronezh State 

University; 2009. 61 р. (In Russian) [Full text] 

21. Artyukhov VG, Putintseva OV. Optical 

methods of analysis of intact and modified biological 

systems. Voronezh: Publishing house of Voronezh 

State University; 1996. 240 р. (In Russian) 

[eLIBRARY] 

22. Suleymanov SM, Grebenshikov AV, 

Mikhailov EV, Tolkachev IS, Avdeev VV, Asoyan 

GL, Volkov DV, Parish AV, Magomedov MZ, 

Ovcharenko TM, Popova EA, Slobodjanik VS, 

Shaposhnikov V, Shumeiko AS, Zharova YuP, 

Zolotarev AI, Masanov YuN, Morgunova VI, Parshin 

PA, Parshin VI, Barskov MN, Chudnenko OV. 

Methods of morphological research. Voronezh: 

Voronezh Center of Scientific and Technical 

Information; 2007. 87 р. (In Russian) [eLIBRARY] 

23. Mashkovsky MD. Medicines. Moscow: New 

Wave; 2012. 1216 р. (In Russian) [eLIBRARY] [Full 

text]  

24. Pozdeev VK, Pozdeev NV, Nikitina OE. 

Hyperhomocisteinemia, hypercysteinemia, glutamate 

excitotoxicity, taurine deficiency at hepatitis C. The 

Russian Journal of Gastroenterology, Hepatology, 

Coloproctology. 2015;(3):49-60. (In Russian) 

[eLIBRARY] [Full text]  

25. Shikh EV, Makhova AA, Shumyantseva VV. 

Possibilities of using taurine as a means of preventing 

drug damage of the liver. Russian Medical Journal. 

[Russkij medicinskij zhurnal]. 2015;(13):754-758. (In 

Russian) [eLIBRARY] [Full text] 

26. Kholodov DB, Nikolaevsky VA, inventors; 

Voronezh State University, assignee. Method for 

prevention of gastric mucosal damage caused by 

administration of nonsteroid anti-inflammatory 

agents; Russian Federation patent RF 2010152847/15. 

2010 December 23. (In Russian) [eLIBRARY] [Full 

text] 

27. Kholodov DB, Nikolaevsky VA, inventors; 

Voronezh State University, assignee. Method of 

preventing injury of stomach mucosa caused by 

application of non-steroid anti-inflammatory 

medications; Russian Federation patent RF 

2011106448/15. 2012 July 20. (In Russian) 

[eLIBRARY] [Full text] 

28. Kholodov DB, Nikolaevsky VA, Suleimanov 

SM, Chernov YuN, Buzlama AV. Pharmacological 

Correction of the Ulcerogenic Action of NSAIDs in 

Rats. Experimental and Clinical Pharmacology. 

[Éksperimentalnaya i Klinicheskaya Farmakologiya]. 

https://elibrary.ru/item.asp?id=25620459
https://www.lvrach.ru/2016/02/15436404/
https://elibrary.ru/item.asp?id=19553750
https://docviewer.yandex.ru/view/36158795/?*=%2F7fupnIqHSXXAPy5aO%2FHuAD6YXV7InVybCI6InlhLWRpc2stcHVibGljOi8vU25ZUVFGN0RIUUs2bnpkRzdWQTVGcFkrK1htYm4xMmdVdGcrRldFZjFHb0dsSjcvbE1wU3VZNlFPNFRISFplV3EvSjZicG1SeU9Kb25UM1ZvWG5EYWc9PSIsInRpdGxlIjoicmV2bWF0b2xvZ2l5YS1uYXRzaW9uYWxub2UtcnVrb3ZvZHN0dm8tbmFzb25vdi1lLWwucmFyIiwidWlkIjoiMzYxNTg3OTUiLCJ5dSI6Ijk4ODUyMjM0NDE0ODg4Mjk5OTAiLCJub2lmcmFtZSI6ZmFsc2UsInRzIjoxNDk2NzUzODA0NzY4fQ%3D%3D
https://elibrary.ru/item.asp?id=25631474
http://www.gastro-j.ru/article/690-h2-sravnenie-klinicheskoyi-farmakodinamicheskoy-effektivnosti-ingibitorov-protonnoy-pompyi-pri-l/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Micklewright%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12562444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lane%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12562444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Linley%20W%5BAuthor%5D&cauthor=true&cauthor_uid=12562444
https://www.ncbi.nlm.nih.gov/pubmed/?term=McQuade%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12562444
https://www.ncbi.nlm.nih.gov/pubmed/?term=McQuade%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12562444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12562444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maskrey%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12562444
https://www.ncbi.nlm.nih.gov/pubmed/12562444
https://elibrary.ru/item.asp?id=23094500
http://mrj.ima-press.net/mrj/article/view/590/576
https://elibrary.ru/item.asp?id=24125728
https://cyberleninka.ru/article/n/npvp-gastropatii-u-bolnyh-s-sochetannoy-patologiey-serdechno-sosudistoy-sistemy-i-zabolevaniyami-sustavov-i-pozvonochnika
https://elibrary.ru/item.asp?id=25620459
https://www.lvrach.ru/2016/02/15436404/
https://elibrary.ru/item.asp?id=24298412
https://www.lvrach.ru/2015/09/15436299/
http://rospotrebnadzor.ru/documents/details.php?ELEMENT_ID=3521
https://elibrary.ru/item.asp?id=21532120
http://www.regmed.ru/Content/Page/GPTM_p2
https://elibrary.ru/item.asp?id=15748561
http://dlib.rsl.ru/viewer/01000341567#?page=1
http://www.pharm.vsu.ru/sources/biofis2.pdf
https://elibrary.ru/item.asp?id=22767162
https://elibrary.ru/item.asp?id=21276114
https://elibrary.ru/item.asp?id=19561137
http://www.elbooka.com/raznaja-literatura/kniga-zdorovje-krasota/102291-mashkovskiy-md-lekarstvennye-sredstva-16-e-izdanie.html
http://www.elbooka.com/raznaja-literatura/kniga-zdorovje-krasota/102291-mashkovskiy-md-lekarstvennye-sredstva-16-e-izdanie.html
https://elibrary.ru/item.asp?id=24131266
http://www.gastro-j.ru/article/631-h2-gipergomosisteinemiya-gipertsisteinemiya-glutamatnaya-eksaytotoksichnost-defitsit-taurina-pri/
https://elibrary.ru/item.asp?id=23938367
https://elibrary.ru/download/elibrary_23938367_89925210.pdf
https://elibrary.ru/item.asp?id=18440141
http://www.freepatent.ru/patents/2449784
http://www.freepatent.ru/patents/2449784
https://elibrary.ru/item.asp?id=18456707
http://www.freepatent.ru/patents/2455984


 

Kholodov D.B., Nikolaevsky V.A., Chernov Yu.N., Buzlama A.V. New approaches to prevention of 
NSAID-gastropathy. Research result: pharmacology and clinical pharmacology. 2017;3(3):55-70. 70 

 

September. 2017. 3(3). Res Result Pharmacol Clin Pharmacol. rrpharmacology.ru  

2014;77(7):20-22. (In Russian) [eLIBRARY] [Full 

text] 

 

Author Contributions 

Kholodov D.B., Head of Sales, MedicaSnab. 

29b,Taranchenko Street, building 2, office 20, 

Voronezh, 394036, Russia, e-mail: 

dima1985otrchr@yandex.ru – сonducting 

experiments on the main part of the work 85%, writing 

an article and editing it. 

Nikolaevsky V.A., Doctor of Medicine Sciences, 

Professor of Pharmacology Department, Professor, 

Voronezh State University 1, University Square, 

Voronezh, 394018, Russia. e-mail: 

nikolaevsky@pharm.vsu.ru – the scientific  

supervisor, drawing up the design of the work and 

working out the details of experiments on the 

experimental part of the work, in particular on 

pharmacology. 

Chernov Yu.N., Doctor of Medical Sciences, 

Professor of Clinical Pharmacology Department, 

Professor, Voronezh N.N. Burdenko State Medical 

University. 10, Studentcheskaya Street, Voronezh, 

394036, Russia, e-mail: 

clin.pharm@vsmaburdenko.ru – a scientific 

consultant of this work, in all the studies helped in 

interpreting the results. 

Buzlama A.V., Doctor of Medical Sciences, 

Head of  Pharmacology Department, Associate 

Professor, Voronezh State University. 1, University 

Square, Voronezh, 394018, Russia, e-mail: 

buzlama@pharm.vsu.ru – assisted in the writing of 

this work, in particular in building logical 

relationships between experiments. 

 

Received: July, 01, 2017 

Accepted: August, 30, 2017 

Available online: September, 28, 2017 

 

https://elibrary.ru/item.asp?id=21854114
http://ekf.folium.ru/index.php/ekf/article/view/854/787
http://ekf.folium.ru/index.php/ekf/article/view/854/787
mailto:dima1985otrchr@yandex.ru
mailto:nikolaevsky@pharm.vsu.ru
mailto:clin.pharm@vsmaburdenko.ru
mailto:buzlama@pharm.vsu.ru

	содержание+фарм_eng
	Фарма_ENG_испр

