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N’-(2-(5-((Theophylline-7-yl)methyl)-
4-ethyl-1,2,4-triazole-3-ylthio)acetyl)
isonicotinohydrazide As Antitubercular 
Agents

Research Article

ABSTRACT
The paper presents the results of histological studies of tuberculosis in rabbits 
in an experimental model with comparative treatment with isoniazid and N’-
(2-(5-((theophylline-7-yl)methyl)-4-ethyl-1,2,4-triazole-3-ylthio)acetyl)isoni-
cotinohydrazide. The calculated dose of N’-(2-(5-((theophylline-7-yl)methyl)-
4-ethyl-1,2,4-triazole-3-ylthio)acetyl)isonicotino-hydrazide for subcutaneous 
administration indicates its prospects for veterinary practice as an effective and 
safe tuberculocidal drug.
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1. Introduction 

One-third of the world’s population is infected with 
the tuberculosis bacterium [1]. Such people are not 
sick or contagious. However, they are at increased 
risk of developing tuberculosis, especially if they 
have a weakened immune system. Providing such 
people with preventive therapy not only protects 
them from the disease, but also reduces the risk of 
transmission among the population.

Improper use of antimicrobials or ineffective dosage 
forms, as well as premature discontinuation of treat-
ment can lead to the development of drug resistance 
[3-8].

Bacteria that cause tuberculosis (TB) may develop 
resistance to antimicrobial drugs used to treat the 
disease. Multidrug-resistant tuberculosis (MDR-TB) 
is TB that does not respond to at least isoniazid and 
rifampicin, the two most potent anti-TB drugs [9].

In some countries, the treatment of MDR-TB is be-
coming increasingly problematic. In some cases, tu-
berculosis may develop with even more severe drug 
resistance. Extensively drug-resistant tuberculosis 
(DR-TB) is a form of multidrug-resistant tuberculo-
sis that responds to even fewer drugs. It is registered 
in 117 countries.

Tuberculosis remains the leading cause of death from 
infectious diseases in the world [10].

The creation of medicines based on heterocyclic sys-
tems makes it possible to make significant progress 
in the treatment of various diseases. Among the com-
pounds of this class, derivatives of 1,2,4-triazole are 
particularly distinguished [12, 13].

Study of the tuberculocidal effect of 1,2,4-triazole 
derivatives in vivo infected with M. bovis is poorly 
understood and requires further research.

The aim of the work was to study the structural 
changes of rabbit organs in modeling tuberculosis 
under conditions of correction with isoniazid and 
N’-(2-(5-((theophylline-7-yl) methyl)-4-ethyl-1,2,4-
triazole-3-ylthio)acetyl)isonicotinohydrazide. The 
synthesis of this substance is given in the previous 
work [17]. The prospects of this area of work were 
determined by previous stages of research using in 
vitro and in vivo methods. In our first experiment, it 
was found that subcutaneous administration of N’-
(2-(5-((theophylline-7-yl)methyl)-4-ethyl-1,2,4-tria-
zole-3-ylthio)acetyl)isonicotinohydrazide at a dose 

of 10 mg/kg of animal weight leads to the absence 
of specific and non-specific manifestations of in-
flammation in the lungs, liver, kidneys, and spleen of 
guinea pig [17, 18].

To achieve this goal, the following tasks were solved:

- to perform a comparative analysis of treatment with 
isoniazid and N’-(2-(5-((theophylline-7-yl)methyl)-
4-ethyl-1,2,4-triazole-3-ylthio)acetyl)isonicotinohy-
drazide using an experimental model of rabbit tuber-
culosis caused by M. bovis;

- to establish the presence of signs of tuberculosis in-
flammation and non-specific changes in the organs of 
laboratory animals on the basis of histological stud-
ies.

2. Materials and Methods

The tuberculocidal action of N’-(2-(5-((theophylline-
7-yl)methyl)-4-ethyl-1,2,4-triazole-3-ylthio)acetyl)
isonicotinohydrazide was determined in 12 rabbits 
with an average weight of 2,2 kg [19, 20]. 4 Groups 
of 3 animals in each were formed: 

1 group: subcutaneous administration of isoniazid 
at a dose of 10 mg/kg body weight;

2 group: subcutaneous administration of N’-(2-(5-
((theophylline-7-yl)methyl)-4-ethyl-1,2,4-tria-
zole-3-ylthio)acetyl)isonicotinohydrazide at a 
dose 10 mg/kg animal weight;

3 group: control group of animals artificially in-
fected with pathogenic strain of M. bovis without 
treatment;

4 group: control group: clinically healthy animals 
- subcutaneous injection of isotonic sodium chlo-
ride solution (6 ml/kg).

The animals were kept under standard conditions. 
Experiments performed on live vertebrates were in 
line with the principles of the European Convention 
for the Protection of Vertebrate Animals Used for 
Research and Other Scientific Purposes (Strasbourg, 
1986).

For histological examination, each animal was taken 
with regional to the injection site, pieces of liver, 
lungs, heart and kidney and placed in 10% formalin 
solution.

Pathological autopsy was performed by the method 
of complete evisceration according to Shore. For 
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histopathological examination, the material was se-
lected immediately after autopsy. Hematoxylin and 
eosin staining performed histological examinations. 
The obtained histopreparations were examined using 
a Leica DM1000 microscope. Photo-fixation of his-
topreparations was performed with a Leica DFC 295 
digital camera.

3. Results and Discussion

A comparative analysis of histological changes in the 
organs of rabbits experimentally infected with the 
pathogenic strain of M. bovis with long-term admin-
istration of N’-(2-(5-((theophylline-7-yl)methyl)-
4-ethyl-1,2,4-triazole-3-ylthio)acetyl)isonicotinohy-
drazide and isoniazid showed positive results.

These results were obtained after application of 
N’-(2-(5-((theophylline-7-yl)methyl)-4-ethyl-1,2,4-
triazole-3-ylthio)acetyl)isonicotinohydrazide to 
animals of the 2 experimental group. Long-term 
use of N’-(2-(5-((theophylline-7-yl)methyl)-4-ethyl-
1,2,4-triazole-3-ylthio)acetyl)-isonicotinohydrazide 
showed the absence of degenerative changes in in-
ternal organs and tissues of rabbits. The lungs were 
dominated by changes in the type of focal interstitial 
pneumonia in the form of uneven thickening of the 
interalveolar septa, there were single inflammatory 
foci, represented by macrophages, epithelial plates 
and with moderate infiltration of lymphocytes (Fig-
ure 1, 2).

There was a preservation of the beam structure, there 
were areas with focal hydropic dystrophy of hepato-
cytes, single dinuclear forms in the liver (Figure 3).

Minor regenerative changes of the tubular epithe-
lium in the kidneys in the form of swelling, stagnant 
plethora and granular dystrophy were detected (Fig-
ure 4). In the heart - intermediate edema and granular 
dystrophy of myocardial cells (Figure 5).

Analyzing the effectiveness of isoniazid in animals 
of the first experimental group, we determined the 
presence of degenerative changes in the organs of 
rabbits. In the lungs, the formation of large drain 
foci of intermediate pneumonia with infiltration of 
macrophages, epithelial cells and lymphocytes, as 
well as the formation of granuloma-like structures 
were observed. Among the cells of the inflammatory 
infiltrate the appearance of foci of fibrinoid necrosis 
with a giant cell reaction around was revealed (Fig-
ure 6, 7).

Figure 1. Lungs (N’-(2-(5-((theophylline-7-yl)methyl)-
4-ethyl-1,2,4-triazole-3-ylthio)acetyl)-isonicotinohy-
drazide). Stagnant plethora, alveoli with uneven ease due 
to the presence of areas of thickening of the interalveolar 
septa with moderate infiltration of lymphocytes and mac-
rophages. Hematoxylin-eosin, × 100

Figure 2. Lungs (N’-(2-(5-((theophylline-7-yl)methyl)-
4-ethyl-1,2,4-triazole-3-ylthio)acetyl)-isonicotinohy-
drazide). Drain center of pneumonia with infiltration by 
macrophages, epithelioid cells, lymphocytes, on the periph-
ery of which lung tissue with uneven ease, thickening of 
interalveolar sections with foci of lymphocytic infiltration. 
Hematoxylin-eosin, × 100.
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There was a violation of the beam structure of the 
liver particles due to pronounced diffuse dystrophic 
changes in the form of hydropic, and in places fatty 
dystrophy in the liver. Edema of the endothelium of 
sinusoidal capillaries was revealed (Figure 8, 9).

Dystrophic changes were pronounced in the epithe-
lium of the renal tubules with the phenomena of hy-
dropic dystrophy, stagnant plethora, which even led 
to necrosis and desquamation of the epithelium with 
a significant accumulation of protein masses in the 
lumen of the tubules in the kidney tissue (Figure 10).

Figure 3. Liver (N’-(2-(5-((theophylline-7-yl)methyl)-
4-ethyl-1,2,4-triazole-3-ylthio)acetyl)-isonicotinohy-
drazide). Moderate plethora, beam structure preserved, 
granular, hepatocyte dystrophy, focal hydropic dystrophy, 
single dinuclear forms. Hematoxylin-eosin, × 100.

Figure 4. Kidney (N’-(2-(5-((theophylline-7-yl)methyl)-4-
ethyl-1,2,4-triazole-3-ylthio)acetyl)-isonicotinohydrazide). 
Stagnant plethora, granular dystrophy, swelling of the 
epithelium of the renal tubules. Hematoxylin-eosin, × 100.

Figure 5. Myocardium (N’-(2-(5-((theophylline-7-
yl)methyl)-4-ethyl-1,2,4-triazole-3-ylthio)-acetyl)
isonicotinohydrazide). Minor intermediate edema, granular 
dystrophy of myocardial cells. Hematoxylin-eosin, × 400.

Figure 6. Lungs (isoniazid). Draining inflammation, 
infiltration of macrophages, epithelial cells and 
lymphocytes with a tendency to form granulomonophobic 
foci. Hematoxylin-eosin, × 100.

Figure 7. Lungs (isoniazid). Detail of the infiltrate. Among 
the cells of the inflammatory infiltrate are visible foci 
of fibrinoid necrosis, and the presence of a number of 
clusters of epithelioid cells and giant multinucleated cells. 
Formation of specific granulomas. Hematoxylin-eosin, × 
400.
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There was intermediate edema and pronounced dys-
trophic changes in cardiomyocytes with the disap-
pearance of striated muscle cells, with uneven cyto-
plasmic staining, which indicates an uneven loss of 
myoglobulin by myocardiocytes in the myocardium 
(Figure 11).

We found that the use of N’-(2-(5-((theophylline-7-

Figure 8. Liver (isoniazid). Granular, hydropic and fatty 
dystrophy of individual hepatocytes. The beam structure of 
the liver particles is erased. Hematoxylin-eosin, × 100

Figure 9. Liver (isoniazid). Edema of the endothelium of 
sinusoidal capillaries. Hematoxylin-eosin, × 400.

Figure 10. Kidney (isoniazid). Stagnant plethora, granular 
and hydropic tubular epithelial dystrophy, beam masses 
in the lumen of the tubules, signs of severe intoxication. 
Hematoxylin-eosin, × 100.

yl)methyl)-4-ethyl-1,2,4-triazole-3-ylthio)acetyl)
isonicotinohydrazide is less promising for the treat-
ment of animals with tuberculosis, the degree of 
damage to the internal organs of rabbits infected 
with the pathogenic strain of M. bovis was signifi-
cantly less than with isoniazid. Dystrophic changes 
of internal organs in rabbits of the 2 experimental 
group have a regenerative character and were char-
acterized by a lower degree of severity (lungs, liver, 
kidneys and heart). In turn, the use of isoniazid for 
the treatment of tuberculosis in rabbits leads to dif-
fuse degenerative changes of a degenerative nature 
with remnants of the inflammatory process at the end 
of the experiment.

N’-(2-(5-((theophylline-7-yl)methyl)-4-ethyl-1,2,4-
triazole-3-ylthio)acetyl)isonicotino-hydrazide when 
administered subcutaneously has a greater tubercu-
locidal effect compared to isoniazid, as evidenced by 
the absence of degenerative pathological changes in 
the lungs, liver, kidneys and heart.

These examples present the results of a comparative 
analysis of isoniazid and N’-(2-(5-((theophylline-

Figure 11. Myocardium (isoniazid). Interstitial edema, 
granular dystrophy with disappearance of transverse 
striation of cardiomyocytes. Uneven staining of the 
cytoplasm of cardiomyocytes. Hematoxylin-eosin, × 400.
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7-yl)methyl)-4-ethyl-1,2,4-triazole-3-ylthio)acetyl)
isonicotinohydrazide treatment based on histologi-
cal studies of signs of tuberculous inflammation 
and nonspecific changes in the organs of rabbits 
with an experimental model of tuberculosis. It was 
found that subcutaneous administration of N’-(2-(5-
((theophylline-7-yl)methyl)-4-ethyl-1,2,4-triazole-
3-ylthio)acetyl)isonicotinohydrazide at a dose of 10 
mg/kg weight of the animal leads to the absence of 
specific manifestations of inflammation in the lungs, 
liver, kidneys and spleen. The calculated dose of N’-
(2-(5-((theophylline-7-yl)methyl)-4-ethyl-1,2,4-tria-
zole-3-ylthio)acetyl)isonicotinohydrazide indicates 
the effectiveness and viability of it’s use for veteri-
nary practices in the fight against tuberculosis caused 
by M. bovis.

4. Conclusions

The positive antibacterial effect of N’-(2-(5-
((theophylline-7-yl)methyl)-4-ethyl-1,2,4-triazole-
3-ylthio)acetyl)isonicotinohydrazide was studied in 
an experiment on rabbits, artificially infected with a 
pathogenic strain of M. bovis.

A comparative analysis of histological changes 
in the treatment of tuberculosis with N’-(2-(5-
((theophylline-7-yl)methyl)-4-ethyl-1,2,4-triazole-
3-ylthio)acetyl)isonicotinohydrazide and isoniazid 
allowed to establish therapeutic efficacy of the new 
compound.
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