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Most publications on isoniazid poisoning in dogs are devoted to clinical diagnostics, treatment, and prevention of the disease. Histo-
logical and histochemical changes are not fully described, though they are important in assessing the toxic effects of isoniazid. Isoniazid is 
used to treat tuberculosis in humans. Dogs are hypersensitive to this drug. The article highlights the results of macroscopic, histological, 
and histochemical studies of the dogs’ lymph nodes and spleen in cases of isoniazid poisoning. A pathological examination of 19  corpses 
of dogs of different ages was performed, during which isoniazid poisoning was posthumously diagnosed, based on anamnesis, clinical 
signs, pathological autopsy, histological, and histochemical examination. Samples of lymph nodes and spleen were fixed in a 10% 
aqueous neutral formalin solution, Carnoy’s solution, and Bouin’s fixative. Histoсuts were prepared using a sled microtome and stained 
with hematoxylin and eosin. Staining was also performed according to the techniques suggested by McManus, Brachet, and Perls. 
The pathomorphological changes in lymph nodes and spleen were characterized by disorganization of vascular walls and connective 
tissue fibers of the stroma, dilatation of veins, their overflow with hemolyzed blood, and, in cases of the long clinical course, thrombosis of 
small vessels. Intravascular hemolysis of erythrocytes resulted in an excessive formation of hemosiderin. Histochemically, the spleen and 
lymph nodes showed a significant increase in the number of hemosiderophages in the spleen’s red and white pulp and the lymph nodes’ 
central sinuses and pulp cords. In the spleen, mucoid swelling and necrobiotic changes in the wall structures of the arterioles and arteries 
progressed with a narrowing of their lumen in dogs suffering from the long clinical course. Increased permeability of the microcirculatory 
tract vessels of the spleen and lymph nodes, transudate formation, and the destructive changes in the reticular skeleton accompanied he-
modynamic violations. A sharp change in blood rheology caused the violation of trophism and metabolism in the immune system. Lym-
phoid elements of the lymph nodes and white pulp of the spleen were in a state of karyorrhexis and karyolysis. The morphological study 
of the immune system’s peripheral organs suggests that dogs poisoned by isoniazid demonstrate hemodynamic disorders, changes in the 
physicochemical properties of blood (hemolysis of erythrocytes and thrombosis). This is the basis of trophic disorders, metabolic malfunc-
tions,  and the development of dystrophic processes in all structural elements of the spleen and lymph nodes.  

Keywords: pathological examinations; lymph nodes; spleen; dystrophic changes; hemodynamic violations; necrobiotic changes.  

Introduction  
 

Isoniazid poisoning of dogs has recently become increasingly com-
mon in various regions of Ukraine. Isoniazid, i.e., an isonicotinic acid 
hydrazide, is widely available as an anti-tuberculosis drug and used in 
human medicine for therapeutic purposes (Lee et al., 2019). The drug 
absorbs well in the gastrointestinal tract (within 30 minutes). It is metabo-
lized by the liver by means of the cytochrome P-450 system. The time 
necessary to reach the maximum concentration in the blood (Tmax) is 1–
4 hours. The high sensitivity of dogs to isoniazid results from the low 
activity of N-acetyltransferase in their liver. The LD50 of isoniazid for dogs 
amounts to 50 mg/kg. Isoniazid derivatives easily bind to pyridoxine, 
which leads to blocking of its absorbtion by the organism. This results in a 
sharp decrease in the synthesis of gamma-aminobutyric acid and is func-
tionally expressed by the development of seizures, hypoglycemic coma, 
and, finally, death (Chin et al., 1978, 1981).  

When isoniazid enters the animal’s organism, it spreads through the 
bloodstream and causes irreversible changes. Isoniazid easily penetrates 
the blood-brain barrier and can be found in various tissues and body fluids. 
In addition, isoniazid hydroxylates forming hydrazones with pyruvic and 
αketoglutaric acid (Chuvina et al., 2018).  

After poisoning, the concentration of isoniazid in the dog’s organism 
reaches its maximum in two hours. The first signs of drug poisoning ap-
pear in 30–60 minutes. Typical signs include drowsiness, loss of coordina-

tion (ataxia), tremors and weakness in the extremities, hypersalivation, 
vomiting (often bloody), convulsions, followed by respiratory and cardiac 
depression, and coma. In the absence of treatment, death occurs within 
3 hours in almost 100% of cases (Villar et al., 1995). The principle of the 
drug’s toxic action is based on the inability of the dog's organism to meta-
bolize isoniazid effectively (due to the low activity of N-acetyltransferase) 
(Sarich et al., 1999). The formation of isoniazid-pyridoxine complexes 
leads to pyridoxine deficiency and, as a consequence, a decrease in the 
synthesis of gamma-aminobutyric acid. This acid is involved in the inhibi-
tion processes in the central nervous system, and also has an antihypoxic 
effect. Decreased gamma-aminobutyric acid synthesis leads to hypoxia, 
seizures, asphyxia, hypoglycemic coma, and finally, to the animal’s death.  

Many authors recorded the following macroscopic changes during 
the autopsy of dogs who died from isoniazid poisoning: general venous 
hyperemia, acute dilatation of the right half of the heart, acute congestive 
hyperemia and pulmonary edema, acute catarrhal gastroenteritis, acute 
congestive hyperemia and dystrophy of the liver and kidneys, and pan-
creatic necrosis (Boelsterli & Lee, 2014; Schmid et al., 2017).  

According to the references, isoniazid persists very long in corpses 
stored in the open air. In the stomach, small intestine, and kidneys, isonia-
zid and its breakdown products are stored for 5 months, in the liver – 
4 months, in the brain – 3 months. When burying corpses in the ground, 
the duration of tubazide storage is reduced: in the stomach, small intestine, 
and kidneys it is up to 4 months, in the liver and brain – up to 3 months.  
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Analyzing the scientific references, it should be noted that a signifi-
cant amount of scientific work is devoted to the study of the drug’s phar-
macological properties. However, structural and functional changes in the 
organs and tissues under the influence of isoniazid are covered insuffi-
ciently (Villar et al., 1995; Kucenko, 2004; Kucenko et al., 2004). There-
fore, our work aims to study the morphological peculiarities of changes in 
the lymph nodes and spleen of dogs that died of isoniazid poisoning.  
 
Materials and methods  
 

All the manipulations with the animals were conducted according to 
the European Convention for the Protection of Vertebrate Animals used 
for Experimental and other Scientific Purposes (Official Journal of the 
European Union L276/33, 2010).  

The research was based on macroscopic, histological, and histochem-
ical study of the lymph nodes and spleen, selected from 19 carcasses of 
dogs that died of isoniazid poisoning. Pathological autopsy of dogs of 
different ages and breeds was performed, namely: Cocker Spaniel (5 years 
old), Labrador (7 years old), German Shepherd (1-year-old), Beagle 
(2 years old), Yorkshire Terrier (4 years old), German Shepherd (8 years 
old), half-breed dog (5 years old), Pekingese (3 years old), German 
Shepherd (3 years old), Labrador (4 years old), German Shepherd 
(1.5 years old), Dachshund (2 years old), Husky (4 years old), Cocker 
Spaniel (2 years old), outbred dog (6 years old), German Shepherd 
(7 years old), outbred dog (3 years old).  

A pathological autopsy of dog carcasses was performed according to 
the Shor method, with complete evisceration of the internal organs. Du-
ring the autopsy, samples were taken from the peripheral organs of the 
immune system of dogs (lymph nodes and spleen). The samples were 
fixed in 10% aqueous solution of neutral formalin, Carnoy’s fixative, and 
Bouin’s fluid. Dehydration was performed in ethanol of increasing con-
centration; the samples were compacted and poured into paraffin. Histo-
cuts with a thickness of 7 μm were prepared on MC-2 microtome and 
stained with hematoxylin and eosin according to the techniques suggested 
by Perls, Brachet, and McManus. Histological and histochemical changes 
of histopreparations were studied with Leica DM-2500 microscope (Swit-
zerland). Photo fixation was performed with a Leica DFC 450-C camera 
and Leica Application Suite Version 4.4.  
 
Results  
 

During the pathological autopsy of dog carcasses, macroscopic chan-
ges in the spleen differed slightly, depending on the dose and physiologi-
cal state of the animal. These factors determined a different duration of the 
clinical course. The spleen was mostly flattened, irregularly boot-shaped 
with a widened lower end. In animals that died within 3–4 hours after 
isoniazid poisoning, the spleen was filled with blood, the edges were 
rounded and of a brown-cherry colour (Fig. 1a). The spleen of animals 
that died after four hours became sluggish, greyish-brown, and frequently 
with dark-blue cells. The capsule of the spleen was wrinkled (Fig. 1b).  

 

a  b  

Fig. 1. Spleen of a dog poisoned with isoniazid (macroscopic changes):  
a – a dog that died four hours after the onset of poisoning symptoms; b – dog that died six hours after the onset of poisoning symptoms  

Histological examination of the spleen revealed a sharp violation of 
hemodynamics, destruction of the walls of veins, arteries, and connective 
tissue skeleton, severe disorganization of elastic fibers, and fragmentation 
of the red pulp’s reticular skeleton. At the same time, the hemolyzed blood 
of a homogeneous light violet shade prevailed in sharply expanded gleams 
of venous sinuses. Blood filling of capillaries with dilatation of small veins 
indicated the increased inflow of blood through the system of arteries 
(Fig. 2a). The contours of the venules and veins’ walls were visible due to 
their permeation with blood plasma and the basement membranes’ fuch-
sinophilia (Fig. 2b).  

The structural organization of smooth muscles, trabecular and pulpal 
cords’ collagen fibers, and central arteries underwent significant changes. 
The connective tissue fibers and smooth muscle fibers of the trabeculae 
were fluffy and impregnated with transudate (Fig. 2c). The adventitia lost 
its fibrousness and turned into a pale pink homogeneous mass in the trabe-
cular arteries. The structure of smooth muscles, elastic, and collagen fibers 
in the walls of the arteries was disorganized. The elastic membrane of the 
intima was fluffy. The dilated lumens between the smooth muscle fibers 
made the walls of the arterioles look porous. The progression of necrobiot-
ic processes in the walls of blood vessels was also indicated by the 
changes in the nuclei, which were lysed in most fibers. Also, lysed blood 
cells predominated in the lumen of the arteries (Fig. 2d). Intense destruc-

tion of smooth muscle, elastic, and collagen fibers in the walls of blood 
vessels and trabeculae caused hemodynamic disturbances and blood 
deposition in the venous sinuses.  

On the preparations with Brachet staining, white pulp’s lymph nodes 
were small in size, with no delineated areas, and were mainly represented 
by the periarterial area (Fig. 2e). The lymph nodes’ central arteries were 
also altered, i.e., the basement membrane was thickened, folded, frag-
mented, and impregnated with PAS-positive compounds. The endothe-
lium was swollen and desquamated endothelial cells were detected in the 
lumen (Fig. 4a). The revealed changes in the vessel walls indicated a sharp 
inhibition of trophism and metabolism in cells. Most cells of lymphoid 
nodules were in a state of karyorrhexis, which indicated the progression of 
necrobiotic processes in the lymphoid elements (Fig. 2f). On the prepara-
tions with Perls staining, blue inclusions visualized in the macrophage 
elements among the fluffy T-lymphocytes of the lymph nodes (Fig. 2g).  

It is known that the macrophage of red pulp elements carry out pha-
gocytosis not only of the corpuscular elements that flow with the blood, 
but also of hemosiderin, which is released after the breakdown of erythro-
cytes. In addition, the spleen experiences a large functional load in terms 
of the increased hemolysis of erythrocytes. In such case, the reticular cells 
of the spleen most frequently become siderophages. Hemosiderin freely 
enters the intercellular substance after the disintegration of siderophages.  
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a  b  

c  d  

e  f  

g  h  
Fig. 2. The spleen of a dog poisoned with isoniazid (histological examination): a – the red pulp is filled with hemolyzed blood, McManus; b – Vein dilata-
tion; fuchsinophilic wall of the venule; the lumen of the vein is filled with plasma, McManus; c – trabeculae; connective tissue fibers of the trabeculae are 
fluffy and impregnated with transudate, McManus; d – trabecular artery of the spleen; smooth muscle fibers are retouched; nuclei are lysed, hematoxylin 

and eosin; e – the periarterial zone of the lymph node is loose and filled with T-lymphocytes, Brachet; f – T-lymphocytes in the state of karyorrhexis, Perls; 
g – hemosiderophages in the lymph node, perls; h – spleen of a dog that died three hours after the poisoning; siderophages in the red pulp, Perls  
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a  b   

c  d  

e  f   

g   
Fig. 3. The spleen of a dog poisoned with isoniazid (histological examination): a – spleen of a dog that died five hours after the onset of clinical symptoms; 
siderophages in the red pulp, Perls; b – siderophages in the lymph nodule, brachet; c – coagulated protein with exfoliated endothelium in the lumen of the 
venule, McManus; d – the lumen of the arterioles is closed and their walls are impregnated with hemosiderin, Perls; e – the structure of the walls of the 

arterioles is retouched; the  nuclei of the fibers are lysed, Perls; f – arteries; the content of RNA in the cytoplasm and DNA in the nuclei of smooth muscle 
fibers is not detected, brachet; g – fuchsinophilic structures of the arterial wall, McManus  
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The formation of large quantities of hemosiderin prevented macro-
phages from destroying it. This is expressed by a significant increase in the 
number of hemosiderophages and the content of free hemosiderin in the 
white and red pulp (Fig. 2h). The number of hemosiderophages and the 
content of free hemosiderin in the structures of lymph nodes and red pulp 
increased significantly in the spleen of dogs during a long clinical course 
of poisoning (more than four hours).  

The blood supply to the red pulp of the spleen was much decreased 
during the long clinical course of poisoning. The devastated lumens of the 
venous sinuses and loops of the reticular structures were observed 
(Fig. 3b). The reticular tissue permeated with venous sinuses was exposed. 
The lumens of the venous sinuses contained almost no blood elements. 
Instead, the peeled endotheliocytes visualized in the plexus of coagulated 
fuchsinophilic protein (Fig. 3c).  

At the same time, narrowing of the arterioles’ lumen and dystrophic 
changes in the elastic membrane and smooth muscle fibers were obser-
ved. The arterioles’ elastic membrane was loosened and thickened, impre-
gnated with an amorphous mass. The lumen of most brush arterioles was 
sharply narrowed. On preparations with Perls staining, the walls of some 
arterioles acquired a bluish colour, which indicated their impregnation with 
hemosiderin (Fig. 3d). Reduction of blood flow in arterioles and small ar-
teries progressed. The endothelium of small arteries was swollen, the inner 
elastic membrane was thickened and the layer of smooth muscle fibers 
was retouched with their nuclei lysed. These phenomena indicated the 
progression of necrobiotic processes in the arterioles’ walls (Fig. 3e).  

The lumen was narrowed in the pulpal arteries of muscular type. Dis-
organization, plasma impregnation, and development of fibrinoid swelling 
of their walls were noted. Swollen endothelial cells protruded into the 
lumen of blood vessels. The inner elastic membrane of the intima was 
thickened. On preparations with Brachet staining, the content of RNA in 
the cytoplasm and DNA in the nuclei of smooth muscle fibers was not 
determined, apparently due to the progression of necrobiotic changes 
(Fig. 3f). On preparations with McManus staining, all structural elements 
of the arteries’ walls were thickened and impregnated with glycoproteins 
(Fig. 3g).  

Analyzing the morphohistochemical changes in the dogs’ spleen, it 
should be noted that a sharp violation of hemodynamics and physicoche-
mical properties of blood expressed itself functionally in the development 
of a hypoxic state. A sharp change in blood rheology was indicated by dis-
organization of vessel walls and connective tissue skeleton of the organ, 
dilatation of veins, their overflow with hemolyzed blood, plasma impreg-
nation with the development of fibrinoid swelling, and necrosis of the arte-
rioles and arterial walls. Increased intravascular hemolysis of erythrocytes 
contributed to a sharp decrease in metabolic processes and tissue oxygena-
tion, an increase in the number of hemosiderophages, the content of free 
hemosiderin both in the red pulp and lymph nodules of the white pulp. Dis-
orders in the cells’ trophism and metabolism led to the progression of necro-
biotic processes in lymphoid elements and connective tissue structures.  

Lymph nodes, namely, parotid, superficial cervical, hepatic and sple-
nic ones, were macroscopically round or oval, of greyish-brown or grey-
ish-cherry colour. The connective tissue capsule was tense, smooth, and 
moist. Its section surface was moist and of brown or dark cherry colour.  

The histopathological changes in the lymph nodes of dogs that died at 
various periods were slightly different. Obviously, they depended on the 
physiological condition of each animal and the received drug dose. 
A sharp violation of hemodynamics was a common feature in all cases. 
It was expressed by the dilatation of blood vessels, sinuses, and violation 
of the physicochemical properties of blood. In some animals, the vessels 
and sinuses were filled with blood. Blood elements diffused beyond the 
vessels. Hemosiderin, i.e., fine-grained golden-brown patches, visualized 
both perivascularly and in the vessel lumen (Fig. 4b). In other animals 
(in case of the long course of clinical signs), the content of blood in the lu-
men of sharply dilated vessels was absent (Fig. 4c).  

The lymph nodules of the cortex preserved their structure and were 
densely populated with lymphoid cells (Fig. 4d). However, most of the 
lymphoid elements were in a state of karyorrhexis and lysis (Fig. 4e).  

The lumen of the sinuses and venules was sharply expanded in the 
lymph nodes’ medullary area. The venules did not contain blood ele-
ments. Endothelial cells were mostly desquamated and the basement 

membrane was homogenized (Fig. 4f). The coastal endothelial cells of the 
cerebral sinuses acquired rounded shapes, lost their synthetic connections, 
and the cytoplasm contained a golden-brown pigment. Transforming into 
macrophages, endothelial cells changed shape and size and were freely lo-
cated in the lumen of sinuses (Fig. 4g).  

Intravascular hemolysis of erythrocytes activated the transformation of 
the lymph nodes’ endothelial and reticular cells into siderophages. The his-
tochemical reaction according to Perls showed that the cytoplasm of 
hypertrophied macrophages acquired the Prussian blue colour, indicating 
the presence of hemosiderin, an iron-containing pigment, in the cytoplasm 
of macrophages. Hemosiderin in its free state appears due to the hemolysis 
of erythrocytes. The growth of hemosiderin content in the lymph nodes 
stimulated the transformation of cerebral cords’ reticular and endothelial 
cells into macrophages. Significantly more siderophages were found in the 
central sinuses of the dogs that died 5–6 hours after the onset of poisoning 
symptoms (Fig. 5a). The detected changes indicated disintegration of the si-
nuses’ reticular network and disruption of the venules’ basement membrane.  

Obviously, the longer the course of toxicosis, the more pronounced 
the hemolysis of erythrocytes and consequently the higher content of the 
released hemosiderin, which the siderophages did not have enough time to 
destroy fully. Free hemosiderin was detected in the intercellular substance. 
At the same time, siderophages were randomly arranged at different sta-
ges of their decay in the dilated central sinuses (Fig. 5b).  

On preparations stained according to McManus, siderophages of dif-
ferent sizes acquired a brown colour. Among the lymphoid elements of 
the cerebral cords, much larger cells were distinguished. Their cytoplasm 
was filled with golden grains, but more often with diffuse lumps of brown 
pigment, which merged and completely filled the entire cytoplasm (Fig. 5c).  

Narrowed cerebral cords of lymph nodes were filled with cells. Plasma 
cells with weakly pyroninophilic cytoplasm were seen among the lym-
phocytes on Brachet-stained preparations. The reticular fibers of the sharply 
dilated central sinuses were disrupted, which indicated the disintegration 
of the sinuses’ reticular network and the venules’ basement membrane 
(Fig. 5d). Swelling and homogenization of the arteriole walls and their 
permeation with PAS-positive compounds were noted in the vessels of 
the cerebral zone on preparations with McManus staining. This indicated 
plasmorrhagia, accumulation of protein masses, and the development of 
fibrinoid swelling of the blood vessels’ walls (Fig. 5e). The disintegration 
of elastic and reticular fibers of trabeculae and arteriole walls progressed.  
 
Discussion  
 

Isoniazid (INH), a drug widely used for the prevention and treatment 
of tuberculosis, is associated with a 1–2% risk of severe and potentially 
fatal hepatotoxicity. There is evidence that hydrazine, the INH metabolite, 
plays an important role in the mechanism of this toxicity. Metabolism of 
INH leads to the formation of hydrazine in direct and indirect ways. 
In both cases, the amide bond hydrolysis requires INH amidase activity 
(Sarich et al., 1999; Perwitasari et al., 2015; He et al., 2020).  

Schmid et al. (2017) found that clinical signs of isoniazid toxicosis 
were observed in 134 of 137 (98%) dogs and included seizures (n = 104), 
signs of CNS damage without seizures (94), gastrointestinal (41), cardio-
vascular (19), urogenital (4), and respiratory abnormalities (1). The me-
chanisms underlying the toxic effects of isoniazid (INH) are still unclear, 
but there is growing evidence that INH, or hydrazine, its major metabolite, 
may interfere with mitochondrial function (Hassan et al., 2015). Metabo-
lites of INH or INH (for instance, hydrazine) can cause mitochondrial 
damage, which in its turn leads to oxidative stress in mitochondria and 
impairs energy homeostasis (Boelsterli & Lee, 2014).  

LD50 of INH for dogs is estimated at 50 mg/kg, which is similar to 
that for humans. It is worth noting that rodents are among the species most 
resistant to INH. Therefore, they are not good animal models for extrapo-
lating toxic doses. Recurrent clonic-tonic seizures accompanied by a stu-
por with poor response to the stimulus were more consistent clinical signs 
(Villar et al., 1995).  

According to the studies, ALT and AST elevated in the model group 
and pathological examination of the liver showed damage to the liver 
tissue. The apoptotic index was higher than that of the control group 
(7.13 ± 1.55% vs. 0.75 ± 0.71%, Z = -3.411, P < 0.01).  
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a  b   

c  d   

e  f   

g  h   
Fig. 4. The lymph node of a dog poisoned with isoniazid (histological examination): a – central artery of the lymph node; the basement membrane  

is swollen, fuchsinophilic, and the endothelium is desquamated, McManus; b – dilatation of blood vessels, blood overflow, and blood diffusion outside  
the vessels; c – brain area; there is no blood content in the dilated vessels; there are brown granular accumulations in the central sinuses; d – cortical area;  
the capsule is fibrous; lymph nodes are densely populated with lymphocytes; e – lymphoid elements in the state of karyorexis and lysis; f – the venule  

is expanded and contains blood elements; the wall is homogenized in some places; g – hypertrophy and brown pigment in the cytoplasm of sinus  
endothelial cells; h – central sinus of the lymph node; siderophages, Perls  
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a  b   

c  d   

e   

Fig. 5. The lymph node of a dog poisoned with isoniazid (histological examination): a – the central sinuses are filled with siderophages, Perls;  
b – central sinus of the lymph node, siderophages at different stages of decay; accumulation of hemosiderin in the intercellular substance, Perls;  

c – hemosiderophages in cerebral cords, McManus; d – the cerebral cords of the lymph node are narrowed; the disintegration of the reticular skeleton  
of the dilated sinuses, Brachet; e – trabeculae and arteriole walls are loosened and impregnated with PAS-positive compounds, McManus  

The value of ERS protein expression in the model group was signifi-
cantly higher than in the control group (GRP 78: 1.16 ± 0.30 vs. 0.23 ± 
0.05, t = –6.008, P < 0.01; CHOP: 0.98 ± 0.23 vs. 0.20 ± 0.10, t = –6.378, 
P < 0.01) (Peng et al., 2019).  

The anti-tuberculosis drug isoniazid plays an important role in patho-
logical states like acute intermittent porphyria, anemia, hepatotoxicity, hy-
percoagulable state (deep vein thrombosis, pulmonary embolism or ische-
mic stroke), pellagra (vitamin В3 deficiency), peripheral neuropathy, and 
vitamin В6 deficiency (Brewer et al., 2020).  

Lee et al. (2013) investigated the toxic effects of isoniazid on mice. 
It has been found that a pharmacological or genetic disorder of mitochon-
drial complex I caused by isoniazid exacerbates mitochondrial dysfuncti-
on, thereby damaging the hepatocellular system. Hydrazine, a metabolite 
of isoniazid, is an inhibitor of mitochondrial complex II (Lee et al., 2019). 
Recent studies showed that the underlying dysfunction of complex I can 
lead to the massive liver and cell damage caused by non-toxic INH con-
centrations, imposed on these mitochondrial deficits (Boelsterli & Lee, 
2014). Pharmacogenetic and pharmacokinetic studies revealed polymor-
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phism in enzymes involved in INH metabolism and detoxification. Major 
metabolic enzymes include N-acetyltransferase 2, cytochrome P450 2E1 
and glutathione S-transferase. Various phenotypes of these enzymes can 
affect the rate of INH metabolism, leading to the formation of hepatotoxic 
metabolites (Erwin et al., 2019).  

The study of isoniazid metabolites showed that patients with a fast 
acetylator phenotype hydrolyzed significantly more isoniazid to isonicotinic 
acid and the free hydrazine moiety than slow acetylators. The hydrazine 
moiety isolated from isoniazid is predominantly acetylhydrazine. Animal 
studies show this metabolite converts to a potent acylating agent, causing 
liver necrosis (Mitchell et al., 1976). For some animals, including dogs, 
drugs of this group are fatal even in small doses (Chuvina et al., 2018). 
The toxic effect of isoniazid depends on its dose. Toxic doses are estima-
ted at 35–40 mg/kg, while lethal – at 150 mg/kg (Lahlou et al., 2019).  

The study carried out by Pan et al. (2020) showed that isoniazid 
(INH) is mainly metabolized in the liver. A large amount of intracellular 
glutathione is consumed during the metabolism of this drug, which leads 
to lipid peroxidation and hepatocyte death (Pan et al., 2020). Liver histopa-
thology revealed moderate cytoplasmic vacuolation, hepatocyte hypertro-
phy, ballooning, and necrosis (Souayed et al., 2015). It is known that 
excessive formation of hemosiderin leads to the development of general 
hemosiderosis. Earlier, in our publications on histochemical studies of 
changes in the kidneys and liver of dogs due to isoniazid poisoning, we 
found deposition of hemosiderin in the epithelium of the renal tubules and 
Kupffer cells in the liver.  

Therefore, general hemosiderosis develops in the dog organism on 
the background of increased intravascular hemolysis of erythrocytes (Kot-
siumbas & Vretsona, 2019). The toxic effect of isoniazid on the hemato-
poietic system of dogs is the reason for this process. In the spleen and 
lymph nodes, we revealed the disorganization of vessel walls and connec-
tive tissue skeleton of organs, dilatation of veins with their overflow with 
hemolyzed blood, development of mucoid swelling of arteriole walls with 
narrowing of their lumen and progression of dystrophic-necrobiotic chan-
ges in populations of lymphoid and stromal structural elements.  
 
Conclusion  
 

The vascular system of the lymph nodes provides drainage to all or-
gans. Summarizing the results of the morphohistochemical study of the 
lymph nodes, it should be noted that isoniazid poisoning in dogs leads to a 
sharp expansion of the lumen of sinuses, venules and veins, collagen and 
disorganization of the reticular fibers, and transformation of reticular cells 
into siderophages. These changes are caused by hemolysis of the erythro-
cytes and indicate a sharp violation of hemodynamics and blood physico-
chemical properties. The result is a hypoxic state, metabolic disorders, 
acceleration of necrobiotic changes in the lymphoid elements of the cere-
bral cords, cortical and paracortical areas.  

Reticular skeleton destruction, the transformation of reticular cells into 
hemosiderophages and the increase in their number in the  red and white 
pulp of the spleen, central sinuses, and the pulp of the lymph nodes are 
caused by the excessive hemosiderin synthesis due to intravascular hemo-
lysis of erythrocytes.  

The morphological study of the peripheral organs of the immune sys-
tem suggests that dogs with isoniazid poisoning experience progressive 
hemodynamic disorders and changes in blood physicochemical proper-
ties, i.e. hemolysis of erythrocytes and thrombosis. This underlies trophic 
disorders, metabolic malfunctions, and the development of dystrophic 
necrobiotic changes in all structural elements of the spleen and lymph 
nodes.  
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