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Fatty hepatosis in dogs is a common pathological process accompanied by accumulation of lipids in hepatocytes, impairment 

of the liver’s metabolic functions, and the development of inflammatory and dystrophic changes, which significantly affect the 

clinical course of the disease and prognosis. The objectives of the study were to evaluate the activity of cytolytic (alanine- and as-

patate aminotransferase, glutamate dehydrogenase) and cholestatic (gamma-glutamyltransferase, alkaline phosphatase) enzymes, 

and also to determine the concentration of bile acids in blood serum of dogs of different breeds suffering fatty liver dystrophy, 

namely German shepherd, spaniel, Yorkshire terrier, and mixed-breed dogs. The animals underwent clinical examination, ultra-

sound diagnostics, liver biopsy, histological and electronic-microscope analysis of the bioptates, and their blood was gathered for 

laboratory analyses. We examined 140 dogs aged two to six years, weighing 2.5 to 46 kg. In the dogs with fatty liver dystrophy, 

the informative diagnostic criteria were concentration of bile acids in blood serum prior to feeding and two hours later, and also 

the activity of hepatoindicatory cytolytic (glutamate dehydrogenase, aspartate aminotransferase, alanine aminotransferase) and 

cholestatic (gamma-glutamyltransferase, alkaline phosphatase) enzymes. Changes in the mentioned biochemical parameters were 

present in all the clinically ill dogs. We determined a high positive correlation between the concentration of bile acids prior to and 

two hours after feeding the dogs: German shepherds, spaniels, Yorkshire terriers, and mixed-breed dogs. In the clinically healthy 

German shepherds, the reference values of concentration of bile acids in blood serum before and two hours after meal measured 

2.4–8.4 and 12.9–16.7 µmol/L, respectively. The concentration of bile acids in blood serum of the fatty-liver-dystrophy patients 

before and two hours after feeding was elevated, in particular 15.9% in the German shepherds, 33.3% in the spaniels. We also 

determined a strong positive correlation between the concentration of bile acids in blood serum of the ill German shepherds prior 

to and two hours after meal (r = 0.963). According to the ultrasound study, 100% of the dogs were observed to have uniform 

diffusive increase in echogenicity of the liver parenchyma. The liver contours were rounded, the vascular pattern was impover-

ished, the capsule had a dense echostructure, and the structure of parenchyma was coarse-granular. As revealed by the histologi-

cal and histochemical study, the liver of the German shepherds had large foci of fatty dystrophy of hepatocytes, and also fine 

focal spots of dystrophy on the bile ducts’ epithelium. In the liver bioptates from the German shepherds, we observed pronounced 

ultrastructural changes, including some hepatocytes containing average-sized lipid droplets with low electronic density and other 

hepatocytes having large lipoprotein inclusions. In the hepatocytes’ cytoplasm, we detected an increase in the number of peroxi-

somes and autophagolysosomes against the background of an expansion of the spaces of Disse. In addition, we found sludges of 

red blood cell and electronically dense masses of blood plasma in the lumens of blood capillaries and an expansion of collagen 

fibers between hepatocytes we observed.  

Keywords: hepatosis; cytolytic enzymes; cholestatic enzymes; bile acids; ultrasound diagnostics; histological analysis; electronic 

microscopy.  

Introduction  

 
The liver is the key organ of homeostasis that performs the cent-

ral role in metabolism of proteins, carbohydrates, vitamins, lipids, fat-
ty acids, amino acids, and micro- and macroelements involved in both 
anabolic and catabolic processes, as well as in bile formation and re-
moval (Au et al., 2013; Chernushkin et al., 2020). Correspondingly, 
both primary and systemic liver pathologies can cause significant me-

tabolic disorders that negatively affect the duration and quality of the 
dogs’ life. Not only are dogs suffering from various congenital liver 
diseases, including congenital metabolic malfunctions and structural 
abnormalities, but are also commonly diagnosed with numerous ac-
quired acute and chronic liver ailments that are infectious, inflamma-
tory, degenerative, vascular, neoplastic, drug-toxic, or idiopathic in 
origin, accompanied by elevated activity of hepatic enzymes in blood 
serum (Webster et al., 2019).  

Due to its multifunctionality, the liver is the first to react to the ef-
fects of external and internal unfavorable factors and often becomes 
involved in general pathological processes during development of 
avirulent, infectious, and parasitic diseases (DeMarle et al., 2021). 
Hepatoses in dogs are quite common, accounting for 30-40% of all 
avirulent pathologies. According to the dispensary studies, liver dyst-
rophy was diagnosed in 50.8% of the animals (Hudyma & Slivinska, 
2013), whereas other researchers report that liver diseases accounted for 
up to 25% of all avirulent diseases of the dogs (Levchenko et al., 2008).  

The factors promoting the spread of liver pathologies in dogs in-
clude the use of low-quality fodders, deficiency of vitamins and es-
sential amino acids, and also the use of hepatotoxic drugs. Due to the 
liver’s high regenerative ability, diseases typically manifest clinically 
at late stages, when the liver function becomes hard to recover (John-
son & Sherding, 2006).  

To diagnose liver diseases, modern studies intensively explore 
the activity of hepatoindicatory enzymes (aspartate- and alanine ami-

notransferase, lactate dehydrogenase, alkaline phosphatase, glutathio-
ne gamma transpeptidase), localized in cytoplasm and subcellular 
structures of hepatocytes, and also the parameters of total protein, its 
fractions, and total bilirubin (Kozat & Sepehrizadeh, 2017; Slivinska 
et al., 2022; Vlizlo et al., 2024). One of specific products of hepatocy-
tes’ functioning is bile, in particular bile acids – its most important 
component. Despite numerous domestic and foreign studies, the issue 
of the functional state of the liver remains underexplored. Especially 

little research has been done regarding bile formation and bile removal 
in dogs suffering liver dystrophy. Moreover, there are no reference 
values of bile acids during this pathology (Hudyma & Slivinska, 2014).  

Measuring the level of bile acids prior and two hours after meal 
(postprandial level) in dogs allows for diagnosis of disorders of bile 
formation, bile stasis, and accumulation of fatty inclusions in hepato-
cytes, which cause liver encephalopathy with changes in laboratory 
parameters that are more sensitive than clinically pathoanatomic 
changes (Kashliak & Vlizlo, 2024).  
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Yet unsolved issue is the informativeness of bile acids in diagnos-
tics of fatty liver dystrophy in dogs in the context of other, better stud-
ied, parameters of the liver’s functional state.  

In this regard, the study of informativeness of bile acids combi-
ned with other diagnostic criteria is a relevant task that would allow 
performing early diagnostics of this disease, as well as designing its 
complex treatment and prophylaxis.  

The objective of this study was to explore the activity of cytolytic 
(alanine- and aspartate aminotransferase, glutamate dehydrogenase) 
and cholestatic (gamma-glutamyl transpeptidase, alkaline phosphata-
se) enzymes, concentration of bile acids in blood serum, and the infor-

mativeness of complex in vivo diagnostic of fatty liver dystrophy in 
dogs of different breeds using ultrasound survey, biopsy of the liver, 
histological, and electronic-microscope analysis of bioptates.  

 

Materials and methods 

 
Maintenance, feeding, monitoring, and all the procedures with the 

animals were carried out according to the European Convention for 

the Protection of Vertebrate Animals used for Experimental and other 
Scientific Purposes (Strasbourg, 1986) and the General Ethical Prin-
ciples of Experiments on Animals, adopted by the First National Con-
gress of Bioethics (Kyiv, 2001). The experiments were conducted ad-
hering to the principles of humanity established in the Directive of the 
European community.  

The material for the study were German shepherds, spaniels, 
Yorkshire terriers, and mixed-breed dogs. To diagnose the pathology, 

we performed clinical, instrumental (ultrasound), and laboratory 
blood studies. In the process of the work, we examined 140 dogs aged 
two to six years, weighing 2.5 to 46 kg. The blood analyses were 
conducted at the laboratory of the Department of Internal Diseases of 
Animals and Clinical Diagnostics, and histological, histochemical, 
and electronic microscopic studies were carried out at the laboratory 
of the Department of Normal and Pathological Morphology and Fo-
rensic Veterinary of S. Z. Gzhytskyi Lviv National University of Ve-
terinary Medicine and Biotechnologies, and ultrasound studies were 

performed at the Clinic of the Department of Internal Diseases of 
Animals and Clinical Diagnostics of the Vetmed Veterinary Medical 
Center, the city of Lviv.  

Blood for the studies was collected in the morning, prior to fee-
ding, from the superficial vein of the forearm, v.saphena, or the jugu-
lar vein. Biochemical studies were performed on a Mindray BS-120 
biochemical analyzer (Shenzhen Mindray Bio-Medical Electronics Co., 
Ltd., China) using the reagents manufactured by PZ Cormay S.A. (Po-

land) according to the generally accepted methods (Vlizlo, 2012).  
The concentration of bile acids in blood serum was determined 

using the enzymatic method with a test system manufactured by the 
Audit Diagnostic company prior to meal and the postprandial level of 
bile acids was measured two hours after meal.  

For ultrasonographic studies, we used a Sono Scape A6Vet appa-
ratus manufactured in China, equipped with the sensors C351 (2–
6 mHz) and microconvex C612 (4–9 mHz).  

The samples of the liver tissue from the animals were obtained by 
means of needle biopsy of the liver under ultrasonographic control. 
Using the method of thin-needle biopsy, we gathered bioptates from 
nine German shepherds, two clinically healthy and seven individuals 
with confirmed signs of fatty liver dystrophy.  

The blood parameters were statistically analyzed using a personal 
computer and the Statistica 7 software (StatSoft Inc., USA). 
The graphs were developed using Statistica 7 according to the gene-

rally adopted algorithms. The paper presents mean and standard devi-
ation (x ± SD). To compare the difference of average parameters bet-
ween the control and experimental groups, we used the Tukey test, 
where the differences were considered statistically significant at P < 
0.05 for all the data.  

 

Results  

 

The main parameters indicating the functional state of liver in the 
dogs were concentration of the indicatory enzymes alanine- and as-

partate aminotransferase, glutamate dehydrogenase, and levels of total 
bilirubin and cholesterol, and the parameters reflecting the bile-for-
ming and bile-removing functions of the liver were alkaline phospha-

tase, gamma-glutamyltransferase, and bile acids.  
In the clinically healthy dogs, the average concentration of total 

bilirubin accounted for 2.84 ± 0.14 µmol/L (1.0–3.9), whereas in the 
animals with fatty liver dystrophy this parameter was elevated 1.5-fold, 
equaling on average 4.12 ± 0.19 µmol/L (1.0–7.5; Р < 0,001; Fig. 1).  
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Fig. 1. Concentration of total bilirubin in blood serum of dogs 
(µmol/L): the abscissa axis indicates the groups of animals, the ordi-
nate axis shows measurement units of the parameter; small square – 
median, upper and lower rectangle borders – 25% and 75% quartiles, 

vertical line – minimum and maximum values, circles – outliers;  
n = 40; P < 0.001***  

For a more detailed study of the functional state of the liver in the 
dogs of different breeds, we performed a comparative analysis of the 
activities of the enzymes in blood serum of the clinically healthy and 

ill animals. In the dogs suffering fatty liver dystrophy, the activity of 
alanine aminotransferase was increased 2.4-fold and that of aspartate 
aminotransferase was higher 2.2-fold, compared with the healthy ani-
mals (Р < 0.001; Fig. 2).  

In particular, in the fatty-liver-dystrophy German shepherds, the 
activities of alanine aminotransferase and aspartate aminotransferase 
were higher by 2.7 and 2.1 times (Р < 0,001); in the spaniels – by 2.2 
and 2.1 times (Р < 0.001); in the Yorkshire terriers – by 2.6 and 2.5 

times (Р < 0.001); and in the mixed-breed dogs – 2.4 and 2.2 times 
(Р < 0.001), compared with the clinically healthy animals. The activi-
ty of glutamate dehydrogenase in the ill dogs was 2.3 times greater 
(Р < 0.001) than in the control (Fig. 3а). As with cholestatic enzymes, 
the activities of alkaline phosphatase and gamma-glutamyl transpep-
tidase in the ill dogs were 2.5 and 2.3 times higher (Р < 0.001) than in 
the clinically healthy dogs respectively (Fig. 3).  

The concentration of cholesterol in the fatty-liver-dystrophy dogs 

was 1.8 lower (Р < 0.05) than in the clinically healthy dogs (Fig. 4).  
In the ill dogs, the concentration of bile acids before meal was 

significantly higher, ranging 11.1 to 44.1 µmol/L (18.83 ± 1.05), 
compared with the levels of the clinically healthy animals (5.0 ± 
0.25 µmol/L; Р < 0.001, Fig. 5). Two hours after meal, the level of 
bile acids in the ill animals measured 40.6 ± 1.79 µmol/L, i.e. 
2.8 times greater (Р < 0.001) than in the healthy dogs (14.31 ± 
0.20 µmol/L, Fig. 5).  

We found no differences in the levels of total bilirubin in blood 
serum among the dogs of different breeds. In particular, the content of 
total bilirubin ranged 2.1 to 3.4 µmol/L in the clinically healthy Ger-
man shepherds, 1.0–3.8 µmol/L (2.64 ± 0.33) in the spaniels, and 1.0–
3.9 µmol/L (2.71 ± 0.29) in the Yorkshire terriers. In the fatty-liver-
dystrophy dogs of these breeds, we observed total bilirubin to increase 
respectively to 4.50 ± 0.25 (2.2–7.5; Р < 0.05), 3.62 ± 0.49 (1.0–7.2), 
and 3.91 ± 0.45 µmol/L (2.1–6.4; Р < 0.05). In the fatty-liver-dystro-
phy domestic mixed-breed dogs, the level of total bilirubin amounted 

to 4.0 ± 0.41 µmol/L (1.1–5.7), which was 1.4 times (Р < 0.05) higher 
than in their clinically healthy counterparts, whose level ranged 1.1 to 
3.8 µmol/L (2.90 ± 0.27).  
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Fig. 2. Activity of amino transferases in blood serum in dogs: a – alanine aminotransferase; b – aspartate aminotrasferase (U/L);  
the abscissa axis indicates the groups of animals, the ordinate axis shows measurement units of the parameter; small square – median, upper  

and lower rectangle borders – 25% and 75% quartiles, vertical line – minimum and maximum values, circles – outliers; n = 40; P < 0.001***  

a  b  c  

Fig. 3. Activity of cholestatic enzymes in blood serum of the dogs: a – glutamate dehydrogenase; b – alkaline phosphatase; c – gamma-glutamyl 
transpeptidase (U/L); the abscissa axis indicates the groups of animals, the ordinate axis shows measurement units of the parameter;  

small square – median, upper and lower rectangle borders – 25% and 75% quartiles, vertical line – minimum and maximum values,  
circles – outliers; n = 40; P < 0.001***  
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Fig. 4. Content of cholesterol in blood serum of the dogs (mmol/L): 
the abscissa axis indicates the groups of animals, the ordinate axis 

shows measurement units of the parameter; small square – median, 
upper and lower rectangle borders – 25% and 75% quartiles, line – 
minimum and maximum values, circles – outliers; n = 40; *P < 0.05  

An informative marker of liver dystrophy is hyperenzemia. It has 
to be noted that the activity of cytolytic enzymes (alanine- and aspar-
tate aminotransferase, and glutamate dehydrogenase) in the ill dogs of 

different breeds did not vary statistically (Table 1).  

The content of glutamate dehydrogenase was 2.25 times greater 
in blood serum of the German shepherds, 2.32 times higher in the 
spaniels, 2.52 times higher in the Yorkshire terriers, and 2.15 times 
higher in the mixed-breed dogs, compared with their healthy counter-
parts (Р < 0.001; Table 1).  

A similar tendency was observed in the German shepherds, span-

iels, Yorkshire terriers, and mixed-breed dogs regarding the activityes 
of alkaline phosphatase and gamma-glutamyl transpeptidase, which 
were higher (Р < 0.001) by 2.5 and 2.3, 2.6 and 2.2, 2.6 and 2.3, and 
2.4 and 2.5 times, respectively (Table 2). The activity of cholestatic 
enzymes in the ill dogs of different breeds was practically the same, 
except the mixed-breed dogs, in which the mean activity of gamma-
glutamyl transpeptidase was greater (Р < 0.05) than in the German 
shepherds, although the maximum values of these parameters were 

approximated (Table 2).  
The mean values of cholesterol in the ill German shepherds, 

spaniels, Yorkshire terriers, and mixed-breed dogs were 2.52 ± 0.07, 
2.51 ± 0.06, 2.59 ± 0.07, and 2.43 ± 0.07 µmol/L, respectively.  

Due the literature sources lacking data pertaining to the condition 
of bile acids in blood serum of dogs, we aimed at determining their 
limits in clinically healthy German shepherds and interpret the results 
for diagnostic of fatty liver dystrophy.  

Therefore, we determined the limits of concentration of bile acids in 
the German shepherds before and after meal and correlations between 
certain biochemical parameters, which not only indicate fatty liver dys-
trophy in German shepherds, spaniels, Yorkshire terriers, and mixed-
breed dogs, but could also be used as early markers of this pathology.  

 

 

Clinically healthy Diseased

1

2

3

4

5

6

7

8

9

10

11

***

 

Clinically healthy Diseased

40

60

80

100

120

140

160

180

200

220

240

***

 

Clinically healthy Diseased

0

1

2

3

4

5

6

7

8

9

10

***



4 
Regulatory Mechanisms in Biosystems, 2025, 16(4), e25202 

a 
Clinically healthy Diseased

0

5

10

15

20

25

30

35

40

45

50

***

 b 
Clinically healthy Diseased

-10

0

10

20

30

40

50

60

70

80

90

***

 
Fig. 5. Concentration of bile acids in blood serum of the dogs: a – prior to meal; b – two hours after meal (µmol/L); the abscissa axis  
indicates the groups of animals, the ordinate axis shows measurement units of the parameter; small square – median, upper and lower  
rectangle borders – 25% and 75% quartiles, vertical line – minimum and maximum values, circles – outliers; n = 40; *** P < 0.001  

Table 1  
Parameters of activities of cytolytic hepatic enzymes of the domestic animals across breeds (x ± SD)  

Parameter Breed Clinically healthy dogs Number of animals Ill dogs Number of animals 

Alanine aminotransferase, U/L 

German shepherd 31.9 ± 2.9a 10 84.6 ± 1.9b 24 

Spaniel 36.3 ± 2.7a 10 80.0 ± 2.2b 15 

Yorkshire terrier 33.9 ± 3.2a 10 86.6 ± 3.0b 9 

Mixed breed 34.4 ± 2.6a 10 81.3 ± 3.9b 12 

Aspartate aminotransferase, U/L 

German shepherd 26.8 ± 2.1ab 10 56.4 ± 1.9c 24 

Spaniel 25.8 ± 1.6a 10 55.0 ± 2.3c 15 

Yorkshire terrier 24.8 ± 1.7a 10 63.1 ± 5.8d 9 

Mixed breed 27.8 ± 1.9b 10 59.8 ± 4.0cd 12 

Glutamate dehydrogenase, U/L 

German shepherd 3.22 ± 0.28a 10 7.23 ± 0.08c 24 

Spaniel 3.14 ± 0.31a 10 7.19 ± 0.12c 15 

Yorkshire terrier 2.91 ± 0.32a 10 7.32 ± 0.23c 9 

Mixed breed 3.38 ± 0.26b 10 7.29 ± 0.18c 12 

Note: different letters in column indicate that the sets of data are significantly (P < 0.05) different from one another according to the Tukey’s Test.  

Table 2 
Activities of cholestatic hepatic enzymes of the dogs across breeds, x ± SD 

Parameter Breed Clinically healthy dogs, Number of animals Ill dogs Number of animals 

Alkaline phosphatase, U/L 

German shepherd 74.5 ± 4.5ab 10 186.3 ± 2.7c 24 

Spaniel 72.5 ± 4.0ab 10 185.9 ± 4.3c 15 

Yorkshire terrier 69.0 ± 4.7a 10 180.4 ± 3.9c 9 

Mixed breed 78.0 ± 3.2b 10 184.4 ± 5.7c 12 

Gamma-glutamyl transpeptidase, 

U/L 

German shepherd 3.21 ± 0.21a  10 7.52 ± 0.11b 24 

Spaniel 3.39 ± 0.28a 10 7.61 ± 0.20b 15 

Yorkshire terrier 3.42 ± 0.17a 10 7.69 ± 0.35b 9 

Mixed breed 3.23 ± 0.31a 10 8.14 ± 0.26с 12 
 

The concentration of bile acids in blood serum of the clinically 
healthy German shepherds prior to meal on average measured 5.4 ± 
0.51 µmol/L. According to mean quadratic deviation (σ±1.5), the 
concentration bile acids prior to meal was within a range of 3.9–
6.9 µmol/L, which encompassed 66% of the obtained results. Becau-
se 34% of the results fell outside those limits, additional estimates 

were made with the use of double or triple σ (σ2 and σ3). At σ2 ±3.0, 
the concentration of bile acids accounted for 2.4–8.4 µmol/L, encom-
passing 100% of the results.  

After meal, the limits of concentration of bile acids in blood se-
rum of the German shepherds accounted for 13.3–16.1 µmol/L with a 
mean of 14.8 ± 0.31 µmol/L. Determining the thresholds at σ (±0.94) 
and σ2 (±1.88) provided the ranges of 13.86–15.74 and 12.92–
16.68 µmol/L, respectively. During the estimates based on σ, only 

48% of the data fell within the limits, whereas at σ2, 100% were in-
cluded. Therefore, we recommend the limits of concentrations of bile 
acids for the clinically healthy German shepherds to be at a level of 
2.4–8.4 prior to meal and 12.9–16.7 µmol/L two hours after meal.  

In blood serum of the German shepherds, spaniels, Yorkshire ter-
riers, and mixed-breed dogs with fatty liver dystrophy, the concentra-
tions of bile acids prior to and two hours after meal were elevated (Р < 
0.001) by 3.5 and 2.8; 4.1 and 2.9; 4.5 and 3.3; 3.2 and 2.5 times, 

respectively (Table 3). It should be noted that in the ill dogs of diffe-
rent breeds, increase in the level of bile acids prior to meal was more 
pronounced than after meal, which is explained by the development 
of lipomobilization syndrome and intrahepatic cholestasis.  

The concentrations of bile acids in blood serum of the ill German 
shepherds before and two hours after meal were found to be strongly 

positively correlated (r = 0.963). This correlation evidences the pre-
sence of intrahepatic cholestasis and cholemia during fatty liver dyst-
rophy, and also can be an early diagnostic test for this pathology.  

Additionally, positive correlations were detected between the ac-
tivity of alkaline phosphatase and concentration of bile acids (r = 
0.408), and also the activity of alkaline phosphatase and gamma glu-
tamyltransferase (r = 0.423) prior to meal, confirming the cholestasis 
syndrome. Furthermore, we observed a positive correlation between 

the activity of alanine aminotransferase and lactate dehydrogenase 
(r = 0.395). In the spaniels, we found positive correlations between 
the concentration of bile acids in blood serum prior to and two hours 
after meal (r = 0.905), the activity of alkaline phosphatase and con-
centration of bile acids (r = 0.321), the activities of alkaline phospha-
tase and gamma glutamyl transpeptidase (r = 0.606), alanine ami-
notransferase and glutamate dehydrogenase (r = 0.635), and the con-
centrations of total bilirubin and bile acids (r = 0.494) prior to meal.  
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Table 3  
Concentration of bile acids in blood serum of the domestic animals across breeds, x ± SD  

Parameter Breed Clinically healthy dogs Number of animals Ill dogs Number of animals 

Bile acids prior to meal,  

µmol/L 

German shepherd 5.4 ± 0.5b 10 18.8 ± 1.4cd 24 

Spaniel 4.6 ± 0.5a 10 18.7 ± 5.6cd 15 

Yorkshire terrier 4.6 ± 0.5a 10 20.7 ± 3.1d 9 

Mixed breed 5.4 ± 0.6b 10 17.2 ± 2.1c 12 

Bile acids two hours after meal, 

µmol/L 

German shepherd 14.8 ± 0.3b 10 40.7 ± 2.5cd 24 

Spaniel 13.8 ± 0.5a 10 39.4 ± 4.0c 15 

Yorkshire terrier 13.8 ± 0.4a 10 46.2 ± 6.0d 9 

Mixed breed 14.9 ± 0.4b 10 37.5 ± 3.2c 12 
 
 

Furthermore, we determined positive correlations between the ac-
tivity of gamma-glutamyl transpeptidase and concentration of bile 

acids (r = 0.625), alkaline phosphatase and bile acids (r = 0.458), the 
activities of alkaline phosphatase and gamma-glutamyl transpeptidase 
(r = 0.809), alanine aminotransferase and glutamate dehydrogenase 
(r = 0.770), and the concentrations of total bilirubin and bile acids (r = 
0.758) prior to meal in the Yorkshire terriers, thus confirming the cy-
tolysis and cholestasis syndrome occurring during the pathology.  

The concentrations of bile acids in blood serum of the fatty-liver-
dystrophy Yorkshire terriers both before and after meal were positive-

ly correlated (r = 0.909).  
In the mixed-breed dogs, we observed positive relationships bet-

ween bile acids prior to and after meal (r = 0.841, Fig. 6d), gamma-
glutamyl transpeptidase and bile acids (r = 0.421), alkaline phosphatase 
and bile acids (r = 0.657), alkaline phosphatase and gamma-glutamyl 
transpeptidase (r = 0.344), aspartate aminotransferase and glutamate 
dehydrogenase (r = 0.839), and total bilirubin and bile acids (r = 0.361).  

Although we found a weak negative correlation between choles-

terol and bile acids concentrations in blood serum prior to meal in the 
Yorkshire terriers (r = –0.134), mixed-breed dogs (r = –0.108), Ger-
man shepherds (r = 0.191), and spaniels (r = 0.098), it was low-positi-
ve, indicating a decrease in the synthesizing capacity of hepatocytes 
in the fatty-liver-dystrophy dogs.  

Echographic survey of the liver is highly informative because of 
the liver’s homogeneous structure and a high possibility of ultrasound 
waves penetrating it. The method allows estimating the sizes of the 

liver and the state of its margins, and detecting focal and diffusive le-
sions, and dense and large fluid build-ups. Valuable diagnostic criteria 
are sizes of liver, condition of the parenchyma and bladder, vascular 
pattern, thickness of the capsule, and the presence of fine- and coarse-
grain inflammatory changes in the structure.  

The ultrasonographic study was conducted for 100 dogs kept in 
private houses, including 40 clinically healthy (10 German shepherds, 

spaniels, Yorkshire terriers, and mixed-breed dogs) and 60 dogs with 
fatty liver dystrophy (24 German shepherds, 15 spaniels, 9 Yorkshire 
terriers, and 12 mixed-breed dogs).  

The ultrasound examination of the dogs’ liver was carried out 
through the ventral abdominal wall from the region of xiphoid pro-
cess or the lateral rib cage in intercostal spaces. We started from the 
epigastral region. In the sensor-application region, we removed hair 
and applied ultrasound gel in necessary amount to ensure the absence 

of air layer between the sensor’s operational surface and the animal’s 
skin. For the examination through the ventral abdominal wall, we pre-
pared the area from the xiphoid process to the navel area at a several 
centimeter distance from the central line along the costal margins.  

The study through the intercostal spaces was carried out on the 
right side, because the examination of liver on the left side can be hin-
dered by the stomach, especially when it is filled with gas or fodder.  

For the study through the ventral abdominal wall, the sensor was 

installed just behind the xiphoid process, and ultrasound ray was di-
rected craniodorsally, and afterward – to the left and right of the mid-
line, until analyzing the entire parenchyma.  

When studying the obese animals, we noted the presence of vis-
ceral fat, located between the abdominal wall and the liver in the regi-
on of the xiphoid process. The presence of this layer can affect the es-
timation of the liver’s size, complicating the visualization of the organ 
because of fatty cells absorbing ultrasound. In the image, this layer of 

fat can be no different from that of the liver tissue, but is always im-
mobile. In the clinically healthy dogs, the diaphragm was clearly vi-
sible as a thin, well expressed, echogenic line, oscillating in rhythm 
with breathing. The liver parenchyma looked rough – grained, with 
the same echostructure throughout, and moderately hypoechogenic.  

 

a   b   

Fig. 6. The ultrasonography of the dog`s liver: a – within the norm; b – with fatty-liver-dystrophy:  
1 – densification of the capsule; 2 – rounded liver margins  

Limited regions, different according to echogenicity, were fibers 
of the connective tissue – falciform ligament (ligamentum falcifor-
me), ligament of head of femur (ligamentum teres), left triangular li-
gament (ligamentum triangulare sinistrum), and other ligaments, in-

terlobular spaces, etc. The liver margins were within the norm, dis-
tinct, and the hepatic lobes usually were well separated one from 
another. The intrahepatic ducts in the norm are practically untracea-

ble, but diagnostically valuable signs are their expansions. The vascu-
lar pattern in the norm was well expressed (Fig. 6). In all of the fatty-
liver-dystrophy dogs, we found even, diffusive increase in echogeni-
city of the liver parenchyma, paired with a notable weakening of the 

signal in remote zones. The liver margins, especially of the right and 
square lobes, were rounded, and the capsule echostructure was dense 
(Fig. 6). The vascular pattern was impoverished. The liver echostruc-
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ture was coarse-grained. In 44 fatty-liver-dystrophy patients (60.3%), 
we detected hepatomegaly – the contours of the organ were beyond 
the costal margin. The parallel studies of respective morphological 

and laboratory parameters of blood of these animals confirmed the 
presence of pathological process in the liver.  

During the histological and histochemical studies of the liver, we 
found notable changes in hepatocytes, characterized by the develop-
ment of parenchymatous fatty dystrophy. In particular, the study of 
the histopreparations, made using freezing microtome, revealed accu-
mulations of neutral fats, uniformly stained into orange-red color by 
Sudan-III and into red with Nile Blue. In semithin sections, stained 

with basic fuchsine, we observed that the cytoplasm of many hepato-
cytes contained large vacuoles, which were visualized, filled with ho-
mogeneous light-gray content. Deposition of lipids in hepatocyte cy-
toplasm in the preparations made using sledge microtome and stained 
with hematoxylin eosin optically looked as empty droplets.  

Hepatocytes that underwent fatty dystrophy were increased, with 
their nucleus (or two nuclei in binucleated hepatocytes) shifted by the 
fatty droplet to the peripheral areas of the cell (Fig. 7). Fatty droplets 

located in the cytoplasm of hepatocytes were rounded or oval, with 
distinct contours, and mostly quite large (large-droplet fatty dystro-
phy). Individual hepatocytes were subject to necrotic changes. In the 

areas where hepatocytes were undergoing necrosis, fatty droplets ac-
cumulated in massive conglomerates (Fig. 8).  

It has to be noted that in large amounts, neutral fats concentrated 
in hepatocytes located in the central areas of hepatic lobules and to a 
lesser degree in the peripheral zones. Individual hepatic lobules were 
quite massively, densely, and uniformly infiltrated by triglycerides. At 
the same time, the cytoplasm of the hepatic lobules nearby contained 
an insignificant amount of small dust-like fatty inclusions (dust-like 

fatty dystrophy).  
The central veins of many hepatic lobules were enlarged and 

overfilled with red blood cells. In some places, we observed red blood 
cells sticking together. Individual sinusoids and interlobular veins 
were also insignificantly enlarged and overfilled with erythrocytes. 
The epithelium of interlobular bile ducts was swollen, and small drop-
lets filled with neutral fats were visualized in its cytoplasm.  

 

a  b   

Fig. 7. The liver of a German shepherd: massive conglomerates of neutral fats:  

a – semithin section methylene blue and fuchsine; b – focal necrosis of hepatocytes; hematoxylin and eosin  

a   b   

Fig. 8. The liver of a German shepherd: massive infiltration and accumulations of neutral fats around the central vein:  

a – hematoxylin and Sudan-III; b – Sudan-III  

In some places, a proliferation of the bile ducts’ epithelium was 
seen. Individual epitheliocytes of the interlobular bile ducts were sub-
ject to dystrophic and necrotic changes and were desquamated into 
their lumen.  

Therefore, during histological and histochemical studies, we de-
termined that the liver of the German shepherds was undergoing a 
development of fine-focal and large-focal fatty dystrophy of hepato-

cytes and fine-focal dystrophy of the bile ducts’ epithelium, accompa-
nied by necrotic changes progressing into micronecroses.  

When using transmission electronic microscopy on ultrathin sec-
tions of liver bioptates from the healthy German shepherds, we noted 
that at the ultrastructural level, the main mass was represented by he-
patic cells and sinusoid blood capillaries adjacent to them. The 
hepatocytes were of polygonal shape and of average electronic densi-
ty. Such hepatocytes mostly contained a large nucleus or two nuclei 
and cytoplasm filled with mitochondria, single peroxisomes, granular 

and agranular endoplasmic reticulum, Golgi complex, fine-granular 
hyaloplasm, single lipid droplets, and glycogen granules. Cytoplasm 
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of the hepatocytes was surrounded by plasmatic membrane, which at 
the biliary pole formed microvilli, included in bile capillaries. At the 
sinusoidal pole, the plasmatic membrane formed a labyrinth of finger-

like projections, located in the space of Disse. The hepatocytes’ nuclei 
were mostly rounded, mainly filled with euchromatin and a small 
amount of heterochromatin, localized in peripheral regions. The cent-
ral part of the nuclei was occupied by one or two nucleoli, in which 
we clearly saw fibrillar centers, fibrillar and granular components. 
The nuclei were surrounded by nuclear membrane, in which nuclear 
pores could be seen. The outer layer of the nuclear membrane was in 
some places connected to the channels of granular endoplasmic retic-

ulum and was their extension. The sinusoidal blood capillaries were 
densely adjacent to the hepatic laminae. Their walls were formed of 
the basal membrane, endothelial cells, and Kupffer cells. The lumen 
of the sinusoidal blood capillaries was filled with blood plasma of 
average electronic density and with red blood cells.  

The animals with laboratory confirmed fatty liver dystrophy pre-
sented with the most appreciable ultrasound changes in the regions of 
damaged sinusoidal blood capillaries. Thus, in the capillaries’ lumen, 

there were well-seen sludges of red blood cells and electronically den-
se masses of blood plasma. Red blood cells in the sludges were most-
ly of irregular shape, with their plasmatic membranes loosened. The 
luminal surfaces of endotheliocytes formed a large amount of micro-
villi and protrusions, some of which were shortened and desquamated 
into the lumen of such capillaries. The regions of the spaces of Disse 
adjacent to the damaged capillaries were enlarged and filled with 
detritus masses. Between the hepatocytes, an expansion of collagenic 

fibers was observed, indicating a strengthening of sclerotization pro-
cesses. The changes detected in the liver bioptates suggested a long 
circulatory hypoxia. On the sinusoid pole of cytoplasm of many 
hepatocytes, there were concentrations of large lipoprotein droplets of 
high electronic density and highly dense autophagolysosomes. This 
pole of cytoplasm formed no labyrinth of microprotrusions and villi. 
The nuclei of the described hepatocytes (under the influence of lipo-
protein droplets) acquired irregular, bean-like shape and were eccen-
trically located in the hepatocyte cytoplasm.  In such nuclei, we most-

ly found heterochromatin and a highly electronically dense nucleolus. 
On the biliary pole of cytoplasm of individual hepatocytes, we ob-
served a large accumulation of average-sized lipid droplets of low 
electronic density. Such lipid droplets were surrounded by channels 
formed by agranular plasmatic network, with a significantly enlarged 
lumen. In the peripheral regions of the agranular endoplasmatic retic-
ulum, we detected single zones of accumulation of α-glycogen. In the 
mytochondria adjacent to those areas, we noted a well-developed 

system of cristae, which provided a high electronic density of the 
matrix.  

As known, increased electronic density of granules of the mito-
chondrial matrix indicates an accumulation of calcium and other cati-
ons, which may be a sign of impaired ion homeostasis and functional 
loading on the organelle. In the cytoplasm, we also found numerous 
peroxisomes of different sizes and with high electronic density, along 
with a high number of autophagolysosomes, which contained lipopro-

tein inclusions, indicating an activation of autophagous pathway of 
breakdown of excessive lipids.  In some hepatocytes, we detected a 
small number of lipoprotein droplets of very low electronic density, 
located in the light, electron-light hyaloplasm, which was saturated 
with enlarged channels of agranular endoplasmic reticulum. Between 
the cisterns of agranular endoplasmic reticulum, we registered a con-
siderable accumulation of α-glycogen granules arranged in rosette-
like pattern, indicating a compensatory restructuring of the carbohy-

drate metabolism against the background of impairments in lipid ho-
meostasis. In some hepatocytes, we found large spherical lipoprotein 
inclusions, which filled the most part of cytoplasm and were sur-
rounded by mytochondria that had been substantially reduced in size. 
The mytochondria were characterized by widely spread, in some pla-
ces disorganized, cristae, suggesting deep energy malfunctions. Single 
fatty droplets were found in the spaces of Disse, where we also ob-
served tissue detritus.  

The ultrastructural changes in the liver bioptates from the Ger-
man shepherds were as follows: Some hepatocytes exhibited formati-

ons of lipid droplets, which were of average sizes and with low elec-
tronic density, while other hepatocytes showed massive lipoprotein 
inclusions, increase in the number of peroximes and autophagolysis in 

cytoplasm, expansion of the spaces of Disse, the presence of erythro-
cyte sludges and electronically dense protein-lipid masses in capillari-
es, and expansion of collagen fibers between hepatocytes. The overall 
detected changes suggest the presence of a long circulatory hypoxia, 
which promotes the progression of fatty dystrophy and formation of 
sclerotic processes in the liver parenchyma.  

 

Discussion  

 
Fatty liver dystrophy in dogs is a complex pathological process 

that stems from metabolic disorders, in particular a disbalance bet-
ween the influx and use of energy, and also deficit of nutrients and 
biologically active compounds in diet. In addition, development of 
this pathology oftentimes owes to the use of poor-quality fodders and 
complications of different diseases that lead to metabolic disorders. 
Dogs’ diet varies depending on the physiological state and functional 

loading. During an average loading, it is recommended to elevate the 
content of proteins approximately by 30%, with necessary inclusion 
of no less than 30% of animal protein. Deficit of nutrients in diet 
entails mobilization of lipids, exhaustion of the organism, and deve-
lopment of chronic stress and fatigue, whereas excess of nutrients in 
dogs with low physical activity promotes obesity (Assawarachan 
et al., 2019; Buckley et all., 2025). The analysis of dog nutrition 
demonstrated an imbalance: Mixed feeding with excess of proteins 

and fats led to impaired metabolism and deterioration of the liver’s 
functional state.  

The main biochemical markers of fatty liver dystrophy are con-
sidered to be hyperenzymemia, increased total bilirubin, reduced 
cholesterol, and elevated concentration of bile acids in blood serum.  

The diagnostic biochemical markers of fatty liver dystrophy in 
dogs is hyperenzymemia of specific hepatoindicatory enzymes, con-
tent of total bilirubin, and cholesterol. Fatty infiltration of the liver ca-
uses damage to the structure and permeability of hepatocyte membra-

nes, with further release of indicatory enzymes into blood. An early 
diagnostic criterion of the pathology is concentration of bile acids in 
blood before and two hours after meal.  

Impairment of the functional state of the organ caused a signifi-
cant (Р < 0.001) increase in the concentration of total bilirubin in 
blood serum of dogs suffering fatty liver dystrophy. Impaired capacity 
of hepatocytes to absorb, conjugate, and release bilirubin is due to de-
crease of their energy resources, which is characteristic for parenchy-

matous jaundice. Besides, concentration of total bilirubin depends not 
only on damage to hepatocytes and impairment of their functional 
ability, but also on the degree to which red blood cells have been 
ruined (Hange & Abdelkader, 1986).  

With the purpose of determining the damage to hepatobiliary sys-
tem, we measured the activity of hepatoindicatory enzymes that indi-
cate the main syndromes of liver diseases, in particular cytolysis and 
cholestasis syndromes. The level and duration of hyperenzymemia 

depend on the enzymes’ activity in the tissues, subcellular localizati-
on, rates of their elimination into blood, their release from blood by 
macrophagocytes, and also on the duration and nature of the disease 
(Alvarez & Whittemore, 2009).  

We determined the activity of three enzymes: aminotransferases – 
alanine and asparagin (ALT and AST) and glutamate dehydrogenase 
(GLDH), which are indicative of liver function and early informative 
parameters of cytolysis syndrome. In the ill dogs, the activities of 

ALT and AST significantly (Р < 0.001) increased compared with 
those of the healthy dogs. In the fatty-liver-dystrophy German she-
pherds, spaniels, Yorkshire terriers, and mixed-breed dogs, the activi-
ty of indicatory enzymes was significantly (Р < 0.001) higher than in 
their healthy counterparts.  

In the ill dogs, the GLDH activity was also significantly higher (Р < 
0.001) by 2.3 times than in the clinically healthy dogs. Therefore, de-
spite the fact that GLDH is a mitochondrial enzyme, its activity in blood 

serum notably increases, suggesting damage to hepatocytes and their 
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organelles – mytochondria. Our data are consistent with the results of 
DeMarle et al., (2021), Giannetto et al. (2022), and Vlizlo et al. (2024).  

The activities of serum alkaline phosphatase and GGT in the ill 

dogs increased 2.5 and 2.3 times (Р < 0.001) respectively. Hyperen-
zymemia of AP and GGT was registered in 100% of the ill animals. 
Increase in the activity of both enzymes indicates ruination of cana-
licular membranes of hepatocytes, their biliary pole, and endothelial 
cells of the intrahepatic bile ducts, which leads to impaired bile flow 
and to cholestasis syndrome. Our data align with the studies by other 
researchers who recorded increased AP and GGT in blood serum of 
dogs and rats with experimentally modeled liver pathology. Increase 

in the activity of those enzymes in blood serum of dogs suffering fatty 
liver dystrophy was also observed by other researchers (Kruitwagen 
et al., 2014; Imbery et al., 2022).  

The concentration of cholesterol in blood serum from the dogs 
with fatty liver dystrophy decreased 1.8-fold (Р < 0.001), indicating 
reduced synthesis function of hepatocytes. Hypercholesterolemia in 
all of the dogs with fatty liver dystrophy was not confirmed by any of 
our studies and experimental modeling of this pathology in rats 

(Vlizlo et al., 2024).  
During the biochemical study of blood serum of the fatty-liver-

dystrophy dogs, we determined that the fatty acid concentration prior 
to meal was significantly (Р < 0.001) higher by 3.8 times and two ho-
urs after meal it was higher by 2.8 times. This may be explained by a 
disorder in the secretion of bile into bile capillaries, the emergence of 
the cholestasis syndrome, and its subsequent absorption back into 
blood. In the literature sources, there are no data regarding the con-

centration of bile in blood serum of dogs suffering fatty liver dystro-
phy. Therefore, studies of the concentration of bile acids in blood se-
rum are relevant and those we performed revealed that they are an in-
formative marker of early diagnostics of the pathology in dogs. Our 
conclusion is evidenced by a direct positive correlation (r = 0.963, r = 
0.905, r = 0.909, r = 0.841) between the FA concentration in blood 
serum of the German shepherds, spaniels, Yorkshire terriers, and mi-
xed-breed dogs, respectively, prior to and two hours after meal.  

When analyzing the results of our studies, it is noteworthy that 

cytolysis and cholestasis syndromes were found in all the dogs suffer-
ing fatty liver dystrophy. The most pronounced cytolysis syndrome 
was seen in the Yorkshire terriers and mixed-breed dogs (r = 0.770 
for ALT and GLDH and r = 0.839 for ALT and GLDH, respectively), 
and cholestasis syndrome was the most notable in the Yorkshire terri-
ers (r = 0.625 for GGT and FAs, r = 0.458 for AP and FA, and r = 
0.809 for AP and GGT), less pronounced in the spaniels (r = 0.321 for 
AP and FA and r = 0.606 for AP and GGT) and the mixed-breed 

dogs (r = 0.421 for GGT and FA, r = 0.657 for AP and FA, and r = 
0.344 for AP and GGT), and the least expressed in the German she-
pherds (r = 0.408 for AP and FA and r = 0.423 for AP and GGT). In 
our opinion, this was associated with breed specifics, body mass, and 
sizes of the animals, because the digestive system of large dogs is 2.5-
fold less effective than in small dogs (the mass of the digestive tract in 
small dogs accounts for 7% of their body mass, while in large dogs 
for only 2.7%), and accordingly the food consumption varies.  

To interpret the results of the diagnostic of fatty liver dystrophy in 
the dogs, we determined the limits of the concentration of bile in 
blood serum of the clinically healthy German shepherds, because the 
dogs of this breed in the experiment were most numerous (n = 50). 
According to the estimates of quadratic deviation (σ2 ± 3), the con-
centration of FAs in blood serum prior to meal was 2.4 – 8.4 µmol/L 
and these limits (σ2) encompassed 100% of the results. After meal, 
the FA concentration limits in blood serum of the dogs (according to 

the mean quadratic deviation (σ2 ± 1.88)) accounted for 12.92–
16.68 µmol/L, and these limits included 100% of the results as well. 
Because according to σ2 estimate prior to meal and two hours after it, 
the limits encompassed 100% of the animals, we consider the refer-
ence values for FA concentration in blood serum of the clinically 
healthy German shepherds to be 2.4–8.4 prior to meal and 12.9–
16.7 µmol/L two hours after meal.  

Informative results for confirmation of liver dystrophy were those 

of ultrasonographic study: an even increase in the liver with nonho-
mogeneous echogenicity of its parenchyma and rounded margins of 

the organ, impoverishment of the vascular pattern, and overfilled 
bladder. The detected ultrasound changes point to the development of 
dystrophic processes in the liver of ill dogs, which is consistent with 

the data (Pelligra et al., 2024).  
The clinical symptoms and changes in the laboratory parameters 

were compared with the results of histological study of the liver biop-
tates. The histology revealed enlarged hepatocytes with fatty inclusi-
ons in the form of vacuole in cytoplasm. Some cells were observed to 
undergo necrotic changes and contain large concentrations of neutral 
fats. Certain hepatocytes included large fatty droplets, which comple-
tely filled the cell, displacing the nucleus with atrophied cytoplasm to 

the periphery, forming signet ring cells. Those morphological changes 
reflected the depth of lesion on the hepatic parenchyma and were 
confirmed by electronic-microscopic data.  

The ultrastructural damages were most notable in the zones of af-
fected sinusoid capillaries. The luminal surface of endothelyocytes 
formed numerous microvilli and protrusions, and some of them were 
desquamated into the lumen of capillaries. The adjacent spaces of 
Disse were enlarged and filled with detritus and collagen fibers. On the 

sinusoidal pole of the hepatocyte cytoplasm, we found large lipopro-
tein droplets of high electronic density and numerous autophagolyso-
somes with very high density. At the same time, this pole had no 
characteristic labyrinth of microvilli. The cell nuclei were irregular, 
bean-shaped, eccentrically located under the influence of lipid inclusi-
ons, and contained heterochromatin and dense nucleoli. On the biliary 
pole of individual hepatocytes, we found accumulations of average-
sized lipid droplets with low electronic density, surrounded by chan-

nels of agranular endoplasmic reticulum. The peripheral regions of 
the reticulum contained single zones of α-glycogen. The adjacent my-
tochondria exhibited a developed network of cristae and high electro-
nic density of the matrix. We observed a high number of peroxisomes 
of different sizes and autophagolysosomes with lipoprotein inclusions.  

The electronic-microscope data provided a detailed understanding 
of the course of biochemical processes in the liver parenchyma, con-
firming the role of etiological factors in the disease’s pathogenesis.  

Based on the literature and our own results, we formulated the 

main links of pathogenesis of fatty liver dystrophy in working dogs. 
The main pathogenetic effect is caused by etiological factor, which 
impairs the functional state of the liver, inducing notable structural di-
vergencies. Fatty infiltration of the liver is due to enhanced transport 
of lipids from fat depots against the background of energy deficit, 
caused by breakdown of carbohydrates, which initiates the develop-
ment of compensatory lipomobilization syndrome. During the influx 
of excess fatty acids from the gastrointestinal tract or the tissues du-

ring active lyposis, neutral fats accumulate in hepatocytes, leading to 
the formation of fatty liver dystrophy. Because the liver is the key or-
gan of lipid metabolism, particularly esterification of cholesterol and 
synthesis of bile acids, those processes reflect the synthetic functions 
of hepatocytes (Kakimoto et al., 2017).  

During the development of cytolysis syndrome, the permeability of 
the membranes increases as a result of damage to hepatocytes, which 
rapidly increases the activity of enzymes that are significant diagnos-

tic markers. Hyperenzymemia —according to the parameters of alani-
ne aminotransferase, aspartate aminotransferase, and glutamate de-
hydrogenase—is often observed earlier than the disease’s clinical 
symptoms appear. Measuring the activity of those enzymes that circu-
late in blood allows not only diagnosing damage to hepatocytes (cy-
tolysis syndrome) but also evaluating impairments in bile removal – 
cholestasis syndrome (Oikonomidis & Milne, 2023).  

Cholestasis is accompanied not only by disorders in bile formati-

on, but also by delay and malfunctioning of its release. This process 
starts at the level of membranes of bile ducts of hepatocytes and is 
called intrahepatic cholestasis. Increase in the concentration of bile 
acids during cholestasis can cause additional damage to hepatocytes, 
forming a pathophysiological vicious circle: Increase in the concen-
tration of bile acids in the hepatic tissue enhances the intrahepatic 
cholestasis, which in turn drives further accumulation of bile acids in 
the tissues (Vlizlo et al., 2023).  

The cholestasis syndrome is accompanied by rise in the activity 
of gamma-glutamyl transpeptidase in blood serum. This enzyme is lo-
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calized in epithelial cells of bile ducts, canalicular membranes of he-
patocytes near the biliary pole, and also in the walls of bile ducts. 
Increase in the level of gamma-glutamyl transpepidase is a sensitive 

marker of pathological processes in the hepatobiliary system, an im-
portant parameter of cholestasis, and is used as informative test for 
malfunctioning of bile release with prognostic value (Rahman et al., 
2020).  

During cholestasis, dogs with fatty liver dystrophy were also ob-
served to have considerably elevated activity of alkaline phosphatase, 
which is associated with impaired secretion of this enzyme into bile 
due to damage to extrahepatic bile ducts.  

Biliruin, formed as a result of breakdown of hemoglobin in mac-
rophages of the spleen and bone marrow, conjugates with glucuronic 
acid in the liver. Hyperbilirubinemia in this context is an indicator of 
cholestasis owing to fatty liver dystrophy (Vlizlo et al., 2021; Pena-
Ramos et al., 2021).  

 

Conclusion  

 

In the dogs with fatty liver disease, the informative diagnostic 
markers included concentration of bile acids in blood serum prior to 
meal and two hours after meal, and also the activity of hepatocindica-
tory enzymes of cytolytic (glutamate dehydrogenase, aspartate- and 
alanine aminotransferase,) and cholestatic (gamma-glutamyltransfera-
se and alkaline phosphatase) actions, changes in which were observed 
in all of the examined animals. For the German shepherds, spaniels, 
Yorkshire terriers, and mixed-breed dogs, we found a high positive 

correlation between concentrations of bile acids prior to and after 
meal. The data of ultrasonography indicated the presence of even dif-
fusive increase in echogenicity of the liver parenchyma in all the 
dogs, rounding of its contours, impoverishment of the vascular pat-
tern, densification of the echostructure of the capsule, and coarse-
grained structure of the parenchyma. Histological and histochemical 
studies of the liver of the German shepherds confirmed the develop-
ment of small- and large-focal fatty dystrophy of hepatocytes, and 
also dystrophic changes in the epithelium of bile ducts, accompanied 

by local necroses and the formation of micronecroses. In the liver 
bioptates from these dogs, we found ultrastructural abnormalities: 
some hepatocytes exhibiting formation of averaged-sized lipid drop-
lets with low electronic density, while other hepatocytes contained 
large lipoprotein inclusions; increase in the amount of peroxisomes 
and autophagolysosomes in cytoplasm; expansion of the spaces of 
Disse; the presence of sludges of red blood cells and electronically 
dense masses in capillaries; and expansion of collagen fibers between 

hepatocytes. The changes indicated a long circulatory hypoxia, which 
causes progression of fatty dystrophy and development of sclerotic 
processes in the liver tissue.  

 

References  

 
Alvarez, L., & Whittemore, J. (2009). Liver enzyme elevations in dogs: Physi-

ology and pathophysiology. Compendium, 31(9), 408–414.  

Assawarachan, S. N., Chuchalermporn, P., Maneesaay, P., & Thengchaisri, N. 

(2019). Evaluation of hepatobiliary ultrasound scores in healthy dogs and 

dogs with liver diseases. Veterinary World, 12(8), 1266–1272.  

Au, A. Y., Hasenwinkel, J. M., & Frondoza, C. G. (2013). Hepatoprotective ef-

fects of S-adenosylmethionine and silybin on canine hepatocytes in vitro. 

Journal of Animal Physiology and Animal Nutrition, 97(2), 331–341.  

Buckley, C., Fulkerson, C.V., Derre, M., Woolcock, A., & Murakami, M. 

(2025). Hepatic parenchymal hypoattenuation in dogs with diabetes melli-

tus on computed tomography consistent with hepatic steatosis. Veterinary 

Radiology and Ultrasound, 66(1), e13464.  

Chernushkin, B. O., Vlizlo, V. V., Slivinska, L. G., Gutyj, B. V., Shcherbatyy, 

A. R., Maksymovych, I. A., Leno, M. I., Rusyn, V. I., Lychuk, M. H., Fe-

dorovych, V. L., Lukashchuk, B. O., Zinko, H. O., & Prystupa, O. I. 

(2020). Treatment strategies for sheep with acute yellow athrophy of the 

liver caused by the fasciolosis. Ukrainian Journal of Ecology, 10(2), 294–

301.  

Chicca, F. D., Schwarz, A., Meier, D., Grest, P., Liesegang, A., & Kircher, 

P. R. (2018). Non-invasive quantification of hepatic fat content in healthy 

dogs by using proton magnetic resonance spectroscopy and dual gradient 

echo magnetic resonance imaging. Journal of Veterinary Science, 19(4), 

570–576.  

DeMarle, K. B., Webster, R. L. C., Penninck, D., & Ferrer, L. (2021). Appro-

ach to the diagnosis of hepatocutaneous syndrome in dogs: A retrospective 

study and literature review. Journal of the American Animal Hospital As-

sociation, 57(1), 15–25.  

Giannetto, C., Arfuso, F., Giudice, E., Rizzo, M., Piccione, G., Mhalhel, K., & 

Levanti, M. (2022). Antioxidant and hepatoprotective effect of a nutritio-

nal supplement with silymarin phytosome, choline chloride, L-cystine, ar-

tichoke, and vitamin E in dogs. Antioxidants, 11(12), 2339.  

Habermaass, V., Takami, Y., Izawa, T., Abramo, F., Biolatti, C., & Marchetti, 

V. (2025). Lipid dysmetabolism in canine chronic liver disease: Relation-

ship between clinical, histological and immunohistochemical features. 

Veterinary Sciences, 12(3), 220.  

Hange, J. G., & Abdelkader, S. V. (1986). Serum enzyme determination in the 

study of liver disease in dogs. Acta Veterinaria Scandinavica, 27, 59–70.  

Hudyma, T. M., & Slivinska L. H. (2014). Funktsionalnyi stan pechinky u so-

bak sluzhbovykh porid za dyspanseryzatsiyi [Functional status of the liver 

in service dogs for medical examination]. Scientific Messenger of LNU of 

Veterinary Medicine and Biotechnologies, Series: Veterinary Sciences, 

16(59), 96–103 (in Ukrainian).  

Hudyma, T. M., & Slivinska, L. H. (2013). Metabolichnyi profil krovi sluzhbo-

vykh sobak za dyspanseryzatsii [Metabolic profile of blood of working 

dogs under dispanserisation]. Scientific Messenger of LNU of Veterinary 

Medicine and Biotechnologies, Series: Veterinary Sciences, 15(57), 58–61 

(in Ukrainian).  

Imbery, C. A., Dieterle, F., Ottka, C., Weber, C., Schlotterbeck, G., Müller, E., 

Lohi, H., & Giger, U. (2022). Metabolomic serum abnormalities in dogs 

with hepatopathies. Scientific Reports, 12(1), 5329.  

Johnson, S. E., & Sherding, R. G. (2006). Diseases of the liver and biliary tract. 

Saunders Manual of Small Animal Practice, 2006, 747–809.  

Kakimoto, T., Kanemoto, H., Fukushima, K., Ohno, K., & Tsujimoto, H. 

(2017). Effect of a high-fat-high-cholesterol diet on gallbladder bile acid 

composition and gallbladder motility in dogs. American Journal of Veteri-

nary Research, 78(12), 1406–1413.  

Kashliak, N., & Vlizlo, V. (2024). Hepatic encephalopathy in dogs. Regulatory 

Mechanisms in Biosystems, 15(4), 921–925.  

Kozat, S., & Sepehrizadeh, E. (2017). Methods of diagnosing in liver diseases 

for dog and cats. Turkish Journal of Scientific Reviews, 10(2), 36–46.  

Kruitwagen, H. S., Spee, B., & Schotanus, B. A. (2014). Hepatic progenitor 

cells in canine and feline medicine: potential for regenerative strategies. 

BMC Veterinary Research, 10, 137.  

Kyrychko, B., & Zvenihorodska, T. (2022). Use of ultrasound examination as a 

method of diagnosis of pathologies of the hepatobiliary system of small 

animals. Bulletin of Poltava State Agrarian Academy, 2, 256–262.  

Leela-Arporn, R., DeMarle, K. B., Heinze, C. R., Webster, C. R. L. (2025). 

Plasma amino acid profiles of dogs with the hepatocutaneous syndrome 

and dogs with other chronic liver diseases. Journal of Veterinary Internal 

Medicine, 39(1), e17285.  

Levchenko, V. I., Fasolia, V. P., Holovakha, V. I., Dykyi, O. A. (2008). 

Dyspanseryzatsiia sluzhbovykh sobak [Dispensary of service dogs]. Bila 

Tserkva (in Ukrainian).  

Oikonomidis, I. L., & Milne, E. (2023). Clinical enzymology of the dog and 

cat. Australian Veterinary, 101(12), 465–478.  

Pelligra, T., Citi, S., Marchetti, V., Habermaass, V., Tinalli, S., & Puccinelli, C. 

(2024). Evaluation of liver parenchyma in dogs with hyperlipidemia using 

ultrasound attenuation imaging (ATI). Veterinary Sciences, 11(10), 454.  

Pena-Ramos, J., Barker, L., Saiz, R., Walker, D. J., Tappin, S., Hare, C. H. Z., 

Roberts, M. L., Williams, T. L., & Bexfield, N. (2021). Resting and post-

prandial serum bile acid concentrations in dogs with liver disease. Journal 

of Veterinary Internal Medicine, 35(3), 1333–1341.  

Rahman, S. U., Huang, Y., Zhu, L., Chu, X., Junejo, S. A., Zhang, Y., Khan, 

I. M., Li, Y., Feng, S., Wu, J., & Wang, X. (2020). Tea polyphenols atten-

uate liver inflammation by modulating obesity-related genes and down-

regulating COX-2 and iNOS expression in high fat-fed dogs. BMC Veter-

inary Research, 16, 234.  

Slivinska, L. G., Vlizlo, V. V., Shcherbatyy, A. R., Lukashchuk, B. O., Gutyj, 

B. V., Drach, M. P., Lychuk, M. G., Maksymovych, I. A., Leno, M. I., Ru-

syn, V. I., Chernushkin, B. O., Fedorovych, V. L., Zinko, H. O., Prystupa, 

O. I., & Yaremchuk, V. Y. (2021). Influence of heavy metals on metabolic 

processes in cows. Ukrainian Journal of Ecology, 11(2), 284–291.  

Slivinska, L. G., Yaremchuk, V. Y., Shcherbatyy, A. R., Gutyj, B. V., & Zinko, 

H. O. (2022). Efficacy of hepatoprotectors in prophylaxis of hepatosis of 

laying hens. Regulatory Mechanisms in Biosystems, 13(3), 287–293.  

Vlizlo, V. V. (2012). Laboratorni metody doslidzhen u biolohii, tvarynnytstvi ta 

veterynarniy medytsyni [Laboratory research methods in biology, animal 

husbandry and veterinary medicine]. Spolom, Lviv (in Ukrainian).  

Vlizlo, V. V., Prystupa, O. I., Slivinska, L. G., Lukashchuk, B. O., Hu, S., 

Gutyj, B. V., Maksymovych, I. A., Shcherbatyy, A. R., Lychuk, M. G., 

http://doi.org/10.14202/vetworld.2019.1266-1272
http://doi.org/10.14202/vetworld.2019.1266-1272
http://doi.org/10.14202/vetworld.2019.1266-1272
http://doi.org/10.1111/j.1439-0396.2012.01275.x
http://doi.org/10.1111/j.1439-0396.2012.01275.x
http://doi.org/10.1111/j.1439-0396.2012.01275.x
http://doi.org/10.1111/vru.13464
http://doi.org/10.1111/vru.13464
http://doi.org/10.1111/vru.13464
http://doi.org/10.1111/vru.13464
http://doi.org/10.15421/2020_100
http://doi.org/10.15421/2020_100
http://doi.org/10.15421/2020_100
http://doi.org/10.15421/2020_100
http://doi.org/10.15421/2020_100
http://doi.org/10.15421/2020_100
http://doi.org/10.4142/jvs.2018.19.4.570
http://doi.org/10.4142/jvs.2018.19.4.570
http://doi.org/10.4142/jvs.2018.19.4.570
http://doi.org/10.4142/jvs.2018.19.4.570
http://doi.org/10.4142/jvs.2018.19.4.570
http://doi.org/10.5326/JAAHA-MS-7072
http://doi.org/10.5326/JAAHA-MS-7072
http://doi.org/10.5326/JAAHA-MS-7072
http://doi.org/10.5326/JAAHA-MS-7072
http://doi.org/10.3390/antiox11122339
http://doi.org/10.3390/antiox11122339
http://doi.org/10.3390/antiox11122339
http://doi.org/10.3390/antiox11122339
http://doi.org/10.3390/vetsci12030220
http://doi.org/10.3390/vetsci12030220
http://doi.org/10.3390/vetsci12030220
http://doi.org/10.3390/vetsci12030220
http://doi.org/10.1186/BF03548559
http://doi.org/10.1186/BF03548559
http://doi.org/10.1038/s41598-022-09056-5
http://doi.org/10.1038/s41598-022-09056-5
http://doi.org/10.1038/s41598-022-09056-5
http://doi.org/10.1016/B0-72-160422-6/50073-5
http://doi.org/10.1016/B0-72-160422-6/50073-5
http://doi.org/10.2460/ajvr.78.12.1406
http://doi.org/10.2460/ajvr.78.12.1406
http://doi.org/10.2460/ajvr.78.12.1406
http://doi.org/10.2460/ajvr.78.12.1406
http://doi.org/10.15421/0224134
http://doi.org/10.15421/0224134
http://doi.org/10.1186/1746-6148-10-137
http://doi.org/10.1186/1746-6148-10-137
http://doi.org/10.1186/1746-6148-10-137
http://doi.org/10.31210/visnyk2022.02.30
http://doi.org/10.31210/visnyk2022.02.30
http://doi.org/10.31210/visnyk2022.02.30
http://doi.org/10.1111/jvim.17285
http://doi.org/10.1111/jvim.17285
http://doi.org/10.1111/jvim.17285
http://doi.org/10.1111/jvim.17285
http://doi.org/10.1111/avj.13291
http://doi.org/10.1111/avj.13291
http://doi.org/10.3390/vetsci11100454
http://doi.org/10.3390/vetsci11100454
http://doi.org/10.3390/vetsci11100454
http://doi.org/10.1111/jvim.16134
http://doi.org/10.1111/jvim.16134
http://doi.org/10.1111/jvim.16134
http://doi.org/10.1111/jvim.16134
http://doi.org/10.1186/s12917-020-02448-7
http://doi.org/10.1186/s12917-020-02448-7
http://doi.org/10.1186/s12917-020-02448-7
http://doi.org/10.1186/s12917-020-02448-7
http://doi.org/10.1186/s12917-020-02448-7
http://doi.org/10.15421/2021_112
http://doi.org/10.15421/2021_112
http://doi.org/10.15421/2021_112
http://doi.org/10.15421/2021_112
http://doi.org/10.15421/2021_112
http://doi.org/10.15421/022237
http://doi.org/10.15421/022237
http://doi.org/10.15421/022237
http://doi.org/10.15421/2021_159
http://doi.org/10.15421/2021_159


10 
Regulatory Mechanisms in Biosystems, 2025, 16(4), e25202 

Chernushkin, B. O., Leno, M. I., Rusyn, V. I., Drach, M. P., Fedorovych, 

V. L., Zinko, H. O., & Yaremchuk, V. Y. (2021). Functional state of the 

liver in cows with fatty liver disease. Ukrainian Journal of Ecology, 11(3), 

167–173.  

Vlizlo, V., Prystupa, O., Slivinska, L., Gutyj, B., Maksymovych, I., Shcherba-

tyy, A., Lychuk, M., Partyka, U., Chernushkin, B., Rusyn, V., Leno, M., & 

Leskiv, K. (2023). Treatment of animals with fatty liver disease using a 

drug based on the seeds of Silybum marianum. Regulatory Mechanisms in 

Biosystems, 14(3), 424–431.  

Vlizlo, V., Prystupa, O., Slivinska, L., Gutyj, B., Maksymovych, I., Chernush-

kin, B., Leno, M., Rusyn, V., Shcherbatyy, A., & Lychuk, M. (2024). Tre-

atment of cows with liver pathology using a liposomal drug based on ext-

ract from the fruits of Silybum marianum. Regulatory Mechanisms in Bio-

systems, 15(3), 429–435.  

Webster, C. R. L., Center, S. A., Cullen, J. M., Penninck, D. G., Richter, K. P., 

Twedt, D. C., & Watson, P. J. (2019). ACVIM consensus statement on the 

diagnosis and treatment of chronic hepatitis in dogs. Journal of Veterinary 

Internal Medicine, 33(3), 1173–1200.  

 

 

http://doi.org/10.15421/2021_159
http://doi.org/10.15421/2021_159
http://doi.org/10.15421/2021_159
http://doi.org/10.15421/2021_159
http://doi.org/10.15421/022362
http://doi.org/10.15421/022362
http://doi.org/10.15421/022362
http://doi.org/10.15421/022362
http://doi.org/10.15421/022362
http://doi.org/10.15421/022460
http://doi.org/10.15421/022460
http://doi.org/10.15421/022460
http://doi.org/10.15421/022460
http://doi.org/10.15421/022460
http://doi.org/10.1111/jvim.15467
http://doi.org/10.1111/jvim.15467
http://doi.org/10.1111/jvim.15467
http://doi.org/10.1111/jvim.15467

