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Dietary supplements
As awareness of the role of prevention in pets’ health 

has grown among pet owners in recent decades, dietary 
supplements have increased in popularity (25). Such 
products are taken orally and contain one or more 
dietary ingredients intended to supplement the diet 
(37) and prevent nutritional deficiency (44), such as 
vitamins, minerals, herbs, other nutraceutical plants, 

amino acids, and substances such as enzymes, organ 
tissue, and metabolites.

Nutritional supplements not only help prevent the 
development of diseases, but are also a form of comple-
mentary or alternative medicine (CAM) which can be 
used instead of, or alongside, conventional medicinal 
products to reduce adverse drug effects (23). Several 
supplements, such as curcumin, S-adenylo-methionine 
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Summary

We review canine dietary supplements, in particular silymarin and its hepatoprotective properties. Dietary 
supplements should be considered complements to conventional drug treatments, helping to prevent health 
issues, such as nutritional deficiencies and organ dysfunctions. The market for veterinary supplements is 
growing rapidly. Pet owners are increasingly eager to provide their animals with the best care available. The 
rapidly growing market of supplements is an opportunity for both the industry and veterinarians, who can 
introduce new treatment protocols supported by dedicated dietary supplements. The liver is one organ that can 
be nutritionally supported in case of dysfunction. In dogs, hepatopathies may be primary or may be secondary 
to an underlying problem. Toxins, drugs, and neoplasia are reported among the causes of liver dysfunctions. 
There are several substances with proven liver-beneficial properties. One of these is silybin, contained in 
silymarin, a hepatoprotector extracted from Silybum marianum. Dietary supplementation with silybin seems 
a reasonable tool to support a core treatment for liver disease. Laboratory tests have additionally shown that 
silybin supplementation helps reduce liver damage. The literature indicates that silybin acts not only as an 
antioxidant, but also as an antifibrotic agent and a stimulator of cell regeneration. Due to its multidirectional 
action, it can effectively reduce liver damage, or help prevent it. Independent of the reason for its administration 
(prevention or therapy), it has been reported effective in laboratory animals, dogs, and humans. This was 
confirmed by an observational study performed at the University Center for Veterinary Medicine at Poznań 
University of Life Sciences. A total of 15 dogs with diagnosed liver conditions were supplemented with silybin 
for 30 days. Significant improvements were reported in the liver blood markers after the supplementation 
period. All things considered, silybin dietary supplementation is a  noteworthy strategy in prevention and 
treatment of liver diseases in dogs.
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(SAMe), silymarin, and yutan, are known to have hepa-
toprotective activity (7, 23, 35, 62). It should be noted, 
however, that some dietary supplements interact with 
drugs (9). Owners must therefore be sure to inform 
veterinarians of any medical and nutritional prepara-
tions administered to the animal, and veterinarians 
should have a thorough understanding of the interac-
tions, safety, and efficacy of any such products used.

The market for dietary supplements has grown 
steadily for the last twenty years as a  result of the 
increasing number of pets in households, as well as 
increasing knowledge among pet owners (http://www.
fediaf.org/images/FEDIAF_Facts_and_Figures_2018_
ONLINE_final.pdf). Botanical supplements also have 
the advantages of being less expensive and less toxic 
than conventional drugs, which may incline pet owners 
toward this alternative treatment (1).

In addition, nutraceuticals have become a  crucial 
element of human health programs (24): according to 
Gupta et al. (24), the market for human nutraceuticals 
is expected to grow from 4 billion US dollars in 2019 
to 10 billion US dollars by 2022. A similarly rapid 
growth is likely to occur in veterinary medicine, and 
the global market of pet food nutraceuticals is expected 
to reach a value of $8.25 billion by 2023 (https://www.
mordorintelligence.com/industry-reports/pet-dietary-
supplements-market).

In Europe, an estimated 80 million households own 
pets, 25% of which are dogs (http://www.fediaf.org/ 
images/FEDIAF_Facts_and_Figures_2018_ONLINE_
final.pdf). Furthermore, it has been reported that in 
Italy, 5.3% of dogs treated by veterinarians are treated 
with herbal supplements (1). A market analysis and 
forecast for the study period 2016-2020, based on the 
year 2019, estimated a compound annual growth rate 
(CAGR) of 5.6% for the dietary supplement market.

Supplements come in a range of forms, such as tab-
lets, capsules, granules, powder, gel, gummies, liquids, 
and sprays https://zoobranza.com.pl/suplementy-diety-
psow-i-kotow/); powders and liquids are most popular 
among consumers, followed closely by capsules and 
tablets (https://www.transparencymarketresearch.com/
pressrelease/pet-dietary-supplements-market.htm).

Bioactive compounds (secondary plant metabolites)
Currently, a  large variety of supplements and pet 

foods supplemented with plant extracts or plant func-
tional compounds are available. Plants contain multiple 
phytochemicals (bioactive compounds) with pharma-
cological and nutraceutical properties (55). These can 
be incorporated into food in small quantities and in 
this way administered to pets (5, 21). Their biological 
activity is associated with their ability to modulate 
metabolic reactions (4). They are not essential for 
vital functions, but it has been shown that they can 
have positive effects on health (5). The therapeutic 
potential of these molecules is based on their ability 

to inhibit or induce enzyme or gene expression, to 
inhibit or activate receptor activities, and to exert an-
tioxidant effects by affecting energy intake. They can 
also reduce metabolic disorders, oxidative stress, and 
proinflammatory states (53). The potential health ef-
fects of bioactive compounds are highly dependent on 
digestive processes, which affect their bioaccessibility 
and bioavailability; this varies significantly between 
compounds (21) and thus does not always match the 
tissue concentration (53).

Plants produce a vast number of organic compounds, 
many of which do not participate directly in growth and 
development (28). However, they can be synthesized in 
response to environmental factors and serve as defense 
mechanisms, or play a role in specialized structures 
or reproductive organs (2, 61). Bioactive compounds 
are usually secondary metabolites derived from the 
primary metabolism of plants. Unlike primary metabo-
lites, secondary metabolites are synthesized in small 
quantities (25) and, as a source of active ingredients, 
they are used in the production of pharmaceuticals, 
agrochemicals, aromatics, and food additives (2).

Phytochemicals include diverse classes of com-
pounds with distinct chemical structures, various dis-
tributions, different ranges of concentrations in food 
and organisms, efficacy, specificity, and biological 
activity (21).

The secondary metabolites present in plants belong 
to four main groups: terpenes (such as quinoline, 
indole, purine), phenolic compounds (such as cou-
marins, flavonoids, lignin, tannins), glycosides (such 
as saponins, glucosinolates, cardiac glycosides), and 
alkaloids (such as hormones, carotenoid pigments, ste-
rols, and essential oils). These present a vast diversity 
of properties, including antimicrobial (bactericidal and 
bacteriostatic), antihelmintic (tannins and saponins), 
antioxidant, anti-tumorous, anti-inflammatory, immu-
nostimulant (phenolic compounds, alkaloid saponins, 
and terpenes), and detoxification-supporting properties. 
They can also take part in physiological functions, 
such as the transport of toxic nitrogen and protec-
tion against UV rays, as well as enhancing immune  
responses (27).

From the nutritional and physiological point of view, 
special attention should be drawn to antioxidants, 
which support the natural defense mechanisms of cells 
and are widely considered as preventive against nu-
merous diseases (including hepatopathies). Excessive 
oxidation may also cause adverse changes in the quality 
factors of food and may contribute to toxic effects (61).

The presence or absence of these properties de-
pends on factors such as the kind of plant, the type of 
bioactive compound, the presence of other secondary 
metabolites, the quantity consumed, and the ingestion 
frequency (27).

Although phytogenic substances are of natural ori-
gin and therefore perceived as safe, it should not be 
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forgotten that they may also be toxic, particularly to 
the liver and other excretory organs (61). There are no 
precise data on the recommended number or dosage 
of intakes, or the effectiveness and safety of particular 
bioactive compounds, but it has been shown that, as 
part of a balanced diet, they may produce beneficial 
health effects (5).

Silybin: characteristics and mechanism of action
One secondary plant metabolite that exhibits 

health-beneficial properties is silybin. Silybin, with its 
isomers silybin A and B isomers, is one of the most 
active flavonolignans present in the extract from milk 
thistle, Silybum marianum. Along with other flavono-
lignans (isosilybin, silidianin and silicristin), it forms 
a complex known as silymarin. It is present in every 
structure of the plant and is mostly concentrated in the 
fruit. Standard extract are 60% to 80% silymarin (12).

Silybin displays several hepatoprotective actions, 
such as an antioxidant effect and an ability to impair 
hepatic fibrogenesis, while accelerating liver regen-
eration by contributing to the epigenetic regulations. 
Moreover, it increases the bile output of hepatocytes, 
which produce ursodeoxycholic acid, a bile acid known 
for its hepatoprotective potential (12).

By interfering with the formation of oxidant toxins,  
accelerating their degradation or disposal, and pre-
venting toxins from connecting to their receptors or 
binding sites, silymarin inhibits lipid peroxidation 
and the synthesis of reactive oxygen species (ROS). 
ROS play a key role in the process of inflammation, 
as their presence results in cytokine liberation and the 
activation of tissue macrophages (32). Moreover, it 
has been found that silymarin also interacts with cell 
and mitochondrial membranes, modifying the flux of 
substances through them (12, 14).

In liver injury, tissue macrophages called Kupffer 
cells are activated. Their mitochondria produce large 
amounts of ROS as a result of lipid peroxidation (12). 
Malondialdehyde (MDA) and mitochondrial desfer-
rioxamine (DFO) can be used as indicators of lipid 
peroxidation (47). It has been found after treatment 
of liver hemochromatosis with silybin that the MDA 
concentration in the mitochondria of these cells was 
reduced to negligible levels, while DFO levels re-
mained almost unchanged, compared to the control 
group. Moreover, it has been found that silybin treat-
ment prevents membrane potential disturbance and 
maintains an appropriate level of activity of the cell 
respiration cycle and of its cytochrome c, which in turn 
allows the levels of ATP, an indicator of cell viability, to 
remain steady (47). Through its mode of action, silybin 
prevents mitochondrial dysfunction, thus maintaining 
the proper functioning of the cell and its membrane.

Liver intoxication by peroxidation inducers, such as 
paracetamol, ethanol, or phenylhydrazine, results in an 
accelerated cell respiratory rate and the release of toxic 

thiobarbituric acid reactive substances (TBARS) (20). 
It has been investigated that reduced glutathione (GSH) 
pool required, in response to the provoked oxidative 
stress, is not sufficient, consequently depletion occurs. 
However, model rats injected intravenously (IV) with 
silybin at a dose of 50 mg/kg showed an important 
diminution in oxygen consumption rate, along with 
stabilized GSH levels in the cells (20). It was thus dem-
onstrated that silybin has several effects, not only on 
the concentration of free radicals, but also on processes 
in which both glutathione and superoxide dismutase 
are involved. Moreover, it inhibits lipoxygenase, thus 
limiting lipid peroxidation (20).

It is suspected that silymarin administered at high 
doses, may also interfere in the phase I of detoxifica-
tion pathway, by inhibiting the function of cytochrome 
p450 (CYP450), preventing the formation of oxidant 
toxins (12, 20). It is worth noting that these features 
make silybin a potential competitor for drugs which 
bind to CYP450.

However, as has been shown by Ying Xie et al.,  
silybin has been shown in multiple studies to have little 
or no effect on drug metabolism and sometimes, even 
improving the availability of active substances (67). 
For example, it has been shown to have no influence 
in humans taking a combination of aminopyrine and 
phenylbutazone or midazolam. A moderate effect was 
observed in the case of metronidazole, with a reduction 
of about 30% of the area under curve (AUC) (66, 67) 
as well as a reduced half-life and increased clearance 
(66) and – in the case of indinavir – with a reduction 
of 9% of AUC (66). On the other hand, silymarin has 
been shown to have a significant influence on talinolol, 
which increased its AUC by 36%, and on domperidon, 
whose AUC increased fivefold in the presence of si-
lymarin. Furthermore, silybin has been shown to be 
a highly selective inhibitor of uridine diphosphogluc-
uronyl transferase 1A (UGT1A) (66), which catalyzes 
glucuronidation during phase II drug metabolism. 
Hence, the distribution ratios of pyrazinoic acid, an 
active metabolite of pyrazinamide, have been found 
to be affected by silybin, which had negative effects 
on its elimination (66). In addition, Jhy-Wen Wu et al. 
found that the reduction of the P-glycoprotein (P-gp)  
present in Caco-2 intestinal epithelial cells was in-
hibited by silymarin, which increased the intestinal 
absorption of drugs otherwise excreted back into the 
intestine lumen (66). For example, the bioavailability 
of digoxin, a  cardiac glycoside, was increased after 
the administration of 50 µM silymarin in vitro, but the 
correlation was not demonstrated in vivo.

However, the properties of silybin mean that treat-
ment with it may result in a diminished oxidative cell 
damage, indirectly preventing repairing processes, 
such as fibrosis.

The transcription factor nuclear factor kappa B (NF-
κβ) is a protein complex inducing the translation of ge-
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netic material and the transcription of survival genes in 
response to inflammatory factors (48). In hepatocytes, 
NF-κβ can be activated by viral or bacterial products, 
proinflammatory cytokines, oxidants, and ROS. Once 
activated, it binds to the promoter region of DNA which 
codes for the protein of the inflammatory response. On 
one hand, there is evidence that silymarin inhibits this 
process through two mechanisms (48). Firstly, it may 
inhibit the phosphorylation of NF-κβ, keeping it in an 
inactive state. Secondly, it may also prevent the nuclear 
translocation of the active subunits of NF-κβ (p50 and 
p65). The exact mechanisms of these processes are 
still unknown. On the other hand, a study by Au et al. 
revealed that a combination of S-adenosylmethionine 
and silybin exerts anti-inflammatory and antioxidant 
effects through two separate signaling pathways – 
namely, by reducing the cytokine-induced production 
of PGE2, IL-8 and MCP-1, and subsequently inhibit-
ing NF-Bκ (6), which is accompanied by an increase 
in antioxidant enzyme-reduced glutathione (GSH). 
Nonetheless, it should be underlined that silymarin 
does not inhibit the binding of NF-κβ to DNA. This 
mechanism also indirectly prevents liver fibrosis, as it 
results in the survival of liver cells (48).

Still, the direct antifibrotic properties of silybin are 
due to the fact that it not only inhibits the activation, 
differentiation, and mitosis of extracellular compound-
synthesizing cells in the liver (stellate cells), but it also 
interferes with the type 1 collagen synthesis pathway 
and decreases the production of metalloproteinase-1 
tissue inhibitor (TIMP1), both of which are expressed 
by activated stellate cells (10, 39). The decrease in 
TIMP1 allows an increase in matrix metalloprotein-
ase-1 (MMP1), a  collagenase known for dissolving 
extracellular matrix (ECM), and particularly collagen 
type 1, to allow tissue remodeling (10). It has been 
demonstrated that a treatment of silybin administered 
at 50 mg/kg/day for 6 weeks decreased the amount of 
collagen accumulated in an inflamed liver by 12% and 
stimulated the excretion of bile containing ursodeoxy-
cholic acid (12).

Silybin stimulates cell regeneration by acting di-
rectly on the process of DNA transcription. It has been 
demonstrated in vivo on rats that a dose of 10 mg/kg of 
silybin increased the amount of proteins synthesized 
by 40% (60). The result indicates that the effect of si-
lybin was greater at the higher dose of 25 mg/kg. The 
translation on which silybin has an impact results from 
the intensified synthesis of ribosomal RNA (rRNA) 
due to the stimulation of polymerase I. Moreover, 
Sonnenbichler and Zelt (60) found an increase in the 
transcription of 45S RNA, which is a precursor for the 
further synthesis of 5.8S, 18S, and 28S RNA, which 
are eukaryotic ribosome constituents. As a result, more 
ribosomes are active in the nucleus, which increases 
the translation potential and thereby the protein content 
of the cell.

In addition, the results of Sonnenbichler and Zelt 
(60) indicate that the DNA replication process is also 
stimulated by silybin in hepatectomized rats. Using 
radioactive thymine, they found that, along with the 
stimulation of protein synthesis, silybin treatment 
also enhanced DNA replication. Doses of 27 mg/kg 
increased DNA synthesis by 25-30%.

As the synthesis of both proteins and DNA is in-
creased, cells mature more quickly and progress more 
quickly to the next stage of the cell cycle. The stimula-
tion of hepatocyte replication certainly favors recovery 
from liver injury (60).

It is worth noting that silymarin can exhibit a syner-
gistic effect when combined with other plant materials, 
such as garlic (56) or Phyllanthus amarus extract (68). 
Interestingly, administration of amiodarone (an antiar-
rhythmic drug with toxicity due to the generation of 
free radicals) in combination with silymarin has been 
shown to potentiate its antiarrhythmic action in induced 
atrial flutter. However, the mechanism of this action 
still needs to be clarified (63).

The pharmacological characteristics of silymarin 
should also be kept in mind when using this treatment. 
Silymarin can be administered either per os (PO) or 
IV, and is not soluble in water (22). It is thus mostly 
excreted with the bile (80% and 40%-45% during the 
first 48 hours after IV and PO administration, respec-
tively), and only trace amounts are found in urine (8% 
and 2%-5% during the first 48 hours after IV and PO 
administration, respectively). The results of Persiani 
et al. indicate that silybin hemisuccinate is strongly 
bound to plasma proteins, and the extent of binding is 
similar for different animal species, including dogs, 
rats, mice, and humans. Thus, no corrections for an 
unbound drug fraction are needed when animals are 
involved in toxicological studies for human medicine 
(46). It is worth noting that silybin in urine is found 
unmodified, whereas only metabolites are excreted 
with bile in rats (13), regardless of the mode of admin-
istration (20). Moreover, the authors show that there is 
a linear relation between the quantities administered 
and excreted (dose: ≤ 20 mg/kg).

PO bioavailability is low, which is shown by its 
excretion with the bile accounting for only 2 to 3% of 
the total oral dose (20). It has been found that the bio-
availability of silymarin increases when administered 
orally in the form of liposome suspensions. Yan-yu et 
al. carried out a study on beagle dogs to examine the 
possibility of increasing the gastrointestinal absorption 
of silymarin encapsulated with proliposome (70). The 
study revealed that the oral administration of silyma-
rin proliposome could lead to a higher bioavailability 
than the administration of pure silymarin or silybin 
(70). Pharmacokinetic studies conducted with dogs by 
Filburn et al. revealed that the bioavailability of sily-
bin administered with a phosphatidylcholine complex 
(phytosome) is higher than that of the conventional, 



Med. Weter. 2020, 76 (12), 700-708704

nonphytosome form (19). Similar studies carried out 
on humans and rats demonstrated the greatly improved 
bioavailability of silybin combined with phosphati-
dylcholine, due to better transition from a hydrophilic 
environment to a lipophilic environment of the cells 
(31, 36).

The plasma peak occurs 4 to 6 hours after adminis-
tration, with an elimination half-life (T1/2) of 6 to 8 
hours (13). Peak excretion in urine takes place 1 hour 
after PO administration (20).

Following administration, most components of 
silymarin are conjugated in the liver with sulfate and 
glucuronic acid (13, 20). They reach the bloodstream 
before being excreted with the bile as conjugates and 
undergoing enterohepatic recirculation (20). From 
the intestinal lumen, 35% of the conjugate undergoes 
reuptake, and peak plasma concentration is reached 
30 minutes after ingestion.

Silybin is found distributed among several tissues. 
Half an hour following administration, it is found 
mostly in the organs of the digestive tract, such as the 
liver, the pancreas, and the stomach (20), which have 
significant glandular activity, but is also found in the 
lungs. After 30 minutes, concentrations of 8.8 (± 1.6) 
µg/g in the liver, 123 (± 21) µg/g in the stomach, and 
5.8 (± 1.1) µg/g in the pancreas (20) are found. These 
data suggest that the highest concentration is found in 
the stomach, but there seem to have been no studies 
on its role and mode of action, or the reason for its 
presence here.

Silymarin appears to be a  safe nutraceutical, as 
its 50% lethal dose (LD50) for dogs is 140 mg/kg IV 
(which increases as the rate of infusion decreases) and 
10 g/kg PO, with a maximum tolerated dose of 300 mg/
kg (20). If LD50 is exceeded, the cause of death ap-
pears to be cardiovascular. Moreover, silymarin seems 
to have no effect on embryonic development. Hence, 
we can conclude that the acute, subacute, and chronic 
toxicities of silymarin are very low (20). Silymarin 
has been reported as a potent inhibitor of the thyroid 
hormone transporter MCT8, which suggests it may not 
be safe as an adjuvant therapeutic in liver diseases (29), 
but it is generally well-tolerated by both animals and 
humans; and the most prevalent adverse reactions to 
silymarin are diarrhea, abdominal pain, pruritus, and 
nausea (59).

It is important to bear in mind, however, that these 
data were collected for humans, and, to the authors’ 
knowledge, there is no data available on the herbal-
drug interaction of silymarin in dogs.

Some animal data are available for rats and rabbits 
that were given silymarin as a pretreatment; these show 
that it resulted in an increase of the AUC and maximum 
plasma concentration (Cmax) for nitrendipine, and in 
elevated exposure of methadone (67).

Information found on the Internet suggests that the 
following preparations containing silybin are commer-

cially available in Poland: Hepaxan (Vebiot, Warsaw, 
Poland), Hepatoforce (Vetfood, Łódź, Poland), 
BARFeed Milk Thistle (Vetfood, Łódź, Poland), 
BARF Silybum Marianum (Canvit, Chrášťany, Czech 
Republic), Silimarina (DogShield, Skierniewice, 
Poland), HepaDol (Dolfos, Piotrków Trybunalski, 
Poland), Hepachol S (Eurowet, Kościelna Wieś, 
Poland), Slimvet (Eurowet, Kościelna Wieś, Poland), 
Hepatikrill Cane (iloVet, Dąbrówka, Poland), Silivet 
(Biofaktor, Skierniewice, Poland) and RawDietLine 
Ostropest (Pokusa, Wieliczka, Poland). The wealth of 
commercially available preparations suggests a  sig-
nificant demand for this type of product on the Polish 
veterinary market. We believe that this market, which 
includes silybin preparations, will grow rapidly, in line 
with global trends.

Hepatopathies
Both infectious and noninfectious factors should 

be taken into account in canine liver diseases. The 
infectious etiologic agents reported in the literature 
are limited to Canine adenovirus-1 (CAV1), a known 
cause of acute hepatitis, also known as infectious ca-
nine hepatitis (ICH), and Rubarth’s Disease (18), and 
Leptospira spp. (8), and leishmaniasis (50). However, 
noninfectious agents are believed to be the predominant 
cause of hepatopathies in dogs: factors such as toxins, 
certain drugs, and neoplasia (26) have been described 
(8). Hepatotoxin is a general term for a substance that 
may damage the liver. For example, drugs such as 
diethylcarbamazine/oxibendazole, phenobarbital, and 
trimethoprim/sulfadiazine may be hepatotoxic (11). 
Some causes of hepatopathies are congenital, such as 
defects in copper metabolism leading to a chronic form 
of hepatitis that has been described in several breeds of 
dogs (15). Copper storage disease was first described 
in the Bedlington Terrier and then in the Dalmatian, 
Doberman Pinscher, and Labrador Retriever (15). 
Another type of inherited liver malformation is vascu-
lar abnormalities in the form of portosystemic shunts 
(54). Agenesis of a hepatic lobe is an extremely rare 
congenital anomaly, and only one case has been report-
ed in the veterinary literature in a dog (41). However, 
the causes of most hepatitis cases are unknown and are 
considered idiopathic (18).

Hepatopathies can be further classified. Generally, 
hepatopathy can be a primary problem or may be sec-
ondary to other conditions, which should be dealt with 
first. For example, very pale mucous membranes in the 
presence of icterus indicate that the liver dysfunction is 
secondary to hemolytic anemia. Furthermore, regularly 
encountered forms of primary hepatopathy in dogs 
include acute hepatitis and chronic hepatitis (with or 
without cirrhosis). Less frequently encountered forms 
are lobular dissecting hepatitis, granulomatous hepa-
titis, and eosinophilic hepatitis (18). It is important to 
note that WSAVA has developed diagnostic guidelines 
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regarding liver diseases. For example, these define 
acute hepatitis morphologically as a combination of 
inflammation, hepatocellular apoptosis, and necrosis, 
and, in some instances, regeneration (52).

In addition to dysfunctions of liver parenchyma, the 
biliary system can also be affected, with conditions 
such as cholecystitis, gallbladder mucocele, and gall-
bladder neoplasia having been reported in dogs (40).

Markers of liver disorders
According to the World Health Organization, a bio-

marker is “a chemical, its metabolite, or the product 
of an interaction between a chemical and some tar-
get molecule or cell that is measured in the human 
body” (http://www.who.int/ceh/capacity/biomarkers.
pdf?ua=1). When tissue cells are damaged or broken 
down, biomarkers are released into the circulation.

Novel methods of biochemical analysis now allow 
the discovery and measurement of a  large array of 
biomarkers, not only in urine, saliva, tissues, or feces, 
but also in blood.

Regular monitoring of the levels of biomarkers in 
blood is crucial for the early diagnosis of pathologi-
cal conditions. Nonetheless, for a complete diagnosis, 
a competent practitioner needs to interpret blood work 
results, as several markers – depending on their con-
centrations and the ratio between them – may lead to 
different conclusions.

The most specific markers of liver injury may be 
of either enzymatic or nonenzymatic origin, the latter 
including proteins, metabolites, and other circulating 
compounds (Tab. 1).

Those used on a daily basis in veterinary practice 
are alanine transferase (ALT), aspartate transaminase 
(AST), alkaline phosphatase (ALP), bilirubin and 
albumin (42) and, to a smaller extent, gamma-glutam-
yltransferase (GGT), sorbitol dehydrogenase (SDH), 
and glutamate dehydrogenase (GLDH) (13).

Is silybin supplementation always effective?
In the veterinary literature, there is limited informa-

tion on the hepatoprotective properties of silybin in 
dogs. A few older studies investigated the potential of 
silybin in protecting the liver against the experimental 
toxicity of Amanita phalloides mushrooms (64) or 
tetrachloromethane-induced liver disease (45). The 
results were not consistent. Vogel et al. (64) observed 
an increased survival rate and fewer clinical signs of 
poisoning, whereas according to Paulova (45) the ef-
fectiveness of silybin in protecting the liver was low. 
In more recent studies, Kocaturk et al. observed a sig-
nificant reduction in the activity of hepatic enzymes, 
including ALT and ALP, in dogs supplemented with 
a combination of SAMe and silybin in the course of 
endotoxemia experimentally induced with LPS (34). 
This is consistent with a case report by other research-

ers who also observed reduced values of hepatic 
markers, such as ALT, AST, ALP, and LDH, 
in a bitch with stanozol-induced hepatotoxic-
ity treated with silymarin (38). The authors of 
another study examined the effect of including 
several plant-based supplements in the diet of 
74 dogs. They found that, with a daily silymarin 
dose of 10 mg per kg of live weight, dogs with 
increased ALT and GTP activities on the first 
day of the experiment showed a  decrease in 
these parameters sixty days later (55). These 
researchers also reported an increase in both 
plasma paraoxonase (PON) and the mitochon-
drial gene coding for mitochondrial superoxide 
dismutase 2 (SOD2), which supported the thesis 
about the antioxidant activity of silymarin (55). 
Another study (58) suggests that a  combina-
tion of S-adenosylmethionine and silybin can 
minimize increased liver enzyme activity dur-
ing chemotherapy in cancer treatment in dogs.

This is in accordance with our observational 
study in which we also noted a significant re-
duction in liver enzyme activity in dogs with 
liver dysfunctions. Between April 2018 and 
April 2019, fifteen dogs were selected for analy-
sis from dogs diagnosed with liver disease at the 
University Center for Veterinary Medicine at 
the Poznań University of Life Sciences. Seven 
male and eight female dogs of different breeds 

Tab. 1. Summary of the most significant liver markers in dogs
Liver markers Type Abbreviation Reference

Alanine transferase enzymatic ALT eClinpath, 20131

Aspartate transaminase enzymatic AST Ozer, 2008 (43)

Arginase enzymatic ARG Ozer, 2008 (43)

Alkaline phosphatase enzymatic ALP Bexfield, 2016 (8)

Butyrylcholinesterase enzymatic BChe Carmo, 2015 (16)

Gamma-glutamyltransferase enzymatic GGT Ozer, 2008 (43)

Glutamate dehydrogenase enzymatic GLDH eClinpath, 20132

Malate dehydrogenase enzymatic MDH Ozer, 2008 (43)

Sorbitol dehydrogenase enzymatic SDH Gerlach, 1974 (22)

Albumin protein ALB eClinpath, 20133

Alpha-fetoprotein protein AFP Yamada, 1994 (69)

Fibrinogen protein FIB Redman, 2001 (51)

Ammonia metabolites NH4 Aldridge, 2015 (3)

Hyaluronic acid metabolites HA Kanemoto, 2009 (30)

Total bilirubin metabolites TBIL Ozer, 2008 (43)

Blood urea nitrogen others BUN IDEXX, 20134

Extracellular vesicles others EVs Povero, 2014 (49)

MicroRNA others – Koenig, 2016 (33)

Explanations: 1http://www.eclinpath.com/chemistry/liver/liver-injury/ 
alanine-aminotransferase, 2http://www.eclinpath.com/chemistry/liver/ 
liver-injury/glutamate-dehydrogenase, 3http://www.eclinpath.com/ 
chemistry/proteins/albumin, 4http://www.idexx.eu/globalassets/documents/
parameters/8071-us-bun-interpretive-summary.pdf.



Med. Weter. 2020, 76 (12), 700-708706

with a  mean age of 10 ± 1.2 
years and a mean body weight 
of 20 ± 2 kg were used. The 
diagnosis was based on clini-
cal examination and elevated 
values of liver enzymes. The 
dog owners were advised to 
begin supplementing their pets’ 
diet with a herbal preparation 
containing silybin as a bioac-
tive compound (Hepaxan, 
Vebiot, Poland) at a  dose of 
28.3 mg silybin per 10 kg 
BW (as recommended by the 
manufacturer). Blood samples 
for determining a  liver panel 
were collected on the first day 
of supplementation and thirty 
days later. Blood parameters 
(ALBUMIN, ALT, AST, TBIL, 
GLDH, GGT, ALP, BUN/
UREA, αAMYLASE, LDH, 
UREA, and GLOBULIN) 
were determined using a com-
mercially available high-
throughput immunoassay 
(IDEXX SDMA Test; IDEXX 
Laboratories, One IDEXX 
Drive, Westbrook, Maine 
04092, USA). The results (mean value, standard error 
of means, and P-value) are given in Table 2. All data 
were analyzed using the SAS statistical software (Univ. 
Edition, version 9.4). The results were tested with an 
independent t-test in which the means of both groups 
(at days 1 and 30 of supplementation) were compared 
using the PROC TTEST procedure. The means were 
considered significantly different at P < 0.05. All  
values are shown as means with pooled standard errors  
of means.

The results clearly demonstrate that silybin supple-
mentation positively affected the condition of the liver 
(Tab. 2). The values of the enzymatic liver markers that 
were analyzed – including AST, GLDH, GGT, and ALP 
– decreased significantly and were within physiological 
norms. ALT values were high before supplementation 
and, despite decreasing, remained above the norm. 
Furthermore, a slight increase in albumin and globulin 
concentrations was observed. On the other hand, the 
concentration of UREA decreased. The supplementa-
tion did not influence the values of LDH, αAMYLASE, 
or BUN/UREA. Generally, silybin supplementation 
seems to be a reasonable strategy in dogs with liver 
disease but, in some cases, depending on diagnosis, the 
time of administration should be extended.

A hepatoprotective effect of silymarin was observed 
in other animal species in an experiment by Eminzade 
et al., who administered it concurrently with drugs 

used in the chemotherapy of tuberculosis in rats (17). 
Intragastric administration of silymarin with antitu-
berculosis drugs in two groups of rats significantly 
decreased serum ALT, AST, and ALP activities (17). 
Another experiment suggested a protective effect of si-
lymarin in rats treated with cisplatin, a highly hepatoxic 
and nephrotoxic drug used in the treatment of cancer 
(57). After administration of cisplatin, an increase in 
hepatic enzymes, such as ALT, AST, and ALP, was seen 
in the treatment group. However, a group given both 
cisplatin and silymarin showed a significant decrease 
in these parameters (57).

In human medicine, silybin demonstrates therapeutic 
potential in cases of acute poisoning due to Amanita 
phalloides (death cap mushroom), alcoholic cirrho-
sis, and hepatopathy from exposure to toxic levels 
of toluene or xylene (65). However, it is considered 
ineffective against viral hepatitis (65).

Generally, silybin administration should be con-
sidered as a supportive therapy in liver diseases. Our 
research clearly indicates that silybin at a dose 28.3 mg 
silybin per 10 kg BW may be effective in improving 
enzymatic liver markers. It should be underlined, 
however, that only a thorough diagnostic process can 
identify the cause of liver dysfunction; concurrent 
diseases must also be taken into account. When liver 
dysfunction is secondary to an underlying primary 
condition, the primary condition should be managed 

Tab. 2. Values of hepatic markers in silybin-supplemented dogs diagnosed with liver 
disease

Parameter Unit1 Reference range2 Before (day 1 of 
supplementation)

After (day 30 of 
supplementation) SEM P-value

ALBUMIN g/l 25.0-44.0 27.5 31.5 1.088 0.05

ALT µkat/l
(U/l)

0.017-1.36
(1.00-80.0)

6.36
(381.60)

3.43
(205.80)

0.851
(51.06) 0.04

AST µkat/l
(U/l)

0.017-1.27
(1.00-76.0)

0.64
(38.40)

0.39
(23.40)

0.060
(3.60) 0.04

TBIL µmol/l 0.010-4.60 3.07 4.11 0.261 0.04

GLDH μkat/l
(U/l)

0.0002-0.18
(0.010-10.6)

0.47
(28.2)

0.22
(13.2)

0.059
(3.54) 0.02

GGT μkat/l
(U/l)

0.0002-0.12
(0.010-7.00)

0.47
(28.2)

0.16
(9.6)

0.080
(4.8) 0.05

ALP µkat/l
(U/l)

0.017-2.35
(1.00-141.0)

4.38
(262.8)

1.63
(97.80)

0.67
(40.20) 0.04

BUN/UREA mmol/l
(mg/dl)

2.5-9.6
(7.0-27.0)

1.95
(5.46)

1.58
(4.45)

0.118
(0.33) 0.13

αAMYLASE µkat/l
(U/l)

0.17-27.5
(10.0-1650.0)

12.0
(720.0)

13.6
(816.0)

1.729
(103.7) 0.67

LDH µkat/l
(U/l)

1.75-28.00
(105.0-1680.0)

1.00
(60.00)

0.83
(49.80)

0.111
(6.66) 0.49

UREA mmol/l 3.30-8.30 7.27 5.25 0.461 0.02

GLOBULIN g/l 18.0-45.0 31.54 36.55 1.33 0.06

Explanations: 1Enzyme activity was measured in U/L (U = international units) and µkat/L (SI 
units), defined as the amount of enzyme that catalyzes the conversion of 1 µmol of substrate 
per minute under specified conditions. The conversion formula is U/L × 0.0167 = µkat/L; 
2According to the commercial veterinary lab in which blood tests were performed; SEM – 
standard error of means; differences were considered significant when P-value ≤ 0.05.
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first with causal treatment, while silybin supplementa-
tion may lessen clinical signs or reduce liver enzyme 
activities, improving the patient’s general condition.
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