
Steroids:
· Mechanism of action:
Cardiovascular System: Glucocorticoids can reduce capillary permeability and enhance vasoconstriction. A relatively clinically insignificant positive inotropic effect can occur after glucocorticoid administration. Increased blood pressure can result from both the drugs' vasoconstrictive properties and increased blood volume that may be produced.
Cells: Glucocorticoids inhibit fibroblast proliferation, macrophage response to migration inhibiting factor, sensitization of lymphocytes and the cellular response to mediators of inflammation. Glucocorticoids stabilize lysosomal membranes.
CNS/Autonomic Nervous System: Glucocorticoids can lower seizure threshold, alter mood and behavior, diminish the response to pyrogens, stimulate appetite and maintain alpha rhythm. Glucocorticoids are necessary for normal adrenergic receptor sensitivity.
Endocrine System: When animals are not stressed, glucocorticoids will suppress the release of ACTH from the anterior pituitary, thereby reducing or preventing the release of endogenous corticosteroids. Stress factors (e.g., renal disease, liver disease, diabetes) may sometimes nullify the suppressing aspects of exogenously administered steroids. Release of thyroid-stimulating hormone (TSH), follicle-stimulating hormone (FSH), prolactin and luteinizing hormone (LH) may all be reduced when glucocorticoids are administered at pharmacological doses. Conversion of thyroxine (T4) to triiodothyronine (T3) may be reduced by glucocorticoids; and plasma levels of parathyroid hormone increased. Glucocorticoids may inhibit osteoblast function. Vasopressin (ADH) activity is reduced at the renal tubules and diuresis may occur. Glucocorticoids inhibit insulin binding to insulin-receptors and the post-receptor effects of insulin.
Hematopoietic System: Glucocorticoids can increase the numbers of circulating platelets, neutrophils and red blood cells, but platelet aggregation is inhibited. Decreased amounts of lymphocytes (peripheral), monocytes and eosinophils are seen as glucocorticoids can sequester these cells into the lungs and spleen and prompt decreased release from the bone marrow. Removal of old red blood cells is diminished. Glucocorticoids can cause involution of lymphoid tissue.
GI Tract and Hepatic System: Glucocorticoids increase the secretion of gastric acid, pepsin and trypsin. They alter the structure of mucin and decrease mucosal cell proliferation. Iron salts and calcium absorption are decreased while fat absorption is increased. Hepatic changes can include increased fat and glycogen deposits within hepatocytes, increased serum levels of alanine aminotransferase (ALT) and gamma-glutamyl transpeptidase (GGT). Significant increases can be seen in serum alkaline phosphatase levels. Glucocorticoids can cause minor increases in BSP (bromosulfophthalein) retention time.
Immune System : Glucocorticoids can decrease circulating levels of T-lymphocytes; inhibit lymphokines; inhibit neutrophil, macrophage, and monocyte migration; reduce production of interferon; inhibit phagocytosis and chemotaxis; antigen processing; and diminish intracellular killing. Specific acquired immunity is affected less than nonspecific immune responses. Glucocorticoids can also antagonize the complement cascade and mask the clinical signs of infection. Mast cells are decreased in number and histamine synthesis is suppressed. Many of these effects only occur at high or very high doses and there are species differences in response.
· Repress transcription of genes responsible of pro inflammatory cytokines and adhesion molecules, thereby reducing the amplification of the immune response. 
· Suppress complement and phagocytosis of opsonized red blood cells. 
· Diffuse through the cell membrane and binds to cytosolic receptors that modulates nuclear translocation and modulate transcriptional activation

Metabolic effects: Glucocorticoids stimulate gluconeogenesis. Lipogenesis is enhanced in certain areas of the body (e.g., abdomen) and adipose tissue can be redistributed away from the extremities to the trunk. Fatty acids are mobilized from tissues and their oxidation is increased. Plasma levels of triglycerides, cholesterol and glycerol are increased. Protein is mobilized from most areas of the body (not the liver).
Musculoskeletal: Glucocorticoids may cause muscular weakness (also caused if there is a lack of glucocorticoids), atrophy, and osteoporosis. Bone growth can be inhibited via growth hormone and somatomedin inhibition, increased calcium excretion and inhibition of vitamin D activation. Resorption of bone can be enhanced. Fibrocartilage growth is also inhibited.
Ophthalmic: Prolonged corticosteroid use (both systemic or topically to the eye) can cause increased intraocular pressure and glaucoma, cataracts and exophthalmos.
Renal, Fluid, & Electrolytes: Glucocorticoids can increase potassium and calcium excretion; sodium and chloride reabsorption and extracellular fluid volume. Hypokalemia and/or hypocalcemia occur rarely. Diuresis may occur following glucocorticoid administration.
Skin: Thinning of dermal tissue and skin atrophy can be seen with glucocorticoid therapy. Hair follicles can become distended and alopecia may occur
· Dose:1-2 mg/kg BID 
· Adverse effect:  Dogs: iatrogenic hyperadrenocorticism, polydipsia (PD), polyphagia (PP) and polyuria (PU). Dull, dry haircoat, weight gain, panting, vomiting, diarrhea, elevated liver enzymes, pancreatitis, GI ulceration, lipidemias, activation or worsening of diabetes mellitus, muscle wasting and behavioral changes (depression, lethargy, viciousness).
· Cats: fewer side effects: Occasionally, polydipsia, polyuria, polyphagia with weight gain, diarrhea, or depression can be seen. Long-term, high dose therapy can lead to "Cushingoid" effects, however.


Azathioprine
· Mechanism of action:
· Competitive purine antagonist that leads to inhibition of cellular proliferation
· Suppress lymphocyte activation and proliferation
· Reduces antibody production,
· Affects more the cellular immunity than the humoral immunity.
· Establish antigen specific tolerance decreases the risk of telapse
· Suppresses macrophage function and decreases inflammatory cytokines production and phagocytic efficient
· Dose: 2 mg/kg PO q 24h for 2 weeks the 2 mg/kg PO every other day (Plumbs) may take up to 6 weeks to work. 
· Adverse effect: Bone marrow suppression Cats are more prone to develop these effects and the drug is generally not recommended for use in that species. Leukopenia is the prevalent consequence, but anemias and thrombocytopenia may also be seen. GI upset, poor hair growth, acute pancreatitis and hepatotoxicity have also been associated with azathioprine therapy in dogs.

N-Acetyl Cysteine:
· Mechanism of action: 
· Cystein donor -> enters hepatocytes
›Stimulate GSH synthesis
›Enhance glutathione S transferase activity
›Promotes detoxification of certain hepatotoxins
›Direct antioxydant (HOCl, O2Ÿ-, H2O2)

· �Medical applications:
›Enhance RBC GSH in hypoxic patients
›Improve/ preserve hepatocyte membrane fluidity and antioxydant in biliary tree occlusion
›Enhance hepatic detoxification of toxins
›Augments NADP and GSH reduction and reductive detoxification of xenobiotics
›Protective effect in Ischemia reperfusion injury

· �Indications: -Acetaminophen
Heavy metals
Acute liver injury/ hepatitis

· �Dose and administration: 140 mg/kg followed by 70 mg/kg q 8 hrs IV w Non-pyrogenic filter (0.25μm) 10% solution diluted 1:2 w saline. Administer over 20-30 min



SAME:






· �Mechanism of action: see above. Methionine and MAT1 levels are decrease in case of hepatitis. Supplementation has been shown to influence:
› Gene expression
›Apoptotic cascade
›Cell response to cytokines
›Membrane integrity
›Mitochondrial function
›Redox status
· �Indications:
· Hepatoprotection :Toxins 
-Acetaminphen
–Bile acids hepatitis
· EHBDO
· IRI
· �Side effects: Nausea, Decreased appetite post pill ingestion, Anxiety, Vomiting post pill cats
· �Dose and administration: 20 mg/kg SID Fasted animal
�		Peak plasma: 1-4 hrs dogs
2-8 hrs cats

Vitamin E: Tocopherol and tocotrienol

· Mechanism of action:
· Cellular metabolism of sulfur
· Prevents lipid perodixation
· Needs Vit C to regenerate
· With selenium, it protects against red blood cell hemolysis and prevents the action of peroxidase on unsaturated bonds in cell membranes.

· �Dose and administration: 10 IU/kg per day. Lipophyllic requires bile and pancreatic juice for GI absorption 
· Side effects: Anaphylactoid reactions have been reported. Intramuscular injections may be associated with transient muscle soreness.
�Meta-analysis humans: increased mortality when dose> 150 u/ d
�

�Silymarin
· Mechanism of action:
· Antioxydant and free radical scavenger
· Decreases lipid peroxidation
· Antifibrotic effects
· Anti inflammatory effects
· Decreases NF-κβnuclear DNA binding
· Immunomodulatory effects
· Increase gene transcription/ translation
· Accelerates hepatocellular regenerationInduced synthesis of ursodeoxychloic acid
· Anti- inflammatory effects
· �Cell and mitochondrial membrane protection
· �Blockade of cell membrane transporters or receptors
· �Altered xenobiotics metabolisms
· �Augmented toxic adduct elimination

· �Indication: hepatoxin
· Acetaminophen
· Carbon tetrachloride
· Radiation
· Iron 
· Amanita
· Aflatoxin B1
· Ethanol
· Thioacetamide
· Microcystin (cyanobacteria)
· Cysplatin
· Methotreaxte

· Dose: 20-50 mg/kg q 24 h
� 
�Non absorbable disaccharides (Lactulose- Lactitol)
· Mechanism of action: 
· Upon reaching the colon, lactulose is metabolized by the resident bacteria resulting in the formation of low molecular weight acids (lactic, formic, acetic) and CO2. 
· Cathartic effect
· Reduces luminal pH:
· Hostile environment for urease bacteria
· Reduces net NH3 absorption
· Net mouvement NH3 from blood into lumen
· Side effects: Symptoms of flatulence, gastric distention, cramping, etc. are not uncommon early in therapy, but generally abate with time. Diarrhea and dehydration are symptoms of overdosage.
· Dose:
· Dogs: 5-15 ml PO tid; adjust dose to induce 2-3 soft stools per day. 
· Cats: 0.25-1 ml PO; individualize dosage until semi-formed stools are produced

�
Zinc sulfates:
· Mechanism of actions:
· Enzyme systems that require zinc include alkaline phosphatase, alcohol dehydrogenase, carbonic anhydrase and RNA polymerase. 2/5  enzymes in urea cycle
· structural integrity of cell membranes and nucleic acids. 
· physiological processes include sexual maturation and reproduction, cell growth and division, vision, night vision, wound healing, immune response, and taste acuity.
· Indication:
·  zinc deficiency
·  reduce copper toxicity in susceptible dog breeds (Bedlington Terriers, West Highland White Terriers) with hepatic copper toxicosis
·  hepatic fibrosis in the dog.
·  Has astringent and antiseptic activity topically
· Side effects: overdoses of zinc, include hemolytic anemia, hypotension, jaundice, vomiting and pulmonary edema. Suggestions for treatment of overdoses of oral zinc, include removing the source, dilution with milk or water and chelation therapy using edetate calcium disodium (Calcium EDTA).
· Dose: 5-10 mg/kg elemental zinc q12h

�Vitamin K1, Phytonadione.

· Mechanism of action: 
·  Necessary for the synthesis of blood coagulation factors II, VII, IX, and X in the liver. 
· Involved in the carboxylation of the inactive precursors of these factors to form active compounds.
· Side effects: Anaphylactoid reactions following IV administration, intramuscular administration :acute bleeding from the site of injection (if rodenticide).

· Dose: 

· Liver:0.5 mg/kg q 12-24 hrs for 3 days or as long as PT is prolonged
· Anticoagulant: 5 mg/kg SID first day, then 2.5 mg/kg BID or Sid depending on author. 
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