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< Allergic diseases: feline asthma, canine &
feline atopic dermatitis, rhinitis...
«=Bronchodilators: aminophylline, B-agonists
«H;-antihistamine drugs
<+Cetirizine, cyproheptadine, diphenhydramine
«=Glucocorticoids
+Dexamethasone, prednisolone

«=Immunosuppressants: cyclosporin A
«=Immunotherapeutics: anti-IL-31 mAb

Cyclosporin A (CsA)

< T-cell inhibitor CsA+H AR

<« In human medicine
«=Prevent graft rejection
= Treat autoimmune disorders
<+Rheumatoid arthritis
<keratoconjunctivitis sicca (iz '+ & %)
<Early treatment of type one diabetes

«2/3 of early diabetic children reduced
insulin treatment after CsA treatment

«cMechanism: CsA interferes with anti-
islet cell autoimmune process




Structures of Immunosuppressants

Tacrolimus (FK506) Cyclosporin A (CsA)
MW: 800 MW: 1202.635
Originally isolated from: E B
4tk a;;ir]"Streptomyces tsukubaensis Tolypocladium inflatum
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V4 ]
V4 V 4
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CsA Action Mechanism

Dephophorylation

CsA & FK506

< Calcineurin inhibitors

«+ Mechanism of action
«=Bind to cytoplasmic
immunophilins
«=CsA binds to cyclophilin
«=FK506 - FK binding protein

«=Resultant complexes inhibit calcineurin (a
cytoplasmic phosphatase)

= Calcineurin activates Nuclear Factor of
Activated T-cell (NF-AT)

10




CsA in Veterinary Medicine

<« Major indication: topical treatment of
keratoconjunctivitis sicca (§z & & &% %)
«=Immune-mediated lacrimal adenitis
®0.2% in petroleum-corn oil ointment
<« Autoimmune disorders in cats & dogs
«=Atopic dermatitis
«Glomerulonephritis

< Prevention of graft rejection

«=Kidney transplantation

«=Cats respond better than dogs

11

CsA Side Effects

<« Human patients
«wSevere nephrotoxicity (25-75%)

<+ The major drawback with the drugs
«=Hepatoxicity (up to 50% of patients)
«=Neurotoxicity: tremors
«Viral infections
< Canine patients with atopic dermatitis
«=Gl: vomiting (30%), diarrhea (20%)

12




CsA Preparations

< Human formulations:
Sandimmune®, Neoral®
(Novartis)

< Veterinary formulations:

Atopica® (Novartis),
Optimmune® (MSD)

13

FK506 (Tacrolimus)

< Human medicine

<+ Adverse effects

< 10-100 times more potent than CsA

«=Heart, kidney & liver transplantation

«xOintment for treatment of
atopic dermatitis

«Ophthalmic emulsion for
keratoconjunctivitis sicca

«=Similar to CsA

14
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Lokivetmab (Cytopoint®)

<« An immunotherapeutic used to treat canine
atopic dermatitis

<« Approval: 2016 US, 2017 EU, 2020 Taiwan

< A canininized monoclonal antibody (mAb)
of the IgG class (IgG,) against canine IL-31

«+ Molecular weight: 150 kDa

« SC 2 mg/kg per 4-8 weeks

<+ Bioavailability: 30-100%

« T, 7-10 days

<+ Metabolism: similar as endogenous Ig

16




Immunological Mechanism

<« Major source
of IL-31
«=Th2 cells
«=Eosinophils

«Basophils &
mast cells

https:/www.frontiersin.org/articl
€s/10.3389/fimmu.2019.01383/full

17

IL-31

< |IL-31 is a major
driver of pruritic
(itching) responses
In canine atopic
dermatitis

< IL-31 promotes Th2

response via
autocrine loop

https://www.frontiersin.org/articles/10.3389/
fimmu.2019.01383/full
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& R Fipronil

<« A broad-spectrum insecticide

<+ Mechanism: block GABA, receptor
= Affinity to the insect GABA, R >>>mammals
«®GABA is an inhibitory neurotransmitter
«=Cause neuronal excitation
«=Highly toxic to insects & low to mammals

<« Commonly used as a pesticide &
veterinary drug
«=Control house roaches & field crop insects
«=Control etoparasites in cats and dogs
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Non-Steroidal Anti-Inflammatory

Drugs (NSAID) 2t & fs %5 i o &

o Aspirin

o Sulfasalazine
 Phenylbutazone

o Supyrin

« Acetaminophen

e Diclofenac# # 7 ¥
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Arachidonic Acid

N

Peroxidase
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Phospholipid

\

Arachidonic acid

_ Cyclooxygenase
Lipoxygenase w\(éox-l yCEZJOX-Z)

5-hydroperoxy- PGG\z‘
arachidonic acid
=y | PGH,—» PGD;
/ Thromboxane ESEZ
Leukotriene A, synthase 2a
\ TXA, Prostacyclin
LTC synthase
LTB, 1 |
LTD, & E, TXB, PGl 53

Mediators Associated with Pain

: < Opioid receptor
PGs C/AD fiber p p

5-HT > \
—>
Histamine — >: ‘—) Substance P
Bradykinin —> 1 l
L] 4 N
d;u;zuz H Enkephalin > _0’—) Brain
o + + = Projection

Inflammation
T neuron

Touch ; ,

oue Descending

Pressure—> :
— analgesic

Aa/AB fiber pathway 54




Role of Cyclooxygenases

Arachidonic Acid
l NSAIDs

( Anti-inflammation
COX-1, COX-2 Anti-pyrexia
) p Analgesia
Antiplatelet

Prostaglandins Gl toxicity -
7 1 \ \. Renal toxicity

Support Mediate

renal & platelet inflammation,
functions Protect pain, fever
gastric

MucoSa
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NSAID

<« Pharmacological effects
«= Antipyretic (pyrexia = fever)
«= Analgesic
= Anti-inflammatory

«= Balance of the different effects may vary

< Aspirin has a potent effect on platelet
function

< Mechanism of action

= Inhibition of cyclooxygenase (COX-l &
COX-II)
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Aspirin

< Irreversibly inhibits COX by acetylation
<+ Prolonged effect on platelet function

«=Platelet COX is 250x more sensitive than
endothelial COX to acetylation by aspirin

«=Platelets cannot regenerate COX

«=Prophylactic use for managing
thromboembolic disease (myocardium
infarction, stroke) in human and animal
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Thrombolytic Action of Aspirin

Platelet [Endothelial CeII}

COX-1 COX-1 & COX-2
Low .| High
Dose AT Dose
Thromboxane A, (TXA,) Prostacyclin (PGl,)
11 Platelet aggregation L1 Platelet aggregation
11 Vasoconstriction 11t Vasodilatation
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Aspirin in Veterinary Medicine

<« Control of osteoarthritis in dogs & cats
«10 mg/kg per 12 h for dogs, every 48 h for cats

<+ Ineffective for colic

« Sulfasalazine, an oral salicylate-sulfonamide
x=Inflammatory bowel disease (IBD), ulcerative
colitis
«=Metabolized by intestinal flora to sulfapyridine &
5-aminosalicylic acid (5-ASA)
x®5-ASA: < 10% systemic absorption

= Sulfapyridine: enteric sulfonamide; <30%
absorption

60




Phenylbutazone

«+ FDA approved for use in horses & dogs
«=Relieve musculoskeletal inflammation

<Lameness, osteoarthritis...

«=Cheap, effective & safe in animals

<+Commonly used in horses

«=Long duration of action: > 24 h

=Irreversible binding to COX

«=The active metabolite oxyphenbutazone

persists in the body t,,

61

Species Differences in -

Man 72-96 h
Cow 42-65
Sheep 18
Goat 16
Camel 13
Horse 4-6
Dog 4-6
Rat 2.8-54
Donkey 1-2

1/2
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Phenylbutazone

<+ Use in small animals is being replaced by
COX-2 selective inhibitors

<« Avoid to use in food-producing animals
due to its prolonged elimination

< Toxicity
«=Gl, renal & hepatotoxicity

«Bone marrow dyscrasia: human
(agranulocytosis)

«=No longer approved for human use

63

Sulpyrin, Dipyrone, Metamizole

<« An old NSAID
< Toxicity
=xGl, renal & hepatotoxicity

«=Bone marrow dyscrasia: human
(agranulocytosis)

«=No longer approved for human use in
many countries (i.e. US, Taiwan...)

<« Approved by US FDA for the control of
pyrexiain horses
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Sulpyrin

<« Approved by BAPHIQ for the control of
pain & pyrexiain cows, pigs & sheep

65

Acetaminophen (Paracetamol)

<« Analgesic & antipyretic effect (COX-3 inhibition?)

<« No anti-inflammatory effect
<« Metabolism: hepatotoxicity & nephrotoxicity

» Narrow safety margin for cats & dogs
«=Low glucuronide

«xOxidative metabolites deplete glutathione
«=Vomiting, depression, methemoglobinemia
«=Do NOT use in cats; hemolytic anemia
«Avoid to use in dogs; hepatotoxicity

<+ However, very safe for humans (< 4 g/day)
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Diclofenac intoxication In vultures

o I—DSO: <1 mg/kg Diclofenac

<« Metabolism of Diclofenac (in liver & kidney)
<« Oxidative metabolism & glucuronide conjugation
< 4-hydroxydiclofenac & 5-hydroxydiclofenac

<« Further oxidized to a highly reactive p-
benzoquinone imine that caMsesioxidative stress

= 0.051-0.643 ppm in the kidneys of all 25
vultures that died of renal failure

«= Renal failure, increased serum uric acid
concentrations, visceral gout & death

Oaks et al., 2004 (Nature 427: 630-633)

Swan et al., 2006 (PL0oS Biol 4(3): €66) 4
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Diclofenac for Animal Use
<+ US FDA approval

<« Topical cream for the control of pain and
Inflammation associated with
osteoarthritis in horses

< Not approved for systemic administration
< Not approved for other animal species

81

NSAIDs Approved by US FDA

« Aspirin + methylprednisolone (dog): tablet

< Flunixin (cattle): injection, paste, granule, transdermal
<« Phenylbutazone (dog & horse): tablet, injection

» Naproxen (horse): injection, oral granule

» Ketoprofen (horse): injection

<« Carprofen (dog): tablet, injection

<+ Etodolac (dog): tablet, injection

» Meloxicam (dog): injection, oral spray & suspension

» Firocoxib (dog & horse): tablet, injection, oral paste

< Osteoarthritis, pain control & inflammation
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COX-2 Hypothesis (1990s)

Inflammation Site

Normal Tissue

Arachidonic Acid

' N\

COX-1 COX-2
Constitutive Inducible
| <= (saos = |
Physiolgical Pathoiogical
PG Pro_duction PG Pro_duction
1| +

Normal Functions

Inflammation, Pain, Fever
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COX-2 Hypothesis (1990s)

Inflammation Site

Normal Tissue

Arachidonic Acid

' N\
COX-1 COX-2
Constitutive Inducible
| |[—
Physiolgical Pathoiogical
PG Pro_duction PG Pro_duction
4 +

COX-2
Inhibitors

Normal Functions

Inflammation, Pain, Fever
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NSAIDs Approved by US FDA

<« Carprofen (dog): tablet, injection (COX-2 inhibitors)
<« Etodolac (dog): tablet, injection

<« Meloxicam (dog & cat): inj., oral spray & suspension
» Firocoxib (dog & horse): tablet, injection, oral paste
<+ Robenacoxib (dog & cat): tablet, injection

X/
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Clenbuterol s. 4 3 %

+ B3k 3 (B, agonists)
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#-Colterol jp » &1 7 & | e 3%

= 100#1-7% P fb2 A XMW E TR &5
172 89.38%F = 277 99.42% > = 33 = 3%

PhRhE | wREER | BREEER | EREF
1% 612 65 89. 38 %
27 313 13 95.85 %
3" 696 13 98.13 %
47 515 15 97.09 %
o 1, 082 13 98.80 %
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7% 1,321 7 99.42 %
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