	Name of
 Drug
	Class of Drug

Indication
	Pharmacology/
Actions
	Pharmacokinetics
	Adverse Effects
	Contraindications
	Drug Interactions

	Hydrocodone
	Opioid  (mu and delta) antitussive

Cough secondary to collapsing trachea, bronchitis, kennel cough.
	More potent than codeine.
Direct suppression of the cough center within the medulla. May also reduce respiratory mucosal secretions (undetermined mechanisms).
Increases viscosity of secretions.
	Well absorbed orally (Hn).
Antitussive effect last between 6-12h.
Bioavailability of 40-80% in dogs. 
	Sedation
Constipation
Borborygmus
Diarrhea
	Increase in respiratory secretions

HS to…
Diarrhea caused by a toxic ingestion.
Same as butorphanol.
	ACE (additive hypotension), anticholinergic drugs (additive anticholinergic effect), antidepressants, tricyclic, MOA inhibitors, CNS depressants

	Butorphanol
	Opioid agonist-antagonist with antitussive effect.

Chronic non productive cough (upper respiratory tract inflammation)

Anxiolytic.
	4x more potent than morphine. 100x more potent than codeine.  
Most helpful as an antitussive given parenterally to treat acute intractable cough.

Respiratory depression is the most serious unwanted effect of opioid agonists.
All aspects of respiratory activity are depressed but responsiveness to hypercapnia is most affected. Respiratory depression occurs as a result of actions on respiratory control nerve networks located in the ventral medulla. Respiratory reflexes, including the cough reflex, are also profoundly depressed and many weak opioid agonists (especially butorphanol) are useful cough suppressants
	Well absorbed orally.
Significant first-pass effect (less than 20% in the systemic circulation).
Complete absorption following IM injection.
Peak serum levels: 1h (SQ).
½ life: less than 2 h.
Duration: 4h (dog).
Well distributed.
80% PT-bound (Hn).
Extensively metabolized in the liver, predominantly excreted in the urine, feces. 
	Sedation/ excitement
Respiratory depression
Ataxia
Anorexia
Occasionally diarrhea
	Increase in respiratory secretions

HS to…
With caution if hypothyroidism, severe renal insufficiency, Addison’s, critically ill patients
	CNS depressants, erythromycin (decreases metabolism of butorphanol), pure opiate agonists (antagonizes), pancuronium, theophylline (decreases metabolism of butorphanol)

	Morphine
	Opioid (mu)
Moderate to severe pain (dogs)
Cough
Diarrhea
	Visceral and somatic pain, medium to long-term analgesia. Premed.
Profound analgesia and sedation.

	Analgesia: 1-4h (IV), 4-6h (IM, SQ), 4-8h(po). Extradural: up to 24h.
Well absorbed orally, extensive first-pass metabolism. 
Peak analgesic action: 10 min (IV); 45 min (SQ); 30-60 min (extradural).
Low lipid solubility.
High degree of ionization at normal pH. 
30-35% PT-bound.
Rapid conjugation to glucuronic acid.
Metabolized in the liver and kidney, metabolites excreted in urine. 
Morphine-6-glucuronide acts at m-receptors to produce analgesia ; t he actions of morphine-6-glucuronide may account for a significant part of the clinical efficacy of morphine. It may also be for this reason that morphine appears to be a less effective analgesic in cats who, as a species, are less able to perform conjugation.

	[bookmark: _GoBack]Decreased VT, bronchocons-triction (histamine release?), hypotension (fast, IV), panting. Nausea, vomiting, decreased peristalsis.  Restless. 

Cats may become excited, tremors, seizures. 
Salivation, nausea. 
Dogs: salivation, vomiting, defecation, panting. 
	HS to …
Same as butorphanol.
Diarrhea caused by toxic substance.

	MAO inhibitors
Diuretics
Muscle relaxants
Tricyclic AD
Warfarin
CNS depressants 

	Lidocaine
	Local, regional anesthesia.
Class 1-b anti-arrhythmic. 

Decreases laryngospasm, facilitate intubation. 

Hyperalgesia/neuropathic pain
	Combines with fast sodium channels when inactive, which inhibits recovery after repolarization.  Attenuates phase 4 diastolic depolarization, decreases automaticity, decreases membrane responsiveness/ excitability. 

Analgesia: several mechanisms; reduces ectopic activity of damaged afferent neurons. 
Scavenger of ROS and lipid peroxidation. 
Increases intestinal motility (post-op ileus). 
	Not effective orally; high first-pass effect. 
IV: onset of action w/in 2 minutes, duration: 10-20 minutes. 
If CRI started w/out initial bolus: up to 1 h for therapeutic levels to be reached.
IM: can be given q 1.5h.
Rapid redistribution. 
High affinity for fat and adipose tissue; bound to plasma PT. 
Rapid metabolism (liver) to active metabolites. 
	Drowsiness, depression, ataxia, muscle tremors, hypotension, nausea, vomiting, PR and QRS prolongation, QT shortening.
	Cats are more sensitive (CNS, cardiodepressant)
Known HS.
Liver disease, CHF, shock, hypovolemia, severe respiratory depression, marked hypoxia, bradycardia, AV blocks.
	Anesthetics gas, other antiarrhythmics, cimetidine, furosemide (hypokalemia), phenobarbital, propranolol, succinylcholine





	N-acetylcysteine
	N-acetyl derivative of the naturally occurring a.a. L-cysteine
Mucolytic
Antioxydant
	Directly into airways: reduces viscosity of secretions (reduction of the disulfide linkages in mucoproteins).

Reduction in mucin, IL8, IL6 and TNF-alpha expression following viral infections (Hn: influenza A&B and RSV)

	Most of the drug is involved in the sulfhydryl-disulfide reaction and the remainder is absorbed (nebulization). Absorbed drug is converted into cysteine in the liver and then further metabolized. 
	Irritation of the respiratory tract epithelium; excessive secretions;
Cough; bronchocons-triction / bronchospasm; strabismus; death (aerosol)
	Asthmatic cats: increases baseline airway resistance
	Amphotericin B
Ampicillin
Erythromycin
Tetracycline
Hydrogen peroxide





N-ACETYLCYSTEINE
	Topic 
	Article type
	Reference

	Treatment
	Retrospective
study
	Miller, A. C., Rivero, A., Ziad, S., Smith, D. J., & Elamin, E. M. (n.d.). Influence of nebulized unfractionated heparin and N-acetylcysteine in acute lung injury after smoke inhalation injury. Journal of Burn Care & Research : Official Publication of the American Burn Association, 30(2), 249–56. 
Summary: To determine whether the combination of aerosolized unfractionated heparin and N-acetylcystine reduces 28-days mortality and lung injury scores (LISs) in adult patients with smoke inhalation injury requiring mechanical ventilation. The experimental group was treated with nebulized heparin sulfate, N-acetylcystine, and albuterol sulfate. Controls received ventilation support and albuterol sulfate. The experimental group showed significant improvement in LISs, respiratory resistance and compliance measurements, and hypoxia scores as compared with controls throughout the duration of the study. There was a statistically significant survival benefit in the experimental group. The use of aerosolized unfractionated heparin and N-acetylcystine attenuates lung injury and the progression of acute respiratory distress syndrome in ventilated adult patients with acute lung injury following smoke inhalation.


	Treatment
	Randomized, double-blind, placebo-controlled trial
	Martinez, F. J., de Andrade, J. A., Anstrom, K. J., King, T. E., & Raghu, G. (2014). Randomized trial of acetylcysteine in idiopathic pulmonary fibrosis. The New England Journal of Medicine, 370(22), 2093–101. 



Summary: As compared with placebo, acetylcysteine offered no significant benefit with respect to the preservation of FVC in patients with idiopathic pulmonary fibrosis with mild-to-moderate impairment in lung function.


	Review
	Review
	Santus, P., Corsico, A., Solidoro, P., Braido, F., Di Marco, F., & Scichilone, N. (2014). Oxidative stress and respiratory system: pharmacological and clinical reappraisal of N-acetylcysteine. COPD, 11(6), 705–17. 

Summary: The large surface area for gas exchange makes the respiratory system particularly susceptible to oxidative stress-mediated injury. Several studies have demonstrated the presence of increased oxidative stress and decreased antioxidants in subjects with chronic obstructive pulmonary disease (COPD), but the contribution of oxidative stress to the pathophysiology of COPD is generally only minimally discussed. The aim of this review was to provide a comprehensive overview of the role of oxidative stress in the pathogenesis of respiratory diseases, and to examine the available clinical and experimental evidence on the use of the antioxidant N-acetylcysteine (NAC), a precursor of GSH, as an adjunct to standard therapy for the treatment of COPD. The most plausible explanation for the beneficial effects observed in patients with COPD treated with NAC lies in the mucolytic and antioxidant effects of this drug. Modulation of bronchial inflammation by NAC may further account for these favorable clinical results.


	Treatment
	Self-controlled study
	Reinero, C. R., Lee-Fowler, T. M., Dodam, J. R., Cohn, L. A., DeClue, A. E., & Guntur, V. P. (2011). Endotracheal nebulization of N-acetylcysteine increases airway resistance in cats with experimental asthma. Journal of Feline Medicine and Surgery, 13(2), 69–73

Summary:  In humans bronchospasm is a recognized complication of inhaled NAC.  In this study, airway resistance and adverse reactions were documented in all asthmatic cats after NAC aerosol delivery. Further studies must be performed to evaluate if it is an effective mucolytic and/or antioxidant in cats and to determine if bronchodilator pre-treatment will negate NAC-induced bronchoconstriction.





Lidocaine
	Topic 
	Article type
	Reference

	Treatment
	Prospective, cross-over study
	Nafe, L. A., Guntur, V. P., Dodam, J. R., Lee-Fowler, T. M., Cohn, L. A., & Reinero, C. R. (2013). Nebulized lidocaine blunts airway hyper-responsiveness in experimental feline asthma. Journal of Feline Medicine and Surgery, 15(8), 712–6. 

Summary :  Healthy and experimentally asthmatic research cats were administered 2 weeks of nebulized lidocaine or placebo (saline) followed by a 2-week washout and crossover to the alternate treatment. Chronic nebulized lidocaine was well tolerated in all cats, and lidocaine did not induce airway inflammation or airway hyper-responsiveness in healthy cats. Lidocaine decreased airway response to metacholine in asthmatic cats without reducing airway eosinophilia, making it unsuitable for monotherapy. However, lidocaine may serve as a novel adjunctive therapy in feline asthmatics with beneficial effects on airflow obstruction.



	Treatment
	Prospective study
	Erb, T.O., von Ungern-Sternberg, B.S., Keller, K. (2013). The effect of intravenous lidocaine on laryngeal and respiratory reflex responses in anaesthetised children. Anaesthesia 2013, 68, 13–20.

Summary: They studied the effect of intravenous lidocaine on laryngeal and respiratory reflex responses in children anaesthetised with sevoflurane. They tested the hypothesis that the incidence of laryngospasm evoked by laryngeal stimulation is temporarily diminished after the administration of IV lidocaine. Respiratory reflex responses were elicited by spraying distilled water onto the laryngeal mucosa. A blinded reviewer assessed the evoked responses. The incidence of laryngospasm was reduced from 38% at baseline to 15% 2 min after lidocaine administration and 18% 10 min after lidocaine administration They  conclude that intravenous lidocaine significantly reduced the incidence of laryngospasm but that the effect was short-lived.










Polverino, M., Polverino, F., Fasolino, M., Andò, F., Alfieri, A., & De Blasio, F. (2012). Anatomy and neuro-pathophysiology of the cough reflex arc. Multidisciplinary Respiratory Medicine, 7(1), 5. 

Summary :
Coughing is an important defensive reflex that occurs through the stimulation of a complex reflex arc. It enhances clearance of secretions and particules from the airways and protects from aspiration of foreign materials. Under normal conditions cough serves an important protective role in the airways and lungs, but in some conditions it may become excessive and nonproductive, and is potentially harmful to the airway mucosa.
The cough reflex arc is constituted by: 
1. Afferent pathway: Sensory nerve fibers (branches of the vagus nerve) located in the ciliated epithelium of the upper airways (pulmonary, auricular, pharyngeal, superior laryngeal, gastric) and cardiac and esophageal branches from the diaphragm. The afferent impulses go to the medulla diffusely. 
2. Central Pathway (cough center): a central coordinating region for coughing is located in the upper brain stem and pons.
3. Efferent pathway: Impulses from the cough center travel via the vagus, phrenic, and spinal motor nerves to diaphragm, abdominal wall and muscles. The nucleus retroambigualis, by phrenic and other spinal motor nerves, sends impulses to the inspiratory and expiratory muscles; and the nucleus ambiguus, by the laryngeal branches of the vagus to the larynx.

There are at least 3 broad classes of airway afferent nerves. 
1) Rapidly adapting receptors (RARs)
They terminate within or beneath the epithelium of both intrapulmonary and extrapulmonary airways, but primarily the intrapul- monary airways. RARs are differentiated from other airway afferents by their rapid adaptation (in 1 - 2 seconds) to sustained lung inflations, their sensitivity to lung collapse and/or lung deflation, their responsiveness to alterations in dynamic lung compliance (and thus their sensitivity to bronchospasm), and their conduction velocity (4 to 18 m/s). RARs are thus better defined as dynamic receptors that respond to changes in airway mechanical properties (e.g. diameter, length, and interstitial pressures). RARs are activated by stimuli that evoke bronchospasm or obstruction resulting from mucus secretion or edema. Substances such as histamine, capsaicin, substance P, and bradykinin activate RARs in a way that can be markedly inhibited or abolished by preventing the local end-organ effects that these stimuli produce (e.g. bronchospasm and mucus secretion). RAR activation initiates reflex bronchospasm and mucus secretion through parasympathetic pathways. RARs can also respond to stimuli that evoke cough and fulfill many criteria for mediating cough. RARs may act synergistically with other afferent nerve subtypes to induce coughing.

2) Slowly adapting stretch receptors (SARs)
SARs are highly sensitive to the mechanical forces that are put on the lung during breathing. SAR activity increases during inspiration and peaks just prior to the initiation of expiration. SARs are thus thought to be the afferent fibers involved in the Hering-Breuer reflex, which terminates inspiration and initiates expiration when the lungs are adequately inflated. SARs can be differentiated from RARs in some species based on action potential conduction velocity, and in most species by their lack of adaptation to sustained lung inflations. SARs may also be differentially distributed throughout the airways: they appear to terminate primarily in the intrapulmonary airways. SARs also differ from RARs with respect to the reflexes they precipitate. SAR activation results in the central inhibition of respiration and the inhibition of the cholinergic drive to the airways, leading to decreased phrenic nerve activity and decreased airway smooth muscle tone (due to a withdrawal of cholinergic nerve activity). Most of these SARs are found in the peripheral airways (associated with alveoli or bronchioles). SARs may facilitate coughing by a central cough network via activation of brainstem second-order neurons of the SAR reflex pathway.

3) C-fibers
The majority of afferent nerves innervating the airways and lungs are unmyelinated C-fibers.  In addition to their conduction vel-ocity (< 2 m/s), airway vagal afferent C-fibers are distinguished from RARs and SARs by their relative insensitivity to mechanical stimulation and lung inflation. C-fibers are further distinguished from RARs by the observation that they are directly activated by bradykinin and capsaicin, not indirectly through effects on smooth muscle or the airway vasculature. C-fibers are generally quiescent throughout the respiratory cycle but are activated by chemical stimuli such as capsaicin, bradykinin, citric acid, hypertonic saline solution, and sulfur dioxide (SO2). Reflex responses evoked by C-fiber activation include increased airway parasympathetic nerve activity, and the chemoreflex, characterized by apnea (followed by rapid shallow breathing), bradycardia, and hypotension. Stimulants of C-fibers such as capsaicin, bradykinin, SO2, and citric acid evoke cough in conscious animals and in humans.

The mechanical events of a cough can be divided into three phases: 
1. Inspiratory phase: Inhalation, which generates the volume necessary for an effective cough. 
2. Compression phase: Closure of the larynx combined with contraction of muscles of chest wall, diaphragm, and abdominal wall result in a rapid rise in intrathoracic pressure. 
3. Expiratory phase: The glottis opens, resulting in high expiratory airflow and the coughing sound. Large airway compression occurs. The high flows dislodge mucus from the airways and allow removal from the tracheobronchial tree.
* The specific pattern of the cough depends on the site and type of stimulation. Mechanical laryngeal stimulaion results in immediate expiratory stimulation (sometimes termed the expiratory reflex), probably to protect the airway from aspiration; stimulation distal to the larynx causes a more prominent inspiratory phase, presumably to generate the airflow necessary to remove the stimulus. * 

During vigorous coughing, intrathoracic pressures may reach 300 mm Hg and expiratory velocities approach 800 km/h.

A nonproductive cough is a well-recognized complication of treatment with angiotensin converting enzyme (ACE) inhibitors (hn). Although the pathogenesis of the cough is not known with certainty, it has commonly been hypothesized that accumulation of bradykinin, which is normally degraded in part by ACE, may stimulate afferent C-fibers in the airway.
Since cough is an important defensive reflex, required to maintain the health of the lungs, people who do not cough effectively are at risk of atelectasis, recurrent pneumonia, and chronic airways disease from aspiration and retention of secretions.
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