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Forth stage: 1
st
 semester                                Pharmacology II                                           lec: 9, 2hr. 

General and local anesthetics  

  Overview 

 General anesthesia is essential to surgical practice, because it  

 Renders patients analgesic,  

 Amnesic, and unconscious, 

 Provides muscle relaxation and  

 Suppression of undesirable reflexes.  

 No single drug is capable of achieving these effects both rapidly and safely. 

  Preanesthetic medication serves to  

 calm the patient,  

 relieve pain, and  

 Protect against undesirable effects of the subsequently administered anesthetic or the 

surgical procedure. (Skeletal muscle relaxants facilitate intubation and suppress muscle 

tone to the degree required for surgery). 

 

Available Preanesthetic agents are:  

1. Anticholinergics (such as scopolamine, for their amnesic effect and to prevent bradycardia and 

secretion of fluids into the respiratory tract). 

2. Antiemetics (such as ondansetron, to prevent the possible aspiration of stomach contents). 

3. Antihistamine (such as diphenhydramine, for prevention of allergic reactions, or ranitidine, to 

reduce gastric acidity).   

4. Barbiturate. (Such as pentobarbital, for sedation). 

5. Benzodiazepine (such as midazolam or diazepam, to allay anxiety and facilitate amnesia). 

6. Muscle relaxants (facilitate intubation and relaxation). 

7. Opioids (such as fentanyl, for analgesia). 

 

 Anesthetic medications: 
 Potent general anesthetics are delivered via inhalation or intravenous injection.  
 Modern inhaled anesthetics are all volatile, halogenated hydrocarbons that derive from early 

research and clinical experience with diethyl ether and chloroform.  
 Intravenous general anesthetics consist of a number of chemically unrelated drug types that are 

commonly used for the rapid induction of anesthesia. 
 

Available anesthetic agents are: 

1. General anesthetics: 

A. Inhaled:  

 Desflurane 

 Enflurane  

 Halothane  

 Isoflurane 

 Nitrous oxide  

 Sevoflurane 

B. Intravenous : 

 Barbiturates 

 Benzodiazepines 

 Etomidate 

 Ketamine 

 Opioids 

 Propofol  
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2. Local anesthetics:  

 Bupivacaine 

 Lidocaine 

  Procaine 

 Tetracaine      

 

Patient Factors in Selection of Anesthesia 

          Selects drugs that provide a safe and efficient anesthetic regimen based on  

 

A. Status of organ systems. 

B. Concomitant use of drugs. 

 

A. Status of organ systems: 

 

 Liver and kidney:  

 Liver and kidney  influence the long-term distribution and clearance of anesthetic agents  

 Also be the target organs for toxic effects (the release of fluoride, bromide, and other 

metabolic products of the halogenated hydrocarbons can affect these organs, especially if 

the metabolites accumulate with repeated anesthetic administration over a short period of 

time). 

 

 Respiratory system:  

 The condition of the respiratory system must be considered if inhalation anesthetics are 

indicated (asthma) complicate control of an inhalation anesthetic.  

 All inhaled anesthetics depress the respiratory system.  

 Additionally, they also are bronchodilators. 

 

 Cardiovascular system:  

 Most anesthetics have hypotensive effect ( is sometimes desirable) 

 Ischemic injury of tissues could follow reduced perfusion pressure.  

 If a hypotensive episode during a surgical procedure necessitates treatment, a vasoactive 

substance is administered.  

 

 Nervous system:  

 The existence of neurologic disorders (for example, epilepsy or myasthenia gravis) 

influences the selection of an anesthetic.  

 

 Pregnancy:  

           Some precautions should be kept in mind when anesthetics and adjunct drugs are 

administered to a pregnant woman. 

 One report that transient use of nitrous oxide can cause aplastic anemia in the unborn 

child.  

 Oral clefts have occurred in the fetuses of women who have received benzodiazepines.  

 Diazepam should not be used routinely during labor, because it results in temporary 

hypotonia and altered thermoregulation in the newborn. 
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B. Concomitant use of drugs 

 

 Multiple adjunct agents:  

 Commonly, preanesthetic medications facilitate smooth induction of anesthesia, and 

when administered continuously, they also lower the dose of anesthetic required to 

maintain the desired level of surgical (Stage III) anesthesia.  

 However, such coadministration can also enhance undesirable anesthetic effects (for 

example, hypoventilation), and it may produce negative effects that are not observed 

when each drug is given individually. 

 Concomitant use of additional nonanesthetic drugs:  

 Agents for the treatment of the underlying disease. 

 Drugs of abuse that alter the response to anesthetics.  

 Alcoholics have elevated levels of hepatic microsomal enzymes involved in the 

metabolism of barbiturates,   

 Drug abusers may be overly tolerant of opioids. 

 

Induction, Maintenance, and Recovery from Anesthesia 

Induction is the period of time from the onset of administration of the anesthetic to the development of 

effective surgical anesthesia in the patient and depends on how fast effective concentrations of the 

anesthetic drug reach the brain;.  

 

Maintenance provides a sustained surgical anesthesia.  

 

Recovery is the time from discontinuation of administration of the anesthesia until consciousness and 

protective physiologic reflexes are regained. It is the reverse of induction and depends on how fast the 

anesthetic drug diffuses from the brain. 

 

Depth of anesthesia 

 The depth of anesthesia has been divided into four sequential stages.  

 Each stage is characterized by increased central nervous system (CNS) depression, which is 

caused by accumulation of the anesthetic drug in the brain. 

  

 Stage I Analgesia:  

 Loss of pain sensation results from interference with sensory transmission in the 

spinothalamic tract.  

 The patient is conscious and conversational.  

 Amnesia and a reduced awareness of pain occur as Stage II is approached. 

 Stage II Excitement:  

 The patient experiences delirium and possibly violent, combative behavior.  

 There is a rise and irregularity in blood pressure.  

 The respiratory rate may increase.  

     To avoid this stage of anesthesia, a short-acting barbiturate, such as thiopental, is 

given intravenously before inhalation anesthesia is administered. 
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 Stage III Surgical anesthesia:  

 Regular respiration and relaxation of the skeletal muscles occur in this stage.  

 Eye reflexes decrease progressively, until the eye movements cease and the pupil is 

fixed.  

 Surgery may proceed during this stage. 

 Stage IV Medullary paralysis:  

 Severe depressions of the respiratory and vasomotor centers occur during this stage.  

 Death can rapidly ensue unless measures are taken to maintain circulation and 

respiration. 

 

Inhalation Anesthetics 

 Inhaled gases are the mainstay of anesthesia and are used primarily for the maintenance of 

anesthesia after administration of an intravenous agent.  

 Inhalation anesthetics have a benefit that is not available with intravenous agents, because 

 The depth of anesthesia can be rapidly altered by changing the concentration of the drug.  

 Also reversible, because most are rapidly eliminated from the body by exhalation. 

 

A. Common features of inhalation anesthetics 

 Modern inhalation anesthetics are nonflammable, nonexplosive agents that include the gas 

nitrous oxide as well as a number of volatile, halogenated hydrocarbons.  

 These agents decrease cerebrovascular resistance, resulting in increased perfusion of the brain.  

 They also cause bronchodilation and decrease both minute ventilation (volume of air per unit 

time moved into or out of the lungs) and hypoxic pulmonary vasoconstriction (increased 

pulmonary vascular resistance in poorly aerated regions of the lungs, which allows redirection of 

pulmonary blood flow to regions that are richer in oxygen content).  

 The movement of these agents from the lungs to the different body compartments depends upon  

 Their solubility in blood and tissues  

 On blood flow.  

 These factors play a role not only in induction but also in recovery. 

 

B. Potency 

 The potency of inhaled anesthetics is defined quantitatively as the median alveolar concentration 

(MAC).  

 This is the end-tidal concentration of anesthetic gas needed to eliminate movement among 50 

percent of patients challenged by a standardized skin incision.  

 MAC is the median effective dose (ED50) of the anesthetic. 

 MAC is usually expressed as the percentage of gas in a mixture required to achieve the effect.  

 Numerically, MAC is small for potent anesthetics, such as halothane, and large for less potent 

agents, such as nitrous oxide.  

 Therefore, the inverse of MAC is an index of the potency of the anesthetic.  

 The more lipid soluble an anesthetic, the lower the concentration of anesthetic needed to produce 

anesthesia and, thus, the higher the potency of the anesthetic. 

 

C. Uptake and distribution of inhalation anesthetics 

 The partial pressure of an anesthetic gas at the origin of the respiratory pathway is the driving 

force  

 This force moves the anesthetic into the alveolar space and, thence, into the blood, which 

delivers the drug to the brain and various other body compartments.  

 gases move from one compartment to another within the body according to partial pressure 

gradients, therefore,  

  A steady state is achieved when the partial pressure in each of these compartments is equivalent 

to that in the inspired mixture.  



5 
 

 The time course for attaining this steady state is determined by the following factors: 

 Alveolar wash-in:  

o This term refers to the replacement of the normal lung gases with the inspired anesthetic 

mixture.  

o The time required for this process is  

 Directly proportional to the functional residual capacity of the lung and  

 Inversely proportional to the ventilatory rate;  

 It is independent of the physical properties of the gas. 

 Anesthetic uptake: Anesthetic uptake is the product of  

 Gas solubility in the blood 

 Cardiac output, and  

 The anesthetic gradient between alveolar and venous partial pressure gradients. 

 

 Gas solubility in the blood,  

 This is determined by a physical property of the anesthetic molecule 

called the blood/gas partition coefficient,  

 Blood/gas partition coefficient which is the ratio of the total amount of 

gas in the blood relative to the gas equilibrium phase.  

 Solubility of these drugs in blood gives a different speed of induction of 

anesthesia. For example:  

 Low blood solubility: (such as nitrous oxide)  

 When an anesthetic gas diffuses from the alveoli into the 

circulation, little of the anesthetic dissolves in the blood.  

 Therefore, the equilibrium between the inhaled anesthetic 

and arterial blood occurs rapidly, and relatively few 

additional molecules of anesthetic are required to raise 

arterial anesthetic partial pressure that is, steady state is 

rapidly achieved. 

 In contrast 

 High blood solubility: (such as halothane)  

 When an anesthetic gas diffuses from the alveoli into the 

circulation, it dissolves more completely in the blood, 

and  

 Greater amounts of the anesthetic and longer periods of 

time are required to raise arterial partial pressure.  

 This results in  

 An increased times of induction as well as 

recovery and  

 Slower changes in the depth of anesthesia in 

response to alterations in the concentration of the 

inhaled drug 

 The solubility in blood is ranked in the following order: halothane > 

enflurane > isoflurane > sevoflurane > desflurane > nitrous oxide. 

 Cardiac output, it is obvious that cardiac output affects the delivery of anesthetic 

to tissues. Low cardiac output will result in slow delivery of the anesthetic. 
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 The anesthetic gradient between alveolar and venous partial pressure gradients. 

 

 This is the driving force of anesthetic delivery.  

 The pulmonary end-capillary anesthetic partial pressure may be 

considered as the anesthetic alveolar partial pressure if the patient does 

not have severe lung diffusion disease.  

 The arterial circulation distributes the anesthetic to various tissues, and 

the pressure gradient drives free anesthetic gas into tissues.  

 As the venous circulation returns blood depleted of anesthetic to the lung, 

more gas moves into the blood from the lung according to the partial 

pressure difference. 

  Over time, the partial pressure in the venous blood closely approximates 

the partial pressure in the inspired mixture; that is, no further net 

anesthetic uptake from the lung occurs. 

 Effect of different tissue types on anesthetic uptake:  

 Brain, heart, liver, kidney, and endocrine glands: These highly perfused 

tissues rapidly attain a steady state with the partial pressure of anesthetic 

in the blood. 

 Skeletal muscles: These are poorly perfused during anesthesia. This, and 

the fact that they have a large volume, prolongs the time required to 

achieve steady state. 

 Fat: This tissue is also poorly perfused. However, potent general 

anesthetics are very lipid soluble. Therefore, fat has a large capacity to 

store anesthetic. This combination of slow delivery to a high-capacity 

compartment prolongs the time required to achieve steady state. 

 Bone, ligaments, and cartilage: These are poorly perfused and have a 

relatively low capacity to store anesthetic. Therefore, these tissues have 

only a slight impact on the time course of anesthetic distribution in the 

body. 

 Washout:  

 When the administration of an inhalation anesthetic is discontinued, the body becomes 

drives the anesthetic into the alveolar space.  

 The same factors that influence attainment of steady state with an inspired anesthetic 

determine the time course of clearance of the drug from the body.  

 Thus, nitrous oxide exits the body faster than halothane. 

D. Mechanism of action 

 No specific receptor has been identified as the locus of general anesthetic action (chemically 

unrelated compounds) 

 The focus is now on interactions of the inhaled anesthetics with proteins comprising ion 

channels.  

 The general anesthetics  

 Increase the sensitivity of the GABAA  receptors to the neurotransmitter, GABA, at 

clinically effective concentrations of the drug.  

 This causes a prolongation of the inhibitory chloride ion current after a pulse of GABA 

release.  

 Postsynaptic neuronal excitability is thus diminished.  
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 Other receptors are also affected by volatile anesthetics; for example,  

 The activity of the inhibitory glycine receptors in the spinal motor neurons is 

increased.  

 In addition, the inhalation anesthetics block the excitatory postsynaptic current of 

the nicotinic receptors.  

Note: The mechanism by which the anesthetics perform these modulatory roles is not 

understood. 

 


