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Factors affecting local anesthetic action;
1. PH value:


It is well known that the PH of a local anesthetic solution and the PH of the tissue into which it is injected greatly influences its nerve blocking action. Acidification of the tissue decreases local anesthetic effectiveness. Inadequate anesthesia results when local anesthetics are injected into inflamed or infected areas since the inflammatory process produces acidic products.

2.Lipid solubility:     

Increased lipid solubility of local anesthetic permits the anesthetic to penetrate the nerve membrane (which itself 90% lipid) more easily. This is reflected biologically in an increased potency of the anesthetic. Local anesthetics with greater lipid solubility produce more effective conduction blockade at lower concentrations than less lipid-soluble solutions.

3. Protein binding:

The degree of protein binding of the anesthetic molecule is responsible for the duration of local anesthetic activity. Local anesthetics possessing a greater degree of protein binding ( ex: bupivacaine) appear to attach more securely to the protein receptor sites and to possess a longer duration of clinical activity.

4.Nonnervous tissue diffusibility:

This will affect on the onset (starting point) of anesthesia, increased diffusibility will decrease time of onset

5.Vasodilator activity:
Local anesthetic solution with greater vasodilator activity (ex: procaine) will increase blood flow to the area, this will lead to rapid removal of anesthetic molecules from the injection site, thus decreasing anesthetic potency and duration.

Reinfection of local anesthesia:

Sometimes a dental procedure may outlant the duration_of action of local anesthetic and a repeated injection of local anesthetic may be required upon  reinjection the following may result:

1.
Recurrence of immediate profound anesthesia:

At the time of reinjection, the concentration of local anesthetic in the mantle fibers is less than that in the core fibers.. After reinjection, the mantle fibers will again exposed to a concentration gradient directed toward the nerve, the combination of residual local anesthetic in the nerve and the newly deposited supply results in a rapid onset of profound anesthesia with a smaller volume of anesthetic being given.

2.
Difficulty in reachieving profound anesthesia:

In this clinical situation a process known as tachyphylaxis  occurs.
Tachyphylaxis is defined as an increasing tolerance to a drug that is given repeatedly. It is more likely to develop if nerve  function is allowed to return before reinjection (when the patient complains of pain). Although difficult to
explain, tachyphylaxis is probably brought about by some or all of the following factors:    


1. Edema.
2. Localized hemorrhage. 3. Clot formation.

4. Transudation. 5. Hypernatremia.
6. Decreased PH of the tissue.

The first four factors isolate the nerve from contact with the local anesthetic solution, the fifth, hypernatremia; raises the sodium ion gradient, thus counteracting the decrease in sodium ion conduction brought about by local anesthetic. The last factor is brought about by the first injection of the acidic local anesthetic.

Duration of anesthesia:

As the local anesthetic is removed from the nerve, the function of the nerve returns, rapidly at first but gradually slowing. Factors affecting on the duration of anesthesia:

1. Protein binding: the rate at which an anesthetic is removed from a nerve has an effect on the duration of nerve block. Longer acting local anesthetic (such as bupivacaine and tetracaine) are more firmly bound to the nerve membrane (increased protein binding) than shorter acting drugs (such as procaine and lidocaine) and are therefore released from the receptor sites in the sodium channels more slowly

2. Vascularity of the injection site: the duration is increased in areas of decreased vascularity.

3. Presence or absence of vasoactive substance: the addition of a vasopressor into local anesthetic solution decreases the tissue perfusion thus increasing the duration of action.

    Classification of local anesthesia:

Local anesthetics are classified as either esters or amides according to their chemical linkages. The chemical structure is shown below:

The lipophilic part is the largest portion of the molecule, which is aromatic in structure, while-the hydrophilic part is an amino derivative of ethyl alcohol or acetic acid. The chemical structure is completed by an intermediate hydrocarbon chain containing either an ester or an amide •linkage. All local anesthetics are amphipathic: that is; they possess both lipophilic and hydrophilic characteristics generally at opposite ends of the molecule. Notes:

1. Local anesthetics without a hydrophilic part are not suited for injection but are good topical anesthetics (ex: benzocaine).
2. Ester-linked local anesthetics (ex: procaine) are readily hydrolyzed in aqueous solution, while amide linked types (ex: lidocaine) are relatively resistant to hydrolysis.
3. A greater percentage of an amide -linked drug is excreted unchanged in the urine than of an ester-linked drug.

The ester type includes the following:

1.procaine.         2. chloroprocaine.
3. propoxycaine.
4.butacaine.

5.cocaine. 6. benzocaine. 7.hexylcaine.
8.piperocaine.
9.tetracaine.

The amide type includes the following:

1. lidocaine. 2. prilocaine. 3. articaine. 4.bupivacaine. 5.dibucaine.       6. etidocaine.     7.mepivacaine.

      Pharmacokinetic of local  anesthetics: Distribution:

Once absorbed into the blood, local anesthetics are distributed throughout the body to all tissues. The blood level of local anesthetic is influenced by the following factor:

1. Rate at which the drug is absorbed into the cardiovascular system.

2. Rate of distribution of the drug from the vacular compartment to the tissues (more rapid in healthy patients than in those who are medically compromised e.g;congestive heart failure patients).

3.
Elimination of the drug through the metabolic or excretory pathways.
The last two factors act to decrease the blood level of local anesthetic
Note:

All local anesthetics readily cross the blood  rain barrier, they also readily cross the placenta and enter the circulatory system of the developing fetus.

    Metabolism (biotransformation)

-A. Ester local anesthetics:

ester local anesthetics are hydrolyzed in the plasma by the enzyme pseudochoiinesterase. Procaine undergoes hydrolysis to para- aminobenzoic acide which is excreted unchanged in the urine. Allergic reactions that occur in .response to ester drugs are usually not related to the parent compound( e.g;procaine) but rather to para- aminobenzoic acide which is a major metabolic product of ester local anesthetics. Peoples having atypical form of pseudochoiinesterase get inability to hydrolyze ester local anesthetics and other chemically related drugs thus get prolongation of higher blood levels of the local anesthetic and an increased potential for toxicity.

B. Amide local anesthetics:

The metabolism of the amide local anesthetics is more complex than that of the esters. The primary site of biotransformation of amide drugs is the liver- The metabolic products of certain local anesthetics are capable of producing significant clinical activity if permitted to accumulate in the blood (due to renal or cardiac failure, and during periods of prolonged drug administration). A clinical example is the production of methemoglobinemia in patients receiving large doses of pfilocaine! or articaine. These drugs cannot produce methemoglobinemia Tint their metabolic products induce the formation of get^globuT) which is responsible for methemoglobinemia. Another example is the sedative effect occasionally observed following |idocainej administration. Lid oca in t dose not produce sedation but some of its metabolic products are currently thought to be responsible for this clinical action.

Excretion:

The kidneys are the primary excretory organ for both the local anesthetics and its metabolites. A percentage of a given dose of local anesthetic drug will be excreted unchanged in tbe urine and this varies according to the drug. - Esters appear in only very small concentration as a parent in the urine, this is because they are hydrolyzed almost completely in the plasma. Amides are usually present in the urine as tbe parent compound in a greater percentage than are esters, because of their more complex process of biotransformation. Patients with significant renal impairment may be unable to eliminate the local anesthetic compound or its metabolites from the blood, resulting in slightly elevated blood levels and an increase potential for toxicity. This may occur with either the esters or the amides drugs. Thus patients with a significant renal disease may represent a relative contraindication to the administration of local anesthetics.

Constituents of local anesthetic solution:

1. Local anesthetic agent (esters or amides type)
2. Vasoconstrictor agent, (will be discussed later)
3. Reducing agent: vasoconstrictors in local anesthetic solution are unstable and may oxidize, especially on prolonged exposure to sunlight This will lead to brown discoloration of the solution and this is an indication that the solution should be discarded. In an attempt to overcome this problem a small quantity of sodium bisulphite, which compete for the available oxygen, is included in the solution. Since this substance is more readily oxidized than adrenaline or noradrenaline it protects their stability
4. Preservative: the sterility of local anesthetic solution is maintained by the inclusion of a small amount of preservative. Some preservatives such as methylparaben have been shown to produce allergic reaction in sensitized subjects.
5. Fungicide: in the past some solutions tended to become cloudy due to the proliferation of minute fungi, now a small quantity of thymole is added to serve as a fungicide and prevent this occurrence.
6. Vehicle: the anesthetic agent and the additives mentioned above are dissolved in modified ringer's solution. This isotonic vehicle minimizes discomfort during injection.
The role of vasoconstrictors in local anesthetic solution:

All injectable local anesthetics possess some degree of vasodilating activity.

The degree of vasodilation varies from one type to other and may vary

according to the site of injection and individual patient response.

After local anesthetic injection into tissues,; blood vessels dilate in the area,

resulting in an increased blood flow to the: site. This increase in perfusion

leads to the following reactions:

1. Increased rate of absorption of the local anesthetic into the cardiovascular system, which in turn removes it from the injection site.

2. Increased plasma level of the local anesthetic ,with an increased risk of local anesthetic toxicity.

3. Decreased duration of action and decreased depth of anesthesia because it diffuses away from the injection site more rapidly.
4. Increased bleeding at the site of injection due to increased perfusion.
Vasoconstrictors are drugs that constrict blood vessels thereby control tissue perfusion, they are added to local anesthetic solutions to oppose the vasodilating actions of local anesthetics. They are important additions to local anesthetic solution for the following reasons:

1. By vasoconstricting blood vessels, vasoconstrictors decrease blood flow (perfusion) to the site of injection.
2. Absorption of the local anesthetic into the cardiovascular system is slowed, resulting in lower anesthetic blood levels.
3. The lower local anesthetic blood levels decrease the risk of local anesthetic toxicity.
4. Higher volumes of the local anesthetic agent remain in and around the nerve for longer periods, thereby increasing the duration of action of local anesthetics.
5. Vasoconstrictors decrease bleeding at the site of injection and are useful when increased bleeding is anticipated (ex: during a surgical procedure).
Note: the vasoconstrictors used with local anesthetics are chemically identical or quite similar to the sympathetic nervous system mediators (epinephrine and norepinephrine).
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