Lecture 2. 




GENERAL PHARMACODYNAMICS


Pharmacodynamics: studies the action of a drug on the body, including drug –receptor interactions, dose-response relationships and mechanisms of therapeutic and toxic actions.


The effects of a given drug depends on several factors, one of the most important being the dose.

DOSES:


Definition: the dose  is the amount of a substance which induces a certain effect.


*If the effect is profitable, the dose is called therapeutic dose / effective dose: 


It may be:

-minimal: therapeutic effect in 20-25 % of the patients;

-medium: effective in 50 % of the patients; it is the dose used in medical practice, because to this dose respond the majority of the patients and because interindividual variability is minimal;

-maximal: effective 100% but toxic effects are possible in some patients.


*When the amount of the drug is increased the dose becomes a toxic dose (every drug in higher doses is toxic).It may be:

-minimal: toxic effects in 20-25 % of the patients; it is identical with the maximal therapeutic dose;

-medium: toxicity for 50% of the patients;

-maximum: 100% toxicity.


*Maximum toxic dose is identical with the lethal dose (patients begin to die).This lethal dose is reached very rare in medical practice as a result of severe mistakes, but it is used in experimental medicine to study the toxicity of drugs.

Relations between the therapeutic and toxic dose:


They are expressed by two indicators:

*The security limit: the difference between the maximal therapeutic dose and minimal therapeutic dose (TDmaximal –TD minimal).


The greater the security limit, the lower the toxicity of the drug.


It is seldom used because its magnitude depends on the variability of the doses.

*The therapeutic index: ratio between toxic dose and effective dose.


There are 2 types of TI:





      Lethal dose 50%
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1) experimental TI = 





     Effective dose 50%


It is used to appreciate the toxicity of drugs.


2) TI for humans(used in medical practice)



Toxic dose 50%
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TI = 



Effective dose 50%


Nontoxic drugs should have a TI at least 10.


TI represents an estimate of the safety of a drug since a very safe drug might be expected to have a very large toxic dose and a small effective dose.


But, in medical practice there are drugs with low TI and this requires a careful supervision of the treated patients. (cardiac glycosides have a TI of 2-3).


Types of doses:

-Dose /dose: the dose which is given once (in a single administration);

-Daily dose: the dose given within a day(during 24 hours);

-Total dose: the dose given during a treatment /within a cure.

-Loading dose: a larger dose (than the therapeutic dose) given at the onset of the therapy, that promptly raises the plasma c% of the drug till the therapeutic c% (to obtain the desired effect).It is used for drugs with long half-life and with slow effect (in situations when a rapid action is required).

-Maintenance dose: a smaller dose than the loading dose given usually after the loading dose, to maintain  a steady state of drug in the body.

Units of measure for doses:

-for larger doses: grams;

-usually: mg

-for small doses: micrograms 

-research: μmoli

-experimental medicine: moli/mmoli;

-I.U.,eg.: penicillins 1I.U.= 0,6μg





DOSE –EFFECTS RELATIONSHIPS


There are 2 types of relations:

1) Graded dose –response curve:


-the effect of a drug is analyzed by plotting the magnitude of the response versus the dose or log of the drug dose thus obtaining a graded dose –response curve.


-by plotting the effect versus the dose a hyperbolic curve is obtained:
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In this case the effect increases with the dose till a plateau is reached ; after that the effect remains the same even if the dose is increased. 


-by plotting the effect versus the log of the drug dose a sigmoid curve is obtained (in “ italic S”).
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Using the last type of curve two important parameters are obtained from this curve:


a) the pharmacological potency;


b) the efficacy.


a)


- potency denotes the amount of a drug needed to produce a given effect;


-it is also named effective dose;


-the lower the dose required for a given response, the more potent the drug;


-it is most often expressed as the dose that gives 50 % of the maximal response (ED 50%);


-a drug with low ED 50 is more potent than a drug with larger ED50.


b)


-it refers to the effect that a drug can produce  regardless of dose;


-it is usually expressed by the maximal efficacy, that is the maximal effect a drug (agonist) can produce if the maximal dose is taken;


-it is indicated by the height of log dose –response curve;


-the higher the response to a given drug the more efficacy the drug;


-efficacy is more important than potency since it focuses on the effectiveness of the drug.
2) Quantal dose – response relationship: 


-it is an all-or – none response to a drug and relates to the frequency of response (numbers of patients) with which a dose of a drug produces a specific response in a population.


-if the frequency of response is plotted against the dose necessary to produce the desired response the result is a Gaussian distribution with a Gaussian curve.


   Frequency 

  (number of 


     patients






     desired response







dose
                  dose for the desired response

 The inluence of responsiveness (reactivity) on drug responses

                         ( FACTORS MODIFYING DRUG ACTION)

Variation in response to the same dose of a drug between different patients and even in the same patient on different occasions is a rule rather than an exception.These differences are due to the reactivity of the body.The factors which affect the reactivity of the body are:
1.The species:there are many examples of differences in responsiveness to drugs among different species: rabbits are resistant to atropine, rats and mice are resistant to digitalis, a rat is more sensitive to curare than cat.

Generally, in humans the speed of biotransformation is slower than that observed in most animals. These differences are important while extrapolating results from experimental animals to man.                                                                                        

2.The race: 

The race may affect the fate of drugs. In black race “ primaquine-induced anemia” is much more frequent than in white –one; blacks require higher and mongols require lower concentration of atropine and ephedrine to dilate their pupil; β-blockers are less effective as antihypertensive in blacks. 
3.The age:

It is very important.

In children – the dose for  children is often calculated from the adult dose.

In children: 

-lack of maturation of liver metabolizing enzymes(so,  biotransformation is reduced), lack of maturation of renal function (so, the excretion of the  drug is  deficient);blood brain barrier is more permeable –drugs attain higher c% in CNS.

-thus in children the drugs are generally more active and more toxic than in adults; lower doses should be used than in adults;

-the children doses are expressed by various formulas 

*formulas which take into account the age (years)
Young’s formula : 




Age (years)

The child dose   =
                                     X Adulte dose 





    Age +   12

Augsberger’s formula
:

The child dose: [ 4 X age (in years)]+20


*formulas which take into account the weight:

Harnack’s formulas



     Adult dose

Infantile dose=      
            X   dose factor 



     Weight 

The dose factor oscillates with the age:

	0-1 years 
	1,8

	1-6 years
	1,6

	6-10 years
	1,4

	10-14 years
	1,2

	Adult
	1



* more credible results may be obtained when the doses of children are calculated in relation with body surface (S).The body surface is calculated by using nomograms.The nomogram cotains the following parameters: the height and the weight.They are figurated as vertical lines..At the intersection of the line which links the height and the weight it is placed a vertical line which indicates the body surface.



Hight  (cm)
          Body S(cm2) 

       Body    Weight (kg)

If the body surface is determined it is possible to find the infantile dose using special graphs.

In elderly:

The administered doses are 1 / 2, 1/3, 1 / 4 from the adult dose(the micrososmal system activity in the liver is reduced, the renal function is reduced , slower absorbtion of drugs due to reduced motility of and blood flow to intestines etc.)

4. The sex:

Females have smaller body size and require doses that are on the lower side of the range.For eg., in females the central nervous system is more sensitive to the stimulants; another difference: the adipose tissue is better represented in females than in males, so barbiturates (very liposoluble compounds) may have different effects in both sexes; gynaecomastia is a side effect ( ketoconazole, digitalis etc.) that can occur only in man. 
5.The type of central nervous system:

For eg., a cup of  coffee induces in most individuals a slight stimulation of the central nervous system but in other persons the same amount may evoke insomnia.
6.The influence of the food and of the nutritional state

The composition of the food may affect the intensity of the effects and the excretion of some drugs.For eg., a diet poor in sodium chloride enhances the effects of bromides, whereas an excess of salt accelerates  their renal excretion.

Type of diet and temporal relation between drug ingestion and meals can alter drug absorbtion.

The starvation reduces activity of hepatic microsomal enzymes.
7. The external factors:

Several environmental factors affect drug responses: exposure to insecticides, carcinogens, tobacco smoke and consumption of charcoal broiled meat are well known to induce drug metabolism.

The rats irradiated with X rays manifest a prolongation of sleeping time of hypnotics.

The electroshock increases amphetamine toxicity.
8. Pathological states: several diseases can influence drug disposition and drug action: gastrointestinal disease ( these can alter absorbtion of orally administered drug), liver diseases, kidney diseases, congestive heart failure , thyroid diseases( the hypothyroid patients are more sensitive to Digoxin, hyperthyroid patients are relatively resistant to inotropic action but more prone to arrhythmic action of digoxin).
9. Route of administration:

Route of administration governs the speed and intensity of drug response. A drug may have entirely different uses through different routes : e.g. magnesium sulfate given orally causes purgation , applied on inflamed areas –decreases swelling, while i.v. it produces CNS depression and hypotension.




DRUGS MECHANISMS OF ACTION 


Most drugs act by receptor mechanisms.


Every substance bound to the receptor is named  “ligand” (latin: ligare-to bind).The term only indicates affinity without regard to functional change.


Receptors have the following functions:


A)-to recognize and to bind ligands (usually drugs);


B)-to elaborate a biological response.


A)

 When ligand binds to the R it results a complex: ligand –R.


It is a reversible process and it is characterized by 2 important constants: K1 = the association constant and K2=the dissociation constant.




K1

      
K3



Drug + R 

drug – R 

effect




K2


After the genesis of this complex it results a biological response.
There are 2 parameters which characterize this relationship.


*the affinity = it is the ability of the drug to combine with the receptor;

   it is the negative logarithm of the molar c% of the agonist which is necessary to induce half of the maximal response; it describes the strength of drug binding to its receptor .

*the intrinsic activity= it is the ability of the drug to activate ( induce a conformational change in ) the receptor consequent to receptor occupation and  the relative ability of a drug-receptor complex to produce a maximum functional response
CLASSIFICATION OF LIGANDS

AGONISTS: 


-a substance that can bind to a R and elicits a biological response ( it activates a receptor);


- the magnitude of the drug effect depends in its c% at the R site;


-it has affinity and intrinsic activity.

*FULL AGONIST:


-it has maximal intrinsic activity ;

*PARTIAL AGONIST:


-in low c% it is a weak agonist: it has affinity and submaximal intrinsic activity ( it produces less than the full effect even when it has saturated the receptors).


-in high c% it behaves as an antagonist;


-in the presence of a full agonist it acts as an antagonist.
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When each of two drugs is used alone and response is measured, occupancy af all the receptors by the partial agonist produces a lower maximal response than does similar occupancy by the full agonist.
ANTAGONISTS: 

-substances which block the receptors ;

- an antagonist  has affinity but it hasn’t intrinsic activity;

-they block the access of agonists on the R;

-an antagonist does not have any effect of its own.

FULL ANTAGONISTS

PARTIAL ANTAGONISTS:


-in low c% they are antagonists;


-in high c% they become agonists.
AGONISTS-ANTAGONISTS:


-they are substances that act on many receptors; they  stimulate some receptors and inhibit others; example: pentazocine is an agonist on κ receptors and antagonist on μ receptors.
INVERSE AGONISTS: 


-compounds which stimulate the R but the response is contrary to that induced by agonist.


B) The pharmacological receptors are protein macromolecules (glycoproteins) present on the cell surface / intracellularly (mithochondria, cytosol, nucleus). They are different from the anatomical receptors (for taste, pain).
The receptor binds a drug (a ligand) and mediates its pharmacological actions.  

The formation of the drug-receptor complex leads to a biological response and the magnitude of the response is proportional  to the number of drug-receptor complexes. 
Each receptor is composed from at least three units:

1.  the recognition unit: by which the receptor recognizes and binds the ligand; 

2.  the effector unit: responsible for the mechanism which produces the biological effect.


The effector unit may be: 


- an ion channel linked to the recognition subunit ;stimulation of R causes opening or closure of these channels resulting the biological effect ( = receptors with intrinsic ion channel)


-an enzymatic system (adenylyl cyclase, C phospholipase etc.)

3. some R (many of them) also have a third subunit: the amplifying or coupling subunit=G-protein coupled receptors. 


-it has the role to amplify the weak stimuli which results from the binding of ligand to the recognition unit;


-it is a family of specific proteins called G proteins (guanylyl nucleotides binding proteins).There are 28 types of G proteins, the most important being:



-Gs –stimulates the activity of adenylyl and guanylyl cyclases, inhibits the glucose transport, Ca++ channel ↑ etc.;



-Gi-inhibits the activity of adenylyl and guanylyl cyclases, stimulates C phospholipase , K + ↑ etc. 



-Go –activates K + channels, inhibits Ca++ channels etc.



-Gq-stimulates C- phospholipase.



-G13-  Na + / K + ↑.


Receptor



Coupler 

Muscarinic




Gi , Gq , Gn

β – adrenergic



           Gs , Gi .

There are three major effector pathways through which G –protein coupled receptor function: 

* Adenylyl cyclase (AC) : activation of AC →intracellular accumulation of cAMP →activation of protein kinase→ this alters the function of many enzymes, ion channels, proteins etc.→ various effects: relaxation of smooth muscles, lipolysis etc. 

The reverse occurs when AC is ihibited through inhibitory Gi- protein. 

*Phospholipase C(PLc) : IP3- DAG pathway: activation of PLc→hydrolyses of phosphatidyl inositol4, 5-biphosphate → IP3 + DAG ; IP3 → mobilization of Ca++ from intracellular organellar depots ; DAG enhances protein kinase C activation by Ca++; effects: contraction, secretion, neuronal excitability etc. 

*Channel – regulation: The activated G- proteins can also open / close Ca++, K+, Na+ channels → hyperpolarization / depolarization / changes in intracellular ions etc. 


THE REGULATION OF THE ACTIVITY OF  RECEPTORS (R)

Receptors are synthesized  by the same processes as other proteins.They exist in a dynamic state .Their density and efficacy is subject to regulation by the level of on going activity and other physiopathological influences. 


The R located in the cell membrane move into cytosol by endocytosis; here a part is destroyed by lysosomal enzymes and another part is recycled,i.e. it returns to the membrane.


The intensity of endocytosis  and the number of R in cell membrane is regulated by the presence / absence of agonists / antagonists.


There are 2 situations: 

*continued intense receptor stimulation causes desensitization : the receptor becomes less sensitive to the agonist →masking or internalization  of the receptors ( they become inaccessible to the agonist)=  “ down –regulation “ or “ desensitization”, explained by the internalization of the R.


example: beta 2-adrenomimetics used in bronchial asthma;long –lasting administration causes progressive diminuation of the effect due to the down regulation of the bronchial beta-receptors.

*”up-regulation” /”sensitization”: i.e. the increase of the number of R and of their affinity after long-term administration of an antagonist ( prolonged deprivation of the agonist)  and abrupt interruption.

The mechanisms involved may be unmasking of receptors or their proliferation 

( “up regulation”)



INTERRELATIONS BETWEEN DRUGS 



The following relations are possible: 

1) indifference: one drug doesn’t influence the pharmacokinetics or pharmacodynamics of the other;

2) antagonism relationship: the result of association is a decrease of the effects:

3) synergism relationship: the result is the increase of the effects.
2) ANTAGONISM BETWEEN DRUGS 


It may be:

CHEMICAL: sodium dicarbonate (an antiacid used in gastritis and ulcer) neutralizes HCl from the stomach.

BIOLOGICAL:

a.  THE COMPETITIVE ANTAGONISM: 



A) REVERSIBLE 



B) IRREVERSIBLE 

b.  THE NONCOMPETTITIVE ANTAGONISM

c.  FUNCTIONAL BIOLOGICAL ANTAGONISM

a.  THE COMPETITIVE ANTAGONISM

-one drug acts as an AGONIST and the other as an ANTAGONIST.


-competitive antagonists compete with agonists for the same receptor site;


-it may be:




*  REVERSIBLE COMPETITIVE ANTAGONISM 


-the antagonist binds reversible on R ;


-the antagonist apparently reduces affinity ( potency) of the agonist or appears to have inactivated a certain number of agonist molecules;


-in the presence of antagonist the same maximal response can be attained by increasing the dose of agonist ;


-when the antagonist is present the log-dose –response  curve is shifted to the right.


*  THE IRREVERSIBLE ANTAGONISM 


-the antagonist binds irreversibly by covalent bonds to the receptor site;


-now matter how much agonist is given, the action of antagonist cannot be overcome;


-the log dose-response  curve is shifted to the right and shows a diminuation  of the maximal response (when this type of antagonist is present).
Effect   

Adrenaline(ag)

  

                      









Adrenaline+phenoxybenzamine 

(ag+ antag)

  

                      










Log dose 


 b.  THE NONCOMPETITIVE ANTAGONISM

-the noncompetitive antagonist binds to another site of receptor; 


-antagonist blocks the receptor and in most instances it changes its protein structure (“allosteric effect”); 


-the antagonist apparently reduces intrinsic activity of the agonist or appears to have inactivated a certain number of receptors;


-from a graphical point of view the result is a nonparalel shift of the log-dose –response curve with a lower maximal response.

c.  THE PHYSIOLOGICAL ANTAGONISM

-in this case the agonist and antagonist act on two different receptors ; they act simultaneously but they have contrary action:


example: A increases blood pressure acting on α1-receptors;



      Histamine diminishes the blood pressure acting on histaminergic receptors.
3) SYNERGISM BETWEEN DRUGS ( greek: Syn- together; ergon-work).


There are 2 possibilities to express it:

ADDITIVE DRUGS EFFECTS:


-occur if 2 drugs with the same effect, when given together, produce an effect that is equal or less in magnitude to the sum of the effects when the drugs are given individually: S≤ A+ B 

POTENTIATION:


-the final effect is larger than the sum of the partial effects when drugs are given individually; in this case a drug greatly amplifies the effect to another which  normally has a much smaller effect: S > A + B   
E (effect)
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