Short Note on Receptors
The drugs interact at receptors by bonding at specific binding sites. Most receptors are made up of proteins, the drugs can therefore interact with the amino acids to change the conformation of the receptor proteins.
These interactions are very basic, just like that of other chemical bondings:
Ionic Bonds
Mainly occur through attractions between opposite charges. For example, between protonated amino (on salbutamol) or quaternary ammonium (eg acetylcholine), and the dissociated carboxylic acid group. Similarly, the dissociated carboxylic acid group on the drug can bind with amino groups on the receptor.
This type of bonds are very strong, and varies with so it could act over large distances.
Cation-ً interactions can also be classified as ionic bonding. This occurs when a cation, eg acetylcholine, interacts with the negative ً bonds on an aromatic group of the receptor.
Ion-diple and dipole-dipole bonds have similar interactions, but are more complicated and are weaker than ionic bonds.
Hydrogen bonds
Only act over short distances, and are dependent on the correct alignment between functional groups.
· Van der Waals' forces 
· Induced dipole 
· Covalent bonds 
Of course, drugs not only just act on receptors. They also act on ion channels, enzymes and cell transporter proteins.
Receptors are located on all cells in the body. The same receptor can be located on different organ, and even on different types of tissues.
How shape of Drug Molecules affect drug action
When talking about the shape of molecules, the scientists are mainly concerned with the 3D conformation of drug molecules. There are many isomers of a particular drug, and each one will have their own effects. This effect is not only what the drug activates, but also changes the potency of each drug.
Potency
Potency is a measure of how much a drug is required in order to produce a particular effect. Therefore, only a small dosage of a high potency drug is required to induce a large response. The other terms used to measure the ability of a drug to trigger a response are:
· Intrinsic Activity which defines: 
· Agonists as having Intrinsic Activity = 1 
· Antagonists as having Intrinsic Activity = 0 
and, Partial Agonist as having Intrinsic Activity between 0 and 1 
Intrinsic Efficacy also measures the different activated state of receptors, and the ability for a drug to cause maximum response without having to bind to all the receptors. 
The specificity of drugs
Drug companies are obsessed with trying to make a drug that is specific only to the receptors they desire. This is because a drug could act on different receptors. Since receptors are located everywhere in the body, a non-specific drug will cause many more side effects than a more specific drug.
The actual conformation and shapes of the drugs will affect the specificity of the drugs. A good example is Acetylecholine (ACh). This drug is used by our body's parasympathetic nervous system to activate the muscarinic and nicotinic cholinergic receptors. However, research has discovered a drug which is more specific to each of these two receptors. In another words, the discovered drugs, namely Muscarine and Nicotine are more potent to their own receptors than ACh.
Affinity
The specificity of drugs cannot be talked about with mentioning the affinity of the drugs. The affinity is a measure of how tightly a drug binds to the receptor. If the drug does not bind well, then the action of the drug will be shorter and the chance of binding will also be less. This can be measured numerically by using the dissociation constant KD. The value of KD is the same as the concentration of drug when 50% of receptors are occupied.
The equation can be expressed as KD = 
But the value of KD is also affected by the conformation, bonding and size of the drug and the receptor. The higher the KD the lower the affinity of the drug.
The receptor concept
In 1901 Langley challenged the dominant hypothesis that drugs act at nerve endings by demonstrating that nicotine acted at sympathetic ganglia even after the degeneration of the severed preganglionic nerve endings.[1] In 1905 he introduced the concept of a receptive substance on the surface of skeletal muscle that mediated the action of a drug. It also postulated that these receptive substances were different in different species (citing the fact that nicotine induced muscle paralysis in mammals was absent in crayfish). [2] Around the same time Ehrlich was trying to understand the basis of selectivity of agents.[3] He theoreticised that selectivity was the basis of an preferential distribution of lead and dyes in different body tissues. However, he later modified the theory in order to explain immune reactions and the selectivity of the immune response.[3] Thinking that selectivity was derived from interaction with the tissues themselves Ehrlich envisaged molecules extending from cells that the body could use to distinguish and mount an immune response to foreign objects. However it was only when Ahlquist showed the differential action of adrenaline demonstrating its effects on two distinct receptor populations did the theory of receptor-mediated drug interactions gain acceptance.[4]

 HYPERLINK "http://en.wikipedia.org/wiki/Receptor_theory" \l "_note-3#_note-3" \o "" \t "_blank" [5]
Nature of Receptor-Drug interactions
Receptor occupancy model
Pharmacological receptor models which seek to explain drug action preceded accurate knowledge of receptors for many years.[6] One of the first models put forward by Clark to explain the activity of drugs at receptors quantified the relationship between drug concentration and observed effect. In particular that the magnitude of the response is directly proportional to the amount of drug bound and that the maximum response would be elicited once all receptors were occupied. He applied mathematical approaches used in enzyme kinetics systematically to the effects of chemicals on tissues.[6] The theory has its basis in the law of mass action.[7] The flaw in Clarks receptor-occupancy model was that it was insufficient to explain the concept of partial agonist. The receptor-occupancy theory was subsequently modified by Ariens in 1954 and by Stephenson in 1956 to account for the intrinsic activity (efficacy) of a drug (that is, its ability to induce an effect after binding).[8]
Competitive inhibition models
Gaddum also described the competitive binding of two ligands to the same receptor in short communication to the Physiological Society in 1937. The description referred only to binding, it was not immediately useful for the analysis of experimental measurements of the effects of antagonists on the response to agonists.[9] It was Schild who made measurement of the equilibrium constant for the binding of an antagonist possible he developed the Schild equation to determine a dose ratio a measure of the potency of a drug.
Two state receptor theory
The two-state model of receptor activation described by Black and Leff in 1983 is an alternative model of receptor activation.[10] It proposes that ligand binding results in a change in receptor state from an inactive state to an active one. In this model agonists and inverse agonists are thought to have affinity for different receptor states.[11] or can induce a conformational change to the a different receptor state. Whereas antagonists have no preference in their affinity for a receptor state.[12]

 HYPERLINK "http://en.wikipedia.org/wiki/Receptor_theory" \l "_note-10#_note-10" \o "" \t "_blank" [13]
Postulates of receptor theory
Receptors must possess structural and steric specificity. 
Receptors are saturable and finite (limited number of binding sites) 
Receptors must possess high affinity for its endogenous ligand at physiological concentrations 
Once the endogenous ligand binds to the receptor, some early recognizable chemical event must occur 
Agonist
In pharmacology an agonist is a substance that binds to a specific receptor and triggers a response in the cell. It mimics the action of an endogenous ligand (such as hormone or neurotransmitter) that binds to the same receptor.
Types
Full agonists bind (have affinity for) and activate a receptor, displaying full efficacy at that receptor. One example of a drug that acts as a full agonist is isoproterenol which mimics the action of acetylcholine at â adrenoreceptors.
Partial agonists (such as buspirone, aripiprazole, buprenorphine, or norclozapine) also bind and activate a given receptor, but have only partial efficacy at the receptor relative to a full agonist. They may also be considered ligands which display both agonistic and antagonistic effects - when both a full agonist and partial agonist are present, the partial agonist actually acts as a competitive antagonist, competing with the full agonist for receptor occupancy and producing a net decrease in the receptor activation observed with the full agonist alone.[1] A co-agonist works with other co-agonists to produce the desired effect together. NMDA receptor activation requires the binding of both of its glutamate and glycine co-agonists. An antagonist blocks a receptor from activation by agonists. Clinically partial agonists can activate receptors to give a desired submaximal response when inadequate amounts of the endogenous ligand are present, or they can reduce the overstimulation of receptors when excess amounts of the endogenous ligand are present.[2]
A selective agonist is selective for one certain type of receptor. It can additionally be of any of the aforementioned types.
A physiological agonist is a substance that creates the same bodily responses, but does not bind to the same receptor.
Receptors can be activated or inactivated either by endogenous (such as hormones and neurotransmitters) or exogenous (such as drugs) agonists and antagonists, resulting in stimulating or inhibiting a biological response. To see how an agonist may activate a receptor see this link
New findings that broaden the conventional definition of pharmacology demonstrate that ligands can concurrently behave as agonist and antagonists at the same receptor, depending on effector pathways. Terms that describe this phenomenon are "functional selectivity" or "protean agonism".[3]

 HYPERLINK "http://en.wikipedia.org/wiki/Agonist" \l "_note-3#_note-3" \o "" \t "_blank" [4]
Activity (EC50)
Potency
The potency of an agonist is usually defined by its EC50 value. This can be calculated for a given agonist by determining the concentration of agonist needed to elicit half of the maximum biological response of the agonist. Elucidating an EC50 value is useful for comparing the potency of drugs with similar efficacies producing physiologically similar effects. The lower the EC50, the greater the potency of the agonist the lower the concentration of drug that is required to elicit the maximum biological response
Therapeutic index
When a drug is used therapeutically, it is important to understand the margin of safety that exists between the dose needed for the desired effect and the dose that produces unwanted and possibly dangerous side effects. This relationship, termed the therapeutic index, is defined as the ratio LD50:ED50. In general, the narrower this margin, the more likely it is that the drug will produce unwanted effects. The therapeutic index has many limitations, notably the fact that LD50 cannot be measured in humans and, when measured in animals, is a poor guide to the likelihood of unwanted effects in humans. Nevertheless, the therapeutic index emphasizes the importance of the margin of safety, as distinct from the potency, in determining the usefulness of a drug.
Inverse Agonist
In pharmacology, an inverse agonist is an agent which binds to the same receptor binding-site as an agonist for that receptor but exerts the opposite pharmacological effect. Inverse agonists are effective against certain types of receptors (e.g. certain histamine receptors and GABA receptors) which have intrinsic activity without the acting of a ligand upon them (also referred to as 'constitutive activity'.)
Receptor agonists, antagonists and inverse agonists bind to the same receptor types. The pharmacological effect of an inverse agonist is measured as the negative value of the agonist primarily due to the historical findings of the already known agonist. Therefore, if the agonist has a positive value and the inverse agonist has a negative value, the antagonist for the receptor takes both the agonist and inverse agonist back to a neutral state.
One particular example is Ro15-4513 which is the inverse agonist of the benzodiazepine class of drugs (such as Xanax and Valium). Ro15-4513 and the benzodiazepines both utilize the same GABA binding site on neurons, yet Ro15-4513 has the opposite effect, producing anxiety rather than the sedative effect of the benzodiazepines.
A Receptor Antagonist
 is a drug that does not provoke a biological response itself upon binding to a receptor, but blocks or attenuates agonist-mediated responses. In pharmacology an antagonist is a binding partner (ligand) of a receptor by disrupting the interaction and inhibiting the function of an agonist or inverse agonist at their receptors. Antagonists are said to have affinity but no efficacy for their cognate receptors. The majority of drug antagonists and inhibitors achieve their potency by competing with endogenous ligands or substrates at structurally defined binding sites. 
Biochemical receptors are large molecules (usually proteins) that can be activated by a binding of a ligand (such as a hormone or drug). Receptors can be membrane-bound occurring on the cell membrane of cells or intracellular as for hormone-receptors. Binding occurs as a result of noncovalent interaction between the receptor and its ligand, at locations called the binding site on the receptor. A receptor may contain one or more binding sites for different ligands. Binding to the active or orthostatic site on the receptor regulates receptor activation directly. The activity of receptors can also be regulated by binding of a ligand to other sites on the receptor termed allosteric sites. Antagonists mediate their affects through receptor interactions. This may be accomplished by binding to the active site or at the allosteric site. In addition, antagonists may interact at unique binding sites not normally involved in the biological regulation of the receptor's activity to exert their affects. 
The term antagonist was originally coined to describe different profiles of drug effects.The biochemical definition of a receptor antagonist was introduced by Ariens and Stephanson in the 1950s. The current accepted definition of receptor antagonist is based on the receptor occupancy model. It narrows the definition of antagonism to consider only those compounds with opposing activities at a single receptor. Agonists were thought to turn "on" a single cellular response by binding to the receptor, thus initiating a biochemical mechanism for change within a cell. Antagonists were thought to turn "off" that response by 'blocking' the receptor from the agonist. This definition also remains in use for physiological antagonists, substances which have opposing physiological actions, but act at different receptors. For example, histamine lowers arterial pressure through vasodilation at the histamine H1 receptor, while adrenaline raises arterial pressure through vasoconstriction mediated by â-adrenergic receptor activation.
Our understanding of the mechanism of drug induced receptor activation and receptor theory and the biochemical definition of a receptor antagonist continues to evolve. The two state model of receptor activation has given way to multistate models with intermediate conformational states.] The discovery of functional selectivity and that ligand-specific receptor conformations occur and can affect interaction of receptors with different second messenger systems may mean that drugs can be designed to activate some of the downstream functions of a receptor but not others. The theory alters the view that efficacy at a receptor is receptor-independent property of a drug and that efficacy may actually depend on where that receptor is expressed.
Pharmacodynamics
Efficacy and potency
By definition antagonists display no efficacy,[9] the ability to activate a receptor once bound, however they inhibit the function of other drug classes namely agonists, inverse agonists and partial agonists. In functional antagonist assays a dose-response curve which measures the effect the ability of a range of concentrations of antagonists to reverse the activity of an agonist.[3] The potency of an antagonist is usually defined by its IC50 value. This can be calculated for a given antagonist by determining the concentration of antagonist needed to elicit half inhibition of the maximum biological response of an agonist. Elucidating an IC50 value is useful for comparing the potency of drugs with similar efficacies. The lower the IC50, the greater the potency of the antagonist the lower the concentration of drug that is required to inhibit the maximum biological response. Lower concentrations of drugs may be associated with fewer side effects associated with that drug.[12]
Affinity
The affinity of an antagonist for its binding site ki or ability to bind a receptor will determine the duration of inhibition of agonist activity. The affinity of an competitive antagonists can be determined experimentally using Schild regression or for competitive antagonists in radioligand binding studies using the Cheng-Prusoff equation. Schild regression can be used to determine the nature of antagonism as beginning either competitive or non-competitive and ki determination is independent of the affinity, efficacy or concentration of the agonist used.[13]

 HYPERLINK "http://en.wikipedia.org/wiki/Receptor_antagonist" \l "_note-7#_note-7" \o "" \t "_blank" [14] Schild regression involves comparing the change in the dose ratio, the ratio of the EC50 of an agonist alone compared to the EC50 in the presence of a competitive antagonist as determined on a dose response curve. Altering the amount of antagonist used in the assay can alter the dose ratio. In Schild regression a plot is made of the log(dose ratio-1) versus the log concentration of antagonist for a range of antagonist concentrations.[15] The affinity or ki is where the line cuts the x-axis on the regression plot. Whereas with Schild regression antagonist concentration is varied in experiments used to derive ki values from the Cheng-Prusoff equation agonist concentrations are varied. Affinity for competitive agonists and antagonists is related by the Cheng-Prusoff factor used to calculate the Ki(affinity constant for an antagonist) from the shift in IC50 that occurs during competitive inhibition.[16] The Cheng-Prusoff factor takes into account the effect of altering agonist concentration and agonist affinity for the recepor on inhibition produced by competitive antagonists.[12]
 
Types of antagonists
Competitive
Competitive antagonists reversibly bind to receptors at the same binding site the active site as the endogenous ligand or agonist, but without activating the receptor. Agonists and antagonists "compete" for the same binding site on the receptor. Once bound, an antagonist will block agonist binding. The level of activity of the receptor will be determined by the relative affinity of each molecule for the site and their relative concentrations. High concentrations of a competitive agonist will increase the proportion of receptors which the agonist occupies, higher concentrations of the antagonist will be required to obtain the same degree of binding-site occupancy.[12] In functional assays using competitive antagonists a parallel rightward shifts of agonist dose–response curves with no alteration of the maximal response is observed.[17] The interleukin-1 receptor antagonist, IL-1Ra is an example of a cometitive antagonist.[18] The effects of a competitive antagonist may be overcome by increasing the concentration of agonist. Often (though not always) these antagonists possess a very similar chemical structure to that of the agonist.
Non-competitive
Non-competitive antagonists are also known as allosteric antagonist. These antagonists bind to a distinctly separate binding site from the agonist, exerting their action to that receptor via the other binding site. Cyclothiazide has been shown to act as a reversible non-competitive antagonist of mGluR1 receptor.[19] Thus they do not compete with agonists for binding. The bound antagonists may result in a decreased affinity of an agonist for that receptor, or alternatively may prevent conformational changes in the receptor required for receptor activation after the agonist binds.[20] No amount of agonist can completely overcome the inhibition once it has been established. In functional assays of non-competitive antagonists depression of the maximal response of agonist dose-response curves and in some cases rightward shifts is produced.[17] The rightward shift will occur as a result of a receptor reserve[9] and inhibition of the agonist response will only occur when this reserve is depleated.
 
Uncompetitive
Uncompetivite antagonists differ from non-competitive antagonists in that they require receptor activation by an agonist before binding can occur to the separate allosteric binding site of the antagonist. This type of antagonism produces a kinetic profile in which "the same amount of antagonist blocks higher concentrations of agonist better than lower concentrations of agonist".[21] Memantine, used in the treatment of Alzheimer's disease, is an uncompetitive antagonist of the NMDA receptor.[22]
Partial agonists and inverse agonists
Partial agonists are defined as drugs which at a given receptor might differ in the amplitude of the functional response that they elicit after maximal receptor occupancy. Although they are agonists, partial agonist can act as a competitive antagonist if co-administered with a full agonist, as it competes with the full agonist for receptor occupancy and producing a net decrease in the receptor activation observed with the full agonist alone.[23]

 HYPERLINK "http://en.wikipedia.org/wiki/Receptor_antagonist" \l "_note-14#_note-14" \o "" \t "_blank" [24] Clinically, their usefulness is derived from their ability to enhance deficient systems while simultaneously blocking excessive activity. Exposing a receptor to a high level of the partial agonist will ensure that it has a constant, weak level of activity whether its normal agonist is present at high or low levels. In addition, it has been suggested that partial agonism prevents the adaptive regulatory mechanisms that frequently develop after repeated exposure to potent full agonists or antagonists.[25]

 HYPERLINK "http://en.wikipedia.org/wiki/Receptor_antagonist" \l "_note-16#_note-16" \o "" \t "_blank" [26] Buprenorphine a partial agonist of the ى-opioid receptor binding it with weak morphine-like activity and is used clinically as an analgesic in pain management and in reversing morphine addiction as an alternative to methodone in the treatment of drug addiction.[27]
An inverse agonist can have effects similar to an antagonist, but causes a distinct set of downstream biological responses. Contitutively active receptors which exhibit intrinsic or basal activity can have inverse agonists, which not only block the effects of binding agonists like a classical antagonist, but inhibit the basal activity of the receptor. Drugs previously classified as antagonists are now beginning to be reclassified as inverse agonists because of the discovery of constitutive active receptors.[28]

 HYPERLINK "http://en.wikipedia.org/wiki/Receptor_antagonist" \l "_note-19#_note-19" \o "" \t "_blank" [29] Antihistamines, originally classified as antagonists of histamine H1 receptors have been reclassified as inverse agonists.[30]
Antagonist reversibility
Many antagonists are considered reversible antagonists because they, like most agonists, will bind and unbind a receptor at rates determined by the receptor-ligand kinetics.
Irreversible antagonists covalently bind to the receptor target and generally cannot be removed; the duration of the antagonist effects is determined by the rate of receptor turnover. Phenoxybenzamine is an example of an irreversible alpha blocker—it permanently binds to ل adrenergic receptors, preventing adrenaline and noradrenaline from binding.[31]
Competitive irreversible antagonists bind covalently to the agonist binding site, in which case there is a period before the covalent bond forms determined by receptor-ligand kinetics during which competing ligands can prevent the inhibition.
Plasma protien binding
A drug's efficacy may be affected by the degree to which it binds to the proteins within blood plasma. The less bound a drug is, the more efficiently it can traverse cell membranes or diffuse. Common blood proteins that drugs bind to are human serum albumin, lipoprotein, glycoprotein, ل, â‚ and م globulins.
A drug in blood exists in two forms: bound and unbound. Depending on a specific drug's affinity for plasma protein, a proportion of the drug may become bound to plasma proteins, with the remainder being unbound. If the protein binding is reversible, then a chemical equilibrium will exist between the bound and unbound states, such that:
Protein + drug ⇌ Protein-drug complex 
Notably, it is the unbound fraction which exhibits pharmacologic effects. It is also the fraction that may be metabolized and/or excreted. For example, the "fraction bound" of the anticoagulant warfarin is 97%. This means that of the amount of warfarin in the blood, 97% is bound to plasma proteins. The remaining 3% (the fraction unbound) is the fraction that is actually active and may be excreted.
Protein binding can influence the drug's biological half-life in the body. The bound portion may act as a reservoir or depot from which the drug is slowly released as the unbound form. Since the unbound form is being metabolized and/or excreted from the body, the bound fraction will be released in order to maintain equilibrium.
Since albumin is basic, acidic and neutral drugs will primarily bind to albumin. If albumin becomes saturated, then these drugs will bind to lipoprotein. Basic drugs will bind to the acidic alpha-1 acid glycoprotein. This is significant because various medical conditions may affect the levels of albumin, alpha-1 acid glycoprotein, and lipoprotein.
Variables affecting protein binding
Since it is the fraction unbound that exhibits pharmacologic effects, it is important to know what may affect the fraction unbound.
The fraction unbound can be altered by a number of variables, such as the concentration of drug in the body, the amount & quality of plasma protein, and other drugs that bind to plasma proteins. Higher drug concentrations would lead to a higher fraction unbound, because the plasma protein would be saturated with drug and any excess drug would be unbound. If the amount of plasma protein is decreased (such as in catabolism, malnutrition, liver disease, renal disease), there would also be a higher fraction unbound. Additionally, the quality of the plasma protein may affect how many drug-binding sites there are on the protein.
Drug interactions
Using 2 drugs at the same time may affect each other's fraction unbound. For example, assume that Drug A and Drug B are both protein-bound drugs. If Drug A is given, it will bind to the plasma proteins in the blood. If Drug B is also given, it can displace Drug A from the protein, thereby increasing Drug A's fraction unbound. This may increase the effects of Drug A, since only the unbound fraction may exhibit activity. See the example below:
	 
	Before Displacement
	After Displacement
	 % increase in unbound fraction

	Drug A
	 
	 
	 

	  % bound
	95
	90
	 

	  % unbound
	5
	10
	+100

	Drug B
	 
	 
	 

	  % bound
	50
	45
	 

	  % unbound
	50
	55
	+10


Note that for Drug A, the % increase in unbound fraction is 100%-- hence, Drug A's pharmacologic effect has doubled. This change in pharmacologic effect could have adverse consequences.
This effect of protein binding is most significant with drugs that are highly protein-bound (>95%) and have a low therapeutic index, such as warfarin. A low therapeutic index indicates that there is a high risk of toxicity when using the drug. Since warfarin is an anticoagulant with a low therapeutic index, warfarin may cause bleeding if the correct degree of pharmacologic effect is not maintained. If a patient on warfarin takes another drug that displaces warfarin from plasma protein, it could result in an increased risk of bleeding
