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appear in the Index.

PENN EX. 2060
CFAD V. UPENN
IPR2015-01835

Find authenticated court documents without watermarks at docketalarm.com.

DOCKET
LARM

A


https://www.docketalarm.com/

Lipedic =00 T

Y:."k[i.l Pharmacokinetics, 2nd ed.

1t

. York, 1982.

o' ?{f,vylumpa. A.; Schenker, S.; and

Ki;c effects of age and liver disease

.Tul climination of dé;zepam in adult
5, 55, 347-359.

‘,‘(.;l?zan wilkinson, G. R.  Altered

"and drug disposition. Clin. Phar-

1 135-155.

? ”; ~I:nd Graham, G. G. Clear-

“rmacokinetics. J. Phari ki

. 123-136.

LArI:a:::ctnlir: and Relevant Pharma-

teltigence. Hamilton, i, 1971

d Shand, D. G. A physiologic ap-

drug clearance. Clin. Pharmacol.

Zh:l?uo T. F.: Meffin, P. J.; Melmon,
i, M. Influence of acute viral hqpa—
and plasma binding of tolbutamide.
Iher.. 1977, 21, 301-309.

Pharmacodynamics may be defined as
the study of the biochemical and physiolog-
ical effects of drugs and their mechanisms
of action. The latter aspect of the subject is
perhaps the most fundamental challenge to
the investigator in pharmacology, and in-
formation derived from such study is of
basic utility to the clinician. The objectives
of the analysis of drug action are identifica-
tion of the primary action (as distinguished
from description of resultant effects), delin-
eation of the details of the chemical interac-
tion between drug and cell, and characteri-
zation of the full sequence of actions and
effects. Such a complete analysis provides
a truly satisfactory basis for the rational
therapeutic use of a drug on the one hand
and for the design of new and superior
chemical agents on the other.

MECHANISMS OF DRUG ACTION

While there are several types of excep-
tions, the effects of most drugs result from
their interaction with functional macromo-
lecular components of the organism. Such
interaction alters the function of the perti-
nent cellular component and thereby initi-
ates the series of biochemical and physio-
logical changes that are characteristic of the
response to the drug. This concept—now
almost obvious—had its origins in the ex-
perimental work of Ehrlich and Langley
during the late nineteenth and early twenti-
eth centuries. Ehrlich was struck by the
high degree of chemical specificity for the
antiparasitic and toxic effects of a variety of
synthetic organic agents. Langley noted the
ability of the South American arrow poi-
son, curare, to inhibit the contraction of
skeletal muscles caused by nicotine; how-
ever, the tissue remained responsive to di-

rect electrical stimulation. The terms recep-
tive substance and, more simply, receptor
were coined to denote the component of the
organism with which the chemical agent
was presumed to interact. There are funda-
mental corollaries to the statement that the
receptor for a drug can be any functional
macromolecular component of the orga-
nism. One is that a drug is potentially capa-
ble of altering the rate at which any bodily
function proceeds; a second is that, by vir-
tue of interactions with such receptors,
drugs do not create effects but merely mod-
ulate ongoing function. A simple pharmaco-
logical dictum thus states that a drug cannot
impait a new function to a cell. While mod-
ern technics of molecular genetics may
challenge this principle, it remains valid for
the immediate future (see, for example,
Mishina et al., 1985).

Whereas any functional macromolecular
component of the organism may serve as a
drug receptor, we will make special men-
tion below of a group of cellular proteins
that normally serve as receptors for endog-
enous regulatory ligands (e.g., hormones,
neurotransmitters). Many drugs mimic at
least some of the effects of such endoge-
nous compounds by interaction with the
appropriate physiological receptor; such
agents are termed agonists. In this context
it is most important to note that other com-
pounds may have no intrinsic regulatory
activity at a given receptor but may still be
able to bind to the macromolecule; a result
of such binding may be interference with
the effect of an agonist. Compounds that
are themselves devoid of intrinsic pharma-
cological activity but cause effects by inhi-
bition of the action of a specific agonist
(e.g., by competition for agonist binding
sites) are designated as antagonists.
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structural roles (e.g., tubulin). Specific
binding properties of other cellular constit-
uents can also be exploited. Thus, nucleic
acids are important drug receptors, particu-
larly for chemotherapeutic approaches to
the control of malignancy; plant lectins
show remarkably specific recognition of
carbohydrate moieties in glycoproteins (use
of this property may be forthcoming in the
synthesis of lectin-drug hybrids that are tar-
geted to specific cells); drugs such as gen-
eral anesthetics interact with and alter the
structure and function of the lipids of cellu-
lar membranes.

The binding of drugs to receptors, in vari-
ous cases, involves all known types of in-
teractions—ionic, hydrogen, hydrophobic,
van der Waals, and covalent. If binding is
covalent, the duration of drug action is fre-
quently, but not necessarily, prolonged.
Noncovalent interactions of high affinity
may also appear to be essentially irreversi-
ble. In most interactions between drugs and
receptors it is likely that bonds of multiple
types are important (see Goldstein et al.,
1974).
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Structure-Activity Relationship. The af-
finity of a drug for a specific macromolecu-
lar component of the cell and its intrinsic
activity are intimately related to its chemi-
cal structure. The relationship is frequently
quite stringent, and relatively minor modifi-
cations in the drug molecule, particularly
including such subtle changes as stereoi-
somerism, may result in major changes in
pharmacological properties. Exploitation of
structure-activity relationships has on
many occasions led to the synthesis of valu-
able therapeutic agents. Since changes in
molecular configuration need not alter all
actions and effects of a drug equally, it is
sometimes possible to develop a congener
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have profound effects on the pharmacoki-
netic properties of drugs.

Cellular Sites of Drug Action. The gen-
eral and major determinants of the primary
site of drug action must be the localization
and functional capacity of the specific re-
ceptors wish which the drug interacts and
the concentration of drug to which the re-
ceptor is exposed. Localization of drug
action is not necessarily dependent upon
selective distribution of the drug. If a drug
acts by interaction with a receptor that
serves functions common to most cells, its
effects will be widespread. If this is a vital
function, the drug will be particularly dan-
gerous to use. Nevertheless, such a drug
may be clinically important. Digitalis glyco-
sides, important in the treatment of heart
failure, are potent inhibitors of an ion trans-
port process that is vital to most cells. As
such, they can cause. widespread toxicity,
and their margin of safety is dangerously
low. Other examples could be cited, partic-
ularly in the area of cancer chemotherapy.
Attempts have been made to restrict or di-
rect the distribution of drugs by their at-
tachment to soluble or insoluble carriers or
by their encapsulation in liposomes. An-
other approach is the design of prodrugs

that can be preferentially converted to the
active species in only certain types of cells.
These are areas of active investigation.

If a drug interacts with specialized recep-
tors unique to specific types of differenti-
ated cells, its effects are more specific. The
hypothetical ideal drug would cause its
therapeutic effect by virtue of such types of
action. Side effects would be minimized,
but toxicity might not be. If the differenti-
ated function is a vital one, this type of drug
could also be very dangerous. Some of the
most lethal chemical agents known (e.g.,
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