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Although drugs difli-r widely in their pharmacodynamio effects
and clinical applications; in penetration. absorption, and usual
route of3Cl.lI1i.I1‘lStl1'al.iOl'i.'_ in distribution among the body tissues;
and in disposition and mode of termination of action, there are
certain general principles that help explain these differences.
These principles have both phannaceutic and therapeutic im-
plications. They facilitate an understanding of both the fea-
tures that are common to 3 class of drugs and the differences
among the meinbers oft-hat class.

For a drug to act. it must be absorbed. transported to the ap-
propriate tissue or organ. penetrate to the responding cell 51.11‘-
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face or subcellular structure, and elicit a response or alter on-
going processes. The drug maybe distributed siniultaneouslyor
sequentially to a number of tissues, bound or stored, metabo-
lized to inactive or active products, or excreted. The_histo1*-y ofa
drug in the body is summarized in Figure 57-1. Each of the pro-
cesses or events depicted relates importantly to therapeutic
and toxic effects ofa drug and to the mode of administration,
and drug design must take each into account. Since the elfcci
elicited by adrug its raison I:Z’étre, drug action, and office: are
dJ'.scussed_fi1:s1: in. the text that follows, even they
preceded by other events.

IIIIIIG ACTION AMI! EFFECT

The word drug imposes an action-effect context Within which
the properties of a substance are described. The description of
necessity must include the pertinent properties ofthe recipient
of the drug. Thus, when a drug is defined as an analgesic, it is
implied that the recipient reacts to a noxious stimulus in a cer-
tain way. called pain.. [Studies indicate that pain is not simply
the ;rercepo‘on of a certain kind of stimulus but rather, a reac-
tion to the perception of a variety of kinds of stimuli or stimu-
lus ]:Iat.tcrns.'l Both because the pertinent properties are locked
into the complex and somewhat imprecise biological context
and because the types of possible response are many, descrip-
tions ofthc prn'pcr‘l:ics ofdrugs tend to emphasize the qualita-
tive Features of the effects they elicit. Thus, 3 drug may be de-
scribed as having analgesic. vasodepressor. convulsent,
antibacterial, etc. properties. The specific elifect (or use} cate-
gories intowhich the many drugs may be placed are the subject
of Chapters 64 through 89 and are not elaborated upon in this
chapter. However, the description of a drug does not and with
the enumeratio_n of the responses it may elicit. There are cer-
tain intrinsic properties of the drug-recipient system that can
he described in quantitative tor ms and that are essential to the
full description of the drug and to the validation oftho drug for
specific uses. Under Definitions and Concepts below. certain
general terms are defined in qualitative language; under Dose-
Efiéct Relotio.o.s.F1'Eps, the foundation is laid for an appreciation
of some of the quantitative aspects of pharmaoodynaruics.

DEFINITIONS AND CONCEPTS

In the field of pharmacology, the vocabulary that is unique to
the discipline is relatively small. and the general vocabulary is
that of the biological sciences and chemistry. Nevertheless,
there are a few definitions that areimportant to the proper un-
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derstanding of pharmacology. It is necesary to difi'e-rentiate
among action, efl'ect, selectivity, dose, potency, and efficacy.

ACTION VS EFFECT—'I‘l1e effect ofa drug is an ogltsratiiin
offunction ofthe structure or process upon which the drug acts.
It is common to use the term action as a-synonym for effect.
However, action precedes effect. Action is the alteration. of'con-
dition that brings about the effect.

The final effect of a drug may be far removed from its site of
action. For example, the diuresis subsequent to the ingestion of
ethanol does not. result from an action on the kidney but instead
from a depression of activity in the region ofthe hypothalamus,
which regulates the release of antidiuratic hormone froin the
posterior pituitary gland. The alteration ofhyp'otlialamic func-
tion is. of‘ course. also an effect of the drug. as is each subse-
quent changc in the chain of events leading to diuresis. The ac-
tion of ethanol was exerted only at the initial step, Each
subsequent effect being then the action to--e following step.

MULTI1“LE EFFECTS—No known drug is capable of ex-
erting a single effect. although a number are known that ap
pear to have ,a single mechanism of action. Multiple eifects may
derive from a single mechanism of action. For example, the in-
hibition of acetylcholineaterase by physostigmine will elicit an
effect at every site Where aoetylchnline is produced, is poten-
tially active. and is hydrolyzed by cholinest-erase. Thus.
physostigroine elicits a constellation of effects.

A drug also can cause multiple effects at. several different
sites by a single action at only one site. providing that the func-
tion initially altered at the site ofaction ramifies to control other
fimctions at distant sites. Thus, a drug that suppresses steroid
synthesis in the liver may not only lcrwer serum cholesterol, im-
pair nerve myelinstion and fiuiction. and alter the condition of"
the slcin (as a. oonssqusnm ofcholesterol deficiency) but also may

affect digestive functions [because of a deficiency in bile acidsl
and alter atirenocortical and sexual hormonal balance.
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Figure 5?-1- The absorption, distribution. action, and elimination of E!
drug {arrows represent drug movement). Intravenous administration is
the only process by which a drug may enter a corrioartnienl without pass-
ing through a biological membrane. Note that drugs excreted in bile and
saliva may be rosnrbed.

Although a single action can give rise to multiple effects.
must drugs exert -multiple actions. The various actions may be
related, as for example, the 5_'fl'l‘}1i‘:l.l..ll{‘.|i'i'llII!lE_l..llI.’ effects of"
phunylephrine that accrue to its structural Similarity to nora-
piiiephrine and its ability to exert sympathetic responses. or
the actions may be unrelated. as with the ai:-tione ofmnrphine
to interfere with the release ofacetylcholine from certain auto-
nomic nerves. blocltaornc actions 0l'5-h3l'ElrD7i.Yl»l‘)'pl.flI1l.in'E l seru-
toninl. and release histamine. Many drugs bring about irri-
munological lallergic -or hypersensitirityl responses that bear
no relation to the other pharuiacodynam'i'c actions of the flI’l.l;g.

BELECTIVITY-'—Despite the potential most drugs have for
eliciting multiple effects. one effect is generally more readily
eliritable than another. This differential responsiveness is
called selectivity. It usually is considered to be a property ofthe
drug. but it is also a prup'erty- of the constittltion and bind)!-
naruics oftlte recipient subject or patient.

Selectivity they come about in Several ways. Tlrie auhcollular
structure lreceptorl with wliieli a drug combines to initiate one

response may have a higher affinity for the drug than that for
somi: other action. Atropine. for example, has El much higher
affinity for mttscarilric reccptoin that auboerve the function of
sweating than it does for the niootinic receptors that subserve
irolimtal-"3' n_eui.'omuscular transmission, so that suppression of
sweating can he achieved with only a tiny fraction of the dose
necessary to cause paralysis ofthe skeletal muscles. Adrug may
be distributed unevenly. so that it reaches is higher concentra-
tion at one site than throughout the tissues generally; chloro-
quine is. much more effective against hepatic than intestinal
{colonic} emehi asis because it reaches a much higher concentra-
tion in the liver than in the wall of the-colon. A11 £Ifi’et:t.c-ll illne-
tinn ma}-he much more critical to. or haveleas ‘reserve in, -{'.|'l1ED?-
gas than in another. so that a drug will he predisposed to elicit
anefihct at the more critical site. Smite inhibitors of dopa.de_car-
hosjlase lwltich is also 5-ll_‘.-|'l2ll'l2i|X)Tt?!'}Vpl.'~DE|l1E!.l'l decarliioxylaeel de-
press the synthesis of histamine more than that of either ‘nora-
pineplirine or 5- hydroxytryptamine teerotorrin], even -though
liistidine decarbnxylase is less sensitive to the drug. simply be-
cause histidina decarboxylase is the only stop and. hence. is rate-
limitingin the biosynthesis ofhistamine. Iilopa decarboxylase in
not rate limiting in the synthesis cit‘ either norepinephrine or 5-
llytlmxytryptomine until the enzyme is nearly completely inhib-
itcrl.AnI:it.her example of the determination of selectivity by the

ARINEAL

 

CHAPTER 571 DRUG l'-'lB50RP'l'10N. ACTION. AND DISPOSITION 1143

critical balance of the affected function is that of the mercurial

diuretic drugs. An inhibition ofonly 1% in the tu bular resorption
oi‘glamer.t1lar filtrate usually will double urine flow, since 99% of
the glcirrterulaz" filtrate is normally roaorbed. Aside from the
queatioo oftlle poasible can-£i£!1_11:rati'on of diuretics in the urine. :1
drug-iniiuoed reduction of liiiv i_u sulfliyclryl enzyme activitaj in
tissues. other than thekiduey usually is not accompanied by an
obsenrable change in function. Selectivity also can be deter-
mined by the pattern ofcliotribution uf"ina'ct-ivating or o.ct.ivati.i1g
enzymes among the t-issues and by otltet‘ factors.

DOSE—Even'l:he uninitiated person knows that the dose of‘
a drug is the anlount administered. However. the appropriate
dose ofa drug is not some uiwarying quantity. a fact sometimes
overlooked by pharrn acioto. officicl committees. and physicians.
The practice ofpharmacy is entrapped in a s_~,r-stem" oi‘ fixed-dose
l'or'ri1ulatious..su that fine adjustments in dosage are often diffi-
cult to aotiieve. Fortunately. there is '|.lSt.lEil.l_'\l' a rather wide lat-
itude allowable in dosages. IL is obvious l.l1n.t. the size of the re-
cipient individ;.1al,sl'1ould have a bearing upon the dose. and the
phyeicien may elect to administer the drug on a body-weight or
aurface-area basis rather than as a fixed dose. Usually, l.1r.rW-
cver, a fixed dose is given to all adults, unless the-adult is ex-
ceptionally large or small. "The dose for infants and children of‘-
ten is determined by one of several formulas that take into
account age or weight. depending on the agegmup ofthe child
and the type" of action exerted by the drug. Infants. relativelgir.
are more sensitive to many drugs, often because systems in-
volved in the inactivation and elimination ofthe drugs may not.
be developed ‘lLlll.)? in the infant. _

The nutritional condition of the patient. the mental outlook.
the presence ofpain or discomfort, the severity ofthe condition be-
ing treated. the presence ofseoondary disease or pathology. and
genetic and many other Factors allectthe dose ofa drug necessary
to achieve at given therapeutic response or to-cause-an untoward
elfecl: {Chapter fill. Even two app.arentl_v we'll-inatclicxi normal
persons may require widely difl"ei-entrluses for the same intensity
ofeflect. Fiirtliei-more. adrog is not always enioloyed for the same
elfiect arid. hence. not in the same dose. For example. the dose of
a progestin necessary for an oral contraceptive effeotie consider-
ably diilerent from that necessary to prevent spontaneous abor-
i.ion,and a dose ofan estrogen for the Lreatment of‘the-menopause
ie rimch too small for the treatment nfpmatm‘.-it carcinoma.

From the EIl:3DYE.it1's evident that the wise physician knows

that tire dose -of a drug. is not a rigid qoaritity but rather that
which is necessary and can be tolerated -and iridividualizes the

regimen accordingly. The wise [iharrrtncist also rt-:cUg'nl'ze.'.s that
olficial or manufacturer’: recommended doses are simnetimes
quite narrowly defined and should serve only as a useful guide
rather than as an imperative.

POTENBY AND EFFICACY—'I‘i1e potency of a drugie the
reciprocal of dose. Thus. it will have the units of perfirins/unit
weight of drug or body -Weightfunit weight l-it'cI"1'ul§. etc. Potency
generally has little utility other than to provide a means o'f'con1-
paring the relative activities of drugs in a series. in which case
relortoe poienqi-. relative to some prototypic member of the sc-
riea. ie a parameter commonly used among plmrm ecologists
and in the pharmaceutical industry.

Whether a given drug is more potent. than another has little
bearing on its clinical usefulness. provided that the potency is
not. so low that the size ol't.11e-close is physically unmanageable
or the cost "of treatment is higl'.i'er than -with an equivalent drizg.
If a drug is less potent but more selective. it is the one to be pre-

ferred. Promotional arguinents in favor etc more potent drug
thusare irrelevant to the in'i1:iortant.considerationo that should
govern the choice C-fa drug. However, it. sometimes occurs that
drugs oi’ the same-class rl.il'f'e-r in. the maximum intensity iii‘ oil
feet; that-is. some drugs ofthe class may he-less efficaciiius than
others. irrespective of how large a dose is used.

Effimcy connotes the property of a drug to achieve the dc-
aired response, and rrtoxirimm cfi'ieoc_1' denotes the 11'iaxin:ii.1m
achievable effect. Even huge doses of codeine often cannot
achieve the relic-l'f'ro1n severe pain that relatively small doses
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Figure 57-2. The relationship of the intensity of the bluo-,d-.pIé5surE ro-
soonse of the cat to the qntravenous close of noreplnophone.

ofmorphine can; thus. codeine is said to have .a lower maximum
efii'::_a.v:.y than morphine. Effioacy is one ofthe primary dolomi-
-nomts of the clmioe of’ st drug.

DOSBEFFECT RELATIONSHIPS

The importance of1mow'ing' how changes in ihe intensity of
spouse to a drug vary with the dose is viz-ouo1Iysolf'-evident. Both
the physician. who prescribes or administers a dnrg, and the
manna:-f‘acI:urer, who must package the :1:-ug in appropriate dose
sizes, must translate such "knowledge into everyday practice.
Theomfical or molecular pharmacologists also such rela-
tionships "in inquiries into mechanism-ofaction and receptor the»
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ojry It is nodes-my to -derme two types of relationships: I 1.) dose
'i_n’senaityrelati'onahi_p, Ia.-the manngr in‘ whichthe intensity of'e.l'-
feoi. in the individual reoipi-out relates to dose, and (2) dose-
fi-equenoy relationship. ie, the manner in which the number of
responders among a population ofreoipients relates to dose.

_ D0‘Sl§I-1N'I'ENSITY OF EFFECT RELATIONSHIPS-
Wfiethar the intensity of effect is 'datarn1in|:d in viva log. the
blooipressure resporuze to epirnaphrine in the human patient}
or an ultra leg. the response ofthe isolated guinea pig ileum to
histamine}. the doserintensity‘ ofeffect (often called dos'e~efi"eo1_.}
curve usually hat! a characbexristil: shape, namely H. curve that
olosaly resembles one quadrant afa rectangular hygbei-bola.

In the done-intensity curve depicted "in Figure 57-2, the
curve appears to intercept the: axis at 0 0113)“ because the lower
-doses are" quite small on the scale of the abscissa, the smallest
-dose heizlg 1-5 I 10 "‘ ;.zg.Ao1.ua]Iy, tho: infiorco_pthao fl- lmoitrivo
value, since a fihite dose of drug is 1-eqtfired to bring about la no
spouse, this lowest. effective does: being known as the tklosflnfd
-close. Statistics and chemical kinetics predict that. the curve
ahoultt app-roach the 3 axis asymptotically. However, if the In-
tonaity -of the meoaurcd variable dooa- not start from zero,. the
om-ve possibly may have -a positivey intercept I or negative :4: in-
tercept), especially ifthe ongoing basal aot.iv'i,ty before £112 drug
is -given is closely related to that induced by the drug.

In practice. instead of an asyinptute on the y axis, doae—in-
tensity curves nearly always show an upward concave font at
the of the curve, so that the-curve has a lopsided sigmoid
shape. At high doses-. the curve approaches-an asymptote that
is parallel to the 1 axis, and the value of the asymptote estab-
1i.sl:u:'.s the maximum po,aaibl_a' response to the drug, or maximum
efii om.-y. However, oxparimental -data in the regions of tho
asymptotoa generally are too erratic to permit‘ an exact defini-
tion of-the curve at. vary low and very high doses. The oxamplto
shown representoan unusually -good set-ofdata.

Becaua_et-.1-ye‘ dose range-m-oy be 100- or 10{)'(}rfol'ti fromtholow
eat to the highest dose, it has laettmne the practice in plot Iio:,:e~in-
tensity-curves on a logarithmic scale ofobscissa lie, to plot the
log-of dose versus the inteosity of effect]. Figure 57-Sis such a
sonfilogafithnfio plot ofthe some data used in Fi-guru 57-52. In the
figure the intensity o£'afi'éct is-plottod both in absolute units fat
the left) or in relative units. as percentages (at the right].

Although no new information is created by a semiEogan'th-
mic representation, the curve is stretched in such a way as to
‘facilitate the in.-spesttion ofthe data; the comparison of results

100

3

~3H.. FEB.neworMMMI.n.1EFFEGT
LOG DGGE(Ingj.ig!kg]

Figure 5?-3. The reldtlunshsp of the mrensity of the l1iood—pn=_.-ssure response of the cat to me log of the intravefious dose of norepinephrine.
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fmro multiple observations and the testing of difibrent drugs
also is rendered easier. In the example shown, the curve is esr
sentially what is called a s.'.'gmot'tf come and is nearly symmet-
rical about the point that represents an intensity equal to 50%
of the maximal efibci‘. lie, about the midpoint!‘ The symmetry
follows from the rectangular hyperbolic cl1a1'actor of the previ-
ous Cartesian plot [see Fig 57-2]. The semilogarithmic plot re-
veals better the dose-effect relationships. in the low-dose range,
which are lost in the steep slope of the Cartesian plo1...Furt11er-
moro. the data. about the midpoioi are almost a straight line:
the nearly linear portion covers approximately 50% of the
curve. The slope ofthe linear portion ofthe curve or. more cor-
rectly. the slope at the ‘point of inflection, has theoretical sig-
oificonuc lace Drug Receptors and Rccvpfior 'I'?1cz)-f_*yl.

The upper portion of the curve approaches an asymptote,
wliich is the same as that in tho Cartcsiun plot. If the response
system is completely at rest before the druflis administered, the
lower portion ofzhe curve should be asymptotic to then: axis. Both
asymptot-cs and-the symmetx-_-r derive from tholuw ofmoss action.

Dose-intensity curves ofizcn deviate from the ideal coir:i'ig‘u1'a—
tion illustrated and discussed above. Usually, the deviate curve
remains sigmoid butnot exte oded symmetrically about the mid-
point of the iinmr segment. Occasionally, other shapes occur.
Deviations may do:-ivefi-om. multiple actions that converge upon
the same final effector system, from varying degrees of
metabolic alteration ofthe drug -at different doses. from modu-
lation ofthe response by feedback systems, from nonlinearity in
thcrEl.ntio11.sl1ip between action anI:l'efi'act,_ur froni other causes.

It is t'rcquen1.‘Iy necessary to identify the dose that elicits a
given intensity ofeffect. The intensity of eifect that is generally
designated is sac of maximum intensity. The corresponding
dose is called the '5El‘3E- effective dose. or individual: EDED (see Fig
fi'i'~3l. The use of the adjective :in'c£EoEdual di'_ot.ir'1g‘ui5hco the
EH50 based upon. the intensity of effect from the median effec-
tivc-dose, also abbreviated ED50. determined fiomfrcquency of
response data in a population {sec Dose-Frequency Relation-
ships. this chapter).

Drugs that elicit the some quality of eifoct may be compared
Eraphically. In Figure 5124, five hypothetical drugs are com-
pared. _ A, B. C, anclE all can achieve the-some maximum
client, which suggests that the some clients: system may be
common to all. 5' possibly may be working through the some ef-
fector system. but there are no a prior!‘ reasons I50 think this is
so. Cln,l_vA andB have parallel curves and common slopes. Com-
mon slopes are consistent with. but in no way prove. the idea
tham and 8 not only act through the some cEf'oc.tor system but
also by the .5a.n'1c mechanism. Although drug-receptor tl'i.E_|2|I'j'
(see Drug Receptors and Receptor Theory} requires that the
wives of identical mechanism have equal s1cpes.cx-_amp]os of
exceptions are known. Furthermore. mass-_la-.v statistics re-
quire that. all simple drug-receptor interactions generate the
some slope: only when Slopes depart from this universal slope
in accordance with distinctive characteristics of the response
system do they provide evidence ofspccific mechanisms.

The relative potency ofanydrugmaybe obtained by dividing
tl1EED5(l of the otandoxcl. or prototypic, drugby that of‘ the drug

"5 mag‘u: 243

‘i 33Lu (In
LL 5.‘O no

I}. 5‘?
a
E 26. on.
Ii um.. }£|'-C

 
LDG DOSE

Figure SE4. Log-dose-Intensity of effect curves of frve different hyp_o—
Ihatical drugs. (see text lor explanation).
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CHAPTER 57: DRUG ABSORPTION. ACTION. AND DISPOSITION 1.145

in question. Any level ofeffuct other than 50% may be used. but
itsbould be recognized that when the slopes are not parallel. the
relative potency depends upon the ‘intensity ofeffect chosen.
Thus, the potency of'A relative to C I see Fig 57-4) colculatetl from
the ED50 will be oltmlliar than that caIcu]'a1.od Ffom tho ED25.

The low toaximuru intensity inducible by D poses even more

complioalions in the determination of relative potency than do
the unequal slopes ofthe other drugs. lfifli dose"-intensity curve
is plotted in l.-l.‘I'J.'l2|.‘i of percentage of its own maximum effect. its
relative incflicacy is obscurei arid -the linnilatiorls of relative
potency at tho ED5Cl level will not be Evident. This dilemma oo-
derscores the fact that I:lrU.g‘c can be co-mporcd better from their
entire dose-intensity curves than from a single derived number
like ED50 or relative potency.

Drugs that elicit multiple e'Ff'ec1.s will generate a close-inter»
sity curve for each effect. Even though the various cfi"e.cLs may
be qualitatively difl'eron.i;. the several curves may be plotted to-
gether on "a common scale of abscissa. and the im.ensit_\' may be
cxprcaocd. in terms of pI=.1‘cc-ntogc of maximum eiibct; thus. all
curves can share :1 common scale of ordinates in addition to a

common abscissa. Separate scales of ordinates could be cm-
ployod, but this would make it.'|'1arI:lor to compare data.

The selectivity of a drug can be dete1“1'rI.inetl by noting what
percentage of maximum of one effect can be achieved before a
second effect occurs. As W'll.l'l relative potency, selectivity 'm:i_v

be expressed in te1'rns of the ratio bctwccn the E1350 for one of?
feet and that for another effect-. or a ratio at some Ol:l1E!*lI1tE!l'1"

city ofcffec-1;. As with relative potency, dil‘fic.ultics follow from
nonparsllelism. In such instances. selectivity expressed in dost?
ratios varies from one intensity level to another.

When the dose-intensit.y curves for a number of subjects are
compared, it is found that they vary consi_de-robly from lndivirl—
ual to individual in mtlny respects; cg, threshold dose. mid-
point. maximum inte-nsity,.and sometimes even slope. By.aver-
aging the intensities of the effect at each dose. on average
dose-in tensity curve can be constructed.

Average dose-ijitcnsity curves enioy a limited application in
comparing drugs. A single. line expressing an average response
has little value in predicting individual responses Llnloss it is ac-
oompaniod by some expression ofthe range ofthe c1"‘f'oc1; at the var-
ious -doses. This may be done by indicating the standard error of
the response at each dose. Occasionally, a dimple scatter diagraxn
is plotted in lieu oflao. average GIITVE and statistical parameters.
An average dose-intensity cu we also may be -wostcucted from s
populationin which-different individuals receive difibrcnt doses:
ifsufiiciently large populations are employed. the average cirrvcs
dctonniocd bythc two methods will approximate each other.

It is obvious that the determination of such cvc-"rage curves
from a population large enough to be statistically meaningful
roquires a -great deal of work. Retrospective clinical -data occa-
sionally arc treated. in this way, but prospective studies 1-l1El"E*
queutly are dcsigllcd in advance to yield average curves. The
usual practice in comparing -drugs is to employ a quanta] loll-
or-nonel onclpointsnd plot the fiequency or cumulative fro-
qucricy of vespooso over the dose range, as discussed below.

D'DSE—E‘REQUEN'CY OF RESPONSE RELATION-
SHIPS-—-'Whe‘r1 an endpoint ‘is truly all-or-none. such as death. it
is an easy matter to plot the number of responding individuals
(cg, dead suhiectsl at each dose ofdrug or intoxicsnt. Many other
responses that vary in intensity can be treated as all-or-none if
simply the presence or absence of a vwponoc leg, cough or no
cough, convulsion or no oonvulsioni is recorded. without regard
to the intensity of the r-espouse when it occurs. When the re-
sponse chsuges from the basal or control state in a less abrupt
manncrleg, tachycardia, miosis, rate ofgastric secretion). it rmly
be nocecsaiy to designate arbitrarily some particular intensrity of
effect as the endpoinlz. lfthe endpoint is taken as an increase in
heart rate of 20 bcatsfmin. -all individuals: whose tachycardia is
less than 20 beats"/min would be recorded as uonresponzlers.
while all thooewith 20 or above would be recorded ac responders.
"When the percentage of responders in the population is plotted.
*=-M--‘*-==* *1“ dam a characteristic dose—1'csponsc curve. more
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Figure 57-5. The -relationship of the number of responders in a popula-
tion of mice to (I19-dose of pentyleneie-irazole.

properly called a riose—t'umu1o££oe freqateiroy or dose-pemeiitoge
o1u'v'e. is generated. Such a clirve is, in fact.-, a cumulative fie-
quenoy-diotributiun curve. the percentage of responders at a
g‘il'9n-C1089 being the fraquemzy ofresponse.

Dosi.=—cn:'nnIati've frequency curves are generally of the some
geometric shape as dose-intensity curves (namely. sigmoid}
when frequency is plotted against log dose [Fig 57-5:. The ten-'
decnoy of the cumolated fioqueocry of response lie. percentage) to
be li'11enr'l_1,r proportional to the log of the dose in the middle of the
dose range is called the Webo:'-Feolriier lots,-although it is not in-
variable; as a true natural lswshould be. In many instances. the
cumulative frequency is simply proportional‘ to close rather than
long close. The Weller-'Fechner law applies to either dose-intensity-
or dose~cun1uiative frequency data. The similarity between
.doae-frequency and dose-intensity curves may he more than for-
tu1‘tous.. since the intensity of response will usually have an ap-
proximabely linear relationship" to the percentage of responding
units (smooth musolo cells, nerve fibers, etc‘! and. ht-1_noe.is also a
type of cumulative ‘frequency of response. These are the some
kind ofststistios that govern the law ofmass action.

If only the increase in the number of responders with each
new dose is plotted. instead of the cttrnulativice .perL.'Eni:age afra-
sponders. £1 hell-slispésd curve is obtained. This ourvo is the first
deniirstive of the dose—t‘.umulative lioquency curve and is a fit-
qoeocy-dislriiaotfon curve. The distribution will be symmea‘:ri-
eal—ie. normal‘. or Gaussian lsee Chapter 12#—on1y if the
doseammulative frequency curve is symmetrically hyperbolic.
Because most. dose—ctu*nuIative frequency curves are more
nearly symmetrical when plotted semilogaritlunii:.al1y' (ie. as log
-dose}. dose-cumulative frequency curves areusuallylog-nonnol.

Since the dose~intensit.y and dose—cumulative frequency
curves are basically similar in shape, it followfi that the curves
have siurdlar defining characteristics, -such as EDSU. maxiioum

effect (maximum efficacy}, and slope. In dose—cumL:lal:ive fre-
quency data, the ED50 {median efifeoliue dose} is the dose to
which 50% of the population responds lsee Fig 5T-5). If the fre-

quency distribution is normal, the 131350 is both the arithmetic

mean and the median dose represented by the 1_m'dpoi11i:.on
the ciu~ve;'i1' the distribution is log-non-rial. the E1350 is=1:he me-
dian close but not the arithmetic mean dose-. The’ effioacy is the
cumt.11a1:ive- frequency summed over all doses; it. is usually. but
not always, 100%. The slopeis characteristic ofboth the drug-and
the teat population. Even two of identical rJ.'l_¢°«l_‘iB.ni51_:n may
give riseto different slopes in dose-percentage curves. wlierteasiu
dose-intensity curves the slopes are the-same.

Statistical parameters {such as -standard deviation}, in addi-
tion to E1351}, 1'nEIl.1l1l1lIl cumulative fiequency (eifi'cax:y) and
slope. I::l:Iars,ot'erioe dose—cumulai:ive frequency relationships
[see Chapter 12).

There are -several formulatiions for dose—<:uI_nuletivo fre-
quency curves, some -of .wh'o:h are employed only to define the
linear .eegmen‘I; of :1. curve and to determine the st:-1I.isi.i.'t:al. pa-
rameters oftlfis segnienlz. For the statistical treatil‘-‘flout of'd_ose-

ii-eguency data. see Chapter 12. One simple mathematical ex»-
pression of the entire log‘-sylnmetrical sigmoid curve is

9|: response

100% - response

where peroantage- response may be either the percentage-of
maximum intensity or the percentage of a population 1'espond—
ing. The equation is thus basically the some for both log normal
dose—int-snsity -and log normal dose-percentage relationships. is’
is is constant that is ci1e.ract'orisl:ic oftfie miflpoint -ofthe curve.
or EH50. and lff is oharactori"stion1ly related to the slope ofthe
linear segment. which, in turn is closely related to the standard
deviation of the derivative log-normal f‘1'equenoy~distributionI'.!'|,1.1‘VS.

The comparison of dose~pe1‘oa11tage relationships among
drugs is subject to the pitfalls indicated for dose-intensity com-
parisons, namely, that when the -slopesnf the curves are not the
same [ie. the dose-percentage curves are not parallel}. it is neo-
essary to state at which level of response a potency ratio is cal-

culated. As with do-so-intensity data. potonoies generally are
oe'lc.ulat-ed from the-ED50, but potency ratios may be calculated
for any arbitrary percentage response, The expression of saloo-
tivityie, likewise, subject to similar qualifications, inasmuch as
the dose-peroentageouroos for the several efiects are usually
non parallel.

The term therapeutic index is used to designate .a_ quantita-
tive statement of the selectivity of a drug when a i:.herapeixti1:
and an untoward effect are being-compared. Ifthe untoward ei-
fect is designated T {for toxic] and the therapeutic-effect. E, the
therapeutic index may he defined as TD5l".|2’EI)5{l or a similar-
ratio at. some other arbitrary levels ofresponse. The TI) and the
ED are not re quiired to -express the same percentage of re-
sponse; some clinicians _use the ratio TDUED99 or TDEIEDQE,
based on the rationale that if the untoward effect is serious, it
is important to no a roost-severe therspeutio index in passing
judgment upon the drug. Unfort-unstely, therapeutic inclines
are known in man {or only a. few drugs.

There will he s djtibrent therapeutic index for each unto-
ward effect that afclrug may elicit and. ifthere is more than one
therapeutic effect, 3 family oftherapeutic indioos for-each ther-
apoutic el-Tent. However, in clinical practice. it is customary to
distinguish among the various toxioitios by indicating the peo-
centage iooidonoe of a given side effect.

VARIATIONS IN RESPONSE AND ,R.ESPON3iIVE-
NESS—F‘r'om the above di;scus'sion ot'close—frequenoy relation-
ships and Chapter 12, it is o'hvEou.s that in .s normal population
of persons there may be quite 9. large clzifferenoo in the dose re»

quired to elicit a; given response in the leastrresponsive member
ofthe population and that to e1ic_ittl1_e responsein the most'-re-
sponsive meroiiei-; The difference ordinsrilywill be a fimction of
the slope of the do-se—percentsge curve or, in-statistical te-rms,.o1'
the standard deviation. If the standard dgiviation is l'n.:'g‘n, the
extremes of responsiveness of responders are likewise large;

‘In a normal population, 95.46% of the population responds
to doses within two standard deviations from the E1350 and
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99.'l3‘llE~ within three standard deviations- In log-normal popu-
lations. the same distri bution applies when standard deviation
is expressed as log dose.

In the population represented in Figure 57-5. 2.25% of the
population {two atn.nda.rd deviations from the median) would
require a dose more than 1.4 times the ED50; an equally small

percentage would respond to 0.7 of the ED50. The physician
who is unfamiliar with statistics is apt to consider the 2.25% at
either extreme: to he abnormal reactors. The statistician will ar-

gue that these 4.5% are within the normal population and that
only those who respond well outside the normal population. at
least llmze standard deviations from the median. deserve to be
called abnormal.

lrnespective of whether the criteria of abnormality that the
physician -or the statistician obtain. the tenn h.-gqgmreoclfive ap-
plies to those individuals who require abnormally high doses
and hyperreoctioe to those-who require abnormally low doses.
The terms 31-_‘z'.fl£Jres_ponsi_t:c and hypcrncsponsiue also may
be used. It is incorrect to use the terms hyposensifive and
liypcrsensitive in this context; hypersensitivity denot-ofs an
allergic response to a drug and should not be used to refer to
hyperreactivity- The term superserleilivity correctly applies
t-oI1y_pen'cactivii.y that results fmrn dcnervatlun of't.l1e effector
organ; it is uiton more definitively called denecvstion superson-
siiivily. Sometimes hyporeactivity is the result of an
immunochemical deactivation of the -drug, or immunity. Hy-
pureactivity should be distinguished from an increased‘ dose
requirement that results from a severe pathological condition.
Severe pain requires large doses of analgesics, but the patient is
not a hyporeactcr; what has changed is the baseline fin-‘In which
the endpoint quantum is measured. The responsiveness ofa ];Ia~
tient to certain drugs sometimes my be determined by t.l‘1ehis~
tory ofprevioua exposure to appropriate drugs.

Tolcmnce is a diminution in responsiveness as use of-' the
drug continues. The consequence of tolerance is an increase in
the dose requirement. It may be due to an inc;-ea.soin the rate
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of elimination of-drug [as discussed elsewhere in this chapter}.
to reflex or other compensatory hoineostfltic adjustments. to a
decrease in the number ofrcoeptoro or in the ‘number ofenzymc
molecules or other coupling proteins in the effector sequence, to
exhaustion of the ofiiactor system or depletion of mediators, to
the development of immunity. or to other mechanisms. Toler-

ance may be gradual. requiring many doses and days to months
to develop. or acute. requiring’ only the first or a few doses and
only minutes to hours to develop. Acute tolerance is called
iuchyphylmxie.

Drug resistance" is the decrease in responsiveness of mi-
croorganisms. neoplasms. or ‘posts to chemotherapeutic agents.
antincoplsstics, or pesticides. respectively-. It is not tolerance in
the sense that the sensitivity of the individual microorganism
orcanoer cell -decreases; rather, it is the survival of normally
unresponsive cells. which then pass the genetic factors ofresis»-
‘lance on to their progeny.

Patients who fail to respond to a drug am called refractory.
Refractoriness may result from tolerance or resistance. but it
also may result From the progression of pathological states
that negate the response or render the response incapable of
surmounting an overwhelming pathology. Rarely. it may re-
-sult from a poorly developed receptor or response system.

‘Sometimes a drug evokes an unusual rospoaaso that in qual-
ifntiuely different finm tlie expected response. Such an. unex-
pected response is called a rneto-reaction. A not uncommon
mettvreaction is a. central nervous system [CNS] stimulant
rather than depressant. effect of phenobarbital. especially in
women. Pain and certain pathological states sometinies favor

meta-reactivity. Responses that are different in infants or the
aged from those in young; and mi ddle-aged people are not melo-
reactiona ifthe response is usual in the age group. The term id-
iiosyncmsy also denotes meta-reactivity, but the word has been
so abused that it is recommended -that it be dropped. Altliough
hypersensitivity may cause unusual effects. it is not.include_d in
meta-reactivity.

EH06 RECEPTORS AND RECEP"I'0fl_ TIIEIIIIV

Moat drugs act by combining with some key substance in the bi-
ological milieu that has an important regulatory function in the
target organ or tissue. This Biological partner of the drug goes
by the name receptive smhsloucc or drug receptor. The receptive
substaiice is considered mostly to he a cellular constituent. al-
though. in -a few instances it may be extracellular, as the

. diolinesternses are. in part". The receptive substance-is thought;
oi as having a special chemical afiinity and structural require

-ments for the drug. Drugs such as emolllcnts, w11ich.ha.ve :1
physical rather than chemical basis for their-action. obviously

Ada not act upon receptors. Drugs such as demulcents. and as-
irlngcnts. which act in a nonsolcctive or nn_nspe'cific chemical
tony. -also are not consi'de.red to act upon receptors. since the

- -candidate receptors have neithcrzeharp chemical our biological
_ -definition. Even‘ antacids, which react with the extremal}! well
defined hydronium ion. cannot be. said to have a receptor. since-

" illie reactive proton has no permanent biological residence.
_ Because of early preoccupation with physical theories of ac-
itlon and the "classical and illogical dichotomy of’ chemical and
-physical ‘molecular interaction, there is at reluctance to admit re-
capture for drugs such as general anesthetics. certain elec-

etc, which generally are not accepted to combine selec-
onalywitli distinct cellular or organelle membrane constituents.

word receptor often is used inoonsiatently and intuitively.
jlrlowever, the term is alegitimnoe aymlaal for that biolngi cal struc-
tuewithwhichn drug interacts to initiat.e- a response. Ignorance
if the identities of many receptors does not detract from, but
I§1'sth.eI' increases, the importance ofthe term and general concept.

_ Once a receptor is identified. it Frequently iann longer tlzought.
as a receptor, although -such identification may afford the ba-

: ofprofound advances in receptor theory. Since the 'efl'eci.s of

 

 
 
 

 
 

 
 

 

antichclinesterasca are derived only indirectlyfrom inhibition of
cholinesterase and no drugs are known that stimulate the en-

zyme. it may be argued that it is not a receptor. Nevertheless. a
number ofdrugs ultimately act indirectly through the inhibition
of such modulator-enzymes. and it is important for the theoreti-

tu develop models based upon such indirect interrelations.
Enzymes. of course, readily suggest themselves as candi-

dates for receptors. However, there is more to cellular fi.In_cl:ion
than enzymes. Receptors may be membrane or intracellular
constituents that govern the spatial orientation of enzymes,
gene expression, cnmpartmnentalization of the cytoplasm, non-
tractile or compliant properties of suhcellular structures. or
permeability and electrical properties of membranes. For
nearly every cellular constituent there can be imagined a pos-
sible way for a drugto nl':l"ccl-. its function; th orefora. Few cellular
constituents can be dismissed a prion’ as possible receptors. All
the receptors for neurotransmitters and'aut.on'omic'agenists -are
membrane proteins with sgonist-binding groups proj acting into
the extracellular space... The nransducing apparatus, whereby
an occupied receptor elicits a response. is called a coupling sys-
tem. Excitstory neurotransmitters in the CNS. and ACh recep-
tors elsewhere. are coupled to ion channels that, when opened,
permit the rapid ingress. especially of sodium ions. Each ion
chmmel is composed offlve subunits, and each subunit has four
tron amemhrane, spanning regions. G-ABA (1-1: minohutyric
acid) and glycine are coupled to inhibitory chloride channels.
Each -of these receptors is composed of pentameric proteins,
each of which has two to four clilfcrent types ofsubunito. Ben-
zodiaeepine receptors are coupled to the G‘rABA—reoop1:o)-. Bota-
adranergic receptors. histamine (H2) receptors. and a number
11? fieneutnrs ‘For hnl'v1_:Ieptide honnones interact with a stimula-
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tnry GDP/GTP-.bin:;liug protein (G-protein} that can activate
the enzyme ndenylote cyclase. The cyclase then produces 3.5‘-
cyclic.AMP IEAMP}, which. in tum. activates protein kinaoeo.
Other receptors interact with inhibitory G-proteins. Some re-
ceptors couple to guaaylste cyciase.

Alpha-sdrenergic nu. some muscerioic {M1 and Mn, and
various other receptors couple to the mcrnhrnne enzgrmc, phos-
phulipase-C. which cleaves inositol phosphates from _pha.s]3l1o—
inc-sitides. The cleavage product, 1.4.5win'oSitol tr-iphosphato
:_lP3J. then causes an increase in intracc] Iulsr calcium, whereas
the product. diacylglycerol (DAG). activates kinase-C. There
are a nI.1'ml:u=.r o:l‘or.heu- less ubiquitous coupling systems. Sub-
-stances such as cAMP. cGMP. H33. and DAG are called second
messengers.

It has been found that there may be several -di'fl'e1-out recep-
tors for agivun agonist. Differences may be shown nut only in
the types of‘ coupling systems and effects butalso by difiemntial
I;-inriing of ago-nists and antagonists. dest=u1s:i'ti2aticn kinetics,
physical and chemical properties. genes and amino acid se-
quences. The di'ffer_nntiotiun among receptor subtypes ls-called
receptor cloooifioolion. Receptor subtypes are designated by
Greek or Arabic alphabetical pr-cfixes audlor numerice-I sub-
scripts. There are at least two each of botmadrenorgic. l1is~
tcrninergic. serotoninergic. GABAergic. and bcnnodieaepino re-
ceptors; three each of muscarinic and alpha-adrenorgio; and
five ofopioid roceptor-so btypea.

OCCUPATION AND OTHER THEORIES

Drug-receptor interactions are governed by tho law nfcneas ac-
tion. However, most chemical applications of mass law are con-
cerned with the rate at which reagents disappear or products
are iturnecl. whereas receptor theory usually concerns itself
with the inaction cf the rcceptors curobinad with a thug. The
usual concept is that only when the receptor actually is occu-
pied hy the clrug is its function tranofor-med in such a was as to
elicit-£1 response. This concept has become known as the com»

porion thotiry. The earliest clear statement of its assumption
-and formulations is often credit_ecl to Clark in 1926, but both
Langley and Hill made important contributions to the theory in
the first two decades ofthe 20th century.

In all rocsptor theories, the terms sgonlst, partial agonist.
and antagonist are employed. An ngrmfsi is a drug that corn-
bines with 3 receptor to initiate a response.

In the classical occupation theory. two-attributes ofthe drug
are required: I I J o;‘}'Er1ftv. .a measure oftheequilibrium constant
ofthe drug-roteptor interaction. and [2] intrinsic activity, or in-
trinsic ofiic-ac-_y {not to be confused with efficacy as intonsity of"
efleclzli a measure of the ability of‘ the drug to induce a positive
change in the filnctiun of the receptor.

A partial ogcnist is a drug that can elicit some but not a

Inaxililal e:l'fect and that antagonizes an agunist._I11 the occupa-
tion them-_vit would he a drug with a favorable afiinity but a low
intrinsic activity.

A competitive antagonist is a drug that occupies .a significant
proportion of the receptors and thereby preempts them frorn re-
acting‘ maximally with an aguuist. In the occupation theory the
prerequisite property is alfinity without intrinsic -activity.

A noocompotitioe onlugcriist may react with the receptor in
such :1 way as not to prevent ogonist-receptor combination but
to prevent thecombination from initiating a response. or it may
-act to inhibit some subsequent event in the chain of action-cf‘
fect-e.ctiun»efl'act.t.hat leads to the final overt raeponso. _

The mathematical- f‘orr'nu.lation of the receptor theories de-
rives directly from the law ofmass action and chemical kinet-
-ics. Certain assumptions are required to simplilir calculations.
The key assumption is that the intensity of effect is a direct lin-
ear function of the proportion of receptors "occupied. The car-
rectnoss cl‘ this assumption is most improbable on the basis of
-theoretical considerations. but empirically it appears to be a
close enough approximation to be useful. A second assumption

 
 

 
 
 

 

 
 

 
 

 
 
 
 

 

 
 
 

 
 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 

 

 
 
 
 
 
 

 

 
 

upon which formulations are basedis that the drogu-ecoptor i.n--
toraction is at equilibrium. Another common assumption is
that the number of molecules of receptor is negligibly small
compared with that of the drug. This assumption is undoubt-
edly true in most instances. and departures from this situation
greatly complicate the mathematical expression of drug-Ieccprtor intei-actions..

The first clearly stated mathematical furrnulalzion of drug-
receptur kinetics was that oftllaz-1:.‘ In his equation

= 3'!‘
I00 -1:

whom K is the afiinity constant. x is the concentration ofdrug,
I: is the molccularity of the reaction. and _v is the percentage of
maximum response. Clerk assumed that3' was 3 linear function
of the percentage of receptors occupied by the drug, so their
could also symbolize the percentage of receptors occupied,
When the equation is roar-rangwod to solve -Eory

]Di3J'Cr"‘

— 1 + .‘?e.'*

A Cartesian plot of this equation is identical. in form to that
shown in Figure 57-2. When 3: is plotted against log so instead of
x, the usual sigmoid curve is obtained. Thus. it may be soon that
the dose-intensity curve derives from muss-action equilibrium
kinetics, which in turn derive from the statistical nature of
molecular interaction. The fact that close-intensity and close»
percentage t‘:Ll1"vas have the some shape shows that they i.nvo'lvesiuiilar statistics.

IfEquation 2 is put into log form

Krrr

 
3; l3!

.0

J00 - jg

n- plot oflogy!100 -5.1 against log 3: then will yield a straight line
with o slope cl’ 2:; o. is theoretically the number nfmoleculcs of
drug‘ that react with each molecule of receptor. At present,
thcrc are no known examples in which more than one molecule
of ‘combines with a; single receptor, hence, rt should
equal 1. universally. Nevertheless. in often deviates from 1. De-
viations occur _he_causo'-ofcooperetivo interactions among recep-
tors (co'opémt:‘o£r_vJ. spore receptors lsee be-lowi. mnplifications
in the response system (cascades), receptor coupling to more
than one sequence: leg. to b'otl1- adenylote cyclsse and -calcium
channels], and other reasons. In these departures from n. = 1,
the slope becomes" a chm-acteristic of the mcchaojsru of action"
and -response system.

The probability that a molecule of drug will react with a re
oeptor is a function of the concentration of both drug and re-
ceptor. The concentration ofrooeptor molecules cannot be me-
nipulated es the concentration of a drug can. But. as each
molecule of drug combines with a receptor, the population oi‘
free receptors is dimiilishcd accordingly. If the drug is a com-
petitfve antagonist, it will diminish the probability of an ego-
nist.-receptor com btnatiun in direct proportion to the percentage
of receptor molecules preempted by the antagonist. Conse-
quently, thointunsityof-effoct will be diminished. HI:Iw-ever. the
proioabilitgv of‘ ngonist-receptor interaction can be increased by
increasing the concentration of agoniat. and the intensity ofoll
fool: can be restored by nppropriately larger doses of agonist.
Arlditionof more antagonist will again diminish the response.
which can. again, be overcome or-surmounted by more ogonist.

Clark showed empirical ly and by theory that as Ion.-gas the
ratio of antagonist to agcuist. was constant. the concentration of
the a:ompetit.i.ve'_drug‘B could be varied over an enormous range
withoui: changing the magnitude of the response lFi.g 5.7-El.
Since the presence of competitive antagonist only diminishes
the probability of &gClI‘ll.ElrI'E!eplZOI' combination at a given con-
centration of agonist and does not alter the molecularity ofthe
reaction, it also Follows that the effect of the competitive antag-
onist is to shift the dose.-intensity euros to the right in prop;-i»
tion to the amount. of antagonist present; neither shape nor
slope of the curve is changed (‘Fig 5'7—'lJ.
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Figure 57-6. Birect proportionality oi the; dose of agorlist lacotylchqliriaj
to the dose of antagonist {atropine} rteciessaiy to cause a constant degree
of inhibition {'.-30%) of the response of -the frog mean. {Adapted from
Ciao: AJ. J‘ Physiol‘ (London) 1925;. 61:547.}

Many refinements ofthe Clark formula have been made, but
they will out be treated here: details and citations of relevant
literoturs can be found in various Works on receptors cited in
the Bibliography. Several refinements are introduced tol'acil1'-
tato studies of" competitive i11hibitio:r1'. The introduction of the
concepts of :i‘nt.rinsic activity” and efficacy“ required appropri-
ate changes in mathematical treatment.

Another important concept. has boon added to the occupation
theory. namely the concept of spare receptors. Clark assumed
that the maximal response occurred only when the recaptors
were completely occupied, which does not account for the possi-
bility Lhut the niaximum response might. be limited by some step
in the action-affect sequence subsequent to receptor occupation.
Work with isotopicalljr labeled agonists and antagonists and
with dose-effect kinetics has shown that the maximal affect

sometimes isachiavod when only asrnall fraction oftheraceptors
are occupied. The mathematical treatment of this -phenomenon
has enabled tlmorists to explain several pus-cling observations
that plavioualy appeared to contradict occupation theory.

The classical occupation theory fails to explain several phe-
nomena satisfactorily, and it is unable to generate a realistic
model of intrinsic activity and partial agoniam. A rate theory,
in which the intensity of response is proportional to the ratcof
nix-ug-receptor interaction instead of occupation, was proposed
to explain some ofthe phenomena that occupation theory could
H013. but the rate theory was unable to provide realistic J;I1ech-
anistic modal of response generation, and it had other serious
limitations as wall.
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The phenomena that neithartha classical occupation nor the
rate theory could explain can be explained by \v'.aJ'iou£ theories
in which the receptor can exist in at least two conformational
states, one of which is the active one; the drug can react with
one or more conformers. In a izoonotata model“

R:-.'R"'

where R is the inactive and R“ is the activa conformer. The ag-
onist combines mainly with R". the partialagonist can curnbine
with both R and 11*. and the antagonist can combine ‘with R, this
equilibrium being shifted according to the extent ofoccupation
ofR and 13*. Other variations of-occupation ‘theory treat the re-
ceptor as an aggregate of subunits that interact cooperatively.“

MECHANISMS OF DRUG ACTION

Drugs are distributed to many or all parts of thabody by the cir-
culation. Huwevcr. thcydo not act cvorywbero; they -would hate
extremely limited usafullteaa iftbey did. Clinically useful dffigfi
act only on caltairi existing’ biological systems. Although drugs
cannot create new systems. some drugs can temporarily or per-
manently damage csisting funczional systems that are suscep-
tible to them, thereby producing toxic effects. Almost. all drugs
act more or less aelcc£i'ocly'-on largo specific proteins, gl5r,copro—
teins, or lipoprotsina located on the cell membrane or in the call
-cytoplasm. nuclei, or other intracellular organelles. "Phase spe-
cific. protains are referred to as receptors. Although they often
are regarded as-drug receptors. they are in reality receptors For
endogenous substances that mediate normal biological and
physiological regulatory processes.

Virtually ‘all cells of the body have multiple receptors. since
they arc regulated bya variety of endogenous" substances that
act continuously, intormittontly. or only occasionally. Similarly.
calls thoorcticallycan be influenced by avariety ofdru-gs that act
on the different receptors that the cells contain. The chemical us»
ture of many oftbu endogenous substances that activate recep-
tors 1'.s.known., but new ones continua tu he identified and sought.
Fnrsxarnpla, the Former mystery ofwhy animals hax-'n.= receptors.
for morpbi no, which is produced by sonic species ofpoppy plants.
was solved when endogenous opioid peptides were idcntificd_ in
the brain and some peripheral tissues in the mid-19705.

Drug that a-Bl actively activate receptors and produce the
cams effects normally procluccd.'b_v a respective endogenous sub-
stance are called agoofsls. Drugs that selectively block receptors
are called antagonists because they a.u'tagonize. or block, the
normal a'Ef'ecl.s ofths respective endogenous substance. Pure an-.
tagonists‘ do not activate thcit receptors. Some experima11tal

.- drugs stimulate or activate certain ertcyinaa, but none are L1ae~
71 ful therapeutic agents because their effects are too widespread.
-f Forsltolin is one such example: it directly stimulates-the enzyme
.— adexrvlyl cyclaac to synthesize cyclic AMP. which is a second
F mcsaaugar in many cellular systeans throughout the body.
a 011 the other hand, many very useful therapeutic drugs are
2- enzyme in-hibilors. which selectively inhibit the normal activity
.e. -of only one type of enzyme, thereby reducing the ability of the
y enzyme to act on its normal biochemical substrate. In this con-
i'- text, the enzymes are the drug receptors. Although the chemi-
1;. col nature ofreccptors and enzymes and thcirintaractions-with
3. drugs was oflzen vogue in the past, the application of new tach-
t.- in molecular biology, biochemistry, and pharmacology
is since the mids198.0s has made unprecedented progress in defin-
of ing the structures of receptors and enzymes and the conse-
ge quancea of :Ir'ug~recapt_.or interactions.
ll: Leg hllclarconoaootyichcflnaas

n- ‘mare 51-T. Effect of an antagonist toshifi the log dose-intensity curve fypgg 0|: 1'AnGE1'5 [:0]; flfiufi A'c1‘|oN
to lo the right without ahsring the slopa. The effector is the isolated heart.
g— .t no almpinc; ll: atropine. ‘Il'l'“'M; ill: 10 ' " M; iv: 10"’ M; V: 1D""' M; Drug effects are the reult ofdrug actions. Drug action may be
ur- .'."£ 10*‘ M; W.‘ 10' ’ M." V; as of maximum Intensity cl’ fE5pOl'I5t'.'. The defined as the d1'ug-receptorinteract-IIJ11, whereas drug affects‘
or lliocllon log ymoo - pl convorts the log dose-intensity relationship to a are the curiaaquancoc of that action. For mmmph the interac-

_- might line-_ (Adapted from Clark Al. J Physio! (London; 1926. fi1:54?.? 4-‘—- —" '—-‘-—-'-“inc -with B4-ecaptcra in the heart sets into mo-
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tion a cascade of intracellular events Iactionsl that loud to
increases in heart rate and strength ofcontraction tcfi'ects'). The
interaction-of epinephrine with at-receptors in the vesculeture
sets into motion a cascade of intracellular eventa (notions! that
lead to vaaoconet:-iction and increased blood‘ pressure (effects J.

Typical responses that involve drugrreceptor interactions
are those that involve egoniet or antagonist interactions at a re-
ceptor. Agonicta also can act through variuufi transduction
mechanisms to produce a variety of intracellulor changes that
alter cellular activity. Transduction meclianiems are consid-
ered in more cletail near the end of this section. Agoniet actions
may be direct, as with aoetylcholine acting up the nicotinic re-
ceptors at the neuromuscular junction to briefly open sodium
channels. This produces rapid depolarization of skeletal 1r.'u.s-
ole. leading to muscle contraction. Drugs also -can act directly on
ion channels to block their activity. For example, lid oeaine (Xy-
iocoioe) and other local anesthetics block sodium channels in
nerve fibers (axons) so that the com:l'uotion of action potentials
is blocked. and the area served by those nerve fibers is once-
thetized. Drugs also can act directly on ion channels to modu-
late their aotivity.- The benzodiaz-epines, characterized by
diezepam fVeliuo1,J. produces multiple effects ieedation, hypno-
sis, anticonvulsaut -and nntinnxiety activity, and muscle relax-
ation} byrnodifying the actions of GABA on its receptors in the
CNS. GABA is the predominant inhibitory iiourotransmittcr in
the CNS-. and it acts on G.ABA,..-receptor complexes by opening-
chloride chann ele on neurons to liyperpohtrize them and render
thorn Ices excitable. The bemrodiazepines act on e difl'erent re-
ceptnr on the GABA,.—receptor complex to enhance the actions
of GABA on its receptors. thereby rendering target neurons
Even less excitable.

Many drugs act by inhibiting enzymes so that they cannot
perform their normal functions as efificiently. One such drug,
omeprazole (PriioeecJ. reduces tlié i1IJ=‘I'II‘l'.)|' Of parietal cells in ‘LITE
stomach to produce hydrochloric acid by inhibiting theenzyme.
or proton pump. H ’. l£.‘~A’I‘Pase. -which to found only in these
parietal cells. It is used to facilitate healing of peptic ulcers and
control esophageal reflux theartbum}. The body's normal en—
25:1-nee also can convert false substrates into active drugs. For
example, o-methyldopa fdldometi is: converted into oe-met.b'yI-
nurepinephriue by the enzymes that normally syntlaesize
dopamine and uorepinephrine from deny. :x—Metl'r_yIno=re-
piuephrine acts on brain receptors to reduce sympathetic activ-
ity to blood vessels, thereby reducing blood pressure in hyper-
tensive patients. A-nttmetaboliteo used to treat cancer are also
false substrates. which are similar in structure to endogenous.
metabolites involved in collucycle reactions but function abnor-
mally to interfere with synthesis ofeesential metabolites. Some

are, or have been. designed to be inactive until they are
converted, usually by liver -drug-metabolizing enzymes such as
cytochrome P450. to active drug: the innul:1've_d1'ug is called a
pradrng.

Various carriers are used by cells to take up r1enrotrane—
mitters that have been 1-eleaeed."'I‘he actions of dopamine re-
leased from dopamine nerve terminals in the brain are hermi-
nated by reuptake into the nerve terminals by a dopamine
carrier. The dopr.-tmine then is reused for neurotrunemission.
lfthe carrier is blocked by a reup-take blocker such as cocaine.
dopamine concentrations between the nerve tenninala and
the dopamine receptors build up for a time and produce
greater ef£'ecta.

Finally. antibiotics and antiviral. antifungai, and e;ntipara-
sitic drugs owe their selectivities to selective actions on certain
biochemical processes that are essential to the of'l'en'di.ng argon»
ion: but are not shared by the mammalian boat. The penictllline
and relatod.ant:ibiotica interfbre with the synthesis of rigid cell
walls by growing bacteria. but mammalian cells are contained
only by plasma meu1braJ:1es_and. therefore, are not adhered by
penicillins. Antiparasitic drugs target enzymes found only in
parasites, enzymes that one indispensable only in parasites, or
biouhamical functions with different pllarmaoologicol proper-
ties in the parasite and the host.  

 
 

RECEPTOR BINDING
Drugs that bind to certain receptors selectively at pharlnaco
logical concentrations are known as receptor ligands; they can eczz-E]
be agonists or antagonists. Many drugs also bind noneclectively -Hat}
to nom-eccptor proteins throughout the body where they exert
no pharmacological actions or efibots. Many drugs bind to -moljei
plasma proteine. especially albumin- Alhumirebound drug can
not us a reservoir for fine drug.1vith which it is in equilibrium. _ -any
and competition among drugs for plasma protein binding can 35-GE
lead to increased free drug levels and drug iriternctiooe as they n'.¢,d
diepiaoe one another.

Drugs and endogenous ligands or substrates bind selectively 3&1-I
to certain receptors because of both a chemical attraction and a
proper fit to the protein. The lock-and-key analogy provides a
useful -concept of‘ proper fit. Carried a. step further, on agunisf
rite the look and turns it. but an antagonist only fits the look but 1'
cannot turn it: yet. it does block entry of the agoniot key. Gen:
e1-ally. a number ofdmgewith both characteristics can combine "g"-'g'1§;
with the some receptor. The study of structure-activity rela- afi,-"W
tionshipe among aimila-.r drugs and their receptors always has . _gg¢}5
been an important and fruitful approach ofboih pharmacology
and medicinal chemistry, Highly e'eleotivc- drugs tend to bind to
only one or several closely related receptors. However, some . ._?q;m'gi-3
drugs can -combine with and activate or inactivate a number of W511
different. receptors that have similar structures. thereby dimin-
ishing oe-lecti vity and megnifving side effects. 5,113

The types ofchemicnl bonds by which drugs bind to their re- fflpm
captors are, in decreasing order of bond strength: covalent.
ionic. hydrogen-. hydrophobic. and van tlcr Weele bonds. Rela-
tivaly few drugs form covalent bonds with their receptors. ('30- ‘Ike-
valent bonds are irremer-siblo and very long-lasting: new recep- spilt:
tors or enzymes must be synthesized to restore function. and .,':_ap'li
this procefifi takes a week or two. Most drugs rely on r:ombina-
tione of the other iveaker hondeto bind tiglitly but rooer-eil:l_v tn
receptors. For example, the binding‘ of acotyloholine. a role -from
tivelv aim-p_l_e molecule, to nicotinic receptors at the neuromuo ' A
cuiarjunction, involves ionic, hydrogen. and van der Weals "anti:
bonds. with ionic and hydrogen bonds being the most impor- fll1_d_.fI.1
tent. it is no accident that receptor-bind-‘mg drugs -are partially
ionized at body pl.-l. because receptor proteins also are partially - -si1:u;t
ionized. Drugs and proteins contain positively charged nitrogen prob
groups and negatively charged carbnxyl groups that -strongly §§_c_t'ii
attract one an.ot.I1cr and usually provide the initial drug-recap Quit
tor bonds. I-Iydrngon bonds. formed between bound hydrogen Chan
atoms and oxygen. nitrogen, fluoride, or stllfilr atoms. further '9
orient tho--drug molecule to its receptor to _enhance- the proper _;;.gg
fit. One or several hgrrlrogon bonds can be involved. Hyd.t'op}m— gal-
lpic bonds form among noopolor ring structures I eg. benzene) or -fil-at
chains of methylene groups to st-.1 hilize orientation further. Fi- {hr
nallv. the very weak van der Waels forces provide some add'1- aha:
tional. electrostatic bonding over very short distances,

Drug molecules that contain asymmetrical carbon atoms ‘£5:--xvi
can exist as stare-oieomore. only one ofwhich is oriented to bond and
well with its receptors. For example. the side chain of L
epinephrine contains an asymmetrical carbon atom in the at
pha position of the side chain, with a hydro:-tyl group ettaclied. ._cep‘[;|
permitting epinephrine Lu exist in o- and L~forn1o l1:nirro'1“ im- plies
ageei. 'T‘l'ae endogenous :.~forrn is about 10.{l{I times more potent ‘.cs_,3e
than the synthesized 11-fonn because the L«|‘or.n1 has a much of fig
greater binding affinity for its receptors because ofits preferred acre;
configuration L-see Chapter 251. In the past. drugs syntliesiml ¢e'pt;;
as mixtures I’ stereoieomer-5 were Formulated us raoemic mix»
tunes, but improved cherniealeeporr-1_tio:1 techniques now often
allow isolation of the more active isomer for lb:-muletion. finn-whit:

RECEPTOR STRUCTURE 3'-IND FUNCTION :3:
The number of receptors and their subtypes continues to grow lat ii
at :1 rapid pace as a result of identifying new endogenous l1'g'- Whit:
ends and eppl_ving'advan'cing techniques to study them. I'}e- tag:
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spite this large number, most receptors can be classified struc-
turally and fuI1,cti'ona]I_3r into only a few basic. types that are
described below. No attempt is roads -to provide detailed de-
scriptions. of individual receptors within each category.
Rather, one or two examples will sufiice for each. with brief

reference to some prominent. types that are therapeuticallyre event.

VOLTAGE-SENSITIVE CHANNELS—WhiIe not ger1e.r—'
ally classified as receptors. Voltagesermitive channels contain
receptors that are acted upon by drugs or toxins to block or
modify their tlortoal function. The voltage-sensitive sodium
channels in onions allow initiation and conduction of action po—
tentials in response to a voltage change in the plasma mem-
brane. When. sodiuni channels open. sodium ions rush into the

cytoplasm, thereby causing depolarization and propagation of
the action potential. The crucial component ofthe sodium chow Figure 57.31 M Conn]; receptor complex
no] is a single protein composed of‘e chain of about 2000 amino
acids and called the :1 subunit. Several [3 subunits with minor
‘roles are also associated. with the or subunit. The at subunit has Di-hf’-T‘ iiE5lfid'3¢tiV3t9|5 ififl Ci13'l'l1'1El5- GABAA. Eiyfiiflfi. and
four repeating domains composed of about 250 amino acids glutamate, have structures that are similar to that of the nico-
each, and each domain contains six, (1-helical, 22.“; 25-—a,n;|__in|;| tinie receptor complex. GABA and glycine channels are chloride
acid, transmombrane, spanning segments. Each domain forms channels. which permit vllloride influx into neu-mus to mouse
DEIE of four clusters of the six mernbranessparining regions to hypslrpolmrization and decreased noiiffififll 9I¢"lt$bil'1tY- Gil-mi‘
encircle tl'lE sodium channel so formed. On and. the channel re— mote channels are primarilyr sodium channels. and they also
semblss 211 cylinders neatly -arranged around the sodium I:han- Contain modifying Tflcfifilil-|'JI'S for E13’CiI1-B and polyamioes. The
oslthat. at rest, is charged positwely dueto positive charges on GABAA"T9i-'8Dl':DI' complex contains receptors not only for GABA
the four tranamembrane belies that surround the channel. but also separate receptors for benzodiazepines reg. Valium},
Upon activation, these particular helices arethought to -rotate barbiturates. and -steroids‘. which modify the actions of GABA
upward. thereby moving the positive charges away from the on the chloride channel. The corwuisant activity ofetryclinine
ehsrmsl and allowing the positive sodium ionato rush through. is due solely to its ability to block glycine receptors. primarily
The channel remains open for only about 1 msec because the in the brainstem and spinal cord.
voltage clranges attract a protein loop of the channel in the cy- G PRO‘I'EII'l-COUPLED R.ECEP'['0RS—These receptors-
toplasm to shut the channel like a tether hall. Local aocsthet- comprise a very large Family of receptors that are-activated by
irshlock the-sodium channel from the cytoplasmic side by .bind~ monoamines (epinephrine. nm-epinephrine, dopamine. and sero-
'irLg to receptors. inside the channel. Sevet'alneurot.t1:Iins_ block toninl. aoetyloholineimuscarinic Icoeptorsl, opioids. and a host
from the outside. ofactive peptides including a number ofhormones. Struuturolly,

Axons are rcpolnrized by-brief (— 1 msec) opening'ofvoltage.- these receptors are single proteins, most of which are composed
activated potassium channels that are constructed similarly to of chains -of 35121 to 550 amino acids and cross the plasma mem-
sodium channels but are composed of four identical subunits brane seven times in a..-.'erp2n.li1w arrsngemeilt (Fig 57-9]. Each
of peptide that associate in the membrane to form the potas-
sium channel. Each subunit spans the membrane six times. It
1;-robal:-ly fimctions much" like the sodium channel. ineludingin-
activation by a tether-ball segment of cytoplasmic peptide.
Quinitiinc, an antiarrhytbmic drug. will block this potassium
-channel in the heart.

Voltage-activated calcium channels of the L.-typo are com-
posed of -five similar protein subunits that assemble across
ihéart muscle and vascular smooth muscle membranes to form

-the calcium channel. Its arrangement in the membrane is sim-
.l[a'r to that of the sodium and potassium channels. Calflium
..ahaI:I1:|el blockers such as vol-apamil EC¢.'t(af1) and nifedipine
'.&‘i-ooordinl nre used to treat several cardiovascular conditions

hyvirtue oftheir ability to block calcium channels in the heart
: and blood vessels- ufiuamme

LIGAND-ACTIVATED ION CHANNELS--The beet-

vcltnracterioed ligandoctivated ion channel is the nicctinic tra-
Eeptor complex at the oeuromusculsrjunction. As the name-inl-

_ plies. these channels are activated by receptor ligands. in this
use acctylchuline. The nicotinic receptor complex is ooniposed
iiifive subunit proteins with similar structures. that associate

tiicroea the plasma membrane toforrn a sodium channel. The re-
-oeptor complex is formed from two o. andone each of .3. 7. and ii‘
"siibunits (Fig 5'7-8'1. In contrast to the \rolt_.age~aci.ivated ion

jlllannels. each of the five proteins crosses the membrane only
'_ tim. The two 61 subunits contain the niontdnic receptors.
Iiyhich ocstylchnline activates, and both must be activated to
men the sodium channel to 6.5 A for about 4 most. The recep-

eau be blocked by neuromuscular blocking agents such as
f j _. The niootinic receptors on autonomic ganglia are simis

structure but are composed of E dilierant set ofoubunits.
" icli accounts For the long~known differences in selective an-

oista at the two sites. Hours 57-9. G-Protein coupled receptor comp'lex_
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of the seven traoemembrane domains is composed of 22' to 30
amino acids configured into an o.-helix. The third ofthreo intra-
cellular {cytoplasmic} loops is much longer than the other two
and is responsible for coupling with the G proteins. Rather than
residingat the extracellular surface of t-l1e'1'eoop1:o1*. the actual re-
r_.'.eptox'-binding sites often lie within-the membrane between the
seven transniembranc domains. For example. the Ii.-adreziergic
receptor lies 11 it below the extracellular surface. or about one-
tbird of the distance through the membrane. The positively
charged nitrogen on the side chain of the epinephrine molecule
Fauna an ionic bond with the negatively charged carbonyl group
on so sspartate amino acid. (residue 113‘: in the third ta‘aru3Inen'1-
brerua domain IITMS}. The two catechcl hydroxyl groups of
epinephrine form hydrogen bonds with the free bydroayl g-rmrps
of two serine amino acids at residues 204 and 207 in TM5. and
the aromatic ring of epinephrine forms a hydrophobic bond with
that or s pheriylalanine at residue 290 in TM6. The location oft}
protein-coupled receptors within the membrane underscores the
importance of size and configuration in the molecular structure
ofboth agorosts-and antagonists for-these receptors. -Some nega-
tively charged and peptide ligands do bind to an extracellular do-
main. however,

Among-some families of G protein-coupled roottpturfi thereis
considerable structural homology; ie. the same amino acids" and
the some sequences make up large portions ofa number of dif-
ferent receptors. Consequently. a number of antagonist recep-
tor ligands bind to these similar arrangements of amino ac.id's
in the transmembrane doniains. For example. many of the an-
tipsychutic drugs (ncurolepticsl are antagonists not only at
dopamine receptors. where they are thought to exert their
therapeutic. effects. but also at oi-adrenergic. serotonin, his-
tamine, and muscariuic receptors. thereby producing hypoten-
sicn. sedation, blurred vision, dry mouth. and constipation as
side effects.

The G proteins closely associated with the third cytoplasmic
loop of the receptors are heterotrimcrs composed of three dif-
ferent subunits, a. ti. and 3:. Upon receptor activation. the :2
subunit exchanges-a bound GDP fora GTP and dissociates from
the By subunits to activate a membrane enzyme -such as adeny-
lyl cyclone or to influence anion channel. In some cases. the .814
subunits may interact with the some or a different intracellu-
lar effector. The duration ofaction of the active G'1‘P—a- subunit
i determined by the hydrolysis of GTP to GDP by a. 'GTPase.
which is intrinsic to the or subunit. and its reassociation with
the .37-subunits. This process is of longer duration than the as-
sociation. oftho Ligand with the ligand-G protein-coupled recep-
tor, resulting in onipfiificaifoii of the original signal.

In the case of-adenylyl cyclaae activation. this enzyme syn-
thesizes cyclic adcnosinea‘.5’-ruenophosphate [oAMP'l from
ATP. As a mound messenger. (‘AMP then goes on to activate one
or several protein ltinase As that ]Jho3phor§r._la,t.e one or several
other proteins to produce the appropriate cellular effects. The
targeted protein may he an enzyme, a transport protein, a con-
tractile protein. oran ion channel. The specificity of these reg-
ul'atory effects depends on the distinct protein submutss that
are expressed in diffcrezit cells tag, liver vs smooth rnusclel. The
actions of c.-AMP are terminated by several types of intracellu-
larphosphodiesterases that convert EAMP to 5‘~AMP. Compet-
itive inliibition of phosphodiesterssss to prolong the actions of
CARI? is one ofthe mechanisms by which oafieius produces its
efieots.

As if the foregoing is not sufficiently complicated. the activ-
ity of adenylyl oyclase can also boinhibited by activafiori of dif-
ferent G pi-otein—ccup1ed receptors. The G proteins coupled to
inhibitory receptors are designated Gi proteins. as opposed to
those coupled to stimulatory receptors and designated Gs pro-
tains. Gi proteins are also heterotrirners, and receptor activa-
tion ofG5. also leads to GT]? bindingto the a subunit and its dia-
scciation from the lip. but Gi. proteins differ structurally from
Gs proteins. Examples of Gs-coupled receptors are f3—ucl1‘enor-
gic. du'pa:rn.ine-1, histamine-32. glucagon, and ACTH. Examples
of -Gi-coupled reoeptors- are as-adrenergic. dopamine-‘2. mos-

carinic, and opioid. A number of different Go and (ii protein-
coupled receptors can oust on the same "cell. so that the activ-
ity of adenylyl cyclone can be fine—tuned between zero and
maximum.

Another important group of G 13I‘DtE.in—oo1.1pleti receptors sc-
tiratc the enzyme phospliolipase G-{P110} to hydrolyze a minor
coniponcut of the p'las1u'a membrane. phosphntidylinositol-4.-5-
biphosphate, into two second mes sengers. diacylglyceroi {DAG}
and inositcl-1,4_,'5'-triph'osphate (IP33. In contrast to the t_:AMP
systems. receptors coupled to PLO are only excitutory. Exam-
ples are a1-adraanergic, nauscarinic, Substance P, and thy-
rotropin-releesiug hormone receptors. The second messenger
DAG is-confined to the membrane. where it activates a protein
kinase C, ofwhich nine distinct types have been idtificd. The
other second rnesoenger. IP3. diffuses through the cgtosol tore-
lease calcium from ititrncelltilar stores. Calcium is Involved in
many cellular regulatory activities including activation of cal-
cium—ca1n::odo1in. which regulates the activities of other on-
zyrrics includingother kinsses. The kinases in turn phosphory-
late enzyn1es,io_n channels. or otliurproteins to produce cellular
effects. When the phospholnositide and cAMP signaling sys-
tems coexist. they can ‘oppose or complement one another in
Complex ways.

A third. second-messenger system uses cyclic guanosiue
3' .5‘-monophospbate lcGMPI in intestinal mucosa andvsscular
smooth muscle. It is -synthesized from GTP by activation of
guanylyl cyclone and activates protein kjnase G, which then do-
phosphorylstas myosin light chains in vascular smooth muscle.
thereby producing muscle relaxation. Agonists. cg, acetyl-
cbolinc and histamine. cause the release of nitric oxide from
vascular elldotholial cells, which then diffuses into the smooth
muscle cells to activate gnanylyl cyclase. Adirect reoept.or~mo-
diated activation is produced by atrial natriuretic factor [ANFL
a blood"-borne peptide hormone. In this case. the receptor do-
main is outside the membrane and is connected through a sin-
gle trausmenibrane domain to the intracellular gusnylyl cy-
clase enzyme. which is activated by-receptor binding.

TYROSINE KIN-ASE-LINKED liECE_P"l‘ORS—Thess
receptors are composed of an extracellular receptor domain. at
single tzransmembrsne domain. and an intracellular catalytic
domain that catalyzes phcsphorylstion of tyrosine residues on
target proteins. Somereceptors are composed ofsingle proteins.
whereas others are assembled from two subunits log. insulin
receptors). Activation of insulin receptors triggers increased
uptake ofglucosc and amino acids and regulates metabolism of
glycogen and lipids in the cell. The catalytic actions persist for
a number ofmioutes sitar insulin leaves the binding site- Sov-
aral growth factors also exert their complex. calmer effects by
activating tyrosine kinuse or similar receptors. Growth factors
trigger changes in rnembrsne transport and other metabolic
events including regulation of DNA synthesis.

INTRACELLULAE RECEPTORS THAT CDNTIIOL
DNA TRANSCRIPTIlJN——Acti\ra.tion of intracellular recep-
tors for steroids Cglucocortiouids, roineralocorticeids. sex
steroids, vitamin D) and thyroid hormones stimulates the tran-
scription of certain genes by binding to specific DNA sequences
in the nucleus. The receptors generally are composed of a sin-
gle protein with a ligand-huiding domain. a DNA-binding do-
main. and a.I:ranscriptiou- ctivating domain. In the inactivated
state, the receptor protein is bound to another protein. a heat
shock protein thsp 90}. which dissociates upon activation by a
lmrmone-. partrxitting DNA binding and transcription of IIIENA.
which then is translated into new protein. This process t_rpi~
sally takes several hours. and the eifoeto can last for days or
weeks ifthere is a slow turnover of the newly synthesized pro-
teins. A similar process accounts for the induction of dragons-
tabolicing enzymes in the liver by certain drugs and other
chemicals. In this process. fonnatiou of a heterndimeric com-
plex between a second protein and the ligand-bound receptor is
required for DNAbindin'g.

ENZYIVIE ]NIIIBI'I‘ION—Enzymes are very large. complex
proteins or associated proteins that evolved to catalyze specific
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l:ioo_l'lon:I.ioal roactiuns that are essential to normal co_llluIar'l'1mc~
tion, A number‘ of very selective drugs exert their effects by im
hibitingparticular enzymes, so thattheir abilitiesto process their
normal substrst'os' are blocked or -impaired. Enzyme inhibitors.
can produce competitive blockade-at on substrate or col'actorbind-
lug site on the enzyme. For example, the stimulant .=_-E€ei_:i. oi‘digi-
talifi El-_‘f0CIs°itles on cardiacmuscle contraction is-mediated by com-
petitive inhibition of a sodium -pump, Na ‘ ,K‘ -A'l'Pase, which
leads indirectly to an increase‘ in innscsllular calcium to interact
with contractile proteins. Other cnzymc inhibitors act. noncom-
potitively at sllosteric sites{sites remote from i.hes1:hs1'.rsi'.e bind-
ing site), which prevent the enzyme from _performlngits catalytic
function. For'eon1mple,'aspir1'rL binds irreversibly to a site on cy-
clnoxygonase-thai. is remote from. the binding site for-arachid'o1iic
acid. which is normally converted to prostsglamdins by thorn-
zirms. The binding ofrelated drugs such as ibuprofen {Aakrill is
1"£iVEl'EiilJlE. Irreversible inhibition by tl1e'1‘orroati'r-in of covalent.
bonds between 3. drug and-an enzyme is typically long lasting be-
cause now Enzyme must be oynthesi-zecl to restore function-

lilo roaitor by which roots a drug is administered it must pass
llirough-sevomi to many biological membranes during the pro~
tosses of absorption, distribution, bioi.ransi'oro1ation,.snd elim-
ination. Since membranes are traversed in all of those events,
this section begins with :1 brief description of' biological mem-

branes and membrane processes and the rnlatioosliip. ofthe
physicoohemical properties of a drug molecule to penetration
and transport.

STRUCTURE AND PROPERTIES

OF MEMBRANES

Theconcept that a membrano surrounds each cell arose shortly
‘alter the cell ular nature of tissue "was discovered... The biologi-
ool and physicocbomicol properties of cells seemed in accord
with this view. Microchemical. icray diffraction. electron mi»
Icroscopio. nuclear magnetic resonance, electron spin resonance,
-and other investigations have established the nature of the

mitochondrial, nuclear, and other coll osoinbranos. The
rioscripiion ofthc plasma membrane that follows is much. over-
;simp1ii'ied,bui.it will suffice to provide a background for an un~
'_dersiondl ng ofdrug penetration into and through rnembro nos.

STRUCTURE AND COMPOSITION—'I"he cell mam.-

brano has been doscribed as a bimol'ooul.'-3:‘ layer of lipid mate-
-rial entrained between two parallel monomolocular layers of
protein. However. the protein does not make-continuous layers,
but rather is sporsicliosllysoattei-ed over the surfaces. like ice-
bergs; lo, much of the proteinis below the sulfate. In Figure 57-
l_|} the lipid layers are represented as a somewhat orderly.
closely packed, lemellar array of phospholipid molecules asst»
:_'l:i'oted I.-oil—to-tail. each toil being an alkyl chain or steroid
"group. and the hoods‘ being polar groups, including the glycer-
Ailie moieties, with their polar other and carbonyl oxygons and
phmphate with attached polar groups. In reality. the [similar
jiortion is probably noi so orderly, since its composition is quite
"sampler. Chains offatty acids ofdifferent degrees of saturation
_,j:'a.od cholesterol cannot army themselves in simple parallel ar-
Ziongeniants. Furthermore, the polar heads will assume a num-
Zbor of orientations depending upon the substances and groups
"-liiivolvod. Moreover, the lamellsr portion is penetrated by large
Jilohular proteins. "the. interiorofwbich, like the lipid layers. has

:; -l:|.igb hydrophobicity, and some fibrous proteins.
The plasma. noarnbrano=s.p'poa.rs to be asymmetrical. The lipid
position varies from cell type to cell type and perhaps from

tetn sits on the some membrane. There are, for example, dill
cos between the membrane of the enciop1as1'n'ic retilrulum

' the plasma membrane, even though the membranes are on-
ARINEAL
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RECEPTOR R.EGUI.ATIUN—Tl':e regulation of receptor
numbers or density is normally -constant. as synthesis keeps
pace with degradation of the proteins. However, continuous
stimulation of receptors with -agonisis can lead to desensitiza-
tion or drum:-regcila-tion of‘ receptor sensitivity or number. De-
sensitisatlofl can occur rapidly without a change in receptor
number, whereas down-regulation usually implies a. decline in
receptor number, For exnmfple, excess use of ,8 -adrencrgic ago-
nists for treating bronchial asthma. can lend to loss of receptor
sensitivity to l:.he- ngoniat, caused by cliangcs in ooupling mech-
anisms to the E} pro.i.eins. Chronic blockade of receptors can
lend to up-rognlation. which. in some cases, is due to sytitliesio
of new rocspiiors. An example is chronic blockade oilfl-adrenal"-
gic receptors in the heart, in which new ,6 -receptors are syn-
thesized, leaflingto snpersensitivity upon abrupt withdrawal of
the blocker. Another form of suporsensitivity is tie-monstrated
by denorva iion of skeletal muscle. which is followed by a prolif-
eration of niootinit receptors within and adjacent to the neuro-
musculor juncti on.

 
extensive. Where membranes are double, the inner and outer
layers may tiilfer considerably; the inner and .out.'er meinbttanes
of mitochondria. have been shown to have strikingly different
compositions and properties.- Some authorities have expressed
doubt as to the existence of the protein layers in binlogicl 1:nem~
bronco. although the evidenceis prepondersntly in favor of at
least an ouimrglycoprotein coat..Sugar moieties also are attached
to the outer proteins, most oiten to theasparagine residue. These
sugar moieties are important to cellular and immunological
recognition and adhesion and have other Functions as well.

The -cell membrane -appears to be perforated. by Water-filled
poi-esofvarioussizes. varyingfi-om abouts to 10 A. most ofwhich
are about '7 A. Probably all major ion channels one througli the
large globular p1°ote'ins that traverse the membrane. Through
these pores pass inorganic ions and small organic molecules.
Since sodium ions are more hydrated than potassium and chlo-
ride ions,.1.:_hcy are larger and do not pass as ii-only through the
pores as potassium and chloride. The vascular endotbelium sip»
pears to have pores at least as large as 40 A, but these seem‘ to
be-interstitial passages 1'o.tl1ertl1s.n transinexnbrane pores. Lipid
molecules small enough to pass through the pores may do so. but

_ EXTRA C-ELLULA Ff

Ch'aMwA.:I:;~uO£1‘ é',.,.._-,_-.1fli!H.v"g.vt.-|F_'_;] I:MM~‘:_.‘-zwa.wv~(_)
2

5 
INTI-M I5'El.l.Ui.AR'

Figure-51-1o. Simplified cross sociion of .3 cell membrane (components

are not to scale}. The lipid interior of the Iamcllar portion of ihe mem-
brane consists oi .\_:.arious phospholipids, fatty acids. cholesterol, -and
oiher steroids. Ions are indicated to illustrate differences In size relative to
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tI2e_v have a higher probability of entering into the lipid layer,
from where they will equilibrate chemically with the interior of
the cell. From -work on monolayers. -some reoeorche-to coxilencl
that it is not. necessary‘ to postulate pores to e:':p.l£li.rl the ])E!'!'l'l6‘=
ability to water and small water—5olublc molecules.

STRATUM CORN}-IUMz—Althnugl1 the stratum corneum
is not a ioeinbrogne in the same sense as a cell membrane. it of-
fers a barrier to diffuoimi-. .w hlch is -ofoigriiiicance in the topical
application of drugs. The sitratuui om-neuin consists of several
lovers ofdead. keratioized. cutaneous epitlieljal cells enmeshed
in a matrix of "keratin fibers and bound together with cement-
ing desrooeomes and penetrating tonofiiirlls of'l-ceratiu.‘i?'ary1'ng
amounts of lipids and Fatty acids l"1'-‘l-Hill! dying I‘-‘E'-113. Sfil-Wm: and
sweat Ewe contained among the dead Squamous cells. Immedi-
atoly beneath the layer of dead cells and above the viable epi—
dermal epithelial cells is‘ a layer of'kero'tohyalin_e granules and
various water-soluble substances, "such as u—a.im'no acids‘

purines. monnsacoharideo. and urea.
Both the upper and lower layers ofthe stratum corncum are

involved in the cutaneous barrier to penetration. The barrier to

penetration from the surface is in the upper l'a3_rore for water-
soluble substances and the lower layers For lipid-eoluble only
stances. and the barrier to tl‘iia~nui:\.va'r'd movement Dfwater iilltl

the lowest layer.
MEIYIBRANE POTENT1ALS—-Across the cell membrane

tliere exists an electrical potential. always negative on the in-
side and positive on the outside. If a cell did not have Spc.cial-
membrane electrolyte-transpm-‘t processes. its membrane po-
tential would be mainly tl'u:-- result of the Doonan equilibrium
{see Chapter 14'.‘ consequent to the semipermeability of the
membrane. Such potentials generally lie between 2 end 5 mV.

A cell with a niombmnc across which :lii"l'usil:le electmlyifi

distxlhutiou is purely passive would be expected to have a high
internal concentration oi"5odium;, which is true for the erythro-
cytes. of some arpeci'es, However. the interior ofmoot. cells is high
in potassium eultl low in sodium. as depicted in Figure 57-10.
This unequal (list:-ibutiuin of.c-atiouo attests to special elec-
trol_vto—traosno1*t. processes and to dilibrential pertnoelbilitieo of
difiiisible ions, so that the meinbraoe potential is higher than
that which would result from a, purely passive Donnan ,di31'.ri-
huliuu. In nerve tissue or skeletal and cardiac muscle. the

niembrane pate-ntial__ra.nges upward to about Qll ITIV. The elec-
trical gradient is on the o1'.I:ler of 50.003 Worn. bet: ause of the ex-
treme thinness of the ioeinhrone. Clhv-lously. such an intense

potciitial gradient will 1'.11i‘luence strongly the trans-membrane
passages of charged tlrug molecules.

DIFFUSION AND TRANSPORT

Transpon is the niuverncnt. ofa drug from one place to another
within the hotly. The drug may dilfuee finely in urtoombinod.
form with a kinetic energy appropriate to its tliernitll on'viro-n-
merit, of it may move in combination with extracellular or cel-
lular constituents. sometiinos in connection with cnorg3:—y.ield—

ing processes that allow llit-1 uiulccule or complex to overcome
'barrict'c to simple cliFf'L1sion.

_ _BlCoIF'LE NONIONIC DIFFUSION AND PASSIVE
TR.ANSPORT—MoleciLleo in solution move in a purely ran-
dom fashion. provided they are not charged and moving in an
electrical gradient. Such rzmcloni movement is called dififiasiora;
if the molecule is uncharged, it is: mailed non ion :3: clifiicoiiiri.

In a population-of' drug molecules. the probability that dur-
ing unit fime any drug molecule will move-across a boundary is
directly proportional to the number of molecttleis ‘a.-Cljuining that
boundary and, therefore. to the drug concentration. Except at di-
lutionosn extreme that onlyn f"e'w molecules are present. the ac-
liual rate of movement lmolcciilcs/unit tlmel is directly propor-
tional to the probability and. therefore. to the concentration.
Once molecules have patsoctl through the boundary to the oppo-
site aide. their x-o.nd'mi1 motion may cause some to return and
othoro to continue homo-we forth or away from the boundary. The

rate of rel1:L'm is likewise proportional to the concentration on
the opposite side of the boundary. It. lbllows that although _
molecules are ' in both tliradinns, there" will be a net
movement from the region of higher to that of lovver conceI1tra-
lion. and the net ti-unofer will be proportional to the oonoeotra- _ M

tion diff‘eren1;i_aL Ifthe boundary is a membrane, which has both , E
substance and dimension. the rate of movement is aiao directly
1)I‘opm'.ti.o-nnl to the parzncabllity and inversely proportional to
the thiclcneos. These factora combine into Fick’s law ofdiffusion. M

:10 mite, — Cg .
rill _ -r E5}

whore-Qis-the not quantity ofdrug transferred across the mem- "
branc. t is time, C1lE the concentration on one side and C2 that at
on 1.l1_e other. .1 is the thioloie-as of the membrane, A is the area,
andfl is the diffusion ooelfioient. related to Permeability. Since ' -
a biological membraru: is heterogeneous, with pores -of different as
sizes _§I_nd probably vvith varying thickness. and composition.
both 13 and 1 probably vary from place to place. Nevertheless, 1:1]
some mean values can he assumed. '

It is customary to cI?_Jn:lbJ'_1:Ie the membrane factors into a sin-
gle constant, called a permeability constant- or cooilicient, P, so
that F = Bit. and A in Equation 5 has unit value. The rate of

not transport ldlfiufilonl across the membrane then becomes
ti‘

71:9 = Pm‘ ' C1: 16!
filo diliuoion continues. C L oopiuaeliea C2. and the not rate.
dQlo'.t. approaches zero. in exponential fashion, choracteiiatic M.
ofo first-orI:le.r process-. Equilibrium is dofinedoe. that state in
which C1 = C2. The equilibrium is. of course. dynamic. with f.
equal numbe:-3 ofnoolaotilos being lr'unopm'l.ocl in each direction
during unit tinfie. If water also is moving through the mem-
hrane, it may either facilita-to the movcmont of drug or impede
it. according to the re1ative.di1-ections-ofroovemeot. ofwater and " '5"
tl'rug;_ this effect of water movement la called unicorn‘. drag. all

IONIC on ELECTROCHEMICAL DIF'FUSION—lf a W
drugis ion izod. the transport properties are o1odifie:l.'Tho prob-
ability of penetrating the membrane is still a function oi‘ com “I;
centralzion. but it is also a ll.lnL‘ti{1t10l'll‘lc potential difference or
electrical gradient across the mcmhrnno. A cationic drug‘
molecule will be reyelled froni the positive charge on the out- the
side of the mernlirane. and only those molecules with a liigli lti- ‘£5
notic energy will pass through the ion barrier. If‘ the cation is
polyvalcnt. it may not penetrate at all. Em‘-

Dnco inside the membrane. a cation. simulta-neously will be sh“
attracted to the negative charge on the intraoellulavcorfaee of '9“?
the membrane and repelled by the outer surface; it iosaid to be
moving along‘ the eiecmcol gradient. If it also is moving from o mm
higher towarti 3 lower concentration, ii. is said to be moving _
along its elei.-ti-ochem-Er.-o._l gmdient. which is the sum oi‘ the in- '11:“
lluencee ofthe electrical field and the concentration difi‘ero.nLia[
across the membrane.

Once inside the cell, cations will tend to be kept inside l)_Y'i..]‘.E _ ru
-attractive negative charge no the interior of the cell. and the in-
ti-aeellular ooncentration of drug will increase until. by sheer lull
numbers of‘ eoemnulatod drug particles. the outward dilllieion .-
or mass escape irate equals the inward transport rate. and elo::- -‘_'l_"_"‘
tmchemieal equilibrium is said to have occurred. At elecl:1'o- .9?“
chemical eqifllibrium 31. body temperature [3'l"l, ionized drug mu
molecules will be distributed accorrling to the Nome: equation,

:10 E = E [7]
Cg Bl E

where (3,, is the molar extraeellulat‘. and C; the intracellular.
concentration}. 3 is the number of charges per molecule. and E
is the trtcmbranlle potential in milljvolts. Log C,,a"C,-_ is" positive
when the molecule is negatively charged and negative when the bug;
molecule is positively charged. the

FACILITATED DIFF'US_'ION—SotneLimes a substance phyi
move: more rapidly through a biological membrane than can be take
accounted for by the process ofeimple diffusion. This-.acceloIh mue
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aged movement is termed fo.ciiimtcd diffusion. I1. is thought on
be due to the presence of :3 special molecule within the moni-
brane. called n carrier. with which the traxtsporu-.d substance
combines. There is considered to be greater permeability to the
carrier-drug complex than to the drug alone, so that the trans-
port rule in enhanced. After the complex traverses the mem-
brane. it dissociates. The carrier must oitbar return to the orig-
inal side ol" the membrane to be reused or constantly be
produced-on one side and eliminated on the othcrfor the carrier
process tube continuous. Many ciim-actnristics offocilitated dif-
flmion. Fornierly attributed to ion confers, can be enphjned by
"ion exchange. Although facilitated diffusion resin-mbles a'ci1i\«'o
transport, below. in its dependence upon 3 continuous source of
energy. it differs in that facilitated dif‘Fo.sion will only transport.
a molecule alongits electrochemical gradient.

ACTIVE TRANSPO'RT——'Activo transport may be defined
is -energy-dependent movement nfa substance through a bio-
logical membrane against an electrochemical gradient. ltis
characterized by

1. The substance is tron,-sported from a region oi‘ lower to one of
higher electrochemical activity.

2. Metabolic poisons interfere with transport.
3. The transport cute apprnachflfi an asym|:I1.oI.E lie. saturates: as.

cohcentrotion increases.
4. The transport systcni usually shows a requirement for specific

t:l1eroica.l 5t1'1JC|CLl'l‘E.‘.i.

-5. -{.1luscl_-.r related chctnicols are competitive for the transport
system.

Many drugs are secreted from the renal bu holes into urine. from
liver cells into bile or blood. from intestinal cells into the lurncn
of the GI 1:r'n<:t, or from the cerebrospinal fluid into blood by ac-
tive transport, but the role nfnctivotranspart -uf'dn.1-go in the dis-
tribution into most body compartments and tissues is less well
documented. Active transport is required for the pcnetratiori of3
number of syinpathominletics into neural tissue and for the
movement ofseverol anticancer drugs across cell membranes.

PINOCYTOSIS AND EXOCYTOSIS—Many. perhaps all.
cells "are capable ofa type of phngocytusls called pinocytosis. The
cell membrane has been observed to invaginnte into n sacoular
structure containing extracellular materials and than pinch off
the saccule at the membrane. so that tho saoculo remains as a
vesicle or vacuole within the-. interior oft.-be cell. Since metabolic

sclivity is required and since an cxtmcelliilar substance may be
transported against an eIeci'.rochen1ic_alg1'adic.n1;. pinocytosis
shows some ofthe. same charactei-istico as active-transport. How-
cver, pioocytnsin in relatively slow and inefficient compared with
sun active transport, except in GI absorption. in which pinocy-
basis can be ofconsidernble importance.

It is not known to what extent. pinocynosis contributes to the
of mast drugs, but many m-a.c'rorno1ecIal.eo and even

f'.li'u1;cr particles can be absorbed by the gut. Pinocyibsis probo-
explains the oral efficacy of the Sabin polio vaccine. Some
in-ugs theniselves aifect pinocytosis: eg. adrenal glucocorticoids
marlscnlly inhibit the process in macrophages and other cells in-
iihlted in i.oflmJJ.mation_

_ Exncytosis is more or less the reverse ofpinocyt'os'is. Gran-
ules. vacuoles. or lJl‘_.lfle!l' organelles within the cell move to the

_-Iiicllmembrane, fuse with it, and extrude their contents -into the
liiluzstitial space.

'. ngs-and other substances-may traverse the mombmne pri-
' ‘ly either through the pores or by dissociation into the mem-

= lipids and-subsequent diffusion from the membrane ‘moo
_ cytosol or other fluid on the far side of the membrane. The
. icochcmical prerequisites difibr according to which route is

— .To pass through the porous. the diameter of the molcclxlc

GHMFTEE 3?; DRUG ABSDRFTDN, ACTION. AND-DISFOSITICIN 1155'

than the pore diameter. The probability that a long. thin
molecule "Will be oriented properly is low unless-there is also bulk
flow. and the tron.-arnembrane passage oflarge molecules is slow.

Wator—soluble molecules with low lipid solubility usually are
thought to pass ‘.t.hroug'h tho meniboane Inainlyvia the pores and.
to :1 small extent, by 1Jin0c_ytosls,. nltliough work with lipid mono-
lu.;re1's Suggests that small, wnter—oolub1e molecules also may be
able to pass readily through the lipid. and the necessity oi'pool:u.-
lntiog the existence oi‘ pores has been questioned. Novortheless.
experimental data on penetration ovorvvheliniughr favor the con-
cept of passage of w_at.or—solub'le, lipid-insoluble substancssi
through pores. lf'tl1eJ.'e is a membrane carrier or active transport
system, a low solubility of the drug in niembrnoe lipids is no im-
pediment to penetration. since the drug-carrier complex is‘ "as-
sumed to have an appropriate solubility. and energy from an no.-
tivc tretnoport system enables the drug to penetrate the energy
barrier Enipnse-cl by tin» lrjiidc. Actually, the lipids are not on im-
portant energy barrier: rather. the barrier is the force of attrac-
tion of the solvent water for its dipolar-ILIJ-Polar solute, so that it
is ihfficu It for the solute to leave the water and onior the lipid.

Drug,-s with a. high nolubility in the mcmbrom: lipids pass
easily through L11-c membrane. Even. when their dimensions are
small enough to portrait passage through pores, lipid-soluble
drugs primarily pass through tl'1o1neII1braI1I3 lipids. not only be-
cause chemical partition favors the llpidphase but also because
the surface area occupied by pores in only :1 small fraction oftlie
total membrane arcs.

LIPID SCILUBILITY AND PARTITION COEFFI-
ClENTS—-As early as 1902, Overton investigated the impor-
tance of lipid solubility to the penetration and absorption of
drugs. Evonttinlly, it was recognized that more 'in1]:mrri:.nnt than
lipid solubility was the lipid-water distribution coefficient; ic. a
high lipid solo bility does not favor pcnctrnti on unless the water
soluhilit-,y ‘is low enough -so that the drug is not entrained in the
aqueous phase.

InFi.g1.1re 5?-Ii is illustrateci the rclaticiualaip between the
chloroform-water partition cocificicnt and the colonic absorp-
tion of’ barbiturates. Chloroforni probably is out the optimal
lipid solvent liar such a study. and natural lipid}; flrum nerve or
other tissues have beon shown to be superior in the few "in-
stances in which they have been employed. Nevertheless, the
correlation shown in the Figure is a convincing one.

When the water solubility ofn so instance is so low that a. sig-
nificant concentration in water or ex1.race]]uIn1'f[uidcuonI::1: be

achieved, absorption may be negligible in spite of a Favorable
partition coefficient. Hence, mineral oil. petrolatum. etc. virtu-
ally are unabsorbed. The optional partition cooficient for per-
meation of the skin appears L0 be lower than that. for the per-
mention of the cell membrane, perhaps being as low no one-.

DIPOLAIi.I’I'Y. POLARITY. AND NONIGNIC DIFFU-

SION—The' partition coo Hiciont ofn drug depends upon the po-
larity and the size of'tbe_ molecule. Drugs with is high dipole mo-
ment, even i-hougli un-ionized. have 3 lovv lipid solubility and,
hence, penetrate pom'l_y. An example of El. highly dipole)‘ sub-
stance with a low partition coefficient, which-does not penetrate
into cells, is sulfisoxanole. Sulfnclinnino is Sll1‘l1£Wl'!EltlE5S'£ll]3t}-
le:-. has a c'hlo1-oform-water onrtiuoii cccliioienl 10 times that of
fildfiaoxazolel. and readily penetrates cclln. Ionization not only
diminishes" lipid solubility greatly bu! also may impede passage
through chnrged membranes lace fora’-e Diffoaipn.J,

It often is stated tlint ionized molecules do not penetrate
membranes. except for ions of small dioineber. This is not neo-
Bsoalfily tnze, bocnuac of the presence of membrane carriers for
some ions. which of-Tect1vel,y may shield or noutrali 29 the charge
iiori-pair formation}. The renal tubular t—ranspoI“t systems.
which transport such obligate ions as tetroethylnmmonium,
probably form ion-pairs. Furthernmre, ii‘ an ionized molecule
has a large nanpolar moiety such that an appreciable lipid sol-
ubility is imparted. to the molecule in spite of the charge. the
drug may penetrate, although usually at a slow rate. For ex-
ample. various morpbinan derivatives are absorbed passively

-"u lb-3 ornaller £11 on the pore, but the molecule can be longer L e fififi6ionf6%gm$tfiegeni7
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' HE. “Ha tions-—-l;-orh_lt;al. oulfaguanidiun. and aool.yIaminoantipy£ine—3‘ ' L may he explained by tho dipolarity oftho um“-ionized mulefi-1185
‘With b'a:rbital..t.he two lipophilic ethyl groups are too small In
compensate for the considerable dipolarity of the un«ionix.ecl
bnrbiturioacid ring; also it. may be soon that barhital is app-re.
C:-iably ionized, which contributes to the relatively small pormo

PENTOEAREITAL _ ability constant. Sulfaguonidino and ace1;y1amin'oa_n1:ipyrloe' . are both very polar molecules. Mocamyla'mi'n'e also might be
conairlored an exception-. since it shows a modest permeability
ever} though strongly-iuoioed; there is no fiipolarity in mocamy-

ovcLoo:u=ra+m_ , lomino oxnopt in the ammo g‘mup.
H-LITE‘! HAL II
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Absorption is the prooess of Inoveroent. of adrug from the site of
applicationinto the extramllular t:un1pa1'l:mont.ofthe buds. .1£1as~
much asthere is a great. siniflaritor arnong the various membranes
that a drug may pass through to_-gain nocoao toil-lo extracellular
fluid. it. might be mcpecterl that the particular site ofapplication
(or route] would make little diiference. to the succ'eosFi.1lahsor-p-
tion oftho drug. In actual fact, it makes agoeat deal-ofdlfihrenoe;
many factors, other t-hon "the structure and oompooit.i'on of'tht*.
mombraoe. determine the ease with whit-J1-a drug is abonrbefl.
Those f'a,otors are discussed in the following sections, along with , .

' 9“-E"T*“~ an amount oftlao ways that dr-u.g fhrmnflafiona may be manipuv ma:
lobed to-alter the ability ofa-drugto be absorbed readily. ' -
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Figure 51-11. The relationship of absorption of the on-ionized‘ forms of ‘ _ _ _drugs from the colon oi The rat to the dwlorolonnwator partition cooffi- _DWvE*3 “J33 5? ”3'1'1"'1i'°“-“"9-d ‘*5’ ‘"55! d1{5'°"*“" mum“ T]'*“"'““_‘ -‘gullC-,Em__ {Fmm gthanke-r |__5_ Adv Drug Res 1:954: 1:-;1_} iuus routes Lncludo oral, cocoa]. sulahngual or bucnol. par- .ontcral. inhalation, and topocal. The chains: of a route uiopcnds

_ upon both convenience and necessity-. mg;the pH of gastric fluid. Nevertheless. when a drug is 2. weak ORJKL RDUTE—-'I‘his is obviously the most convenient
acid or base. the uoilonioed form, with afavorablc partition to route for access to the oystenfic circulation, ptovifling that
officicnt. passes through a- biological membrane so much more ‘various factors do not militate against this route. Oral admin- ;j;;;w1
readily than the ionized form that for all practical purposes, istration does not alwajrs-give rise to oufficiently high plasma
only the on-ionized fornrio said to pass through the membrane. concgntrations to in effective; some drugs are absorbed unpre-—
This has beconu! known as the principle-of oonlanfic difiic-sloo. clictably or. Errati cally; patients occasion ally have an absorption E " fie

This p1inci'ple lathe reasonthat only the conoentraliona ofthe malfunction. Drugs may not be givon by mouth to patients with
uo-ionized form of the barbiturates are plottod in Figure 5.7-11. GI intolerance or who are in preparation -for.anos.theoia. or who 3913,;

For the purpose of further illustrating the prin'c'ip1e, ‘Table have had (‘:1 surgery. Oral adroinistralion also is precluded57~1 is prnwiidodf In the table, the porrneability constants for in coma.
penetration into the cerebral spinal fluid of rats a1'a.higl1er' for REGTAL RlC|U'I‘E—-Drugs Lhat ordinarily -are a.du'u'nie.- __:Efi1'§'gno-ionized drugs than for ionized‘ ones. The apparent oxccp- 1.ered by the oral route usually can be administered by ioject:im1 ti

. -ffififii
Table 51-1. Rates of Entry of Drugs in CSF and tho IJe9"'§:es\ of Ionization of Drugs at pH 14" =I;¢§at-.

as nmowmo rm-son as 1JN—EON|2ED RERMEABIUTY conswar
.onuG1cHm[cAL Pfiomu oc.-* so H M ID no '1: 5:2.
Drugs mainly ionized at pH ?.45-Sulfosalltylic acid 22 (strong) 0 -=a'.o0{l'1

N-Methylnlcotlnarnide <10, {Strong} -3 D;_CIll05 :5 0.00006 '_ _5~N'rt1‘0$a|lcy|ic add -42‘ 2.3- 0.001 0.1301 : o.ooo1 jfiliif-Salicylic acid 40 3.0 maoa o.oos 2 o_..oooa; ghlooMeflroylamino. 20 11.2 om-5 o.o21 : u‘.-ems woo
Quifiiné 76 8.4 9.09 0373 I 0.0.361

Drugs mainly on-ionized at pH ?:4- ‘aivfigamma <2 7.5 55-3 o._o25_. : o.oo22 I J?
Thlopental 75 7.5 51.3 0.50 : DJIJS1 -I :cThr'd
Pemooarbital 40 8.1 83.4 LL17 2 0.014 com;
Amlnopyrino 20 5.0 99.5 o.25 : o.o2o -gun
Anllino 15 _4.'& -99.8 0.46 1 0.042 mm
Sulfaguanldine 6 >101)“ >a_9.s- 0.003 2 0.00132 -ah‘
Antipyrlno 3 1.4 22-993 0.1-2 : 0.013 “ha
N-Acotyl-4-amlnoantipyrine <3 [L5 >993 0.012 : 0.0010 mad

' The dissociation co n's1:ant of bath acid:-and liaseé Is oxorossed as the pm... the nogatlvelogarithm of the acfolc dissotiation constant _“ SuH‘aguan.ldlr1e' hasa very weakly acidic group {p|<_. > 10) and two very weakly basic groups (on, 235 amt 13.5}. Cnosoquently. the compound is EIIFHDS1 who
odroplotaly undisso<iatod at pH 7.4.
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Figure 5112. Blood concentration in m'g!‘ICl0 mL of thsophy|line{oro'i’-
natal following administration to humans of eminoohylline in the
amounts and by the routes indicated. Doses: per 70 log. Theophylline
srhylsnedl-amine by us rlous rou-te£:——4ntravenou5', 0.5 g;—--eretenrion
enema, 0.5 g:—' *' '—' ' -—-oral ‘tabl-et5—P|. 0.5 g; - - — oral Iablet1_'rF|,
6.3 9: * I - - rectal surspository. 0.5 g. (Adapted Truitt EB, et sl. JPhar-
macof Exp The-r 1950;. ?E.'rD:3D9.}

orbit the alternative lower entered route, through the anal por-
talinto the rectum or lower intestine With regard to the latter,
rectal supposirories. or retention cosmos formerly were used
quite frequently, but their popularity has abated somewhat,
owing to improvements in parenteral preparations. Nevertl1e~
less, they continue to be valid and, sometimes, very important
rm-s ofsdministering a_ drug, especially inpsdiatrics and geri-
soziou. In Figure 57-12“ the availability of a drug by retention
enema may be compared with that by the intrsvenonsend oral

routes and rectal suppository administration. It is apparent
that the retention enema ma? be a very satisfactory means of
iuirninistration but that rectal suppositories may be inadequate
when rapid absorption and high ‘plasma levels are required.
The illustration is not intended to lead the reader to the con-
clusion‘ that a retention enema always will give more prompt
-and higher blood levels than the oral route, for converse find-
ings for the same drug have been reported,” but rather to show
that the retention enema may offer a useful substitute for the"oral route.

SUBLINGUAL OR BUCCAL ROIlTE—EvaI1 though an
adequate plasma concentreifion eventually may be aolxievable

I "by the oral route, it may rise much too slowly for use in some
.altunti'on.-5 when a rapid response is desired. In such situations

_ on-enteral therapy usually is indicated. However, the patients
with angina pectoris may get quite prompt relieffrom an acute

.al;_tsck by the srrblingrrol or bnccoi administration of m'trogl:_,'c-
= ‘- so that parenteral administmtion may be avoided. When
-only small s.mo1.mts' cl‘ drugs are required to gain access to the
blood. the buccal route may be very satisfiietory, providing the
jzhysioochemical prereqriisitse for absorption by this route are
sreseotin the drug and dosage form. Only a few drugs may be
given successfully by this route.

PARENTERAL .'R.0UTES—'These routes. by definition. in»
--tlinie any route other than the oral-GI tenteral! tract, but in
common medical usage the term excludes topical administra-
‘flnn and includes only various hypodermic routes. Parenteral
nnlministrstiun includes the intravenous, intramuscular, and
jgtbcuta-neuus routes. Parenteral routes may be employed

'_Wl1B113VBI' enters] routes are contraindicated {see above! or

E

'_ The irririooe-nous route may be preferred on occasion, even
irihsn a drug may be well absorbed by the oral route. There is
Igm-delay imposed by absorption beiin-e the administered drug
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reaches the circulation, and blood levels rise virtually as
rapidly as the time necessary to empty the syringe or infusion
bottle. Consequently. the intravenous route is the preferred
route when an emergency calls for an immediate response.

In addition to the rapid rise in plasma concentration ofdnig,
another advantage ofintravenous administration 1‘ the greater
predictability of the peak plasma conceni:rati.on, which, with
some drugs. can be calculated with a fair degree of precision.
Smaller doses generally are required by the intravenous than
by other -routes, but this usually affords no arlvanutge, inas-
much as the sterile iojectable dosage form costs more than on-
toxic preparaizions, and the requirements for medical or
paramedical supervision ofadministration also may add to the
cost and inconvenience.

Because of the rapidity with which drug enters the circula-
tion, dangerous side effects tothe drugmayoccur. which are of-
ten not extent by other ‘routes. The principal untoward effect is
a depression of cardiovascular fimction. which is often called

drug shock. Consequently, some drugs must be given quite
slowly to avoid vasculotosic concentrations of drug in the
plasma. Acute, serious, allergic responses also are more likely
to -occur by the intravenous route than by other routes,

Many drugs are too irritant to be given‘ by the oral, intra-
muscular. or subcutaneous route and must, of necessity, be
given intravenously. However, such drugs also may cause-dank
age to the veins (phlebifisl or, if ext:-avasated, cause necrosis
isloughl around the injection site. Consequently, such irritant
drugs may be diluted in isotonic solutions ofsaline, dextrose. or
other media and given by slow infusion, providing that the
slower rate of delivery does not negate the purpose of the ad-
rninistration in emergency situations.

absorption. by the intramuscular route is-relatively fast, and
this parenteral route may be used when an immed.ia'te effect is
not required but a prompt effect is desirable. Int¢'amusm1im‘de-

position also may be made of‘ certain repository preparations,
rapid absorption not being desired. Absorption from an intra-
muscular depot is more predictable and uniibrru than from ‘a
subcutaneous site.

Irritation around the injection site is a flnequent accompani-
ment oi" intramuscular injection, depending-upon the drug and
other ingredients. Because of the dangers of accidental intre-
venous injection, medical supervision generally is required.
Sterilization is necessary.

Insubcuronsous administration the drug-is. in,ject'ed iotorthe
connective tissue just below the skin. Absorption is slower. than
by the intramuscular route but, nevertheless, may be prompt
with many drugs. Often, however. absorption by this more may
be no faster than by the oral route. ‘Therefore. when a fairly
prompt res ponee is desired with some drugs. the subcutaneous
route may not oiier much advantage over the oral route, unless
for some reason the drug cannot be given orally.

‘The slower rate ofabsorption by the subcutaneous route is
usually the reason why the route is chosen, and the drugs
given by this route are usually those in which it is desired to

spread the action out over a number of hours. to avoid either
too intense a response. too short a response. or f‘requent- in} ac-
tions. Examples of drugs given by this route are insulin and
sodium heparin. neither ofwhicli is absorbed orally, and both
of which should be absorbed slowly over many hours. In
the treatment of asthma. epinephrine usually is given sub-
cutaneously to avoid the dangers of rapid absorption and
consequent -dangerous cardiovascular eifects. Many reposi-
tory prepxu-anions. including tablets or pellets, are given
subcutaneously. As with other parenteral routes, irritation
may occur. Sterile preparations also are required. However,
medical supervision is not required always and self-adminis
tratiun by t1*u's route is customary with certain drugs, such asinsulin.

Introdermal injection, in which the rtlrug is injected into,
rather than below, the dermis, is rarely employed. except. in cer-
tain diagnostic and test procedures, such as er:-eening for allov-
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Occasionally, even by the intravenous route, it is not. possi-
hle, practical. or safe to achieve plasma concentrations high
enough an that an adequate amount ofdrug penetrates into spe-
cial coznpartments, such as the cerehrospinal ‘fluid. or various
ca.vities,. such as the pleural cavity. The brain is especially dif-
ficull:.to penetrate with water-soluble drugs. The name blood-
broin barrier is applied to the impediment to penetration.
When drugs do penetrate, the choroid plexus often secretes
them back into the blood very rapidly, so that adequate levels
of drugs in the cerebrospinal fluid may -be diflicult to achieve.
Consequently, introthecal or inrfoventriculor administration
may be indicated.

Body cavities such as the pleural cavity manually one wetted
by a small amount of effusate that is in diffusion equilibrium
with the blood and, hence. is accessible to drugs. Howe-vex-,. in-
fections arid inflsmroations may cause the cavity to fill with
aerofihiinous exudate that is too large to be in rapid diffusion
equilibrium with the blood. Intracaoulory administration, thus,
may he required. It is extremely important that sterile. nonir-
rilzating preparations he used for intrathecal or intracavitary
administration.

INHALATION ROUTE—lnl1alation may ho employed for
dsllveriug gaseous or volatile substances into the systemic cir+
cuiation, as with most_'gcnc1'al anesthetics. Absorption is virtu-
ally as rapid as the drug can be delivered into the alveoli of the
lungs, since the alveolar and vascular epithelial membranes
are quite permeable. blood flow is abundant, and there is a very
large‘ surface‘ for absorption.

Aerosols of nonvolatile substances also may be administered
by inhalation. but the route is used infrequently for delivery
into the systerific circulation because of various factors that
contribute to erratic or difficulpto-achieve blood levels.

Whether or not an aerosol reaches and is retained in polio nuory
alveuli depends critically upon particle size. Particles larger
than 1 pm in diameter tend to settle in the hroncliioles and
bronchi. whereas particles smaller than 0.5 um fail to settle
and mainly are exhaled- Aerosols are-employed mostly when
the purpose" of administration is an action ofthe -drug upon the
respiratory tract itself. An example of a. drug commonly given.
as an aerosol is lsoprotarenol, which is employed to relax. the
bromshiulos during an asthma attack.

TOPICAL R.OU'[‘E—’I'opical administration is employed to
deliver a drug at. or immediately been oath, the point ofapplica-
tion. Altliough occasionally enough drug is absorbed into the
systemic circulation to cause systemic effects. absorption is too
orrsitic for the topical route to be used routinely for systemic
therapy. However. various traosdermal preparations of nitro-
glycerin and .c1'onidinc are employed quite successfully for sys-
temic use. Some 1‘_nvestigations' with aprotil: solvent vehicles
such as diiuethy-1 sulfoxicle {DMSOJI also have generated inter-
est in topical administration for systemic effects. A large num-
ber of topical medicamcnts are applied to the skin, altbougli
topical drugs are also applied to the eye. nose, throat. oar.
vagina, etc.

In men. perc-utanc-one absorption probably occurs- mainly
from the surface. Absorption through the hair follicles occurs,
but the follicles in man "occupy too small a portion of the total
intagumont to be of primary importance. Absorption through
sweat and sebaceous glands generally appears to be minor.
When the medicament is rubbed on vigorously, the amount of
the preparation that is forced into the hair follicles and glands
is increased. Rubbing also l'orc,cs some material through the
stratum corneum without molecular disperlon and diffusion
through the barrier. Rather large particles of oubotances such
as sulfur have been demonstrated to pass intact through the
stratum corneum. When the skin is diseased -or abraded, the eu-
taneous barrier may be disrupted or defective, so that permits-
neous absorption may be increased. Since touch of a. drug that
is absorbed through the epidermis diffuses into the circulation
without reaching a high conoentratitm in some portions of the
dermis, systemic administration maybe prefhrrscl in lieu of. or
in addition to, topical administration.

FACTOR-S THAT AFFECT ABSORPTION

In addition to the physicochamical properties ofdr-ug molecules
and biological membranes. various factors afibct the rate of-ah
so rption. and determine, in part, the choice of route of adniinis»
t-ration.

GONGEN‘I'R.ATION—It is self-evidcnt that the I:once'n|:ra-

tion, or, more exactly. the thermodynamic activity. of a drug-in
a drug preparation will have an important bearing upon the
rate of absorption, since the rate of dilfusion of a drug‘ away
from the site of alimlnistration is directly proportional to the
co.pcen,tra'l:inn.'Tl1us, a 2% solution of lidooaine will induce local
anesthesia more rapidly than a 0.2% solution. However. drugs
administered in solid form. are not absorbed necessarily at the
maximal rate {see Physical State ofFormi.rlo!ion and Dissolu-
tion Role, below}.

Altar oral administration the concentration oi‘ dnigs in the
gut is :1 function of the dose-. but the relationship is not neces-
eerily linear. Drugs with 3 low aqueous solubility leg. digitoxln}
quickly saturate the GI fluids, so that the rate of absorption
bands to reach a limit as the dose is increased. The pepticing
and solubilizi-ng effects of bile and other constituents of the GI
contents assist in increasing the rate of absorption but are in
themselves somewhat erratic. Furthermore, many drugs affect
the rates of gastric. biliary, and small iot.estina1- sotrrefion,
which causes fizrther deviations from a linear relationship be-
tweon concentration and close.

Drugs that are administered suhcutaneoiisly or-intramuscu
larly also may not always show a direct linear relationship be-
tween l'.l‘lI3'.l'fltE of absorption and the concentration of -thug in
the-applied solntioctl. because osmotic effects may cause dilution
or concentration of the drug. if the movement of water or else-
trolytes is different from that of the drug’. Whenever possible.
drugs for hypodermic injection are prepared as isotonic solu-
tions. Somo drugs affect the local blood flow and capillary per-

meability. so thatat the site of injection there may be a complex
relationship ofoonoentration achieved to the concentration ad-
ministered.

PHYSICAL STATE OF FDRl.’tIULA'I‘ION AND DISSO-

LUTION BA’1‘E—'l"he rate of absorption of a drug may he of-
fected greatly by the rate at which the drug is made available
to the biological fluid at the site of administration. The intrin-
sic physicochcmical properties, such as solubility and the ther-
m.odyI1amics' ofdissolution, are only sum c- of‘ tho factors that of-
f'ec't the rats of dissolution of .a drug from a solid form. Other
factors incl tide not only the unavoidable interactions among tilt
various ingredients in a given formulation but also deliberate
interventions to facilitate dispersion (cg-, comminution, Chap
ter 38 and dissolution, Bhapter 35) or retard it leg, coatings,
Chapter 46 and slow-release formulations, Chapter 4?}. There
also are factors that aiifect the rate of delivery from liquid
forms-. For E3h':I.l'l'l[JllE, a drug in a highly viscous vehicle is ab-
sorbed more slmirly from the vehicle than a drug in a vehicle of
low viscosity; in oil-"in-water emulsions the rate: depends upon
the partition coefliciant_ These manipulations are the subject of
hiopharmaceutics (see Chapter 4'? L

AREA OF ABSORBING SUR.FACE—The area. ofabsorb

ing surface is an important ulctcmiiiiant oi‘ the rate oi"absorp-
tion. To the extent that the therapist must work with the ab
curbing surfaces available in the body. the absorbing surface is
not subject to manipulation. Howuver. the extent to which the
existing surfaces may be used is subject to variation. in those
rare instances in which pe-rcntaueous absorption is intended for
systemic a'.Iimi1‘Li'3tral_:ior'i, the entire skin surface is available.

Subsequent to subcutaneous or intramuscular injections,
the site of application may be massaged to spread the injected
fluid from a compact mass to 3. Well-dispersed deposit. Aliiemar
tivoly, the close Inay be divided into multiple small injections,
altl'inugl1‘lihis recourse is generally undesirable-

The difi"erent areas for absorption afforded by the various
routes account, in part, foriiiliferences in the rates of absorption
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extreniely rapid absorption of gases, vapors, and properly
acrosolissd solutions; with some drugs the rate of absorption
may be nearly as fest as with intravenous injection. In the gut
the small intestine is the site of‘ the fastest, and h-shoe most. ab-
sorption because oftho small lumen and highly developed villi
and Inicmvilli; the stomach has n relatively small surface area.
sothat even most weak acids are absorbed predomtn scaly in the
smell intestine despite a pH partition factor that should favor
slasoiptian from the stomach (see The pH Po.rn‘n‘o:1 Prmciplel.

VfiLSCULARI"I‘Y AND BLOOD FLOW’-—-A.ltl1o ugh the
theme] velocity of a freely diflbsible. l1'i.fQ1'aEE drug molecule is
on the oxder ofmeters per second. in solution the rate at which
it will dit‘l‘u:se away from a reference point will be much slower.
Collisions with water and/or other molecules that cause a ran-

dllt11.l'El(}1‘.l.Ol'I. and the iii:-ccs of attraction between the drug and
water or other molecules, slow the not mean velocity.

The time taken to traverse a given distance is _a fimction of
tho square ofthe distuncc: on average it would take about 0.01
sec for a net outward movement of 1 pm. 1 sec for 10 um, 100
sec for 100 um. etc. In a highly vascular tissue, such as skeletal
muscle, in which there may be more than 1000 capillsrieshomi’
of cross~section. a drug molecule would not have to travel more

than a few microns, hence loss than u second on average. to
reach a capillary from a point of oictravasculor injection.

Once the drug reaches the blood. diffusion is not important
to transport and the rate of blood flow determines the move-
ment. The velocity ofblood flow in a capillary issbuut 1 mnubcc.
which is 100 times faster than the mean not velocity of’ drug
molecules 1 mm away from their injection site. The velocity of
blood flow is even faster in the larger vessels. Overall. less than
-a minute is required to distribute drug molecules from the cup»
illaries at the injection site to the rest ofthe body.

From the above. discussion it Follows that absorption is 111051.
rapid in the vascular tissues. Ilrugs are absorbed osorc rapidly
from intramuscular sites than from less vascular subcutaneous
sit-:s..atc. Despite the-small absorbingsurfecc for huccul or-sub-
lingual absorption. the high vssculsmy of the buccsl, gingivsl,
and suhlingual surfaces favors an unexpectedly high rate ofab:
sorption. Because of hyperemie, absorption will be faster Erom
inflamed then from normal areas. unless the presence ofcdcma
lengthens the mean distance between capillaries and. thus.
negates the effects of hypcremis on absorption. _

Vosuconstliction may have :1 profound effect upon the rate
of absorption. When a local efibc-t of a drug is desired. as in lo-
cal anesthesia, absorption away fiom the infilterod site may
he impeded _gres.t.ly by -vasoozmstrictors included in the props-
rstion. Unwanted vasoconstriction sometimes may cause seri-
ous problems. For example. m1 World War ll bsttlogrounds
many wounded soldiers were given subcutaneous morphine
without evident effect. As El. result. irxiections were sometimes
repeated more than once. When the patient was removed to
the field hospital, ooxic effocts would occur suddenly. The ex-
planation is that cold-induced vasoconsti-iction occurred in tho
field: when the patient was warmed in the hospital. vasodila-
tins would result and the victim would he flooded with drug.
Shock slso contributes .'I.o the effect. since during shock the
blond flow is diminished, and there also may be a superim-
posed vosoconstriction; repair of the shock condition than fa-
flilitstos absorption.

"Em-avascularly injected molecules too large to pass through
the capillary and-othelium will. of nncesaity. enter the systemic
Eirmlatioc: tlrufuugh the lymph. Thus, the lymph flow may be
important to the absorption ofa few drugs.

MClVEMENT—A number offactoi-s combine so that move-

iusnt at the site ofinjection increases the rate of a-bsorption. In
llisiutestioe, segmental movements and peristalsis aid in di-
‘cidiog and dispersing the drug mass. The continual mixing of
the ch;-me helps keep the concentration maximal at the inn-

al surface. The pressures developed during segmentation
'_ d peristalsis also may favor a small amount of filt.rst.i'on.

_ Wement at the site of hypodermic injection also favors ab-
'r.pticn. since it tends to force the injected n'l_oter'lal through
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the tissue. increasing the surface area of drug mass and de-
creasing the mean distance ‘to the capillaries. Movement also
increases the flow ofb_1ood.und lymph. The selection ofa site for
intramuscular injection may be determined by the amount of
expected movemenc, accord ingto whether the proparationis in.-
ioodod as o fast—act'iog or a. repository props ration.

GASTRIC MUTILITY AND Eflu'[P'I‘Y[NG--—Tho motility of’
the stomach is more important to the rate at which an orally ad-
ministered drug is passed on to the small intestine than it isto
the rate of absorption. from the stoniach itself, since for various

‘reasons noted above, absorption from the stomach is u.s_u.a.il_1t of
minor importance.

The aw-eragc emptying time of the L'1nloa'de‘d stomach is
about 40 min. and the hull‘-time is shoot '10 min. though it
varies coording to its conteiits. reflex. and psychological filo-
tors. and the notion ofcertsin autonomic drugs or disease. The
effect of food to delay absorption is due, in part. to its s.ct'ior1 to
prolong emptying time. The emptying time causes a. delay in
the absorption ofdrug. which may be unfavorable or favorable
according to what. is desired. In the case of therapy with
antacids. gastric emptying is a nuisance-. since it removes the
antacid fipm the stomach where it is needed.

BOLUBILITY AND BDl'DING—Thc dissolution of drugs
of low solubility is gencrallya slow process. Indeed, low solu-
‘hility is the result of a low rote of departure of drug molecules
from the undispersccl phase. Furthermore. since the concentra-
tion arnund the drug moss is low‘, the concentration gradient
fi-om the site of deposition to the plasma is small. and the rats
of diffusion is low, accordingly.

When it i.s desired that a drug have a prolonged action but
not a high plasma concentration, a derivative of low solubility
is often sought. The insoluble estolates and other esters of sev-
eral steroids have durations of action of weeks because of the
slow rates of absorption from the sites of injection. Insoluble
salts or complexes of'.o.cid.ic or basic drugs alsosre employed as
repository preparations; for example. the procaine salt 'oi'pcni-
cillin G has on low soluliility and is used in on slow-release form
of the antibiotic.

The solubility of certain rnuc1'omoI.eI:.'ules depends-critically on
the ionization ofsubst-ituent groups. When they are-amphiprotic.
they are least soluble at their isoelectrfc pH. Insulin is normally
soluble at the pH of the extracellular fluid, but by combining in-
sulin witli the right proportion of a basic protein, such as pro-
tamine. the isoolectzcic pH can he made to he spproxiosntely '14
from 5.1. and the compiles: can be used as a low-solubility. pm-
longed-cction drug. E‘or more details. see Chapter 1'7.

some drugs may bind with natural substances at or near the
site -ofispplioution. The strongly ionized mucopolysacchss-ides in
connective tissue. ground substance, and mucous secretions of
the gut retard the absorption of a number of drugs, especially
large cationic jar polycs.ti'onic- molecules. In the got, the binding
is the least at low pH. which should flavor absorption of large
cations ii-om the stomach; however. absorption from the atom-
ach is slow (see above}-. so that the -absorption of1arge.eati.n'ns*
occuis mainly in tho upper duodenum where the p'H is still rel-
atively low. Pharrnscologically inactive quaternary ammonium
compounds sometimes are included in an oral preparation ufa.
quntemary ammonium drug for the purpose of satin-sting the
binding sites of mucin and other mucopolysaccharides and,
thereby, enhancing the absorption of drug.

In addition to mucopolysnocharidcs in mucous secretions,
food in the GI tract binds many drugs and slows absorption.
Antacids. especially aluminum hydroxide plus other basic slu-
minum compounds and magnesium trisilicote. bind amine and
ammonium drugs and interfere with absorption.

DONNAN EFFEGT—-‘l'.‘he presence. of a charged macro-
molocule on one side of s semipermeable membrane limparn'1e~
able to the rnaccromoleculel will alter the concentration ofper-
mesnt ionized particles according to the Donnan equilibrium.
Accordingly, drug molecules ofthc same charge as the macro-
rnoleoulc will be constrained to the opposite side of the mem-
" ‘ ' -of 2; propriatelv oh and macromolecules
AMNEAL E IBITN . 1035 Page 21
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not only will influence the of drug ‘ions in accor-
dance with the Domino equation but also increase the rate of
tra.ns§'er of‘ the drug across the membrane. because of mutual
ionic repulsion. This effect is S‘OII1Eti1I1E'5 used to facilitate the
absorption ofionizable drugs from the GI tract. T'ha Donnnn. ef-
fect also operates to retard the absorption n'§'d1'u,r:,r ions of oppo-
site charge; however, the mutual electrostatic attraction of a
macromolecule and drug ion generally results in actual bind-
ing,w1'u‘chis more important -than the Domino efifect.

VEHI'CLEQ- AND ABSORPTION .ADJUVAN'I'S—Drugs
that are to be applied topically to the skin and mucous Innin-
hranes ofien are dissolved in vehicles that are thought to en-
hance penetration. For a long thus it was thought that oleagi-
uous vehicles proinotcd the absorption of ljpidsuluble drugs.
However, the role and effent oi‘ the vehicle has provren to be
quite complex. In the skin at least five factors are involved:

1. The Effect ufihe veliicle to alter the ludration ofbhnkeratin in the
barrier layer.

2. The elfoci. of the vehicle to promote or prevegot the collection of
sweet at the-surface of thesltin,

3. The partition ouoll-‘retest of the drug in n". vel-:icle—wo!.er syslern.
4. The penneahility of the skin to tl1e.undissol1.red drug.
5. The per-meabiliiy of the skin to the vehicle.

The effect of the vehicle to aid in the access ofthe drug to the
hair follicles and sebaceous glands also may be involved. ol-
thougb in man the follicles and glands are probably ordinarily
of minor importance to absorption.

A layer of oleaginous malserial over the skin prevents the
evaporation ofwater. so that the stratum corneum may become
macoratod and more permeable to drugs. In dormotolog; ‘it is
sometimes the practice to wrap the-site ofnpplicstion with plas-
tic wrap or some other waterproof material for the purposo of
lncneasing the maceration if the stratum cocneum. However.
the layer of pe1'spirat.io'n that forms under an-occlusive velficle
may become a barrier to the movernetit of 1'lpid—solu.lJ1e drugs
from the vehicle to the skin, but it may facilitate the movom out
nfwntcr-soluble drugs. Conversely, polyethylene glycol vehicles
remove the perspiration and dehydrate l.'.l1I.'-'.‘lIJ'B.i'l"lEI‘. which de-
.r.-reeses the pernieability to drugs: such vehicles remove the
aqueous medium Iihrougli which wotcr—.solu_hle drugs may pass
down into the stratum corneum but at the same time facilitate

the transibr of lipitl-soluble drugs from the vehicle to the skin.
Even in the absence of a vehicle, it is not clear what. pl1ysic—

ochemical properties of a drug favor cutnneo-us penetration.
high lipid-solubility beings. prerequisite, according tosome au-
thorities. and an 'E'Ll'l.Bl‘—Wfll:Bl‘ partition coefficient of approxi-
mately one, according to others. Yet, the penetration of ethanol
and -dibrnmomethane are nearly equal, and other such enigmas
exist. It is not surprising, then. that the effects ofvehicles are
not altoga;-.th'er predictable.

A general statement ought be made that ifs. drug is quite sol-
uble in a poorly absorbed vehicle. the vehicle will retard the
movement ofthe drug into-the sl-do. For exaluple, salicylic acid is
100 times as permeaut when absorbed from water than from
polyethylene glycol, and pentanol is five times as permeanl; from
water as from ulj ve oil. Yo-L, ethanol perietrates five times Faster
from olive oil than from either water or ethanol. all of which de-

nies the trustworthiness ofgenera.l;iza1:ions about vehicles.
For several decades there has been much interest in certain

highly dielecl.-ri1:, aprotic solvents. especially djmetbyl sulfoxide
(DMSO). Such substances generally prove to be e_xcel1e:ot-sol-
vents for bath water and lipid.-soluble compounds and for smne
compounds not soluble in either water or lipid solvents. The ex-
traordmary solvent properties probably are due to a high po-
larisaliility and van tier Waulo bonding capacity, 5. high degree
of polarization (dipole moment), and a. lack. of association
through hydrogen bonding. As a vehicle, DMSO greatly facili-
tates the permeation of the skin and other biological chem»
braces by numerous drugs. including such large molecules as
insulin. The mechanism is understood poorly; Such vehicles
have a potential for many important uses. but they are at pre-

sent -only experimental, pending continuing investigations on
t~033l€ll.»Y- .

F’ram.time to time. a claim is made that a new ingredient of
a tablet or elixir enhances the absorption of £1 drug. and a com»
porison ufplanma levels ofthe old and new proporatious seems
to support the claim. Upon further investigation, however. it
may -be revealed that the new so-called absorption adiuvant is
replacing an ingredient that previously bound the drug or de-
layer! its absorption; thus, the new anfjuoand is not an ndjuvant
but rather il: in only a nondeterrent.

OTHER FACTOB.S—A nuitnlaer ofother, he we1l~defined

factors silent the absorption of drugs. some ofwhich may oper-.
ate. in part. tlirough factors already cited above. Disease or in-
jury has a considerable effect upon absorption. For example, de-
Bridomont ofthe stratum corneu.m.i'ncreuoeo the permeability to.
topical agents, _i:o-enirigitis increases the permeability of the
blood-brain barrier, insufficiency‘ decreases the absorp-
tion oflipid-soluble substances from the intestine. and and-base
disturbances can affect the o.lrsorpt'ion of weak acids or lJaE-GB.
Certain drugs . such as ouahain, that affect active transport pro-
cesses may interfere with the absorption ofcertain other drugs.
The condition of flnegmlmd substance. or in.troce££u_laJ* camera,
probably bears on the absorption ofcortatiu types of molecules.
I-Iyaiuronidsse, which clepolyrnerizes the rnucopolysnmhiu-id's
ground substance. can be demonstrated to I'acilitate_the ahsorp-'
tion of some, but not all, drugs from subcutaneou ites.

The term drug disposition is used here to include all processes
that tend. to lower the 'plnsm_a_ concentration of drug, as opposed

to drug-absorption. which elevates the plasma level. Consen-
q1_1enl'.ly.the distribution of drugs to the various tissues is con-
sidered under Disposition. Some aothors use the term dioposi~
tion synonymnusly -with elimination, that is, to include only
those processes that decrease the amount of drug in the body.
In the present content. disposition cmnptises three categories of
processes: distribution, hiotrsnsformation, and excretion.

DISTRIBUTION. BIOTRANSFORMATION,

AND EXCRETION

The term distribution denotes the partitioning ofa drugsmong
the numerous locations where a drug may be contained within
the body. Biocmnsformations are the alterations in the chemi-
cal stcuctum of a drug that are imposed upon it by the life pro-
cesses. Excretion. is. in a sense, the converse of‘ absorption.
nainely. the transportation ofthe drug or its products out ofthe
body. The terzn applies whether or not special organs of excre-
tion are involved.

Distribution

The body may be considered to comprise anumher of coroner!-
_.-nenss.- enteric LGI}, plasma, interstitial, cerebro-spinal fluid. bile.
glandular secretions, urine, storage vesicles. cytoplasm -or intra-
cellular space, etc. Some of these compurinsenls, such as 1n'i11e
and secretions, are open-ended, but since tlnair-contents relate D1
those inthe closed cotnpartments, they also must. be included,

At first thought. it may seem that ifs drug was distributed
passivelylie. by simple Iiifiusioi1l.s.nc1 the plasma concentratloll
could be maintained at a steady level, the concentration bfa
drug in the water in all con1par1:n:1ents'ought to become equal
Itis true that some substances, such as ethanol and antipyrine.
are distributed nearly equally throughout the body water, but
they are more t.l:Le exception than the rule. Such substances are
mainly small, uncharged, nondissocinble, highly W§,tv[!l‘-Qlllllllla
mnl 5-.cuie_=:.
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The condition of small size and high water solubility allows
passage through the pores without the necessity of carrier or
anti Va transport. Small size also places a limit on van der Waals
-binding energy and configurationai complementrine:-is, so that
binding to proteins in plasma. or cells, is slight. The presence of
aclmrge on a drug molecule makes for unequal distribltbion
aéroax charged membranes, in acoordancewitla the Donnan dia-
tiibution (see below}. Dissociability causes unequal distribu-
Lino when there is a pH difibrential between compartments, as
discussed under The pH Po.r-litioo Principie [see below. Thus,
even ifc drug is "distributed passively, itodistrihutiou may be
uneven thmugfbout the body- ‘When active transport into, or
rapid biotransformation. occurs within, some compartments,
maven distri bution also is inevitable.

THE pl-I PARTITION PRINCl'PLE—An important cause-
qucoce of nnnionic diffiioion is that a diffeaunce in pH between
two compartments will have an important influence upon the
partitioning ofa weakly acidic or basic drug between those com-
partments. The partition is such that the unionized form ofthe
druglias the same concentration in both compartments, sinoeit
in the form that is freely diiiuoiblc; the ionized Form in each com-
partment will have tho concentration that is detemiinefl by the
pH in that compartment, the pK aodthe concentration ofthe un-
ionized form. The governing effect of pH. and pK on the partition
is lmown as the pH partition prinripie.

To illustrate the principle, consider the partition of salicylic
acid between the gastric juice and the interior of a gastric
niucosal cell. Assume the pH of the gastric juice to be 1. which
it occasionally becomes. The pl?“ ofsalicylic acid is 3 lMarI;in‘“
prwideo one auurco of pK values of drugs}. With the Hender-
mn-Haaselbalch equation [see Chapter 1'7"’: it may be calr.'.'1J'1ated
that the drug is only 1% ionized at pH 1. [The relationship of
ionization and partition to oil and pK has been formulated in
several clifibr-ant ways. but the student may calculate the com-
Eentratious from simple. mass law equations. Moro sophisti-
cated calculations and reviews of this subject are avail-
a|:lc."'”"“l The intracellular pH of most cells -is‘ about 7.

_A&suming_ the pH of the mucosal cell to be the same, it may be
-céluulatcd tlial. salicylic acid will be 99.99% i.o_r1ioed within the
o1ls.Sinca the concentration of tho on-ionized form is theoret-

it-ally the some in both -gaotric juice and mucosal cclIa,.it follows
that the total concentration of the drug (ionized + on-ionized}

-within the mucosnl cell will be 10,000 times greater than that
-i:': gaotricjuicc. This is illustrated in Fig-are-57-13. Such a. rela-
tively high intracalluiar concentration can have important 05-
ninth: and toxicological consequences.

MUCOSAL CELL
CYTOPLASM

pH 7.0

GASTRIC -JUlC.E

pH 1.0

‘I133
1‘ [Lin-Ionized] ='- Ll

ll

E Ionized] * {L01

l.= [Uh-lllflllfidl ,__
5
m
3an
:o
1:»
2
m

99.99=E|oni2ctll 
figure 5?-13. Hypotheilcol pottitlon of salicylic and between gastric
ilite and the-cytoplasm of a gastric rnuoosal cell. It is assumed that the
‘ nizeo form cannot pass through the cell membrane. The intragastnc
‘tpncentration of salicylic acid" is arranged arbitrarily to provide unit con-

" Iranoru of the ur_1-ionized form. Brackered values. concentration; or-
iows, relatavc SIZE depicts the direction in which dissociation-assodation
' lavored at ooolllbrium
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Had the drug been a wool: base instead of an acid. the high
concentration would have been in the g.a_.stri'c juice. In the
small intestine, where the pH may range from 7.5 to 8.1. the
partition of R weak acid or base will be the reverse oi‘ that in
the sttomacli. but the concentration differential will be lower,
because the pH Iiillierential from lumen to ulucosal calls. etc,_
will be lower. The reversal of partition as the drug moves from
the stomach to the small intestine accounts for the phe-
nomenon that some drugs may be absorbed from one GI seg-
ment and returned to another. The weak base atropine is ab
curbed from the small intestine, but because of pH partition.
it is 5-cc-rated irito the gastrir: juice.

The pH partition of drugs has never been demonstrated to
be as marked as that illustrated inFig11re 57-1-3 and in the text.
Not only do many drug ions prullably pass Lllrough the pores ol’
the menibrane to a significant extant, but also some may pass-
through the lipid phase, as explained above for the oior-phinana
and mecamylam inc. Furtl1ennoro,ion-pair fonnatinn in c_a.1'rier'
transport also bypasses oonionic difibsion. All processes that
tend toward an equal distribution of drugs across membranes
and among compartnwnte will cause further deviations from
theoretical predictions ofpl-I partition.

ELECTROCHEMICAL AND DUNNAN DISTRIBU-

TIDN—A drug ion may be distributed passively across-a mem-
brane innccjordance with the membrane potential, the charge
on the drug ion,.a.nd the Domino eiTect_ The relationship nftbe
membrane potential to the passive distribution of ions is ex-
pressed quantitotivoljr by the Nernat equation (Eu; 7) and al-
ready has been discmised. Barring active transport. 13}! parti-
tion. and binding. the drug will be said to be distributed
according to the electrical gradient or to its cqoii£br'io.m poten-
tial. Ifthe membrane potential is 90 mV. the concentration of a
unioalent cation will be3fl times as high within the cell aa'wit.h-
out; if the drug cation is divalent. the ratio will be 890. The dis-
tribution of onions would be just the reverse. If the membrane
potential is but 9 mV. the ratio for .-2: univalent cation will be
only 1.4 and for H divalent cation on-13; 2.0. It thus can be seen
how important monibrane potemial iuay be to the distribution
of ionized drugs.

it was pointed out under Mem.bro.m° Potentials. that large
potentials derive from active transport of ions but that small
‘potential: may result from Donrmn distribution. Donnan mem-
brane theory is discussed in Chapter 20. According to the the-
ory. the ‘ratio of‘ introcollularfextlbcei-Iular concentration of n
porineant nnivalent anion is equal to the ratio of extracellu-

larfintmcellular-ooocentration of a parmaant univalem: cation.
A more general mathematical expression that includes ions of
any vaienceis

,1‘ P34: co no

ii‘) = (Fl "' ‘B’
where A,-. is the intracellular and A, the extro.c_ellulaI' l2EII'lCel'l.~
trotion of oniorlu fit is the valence of cation, 3.. is the Valence
of anion, C; is the iritmcellular and C.-,. the extracellular con-
centration of cation, and r is the Domino factor. The value of
r depends upon the average molecular weight and "valence of
the macromolecules (mostly protein] within the cell and the
intracellular and extracellular volumes. "Since the macro-

moleculos within the cell are charged negatively, the cation
concentration will be higher within the cell; that is. C; > C...
Since a Donnan distribution results in a membrane potential.
the disl:ributi'o'n of drug ion alEI.3' will be in koeping with the
membrane potential,

The Dunnan clistrihution also applies to the distribution of a_
charged drug between the plasma and interstitial compcr't.-
Jnent, becc.u'sB of the presence ufanionic proteimi in the plasma.
Equation 8 applies by changing the subecript r'. to p, for plasma,
and e to .5, for interstitial. The Donnan factor. I“. for plasmo—iI1-
teratitial space partition is about 1.05:1.

BINDING AND STORAGE--D1-ugs frequently are bound
lies cc-ial
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Figure 5?-14. Distribution of a drug between two compartments in
which the degrees of binding to protein differ. The percentage of bind
ing is indicated. only the unbound drug can pass mrough the membrane.
fircckcrod values: concentration. (From Schankcr LS. Phamsacol Rev
1951; 121501.;

extensive and firm. it will have a considerable impact. upon the
distribution, excretion, and sqiourn ofthedrug-inthc body. Clin-
viously. a drug that is bound to 9. protein or any other macro-
rnol'a'_culo will not pass through the membrane in the bound
form; only the unbound fro-in can negotiate among the various
compartments

The partition among compartments is determined by the
binI3ing'cap'acity and oiudirlg constant in each compartroent. As
long as the binding capacity exceeds the quantity nfdnig in the
-compartment. the following equation generally applies:

log-Dy. = lo3K + I: logflf

'where 11:, is tlio concentration of‘ bound drug, 19 -is the concen-
tration of free drug, and or anclfl’ are constants c aradloristic of
the drug and binding macrotnolocule. The equation is that of 11
Etcundlich -isotherm. As the binding capacity‘ is approached.
the relationship no longer holds. For a nondissociable drug at
equilibrium, 1}, will be the same in all communicating compart-
manta. so that it would be possible to calculate the partition if
K and a are known for each compartment. Except for plasma.
the values of'K and o are -goncrally unknown. butthc ‘percent-
age bound is often known.

From the poroentage bound. the partition also can ho calcu-
lsted. as in Figure 57'-14.” I-Iowcver. the logarithmic rolst&on—
ships shown in Equation 9 serve-as a reminder that the per
centage-. bound changes" with the concentration, so that the
partition will vary with the dose. If the drug is a weak acid or
baso, the 'u.t1—ior'1iz'o,d free form negotiates among the oompa.rt—
manta. but the ionized form is often the more firmly bound‘, and
calculations must. take into account the dissociation constant
and the different Ks and as ofthe ionized and un-ionized forms.

It is misbelievad commonly that bindingin the p1's.s_ma inter-
fares with the activity ofn drug and the intracellular binding in
a responsive cell increases activity or toxicity. Both bizidlng in
plasma and in the tissues decreases the concentration of [rec
drug, but this is easily remedied by adjusting the doseto give a
sufficient concentration for pharmacological a.ctivity..T11e
triloutiou and activity of the free form are not afiocted byhind~
ing. The. principal effect ofbinding is to increase the initial dose
requirement for the drug and create a reservoir of drug from
which ‘l.hB=dru.g may be withdrawn as the firee form is excreted
or metabolized. I-lowwver. ifthe bindlngis oxtrcmaly firm and re-

lease is slow, the rate of release may not be enough to sustain
the l'1'e_e form at a level sufficient for pharmacological activity; in
such instances the bound drug cannot be-considered a rcscwc.

The effect ofhinding upon the sojourn ofn drug may be con-
.-sidaral:lc=. For example, quinscrino. which maybe ‘concentrated
in the liver to as much as several thousandtimes the concen-
-trstiouin plasma, may remain in the body for months. So1usio-
dine.-ccntaining. radiopaquo, diagraostic agents are bound
strongly to plasma protein and may remain in the plasma for as
longns 2 yr. In jrathological conclitionfi. such as ncuhroais, dia-
betes. or cirrhosis, in which -plasma protein levels may he

di=_-"creased, the plasma protein binding. loading dose. and dura-
tion ofacfion all may be -decreased.

If a drug is bound to a functional macrotnolecule, binding"
may relate to pltmmacologzical activity and toicicity, providing
that the biudijngjs at a critic-a’l center ofthe ntacromalecule. The-
hiudiug by nucleic acids of certain antimalarials, such as
quinacrinc-, undoubtedly contributes to the parasiticidal ac-
tions as rm.-1l'as to toxicity.

Most dru_gc- are looundto proteins by relatively weak Forcoo,
such as van filer Woods (London, Kccsom. or Dchyo) forces. or

hydrogen or ionic bonds. Consequently. binding contacts gen-
erally are small, and binding is usually readily reversible. The
larger the 1uoleculc,tho greater the van der Waals bonding. so
that large drug molecules are more likely to be bound strongly
than an‘; "small ones.

Just 8.3 .'sl1ap_e and the nature of functional groups are im-
portant to clirug-receptor comhiuittion. so they also are to bind-
ing. Drugs of similar shape audio: chemical fllfinitios may bind
at the same sites on a binding protain and hence‘ compete with
one another. For wtamplo, phenylbutazouc displaces warfarin
from human plasoia ‘albumin, which may cause an increase in
the anticoagulant effect of warfsrin. some drugs also may dis-
place protein-hound endogenous constituents. For example,-
aulficcxasolc displaces biliruhin from plasma proteins: in in-
fants with kcrcdctcrus the freed hilirubio floods the CNS and
causes somot.Irocs- fatal toxicity.

Depending on tho lipid-water partition coefficient. as drug
may be taken up into fatty tissue. The ratio of concentration in
Fatto that in the plasma, will not be the some as dictated by the
partition coalficicut. because of the .cont_cnt ol'ws_ter and roc-
lipids" in adipose tissue, and because eloct.rolytes- and other so.-
lutcs alter the dielectric constant and hence solubilitics from
those of pure water. Lipoprotoins and even nonpolar sub-
stit-ucnts on plasma proteins also take up lipid-soluble
molecules. so that solubility in plasma can be considerably
highcrthanthatin water. The rolativelyhigh solubility ofcther
in plasma makes plasma a pool for other, the filling ofwhich do-
lays the onset of anesthesia. However, other and other volatile
anesthetics arc taken up gradually into the adipose tissue.
which acts as a- store ofthe s,nastl1ctic.Thc longer the aneathcfi:

is administered, the greater the store, and the longer-it takes for
anesthesia to terniinato when inhalation has bean discontinued.

Another notable substance that is taken up readily-into fat
is th'icpcnt_al. Even though there is a high solubility of this Incr-
biturstr.-. in fat, the low rate ofhlootl flow in fat limits the rate of
uptake. Because the blood flow in the brain is. very high.
thiopentol rapidly enters brain tissue. Howe-var, it soon equili-
b1'a'l'.ss- with the other timuefi. and the brain concentration falls"
as tltct in the other tissues (cg, muscle or liver) increases. As-
thc brain concentration falls, anesthesia cc-aces. Gra-:1ually,the

fut accumulates the drug a.tI:.l1e expense ofo-tl-nor compartments
T-ho gradual entry of thiopental into fat at the expense of
plasma. muscle. or liver is-illustrated in Figure . 7-15-.
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uallv ':ransfers.to fat. where thclicid-soluble drug dissolves in fat tlfiaplcis.

AMNEAL “E'EXfitBfT'T€6J°T0§§5*i'Page



.-.v1v:--
w

'1T,:}"'@-"MUI'\;-i-filI:""-"'3H“

 
 

 
 

 
 

 
 
 

 

 
 

 

 
 

 
 

 
 

 
 
 
 

 
 
 
 

 

 
 

 

 
 
 
 

 

 

 
 

 

 

 
 

NONEQUILIBRIUM A-ND BEDISTRIBWHON-Thus
far. the distribution of drugs has been discussed mainly as
though equilibrium or steady-state conditions ezdst after a drug
is absorbed and distributed. Howevensince most drugs are ad-
ministered at intervals and the body content of drug rises and
falls with absorption and biotransl'orrneL!5on.—ox,cr'etion. neither
a true equilibrium among the body compartments nor a steady
state exist.

The term equilibrium is used misleadingly to describe the
conditions that exist when the plasma UEl'l‘l!3EI1tIfltlCIfl and the
concentration in a tissue are equal, as exemplified at the point
of ituerseotion of the curves for plasma and muscle or plasma
and fat in Figure 57-15. But such equilibrium with fat occurs
much later than equilibrium with muscle. so that no true equi-
librium really exists smong all the compartments. Further-
more, the crossover point for plasma and any one tissue is not
D3|33fl331’i1Y 311 Equilibrium Dflinte because the rates of ingress
-and egress from the tissue are not necessarily equal when the
internal and external ooncentrations are equal. since there are
numerous factors that make for unequal distribution [pl-I pur-
tition. Donn an effect. electrochemical -distribution." active
trensport, binding. Etc].

A study of Figure 5'?-15 shows that the distribution of

tliiopentol continually changed during the 3.5 hr -of observa-
tion. At the end of the period, the content in fat was still in-
creasing. while that in each of the other c_ompa'rtments was de-
creasing. This t-imeadepondent shift in partition is called
redistribution. Eventually. the content in fat would have
reached a peak. which would represent as nearly a true equi-
librium point as could be achieved in the dynamic situation
where hiotrsnsforroation and a slight amount of excretion of
the drug was taking place... Once the concentration in the fat
had reached its peak, its content would have declined in paral-
lel with that in the other tissues, end the partition among the
compartments would have remained essentially constant. Re-
distribution. then, takes plsoe only until the concentration in
the slowest-filling oomportnient roaches its peak, .so long as the
‘kinetics ofeliruination are constant.

Jul index ofdistribution known as the oolume of-distribution
[amount of drug in the body divided by plasma c-oncentrstionl
:isofconsid'oroble usefulness in pharmacoltinetics but is of lim-
lted value in defining the way in which a drug is partitioned in
the body.

_ "The word space often is used synonymously with volunieof
distribution. It is employed especially when the distributed
“solistance has a volume ofdistribution that is essentially iden-
tical to a physical real space or body compartment. Nsscetyl-4»
_lm1iI1oantipyrino is distributed evenly through-out the total

water and is not bound -to proteins or other tissue can-
stituents. Thus. the acetylaroinoantipyrine space. or -volume of
_jiiso-ihuuun. coincides with that of total body Water’. Inulin. su-
t1'¢56. sulfate, and a number of ot.l1.e1' 5-ubstances essentially are
_.confined to extraoellular water, so that an inulin space, for ex-
-sjniple, measures the extracellular fluid volume. Evans blue is
iconfioeti to the plasma, so that the Evans blue space is the
plasma volume. Such space measurements with standard space
'§l3dioators are as necessary part oi’ studies on the distribution of
_- ES. since it is desirable to compare the volume of dist'ribu-

a drug with the physiological spaces.

' viotransformations

-. - drugs are acted upon by enzymes in the body and converted
_- metabolic derivatives called metabolites. The process of mu-

-"' : ion is called biotr-a.n..sform,a££an. Metabolites are usually
so. - polar and less lipid-solo ble than the parent drug because of

introduction ofoxygen into the molecule, hydrolysis to yield
v highly polar groups, or conjugation with a highly polar sub-

. As a consequence. metabolites often showless penetra-
to tissues and less renal’. l:ub1.I1ar resorption than the pan-

drug, in accordance with the minciple-of the low penetration
polar and high penetration of lipid-soluble substances. For ARINEAL
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similar reasons. metabolites, particularly conjugates. are usu-
ally less active than the parent drug and oi’r.er_1 i.no.c'tive:. Even if
they are "appreciably active. they generally are excreted more

rapidly. Therefore, the usual net effect ofbiotrsnsformation may
be solid to be one of Enocliootioo. or de:o.tico.tion.

"There are. however. numemus examples in wliich l1iotrans-
fmuiatiflfl does not result in inulstivotion.

There are also examples in which the parent drug has little
or no activity ofits own butis converted to an active 1uetal:uulite:'
parathion, nmlathion, and certain other antichulinesterases rc-
quiro motnholio activation; inactive chloroguunido is converted
to on active triasine derivative: })l1enylliL1ts'z.one is l1ydroxy-
lated to the antirheumatic hydroxyphenylbutazone; inaI.:tive
pen-t-avalont arsenicals are reduced to their active trivalent.
metabolites, end there are other examples ufan activating bio-
transformation.

When a delayed or prolonged response to a drug is desired or
an unpleasant taste or local reaction is to be avoided. it is a
common pharmaceutical practice to prepare an inactive or
nonoifending precursor, such that the active form may be gen-
erated in the body. Tl1is.pract.iL‘u has been termed drug Enteriti-
ution. Chloramphenicol palmitete. dichlorslphenazone. end the
estolates of various steroid hormones are examples of delibe-r~
ntelylatentiated drugs- Because inactive metabolites do not al~
ways result from biotransformotion. the term detoxication
should. not be used as a synonym For biotrsnsforsnatlon

Biotronsforniations take place principally in the liver, al-
though the ltidney. skeletal muscle. intestine. or oven plasma
may be important sites of the encylnatic attack ot'su1:IJe.drug:<.
Biotronsforrnstions in plasma are mostly hydrolytic.

ENIJOPLASMIC RETICULUM AND MICROSOMAL
S'i'8TEM—-Many hiotransformstions in the liver occur in the
endoplusnzic reticulum. The endoplasmic rmioulum is a tubular
system that courses through the interior of the cell but also
appears to communicate with the interstitial space. and its
membrane is continuous with the cell membrane. Some of the

reticulum is lined with ribanuoleopru-Loin particles. called ribo-
somes, which-are engaged in protein synthesis; this is t.l1&.!‘o:.Ig.l1
ondoplasntic rot-iculum. The smooth endoplasmic reticulum
lacks such a granular appearance. The endoplasm icretioultlni
is invested heavily with numerous enzymes. which biotrsns-
form many drugs and some endogflnous substances.

Whena broken-cell homogonuto of the liver is prepared, the
roti.cI.1luru becomes fragmented. and the fragments fortn vesieuv
lsr structures called micmsomes. Although the microsornes are
artifacts. it is often the practice to refer to-drug metabolism as oc-
curring in miorosomes rather than in the endoplasmic ratio ulum.

The microsomal system is peculiar in that both oxidatious
and reductions usually require the reducing eofsr.-tor. reduced
nicotioamide adenine dlnuoleutide phosphate I,'NADPHl. This
is because miorosomol oxidotiuns proceed by way of the intro-
duction of oxygen rather than by dehydrogenation, and
NADPH is essential to reduce one of the atoms of‘ oxygen. The
drug first binds to an oxidized C'_yl'..OChI'f.I1'1'lE' P450. The drug-—
cytochrome complex than is reduced by NADPH—cy‘tochrome
P450 recluctaso: tho. reduced complex than combines with oxy-
gen,. after which !he metabolite is released. and oxidized cy-
tochrome P450 is regenerated. Cytochrome P450 is a generic
term for a. superfboiilo of enzymes."

The general designation of the cytochromes P450 is CYP fol-
lowed by number (the family! and letter (the subfamily: subdi-
visions. The classification is‘ based on amino acid sequence ho~
molngy. To belong to the some Fsunily, the homology must be
greater than 40% and to the some subfamily greater than 59%.
The form is indicated by a number that is based upon the
chronological discovery order. The major human forms involved
in drug metabolism are CYPEAI and CYP1A2, CYP2A6,
CYPQBG. CYPQCS. CYPECHILU, CYPZCIBIIQ. CYPRUS,
CYP2E1_. CYP3A4. CYP3A5. and CYP3A7. In concentration-.
CYP3A5 comprise 40% of the liver P450. CYP2Cs comprise
25%, and CYP1A2 about 15%. Despite its limited conoentriuion
"W ' """"”' " ztnbalizers about one-fourth of currently used
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phlsm in which 5 to 10% of the population are poor lZl'tEIl:Ebtlli.Z-
ers. The different isozymes present in humans, together with
which drugs they metabolize. are of increasing importance in
umierstanding drug interactions and toxicities and individual
responses to standardized doses.

In addition to t:y_l;n,I:l.1rmne P450, the endoplasmic reticulum
contains flavoprutcin monooxygeuoses. which are also respon-
sible for the oxidative metabolism of drogs."The mechanism of
oxidation diifers from that of c:yt.cchromc- P450. and their sub-
strate tony drug ceritojraing o nucleopbilic hotarnaboml "selec-
tivity is much less. FMO3 is the maior human liver lhrm.

Some ofthe enzyrnes of the microsomsl system are quite eas-
ily Eodoc-rd; that is, a drug may increase considerably the ac-
tivity of the enzyme by increasing the hiosynthcsis of the on-
zymc. An increase in the amount of andoplas-tnic reticulum
sometimes occurs concomitantly with enzyme induction.

The ruei:h'anisn1 of induction is best -documented for poly-
cyclic aromatic hydrocarbon iAhl-type inducers but is thought
to be similar for all agents: however. it involves d.il’l'e.rent recep-
tors, whi_c_:h.1'nteroct with different regulatory elements on the
DNA tFig 5746]. The cytosol contains pi-otcins.tl"1at.have :1 high
affinity for the inducing agents. In normal drug therapy, the
drug (DI enters the liver cell and, if adequately metabolized, is
zliscliarged on metabolites. Instlicient clearance from the col],
possibly due to high dosage, results in accumulation lie, ex-
cessl, and some is able to bind to the protein, -which has a high
ofinity tor the accumulating drug. ‘When the inducing agent
binds to its receptor, there is a oonfonnutioxtol change [for an
Ah receptor, ehoporone proteins are diaplocedl allowing the re-
fleptttr-inducer complex to translocatc into the nucleus, link.
with additional nuclear factors, and initiate the transcription of‘
ruR.NA to a limited number-ofproteins. by binding to DNA re-
glans termed u drug-response element (DRE! (xeoobiotic re-
sponse element for the Ah receptor cocriplexl that activate gene
transcription. (For polycyclic anomatic hydrocarbons, the acti-
vated genes including specific isozymcs of cytochrome Fstfiil,
glutathimoe S—trans:f'erase. and UDP-glucuronosyltrmsfer-ase.I
These mRNA rnoleculen more out ofthe nucleus and are trons-
latod into new 1-.m:-teins on the ribosomes attached to the-eudo—
olasmic reticulum.

The .drug-lnetobolizing enzyinefi liilfer in their ability to be
induced. For cytochrome P4503, CYPLA2 is induced preferen-
tially by polycyclic aromatic hydrocarbons and -other chemicals
contained in cigarette smoke and charcoal-broiled meats. as
wall as by components in erucifsrous vegetables. CYP2A6 is
induccd.by barbiturates as are CYP2G9'and CYP3A4. CYPZC9,
CYPZCI9. and CYP3A4 are all indu-cod by rifampiein,
but CYP3A4 is additionally induced by many drugs including
carbaniazcpine, phenytoio, glu¢ocortic'oitls ldexornethasoncl,
clotrimszulo. sulfinpyrszooe, and niaoroljde antibiotics such as
troluuudomycin. CYPZE1 can be induced by ethanol and immi-
asid. There are no known inducers of CYPRUS,

Treatment of an experimental subject with phenobarbital
will increase the rate of metabolism of phenobarbital, which
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necessitates larger and more froqoeu-t doses of the drug to
maintain a constant sedative affect. Moreover, phenobarbital
may induce an incnaasad metabolism of some other, but not all.
barbiturates as well as some um-slated drugs, such as str1.ruh-
nino and worfarin. Oddly, warfarin does not induce ‘its own bio-
transforrnation readily.

Induction may create therapeutic problems. For example,
the use of phenobarbital during treatment with worforio in-
creases the door: requirement for ‘wot-farin. Ifthe physician is
unaware of this interaction and fails to increase the dose. the
patient. may suffer a thrombotic episode. lfthe dose of warfarin
has been increased and the phenobarbital is then discontinued,
the rate of metabolism -of"warI‘s.rin may drop to its previous
level, so that the patient is-o-verdosed, with hemorrhagic conse-
quences. Some drugs inhibit ratherthan induce the microsomal
enzymes, which reduces the dose requirement and may lead to
toxicity. Clmcticline is an example of a drug -that inhibits the
hepatic metabolism ofa number ofother drugs.

The noticvity nfthg microsofnal biotransfnnnation enzymes is
ofl‘or.-ted by many factors other than the presence ofdrugs. Age.
sex, nutritional -states, pathological conditions. and genetic fac-
tors are among the influences that have been identified. Age,
particularly, has received considerable -attention. Inihnts have
a poorly developed roierosomal biotran sfnrmalrion systein.
which accounts for the low dose requirement for morphine antl-
slso explains the high toxicity of chlororophanicol in infants.

The -zt_c.tivil;y and -cloctivity of the miorosomal bio1:rnnsfor-
motion system varies greatly from species. to species. so that
care must be oxsrreiserl in extrapolating experimental fi!1'di'ngs
in'1aborst_or5: animals to man. _

TYPES OF BIOTR.ANSFOR.MAT_ION3=-—Biol:ransformo~
tions may be clegrodotiuc. wherein the drug molecule is diroio—
i-shod to .3 smaller structure, or oyothozic, wherein one or more
atoms or g-ro.1.1pEi may be added to the molecule. Very few drugs
are degraded cointilotelsr. However, it is more useful to outage»
rise biotransformations with respect to metabolic lnoncoriiugo
rival biotronsformsticns and conjugativo biotmansformotious.
The former is called Phase I and the latter, Phase II. In Phase
I, phannacotiyilarnic activity may be lost; however. active and
chemically reactive intermediates also may be generated. The
polarity of the molecule may or may not. be increased sulfi-
ciently to increase excretion markedly. In Phase II. metabolites
from Phase I may be .com'ugoted, and sometimes the original
drug may he conjugated. thus bypassing Phase I. Phase II gon-
erates metabolites of high polarity, which are excreted readily.

Biotraosformations may be placed into four main categories:
{ll oxidation. (2.3 reduction, (3l hydrolysis, and (41 conjugation.
Oxidation, reduction. and hydrolysis comprise Phase 1. Conjo-
gation comprises Phase II.

Ox1'rIati.on—Oxidation is more common than any other type ofbio-
l;ra.n.st‘or'n1ati£l.n. Clxiliations that occur primarily in the liver raiorosomsl
system include side-chain hydrmq.-lotion: aromatic hydroxylotion:
rleamination (which is oiuidative and results in the intermediate tortuo-
tion of RCH0l:N-. 0-_. and S-d'_calkyLst:ion {which probably Involves hy-
dmxylstioo of the alloy] group followed by uaidafion to the aldehyde):
and sulfoadde fiarroation.

Chddutions that occur elsewhere. other than -the microsmncs, are
ganoratlly tlehydrogon ations lbllowed by the addition ofoxygen or wa.ter..
Examples are the oxidation of alcohols by alcohol dehydrogonasc. the-
oxidation ofsldehyde by aldehyde-dohydrugcnose. undihe-doominatioo
of monoaminas by monoernine oxidasc and dismlnes by rliarnine oasi-close.

Rar.1uction—Ii'.eductions-are relatively lkrcoromon. They ruainl,y-l1c---
cur in liver mjcrcsomes. but tltey occasionally take place in -other -tl;I-
auoa. Examples are the reduction at‘ nitru and nitrooc groups I as in chlo-
rso-.u;1henicol. nitrogls-corin,ond organic oitritesl. of the use group I-,ssiJn
promoail l, and of cgrtoin aldehyde: to the nnrresponding alcohols;

H5"dI'ol_V3is—H§rdrolysis isa comnion biotransfm-oration among es-.
tors and amides, Eotorosec are located in many structures besides the
microsomes. For example, cholinesterasos are found in plasma, en'-
lhrocyteu, liver. no-we terminals. ,'rLmrtiona1 interstices. and posuuno
Lions] sI;ruI:.t1.l1‘e.3, and procaine osto-roses are found in plasma. Varionfi
ohnsohatases andsulfatasos -also are distributed widely in tissues-and
plasma, although few drugs are appropriate substrates. The hydrolytir

AMNEAL ““hfififii“i‘i""'l9‘l’(‘5T"l’i’l"l"s°§”i°""r5‘“§"’g5’” l



.1u-III‘|'“"
1'{B

1"‘i:tl'-'1-“'3'

 
 
 
 
 
 

 
 

 
 
 
 

 
 
 
 
 

 
 
 
 
 
 

 
 

 
 

 
 
 
 

 

 
 

 
 

 
 
 
 
 
 

The liydrulysis of epuxides. omen generated by cytochrome 9450 oxides
lions, to forrn dihyd rodinls loan important detoxification: mnctir:n_

llesulfumlioll. in which oxygen may replace sulfur. takes place in
the l'wcr..Thiopcntal is converted in part to peotolaarbltal try desnlfurs-
lion, and parathion is lrsnsfonrw.-d to porsioxon.

Doholngenoiion ofcertuin insecticides and various halogenated hy-
drocarbons may take place. principally in the liver but not in the micro-§Kl|.‘l'IE8.

CorIjuga.tio’n—A large number of drugs. or their niotabolihes. are
w==.iIIsatc.d- Cnniugatinn is the biosynthctic process of r.:oIiIl:I'ini.n'g a
lhcinical compound with at high iy polar and wa1er-so1uh_lena_rurs1cub-
stance I.u yield a water-suluble. usually inactive, p1’ad'ul.‘1.. Conjugstians
g'ansrall3'invalve either aster-ificstion, amidation. mixed snliydride for-_
natirm. hcmiacatal Formation. or etherizatlun-.

Glccimmic acid is the most frequent partner to the-drugin conjuga-
Iian.Actuo1ly, the drug reacts with uridinc diphosphcglucutunic acid
rather than with simple glucurooic acid. The drug or drug metabolite
combines at the numb.-n‘ 1. carbon {aldehyde arid] and nlal. at the cfifbuxyl
ml cfglucurunic acid. The hydroxyl group of an alctihhl or a phenol ot-
lacks the number 1 carbon «rum pyrsn ring to replace uridine djpltus-
Film-T119 product is a I1cIu.iaI:etaI—1il:e derivative. Since the product is
Iiol. an e;ite:', the turm glllpurargirfe is appropriate. Rarely. lhiuls and
mines may form analogous glucuroniclss.

Csrboxyl compounds form esters. appmp-riatoly called glucuronatgs,
in replacing the uridinc diphoophot-.c.. Sulfuric acid’ is also is fi-equem‘.
uaojugant. especially with phenols and too lesser extent with simple aI~
mhuls The sulfuretcd product is called so clhcreol sulfixlc.

ll.-._:cas1ono'lly sulfi.LrI'c acid conjugates with aromatic amines to lorm
mlllbnoles. Phoupftranlc omit! nlscI'corI,i\:gohes with plienuls and" srcn-nstic
mines. The conjugation of hen.-zoic acid with glycine to yield hippuric
I.l.'ltl is a classical example of an mnidoticu conjilgntive process.

Many e1ct:truphilic- com pounds conj ugato with tho niu,-loop hilic
ttipqitidc. glutulhionc. T111-uugh a series of enzymatic reactions. the -y-
gluwmyl and slrcyl residues a're.re.o1oved. the remaining cysteine con-
jilgnle is N-ncctylsteaci. -and the product spontaneously i:lcl1'ydrate-s tu
form n niercapturic acid.

Amidatinns with amino acids are less frequent than at.-c_ty£I:t_£cm.
partly Because few drugs are carhuccylic compounds. Ammalic amines
mil occasionally aliphatic amines rrr hetaroeyclic nitmgan fi-equently
are ncatylsied. Aoetyl-CuA is the biological reagent rather-than acetic
-1cid'it.celf. Unlil-.o most other conjugates. the occtylscc Ifi.31‘p§,¢l¢_l is us“.
oily loss wiitor-soluble than the purentcompound. The acct;-laticonfthe

-liars-amino group of the sulibnamides is a prime example of’ this type of
.u:njugi_a.ticn.

Al'I.l1c'ugh mos]; cunjugaiicns uncut‘ in ihclivcr-.somc occur In the kid-
‘ M’ at in other tissues.

Many amines. emecially derivatives ol’,B-phenylclhylamine and hit.-
_mI'.ycl-ic compotmcls. are methylated in the-body. The pmdtiets are 1.Isu.~
“ally J:-iologricslly Iitrtive, sometimes more so than the parent compound.

. -N'-Mlth_vlon'rm- may occur in the cytoplasm of the liver _Bri:'l elsewhere,
s pqiacially In chromfllfiu tissue in the case ol'phcny'1el.h'ylsmines.

Phenolic compounds may be O—mc£hyl_ated-. 0-Murfiylutfori is the
‘principal route of hiutrnnslormstiun of catechulsmincs such as
cgiincphrinu and nurepinepiu-inc. the methyl group being introduced on
alhu meta--hydroosy subslzltuent. Both N« and 0-melhylatinn require 3-
nllsoosylrucetliioninc-_

All the drug conjugation reactions. are catalyzed by special-
.l:edencymes present in multiple forms. G1 ucsiroxlidsnion is cat-
fslvyzcd by U'DP2glucurunosyIt;1'a.nsi'e1:aues, UGTE, located in the
-endoplasmic reticulum. UCiTs are classified in two major
glasses, UG'I'1As and UGT2Bs, based on amino acid homology,
out the two classes also differ in substrate selectivity. with
:UGT1As preferring planar’ dnigs and UGTZB 5 preferring
lsullzier molecules. As with cytochrome P4509, these enzymes
' inducible. and the two classes differ in their response to vac-
iuzsdnzgs and other chemicals.
' -Sulfation is catalyzed bysulfojtransferascs, .5'UL’I‘s. located in
'“ cytoplasm. The many isozymes aid-1.ibi1: sulzustc-ate selectivity.
j__ SGIDE differ in thermal stability. Unlike most mcfiur dmg-'me-
-hihulizing enzymes. SUL'I‘s are reiractcry to induction by drugs;

Glutathione conjugations are catalyzed by glutathiuna-8-
_gmsi‘erases, GS-‘Ts. alsolocated in the cytoplasm. The multiple
' as are designated into four rnajor classes: slpho, mu. pi

.. theta. The isozymes have relatively low substrate {elec-
__ _pl!.u'lel selectivity. Methylation reactions are catalyzed by cy~

7 plxsmic 0-., N-, and S-methyltransferases, and each exists ‘in
_'].I1tiple forms.
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Acetylatiun is catalyzed by cytoplasmic N-9cet_vltra-ns-
-(erases. NAT]. , and in the liver, NAT2. NAT2 cxhibibs a genetic
polymorphism. giving fast and slow acetylatnr pl':e11o-types with
differing incidences in-various populations {slow is high in Mid-
dle Eastern. low in Asian].

Excretion

Some drugs are not hictransfonncd in the body. Otliers may be
biutrsnsfurmed, but their products still remain to he elimi»
nated. It follows that excretion is involved in the elimination LII‘

5!] l drugs ilildfilr’ their metabolites. Althiitlgh the l-:ijclne_y is the
most important organ of exert-tion, some substances are ex-
creted in bile, sweat, saliva. or gastric juice or llrom the lungs,

RENAL EXCRETION-—'l‘]1e excretory unit ofthe kidney is
called the raophron l.F‘ig 5747). There are several million
'nepl11'ons in the human kidney. The nephron "is essentially a fil-
ter funnel, called Bowman la capsule. with a long stem. called 3
recoil tubule- It. also is recognized now that the ::ollet.*l.ir1g.duct is
functionally is part ofthe m.-pin-cz_1.The hlood vessels that invest
the capsule and the tubule are also an Iaasential part of the
nephmn.

Bowniarfs capsule is packed with s tuft of branching inter-
connected capillaries lgloiiisrolar cuff}, which provide a large
surface area bf capillary endothclium (filter pciperl througli
which fliiicl and small molecules may filter i:r_It.o the capsule and
begin passage down. the tubule. The glomerulnr tufl. together‘
with Bownuufs capsule. constitute the gloincrrilu-s. The
gluinerulur capillary endothelium and the stipporclng lgtyer of
Bowrnsxfs capsule ho.-.rc chanucla ranging upward to 40 A. Boo-
sequerltlznall unbound crystalloid solutes in plasma. and cveri
a_ little albumin, pass or are forced by pressure into the
glomerular filtrate.

The pustglomsrular vessels, which lie close to the tubules.
are ‘c-ritlcslly important to renal function in that Bubstarlces re-
sorbed from the filtrate by the tubule‘ are retume-.tl to the blood
along these vemels. The tubule is not straight but rather ficst
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Figure 5‘M?.Di'agram of a mammalian nephron Note how the lower
loops of the posftglomerular capillaries course downward and double
back along with the tubule. This allows counlercurrent d'|s’mb_ut1on to
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makes a number of c.o'uoolui:i'on.s {called a pnoxiimol conuoliited
.mbulc:,ti1'cn courses down and back up a long loop {called the
loop ofHenJcJ, makes more convolutions {the distal convoluted
tubule) and finally joins the collecting duct. The loop of Horrle is
divided into :1 proxirnal fdescczadirtgl robotic. othizn segment and
a disco! fdscomlingi tubule.

As the glornerulnr filtrate passes through the proximal
tubule. soroe solute may he resorhed [tubular rcsorptioni
through the tubular epithelium and returned to the blond. Ro-
sorpticn occurs in part by passive diilusioh and 5-11 port by ac-
tive transport. especially with sodium and glucose. Chloride fol-
lows sodium obligatorily.

In the proxiroal ‘region. the tubule is quite permeable to wa-
ter. so that resorhorl oolutes are accompanied by ermngh w.st'e':-
to keep the resor-hate isotonic. Consequently. -although the-fiL
trots becomes diminished in volume by approximately 30% in
the proatimal tubule. it is not concentrated.

Some acidification occurs in the proximal tubule so the re-
sult of carbonic anhydraose activity in tho tubule cells and the
difi'11si'm1 of hydrooirlm ions into the lumen. In the lumen the
hy.droniu1n'ion reacts with bicarbonate ion. which is converted
to resorbable nooionic CO2.

There is also active transport of.orgam'c cations and anions
into the lumen. (tubular secretion}, each by a separate system.
These active transport systems are extremely important in the
excretion of a number of drugs; for example. penicillin G is so-
creted rapidly by the anion transport system. and tetraethy-
lammonlum ion by the cation transport system. Probenecid. is
an inhibitor ofsnjon secretion and, hence. decreases the rate of
loss of penicillin from the body.

As the filtrate travels through the thin segment it becomes
concentrated-, especially at the bottom. as a result of nc'tive-re-
sorption and a cuuntexturrent-distribution afibct enslaléd by
the recurrent and parallel arrangement of the ascending scg~
merit, the parallel orientation of the collecting duct, and the
similar recurrent geometry of the aesociatccl ‘capillaries.

In the thick segment of the ascending loop of Honle, both
sodium and ohlor-‘ids are transported actively. _

In the distal tubule. sodium resorptiort occurs partl in coc-
cfrorrgc for potassium (potassium secretion} and for by roniurn
ions. Adrenal mineraloooi-t.'icoids promote distal tubular sodium
resorption and potassium and hydroninm secretion. Ammonia
oc_cr-error: also occurs. so that the urine either may be acidified or
elkalinizcd. according to acid-base and electrolyte requireroents.

Water is resorhcd selectively from the distal end ofthe dis-
tal convoluted tubule and the collecting ducts; water resorption
is under the control of the sntidiorctic hormone.

Drugs also may be resorbed in the distal. tubule; the pH of
the urine there is extremely important in‘ determining the rate
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Figure 57-1B'.Thc effect of unnarypH on theme-an cumulative excretion
in man oi mecarnyismine during the llrstday after oral adrninisrration of
‘ID mg. liemcal oroken fines: standard .de'J'Ia‘ll{l|'_1. [From Milne MD. El 3!.
Cr.-‘n Sci 195?; is-.599.)

LOGHGSE1"!!! UHEXGREIED  pH0FERNIE
ill» I! I1 II} II

HflL| R3

Figure §7~19.The- effect of urinary pH on the excretion of suifacrmdoie
in a human subiectafter oral administration of 2 g.'Bars {lower haiflr. urn-
nary pH; circles {open and closed. top}: log oi Ihe amount of drug re
‘mining in the body." negative slopes tof lines defined by the circles}; a
fi.1ni':tic:n of the rate constant of excretion. Note the abrupt increase In

rats when the urinary pH is changed from acidic to neutral or slightly ai-
kaline. {From Kcstenbauder H5, at al. J Hharm So‘ 1962; 51.'1Da4.i

of resorption, in.acoordance.witi1 the principle of non-ionic dif-
fusion and pH partition. ‘line pH ofthe tubular fluidclso affects
the.tU.b1.I.lar secretion of drugs.

As an oxample of the importance of‘ urinary pH. in humans
the secondary amine moccroylaminc is excreted more than four
times faster when the urinary pH is below 515 than when it is
above 7.5;Fig1.u-e 57-18 illustrates the cf!t‘cct.of urinary pH on
the excretion of this aorine. The elfect of urinary pH on thee}:-
cr-etion of a weak acid. sulfacthidole. is shown in Figure 5'?-19.

Tho pH and, hence, drug excretion may fluctuate
widely according to the diet, exercise. drugs, time of day. and
oi.‘-her factors. Obviously, the excretion of week acids and bases
can be controlled partly with acidifying or allco.l'inizr'ng salts.
such as ammonium chloride or sodium bicarbonate, respec-

tively. Comparative studies on potency and elficscy in man have
demonstrated the importance of controlling urinary pl-I. Uri-
nary pH is important. only when the drug in question is -s weak
acid or base of which a. significant fraction is excreted. The
plasma levels will change inversely to the excretory rate. For ex-
omple, it has hen shown clinically with quinidirre that a1ka_li11'-
isafion of the urine not only decreases the. urine concentration
but also increases the platoons concentration and toxicity.

The collecting duct also resorbs sodium" and water. secretes
potassium. and ac-idlfiee and concentrates the urine Antidi-
uretic hormone IADH1 controls the permeability to water of
both the collecting duct and the distal tubule.

Renal cleo._rcu"1cc and the lcinetics of ronal eliminrrtion are
discussedin Cb apter 58. _

BILIARY EXCRETION AND FECAL ELIMINATION-—
Many dn1gs are secreted into the bile and then pass into the in-
testine. Aclrug t.ho.t is passed into the intestine via the bile may
he reabsorbed and not lost from the body. Adrug conjugate en'-

ter-ing the intestine may he docorijogotcd by enzymes and the
‘parent drug reabsorbed. This cycle of biliary secretion and in»
testinsl resorption is called cote-1.-ohepcrtic circulation. Exam-
ples of drugs entcmhepaticelly circuletecl are morphine, and
the peoioillins. The bili'o.ry secretory systems gm.-atly res'eo1iJ1e
thoso ofthe kidney to'huls.xs. The eoterohcpotic system may pro
ride a considerable reservoir for a drug.

Ifa drug is not absorbed completely from the i.ntoa'ti."oe. the
unehaorbcd E3-action will be elimino.ted- in the faces. An unsh-
soobable drugthat is‘ secreted into the bile will likewise be elim-
imateri in l.l'.'e Feces. Such fecal eliorinat-ion is called fecal
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emotion. Only rarely are drugs secreted into the intestine
through the‘ suocus enterijcuo {intestinal secretions), although on
number of amines aresecreted into gastricjuice.

ALVEOLAR EXGl?.ETION—'1‘he large alveolar area and
high blood flow make the lungs ideal for the excretion Dfapprov
prlauc'suhsr.encos.- Only volajatile liquids or gases are climjnaited
from the iungs. Gaseous and volatile anesthetics essentially are
olicdneted completely by this route. Only a sm.a.I'I amount of
ethanol is eliminated by the lungs, but the concentration in the
alveolar air is related so constantly to the blood s.l'cu'hol concen-
tration that the analysis of'c.xpil:ed -air is acceptable for leg]
j)1.l1‘po-flee. The high aqueous solubility and relatively low vapor
precsmo of ethanol at body temperaturasccount for the reten-

 
 
 
 
 
 
 

 
 
 

 

 
 

 
 

 
 

 

 
 
  
 

 

 
 

 

 
 
 

 
 

 

 
 

Froquently a patient may receive more than one -drug concur-
‘rfirttly. Case records -show that surgical patients commonly re-
-ceive more than 10 drugs. and the patient is often. und'er'tl1ain-
-fluence of several drugs at once. -Mcltipledmg administration
‘also is-common for patients hospitalized for -infections and other

.tliaorclero. Furthermore. a patient may bc._suffe1'ing from more
than one unrelated disorder that demands simu1tanocus.tre.aLt-

.mtnJ: with two or more drugs. In such instances. interactions

. are unsolicited and often unexpected.
In addition to the administration of drugs concurrently for

1- their -independent and unrelated effects, drugs are sometimes
administered concurrently deliberately to makcusc ofexpactcd.
tote:-acl2i_onc..

TYPES OF INTERACTION AND REASONS
zFGR COMBINATION THERAPY

I5-drug may affect the response to another drug in B. quaniiita.-
_ His way. On one. hand, the intensity of either the therapeutic

"-_-‘.3;-u_-,|Iu
'5 «arm, or side effect, may be augmented or suppressed. On the
1 _ otter hand, a qualitatively _clifl'crcnt ealfcct may be elicited. Tho
5 u:- anioms of such interactions are many and are not always

fif - all understand. A drug may not necessarily effect either the
quality or initial intensity or effect of another drug, but may

".3" -‘cute significant to profound changes in the duration ofactinn-.
-‘-‘ _e_ nature of this type of interaction "generally is understood
I5‘ _l'IIiirl:,' well, altholxgli it may not yet have been ascertained for
"'.3 ' Jr particular drug combination. The deliberate use of com-
57’ - - interacting drugs is roost valid when the mechanism of
5" 5 interaction is understood and the combined affects are both
'1'-' H: tifisbls and predictable. The rationales of‘ drug cumbina-

lion and. the principles involved are discussed below.
3.5 __ EOMEINATIONS TO INCREASE INTENSITY OF
b“' ‘RESPONSE OR EFFICACY—-Sometimes the basis for the ac-
'°£' 5;: ofone drug to increase the intensity of response to another
IE ' ' well understood, but often the reason for a positive interac-El icobscure. Atermio ologjr has arisen that fi'9.qt_1enI:ly is not

- enlightening-as to mechanisms and principles but which
is somewhat confusing‘.

__ __Drugs that elicit the some quality cfcficct and are mutually
-‘ loractivo are called iiomergic. regardless of whether there is

3 ing in common between the separate response systcrns.
_ thclooseneos of the term admits oprerssor response conse-
:. tto an increasein cardiac output to be hon1erg'icwi-th- one rc-
'gfrm11 art-eriolar constriction, even though Lhem is not one

. .. on rcsponsive clement, the blood p1-essuroiteelfbatng but a
rcindicator. However, homergic drugs usually have in com-

- atleast part rifa response system. Thus. both norapinephriné
. muprussin stimulate some of the same "vascular smooth

- even though they do not excite the same receptors.
_ 'l\vo homargic dnigs-can -ho agnhists ofthe some receptor. an
lithe entire response system i common to both. Such drugs
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tion o_f1_'nost ofthe substance In the blood‘. Carbon dioxide from
those drugs that are partly degraded also is excreted in the
lungs.

PHARMACOKINETICS

Pharruaacokinctics is the science that treats‘ the rate of‘.abccrp-
ticn, extent of absorption. rates of‘ distribution among body
ccmparunents. rate of elimination. and related phenomena.
Because of‘ its importance. Chapters 58 and 59, Basic Pharma-
colzirtetics snd'C.‘lir1ico:£ Phtu1::acokiu.etics, have been devoted lo
the subject.

i once lI'l'£RA_C'l'lnu Allll comanumolu

and Receptor Tfiseorjl , hoIncdy:'1ami_c drugs will generate
d.oco—intensity of effect curves with parallel slopes but not. nec-
essarily with identical maxims or cfficacies. ifonc of the drugs
is 5. agonlst.

From massdaw kinetics and dose-‘effect data ofths -separate
drugs. it is-possible" to predict the combined effects of agn-
nistc to the some-receptor. Ifbtrth drugs are full agcnists, theory
predicts that an EDI‘ o'f'DrugA added to'anEDy ofDru_g'.B should
elicit sarne e‘H'ecI: as an Elly of Drug A zidded to an Elli‘ of

Dru,gB. An example isshown in Figure 57-20. .Duse-percentage
data with homodynarnic drugs can be treated in the aamcway. '

Drugs whose combined effects fit the above. conditions are
called addition. lfthe response to the combination exceeds the ex-
pected value for aclditivity, the drugs are considered to be supra-
additiue. Purely homodynamic drugs do not show supra-sdditiw
icy; howovcr, ifonc drug in the pair has. an additional action to
-affect ‘tho ccnc_&11.tr£d:ion or penetration of the other or to prirne
the response system in some way, twocgonists to the some ro-
ccptormay exhibit supra-a'dditiv'ity. Two homergic drugs are in-—
fm-addiiive if their "combined eI"t'ect is less than expected from
additivityq. A5 with supraredditivity, infraradditivity must in-
volvean action elsewhere than on a -common receptor.

Two drugs are said to be snmmotiue if a- dose of drug that
elicits response at addod to a close of anot.ho:r drug that elicits ro-
cponso 3: gives the combined response J: + 3*. Vcry'1i_ttJ'e-sigoifi-
canoe usually can be attached to summation, Unless the dose-
intenoity curve of each drug is linear, rather than 1o'g—lix'1ear,
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Figure 57-26. Additive inhibitory ofiects of is.-traethylammonium ITEA)
and -hexamethoniurn (E5) on the supanor cervical ganglion of the cat.
The theoretical line for aclditiciiy was calculated on the basis that an in-
crems'1IofTEA added to an ED: cl cc shoulcl have the some Effetl as if
it were added to an EDR of TEA. WhenTEA and C6 were administered to-

oether. an equal amount of each was-given. The dose is the sum of the
doses of 1fie- Two components. (From Harvéy SC. Arch Intern F:‘1armat'c~

;'=_ ¢3.Il'3.EI homo¢iy:=cm'£o_ As discussed under Drug Receptor. .l N0. Page
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summation cannot be predicted from the two curves. When ministration of ephedrine to correct bypotension resulting ddinhsummation does occur with the usual clinical doses of two from spinal anesthesia. -‘whipsdrugs. it almost never occurs over the entire dose rang'e;‘indeed, COMIBINATIONS THAT AFFECT ELl‘MINATI()N— ..‘a11'_'|.-ififthc dose of each of the two drugs is greater than an E1350. Only a few drugs presently are used purposefully to elevate or _ " fautomation is tlieorcticslly impossible unless it is possible to in- prolong plasma levels by inberforing "with elimination. although bomb:crease the maximal response. At best. summation is an infl‘c- continued interest in such -drugs probably will increase thequcnt clinicalfihding. ‘limited to one or two doses. number. _Two drugs are said to be heterergic iftbo drugs do not cause Probcnccid, which already has been mentioned to antogoe ._responses ofthe some quality.Whenhsterergy is positive. is. the nice the renal secretion of penicillin. was iiltroduced originally
response-to one dr-ugis enhanced by the other. synergism is said for this purpose. However. because penicillin G is inexpensiveto occur. The word often has been used to describe any positive and available in repository forms as wall as oral forms loin-iat.~interaction. but it should be used only to describe a. positive in- his the need ‘for inicction), it is less imperative to retard the areteractjon between heterergic drugs. The term potesitintinrl ‘nos. oration ofpenicillin. The low, nonollergsnic toxicity ufponicillin .. 'been usedsyn0ny‘mO11ElyW‘ltl"iSy11B1‘El5rl1.'b1l'l;fl:liElIS-BO.ft‘llE term permits very large doses to be given without concern for thahas led to the recommendation that the term he dropped. Syn- high plasma concentrations that result. which also means that 1ergism is often the result of an effect to interfere with the clim— there is little necessity for increasing tho biological half-life of ‘ltoui-J:motion of a drug and. thus. to increase tho concentration: s:m- the drug. Consequently. prohcnecid is not used routinely today "93.!’-loiergisui also may res _t from an effect on penetration or on the in combination with penicillin. oimplmuponsivity of the effector system. Examples of a synergistic oi'- The use oi‘. vasoconotrictors to increase the sojourn of local gl'cct.inwhich rcsponsiwrityisonhanc-ed.are the actiouot’adrcna.i- anesthetics at the site of infiltration continues. but few otherr:-orticoids to enhance the vasotzonstriotor response to cli'nice;1 examples of the deliberate use of one drug to interfere -‘P£'.i3'fiIepinephrine and the increase of epinephrine— induced h:vper- with either the distribution or elimination of anullier can be I , _t__‘oss_;glycernio consequent to impairment by tbeophyllinc of the en- cited. Ncve1‘tbels,_ the subject of the client oi‘ one drug on the _ _ tonzyrn atic destruction of the cAMP that mediates the response. cli.minat_.ion cfanother has become immensely‘ active. Innumsr— 3 thlityIn clinical practice two lunnodynamic drugs rarely are coo.d- able drugs affect the fate of others. and the therapist must he _ Inministered for the purpose of increasing tho response. since is aware of such interactions. fllfiinlsufficient cluse of eithordrug should be able to achieve the same Drugs thatinduca cytochrome P45(ls and other dru_g— mets°oo- '£1iBEneffect as a combination of the two. Most clinical combinations lisiug eozymesenhance the elimination ofdrugo that an! metab ~_&'1':_1-_131twith positively interacting drugs involve. heberergic drugs. olisod by the liver. There would be very little point ordinarily in WithoCOMBINATION-S TO DECREASE INDIVIDUAL soliciting combinations that would shorten the duration ofacticn '.S"J33l1dDOSES AND 'l‘0KIC1'I‘Y—When homoclynamic drugs are or lower plasma, levels. unless it were to-reduce an ovcrdosoge. 'fi.flEl'11:coatbniuistm-e'd. it is usually for the purpose of decreasing tD1Xl.- However, since such combinations are used unwittixigly or un- '-dice:

city. If the toxicities of‘ two bomodynamic drug are infra-addi- avoidahly. this typuof interaction is of great clinical importance.rive. the toxicity ofccmbined.part.ia1dosos ofthe two drugs uiton Drugs that. inhibit cytochrome P450 will. of course. reducewill ‘or, loss than with Pull doses ofeither d1'ug..Th.is principle is the metabolism of awids range of additional drugs and serve to ' ' 'valid for tris.ulfapyr1mi'_dines mixture {sec HPS—1'8. page 1181}. prolong or elevate plasma concentration. _1'.-C531;COMBINATIONS TD ATTACK A D1SEASE'COM.PLEX CQMBINATIONS T0 ALTER ABSOB_.P'I'IDN—-In the 2,.Ar'iAT DIFFERENT POINTS--With many diseases. more than section Vehicles and Absai'p£ion.A.c1[fuoan£s. it. was mentioned 19:!one organ or tissue may be aifected or events at. more than one that c_u:~t-.sin substances facilitate the absorption of others. The 33915locus may bear upon the ultimate perturbation. For example, in use of such absorption adjuvant gcneralh: is included underduodenal ulcer. psytdiic factors appear to increase activity in the the subject offormulation rather than under drug combination. ' 55::
iragus news, which modulates gastric secretion, so that it is ro- Although drugs that increase blood flow, motility. etc. have an '53";Lionel" to explore the effects of sedatives, ganglionic blocking effect tcrincrcaso the rate of absorption. the use ofsuch drugs so En
drugs. antimuscsrinic drug_s,1u1d antacids, singly and in combi— far has not proved to be very practical. When ii. is desired tonation. In heart failure the decrement in renal plasma flow and slow the absorption of drugs, various physical or phyaicuchonr --9,._Lil‘changes in aldostcrono levels promote the retention of‘ salt and ical means prove 1:o_be more effective and less troublesome than 3il3‘r.Mowater. so that diuretics and digitalis usually are employed con- drug combinations. Fe!cumiionrly. Pain. anxiety. and agitation or depression are l'm- =7“!qnent accompaniments of various pathologiuiisiill processes. so thatit is to be expected that analgesics. tranq ' "soars. sedatives. or - - - - 'nntidepressives foequently will be giveal at the sameti'mc.aIo1:;g fixed combmatmns of Drugs ififffiwith other drugs intended to correct the specific pathology. Concomitant treatment with two or more drugs frequently is 15.,"-drtiCOMBINATIONS TD ANTAGONIZE UNTOWARD uxmooeasary. and generally. it immeasurably complicates than No‘AGTIONS—'l'hc siclo etfc-etc of a number of’ drugs can be pres spy and the evaluation of response and tcncicity- Novenhols. _15T.No‘.vented or suppressed by other drugs. An antagonist may com- it is often warranted. oven essential, and cannot be condemned :15"-Milpate with the drug at the receptor that initiates the side effect. categolioally. However. with fixed-close or fixed-ratio c_omhina- Em‘-K”tle-'pr_ess the side-cllcctor system at a point other than the rc— tiocns, in which tho drugs are to ‘ether in the same preparation.oeptor. or stimulate an opposing system. thorn are certain disadvantages, except fora few rare instances ' E

Antagonism at the receptor is coniperitioe ouitogonism. if the such as trisulfapyrimidines. _antagonist attaches at the some receptor group as the agocoist The disadvantages are as follows: patients differ in their re , g'|_3[_|.loco page 1104'). Antagonism at a different receptor group or in- spousivity or sensitivity to drugs. and adjustments in dosage or _ _ 'hibitiou also where in the response systemis nonccmpetthcc o-n— dose-interval may be necessary. If adiustmcnt of only one c'on1-iogon-ésm.Bo1.h competitive and noncompetitive antagonism patient of the mixture is required. it is undesirable that theare classified as p!:o.rm.oco?ogr‘.ml antagonism. The stimulation schedule ofthe second component be adjusted obligatorlly, as it ' - ' mi:
of an opposing; spstoni is phpsi'm'ogfco.-f- antagonism. is in a. fixed comb ination..Aocordi.ng to which way the dose is ad- 1Examples of pharmacological antagonism are the use of at» justed. either toxicity or loss of the therapeutic effcctmay result. fienfin.ropine to suppress the muscarinjc effects of excess acotyl- Furthermore. when adverse effects to either component occur, "T55choline consequent to the use of ncustigruiue and the use of both drugs must be discontinued. The fixed combination denies Yfiosioliantihistaroinlcs to prevent the oifecte of histamine liberated the physician flexible control of therapy. Especially when one _o1fI-2by tuboeurarine. Examples of physiological antagcnisni are compcuentin-a mixture issupcx-(‘locus yet potentially tr-scic..as is , 393to correct. partially the sedation often the case. the promotion of fixed combinations is roprehor g‘15%‘;
the use of amphetamine "‘-‘- ”-*~'----~‘- Hm separate administration of drugs used in
caused by anticouvulsa'nt..doscs of phenobarbital and the 'acl~ ANINEAL EXHIBIT NO. 1035 Pa
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cunlbin aticn often -complicates treatinent for pain’ants. Who, in an
auI1:uatient_sitI.Ia?.ion andsametimesin the hospifal. maynot take
ulI uftheir medication 91' may take it at inappmpriate intervals-.
The resulting consequences may be worse than those of fixed
qumhinations in -certain instances. Gdnsequently. a 5'u.m1n3I'5|'
dismissal offixed-cnmhinaxicns is unwarranted. R'.a1.'l1er, thB:fi.1n—
tlanientals ofpharmacukinefics and clinical expaiance must be
liruugllt together with biupharmaceutics ti) analyze present mm-
hlnatiuns and to "predict possible new allowable cumbinafiinns.

DANGEFIS IN MULTIPLE-DRUG THERAPY

Same _e:-bjectiunato fixed-dose combinations were stated above.
Alan -the una.nt.i'cipat.cd effects cifclrug co'm’l'n'na.t1'.on5 have been
§I:Iucl‘le‘d upon, particularly with respect tn Bfi'ec'ts uprm Elimi-
nation. But it shnuld be made clear that more is at stake than

simply the bioingical half—life of a drug. An example is given of
the grave clinical consequences of the -effect of phenobarbital
enhancing the hiotranafarmatrion uf warfariri. Other examples
Dfdangarnus interactions. such as the 15-.fi'ect of several antide-

- prasants in greatly synergiaing catacholaminee. may be cited.
Even same antibiotics antagonize each other and increase mar-
tality.

In addition to the obvious pitfalls posed by the inberractions
themseluia. the use of multiple-drug therapy fnstcrs careless
diagnnais and a i'al5_e sense of security in the number of drugs

- emplnyed. Multiple-drug therapy should never be employed
without. as cunvincing indicatinn that each drug is beneficial be»
wind the prissihlrs detriments nr withrmt pr-uof that a therapeu-
tic_'nll_v.r equivocal combination is definitely harmless. Finally.

' fihe expense to the patient warrants-cunsideratinn.
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