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_from a _gmwi'ng awareness among chmmans

_______ effect, and secondly, from the recent increase
ﬁmg cencentratian at the receptor site and in the number of muluple—suurca {:l-rug -pmda
pharmacologlcal effect depﬁnds also on the
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- The term bioavailability has been defined
e itz‘ the United States "tF '

mgred_a-ent or thempeu ic moiety is absorbed

from a drug product and becomes available at
~the site of action”=normally-estimated by its -
- concentrations in body
or acute pharmacological effect
Although a number of methods involving
the use of pharmacological response have been
~~~~ .dé‘séﬁb:e’dz fﬁr’m’easurmg drug biocavailability,
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cal determination of drug or metabelites in

- biological fluids.

- While the bioavailability of drugs admin-

“istered via the oral orenteral route has bean :

investigated to a great extent, few stu

ttempted to address the bio;

roblems associated with dr g5 wh choare

~dosed parenterally. Drugs given by parenteral -

“toutes-are not subject to enzyme degradation

- in the gastrointestinal tract or to hepatic me

tabalism during their “first-pass” through the

F

- hepato-portal syst

évertheless, with.the .

Fhie pkospkoizmds are depscted a5 a

- possible exception o

[ravenous-doses, drug -

ver with their polup heads oriented

-absorption from par

wteral administration is -

graf-proteins are shown: as-elobuls

“often incomplete, and bicavailability consid-

partiall

brane. Reproduced, by ;pfrmissian,fmm-:Scmnse #

“erations therefore are necessary.

This review addresses the problem of the

- 720-73E {19?2;

: systemlc availability of drugs which are ad-

by paremeral routes. “The: review i

ular.. dﬁseﬁ in ﬁaruc- :

..ul-ar-. Thc sc.coﬁn-é‘ art considers drug bio-

-availability: from other parenteral dosage -

routes

other. The charged portion ef th

protrudes from the membrane:

Basic Pharmacok

¢ Concepts Governing

ncharged portion s embedde

Drug Levels in Blood

idal portion of the membra

-Drug Absorption

~there are other theories regarding 1

it all ‘except ‘the intravascular routes of =

“mimini:stfatioﬂ the drug must be-absorbedin

t:u;;;ure;the model proposed by

fer te nter the systemic circulation: A -

e of absmptmn is tha

--dﬁpends on the physical and chemical pmps- :

‘erties of the drug, the dosage form, and also

processes the former being far more camma

the body environment at the site of adminis-

In the, case ot nasswe dlffusmn

tration;

-When a drug solution is administered, or -

following the dissolution of a solid dosage -

form, drug molecules diffuse into the circu-

lation by crossing one or more biological

tive absorption is favored when a érugf 55

membranes. Theories regarding the basic

molecule has both lipophilic and hydrophil

structure of biological membranes are con:

- properties. Most. drugs. are. organic weak

stantly changing, and one of the most recent

------ electrolytes, whose ionized forms are soluble

and generally acceptable concepts whlch has =

- in water but almost insoluble in lipids, wl

nipr pgscd by Smgcr and Ntcelsa

the unionized forms have the converse solii

bilities (3). Therefore, the pKa of the drug an
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Base : pKa
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) Adriamycin - 8.2

2.6 Aminophylline 5.0

Lt 2.1 Chlordiazepoxide 4.8
Cephaleridine 3.4 Cimetidine 6.8
Cephalothin 16 Codeine 8.2
Piazoxide 8.3 Diazepam 3.4
Fluorouracil 80,130 Dipyridamole 6.4
Furosemide 3.9 Erythromycin 8.8
Methicillin 3.0 Gentamicin 8.2
Moxalactam 25 Metoprolol 9.7
Nafcillin 2.7 Pentazocine 8.8
Phenobarbital 7.4 ‘Procainamide = = = - oo o =92
Phenytoin 8.3 Propranolol 9.5
5.0 Triflubperazing 8.1

7.5 Vinblastine 5.

.ized, lipophilic. form at various sites. The
“percentage of drug wh
pophilicity of the un
: ‘the adsorption of drug t ihc..mcmbrane.sur-.
1sted in Fable I (4)whileno face, are principal factors governing drug-
-of some body fluids and sites membrane pénetration.
' : "~ The rate of passive diffusion of drug
red onized form at ..thraugh the l.xpm.membmna..depends on the
vatues below thei “concentration gradient across the membrane.:
are predemmantly umemzed at p}i valucs Based on Fick’s first law, the flow across an
abcwe thmr pKa, 50 that ccnzpansen} of the  area A per unit time is proportional to the
’ L give a icati - concentration gradient, dC/dx, such th :

”ﬁamonofdr‘ which s L ine Unior Flow = —D-A-dCldx

Nominal pH Values of Some. where D is the diffusion coefficient, and the
""" Body Tissues and Fluids (4) - -negative sign indicates that flow ocours down
o a negative concentration gradient.

Site pH . i
Equation | can be written as:
-Blood; arterial 7.4 e i e
Blood. venous 739 Flow = = DA (Couside — Cinsiae) [
. Biood, maternal umbilical 7.25 (Eq.2)
- ' e Y :
o Ce;re.brojgplnal fluid qi g where the C symbols represent drug concen-
__ Mﬁ?‘?{l?{?af? . 14 trations on either side of the membrane and &
MHSCE‘Z- skeletal 5"8 is the mcmbrane thwkncss f one asstimes that
f:;i - the surrounmng fhnds as soonas
;’g “then b@u;ﬂde b>& side and Eq. 2:¢

as:
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~TABLE JII.

|Eq‘ 3}

Flow = "k':ﬂutsiﬁé

Plasma Protein Binding of

some Antimicrobial Agents

a new flrst-order per; uwatmn scmstant k: In

geﬁeral absorption and membrane penctra-

drugs can be described by a simple

t-order expression of the form of Eq. 3.

' efézdlin Chndzimymé

Doxyceycline Chlortetracycline :

Drug Distribution

A drug entering the systemic circulation

2. Moderately bound (50-

r&'pid]y 'distributes mmughom ths blood or

Penicilin G

Carbenicillin  Cephalothin

eaplliary walls, and passe:s mm other body

Ticarcillin Minocycline

- fluids and tissues, depending on its lipophili-

Cefamandole:  Chloramphenicol

oty the permeability of tissue membranes, the

. affinity of drug to

- Weakly bound (<50%)

ticular tissues and fluids;

_and on the rate at

hich blood is supplied to

_ Methicillin_~ Gentamicin

Cefuroxime Amikacin

the tissues.

-The extent to which a drug distributes

Cephaloridine  Tetracycline

ughout the body is often described {fre-

- Cefotaxime Streptomyein

quently incorrectly) in terms of its apparent.

“volume of distribution; ¥, which maybe bb-

proteins is ditficuit to determine accurately,

= tamed by expressions of the form:

and reported values often vary from differ

Amount of drug i in the bodv

'Iamratorles Itis czon?ement th

LY

Concentration of urug in piasma

u«q 4\

Another important property influencing the .

distribution characteristics of a drug is its

binding to plasma rmcms primarily albumin.

s -érug _wh_lch__l.s bcund_ E_:_o plasma pmi_e_m_

“Plasma protein’ ng is reversible, and the

18 essentially restricted to the plasma volume

-percent of dose bound is dependent on the

the degree of binding may influence dru

nature of: tne drug mo]ecule, tha

Tbe dmg which is bound to piasfha :

n bound cannot
. However, the

__pmtems atany time cannot cross the capillary .

- popular notion that hxghiy bound drugs canno

walls, and is not free to distribute into ‘body -

.mach extravascular sites, has been shown to

tissues Thcrefore fnr a drug whlch is exten- -

le, _the cepnalosporms C

'centratzan of totai drug wz]l be unduiy high

i:epha}othm are 75-85% bound té piasmzi

"comp&'red' fo'free: drug in extravascular ﬁuids

pmtems and yet have larger apparent distri-

on volumes than ceph

volumes.

oriding, which are only

Although the percentage of circulating drug -

+plasma proteins. This relationship is shown in

:'Whnch 1s bound to proteins. is influenced to -

some extent by di

. concentration, the degree

of binding by most drugs is constant over the

erapeutic range.

ding of individual drugs to plasma
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is 4 function not only of the intrinsic ability of
the eliminating organ to handle a particular
dmg but also of the drug. distribution volume
: ing ¢haracteristics.

w
0

L per i.*?':imz)

: --excretmn since oniy unbound drug is hltemd.:z
_ Similarly, hepatic metabolism is retarded
- because bound drugs generally do not have
access to metabolic sites, On the other hand,
. plasma protein binding has no direct effect on
kidney tubular secreti -cause of the rapid
dissociation of drug-protein complex during
the drug secretion process. '
.. Within the usual range of therapeutic levels
. for many drugs, elimination is a first-order
: process the rate __b ng proportional to the

e

free dr-u=§(

i ding
four 'f_)f‘ferent cephaiasp@rms CFZ i rephazalx

CXN=ce- n of drug in plasma, anﬂ.ga_ver;}ﬁq

patic m abolism howevc_r,..samxatmn of drug
metabolizing enzym ,_occur at mgﬁd;:ug
concentrations: L :
metabolism 18 governeﬂ_.by Michaelis-Menten
kinetics.as:

ol

is the maximum velocity
etabolic step can oceur,
nten: canstant

£.8 psendo hrst~crder rate. At
wever, the rateof
metabolism is approximated by Vi C/C =
Vmax. This is the 1 im velocity with
‘which the metabolic step can oceur, and the
process becomes: r in nature. Two -
‘comnpounds that undergo this type of saturabie
: . .elimination in the therapeutic concentration
chs csof cach drug depend !argcly on- . -range are phenytoin and salicylate.
f_ﬂ;s physico-chemical properties. In-general,
ater-soluble drugs are readﬂyrcleamﬁ by the

rimarily metabolized i er. : __ug iaavazldbzhty
Therate at which drug elimination occurs: = The plasma profile of an adm;mstered drug -
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