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Practical concepts of drug absorption,
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Summary: Serum concentrations of
ampicillin were measured following
administration of the drug orally
and intravenously to nine normal
volunteers. The results were analysed
by graphic methods, and the effects
of absorption, distribution and loss
on the time serum concentration
curve are discussed.

Resume: Des concepts pratiques sur

I'absorption, la distribution et la
perte des medicaments

Nous avons mesure les
concentrations seriques d'ampicilline
chez neuf volontaires normaux,
auxquels nous avions administre
I'antibiotique par voie orale et
intraveineuse. Les resultats, analyses
par des methodes graphiques, nous
ont permis d'evaluer les effets de
I'absorption, de la distribution et des
pertes sur la courbe chronologique
de la concentration serique.

The time course of drug action in re¬

lationship to the processes of absorp¬
tion, distribution, metabolism and ex¬
cretion is commonly described by
compartment models that are derived
using mathematics beyond the experi¬
ence of most practising physicians. It
would not be surprising if many read¬
ers were discouraged by the sight of
complex formulas that are utilized to
characterize the disposition of a drug,
with the result that their appreciation
of the usefulness of the pharmacokin-
etic data would be limited. However,
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it is important for all physicians to
have an appreciation of these charac¬
teristics in order to understand optimal
dose sizes and intervals of individual
drugs. This paper describes studies of
the disposition of a commonly used
drug, ampicillin, and discusses the
pharmacokinetic features derived from
measurements made after intravenous
and oral administration without em-

ploying extensive mathematics. Am¬
picillin was convenient to study be¬
cause it could be given with relative
safety by both routes of administra¬
tion and because large numbers of
serum concentration measurements
could be made efficiently.
Materials and methods

Nine healthy men aged 20 to 40
years, weighing between 58 and 95 kg,
were studied at The Montreal General
Hospital. Preliminary investigations in¬
cluded medical history (with care to
exclude a history of penicillin allergy),
physical examination, urinalysis, serum

biochemistry and hematology. Signed
informed consents were obtained. Dur¬
ing the experiments each volunteer
was observed and questioned for side
effects. The ampicillin was supplied
as 250-mg trihydrate capsules and as
desiccated ampicillin trihydrate for in¬
travenous administration. The desic¬
cated preparation was dissolved in
normal saline on each experimental
day just prior to infusion.
The oral study was conducted on

three experimental days separated by
an interval of one week. Each day
each subject received two 250-mg cap¬
sules of ampicillin at 8:30 a.m. with
250 ml of water during a fast from
midnight until two hours after drug
administration. Venous blood samples

were obtained just prior to, and at V2,
1, \l/i, 2, 3, 4, 5 and 6 hours after
ampicillin ingestion. No antibacterial
activity was found in any of the blood
samples taken prior to drug adminis¬
tration. The serum concentration of
ampicillin measured at each sample
time during the three experimental
days was averaged for each individual
subject.

Twelve weeks later the volunteers
received intravenous ampicillin during
a fast from midnight until two hours
after drug administration. Five hun¬
dred mg of ampicillin in 20 ml of
normal saline was infused over a five-
minute period through a superficial
vein of the forearm. An indwelling
catheter was inserted in a retrograde
direction into the deep contralateral
antecubital vein. A three-way stopcock
was attached to the catheter to allow
rapid and repeated blood sampling,
and patency was maintained with in¬
termittent infusions of a 5% dextrose-
in-water solution containing 10 units
of heparin per ml. Less than 40 ml
of this solution was administered to
each subject. In drawing venous sam¬

ples, 2 to 3 ml was taken in one

syringe to clear the tubing of the D/W
solution, then 5 ml was drawn off
immediately thereafter into a second
syringe for ampicillin assay. Venous
samples were obtained just prior to
drug administration, and at 3, 6, 9,
12, 15, 20, 30 and 45 minutes and
1, \l/2, 2, 3, 4, 5 and 6 hours after
the termination of the drug infusion.
The subjects remained recumbent
throughout the experiment. No anti¬
bacterial activity was found in any
of the serum samples obtained prior
to drug administration.
On each experimental day the blood

samples were allowed to clot at room
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temperature for one hour, then centri¬
fuged and the serum drawn off using
sterile Pasteur pipettes. The samples
were refrigerated at 4°C until all
samples for each day had been taken,
when the microbiological assays were

done in triplicate. The measurements
were averaged and reported as micro-
grams of ampicillin per ml of serum.
The ampicillin assay employed Ba¬

cillus subtilis in the modified micro¬
biological method of Bennett et al.1
Samples for an ampicillin standard
curve were prepared in fresh, pooled
human serum at the time of each ex¬

perimental assay. A standard curve was

obtained on each plate, using the mean
of three samples at each concentration
point. Because the accuracy of this
assay was decreased at concentrations
above 10 y.g/ ml, serum samples ob¬
tained in the first 45 minutes after
intravenous ampicillin administration
were diluted with the subject's own

control serum (1:5 to 1:1) to obtain
concentrations within the acceptable
range of the standard curve.

Results

The study was completed as de¬
scribed and no adverse effects were
encountered. The serum concentrations
shown in Table I are averages of the
individual values* after oral and in¬
travenous administration of ampicillin
to each volunteer. By recording graph-
ically the results of the oral and intra¬
venous studies, calculation of the
various characteristics of drug hand¬
ling necessary to predict drug dose
and dosage schedules can be under¬
taken.

Intravenous administration

Fig. 1 represents the average serum

"Tables of the individual subjects' serum con¬
centrations are available from the authors upon
request.

ampicillin concentrations of the nine
volunteers over the time period of the
intravenous drug study, and is similar
to the graph that can be drawn for
many drugs to depict their disappear-
ance from the serum after intravenous
administration. The serum drug con¬
centration is plotted on the ordinate
on a logarithmic scale, while the time
at which samples were drawn is plotted
on the abscissa using an arithmetic
scale. The graph shows an initial rapid
decline of drug serum concentration
and a subsequent more gradual de¬
crease.

In assessing the pharmacokinetics
of a drug, the terminal phase of the
graph is first studied. This portion is
termed the beta phase of drug dis¬

position. The steepness of the slope
of this phase measures the rate at
which the drug is cleared from the
serum by continuous distribution be¬
tween serum and tissues, metabolism
and excretion. Since this part of the
graph for ampicillin and many other
drugs is a straight line, the rate of
disappearance is constant, and the rate
constant is referred to as beta. The
serum half life of a drug in the beta
phase is determined from the slope
and is the time required for any se¬
lected drug concentration along the
line to decrease to one half its value.
It can be read directly from the graph
and averaged 1.0 hour for ampicillin.
A second important aspect of drug

handling is the "apparent" volume of

Table I.Serum concentrations of ampicillin (ug/ml) in nine men following oral
and intravenous administration of 500 mg

*Mean ± standard error of the mean following 500-mg oral doses on three different days
fMean ± standard error
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distribution of the drug. It is referred
to as apparent since it does not re¬

present a physiological or anatomical
body compartment but a hypothetical
space that facilitates the calculation
of the amount of drug required to
achieve specific serum concentrations.
Many factors affect the magnitude of
the volume of distribution, including
the size of the drug molecule, its lipid
solubility and its binding to plasma
and tissue proteins. This parameter is
easily calculated from the graph after
intravenous administration by extra-
polating the straight line of the beta
phase back to the drug concentration
axis. The value thus determined is an
estimate of the concentration of drug
at time 0 (Fig. 2). Since the total
amount of drug given intravenously is
known, the volume into which this total
amount appears to have been distrib-
uted can be calculated by dividing the
total quantity given by the concentra¬
tion estimated at time 0. It is usually
expressed in litres or litres per kilo-
gram of body weight. From Fig. 2 the
time 0 serum concentration for am¬

picillin is estimated at 10 ^g/ml after
a 500-mg intravenous dose. Therefore,
the apparent volume of distribution
is 50.0 litres. The larger the apparent

volume of distribution, the greater is
the amount of drug distributed to ex-
travascular compartments. More ac¬
curate estimations of the distribution
of a drug may be obtained by con-

sidering the body to exist as two com¬

partments, and the size of the central
compartment (Vc in Table II) can be
calculated in relation to the volume
of distribution at steady state (VDss in
Table II).f The apparent volume of
distribution greatly overestimates the
volume of distribution because of fail¬
ure to separate distribution from meta¬
bolism and excretion.
The beta phase of drug disappear-

ance can be further analysed as re¬

presenting losses of drug by meta¬
bolism and/or excretion, and those
occurring by distribution factors. The
rate at which metabolism and/or ex¬
cretion occurs is characterized by the
rate constant for elimination, Kei.

In order to gain an appreciation of
the rate at which drug distribution into
tissues occurs, we turn our attention

tFor more detailed information on volumes of
distribution readers are referred to the dis¬
cussion of the subject by Portmann.*

to the initial portion of the intravenous
curve. Here, drug concentration de-
clines rapidly from peak concentrations
after rapid injection owing to distribu¬
tion of the drug between serum and
tissues, and to excretion and metabol¬
ism of the drug. However, in contrast
to the beta phase of the curve, the
processes of distribution are predom¬
inant in this initial phase. In order to
separate the distribution from the elim¬
ination phase, the beta phase points pre¬
viously determined by extrapolation of
the line back to time 0 are subtracted
from the actual data points throughout
the entire curve. The calculated dif¬
ferences, called residual concentrations
(Fig. 2), are then plotted on the graph,
and the line thus drawn represents the
loss of drug from the serum by dis¬
tribution between the serum and tis¬
sues. This calculated part of the graph
is referred to as the alpha phase and
is more rapid than the beta phase, as
seen by its steeper slope. Similar to
the beta phase, a straight line denotes
a rate constant, which is called alpha.
The half life of the alpha phase can
be calculated in the same manner as

BETA PHASE

ffO. 1.Mean serum concentrations of ampicillin (jig/ml)in nine men following intravenous administration of 500
mg. Abscissa: time (hours) after administration. Ordinate:
ampicillin serum concentration (fj.g/ml).

FIG. 2.Pharmacokinetic analysis of mean ampicillin serum
concentrations in nine men following intravenous administration
of 500 mg. Abscissa: time (hours) after administration.
Ordinate: ampicillin serum concentration ({ig/ml). Mean serum
concentrations (.-.) as in Fig. 1. Refer to text for
explanation of extrapolation of the beta phase to the ordinate
(-), determination of residual serum concentration
(A-A), and definition of the alpha and beta phases.
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the half life of the beta phase. Dis¬
tribution ol" the drug occurs continu¬
ously in two directions, some drug
molecules leaving the serum to enter
the tissues and others leaving the tis¬
sues to re-enter the serum compart¬
ment. Each direction of drug flow has
a separate rate constant, that from
serum to tissue being termed K12 and
that from tissue to serum K2i. The rate
constant alpha is the net rate constant
of distribution including Ki2 and K21.

For ampicillin, the rate constant for
distribution from serum to tissue is
about one half that for tissue to serum,
indicating that proportionately more

ampicillin is in the serum compart¬
ment. The half life of the alpha phase,
approximately 15 minutes, indicates
that distribution occurs relatively ra¬

pidly as compared with elimination,
where the half life of the beta phase
was 1.0 hour.
The final important calculation that

can be made from the graph is the
total amount of drug that appears in
the serum after intravenous adminis¬
tration. This amount is represented as
the total area under the time versus
serum drug concentration curve (ab-
breviated as AUC). While there are
several methods of calculating this
value, the simplest and most easily
applied is the trapezoidal rule using

the values obtained directly from the
graph. Vertical lines are drawn from
the horizontal (time) axis to the meas¬
ured serum concentration curve at
each sampling time. The area of each
trapezoid so constructed is calculated
in the usual way by dividing the sum
of the two parallel sides by two and
multiplying by the base (i.e. divide the
sum of the drug concentrations at ad¬
jacent time intervals by two and mul-
tiply by the length of the time inter¬
val). This procedure is repeated until
all the areas have been calculated as

fxg/ml x unit of time. Their sum re¬

presents the area under the curve
from time 0 to the end of the ex¬

perimental time, in this study six
hours. In order to measure the length
of the last interval, from six hours in
this study to infinite time when serum
concentrations fall to unmeasurable
levels, the tail end of the beta phase
is extrapolated to the horizontal axis
and the area of the resultant triangle
calculated and added to the previous
total. This more complete area under
the curve is referred to as AUCq^^
and since it was obtained after intra¬
venous administration it serves as a
basis for comparison with other routes
of administration. For 500 mg of am¬

picillin the average value was 26.1

[xg/ml x hours.

Oral administration

If we next consider ampicillin serum
concentrations following oral adminis¬
tration (Fig. 3), the beta phase again
can be identified and its rate constant
and half life, in this case 1.0 hour,
calculated from the terminal portion
of the graph of the average serum con¬
centrations. The alpha phase is less
readily apparent after oral adminis¬
tration because another process, that
of absorption, contributes to the ini¬
tial portion of the graph. The initial
steep part of the rising concentration
is affected primarily by processes of
absorption, while the less rapid incline
represents a combination of absorp¬
tion and distribution. To obtain a

slope reflecting absorptive factors only,
the serum concentration in each sub¬
ject after both oral and intravenous
administration must be analysed by
special techniques involving curve fit-
ting. By this means a straight line is
obtained for the earliest concentration
points after oral administration, re¬

presenting a constant rate of absorption
which is depicted by the rate constant
KA. A second and interesting deter¬
mination that can be made from the

5.0
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FIG. 3.Mean serum concentrations of ampicillin (ug/ml)
in nine men following oral administration of 500 mg on
three occasions. Abscissa: time (hours) after administration.
Ordinate: ampicillin serum concentration (pig/ml).

FIG. 4.Pharmacokinetic analysis of mean ampicillin serum
concentrations in nine men following oral administration
of 500 mg on three occasions. Abscissa: time (hours) after
administration. Ordinate: ampicillin serum concentration
((xg/ml). Mean serum concentrations (.-.) as in Fig. 3.
Refer to text for explanation of extrapolation of the beta
phase to the ordinate (-), determination of residual serum
concentrations (A-A), and definition of lag time and beta
phase.
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graph after oral administration is an
estimation of the lag time, that is, the
time that elapses between the inges¬
tion of the drug and the appearance
of the drug in the serum. If the ter¬
minal portion of the graph is extra-
poiated back to time 0 (Fig. 4), residu¬
al concentrations may be calculated
by subtracting the observed serum con¬
centrations from the concentrations
along the extended line for each
sample time. When these are replotted
a straight line is obtained that in-
tersects the extrapolated beta phase
line shortly after time 0. The point of
intersection indicates the lag time, and
in this study it averaged 0.36 hours.
Lag time varies for different drugs.2
In this study it varied considerably
from one individual to another, and
the relationship between the lag time
and the absorption rate constant KA
was not predictable. Also no correla¬
tion was evident between lag time and
the total amount of drug absorbed as
estimated by the AUC. As with the
graph from the intravenous study, the
AUCo^^ can be calculated using the
trapezoidal rule, and represents the
total amount of drug appearing in the
serum after oral administration. For
a 500-mg dose it averaged 12.2 [xg/ml
x hr.

Finally, because it is assumed that
AUC 0 _, . after intravenous adminis¬
tration represents total absorption, the
fraction of ingested drug absorbed
from the gastrointestinal tract can be
determined and expressed as the per¬
centage of drug absorbed after oral
administration by comparing the
AUC o_o> of the orally administered
drug with that of the same drug ad¬
ministered intravenously. The average
for this study was 47%.

In the present ampicillin study all
the above parameters were computed
by means of an IBM 360 computer

using the ASAAM-23 program pro¬
vided by the National Institutes of
Health, and an Olivetti 101 calculator.
This approach provides rapid and ac¬
curate calculation of each parameter
for each subject and these data are

displayed in Table II for the intra¬
venous study and Table III for the
oral study.
Discussion

One of the principal features of this
ampicillin study was the opportunity
to study person-to-person variation in
pharmacokinetics. We were surprised
to find a twofold range in oral absorp¬
tion even under controlled conditions.
The calculated percentage of ingested
drug absorbed varies from 31.8 to
64.1%. This range probably reflects
individually determined characteristics
of gastrointestinal function and per¬
haps alteration of the drug prior to
its reaching the peripheral venous cir¬
culation. An even larger variation of
the individual KA is also observed in
these volunteers.

This variation in the extent and rate
of absorption between individuals, do-
cumenting the often referred to char¬
acteristics of good and poor absorbers,
is most likely due to gastrointestinal
factors including gastric pH, rate of
stomach emptying, gastrointestinal mo¬

tility, transit time and area of mucosa
available for absorption. Many of these
processes can be modified by auto¬
nomic nervous system activity, which
may explain day-to-day variations in
the same individual. The reason for
the difference in lag time from 0 in
one individual to almost half an hour
in another is not readily explainable
because of our lack of knowledge of
factors influencing the time needed for
the first appearance of drug in the
serum. Possible therapeutic implica¬

tions of this variable factor remain
speculative.

While the dose administered was
constant, the body size and habit of
the volunteers varied considerably.
Therefore it is not surprising that the
apparent volume of distribution cal¬
culated after intravenous administra¬
tion varies over more than a twofold
range. This source of variation is not
always suspected upon physical exam¬
ination of the individual since it de¬
pends not only on total body water,
but also upon other poorly defined
factors including tissue depots, which
change depending upon the drug. The
volume of distribution is an important
factor in the variability of attained
serum concentrations.
Few complete pharmacokinetic studies

of ampicillin have been reported. Ear¬
ly studies lacked adequate sampling
and commented only on peak serum
concentrations and areas under curves.
More recent studies have been more
specific in characterizing the pharma¬
cokinetic pattern of ampicillin. The
results obtained after intravenous ad¬
ministration of 250 mg to six normal
men3 were similar to those in this
study for beta, half life of the beta
phase, AUC (when adjusted for dose)
and volume of distribution. However,
the values obtained in the present study
for the distribution rate constants
alpha, Ki2, K2i and Kei are lower than
those obtained in the previous study.
Because the distribution phase con¬
stants are obtained from the portion of
the curve requiring dilution of serum
samples, this potential source of error
may account for the differences.

In another study doses comparable
to those used here were administered
intravenously and orally to four nor¬
mal men and four normal women.4
After intravenous administration the
mean area under the time serum con-

Table lll.Pharmacokinetic parameters of ampicillin in nine men following oral administration of 500 mg on three occasions
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centration curve in that study was
13% smaller than that reported here.
The values reported for the distribu-
tion rate constants were also some-
what smaller than those found in the
present study. When the same subjects
were given ampicillin orally the per-
centage of the dose absorbed varied
from 21 to 46% with an average of
32%. In the present study the per-
centage absorption observed averaged
47%, but the range of variation be-
tween individuals was similar (32 to
64%).

Considerable person-to-person vari-
ation in the extent and rate of ab-
sorption seldom constitutes a critical
therapeutic factor for the usual indi-
cations of ampicillin as long as the
dose used is sufficiently great to give
therapeutic blood concentrations. When
"overdosing" is sufficient to allow for
the unpredictable absorption charac-
teristics of individuals, few therapeutic
failures are likely to result. For am-
picillin, overdosing is not particularly
hazardous and therefore administra-
tion of larger than necessary doses is
common practice.

Other drugs may also be absorbed
to varying extents, but may have great-
er toxicity. With these drugs it is im-
portant to calculate as accurately as
possible the dose required to obtain
therapeutic, but not toxic, concentra-
tions. If possible, blood samples should
be obtained for determination of the
serum concentration of the drug in a
given individual. It must be noted
that the serum concentration is as-
sumed to reflect adequately the con-
centration of the drug at its tissue site
of action only when the major phases

of absorption and distribution have
been completed.

In addition, disease states can alter
absorption from various sites of ad-
ministration, as exemplified by diar-
rhea in gastrointestinal administration,
or decreased perfusion to the site of
subcutaneous or intramuscular injec-
tion. The effect of renal disease on
excretion of drugs, and liver disease
on metabolism of chemicals is ob-
vious. Changes in vascular and extra-
vascular fluid volumes can alter ap-
parent volume of distribution, as can
altered protein binding, which is seen
in concomitant administration of
more than one drug or in diseases
that alter the amount and structure
of proteins.

For the majority of drugs, informa-
tion about percentage absorption fol-
lowing oral administration, serum half
life and serum concentrations follow-
ing particular doses are guides to the
rational use of the drug. Differences
between individuals and possible alter-
ations of normal physiology produced
by disease must be considered. When
failure of efficacy or toxicity is sus-
pected, one should measure directly
the serum concentration of the drug.
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Metamucil
Prescribing Information
INDICATIONS: For the relief of chronic, atonic,
spastic and rectal constipation and for the con-
stipation accompanying pregnancy, convales-
cence and advanced age. For use in special
diets lacking In residue and as adjunctive
therapy in the constipation of mucous and
ulcerative colitis and diverticulitis. Also useful
in the management of hemorrhoids and follow-
ing anorectal surgery.

CONTRAINDICATIONS: Presence of nausea,
vomiting, abdominal pain or symptoms of an
acute abdomen or fecal impaction. Metamucil
Instant Mix is contraindicated in patients who
must severely restrict their dietary sodium
intake.

PRECAUTIONS: For patients, such as those
suffering from diabetes mellitus, where rigid
dietary calorie control is required:
Powder - 1 dose furnishes 14 calories.
Instant Mix - 1 dose furnishes 3 calories.

DOSAGE: Powder - one rounded teaspoonful
of powder 1 to 3 times daily depending on the
condition being treated, its severity and individ-
ual responsiveness. The teaspoonful of powder
is stirred into an 8 oz. glass of cool water or
other suitable liquid and should be taken Im-
mediately.

Instant Mix - one packet 1 to 3 times daily
depending on the condition being treated, its
severity and individual responsiveness. The con-
tents of the packet are poured into an 8 oz.
glass to which cool water is then slowly added.
The resulting effervescent mixture should be
taken immediately.

SUPPLIED: Powder - a refined, purified and
concentrated vegetable mucilloid, prepared from
the mucilaginous portion of Plantago ovata,
combined with dextrose as a dispersing agent.
Each rounded teaspoonful contains approxi-
mately 3.1 g of psyllium hydrophilic mucillold
per dose, a negligible amount of sodium, and
furnishes 14 calories.
Available in 6 and 12 oz. plastic bottles.

Instant Mix - premeasured unit-dose packets.
Each unit-dose packet contains 3.6 g of psyllium
hydrophilic mucilloid with effervescent and flav-
ouring excipients, 0.25 g of sodium as bicar-
bonate, and furnishes 3 calories.
Available in boxes of 15 unit-dose packets.

NATURAL BOWEL MANAGEMENT THAT
BENEFITS MANY KINDS OF PATIENTS.

Complete prescribing information avail-
able on request (or in C.P.S.).

:..ill, Ontaio..
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