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Determination of dose-dependent absorption of amoxycillin
from urinary excretion data in healthy subjects

S. CHULAVATNATOL & B. G. CHARLES
Department of Pharmacy, The University of Queensland, Brisbane, Queensland, Australia

Measurement of unchanged drug in urine was used to study the rate and extent of
amoxycillin absorption after administration of amoxycillin sodium solution to six
healthy subjects in a Latin-Square crossover design. The mean (95% CI) fraction of
the dose excreted as unchanged amoxycillin decreased (P < 0.05) from 0.50
(0.44-0.56) after 97 mg amoxycillin sodium (= 0.25 mmol amoxycillin) to 0.23
(0.19-0.27) after 3103 mg (8 mmol), while the mean residence time determined from
urinary excretion rate data increased (P < 0.05) from 1.54 (1.32-1.76) h to 2.16
(2.01-2.41) h. Plots of total urinary excretion and initial (0-30 min) excretion of
unchanged drug vs dose indicated significant non-linearity above 776 mg doses.
Michaelis-Menten parameters describing this relationship with respect to amount
absorbed were 3.02 mmol for maximum amount absorbed and 1.93 mmol for amount
absorbed at half maximum for 0-30 min. These results support a saturable absorption
mechanism for amoxycillin which has clinical implications for high oral amoxycillin
doses, and for competition with other drugs having capacity-limited absorption.
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Introduction Methods

Despite its low lipophilicity and amphoteric nature
amoxycillin is well absorbed when administered by
mouth [1-3]. While little information is available on
the mechanism(s) of absorption in man, non-linearity
between bioavailability and dose [4-5] and demon-
stration of a zero-order absorption rate [3] has sug-
gested that amoxycillin undergoes saturable
absorption through the intestinal mucosa. In particu-
lar, amoxycillin may be partly or wholly absorbed by
carrier-mediated transport processes similar to those
responsible for the luminal absorption of di- and tri-
peptides in rodents [6] and in man [7].
We show that either amoxycillin excretion over the

first 30 min or total urinary recovery may be used to
define non-linearity in the absorption of amoxycillin.
The former method offers a more rapid and con-
venient means for investigating the mechanism(s) of
amoxycillin absorption after administration to healthy
subjects.

Six healthy subjects (three males, three females),
aged 22-39 years, who were within normal limits for
height and weight participated in the study. None had
a history of penicillin allergy. Alcohol and smoking
were prohibited from 24 h prior to, and during the
study. No other medications including over-the-
counter products were allowed for at least 1 week
before or during the study. Strenuous physical activ-
ity was prohibited during the entire study period. The
protocol was approved by the Human Research Ethics
Committee of The University of Queensland, which
is constituted according to the requirements of the
National Health and Medical Research Council. All
subjects gave written consent after the aims and pro-
cedures for the study were explained.

Amoxycillin sodium solution (Amoxil Parenteral;
Beecham Research Laboratories, Dandenong, Vic.,
Australia) 97 mg, 194 mg, 388 mg, 776 mg, 1.552 g,
and 3.103 g (equivalent to 0.25 mmol, 0.5 mmol,
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1 mmol, 2 mmol, 4 mmol and 8 mmol, respectively,
of amoxycillin) was administered in an open,
6 x 6, Latin-Square crossover design on six different
occasions. A washout period of at least 48 h separ-

ated the treatments. All subjects fasted for 12 h
before each treatment. Tap water (150 ml) was given
at 07.30 h and amoxycillin was administered at 08.00
h in 100 ml of sodium citrate buffer (0.01 M, pH 4.9)
followed immediately by 150 ml of water. Further
amounts of water (100 ml each) were given at 1, 2, 3
and 4 h after dosing, and ad libitum thereafter, to
ensure adequate urine flow. The bladder was voided
just before drug administration and at each urine
collection time of 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 7,
8 and 10 h after dosing. The urine volumes were
recorded and 5 ml samples stored at -700C until
assayed.

Urinary concentrations of amoxycillin were
measured by reversed-phase h.p.l.c. using solid-
phase extraction [8]. Calibration plots were linear
(r > 0.999), between-day and within-day imprecision
was < 15.5% (CV), and recovery was > 94%, for
amoxycillin concentrations between 5-500 mg 1-l.
The elimination rate constant of amoxycillin (Xz)

was determined from the slope of the post-absorptive
urinary excretion rate plot against time. The elimina-
tion half-life (th/2,z) was calculated from 0.693/Xz. The
mean body residence time (MRT) of amoxycillin was
calculated [9] from:

=n AAe

[ i]i t id
i= 1 At

MRT =

Ae (0, n)

where,
AA

e= rate of excretion
At

tmid -mid-point of urine collection

Ae = amount excreted

n = total number of urine collection periods

The relationship between amoxycillin dose (D) and
the total amount absorbed (A) was described by a
Michaelis-Menten type of equation:

A *D
max

(Kd+ D) f

where, A
max

is the theoretical maximum and fe is the
fraction of an i.v. dose which is excreted unchanged;
a constant value of 0.55 was assumed for the latter
[10].
The parameters Amax and Kd were estimated by

nonlinear regression analysis using the Simplex
algorithm [11] in PCNONLIN (v.4, SCI Software,
Lexington, KY, U.S.A.). Initial graphical estimates of
these parameters were varied by ± 25% and the data
were reanalysed to ensure unique convergence. The
pharmacokinetic data were analysed statistically
using 3-way ANOVA with subjects, period, and treat-
ments as the main effects.

Results

The cumulative excretion of unchanged amoxycillin
after different doses reached an asymptote after about
6 h, and mean maximum excretion rates of drug
occurred between 0.5 and 1.5 h after administration,
indicating its rapid absorption. The total amount
excreted and the initial rate of excretion increased
less than proportionately with increasing dose above
2 mmol (Table 1). There was no significant change in
the elimination half-life, but mean residence time
increased by about forty percent (P < 0.05) when
amoxycillin dose was increased from 0.25 mmol to 8
mmol (Table 1). Less than one-quarter of the dose
was excreted following administration of 8 mmol
compared with one-half from a 0.25 mmol dose. The
period (order of administration) effect was insig-
nificant (P > 0.05). Mean (95% confidence limits)
values of the apparent (0-30 min data) Michaelis-
Menten constants were 0.36 (0.17-0.54) mmol h-1 for
Amax and 3.52 (0.31-6.73) mmol for Kd. Furthermore,
there was a strong linear association (r = 0.996)

Table 1 Pharmacokinetics of amoxycillin evaluated from urinary
excretion data following administration of amoxycillin sodium solution
to 6 normal subjects. Values are expressed as mean (95% CI)

Dose' MRT t,1,
mg mind2 fe (h) (h)

97 0.25 0.50 (0.44-0.56) 1.54 (1.32-1.76) 1.03 (0.80-1.23)
194 0.50 0.50 (0.46-0.54) 1.67 (1.45-1.89) 1.13 (1.03-1.23)
388 1.00 0.50 (0.47-0.53) 1.77 (1.52-2.02) 1.13 (1.01-1.25)
776 2.00 0.45 (0.41-0.49) 1.89 (1.62-2.16) 1.10 (1.00-1.20)
1552 4.00 0.37 (0.32-0.42) 2.15 (1.90-2.40) 1.24 (1.12-1.36)
3103 8.00 0.23 (0.19-0.27) 2.16 (2.01-2.41) 1.26 (1.12-1.40)

'Dose of amoxycillin sodium (mg); 2Amoxycillin equivalents.
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between total amount excreted and excretion over the
first 30 min across doses (Figure 1).

Discussion

Depending on dose and route more than half of an
amoxycillin dose is excreted renally. Thus, measure-
ment of urinary recovery of the drug offers a con-
venient and non-invasive means of estimating
amoxycillin absorption [2]. Amoxycillin sodium
solution was used since commercially available
suspensions and capsules contain amoxycillin trihy-
drate, which has an aqueous solubility of only 5.5 mg
ml-' at 37°C and pH 5.5 [12]. Since these conditions
are present in the luminal fluids of the small intestine
there is the possibility that valid interpretation of
absorptive processes may be confounded by limited
solubility of the trihydrate at higher doses [13]. Our
preliminary experiments indicated that solutions of
the lowest (0.25 mmol) and highest (8 mmol) doses
of amoxycillin sodium produced no precipitation of
amoxycillin between pH 2.0-7.5.
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Figure 1 Relationships between mean (± s.d.) total urinary
recovery (0) and 0-30 min recovery (0) of unchanged
amoxycillin and dose of amoxycillin sodium (in
amoxycillin equivalents).

Use of data collected over the first 30 min instead
of the minimum 6 h for total amount, potentially pro-
vides a more sensitive means of studying influences
on the absorption rate of amoxycillin. For example,
our preliminary (unpublished) results showed that the
initial rate of excretion, but not total amount of
drug excreted, was decreased significantly when
amoxycillin was taken with a 100-fold excess of
either glycylproline, glycylleucine, glycyltyrosine, or
glycylglycine.

Although the analysis of urinary excretion data is
an indirect means of studying drug absorption, the
present results are consistent with saturable absorp-
tion above 2 mmol doses of amoxycillin. The method
assumes that clearance and volume of distribution of
drug are not dose-dependent. The mean terminal half-
life of amoxycillin was similar after the six doses.
Thus, any change in clearance would need to be
balanced by a commensurate change in volume (and
vice versa), an unlikely occurrence. Furthermore,
others have reported that amoxycillin kinetics are lin-
ear over a wide dose-range after intravenous adminis-
tration [14]. It is also unlikely that our data reflected
alterations in gastric emptying and intestinal motility
since all treatments were uniform with respect to vol-
ume, strength and pH of the buffer solution contain-
ing amoxycillin sodium, and the volume of water
administered before and after drug administration.
There is no evidence that stomach emptying or
intestinal motility is affected by the dose of amoxy-
cillin. Finally, it is recognised that the renal clearance
of some drugs can be influenced by urine flow,
particularly those which are extensively reabsorbed
[15, 16]. Although fluid intake was controlled in the
present study, analyses of variance confirmed that
urine flow differed insignificantly (P > 0.05) among
doses, and with the order in which amoxycillin was
administered.
The method we have described for assessing the

absorption of amoxycillin is presently being used by
us to determine the role of the putative small peptide
carrier [7] in the absorption of this antibiotic from the
intestinal tract in man.

We thank Associate Professor B. Smithurst, Department of
Social and Preventive Medicine, The University of Queens-
land, for clinical assistance in the study.
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