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Abstract

Aim The aim of this study was to compare human phar-
macokinetics and bioequivalence metrics in saliva versus
plasma for azithromycin as a model class I drug of the
Salivary Excretion Classification System (SECS).
Methods A pilot, open-label, two-way crossover bioe-
quivalence study was done, and involved a single 500-mg
oral dose of azithromycin given to eight healthy subjects
under fasting conditions, followed by a 3-week washout
period. Blood and unstimulated saliva samples were col-
lected over 72 h and deep frozen until analysis by a vali-
dated liquid chromatography with mass spectroscopy
method. The pharmacokinetic parameters and bioequiva-
lence metrics of azithromycin were calculated by non-
compartment analysis using WinNonlin V5.2. Descriptive
statistics and dimensional analysis of the pharmacokinetic
parameters of azithromycin were performed using Micro-
soft Excel. PK-Sim V5.6 was used to estimate the effective
intestinal permeability of azithromycin.

Results and Discussion No statistical differences were
shown in area under the concentration curves to 72 h
(AUC(_7,), maximum measured concentration (Cp,,,) and
time to maximum concentration (7,,,) between test and
reference azithromycin products (P > 0.05) in the saliva
matrix and in the plasma matrix. Due to the high intra-subject
variability and low sample size of this pilot study, the 90%
confidence intervals of AUC(_7, and C,,x did not fall within
the acceptance range (80-125%). However, saliva levels
were higher than that of plasma, with a longer salivary Ty,x.
The mean saliva/plasma concentration of test and reference
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were 2.29 and 2.33, respectively. The mean =+ standard
deviation ratios of saliva/plasma of AUC_75, Cpax and Tpax
for test were 2.65 £ 1.59, 1.51 &= 0.49 and 1.85 £+ 1.4,
while for the reference product they were 3.37 & 2.20,
1.57 £ 0.77 and 2.6 £ 1.27, respectively. A good correla-
tion of R = 0.87 between plasma and saliva concentrations
for both test and reference products was also observed.
Azithromycin is considered a class I drug based on the SECS,
since it has a high permeability and high fraction unbound,
and saliva sampling could be used as an alternative to plasma
sampling to characterize its pharmacokinetics and bioe-
quivalence in humans when adequate sample size is used.

Key Points

Saliva sampling offers an easy and non-invasive
method as compared with plasma sampling.

Azithromycin pharmacokinetics and bioequivalence
metrics in saliva were compared with plasma, and a
good correlation was demonstrated.

Azithromycin is considered a class I drug based on the
Salivary Excretion Classification System (SECS), and
saliva sampling could be used as an alternative to
plasma sampling to characterize the drug’s
pharmacokinetics and bioequivalence in humans.

1 Introduction

Salivary excretion of some drugs has been reported previ-
ously as a good indicator for drug bioavailability, therapeutic
drug monitoring [1-6], pharmacokinetics [7-11] and also
drug abuse [12]. Saliva sampling offers a simple, non-
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invasive and cheap method as compared [13-16] with
plasma sampling, yet needs special attention so that no drug
residue is left in the mouth after dosing. According to the
Salivary Excretion Classification System (SECS), class I
drugs of high intestinal permeability and low protein bind-
ing, such as paracetamol, are subjected to salivary excretion.
Class II drugs of low permeability and low protein binding,
such as metformin, are subjected to salivary excretion since
low permeability is counterbalanced by low protein binding.
Class III drugs of high intestinal permeability and high
protein binding, such as cinacalcet, are subjected to salivary
excretion since high protein binding is counterbalanced by
high permeability. Class IV drugs of low intestinal perme-
ability and high protein binding, such as montelukast, are not
subjected to salivary excretion [1]. In addition, drug analysis
in the clean saliva matrix is simple and can be done using the
same method of analysis as plasma matrix. Azithromycin is a
semi-synthetic 15-member azalide antibiotic derived from
erythromycin. It is characterized by better acid stability
associated with more reliable and greater oral bioavailabil-
ity, more extensive tissue penetration, and significantly
longer elimination half-life compared with erythromycin.
Azithromycin is effective against Gram-positive and Gram-
negative pathogens. Azithromycin is commonly used for the
treatment and prophylaxis of respiratory tract infection, skin
and soft tissue infection, and sexually transmitted diseases
[17, 18].

2 Objectives

The aim of this study was to compare human pharmacoki-
netics and bioequivalence metrics in saliva versus plasma for
azithromycin as a model class I drug of the SECS.

3 Experimental
3.1 Design

Plasma pharmacokinetics under fasted state conditions
were compared with saliva pharmacokinetics in a two-way
cross-over truncated design study. The pilot bioequivalence
study was conducted on in eight healthy human volunteers
at Al-Hilal Hospital as per the International Council for
Harmonization, Good Clinical Practice, and Helsinki dec-
laration guidelines, after Jordan Food and Drug Adminis-
tration approvals.

Oral dosing of 500 mg azithromycin test formula
(Azox® tablet, batch #150912, expiry date 09/2018) or
reference formula (Zithromax tablet, batch #315704,
expiry date 03/2018) with 240 mL of water was given after
10 h overnight fasting without dietary restrictions.
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Plasma and resting unstimulated saliva samples were
collected at 0, 0.33, 0.66, 1.00, 1.50, 2.00, 2.5, 3.00, 3.50,
4.00, 4.50, 5.00, 6.00, 8.00, 10.00, 12.00, 24.00 and 48.00
and truncated at 72.00 h during each study phase. Mouth
checking and thorough rinsing of the mouth was done prior
to first saliva sampling to avoid contamination of saliva
samples by any drug residues. All samples were deep
frozen until assayed by the validated liquid chromatogra-
phy with mass spectroscopy (LC-MS) assay method (de-
tailed below).

Medical history, vital signs, physical examination and
laboratory safety test results showed no evidence of clini-
cally significant deviation from normal medical condition
as evaluated by the clinical investigator.

3.2 Assay Methodology

Plasma and saliva samples were deep frozen until assayed by
validated LC-MS assay method. A Hypersil BDS C18 col-
umn at 30 °C was used with roxithromycin as the internal
standard. The mobile phase was 45% 0.01 M ammonium
acetate plus 0.1% acetic acid and 55% methanol. The flow
rate was 0.5 mL/min, with an ambient auto-sampler tem-
perature. The extraction procedure was as follows:

e Pipette 300 pL of spiked/blank plasma sample into a
previously labeled test tube.

e Add 50 pL of internal standard (400 ng roxithromycin/
mL), and vortex for 15 s.

e Add 150 pL of extraction buffer for plasma samples
only (0.1 M sodium carbonate), and vortex for 30 s.

e Add 5 mL of extraction solvent (MTBE), and vortex
for 2 min.

e Centrifuge the sample for 2 min at 4400 rpm.

e Freeze the sample for about 30 min then decant the
supernatant in a clean evaporating glass tube.

e Evaporate the extraction solvent by compressed air in
water bath at 40 °C (this step should be conducted in
the fume hood), reconstitute the residue with 250 pL of
reconstitution solution (50 MeOH:50 water) plus 0.1%
acetic acid, and vortex for 1 min.

e Transfer the sample into a flat bottom inserts vial, and
inject into the instrument.

Intra-day coefficient of variation was 3%, inter-day accu-
racy range was 93.228-105.140%, inter-day precision range
was 6.65-13.204% and linear range was 5—450 ng/mL.

3.3 Data Analysis

3.3.1 Pharmacokinetic Analysis

Individual pharmacokinetic parameters for drug concen-
tration in both saliva and plasma samples were calculated
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by non-compartmental analysis using WinNonlin V5.2.
Pharmacokinetic parameters were area under the concen-
tration curve to 72 h (AUCgy_7,), maximum measured
concentration (Cp,,,) and time to maximum concentration
(Tmax)- The elimination phase was not clear enough in the
truncated design to calculate elimination parameters such
as half-life and elimination rate constant.

3.3.2 Dimensional and Correlation Analysis

The following dimensionless saliva/plasma ratios were
calculated in Microsoft Excel:

— AUC" = saliva AUC/plasma AUC,
— Thax = saliva Ty, /plasma Ty
- Cmax* = saliva Cax/plasma Cyax

e . . .
— C = saliva concentration/plasma concentration = C/

G

Correlation analysis was performed using Excel to cor-
relate average C versus average C, values up to median
Tax Of the reference product.

3.3.3 Bioequivalence and Statistical Analysis

Analysis of variance, 90% confidence intervals, and intra-
subject variability estimates for primary pharmacokinetic
parameters for test and reference products after logarithmic
transformation were calculated by WinNonlin V5.2. Statisti-
cal comparisons were also done using parametric ¢ tests for
AUC and C,,,«, and the non-parametric Wicoxon test for Ty,.x.

3.3.4 Absorption Kinetics

The Nelder-Mead algorithm of the Parameter Estimation
module, using the PK-Sim program V5.6, was used to
calculate azithromycin intestinal permeability (P.s) by
searching for the best parameter values that produced a
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plasma concentration that matched the actual plasma con-
centration at the same time. The objective function is the
weighted sum of squared differences of the observed and
model predicted values.

4 Results and Discussion

Azithromycin plasma and saliva mean concentrations are
shown in Fig. 1. It is noticed that saliva concentrations are
much higher than plasma concentrations. However, saliva
profiles in test and reference products are closely related to
those in plasma. The correlation coefficients and coefficients
of determination of 0.84-0.87 and 0.71-0.76 between saliva
and plasma concentrations up to median T,,,x values of
plasma profiles are shown in Fig. 2. Thisis in agreement with
the good correlation shown previously for other drugs [1].
Pharmacokinetic parameters of AUC0-72, Tyjax and Cpax in
saliva and plasma are summarized in Tables 1 and 2. No
statistical differences were seen for AUC(_75, Crpax and Tpax
between test and reference azithromycin products
(P > 0.05) in saliva matrix and in plasma matrix.

Moreover, bioequivalence metrics and statistical com-
parisons for primary pharmacokinetic parameters were
calculated for both saliva and plasma. The 90% confidence
intervals for AUC0-72 and C,,,x were 45.32—-117.51 and
63.20-113.64, and 65.56-117.58 and 52.05-134.33% in
saliva and plasma, respectively. However, geometric mean
ratios of AUC0-72 and C,,,, in saliva were 84 and 73, and
88 and 83% in plasma. Confidence intervals did not pass in
both saliva and plasma because of the low sample size of
this pilot study. This is reflected in a high intra-subject
variability of 52% and a minimum low study power of 19%
in both saliva and plasma.

Figure 3 shows observed versus PK-Sim-predicted
concentration profiles, indicating good fit. The optimized
effective permeability coefficient was 0.0006 cm/s.
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Table 1 Pharmacokinetic parameters of azithromycin test and ref-
erence formulations in plasma

Parameter Test Reference P value; paired ¢ test
AUCy_7, (ng/mL-h) 241947 2517.0 0.44

Chax (ng/mL) 291.30 328.3 0.47

Tmax (h) 3.38 32 0.67*

* Wilcoxon test is done for T,

Table 2 Pharmacokinetic parameters of azithromycin of test and
reference formulations in saliva

Parameter Test Reference P value; paired ¢ test
AUCy 7, (ng/mL-h)  6992.05 8560.74 0.35

Chax (ng/mL) 453.33 496.69 0.30

Tinax (h) 5.25 8.44 0.15%

* Wilcoxon test is done for Tya

Azithromycin falls into class I, consistent with published
results [1], with high permeability (Fa = 0.99) and high
fraction unbound (fu = 0.71), with good salivary
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Fig. 3 Observed vs. PK-Sim-predicted plasma concentrations (a, b)
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excretion. Moreover, the dimensional analysis presented in
Table 3 shows that saliva to plasma ratios are higher than
unity. This is consistent with the higher concentrations and
parameter values in saliva as compared to plasma, which
makes it easier to measure and trace azithromycin con-
centrations in saliva.

It is well known that for most antibiotics, serum levels
serve as a good surrogate of levels at the site of infection,
but for certain classes of antibiotics (e.g., azithromycin,
clarithromycin), there is a large difference between serum
drug level and level at infection site (10- to 20-fold).
Therefore, using the pharmacokinetic data alone is not
enough to describe the antimicrobial activity of the drug,
and pharmacodynamic parameters should integrate with
pharmacokinetic parameters. Integrating the pharmacoki-
netic parameters with the minimum inhibitory concentra-
tion (MIC) gives us three pharmacokinetic/
pharmacodynamic parameters that quantify the activity of
an antibiotic: the peak/MIC ratio, the T > MIC, and the
24 h-AUC/MIC ratio. It was found that azithromycin kill-
ing activity is best described by 24 h-AUC/MIC calcula-
tion [19, 20]. Since the AUC of azithromycin in saliva is

B

o 12 24 36

time [h]

48 72
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Table 3 Saliva/plasma dimensional analysis of test and reference

Parameter Test Reference
AUCH* 2.65 3.37
Crnax™ 1.51 1.57
Trnax® 1.85 2.86
C* 2.29 2.33

AUC area under the concentration curve, AUC* saliva AUC/plasma
AUC,, C,,, maximum measured concentration, C,,,,* saliva Cpax/-
plasma Cax, Thax time to Crax, Tonax™ saliva Tha/plasma Ty, C*
saliva concentration/plasma concentration

much higher than that of plasma, saliva AUC may be used
to calculate the killing activity of azithromycin.

5 Conclusions

Azithromycin saliva sampling could be used as an alter-
native to plasma sampling to characterize the drug’s
pharmacokinetics and bioequivalence in humans when
adequate sample size is used. Further work is needed to
fully characterize the salivary excretion of azithromycin
following its oral administration using larger sample size
and extended sampling time.

Indeed, it was not our goal to establish bioequivalence,
but rather to confirm a concept and to show suitability and
validity of saliva instead of plasma in such studies. Saliva
sampling has the advantages of being easier to collect and
painless compared with plasma sampling. Moreover, saliva
sampling can be done at home by patients, in the case of
therapeutic drug monitoring, or in a controlled study in
hospitals. NASA has conducted several clinical trials in
space shuttles using saliva sampling because of its validity
and suitability [21]. The main disadvantage of saliva
samples can be the high intra- and inter-subject variability.
However, this can also be accounted for by enrolling a
larger number of subjects in the clinical study.
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