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Macrolide antibiotics are important drugs to combat infections. The pharmacokinetics (PK) of these drugs are
essential for the determination of their optimal dose regimens, which affect antimicrobial pharmacodynamics and
treatment success. For most drugs, the measurement of their concentrations in plasma/serum is the surrogate for

drug concentrations in target tissues for therapy.

serum/plasma concentrations pharmacokinetics macrolide antibiotics

| 1. Introduction

Macrolide antibiotics are a family of compounds featured by the existence of a macrocyclic lactone ring of =12
members W2, The macrolide molecule is hydrophobic and is distributed in the extracellular fluid. In consideration
of their satisfactory bioavailability via oral administration, superior tissue penetration and broad efficacy against
many pulmonary pathogens, macrolides are extensively used as first-line antibiotics for the treatment of respiratory

bacterial infections 1.

Pharmacokinetics (PK) describe the chronological movement of drugs within the body, i.e., the time course of the
drug concentrations of serum/plasma or tissue fluid. Understanding the PK plays an important role in monitoring
the antibiotic exposure in a patient. PK are most frequently evaluated by measuring the drug concentrations of
serum/plasma. In addition to PK, the optimal dosing of an antibiotic also relies on the pharmacodynamics (PD) of
the drug. The PD of a drug describe the relationship between drug concentration and pharmacological activity.
Usually, the measurement of drug exposure is based on serum/plasma concentration—time course data [,
Traditional PD are based on serum/plasma concentrations of a drug which achieve equilibrium with tissues. The
selection of antibiotic concentrations aims to obtain an ideal exposure that should maximize the antibacterial
activity and minimize antibiotic resistance MBIEIZ  Thus, most investigators have focused on the drug
concentrations of serum/plasma for the PK/PD studies. However, the interstitial tissue is a site invaded by most
bacteria . The concentration of an antibiotic in the interstitial fluid (ISF) of the target tissue is essential for
assessing the antibacterial effects 8. Therefore, researchers realize that only the free (unbound) antibiotic
concentration in the ISF of the target site is in charge of the antibacterial activity and is more applicable in
determining clinical efficacy than serum/plasma concentration [EIZOLLIL2]I However, for most antibiotics,
serum/plasma concentrations have been used to calculate PK/PD for the determination of the optimal dose
regimens 1. Meanwhile, the traditional PD parameters based on the serum/plasma concentration of a macrolide

antibiotic are not suitable for the management of respiratory infections due to their much higher concentrations in
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the respiratory tract than serum/plasma [ Plasma/serum concentrations of macrolide antibiotics (e.g.,
clarithromycin, tildipirosin, gamithromycin, tilmicosin, telithromycin, and tulathromycin) in animals following the
administration of recommended doses are, overall, substantially lower than their minimum inhibitory concentrations
(MICs) 8. The aforementioned studies indicated that the length of time when the drug concentration remains
higher than MIC of the pathogen at the infection site, which provides more therapeutically relevant data than

depending on serum/plasma concentrations 241,

2. ISF Concentrations of Macrolide Antibiotics in the Lower
Respiratory Tract

For most drugs in general, the measurement of their concentrations in the serum/plasma is the surrogate for drug
concentrations in target tissues for therapy 4. However, most infections appear in tissues instead of the blood 13,
There is increasing interest in the relationship between the PK and PD of antimicrobial agents LI8ILT sych as
MIC, Chax/MIC, and AUC,,/MIC, which rely on the serum/plasma concentration as the PK input value and MIC as
the PD input value 2. Further understanding of PK and PD is attainable via meticulous PK investigations, the use
of the free drug concentration of serum/plasma in confirming PK values, and the analysis of drug concentrations of
tissues and ISF 18], The precise assessment of the drug concentration at the infection site is necessary for the
optimal therapy in patients. Measurements in special compartments (such as epithelial lining fluid) or confirming
concentrations in ISF contributes to the understanding of macrolide concentrations at the infection site, thereby
leading to the high therapeutic efficacy of macrolides. Following a macrolide administration, different tissues may
contain different macrolide concentrations. In a mouse model, it was found that after clarithromycin administration
to Streptococcus pneumoniae-inoculated mice, the incubation of lung and thigh tissues yielded very different
bacteria counts: a drastic reduction in the lung and an increase in the thigh 2. Thus, consistent bacterial killing
was observed in the lung model of infection whereas no drug effect was seen in the thigh model. These results
implied that following the macrolide administration, its concentration is tissue-dependent. The lungs may have a
much higher macrolide concentration than the thigh. Others also reported that lung tissues contain higher
macrolide concentrations than those of muscle 2% fat 21 and skin [22. In addition, higher clarithromycin
concentrations were found in pulmonary epithelial lining fluid (PELF) than the serum of mice 22, In another mouse
study, ~19-fold higher clarithromycin concentrations were found in lungs than plasma following a 100 mg/kg
clarithromycin dose 23, The unique characteristic of macrolide antibiotics with a higher concentration in lungs and

PELF than serum/plasma is an exciting phenomenon.

3. Concentrations of Macrolide Antibiotics in Plasmal/Serum,
Airway Fluid, and Tissues

Since the respiratory tract tissue and its epithelial lining fluid contain higher macrolide concentrations than
plasma/serum, tremendous research interest has been focused on the area of macrolide concentrations in the
airway tissues and associated ISF [1224] However, the PK of macrolide antibiotics (e.g., erythromycin, tylosin,

azithromycin, clarithromycin, tildipirosin, gamithromycin, tilmicosin, and tulathromycin) in plasma/serum and target
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tissues, particularly those of the respiratory tract, have not been fully elucidated. Macrolide concentrations are ~10-
fold higher in the airway epithelial fluid than in plasma [22. In a human study, the researchers examined the PK of
azithromycin in plasma, lung tissue and PELF in patients after oral administration of 500 mg azithromycin for 3 d.
This study examined the pharmacokinetics of azithromycin in plasma, lung tissue, and PELF in patients after the
oral administration of 500 mg azithromycin for 3 d. It was found that the plasma azithromycin concentrations were
only ~10% and ~1% those of bronchial fluid (BF) and lung, respectively (Figure 1) [28!. The results showed that
after azithromycin administration, the drug concentrations were: lung > PELF > plasma. In another two human
studies, upon the administration of a single 500 mg oral dose of azithromycin, the tissue concentrations exceeded
the minimum inhibitory concentration that inhibited 90% of likely pathogens (MICqg), and phagocytic concentrations
reached >200 times serum concentrations (2128 |n another human study, concentrations of clarithromycin and
azithromycin in PELF exceeded serum concentrations by 20-fold 24 h after the last dose of drug administration 29,
Telithromycin also has excellent penetration into bronchopulmonary tissues. In humans, concentrations of

telithromycin in PEFL exceeded serum concentrations by 12-fold 24 h after the last dose of drug administration 22
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Figure 1. Concentrations vs. time semilogarithmic plot of azithromycin 500 mg per human patient once daily for 3

days in lung tissue, PELF and plasma.

This phenomenon has been documented in cattle after the administration of tildipirosin as well 23131132 The
findings in cattle by Menge et al. 31 showed that the tildipirosin concentrations in lungs collected postmortem (4—
240 h after dosing) exceeded those in BF (the ratio of lung/BF concentrations was ~2.5:1) and the ratio of
lung/plasma was 27.6:1-214.5:1 (Figure 2). The results showed that after tildipirosin administration, the drug
concentrations were: lung > PELF > plasma. The ratio of tildipirosin concentrations of BF/plasma determined from

the same animals increased from 5.2:1 (4 h) to 72.3:1 (240 h or 10 days after administration) and then declined to
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56.0:1 at the last collection time point of BF and plasma (504 h or 21 days) 1. The plasma concentrations of
tildipirosin were below the MICq, of all three pathogens throughout the study. In contrast, the lung had drug
concentrations higher than the MICqq of H. somni for 18 d and the MICgqq of 2 other pathogens for >28 d. PELF had
drug concentrations higher than the MICq of H. somni for 3 d and the MICgq of 2 other pathogens for 21 d 1],
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Figure 2. Tildipirosin concentration vs. time (d) in bovine plasma (ug/mL), lung tissue, and PELF (ug/g) from cattle
following a single SC administration at 4 mg/kg body weight. The dotted lines represent the MICgq for Mannheimia

haemolytica and Pasteurella multocida (1 pg/mL) and for Histophilus somni (4 pg/mL).

Additionally, the concentrations of gamithromycin (Figure 3 and Figure 4) [3I34 and tulathromycin (Figure 5) in
bovine lung tissues were also much higher than those of plasma B2, The results from Giguere, S. et al. (2011)
showed that after gamithromycin administration, the drug concentrations were: BAL cells > lung > PELF > plasma
(331 Gamithromycin concentrations in BAL cells and blood neutrophils were 26-732 and 33-563 times higher than
concurrent plasma concentrations, respectively. The ratios ranged 4.7:1-127:1 for PELF/plasma, 16:1-650:1 for
lung tissue/plasma, and 3.2:1-2135:1 for BAL/plasma [22l. Both BAL cells and lung had drug concentrations above
MICgqo for >14 d; PELF had drug concentrations higher than MICgg for >6 d; and plasma had drug concentrations
below MICgo throughout the study B3l The results from Berghaus, L.J. et al. (2012) showed that after
gamithromycin administration, the drug concentrations were: BAL cells = neutrophils > PELF > plasma (4. Both
BAL cells and neutrophils had drug concentrations above the MICgqg of both pathogens for >336 h (14 d); PELF had
drug concentrations higher than the MICgg of R. equi for 48 h (2 d) and higher than the MICgg of S. zooepidemicus
for >144 h (6 d). Plasma had drug concentrations below the MICgq of both pathogens throughout the study 24!, The
plasma concentrations of tulathromycin in cattle were substantially lower than the lung tissue concentrations, with
AUC.360 (area under the plasma concentration—time curve) values for PELF, PELF cells, and lung homogenate of
cattle (Figure 5) 2. The results showed that after tulathromycin administration, the drug concentrations were:

PELF cells > lungs > PELF > plasma. Likewise, tulathromycin concentrations in PELF were ~10 times higher than
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plasma concentrations with the IV/IM route in horses B8, The AUC,_;; days in BF and PELF were 223 and 90
times, respectively, the corresponding values of plasma. The PELF and BF concentration profiles of tulathromycin
revealed that there was disparity in the local PK of tulathromycin at various anatomical structures of the lung.
Therefore, drug concentrations in PELF may not be a precise alternative of drug concentrations for different
pulmonary compartments 4. The equilibrium between plasma-BF and plasma—PELF does not occur
instantaneously, and the concentration—time profiles in both compartments are different 2823, The PELF and BF
drug concentrations are mainly affected by the alveolar area and bronchial section, respectively. The larger blood
flow and surface area of the airway compartment compared with the alveolar and bronchial areas may account for,

at least partially, the differences in tulathromycin profiles at those two lung compartments 87,
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Figure 3. Gamithromycin concentrations in plasma, bronchoalveolar lavage (BAL) cells and pulmonary epithelial

lining fluid (PELF) (ug/mL) and lung tissue (ug/g) of healthy Angus calves following gamithromycin administration
(6 mg/kg, SC). The dotted line represents the MICgg for Mannheimia haemolytica (0.5 pg/mL) 281,
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Figure 4. Gamithromycin concentrations in plasma, BAL cells, PELF, and neutrophils of 6 foals following a single
IM dose of gamithromycin (6 mg/kg). The dotted horizontal lines represent the MICqy of Rhodococcus equi (1

ug/mL) and Streptococcus zooepidemicus (0.125 pg/mL) isolates 241,
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Figure 5. Tulathromycin concentrations for 360 h following a single 2.5 mg/kg IM dose to cattle.

Similarly, the Cp,5x and AUC of tilmicosin in foals were higher for PELF than for serum (Figure 6) 2% The results
showed that after tilmicosin administration, the drug concentrations were: lung > BAL cells > PELF = neutrophils >
serum. Following intragastric administration, the ratios of PELF/plasma telithromycin concentrations in foals were
5.89:1 and 5.64:1 at 4 and 24 h, respectively 411,
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Figure 6. Tilmicosin concentrations in serum, bronchoalveolar lavage (BAL) cells, pulmonary epithelial lining fluid
(PELF) (ug/mL), and lung tissue (ug/g) of 7 foals following a single IM dose of tilmicosin (10 mg/kg).

| 4. Conclusions

Although the change in plasma/serum concentration-time and the change in airway ISF-concentration-time of
macrolide antibiotics are proportional, macrolide antibiotics in plasma/serum do not reflect the antibacterial activity
of the airway ISF. Thus, if the ISF concentrations of a macrolide antibiotic is efficiently and precisely collected by
the least invasive method, e.g., microdialysis, practical PK/PD parameters can be obtained for such a study.
Nevertheless, the PK data of airway ISF, the site of bacterial infection, are more important in setting the optimal

dose regimen of a macrolide than the PK data of plasma/serum.
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