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ABSTRACT
Objective: To review data on pharmacokinetic factors that influence the absorption and tissue distribution for

individual antibiotic agents to better inform clinicians on rational dosing considerations of oral antibiotics for the
treatment of acne vulgaris. The focus is placed on the most commonly prescribed oral antibiotics for acne vulgaris, the
tetracyclines. Dose-response is also reviewed. Design and methods: This review describes factors affecting the
absorption, distribution, and target tissue penetration of the most frequently prescribed oral antibiotics for the treatment
of acne vulgaris, the tetracyclines. Articles cited were identified by a search of PubMed covering the period from January
1, 2000, to November 15, 2010. Reference lists in articles identified in this search were searched manually for additional
references of interest. Results: Pharmacokinetic factors that may influence outcomes in antibiotic therapy for acne
vulgaris include drug solubility, gastrointestinal permeability, systemic absorption, tissue distribution, and target tissue
penetration. In particular, drugs that are highly soluble and highly permeable are well absorbed and widely distributed.
Drugs that are more lipophilic are believed to penetrate better into the lipid-rich sebaceous follicular tissues, where the
therapeutic target, Propionibacterium acnes, resides. Food intake and differences in patient body weight can also alter
antibiotic absorption and distribution, potentially resulting in differences in efficacy and tolerability. Dose-response data
with oral antibiotics, including the tetracyclines, is scant. Pharmacokinetic studies completed with extended-release
minocycline have allowed for assessment of interindividual differences in drug absorption, a consideration that may
influence therapeutic response and/or predilection for adverse effects. Dose-response pharmacokinetic data is not
currently available with other tetracyclines. Conclusion: An understanding of the differences in absorption (with and
without meals or other ingestants), distribution, and target tissue penetration among oral tetracyclines is valuable for
clinicians, as such factors may influence outcomes in patients treated for acne vulgaris.
(J Clin Aesthet Dermatol. 2011;4(2):40–47.)
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Oral antibiotics are recommended for the treatment
of moderate or severe inflammatory acne.1,2 These
agents are frequently administered in combination

with a topical acne regimen that may include a benzoyl
peroxide–containing formulation to enhance therapeutic
benefit and minimize the emergence of resistant strains of
Propionibacterium acnes. A topical retinoid is commonly
also incorporated, allowing for reduction in comedonal and
inflammatory lesions via different mechanisms of action.3

The most commonly used oral antibiotics include the
tetracyclines (tetracycline, doxycycline, minocycline); the
macrolides (erythromycin and azithromycin)4; and

trimethoprim/sulfamethoxazole (TMP/SMZ), a combination
sulfonamide.5 These agents work primarily through
antibacterial effects against the proliferation of P. acnes
within the sebaceous follicle.6–8 Some agents, such as
tetracyclines, may also have anti-inflammatory effects
independent of their antibiotic activity.9,10 P. acnes promotes
an inflammatory cascade through multiple mechanisms,
leading primarily to the development of inflammatory
lesions and secondarily contributing to the formation of
comedonal lesions.

Among the tetracyclines, doxycycline and minocycline
are used most frequently in the United States and many
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other countries because of greater efficacy and lower
prevalence of P. acnes resistance compared with
tetracycline.5 The macrolide erythromycin was used
frequently in the past but is used less frequently now
because of markedly decreased sensitivity of P. acnes to
this agent. Use of TMP/SMZ is generally limited owing to
concerns related to severe cutaneous drug reactions and
hematological adverse events (AEs) and in an effort to
conserve its use for the treatment of infections due to
highly resistant pathogens, such as methicillin-resistant
Staphylococcus aureus.4

Clinical use of oral antibiotics for acne is based primarily
on empiric evidence. Clinical dose-response trial data and
comparative efficacy trials are generally lacking.11,12 In
particular, trials to evaluate dose response in patients with
acne are conspicuously rare,11 but have been conducted
with extended-release minocycline.13,14

Pharmacokinetic factors can influence the effectiveness
of any systemic agent. The Biopharmaceutics Classification
System is a helpful tool for predicting clinical
pharmacokinetics of a drug based on its in-vitro aqueous
solubility and in-vivo “permeability” (degree of oral
absorption compared with intravenous absorption).
Gastrointestinal (GI) absorption of a drug may be affected
by food intake (particularly foods containing fat or
minerals such as iron or calcium), by interpatient
variability, and by specific drug attributes, such as drug
solubility and permeability.15,16

Drug solubility and permeability influence
absorption.17,18 Generally, high solubility facilitates
absorption of a drug, and low-solubility drugs, such as
isotretinoin and cyclosporine, require the presence of a
fatty meal because lipids solubilize the drug.19 High
permeability facilitates penetration of enterocytes for
absorption but also facilitates access to hepatocytes and,
consequently, to metabolizing enzymes. However, some
agents with high permeability penetrate hepatocytes, but
do not gain access to metabolizing enzymes; rather, they
are excreted unchanged in bile. Other drugs with high
permeability are rapidly metabolized and eliminated,
leading to reduced distribution and target penetration.19 In
the antibiotic treatment of acne, target penetration refers
to the ability of a drug to access the sebaceous follicles
where excessive proliferation of P. acnes occurs in acne
patients.20 Lipophilic drugs have an advantage in
penetrating these lipid-rich targets. 

Given the range of factors that may potentially influence
response, an understanding of the dose-response
relationship with antibiotics is important for acne drugs, as
it is for any medication. Inadequate or excessive dosing by
the prescriber and patient can cause poor or unusually high
GI absorption, leading to poor efficacy or an increased
frequency of adverse events.14,21 Inadequate dosing and/or
prolonged exposure to antibiotics may encourage the
development of antibiotic-resistant bacteria.22,23 For
example, exposure of P. acnes bacteria to sublethal doses
of clindamycin and erythromycin has been shown to select
for antibiotic-resistant bacterial strains in vitro.24 Drug

exposure may also be affected by body weight; research
has shown that serum concentrations of minocycline
decrease as body weight increases.25

This article reviews the factors that affect the
absorption, distribution, and target penetration of systemic
antibiotics prescribed for acne, as well as individual patient
factors that contribute to their effectiveness, tolerability,
and safety. The review focuses on the tetracyclines
because they are the most commonly prescribed oral
antibiotics for acne.5

SEARCH METHODOLOGY
A PubMed search covering the period from January 1,

2000, to November 15, 2010, was conducted using the
following search string: (acne OR “acne vulgaris”) AND
(antibiotics OR tetracycline OR doxycycline OR
minocycline OR macrolide OR azithromycin OR
erythromycin OR clindamycin). Reference lists in articles
identified in this search and in treatment guidelines were
searched manually for additional references of interest.

FACTORS CONTRIBUTING TO EFFICACY 
To be effective, an oral medication must be absorbed, be

distributed by circulation, and penetrate the target tissue.
Absorption, distribution, and target penetration are
influenced by the solubility and permeability of a drug and
by inherent characteristics of the target site. Specifically,
drug absorption is facilitated by high aqueous solubility and
high GI permeability.17,18 A drug is considered highly soluble
if its highest dose dissolves in 250mL of aqueous solution
across a pH range of 1 to 7.5 at a temperature of 37°C.17,18 A
drug is considered highly permeable if it is 90-percent
absorbed when taken orally compared with an equal dose
administered intravenously. Molecular weight is also an
important factor affecting drug absorption, with lower-
molecular-weight drugs being more easily absorbed.26

Food is most likely to adversely influence the absorption
of a drug if the agent has both low solubility and
permeability.18 Several specific food components may
interfere with drug solubility by forming complexes with the
drug (e.g., iron, calcium, and other minerals), absorbing the
drug (e.g., fiber, pectins), or changing GI pH levels. Food
components may interfere with drug permeability by
competing for enterocyte transporters or affecting motility,
but dietary fat may improve the absorption of drugs with
poor solubility and high permeability.18 With highly
soluble/highly permeable drugs, drug transporters are not
as essential to absorption.17 Nonetheless, a high-fat meal
may reduce peak absorption time by delaying stomach
emptying.19 It is important to understand that rapid
absorption may not only increase therapeutic drug effects,
but may also induce or exacerbate AEs, especially if the AE
is precipitated by a rapid rise in serum concentrations or a
high-peak concentration.27

Absorption and subsequent distribution of a drug is also
facilitated by the combination of high solubility and high
permeability.19 Drugs with high GI permeability are also
highly permeable to hepatocytes, which contain a variety of
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metabolic enzymes that can deactivate, activate, and/or
promote elimination of some drugs.19 Penetration of the
lipid-rich sebaceous follicles that make up the target
tissues in the treatment of acne is facilitated by high
lipophilicity, which is a common characteristic of highly
permeable drugs.27,28

High permeability can also facilitate penetration of the
blood-brain barrier, which may lead to central nervous
system AEs, such as headache or vertigo.27 Thus, an
effective antibiotic would pass easily through the gastric
and/or intestinal mucosa and be lipophilic enough to be
well distributed to sebaceous follicles.27 Drugs with a higher
lipophilic/hydrophilic partition coefficient (measured as
the ratio of octanol/water concentration) leave the aqueous
spaces more rapidly and enter the lipid-rich target tissues.29

TETRACYCLINE
Tetracycline (molecular weight, 444)30 has high

solubility, but relatively poor permeability,19 resulting in 77
to 88-percent absorption of the oral medication compared
with intravenous administration (Table 1).31 Food reduces
the absorption of tetracycline by about 50 percent.32,33

Dietary iron, calcium, magnesium, and aluminum chelate
tetracycline in the GI tract, thus reducing its absorption.34

Tetracycline has a large volume of distribution (108L), but
is not highly lipophilic and therefore may not optimally

penetrate the follicular unit, which contains large amounts
of lipid-rich sebum.15

DOXYCYCLINE
Doxycycline (molecular weight, 462)30 exhibits greater

solubility, permeability, and lipophilicity compared with
tetracycline,19 and as a result is less affected by dietary
components (Table 1). Food reduces absorption of
doxycycline by approximately 20 percent,33 and iron,
calcium, magnesium, and aluminum may also reduce its
absorption through chelation.27

Despite its higher permeability, doxycycline is less
extensively metabolized than tetracycline,19 with 29 to 55
percent of the administered doxycycline dose being
excreted in bile and urine as unchanged drug.27

Doxycycline also has a lower volume of distribution than
tetracycline (50–80L).15 Although more lipophilic than
tetracycline,35 concentrations of doxycycline in serum are
about fivefold higher than in soft tissues.36

MINOCYCLINE
Minocycline (molecular weight, 457)30 is highly soluble,

highly permeable, very lipophilic, and extensively
metabolized (Table 1).19 High solubility and permeability
minimize the effects of food on absorption.17,37 In a study of
minocycline immediate release (IR) under fed and fasted

TABLE 1. Key pharmacologic characteristics

TETRACYCLINE DOXYCYCLINE MINOCYCLINE

GI absorption 77–88% 73–95% 95–100%

Solubility High High High

Permeability Low High High

Volume of distribution 108L 50–80L 80–115L

Protein binding 55–64% 82–93% 76%

Lipophilicity Low Intermediate High

Molecular weight 444 462 457

Dietary factors affecting 
absorption

Food, iron, calcium, 
magnesium, aluminum

Food (less affected than 
tetracycline), iron, calcium, 

magnesium, aluminum

Food (less affected than
tetracycline or 

doxycycline), iron, 
calcium, magnesium

Availability in ER formulation No No Yes

GI=gastrointestinal; ER=extended release
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conditions, mean area under the curve (AUC) was
2.2mg/h/L with food and 2.11mg/h/L fasted. Mean
maximum observed plasma concentration (Cmax) and time
to Cmax (tmax) were each 0.65mg/L at 120 minutes. In a
second study, food, milk, and iron reduced absorption of
minocycline by 13, 27, and 77 percent, respectively.32 As
with tetracycline and doxycycline, antacids with calcium or
magnesium reduce minocycline absorption,15 and
aluminum reportedly also reduces absorption.38

The volume of distribution with minocycline is higher
(80–115L) than with doxycycline,15 and minocycline is
tenfold more lipophilic than tetracycline and fivefold more
lipophilic than doxycycline.35 In contrast to tetracycline
and doxycycline, minocycline concentrations in skin are
47-percent higher than in serum because minocycline
rapidly mobilizes from the blood into tissues, including
lipid-rich sites.39

Lipophilicity is believed to enhance the access of
minocycline into the target sebaceous follicles via
penetration into sebaceous glands.29 However, lipophilicity
also enables minocycline to easily cross the blood-brain
barrier, potentially leading to acute vestibular AEs,
especially with IR minocycline formulations with rapid
access to the systemic circulation.13 The extended-release
(ER) formulation of minocycline causes absorption and
distribution to occur more slowly with a lower Cmax and a
lower cumulative drug exposure over a given time period
(i.e., AUC).5 This slowing of absorption and distribution
may result in a reduction in acute vestibular AEs without a
reduction in efficacy.5,13

IMPACT OF ABSORPTION ON TREATMENT
OUTCOMES

Doxycycline and minocycline are low-molecular-
weight30 and highly soluble and permeable drugs,19 with
minocycline exhibiting greater permeability due to greater
lipophilicity.29 Tetracycline is also a low-molecular-weight
drug,30 but is far less permeable,19 which is why food
inhibits tetracycline to a greater extent than it does
doxycycline (22%) or minocycline (12%).28

These pharmacokinetic differences between tetracycline,
doxycycline, and minocycline have the potential to influence
their relative effectiveness and tolerability. In a nine-week,
parallel-group, comparative trial, 60 adult acne patients with
P. acnes counts ≥10,000 colony-forming units/cm2 received
minocycline IR 200mg/d, doxycycline 200mg/d, or
tetracycline 1,000mg/d for six weeks.28

P. acnes counts were measured at baseline, after six
weeks, and for three additional weeks after treatment was
discontinued. Minocycline IR 200mg was associated with a
tenfold greater reduction in P. acnes levels at Week 6
compared with doxycycline or tetracycline. After
treatment discontinuation (Week 9), P. acnes levels
remained lower in patients treated with minocycline IR
than in those treated with either doxycycline or
tetracycline.

Minocycline treatment may have an advantage
compared with tetracycline or doxycycline because

enhanced tissue penetration may be accompanied by a
lower incidence of emergence of resistant P. acnes strains.5

In an in-vitro analysis of 73 P. acnes strains, resistance
(minimum inhibitory concentration [MIC] ≥5µg/mL) to
erythromycin alone was detected in 35 strains, resistance
(MIC ≥2µg/mL) to tetracycline alone in 15 strains, and
resistance to both tetracycline and erythromycin in 15
strains.40 Minocycline was active against all strains,
exhibiting a lower MIC than either tetracycline or
doxycycline.40

On the other hand, minocycline IR formulations have
been associated overall with a somewhat higher incidence
of AEs compared with doxycycline. In a 2005 systematic
review of clinical trials,21 AEs were reported in 0 to 61
percent of patients treated with doxycycline and 11.7 to
83.3 percent of patients treated with minocycline (only the
IR formulation was available at that time). With
doxycycline, GI AEs (4–51.7%) were the most frequent
AEs, followed by skin reactions (range: 0.42–30.5%). The
most frequent published case reports on doxycycline relate
to esophageal erosion, an AE that typically is not reported
with either IR or ER formulations of minocycline.

With minocycline IR, central nervous system reactions
were the most frequent AEs (<3–67%), followed by GI
events. Discontinuations due to acute vestibular AEs were
reported in 1.7 to 8.8 percent of patients. The most
frequent published case reports of AEs associated with
minocycline IR have included hyperpigmentation, drug
hypersensitivity, and autoimmune effects.21

Although pharmacokinetic variables suggest differences
in efficacy, tolerability, and food effects among
tetracyclines, few studies have compared the efficacy of
individual tetracyclines head to head, and there have been
no dose-response studies examining the association
between pharmacokinetic variables and outcomes with oral
antibiotics used to treat acne other than ER minocycline.11

Dose-response studies performed during the development
of minocycline ER illustrate ways in which pharmaco-
kinetic variables can impact treatment outcomes, optimize
efficacy, and reduce the occurrence of AEs. These studies
evaluated the effects of drug dissolution rate and body
weight on efficacy, tolerability, and food effects.

DOSE-RESPONSE STUDIES 
Extended release versus immediate release.

Clinical and pharmacokinetic data with multiple
formulations of minocycline IR indicate that the occurrence
of vestibular AEs correlates with the dissolution rate and
Cmax of minocycline.27 Additional data suggest that
vestibular AEs are more frequent in patients with lower
body weight unless the dose is adjusted to body weight.25

The occurrence of vestibular AEs appeared to be related to
a rapid influx of minocycline into the blood, which produces
high spikes in serum concentrations following
administration of minocycline IR.27 These spikes likely
facilitate penetration of the blood-brain barrier, potentially
increasing the risk of vestibular AEs. The ER formulation of
minocycline slows the rate of drug release and systemic
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drug exposure. A weight-based dosing schedule was
developed to minimize the impact of differences in body
weight on treatment outcomes and AEs.

Rate of dissolution. In a randomized, multiple-dose,
crossover trial,29 28 healthy adults received minocycline ER
135mg or minocycline IR 100mg once daily for six days,
before undergoing 14-day washout and switching to the
alternative treatment. Blood assays for determination of
pharmacokinetic parameters were assessed before and for
72 hours after the final dose. Twenty-seven subjects
completed the study. Minocycline ER Cmax occurred later
(3.5–4h) than minocycline IR Cmax (2.25–3h). At steady
state, minocycline ER Cmax was lower than minocycline IR
Cmax (2.63µg/mL vs. 2.92µg/mL, respectively). The mean
minocycline ER AUC from 0 to 24 hours was lower than
that of minocycline IR (33.32µg•h/mL and 46.35µg•h/mL,
respectively).

Although the sample size for this study was small, the
results nonetheless provide useful information about the
mean and median values for a population, but are of limited
utility for characterizing individual patient variability
within a population. Interpatient variability can account for
differences in individual response to an antibiotic
compared with the anticipated response for the majority of
the population. As the classic S curve of dose response
predicts, a patient who absorbs the drug poorly may
experience poor efficacy at a dose that is otherwise
effective for the median of a population; whereas, a patient
who absorbs the drug with unusual rapidity may
experience AEs at a dose that is otherwise well tolerated
by the median of a population. 

Important differences between minocycline ER and IR
with respect to AUC and Cmax can be displayed to great

effect using a box-plot analysis,
wherein the upper border of the box
represents the value of a
pharmacokinetic parameter for the
75th percentile, the lower edge the
25th percentile, and the midline of the
box the median of a population. The
resulting box gives the range for 75
percent of the study population. The
bars above and below the box
represent the highest and lowest
values not more than 1.5 times the
range within the box. Outliers include
patients with pharmacokinetic values
greater than 1.5-fold above or below
the upper or lower limit of the
intrabox range but less than threefold
times that distance. Extreme outliers
have values threefold above or below
the range within the box plot.

Figure 1 is a box-plot display of the
Cmax data for the two minocycline
formulations derived from the 28-
subject study described above.41 The
box for the ER formulation is smaller

than that of IR formulation; 75 percent of subjects
receiving minocycline ER have a Cmax between 2 and
3µg/mL compared with a broader range for subjects
receiving the IR formulation. With the IR formulation,
there was one (3.7%) extreme outlier with a Cmax of
8.9µg/mL. In addition, there were two subjects (7.4%) with
values >6µg/mL with the IR formulation compared with
two subjects (7.4%) with values >4µg/mL with the ER
formulation. There were no extreme outliers following
administration of minocycline ER. Spearman rank
correlation (P<0.001) showed a significant degree of
concordance in Cmax levels for the two formulations. For
example, the extreme outliers who had the lowest and the
highest Cmax with the IR formulation also had the lowest
and the highest Cmax with the ER formulation.

Figure 2 is a box-plot display of the steady-state AUC
over a 24-hour period. ER minocycline showed a very small
box compared with the IR formulation.41 The IR
formulation had one (3.7%) extreme outlier for high
absorption; this subject was the same person who was also
an extreme outlier for Cmax with the IR formulation and also
had the second highest AUC with ER minocycline. The
subject with the lowest AUC with minocycline IR also had
the lowest AUC value with the ER formulation. The
Spearman rank correlation was again significant
(P<0.001), indicating a high degree of concordance
between AUC and the ER and IR formulations. 

Collectively, these data suggest that patients receiving
either minocycline formulation would be expected to
derive therapeutic benefits from therapy but that patients
treated with minocycline ER would be less likely to have
extreme elevations in Cmax and AUC and therefore be more
likely to better tolerate therapy. Only one subject had a low

Figure 1. Day 6 box-plot analysis of maximum plasma concentrations (Cmax) with 
minocycline IR and ER formulations (see detailed explanation in manuscript); 
IR=immediate release; ER=extended-release
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AUC following administration of
minocycline ER. This subject might be
predisposed to exhibit a poor clinical
response with the ER formulation
because of lower GI absorption. In
cases with suboptimal response,
assuming good compliance and an
adequate treatment duration, an
escalation of the daily minocycline ER
dose may be required because the
patient may be an innate “low
minocycline absorber.”

Effects of food. In a small
randomized, single-dose crossover
trial,29 24 healthy adults (12 women)
aged ≥18 years received consecutive
single oral doses of minocycline ER
135mg under fasted conditions and
after a meal that included dairy,
separated by a seven-day washout
period. The population included
African-American (n=12), Caucasian
(n=10), Hispanic (n=1), and Asian
(n=1) subjects.42

The tmax for minocycline ER was
3.52 hours under fed conditions and
3.69 hours under fasted conditions.
Cmax was 1.85µg/mL under fed
conditions and 1.84µg/mL under
fasted conditions. These data suggest
that food intake has little effect on the
absorption of minocycline ER (<1%
decrease in absorption under fed
conditions) (Figure 3). In contrast,
there was an 11-percent reduction in
minocycline IR absorption and a 24-
percent reduction in doxycycline
absorption after a meal. The AUC of
minocycline ER was 38.4µg/mL•h
under fed conditions and 39.1µg/mL•h
under fasted conditions. Terminal
half-lives under fed and fasted
conditions were 16.6 and 16.3 hours,
respectively, for minocycline ER.42

AEs included headache (n=5), dizziness (n=1),
drowsiness (n=1), syncope (n=1), and lightheadedness
(n=1) with minocycline ER. These results suggest that
food has less impact on the absorption and tolerability of
minocycline ER than on minocycline IR.

Weight-based dosing. In a small, blinded, crossover
study, 32 female patients (aged 21–55 years) received
minocycline ER or generic minocycline IR for four days
before undergoing a 14-day washout and switching to the
alternative treatment. Both minocycline formulations were
administered on a weight-based schedule: 100mg/d,
50–69kg (n=20); 150mg/d, 70–89kg (n=7); and 200mg/d,
≥90kg (n=5). Minocycline IR was released from its capsule
more rapidly (90% within 45 min) than minocycline ER

(30–53% in 1h, 54–84% in 2h, and >85% in 4h).43

There was no difference between the two minocycline
formulations with respect to general AEs (e.g., headache,
malaise) or GI AEs. However, vestibular AEs (e.g., vertigo,
dizziness, blurred vision) were significantly less frequent
with ER minocycline (P=0.0003). In all, five vestibular AEs
were reported with minocycline ER and 27 were reported
with minocycline IR.43

In a Phase II dose-ranging study,14 233 patients aged 12
to 30 years with acne vulgaris were randomized to receive
minocycline ER tablets 1, 2, or 3mg/kg or placebo once
daily for 12 weeks. The efficacy of minocycline ER was
positive across all of the weight-based dosing groups.
Percentage reductions in inflammatory lesions were 56.8

Figure 2. Day 6 box-plot analysis of area-under-the curve (AUC) with minocycline IR and ER for-
mulations (see detailed explanation in manuscript); IR=immediate release; ER=extended-release  

Figure 3. Effects of food on GI absorption and percent reduction in maximum plasma con-
centrations (Cmax) after single doses of minocycline ER, minocycline IR, and doxycycline
(see detailed explanation in manuscript); GI=gastrointestinal; ER=extended-release;
IR=immediate-release
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percent in the 1mg/kg group, 49.3 percent in the 2mg/kg
group, and 46.6 percent in the 3mg/kg group. The
difference between minocycline ER 1mg/kg and placebo
was significant at Week 12 (P=0.015 vs. placebo). The
overall occurrence of any AE was similar in patients in
the 1mg/kg group (53%) and 2mg/kg (56%) groups and
slightly higher in the 3mg/kg group (65%). The incidence
of acute vestibular AEs increased with dose from 10.2
percent in the 1mg/kg group to 16.4 percent in the
placebo group, 23.7 percent in the 2mg/kg group, and
28.3 percent in the 3mg/kg group. AEs leading to
treatment discontinuation were reported less frequently
in the 1mg/kg group (n=4) than in the 2mg/kg (n=7) or
3mg/kg groups (n=14). These results indicated that
efficacy, defined as reduction in inflammatory lesions,
was similar across dosage ranges, but that use of a lower
dose based on body weight resulted in fewer acute
vestibular AEs.

A pooled analysis of patients treated with minocycline
ER 1mg/kg as monotherapy in the aforementioned Phase II
dose-ranging trial and in two Phase III trials was conducted
to characterize efficacy and tolerability in a total of 1,038
patients with moderate-to-severe acne vulgaris. In these
trials, 674 patients received minocycline ER 1mg/kg once
daily and 364 received placebo.13 Minocycline ER was
administered in a 45mg dose to patients weighing 45 to
59.54kg, 90mg to patients weighing 60 to 90.45kg, and 135
mg to patients weighing 90 to 136.36kg.

Minocycline ER therapy resulted in a mean 45.5-
percent reduction in inflammatory lesion counts compared
with a 32.4-percent reduction in the placebo group
(P<0.001). Evaluator’s Global Severity Assessment ratings
indicated that 16.6-percent of patients in the minocycline
ER group were “clear” or “almost clear,” compared with 8.7
percent in the placebo group. Noninflammatory lesion
counts decreased by 14.9% and 6.3% in the minocycline
ER and placebo groups, respectively.13

Adverse events were reported by similar percentages of
the minocycline ER (56.2%) and placebo (54.1%) groups.
Vestibular AEs generally occurred with similar frequency
in patients treated with minocycline ER and placebo:
nausea (9.5 vs. 11.3%, respectively), vomiting (2.1 vs.
2.5%), tinnitus (1.5 vs. 1.4%), and vertigo (1.2 vs. 0.8%).
Urticaria occurred infrequently (1.5 vs. 0.3%).13 Dizziness
was reported with minocycline ER more frequently than
with placebo (8.8 vs. 4.7%), but the incidence was
generally lower than that reported with minocycline IR.21

Collectively, these results support the hypothesis that an
ER minocycline formulation administered using a weight-
based dosing schedule can improve tolerability. The results
also suggest that efficacy when treating acne may be
maintained by using weight-based dosing of minocycline
ER, likely due to its high lipophilicity. 

CONCLUSION
Although there are many effective therapies available

for the management of acne vulgaris, oral antibiotics differ
in pharmacokinetic and pharmacodynamic characteristics

that may influence their efficacy and AE profiles. To
optimize antibiotic therapy in patients with acne, clinicians
are encouraged to be aware of how the pharmacokinetics
of individual agents can influence outcomes in individual
patients. 

Antibiotics differ in the extent to which they are
absorbed, are distributed, and penetrate follicular tissues.
Antibiotics with good absorption are less likely to be
affected by concurrent administration with food. Metal
cations ingested in meals, medication, or dietary
supplements may reduce absorption of a given drug
through chelation. Antibiotics that can be taken with food
are less likely to cause GI AEs that can limit their utility
and are more likely to promote adherence because
patients do not need to consciously separate ingesting the
medication from meals or snacks. Nonetheless, all
currently available tetracyclines may have their GI
absorption reduced by intake of aluminum, calcium,
magnesium, and iron, although minocycline is affected
primarily by iron. 

Differences in the antibiotic formulation can markedly
alter outcomes, particularly with respect to tolerability.
Clinical and pharmacokinetic study data on minocycline IR
and ER formulations suggest that rapid absorption
increases the occurrence of acute vestibular AEs, whereas
slower absorption improves tolerability. Accurate weight-
based dosing of minocycline ER has been shown to
maintain effectiveness in reducing inflammatory acne
lesions while decreasing cumulative drug exposure and
minimizing the risk of dose-related AEs. 
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