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ABSTRACT: The percutaneous absorption of clindamycin was studied in healthy male volunteers,
comparing two investigative clindamycin (% w/v)/tretinoin (0.025% w/v) gels, containing clindamycin
phosphate ester and clindamycin HCl, respectively, relative to a clindamycin phosphate lotion (1%
clindamycin; Dalacin T®). Formulations were applied daily for 5 days on the face, according to a balanced
complete block design. Redness of the skin was scored visually, and blood and urine were collected.
Clindamycin plasma levels did not exceed the limit of quantification (5 ng mL−1) with the clindamycin
phosphate formulations, but one volunteer who received the clindamycin HCl/tretinoin gel showed
plasma levels of up to 13 ng mL−1. Clindamycin urinary excretion for 12 h after application of the
clindamycin phosphate/tretinoin gel was comparable to the values of the reference lotion, whereas the
clindamycin HCl/tretinoin gel gave significantly higher values. Erythema appeared to be associated with
increased urinary excretion. The formulations were tolerated well. In a separate clinical pilot study in acne
patients, the transdermal uptake of tretinoin and clindamycin from the clindamycin phosphate/tretinoin
gel was monitored. Plasma samples were collected after 4 and 12 weeks of daily treatment. None of the
study plasma samples contained measurable tretinoin levels. Clindamycin levels were not quantifiable in
the majority (87%) of samples, the highest plasma level was 11 ng mL−1. The chemical form of
clindamycin proved to modulate skin irritation and percutaneous uptake of clindamycin from a gel
formulation in healthy subjects. There was no indications for a notable transdermal uptake of tretinoin
during daily application of the gel in patients, nor for an enhancing effect of tretinoin on clindamycin
uptake. © 1998 John Wiley & Sons, Ltd.
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Introduction

Topical clindamycin is used in the treatment of mild
and moderate inflammatory acne vulgaris. In this
therapy, solutions or gels containing 1% of clin-
damycin as hydrochloride or phosphate ester are
used in vehicles usually containing alcohol, iso-
propyl alcohol and/or propylene glycol. On delivery
to the skin, the phosphate ester is hydrolysed topi-
cally by phosphatases to the activity moiety [1].
Topical clindamycin has been associated with pseu-
domembraneous colitis resulting from intestinal
overgrowth by toxin-producing Clostridium difficile.
This adverse effect has been reported for the hy-
drochloride [2,3] as well as for the phosphate [4].
The risk of developing this side effect was felt to be
lower with the phosphate, which is believed to be
absorbed cutaneously to a lesser extent than the
hydrochloride [5].

In the present study, two investigative gels con-
taining tretinoin with clindamycin phosphate or

clindamycin hydrochloride (HCl) were tested for
systemic clindamycin uptake in healthy subjects.
The combination of clindamycin with the
comedolytic agent tretinoin is expected to result in a
preparation with high efficacy in the treatment of
acne, and with an earlier onset of effect compared
with data concerning tretinoin monotherapy [6]. In
addition, data of Rietschel and Duncan suggest a
less irritating action of this combination as com-
pared with tretinoin alone [7]. However, the absorp-
tion enhancing action of tretinoin, as described for a
0.05% tretinoin cream on percutaneous minoxidil
uptake [8], may imply that clindamycin absorption
from that combination may be increased.

Topical absorption of clindamycin hydrochloride
into the systemic circulation has been reported to
vary between negligible and 12.5% (mean value 5%)
after administration in isopropanol-propylene gly-
col-water [9]. The absolute bioavailability of the
hydrochloride from a hydroalcoholic vehicle con-
taining the surfactant Brij 30 was 7.5% [10]. The
phosphate ester was reported to give lower values
(1.7%), which may be related to its different chemi-
cal structure. On the other hand, both compounds
were tested in different vehicles, implying that the
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difference in absorption profiles might reflect only a
vehicle effect.

The absorption enhancing action of tretinoin, as
described for a 0.05% tretinoin cream on percuta-
neous minoxidil uptake, may imply that clin-
damycin absorption from a clindamycin
phosphate/tretinoin combination may be increased,
compared with topical clindamycin alone [8]. Safety
of topical tretinoin has been incidentally addressed
in the literature, because of the teratogenic potential
of systemically circulating retinoids [11], or for rea-
sons of systemic toxicity [12]. However, this is not
supported by the fact that systemic uptake of topi-
cal tretinoin is considered to be either low or negli-
gible [13]. Single- and multiple-dose topical therapy
with tretinoin 0.025 or 0.05% cream has been re-
ported to result in unmeasurable tretinoin levels
[14,15], suggesting poor transdermal uptake of
tretinoin. Clinical use by the topical route in the first
trimester did not result in an increased incidence of
birth defects [16]. More generally, topical tretinoin
has been described to have a favourable safety
profile [17,18]. Since tretinoin is a metabolite of the
food constituent vitamin A [14], the compound can
be expected to occur at ‘endogenous’ blood levels in
man. This reference value in human serum has been
reported to be in the 3–4 ng mL−1 range [19,20].
Therefore, a safety assessment of topical tretinoin
preparations should be made in terms of the degree
by which ‘endogenous’ levels are increased by ex-
ternal application of the compound. In order to
assess the safety of the clindamycin/tretinoin combi-
nation gel in terms of systemic tretinoin exposure,
the tretinoin levels observed during treatment with
the gel were evaluated in a pilot clinical study in
acne patients.

Experimental

Drug Formulations

Two investigative clindamycin/tretinoin gels were
used, containing clindamycin phosphate (1.2% w/w)
and clindamycin hydrochloride (1.1 % w/w), respec-
tively, in an aqueous carbomer base. In both prepa-
rations, amounts of clindamycin corresponded to a
strength of 1% w/w. Both gels also contained
tretinoin at a level of 0.025% w/w. In the evaluation
of systemic clindamycin absorption, Dalacin T® 1%
was used as commercially available reference
preparation. This is an alcoholic lotion containing
1% clindamycin as phosphate ester (Upjohn, Ede,
The Netherlands). In the evaluation of systemic
clindamycin and tretinoin absorption in acne pa-
tients, Aberel® gel (Cilag, France) containing
tretinoin at a concentration of 0.0225% w/w, was
used as reference preparation.

Transdermal Clindamycin Absorption in Healthy
Volunteers

Twelve healthy male volunteers, mean (9S.D.) age
being 21.9 (91.4) years, smokers and non-smokers,
were randomly selected from a volunteer panel.
Three topical clindamycin formulations were tested
in three separate periods, according to a balance
complete block design. Each study period consisted
of a 5 day treatment phase, which was expected to
result in systemic accumulation to a steady-state
level [9,10]. Periods were separated in time by a 2.5
week wash-out phase. In each period, the volun-
teers applied 1 mL of formulation to the skin of
chin, cheek and forehead once daily, i.e. at 08:00 h.
At 08:00 h of day 5 the last application was per-
formed. Formulations were applied using an un-
gloved hand. All applications were recorded in a
diary card. Dry shaving, and washing the face were
allowed until 1 h prior to application. Volunteers
were instructed to avoid all exposure of the treated
skin to water during an 8 h period after application.
Due to a medication error, one subject received on
day 5 the reference lotion, instead of the allocated
clindamycin phosphate/treitinoin gel. On the other
days of this period the treatment conformed with
the intended medication scheme. This subject was
not excluded from analysis.

Prior to the last application at 08:00 h on day 5,
one 10 mL blood sample was collected by vena-
puncture. After application, venous blood samples
of 10 mL were collected at various time points
during a 12 h period in heparinized glass tubes.
After centrifugation, plasma samples were stored at
−20°C until analysis within 10 months. On storage
at this temperature during 1 year, clindamycin was
reported to be stable within a 10% limit [21]. In
addition, volunteers voided their bladder prior to
the application on day 5. Subsequently, all urine
fractions were collected over a 12 h period follow-
ing the last application. The fractions of each indi-
vidual were pooled and a 10 mL aliquot was
collected. Urine samples were stored at −20°C
until analysis within 4 months.

Prior to the application at 08:00 h on day 5, the
application site was scored visually for erythema
(Table 1). Scoring was performed by a study nurse,
who was blinded with respect to the treatment
given.

Table 1. Score classification in erythema assessment

Clinical aspect Score

No erythema 0
Very slight erythema, barely perceptible 1
Well defined erythema 2

3Moderate to severe erythema
Severe erythema 4
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Transdermal Tretinoin and Clindamycin
Absorption in Acne Patients

A double-blind, randomized, multi-centre study
was performed to evaluate the effect of clindamycin
phosphate/tretinoin gel, or tretinoin gel (Aberel®)
on moderate to severe acne in patients. Forty pa-
tients entered the study, and 20 patients were in-
cluded in each treatment arm. Mean (9S.D.) ages
were 16.1 (92.1) years and 16.7 (92.2) years in the
two respective treatment groups. Gels were applied
once daily at night, for a period of 12 weeks. Plasma
collected at 4 and 12 weeks was used for the assess-
ment of tretinoin and clindamycin levels. Blood was
collected in heparinized tubes, and plasma was
collected after centrifugation and stored until bio-
analysis. A reliable analysis of urinary drug excre-
tion could not be performed due to technical
complications in collecting urine over the intended
time interval in these patients.

The clinical studies were performed after ap-
proval of the protocols by an independent Ethical
Committee.

Bioanalysis

Clindamycin Analysis. For the quantification of clin-
damycin in plasma and urine, an HLPC method
following sample pretreatment was developed. Ef-
fluent monitoring was performed by electrochemi-
cal detection, as described for pharmaceutical
analysis by Hornedo-Nuñez [22].

The HPLC system consisted of an LC-10 AD
liquid chromatograph (Shimadzu Corporation,
Tokyo, Japan) operating at 1 mL min−1. A solution
‘A’ was prepared, consisting of 0.033 M phosphate
buffer pH 6.1 and also containing 0.002 M heptane
sulphonic acid and 0.02 M lithium perchlorate. The
mobile phase consisted of solution A/methanol/tert-
butylmethyl ether (44.9/54.9/0.2 v/v), final pH low-
ered to 6.58 (24°C) using phosphoric acid. Base line
stabilization was performed by the use of a pulse
dampener (Spectra Physics, Eindhoven, The Nether-
lands). Sample injection was performed by a Waters
717 autosampler (Waters-Millipore, Etten-Leur, The
Netherlands) in the analysis of plasma samples;
urine extracts were injected using a Waters U6K
hand injector. The system further consisted of a
Nova-Pak guard column, and a Nova C18 analytical
column (7.5×3.9 mm; Millipore-Waters). Column
temperature was maintained at 35°C using a
column thermostat (Spark Holland BV, Emmen, The
Netherlands). In the plasma analysis, column efflu-
ent was monitored by a Coulochem 5100A electro-
chemical detector (ESA Inc., Bedford, USA),
operating at 0.60/0.90 V with a response time of 4 s.
In the urine analysis, an ESA Coulochem II was
employed, with the same settings as the Coulochem
5100A. For detection a 5100 analytical cell was used.

Data processing was performed by a Spectra
Physics ChromJet integrator. All equipment was
connected to a PE 1411 line conditioner (200 VA;
Philips, Eindhoven, The Netherlands) in order to
reduce electronic noise.

Sample pretreatment by solid phase extraction
was performed on a Baker SPE-12 column processor
(J.T. Baker B.V., Deventer, The Netherlands). For the
analysis of plasma, solid phase extraction columns
were primed by flushing with 2 mL of methanol
and 2×3 mL of water, respectively. After column
conditioning, 1 mL of plasma diluted with 9 mL of
water, was loaded on the column. The loaded
column was washed with 5 mL of water and 4 mL
of 35% v/v of methanol in water, respectively. Sub-
sequently the sample was eluted using 1.5 mL of
80% v/v methanol in 0.033 M phosphate buffer pH
6.1 (final pH 8.5). After adding 50 mL of 1 M NaOH
and 1.5 mL of water, the eluate was whirlmixed for
30 s with 6 mL of tert-butylmethyl ether. Samples
were centrifuged for 8 min at 1400×g, and 4.4 mL
of the organic phase were collected in glass tubes.
The extracts, thus obtained, were dried under a
gentle stream of N2 at 45°C in approximately 10
min. Samples were further concentrated by flushing
the inner tube walls with 500 mL of methanol; these
washings were also dried under N2 in approxi-
mately 6 min. This residue was reconstituted by
whirlmixing for 30 s with 100 mL of solution A/
methanol (65/35 v/v; final pH 6.58 at 24°C), fol-
lowed by centrifugation for 10 s at 1000×g. Of
these extracts, 15–30 mL were chromatographed.
Sample quantification was performed relative to a
calibration curve of plasma samples spiked with
clindamycin HCl. Calibration curves were calcu-
lated using weighted least squares, using peak
heights. The limit of quantification amounted to 5
ng mL−1. Precision, accuracy, and linearity were
acceptable within the plasma range of 5–25 ng
mL−1. However, the method proved to be less
robust than originally indicated during validation.
Poor robustness appeared to be related to variation
in performance of hardware (pump and detector
boards), to environmental factors (room tempera-
ture and electrostatic interference), and batch-to-
batch differences in quality of blank plasma used
for the preparation of calibration and control sam-
ples. Related to that, the limit of quantification of
the separately analysed samples from the acne pa-
tients study was better (3 ng mL−1) than the value
reported above for the study in healthy volunteers.

For the analysis of urine samples, solid phase
extraction columns were conditioned using 3 mL of
methanol and 4 mL of water, respectively. After
conditioning, 500 mL of urine were loaded on the
column, diluted with 6 mL of water. The loaded
column was flushed with 5 mL of water, 5 mL of
35% v/v of methanol in water, and 100 mL of 80%
v/v of methanol in 0.033 M phosphate buffer pH 6.1
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(final pH 8.5), respectively. The sample was eluted
with 1.5 mL of the same methanol/phosphate buffer
mixture. After adding 50 mL of 1 M NaOH and 1.5
mL of water, the eluate was extracted with 6 mL of
tert-butylmethyl ether by rotation at 60 rpm for 15
min. The organic phase was collected, and the
aqueous fraction was washed twice with 1 mL of
tert-butylmethyl ether. After pooling, the organic
fractions were dried and reconstituted in 50 mL of
solution A/methanol (65/35 v/v), as described for
plasma clean-up. Of these extracts, 40 mL were
chromatographed. Sample quantification was per-
formed relative to a calibration curve of urine sam-
ples spiked with clindamycin HCl. The limit of
quantification amounted to 5 ng mL−1. Precision,
accuracy, and linearity were acceptable within the
plasma range of 5–64 ng mL−1.

Tretinoin Analysis. Assay of tretinoin was performed
by Pharma Bio-Research International B.V. (Zuid-
laren, The Netherlands). Aliquots of 750 mL of
plasma samples were spiked with acitretin as inter-
nal standard, and the spiked sample was subjected
to solid-phase extraction using Baker-10 SPETM C18 1
mL disposible columns. After clean-up and elution,
the sample was centrifuged and injected into an
HPLC system using a 5 mm Lichrosphere® column
(250×4.6 mm) and a mobile phase consisting of a
mixture of acetonitrile and a 0.15 M sodium acetate
buffer solution (pH 6.3) 75:25 (v/v). Detection was
performed by UV absorption at a wavelength of 360
nm. In this method, lower and upper limits of
quantitation were 5 and 200 ng mL−1, respectively,
and the limit of detection was 2 ng mL−1 at 750 mL
plasma volume. In nine samples, only a small vol-
ume was available for analysis. As a consequence,
the analysis was performed on reduced amounts of
sample, which resulted in higher detection limits,
viz. 3–10 ng mL−1. Selectivity of the method was
acceptable.

The performance of the method was monitored in
terms of linearity, and slope and intercept of the
calibration curves, and by running quality control
samples.

Data Analysis

Pharmacokinetic analysis of the clindamycin data in
healthy volunteers was performed using Siphar 4.0b
(SIMED, Créteil, France). Areas under the plasma
concentration versus time curves (AUCs) from t=0
to t=12 h on day 5 were calculated using the
linear-logarithmic trapezoidal rule [23]. Average
plasma concentrations during the 12 h of the 24 h
dosing interval on day 5 were calculated as:

Css, 0−12 h= (AUC0−12 h)/interval.

Since in the calculation of the AUC0-12 h the values
of unquantifiable plasma concentrations were set at

the limit of quantification, these average levels
should be considered as maximum estimates, true
levels possibly being lower. Total amounts of uri-
nary excreted clindamycin were calculated by mul-
tiplying the determined clindamycin concentrations
in urine by the volume of the urine pool.

Statistical data analysis was performed using the
SAS 6.04 statistical package (SAS Institute Inc.,
Cary, USA). Amounts of clindamycin excreted re-
nally over 12 h on day 5 during treatment with the
three formulations were transformed logarithmi-
cally. Subsequently, results with the three formula-
tions were compared using analysis of variance,
followed by a multi-comparison procedure accord-
ing to Tukey.

Results

Clindamycin plasma levels on the 5th day of treat-
ment with the two clindamycin phosphate contain-
ing preparations did not exceed the limit of
quantification of 5 ng mL−1. In subject 6, relatively
high plasma levels, varying between B5 and 13.4
ng mL−1 (tmax=180 min), were observed after
treatment with clindamycin HCl/tretinoin gel, re-
sulting in a higher average plasma level (8 ng
mL−1) compared with the 5 ng mL−1 value ob-
served in all other cases (data not shown). Apart
from this observation, plasma data were compara-
ble for all three treatments.

On application of clindamycin phosphate/
tretinoin gel, the urinary excretion of clindamycin
amounted to 5–18 mg over the 12 h on day 5 (Table
2). Comparable values (2–27 mg 12 h−1) were ob-
served with the reference lotion of clindamycin
phosphate in alcoholic vehicle. However, relative to
both other preparations, repeated application of
clindamycin HCl/treatment gel tended to give a
higher excretion of clindamycin, viz. 9–82 mg mL−1

(Table 2; Figure 1). The clindamycin excretion after
repeated treatment with clindamycin HCl/tretinoin
gel proved to be significantly higher than after
application of the reference lotion (pB0.05; multi-
comparison procedure according to Tukey).

In general, the extent of erythema observed with
the three formulations ranged from ‘not observable’
to ‘well defined’; moderate or severe erythema was
not observed (Table 3). Erythema was absent with
clindamycin phosphate/tretinoin gel or clindamycin
phosphate reference lotion, whereas very slight
(3/12) or well defined (1/12) redness was noticed in
four subjects treated with clindamycin HCl/tretinoin
gel (Table 3). The erythema score, as observed with
the clindamycin formulations in the 12 subjects,
appeared to increase with the urinary excretion of
clindamycin when the latter exceeded a borderline
value (Figure 2). The borderline value, which was
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Table 2. Urinary excretion of clindamycin (expressed as mg 12 h−1 clindamycin HCl) over the first 12 h on day 5, after daily
application of clindamycin phosphate/tretinoin gel, clindamycin HCl/tretinoin gel or clindamycin phosphate reference
lotion for 5 days

Urinary excretion of clindamycin (mg 12 h−1) after application of:Subject

Clindamycin HCl/tretinoin gel Reference clindamycin lotionClindamycin phosphate/tretinoin gel

14.2 5.61 15.6
11.1 1.916.62

9.3 9.13 10.7
9.9 8.911.74

27.2 8.35 18.4
81.5 10.09.26
45.5 27.17 6.9
10.3 4.96.78
25.6 7.19 4.7
11.4 11.016.710

10.111 18.7 14.0
8.5 5.611.612

23* 10Mean 11
22 64S.D.

* Significantly different versus reference lotion (pB0.05; multi-comparison procedure according to Tukey)

only established for the clindamycin HCl/tretinoin
gel, approximated 25 mg/12 h−1 (Figure 2).

Topical irritation was reported in some instances.
Light to moderate irritation was reported by 3/12
subjects (subjects 6, 9 and 10) for the clindamycin
HCl/tretinoin gel, in the latter two subjects only on
day 5. In subject 6 irritation was accompanied by
slight peeling. Subject 5 (1/12) reported irritation
during application of the reference lotion. No ad-
verse events were reported for the clindamycin
phosphate/tretinoin gel.

With respect to the clinical study in acne patients,
none of the plasma samples obtained at week 12 of
the treatment period contained quantifiable
tretinoin levels (data not shown). In most plasma
samples, the tretinoin levels were below the limit of
detection. In two samples collected in two different
patients, tretinoin was detectable, at levels semi-
quantitatively estimated at 5 and 3 ng mL−1. Clin-
damycin plasma levels were not quantifiable in
most cases. In five out of 38 samples collected,
clindamycin plasma levels were measurable, and
these varied between 3.1 and 10.9 ng mL−1.

Discussion

Comparison of plasma level data collected after
repeated topical dosing of the two gels containing
clindamycin phosphate ester and clindamycin, re-
spectively, and of the alcoholic lotion containing
clindamycin phosphate indicated comparably low
clindamycin plasma levels with the three formula-
tions, although in subject 6 the gel with clindamycin
HCl gave higher levels. Since plasma levels were
not quantifiable in the majority of cases, this matrix
could be considered as less appropriate for discrim-

inating between formulations with respect to trans-
dermal drug uptake. Urinary excretion data of
clindamycin revealed more outspoken differences
between formulations (Table 2; Figure 1). From the
clindamycin HCl/tretinoin gel drug uptake tended
to be higher, compared with the phosphate gel, and
uptake was significantly increased versus the refer-
ence lotion. The relatively high excretion observed
in subject 6 with clindamycin HCl/tretinoin gel
(Table 2) conformed well to the increased plasma
levels in this subject. These observations indicated
an increased percutaneous uptake with the use of
clindamycin in its hydrochloride form.

The mean urinary excretion with the reference
lotion (1096 mg 12 h−1; Table 2) was in good
agreement with the mean value reported by Eller et
al. after twice daily application of the same lotion
(15 mg 12 h−1) [10]. In addition, results obtained

Figure 1. Urinary excretion rate of clindamycin, observed in 12
subjects after 5 days treatment with clindamycin phosphate/
tretinoin gel, clindamycin HCl/tretinoin gel and clindamycin
phosphate reference lotion

© 1998 John Wiley & Sons, Ltd. Biopharm. Drug Dispos. 19: 563–569 (1998)
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Table 3. Scorings (0–4) of visually perceptible erythema in subjects treated for 5 days with clindamycin phosphate/tretinoin
gel, clindamycin HCl/tretinoin gel, and clindamycin phosphate reference lotion; scoring criteria are listed in Table 1

Erythema scoring after treatment with:Subject

Clindamycin phosphate/tretinoin gel Clindamycin HCl/tretinoin gel Reference clindamycin lotion

01 00
0 0 02

0 03 0
0 004
1 05 0
2 006
1 07 0
0 008
1 09 0
0 0010

011 0 0
0 012 0

with both experimental gels confirmed the previ-
ously suggested lower percutaneous clindamycin
uptake with topical clindamycin phosphate ester,
compared with topical clindamycin HCl [5,10]. It
remains to be established whether the latter effect
may be attributed to a lowering of pH when using
the hydrochloride, possible enhancing skin perme-
ability. On the other hand, the effect may be medi-
ated by an intrinsically higher percutaneous
absorption rate of clindamycin, compared with the
phosphate. When assuming the shunt route as path-
way for transdermal clindamycin uptake, the higher
molecular weight and lack of dissociation of the
phosphate ester is likely to result in a slower diffu-
sion along the shunt route, compared with ionized
clindamycin.

Irritation was occasionally reported for the clin-
damycin HCl/tretinoin gel. Interestingly, the ery-
thema reported with this gel coincided with a
relatively high urinary excretion of clindamycin.
Subjects showing high excretion values (subjects 5,
6, 7 and 9; Table 2) were the same as those showing
perceptible redness of the skin (Table 3). Subject 6,
in whom peeling of the skin was observed, demon-
strated the highest excretion value (Table 2), in
addition to increased plasma levels. The extent of
erythema induced by clindamycin HCl/tretinoin gel
appeared to be associated with the magnitude of
clindamycin excretion (Figure 2), and thus with the
extent of percutaneous uptake. These observations
are highly indicative for an enhanced permeability
of skin challenged by clindamycin HCl/tretinoin gel.
In addition, the observations demonstrate the pres-
ence of between-subject variability in response to
the clindamycin HCl/tretinoin gel in terms of trans-
dermal uptake and erythema. Considering the re-
sults on percutaneous drug uptake and erythema
and the between-subject variability in both, the clin-
damycin HCl/tretinoin gel appears less appropriate
for clinical use, compared to the clindamycin phos-
phate/tretinoin gel.

On daily topical application of clindamycin/
tretinoin combination gel for 12 weeks, no tretinoin
could be quantified in plasma of the treated pa-
tients. Tretinoin levels were below 2 ng mL−1 in
several samples, and below 10 ng mL−1 in all
samples (data not shown). This indicates that daily
treatment with the combination gel did not give a
notable increase in tretinoin levels, compared with
the ‘endogenous’ levels which have been reported
to be in the 3–4 ng mL−1 range [19,20]. The lack of
effect of topical tretinoin therapy on systemic expo-
sure to tretinoin is in line with safety data reported
previously for tretinoin formulations [13–15].

In the study in healthy volunteers, transdermal
clindamycin uptake was evaluated after 5 days of
repeated application of tretinoin/clindamycin gels
and clindamycin lotions. Since topical tretinoin may
elicit local skin reactions which subside only after
several weeks of therapy, it could be argued that the
presently reported transdermal drug uptake data
with the gels in healthy volunteers may not reflect
drug uptake after several weeks of daily use [17].
However, the minoxidil penetration data by Ferry et
al. indicate that tretinoin exerts its effect on drug

Figure 2. Erythema score versus urinary excretion of clin-
damycin, observed in 12 subjects after 5 days treatment with
clindamycin phosphate/tretinoin gel (diamonds), clindamycin
HCl/tretinoin gel (squares) and clindamycin phosphate reference
lotion (triangles)
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penetration within the first 2 weeks after treatment
start [8]. With those data in mind, the present study
design with 5 days repeated treatment and allowing
development of erythema (Table 3) can be expected
to detect indications for major effects of tretinoin on
transdermal clindamycin uptake. In addition, be-
tween-study comparison of the clindamycin levels
after 12-week treatment in acne patients with those
above in healthy volunteers did not suggest any
enhancement of percutaneous clindamycin uptake
due to the presence of tretinoin in the clindamycin
phosphate/tretinoin gel.

Conclusion

Repeated application of clindamycin phosphate/
tretinoin gel, clindamycin HCl/tretinoin gel or clin-
damycin phosphate reference lotion in healthy male
volunteers resulted in clindamycin plasma levels
generally below the limit of quantification (5 ng
mL−1).

Urinary excretion data indicated a comparable
percutaneous uptake of clindamycin from the clin-
damycin phosphate/tretinoin gel, relative to the ref-
erence lotion. Uptake from a clindamycin
HCl/tretinoin gel was significantly higher than with
the reference product, leading to quantifiable
plasma levels in one subject, possible due to an
enhanced permeability of irritated skin.

The clindamycin phosphate/tretinoin gel was at
least as well tolerated as the reference lotion. Skin
tolerability of the clindamycin HCl/tretinoin gel was
less favourable.

Daily topical application of clindamycin phos-
phate/tretinoin gel in patients with moderate to
severe acne for 12 weeks did not result in a measur-
able transdermal uptake of tretinoin. Results of both
studies did not suggest any enhancement of percu-
taneous clindamycin uptake due to the presence of
tretinoin in the clindamycin phosphate/tretinoin gel.

Acknowledgements

The authors gratefully acknowledge the skillful
work done by the bioanalytical experts of Pharma
Bio-Research International B.V. (Zuidlaren, The
Netherlands; Head: Professor Dr J.H.G. Jonkman)
with respect to the analysis of tretinoin.

References

1. G.K. McEvoy (Ed.), AHFS Drug Information, Am. Soc. Hosp.
Pharmacists, Bethesda, 1989, pp. 1918–1919.

2. E.B. Milstone, A.J. McDonald and C.F. Scholhamer, Pseu-
domembranous colitis after topical application of clin-
damycin. Arch. Dermatol., 117, 154–155 (1981).

3. L.E. Becker, P.R. Bergstresser, D.A. Whiting, W.E. Clenden-
ning, R.L. Dobson, W.P. Jordan, E. Abell, L.A. LeZotte, P.E.
Pochi, J.L. Shupack, R.B. Sigafoes, R.B. Stoughton and J.J.
Voorhees, Topical clindamycin therapy for acne vulgaris.
Arch. Dermatol., 117, 482–485 (1981).

4. M.F. Parry and C.-K. Rha, Pseudomembranous colitis caused
by topical clindamycin phosphate. Arch. Dermatol., 122, 583–
584 (1986).

5. R.J. Siegle, R. Fekety, P.D. Sarbone, R.N. Finch, H.G. Deery
and J.J. Voorhees, Effects of topical clindamycin on intestinal
microflora in patients with acne. J. Am. Acad. Dermatol., 15,
180–185 (1986).

6. S.A. Mandy and E.G. Thorne, A comparison of the efficacy
and safety of tretinoin cream 0.025% and 0.05%. Adv. Ther., 7,
94–99 (1990).

7. R.L. Rietschel and S.H. Duncan, Clindamycin phosphate
used in combination with tretinoin in the treatment of acne.
Int. J. Dermatol., 22, 41–43 (1983).

8. J.J. Ferry, K.K. Forbes, J.T. Vanderlugt and G.J. Szpunar,
Influence of tretinoin on the percutaneous absorption of
minoxidil from an aqueous topical solution. Clin. Pharmacol.
Ther., 47, 439–446 (1990).

9. M. Barza, J.A. Goldstein, A. Kane, D.S. Feingold and P.E.
Pochi, Systemic absorption of clindamycin hydrochloride af-
ter topical application. J. Am. Acad. Dermatol., 7, 208–214
(1982).

10. M.G. Eller, R.B. Smith and J.P. Phillips, Absorption kinetics
of topical clindamycin preparations. Biopharm. Drug Dispos.,
10, 505–512 (1989).

11. G. Camera and P. Pregliasco, Ear malformation in baby born
to mother using tretinoin cream. Lancet, 339, 687 (1992).

12. C.C. Meurehg and P.X. Amelio, Vaginal bleeding and
tretinoin cream. Ann. Intern. Med., 13, 483 (1990).

13. R.W. Lucek and W.A. Colburn, Clinical pharmacokinetics of
the retinoids. Clin. Pharmacokinet., 10, 38–62 (1985).

14. J.G. Allen and D.P. Bloxham, The pharmacology and phar-
macokinetics of the retinoids. Pharmacol. Ther., 40, 1–27
(1989).

15. S.M. Worobec, F.A. Wong, E.L. Tolman, L.S. Abrams, G.R.
Parker, E.G. Thorne and R.W. Johnson, Percutaneous absorp-
tion of 3H-tretinoin in normal volunteers. J. Invest. Dermatol.,
38, 786A (1990).

16. S.S. Jick, B.Z. Teris and H. Jick, First trimester topical
tretinoin and congenital disorders. Lancet, 341, 1181–1182
(1993).

17. A.M. Kligman, Current status of topical tretinoin in the
treatment of photoaged skin. Skin Aging, 2, 713 (1992).

18. F.G. Larsen, F. Nielsen-Kudsk, P. Jakobsen, K. Weismann
and K. Kragballe, Pharmacokinetics and therapeutic efficacy
of retinoids in skin diseases. Clin. Pharmacokinet., 23, 42–61
(1992).

19. A.P. De Leenheer, W.E. Lambert and I. Claeys, All-trans-
retinoic acid: measurement of reference values in human
serum by high-performance liquid chromatography. J. Lipid
Res., 23, 1362–1367 (1982).

20. J.L. Napoli, B.C. Pramanik, J.B. Williams, M.I. Dawson and
P.D. Hobbs, Quantification of retinoic acid by gas-liquid
chromatography-mass spectrometry: total versus all-trans-
retinoic acid in human plasma. J. Lipid Res., 26, 387–392
(1985).

21. G. La Follette, J. Gambertoglio and J.A.White, Determination
of clindamycin in plasma or serum by high-performance
liquid chromatography with ultraviolet detection. J. Chro-
matogr., 431, 379–388 (1988).
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