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Abstract. To estimate strength of a scopolamine transdermal delivery system (TDS)
in vivo, using residual drug vs. pharmacokinetic analyses with the goal of scientifically
supporting a single and robust method for use across the dosage form and ultimately facilitate
the development of more consistent and clinically meaningful labeling. A two-arm, open-
label, crossover pharmacokinetic study was completed in 26 volunteers. Serum samples were
collected and residual scopolamine was extracted from worn TDS. Delivery extent and rate
were estimated by (1) numeric deconvolution and (2) steady-state serum concentration
determined from graphical and non-compartmental analyses. In residual drug analyses, mean
± SD scopolamine release rate was 0.015 ± 0.002 mg/h (11% RSD), vs. 0.016 ± 0.006 mg/h
(35% RSD) from numeric deconvolution, 0.015 ± 0.005 mg/h (34% RSD) from graphical
analysis, and 0.015 ± 0.007 mg/h (44% RSD) from non-compartmental analysis. In residual
drug analyses, total drug released was 1.09 ± 0.11 mg (10% RSD), vs. 1.12 ± 0.40 mg (35%
RSD) from numeric deconvolution, 1.07 ± 0.35 mg (33% RSD) from graphical analysis, and
1.07 ± 0.45 (42% RSD) from non-compartmental analysis. Extent and rate of scopolamine
release were comparable by both approaches, but pharmacokinetic analysis demonstrated
greater inter-subject variability.
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INTRODUCTION

Transdermal delivery systems (TDS) are noninvasive
options for patients, achieving therapeutic drug concentra-
tions over an extended period of time. As such, determining

the extent and rate of drug delivery from TDS is critical for
ensuring the safety of the patients wearing the systems.
Strength of transdermal systems is expressed as a rate of
drug delivery, and frequently, manufacturers derive this rate
by human pharmacokinetic studies or determining the
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residual drug in a TDS after it has been worn (1). Exploring
and understanding the differences between the two methods
becomes vitally important when defining strength and subse-
quently in developing labeling across the dosage form. The
need for identifying potential complications in developers
utilizing two differing methods for strength determination, as
well as the need for consistency and clinically meaningful
labeling, is further underscored by the diversity of system
designs, clinical indications, and doses of TDS being
developed.

As an initial model drug, the Transderm Scōp®
(scopolamine) TDS is a circular, 0.2 mm thick, 2.5 cm2

film
containing 1.5 mg of scopolamine, indicated for prevention of
motion sickness and nausea with a labeled strength of 1 mg/
72 h (2). This study determined serum drug concentrations in
healthy adults after wearing a scopolamine TDS and quanti-
fied residual drug post-wear.

The two primary approaches for determining strength for
transdermal systems were compared and contrasted with the
broader goal of facilitating the future development of a single,
robust, and clinically meaningful method by which strength
can be characterized across the dosage form.

MATERIALS AND METHODS

Materials

Scopolamine TDS, 1 mg/72 h (Transderm Scōp®, ALZA
Corporation, Vacaville, CA) were purchased through the
Investigational Drug Services Pharmacy at the University of
Iowa. Scopolamine hydrobromide injection, USP, 0.4 mg/mL,
was purchased from Omega Laboratories, LTD (Montréal,
Québec Canada). Webcol™ alcohol swabs (Covidien, Mans-
field, MA) were used in all studies. Chloroform, sulfuric acid,
and glacial acetic acid were purchased from EMD Millipore
(Burlington, MA, USA); methanol and ammonium hydroxide
were purchased from Fisher Chemical (Pittsburgh, PA, USA).
Ammonium acetate was purchased from Sigma Aldrich (St.
Louis, MO, USA). The Milli-Q Integral water purification
system was used for all TDS extraction studies.

Clinical Procedures

This was a two-arm, open-label, crossover pharmacoki-
netic study in 26 healthy adult volunteers. Procedures were
approved by the University of Iowa Institutional Review
Board and the Research Involving Human Subjects Commit-
tee (RIHSC) of the FDA and fulfilled the principles set forth
in the Declaration of Helsinki. Written informed consent was
provided by all subjects prior to enrollment. Study procedures
were performed in the Clinical Research Unit at the
University of Iowa Hospitals and Clinics. Healthy, non-
smoking individuals between 18 and 65 years of age were
enrolled. Suitability for participation was determined through
baseline blood samples (complete blood count, basic meta-
bolic panel, liver function tests, serum pregnancy test if
applicable), urine samples (basic urinalysis and drug of abuse
screen), and a complete drug/medical history and physical
exam by the study physician. Subjects were excluded for the
following criteria: < 18 or > 65 years of age, body mass index
> 29.9, diagnosis of any chronic medical conditions,

dermatologic conditions/cancers (exception of superficial
basal cell carcinomas not involving the investigative site),
and pregnant or lactating women. Subjects did not take any
prescription medications within 30 days of study enrollment
(oral contraceptives and vitamins were allowed) or any over-
the-counter drugs within 3 days prior to and during the study.

There were two study arms: (1) transdermal system
application (Transderm Scōp®), worn for the prescribed wear
time of 72 h; and (2) IV administration of scopolamine
hydrobromide (0.4 mg dose for all subjects). Subjects in
Group 1 completed the transdermal study arm first, followed
by the IV study arm; those in Group 2 completed the study
arms in the opposite order. There was a minimum washout
period of 7 days between study arms, regardless of study
group. Vital signs (blood pressure, heart rate, respiratory rate,
and temperature) were measured and blood samples were
collected throughout the study at predetermined time points
for both study arms. The study schedule can be seen in Fig. 1.

TDS Application and Removal

Prior to TDS application, the postauricular area (behind the
ear) was visually examined to ensure that the skin was healthy,
clean, and relatively free of hair (excessive hair was clipped but
not shaved). The areawas gently cleansedwithwater and allowed
to dry. A primary skin irritation assessment was performed prior
to TDS application and graded from 0 to 4 using the scale
described in Table I (3). System adhesion during wear was
measured on a scale of 0 to 4, where 0 indicated≥ 90% adhesion
or no issues with adhesion and 4 indicated complete detachment
of the TDS (Table II) (4).

A study team member removed the release liner from the
TDS and applied the drug product to the postauricular area by
applying firm pressure for ~ 30 s. The release liner was retained
until system removal. To collect any residual drug that may have
transferred to the drug pouch during storage, or to the
investigator’s glove during application, an alcohol swab was used
to wipe the inside of the pouch and any portion of the gloves that
came in contact with the system. The alcohol swab was placed
back into its original package and, along with the system’s
coverslip, was retained for analysis (the coverslip is an additional
clear liner included in the packaging of Transderm Scōp®).
During storage, this liner rests on top of the TDS and is discarded
during use. For study purposes, the coverslip was retained for
analysis. Upon removal at 72 h, the system was placed back onto
the release liner. The skin at the wear site and the gloves used
during TDS removal were wiped with an alcohol swab that was
retained for analysis. All TDS materials and alcohol swabs were
shipped overnight at ambient conditions for residual drug content
analysis.

Administration of Scopolamine Hydrobromide Injection

An IV catheter was placed in the antecubital vein to
facilitate drug administration; this was placed in the opposite
arm from the catheter used for serial blood sampling.
Scopolamine hydrobromide, 0.4 mg dose, was injected slowly
over 3 min. After completion of the injection, the IV catheter
used for drug administration was removed.
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Pharmacokinetic Sampling

During each study arm, an IV catheter was inserted into
the subject’s antecubital vein on the first day to facilitate
multiple blood draws (the catheter was removed before the
subject left the clinic that evening). Serial blood draws were
collected into vacutainer tubes. A baseline sample prior to
drug administration was collected for both study arms. The
TDS was applied, and then blood samples were collected at
the following time points while the subject was wearing the
TDS: 1, 2, 3, 4, 5, 6, 8, 10, 12, 24, 36, 48, 60, and 72 h. The
TDS was removed at 72 h and additional samples were taken
at 73, 74, 78, 84, 96, 108, and 120 h (these times correspond to
hours after initial application of the TDS). Following IV
administration of scopolamine hydrobromide, blood samples
were collected within the first hour at the following times: 2.5,
5, 10, 20, 30, and 45 min. Additional samples were then
collected at 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 24, 36, and 48 h (after
the IV administration). After collection, each sample was set
aside to rest at room temperature for ~ 1 h until the blood

clotted, followed by centrifugation at 1300×g at 4°C for
20 min. Scopolamine is stable in human serum and there
were no concerns for drug degradation during this time (5).
The serum was immediately pipetted off and stored at − 80°C
until analysis.

Extraction of Scopolamine from TDS and Alcohol Swabs

The TDS and resulting components from the procedure
were placed in individual centrifuge tubes. For analysis of
worn TDS samples, Tube 1 contained alcohol swabs used to
wipe glove fingers, pouch, and coverslip; Tube 2 contained
alcohol swabs used to clean adhesive and drug residue off the
skin following TDS removal; Tube 3 contained the worn
transdermal system, release liner, and alcohol swabs used to
wipe the gloves. Unworn TDS from the same lot were
analyzed as controls. For each control sample, Control Tube
1 contained one alcohol swab used to wipe both sides of the
coverslip and the inside of the pouch; Control Tube 2
contained one unused TDS and its attached release liner.
Ten milliliters of chloroform was added to each of the tubes.

Fig. 1. Study design for both arms of the study and pharmacokinetic sampling points

Table I. Assessment of Primary Skin Irritation (3)

Primary skin irritation assessment

0 No evidence of irritation
1 Faint but definite erythema, no eruptions or broken skin

or no erythema but definite dryness; may have
epidermal fissuring

2 Moderate erythema, may have a few papules or deep
fissures, moderate-to-severe erythema in the cracks

3 Severe erythema (beet redness), may have generalized
papules or moderate-to-severe erythema with slight
edema (edges well defined by raising)

4 Generalized vesicles or eschar formations or
moderate-to-severe erythema and/or edema extending
beyond the area of the transdermal system

Table II. Adhesion Assessment Acoring (4) Used to Measure
Adhesion of the TDS During the 72 h of Wear

Adhesion assessment scoring

0 ≥ 90% adhered (essentially no lift off the skin)
1 ≥ 75% to < 90% adhered (some edges only lifting

off the skin)
2 ≥ 50% to < 75% adhered (less than half of the

transdermal system lifting off the skin)
3 > 0% to < 50% adhered but not detached

(more than half of the transdermal system
lifting off the skin without falling off)

4 0% adhered – transdermal system detached
(transdermal system completely off the skin)
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The samples were heated in a water bath (Fisher Scientific
Isotemp GRD 05 Water Bath, Pittsburgh, PA, USA) at 60°C
for 30 min and intermittently vortexed. The tubes were removed
from the water bath and vortexed vigorously for 1 min and then
allowed to cool to room temperature. Ten milliliters of 0.01 N
sulfuric acid was added to each tube, which were then vortexed
vigorously for 2 min. The tubes were centrifuged at 2000 rpm for
10 min (Thermo Jouan GR 422 refrigerated floor centrifuge,
Pittsburgh, PA, USA) and an aliquot of the acid (upper) layer was
transferred to a high-pressure liquid chromatography (HPLC) vial
for analysis.

High-Pressure Liquid Chromatography Assay

Scopolamine concentrations in TDS and alcohol swabs
were quantified using high-pressure liquid chromatography
(HPLC) with UV detection. The HPLC system consisted of
an Agilent-1260 HPLC system with a 1260 DAD G4212B
detector, 1260 G1329B injector, and 1260 Bin Pump G1312B.
The mobile phase was 60:40 water:methanol 0.075 M ammo-
nium acetate, adjusted to pH 7.2. A USP L1 Axxiom ODS
column (3 μm, 50 × 4.6 mm) was used. The UV wavelength
was 220 nm, 1.0 mL/min flow rate, and 10 μL injection
volume. Scopolamine hydrobromide standards were prepared
in 0.01 N sulfuric acid over in the range of 5–200 μg/mL. All
standards displayed excellent linearity over the entire con-
centration range (R2 = 0.9999).

Serum Drug Extraction Assay

Scopolamine was extracted from 0.5 mL of serum
using a solid-phase extraction assay that was developed in-
house and previously published (6). Extracted drugwas dissolved
in water:acetonitrile (90:10) containing 0.1% formic acid, trans-
ferred to glass vials and centrifuged at 10,000 rpm for 5 min, then
analyzed by LC-MS/MS. The chromatographic separation was
performed using a ZorbaxXDB-C18 column (4.6 × 50mm, 1.8 μm,
and 600 bar) on an Agilent 1200 series HPLC; a gradient elution
with water and acetonitrile containing 0.1% v/v formic acid was the
mobile phase; flow rate was 0.5 mL/min. The precursor to product
ion transition for scopolamine was 304.10→ 138.10. Samples were
quantified in positive ionmode using a TSQQuantumClassic mass
spectrometer (Thermo Fisher) housed at the Clinical Pharmacol-
ogy Analytical Service lab (CPAS) of the College of Pharmacy,
University ofMinnesota. Extraction anddetection procedureswere
validated for accuracy (96%), precision (6.3%), and intra-day and
inter-day variability. The lower limit of quantification of the assay
was 5 pg/mL.

Pharmacokinetic Analyses

Analyses of Scopolamine Administered as an IV Bolus
Injection. Phoenix Winonlin 7.0 (Certara) software was used for
pharmacokinetic modeling of scopolamine concentration-time
profiles. Area under the serum drug concentration-time curve
(AUC0-t) was determined from 0 to 48 h. In addition to non-
compartmental analysis (NCA), compartmental analysis was
conducted by fitting a 1-compartment or a 2-compartment model
to the data. The best model was selected based on the visual
assessment of the best-fit curve to the data and the residual plots
as well as by comparing the diagnostic parameters:Weighted Sum

Square Residuals (WSSR), Akaike Information Criteria (AIC),
and Schwarz Bayesian Criteria (SBC). Iterative reweighting
(1/y2) was employed to improve the model fit. Further, F-ratio
test (Eq. 1) was used to assess the significance of fitting the data to
a 2-compartment model vs a 1-compartment model (7–9).

F
h�

df 1−compð Þ–df 2−compð Þ; df 2−compð Þ
i

¼ WSSR 1−compð Þ−WSSR 2−compð Þ
WSSR 2−compð Þ

� df 2−Compð Þ
df 1−compð Þ−df 2−compð Þ

ð1Þ

where df(1-comp) = 14 df (2-comp) = 12; F(2,12) was calcu-
lated using Eq. 1 and the calculated values were compared
with the table F(2,12) values at p = 0.05.

Analyses of Scopolamine After TDS Administration
Pharmacokinetic parameters were obtained by performing
NCA using Phoenix WinNonlin 7.0 (Certara) and graphical
analysis. Maximum serum concentration during TDS wear
(Cmax), time of maximum serum concentration (Tmax), elimina-
tion rate constant (Kel), serum elimination half-life (T1/2), and
clearance (CL) were estimated for both study arms (Fig. 2). The
AUC was calculated for 2 periods: 0–72 h (time of wear) and 0–
120 h (total sampling time).

For the TDS arm, the concentration at steady state (Css) after
application of TDS was determined in two ways: (a) according to
Eq. 2 where AUC0–72 was obtained by NCA, indicated as
Css (Average), and (b) by graphical estimation using Eq. 3 Css (graph).

Css Averageð Þ ¼ AUC0−72

72 h
ð2Þ

Equation 2 above represents average concentration over a
specific period of time and is not a universal formula to estimate
Css for a transdermal system. In this analysis, scopolamine
approached steady state rapidly within 12 h after TDS application
(Fig. 2). Hence, Css(Average) over 72 h is expected to provide an
approximation of steady-state concentration.

Css graphð Þ ¼ C24 þ C36 þ C48 þ C60 þ C72

5
ð3Þ

From the concentration-time plot, the average concen-
tration between 24 and 72 h after TDS administration was
estimated using 5 time points at 12-h intervals C24, C36, C48,
C60, and C72 (Fig. 2). These data points were chosen based on
visual assessment of the concentration-time plot obtained
after TDS application.

The Kel was estimated using serum concentrations
obtained after TDS removal at 72 h through the end of the
sampling period (i.e., from 72 to 120 h). Lag time (Tlag), which
is the time required to reach detectable serum drug concen-
trations at the limit of quantification (5 pg/mL), was
determined using a model-independent method as described
previously (10). Briefly, a quadratic equation was fitted to at
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least the first three serum concentrations above the limit of
quantification. Tlag was then estimated by extrapolation of the
curve to the time axis.

Rate and extent of drug released from TDS to subject:
Total drug released from the TDS to the subject, referred to
as strength, was estimated according to Eq. 4:

Total drug released to the subject mgð Þ
¼ 1:61 mg− Aþ Bþ Cð Þ ð4Þ

where 1.61 mg is the average amount of scopolamine
base present in the TDS, determined from assaying unused
TDS (n = 3; SD = 0.03; 1.9% RSD), A is scopolamine
recovered from the packaging pouch (mg), B is the scopol-
amine recovered from cotton swabs that were used to wipe
the skin surface that was in contact with the TDS (mg), and C
is drug recovered from worn TDS (mg). Drug strength for
this study is described per wear period (72 h), and the rate
per hour can be estimated according to Eq. 5:

Release rate mg=hð Þ ¼ Total drug release mgð Þ
72 h

ð5Þ

Pharmacokinetic determination of rate and extent of
drug release: Rate of scopolamine release from TDS was
determined by (1) numeric deconvolution and (2) using
serum Css estimates. Determination of Absorption Rate
Using the Deconvolution Method. A numerical deconvolution
method, which is a model-independent method that does not
assume first order absorption, was employed to evaluate drug
release and absorption from scopolamine TDS (11,12). Several
assumptions were made when applying the numeric
deconvolution model to estimate input rate. First, each and every
scopolamine molecule entering the body via skin has the same
probability of reaching the drug sampling site (blood). Second,
scopolamine transport from skin to blood is a random and an
independent event and any potential intermolecular scopolamine
interactions do not affect this transit. Third, processes influencing
scopolamine transit from point skin to blood are time-invariant.
Fourth, scopolamine concentration in blood and serum is the
same. Last, no assumptions regarding kinetics of scopolamine
absorption are made. However, distribution and elimination are

Fig. 2. Serum scopolamine-time profiles following a transdermal
delivery system (TDS) administration and b intravenous (IV) bolus
injection
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assumed to follow linear kinetics. Under these conditions, the
scopolamine input rate can be estimated using Eq. 6:

C tð Þ ¼ f tð Þ � Cδ tð Þ ð6Þ

where C(t) is scopolamine concentration in serum at time
t after TDS application. The f(t) denotes scopolamine input
rate from TDS; * is a convolution operator; Cδ(t) denotes unit
impulse response (UIR). This was obtained by initially fitting
the serum concentration-time profile of each subject obtained
after IV bolus administration to a 2-compartment PK model.
As the UIR denotes response from one drug unit, the
resulting parameters A and B were divided by the stripping
dose (0.4 mg used in IV studies) to obtain A1 and A2. The
micro rate constants Alpha and Beta served as α1 and α2 and
then the UIR was estimated using Eq. 7, where N denotes the
number of exponential terms.

Cδ tð Þ ¼ ∑N
j¼1Aje−αjt ð7Þ

Since the UIR was obtained from a 2-compartment fit,
N = 2. The drug input rate f(t) was obtained via an iterative
procedure known as the deconvolution through convolution
(DTC) method and then the extent of scopolamine released
was calculated as the cumulative drug input (Eq. 8):

Cumulative input ¼ ∫t0 f tð Þdt ð8Þ

Estimation using Css. As an alternative method, the Css

of scopolamine was estimated from Eqs. 2 and 3 and the input
rate was calculated using Eq. 9:

Ratein mg=hð Þ ¼ CL � Css ð9Þ

The CL was obtained from 2-compartment fit of plasma
concentration vs. time data following IV bolus administration
for the same individual. The cumulative amount of drug that
reached serum over 72 h was estimated by Eq. 10:

Cumulative scopolamine amount mgð Þ ¼ Ratein � 72 h ð10Þ

RESULTS

Twenty-six subjects enrolled in the study, and 23 of them
completed both arms. One subject withdrew consent for
undisclosed reasons after the TDS arm. One subject was
withdrawn by the study team after the IV arm for no longer

meeting inclusion/exclusion criteria, and the other withdrew
after the IV study arm. The Mean ± SD age for the 26
subjects was 24.3 ± 6.3 years, and there were 10 males and 16
females. Demographics of the subjects are provided in
Table S1.

Adverse Events and TDS Adhesion

No unexpected, serious, or life-threatening adverse
events occurred. The most common events during the TDS
arm were dry mouth/increased thirst, decreased heart rate,
and vision disturbances. The most common events during the
IV arm were dizziness/lightheadedness, decreased heart rate,
and fatigue (Table III). There was minimal to no skin
irritation from TDS wear; all primary skin irritation assess-
ment scores were 0 or 1 in all subjects after TDS removal.
TDS adhesion scores were “0” for all subjects through the
72 h TDS wear time (indicating full adhesion to the skin),
with only one subject with a score of “1” recorded immedi-
ately before the TDS was removed.

Pharmacokinetic Serum Analysis

Concentration-time profiles of scopolamine after IV
bolus administration were analyzed by noncompartmental
analysis (NCA) and compartmental modeling. Data fitted
to a 2-compartment model had the lowest AIC, WSSR,
and SBC (Table S2) and calculated F-ratio values were
high for most subjects compared with the tabled F(2, 12)
value at p = 0.05 of 19.41. Calculated F values were lower
than tabled F values for Subjects 7 and 13. However, the
2-compartment fit was still applied to these subjects taking
into consideration the other diagnostic parameters (AIC
and SBC). Pharmacokinetic parameters obtained by 2-
compartmental modeling and NCA are presented in
Tables S3 and S4, respectively.

Of the 23 subjects that completed both arms of the study,
IV data for two subjects exhibited unusual serum concen-
tration vs time profiles. Subject 2 exhibited unusually low
serum concentrations and Subject 8 exhibited Cmax and
Tmax at 0.5 h. Hence, these subjects were not considered
for final parameter estimates. Pharmacokinetic analyses of
data from the 21 out of 23 subjects who completed both
IV and TDS arms (Table IV) were used in the final
estimation of rate and extent of scopolamine delivery
from the TDS.

Residual Drug in Worn TDS and Calculated Drug Release

Mean (± SD) drug loading of three unworn control
TDS samples was 1.61 ± 0.03 mg (n = 3; 1.9% RSD). No
scopolamine was detected in any alcohol swabs used to
wipe the inside of the drug pouch or application gloves (A
in Eq. 4). Conversely, drug was detected in all swabs used
to clean drug residue and adhesive from the skin
following TDS removal (B in Eq. 4). Mean drug recovery
of 24 worn TDS was 0.47 mg ± 0.11 (23% RSD). Using
residual drug analysis and Eq. 4, the mean drug released
to the subject (i.e., delivered as calculated by this method)
in 72 h was 1.09 mg ± 0.11 (10% RSD) (Table V).
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Table III. Occurrence of Adverse Reactions Reported During the Study. n = 24 Subjects Who Completed the TDS Arm; n = 25 Subjects Who
Completed the IV Arm. Data Are Reported as Number of Subjects Experiencing the Reaction, and Percent of Subjects in Each Arm

Experiencing the Reaction

TDS study arm IV study arm

Increased blood pressure (systolic BP > 140 mmHg or diastolic BP > 90 mmHg) 4 (15.4%) 7 (26.9%)
Decreased blood pressure (systolic BP < 90 mmHg or diastolic BP < 50 mmHg) 9 (34.6%) 10 (38.5%)
Increased heart rate (> 100 bpm) 1 (3.8%) 2 (7.7%)
Decreased heart rate (< 55 bpm) 11 (42.3%) 16 (61.5%)
Dizziness/lightheadedness 3 (11.5%) 18 (69.2%)
Dry mouth/increased thirst 12 (46.2%) 4 (15.4%)
Dilated pupils/blurry vision/sensitivity to light 9 (34.6%) 7 (26.9%)
Fatigue 6 (23.1%) 14 (53.8%)
Nausea 3 (11.5%) 4 (15.4%)
Headache 1 (3.8%) 3 (11.5%)
Emesis 0 (0.0%) 3 (11.5%)
Cold-like symptoms (cough/chest congestion) 0 (0.0%) 1 (3.8%)
Backache 0 (0.0%) 1 (3.8%)

Table IV. Pharmacokinetic Parameters Obtained from the TDS Arm for n = 21 Subjects Whose Data Were Included in the Final Parameter
Estimates (Subject 1 Did Not Complete Both Study Arms; Subjects 2 and 8 Were Excluded From Final Analyses)

Subject CL* AUC0–72 AUC0-120 Css(Average) Css(graph) Kel T1/2 Lag time Tmax Cmax

L/h (ng/mL*h) (ng/mL*h) ng/mL ng/mL 1/h h h h (ng/mL)

3 143.80 7.80 8.68 0.11 0.09 0.06 11.17 1.2 10 0.21
4 241.43 6.14 6.97 0.09 0.07 0.11 6.47 0.5 5 0.25
5 131.95 8.48 10.26 0.12 0.12 0.04 16.69 3.5 10 0.17
6 137.82 4.49 5.67 0.06 0.08 0.06 11.92 5.4 10 0.03
7 132.71 6.07 7.71 0.08 0.09 0.06 11.86 3.4 10 0.08
9 212.01 5.64 6.64 0.08 0.08 0.10 6.68 2.9 12 0.11
10 129.61 8.91 11.16 0.12 0.12 0.07 9.28 3.0 12 0.19
11 163.49 8.63 9.36 0.12 0.11 0.05 13.72 0.7 6 0.23
12 127.00 12.56 14.69 0.17 0.18 0.06 11.53 2.5 10 0.24
13 143.07 7.72 9.39 0.11 0.11 0.05 13.71 2.0 10 0.15
14 97.20 13.21 13.21 0.18 0.15 0.03 26.50 3.4 10 0.17
15 294.78 5.95 6.66 0.08 0.07 0.06 12.59 0.5 5 0.14
16 246.17 8.13 9.04 0.11 0.09 0.07 10.66 1.6 8 0.24
17 147.60 6.11 8.20 0.08 0.08 0.05 13.38 2.7 10 0.15
18 213.14 5.95 6.80 0.08 0.08 0.07 9.73 1.6 10 0.12
19 158.94 7.66 9.00 0.11 0.12 0.06 10.95 2.6 10 0.10
20 250.21 2.37 3.11 0.03 0.04 0.03 20.36 3.6 10 0.04
21 31.17 5.38 6.44 0.07 0.07 0.07 10.31 2.3 12 0.14
22 188.78 3.48 4.43 0.05 0.08 0.07 9.54 3.5 12 0.07
23 120.14 4.43 5.69 0.06 0.08 0.05 13.79 6.8 12 0.03
24 119.19 5.24 7.03 0.07 0.07 0.06 12.53 3.3 10 0.07
Average 163.34 >6.87 8.10 0.09 0.09 0.06 12.54 2.71 9.71 0.14
Std dev 61.25 2.64 2.74 0.04 0.03 0.02 4.43 1.52 2.10 0.07

Css, steady state serum concentration; Cmax, maximum serum concentration; Tmax, time of maximum serum concentration; Tlag, time to reach
detectable serum drug concentrations; AUC, area under the serum drug concentration-time curve; Kel, elimination rate constant; T1/2, serum
elimination half-life; CL, clearance
*CL values obtained from IV arm of the study
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Pharmacokinetic Determination of Rate and Extent of
Release

In pharmacokinetic analyses, scopolamine absorption
rate (mean ratein ± SD) and cumulative amount released
was estimated by numerical deconvolution as well as using Css

estimated from Eqs. 2 and 3. The absorption rates obtained
by these methods are presented in Table VI. The absorption
rate estimated using the deconvolution method was 0.016 ±
0.006 mg/h (35% RSD). From the Css (graph) value obtained
by graphical analysis and CL estimated from 2-compartment
fit of the IV bolus data (Fig. 2), the absorption rate was
determined to be 0.015 ± 0.005 mg/h (34% RSD). Using Css

(average), the calculated absorption rate was 0.015 ± 0.007 mg/h
(44% RSD). Total drug released over 72 h as estimated by
these approaches was 1.12 ± 0.4 mg (35% RSD), 1.07 ±
0.35 mg (33% RSD), and 1.07 ± 0.45 mg (42% RSD),
respectively.

DISCUSSION

The typical convention for describing drug delivery rate
from a TDS is mass of drug delivered per dosage form per

unit of time, delivered throughout the prescribed wear time.
This rate also quantifies TDS strength. Because of diffusion
principles governing passive drug delivery, a significant drug
amount remains in TDS after being worn. This residual drug,
and pharmacokinetic data from humans, provides comple-
mentary means for assessing product strength. Based on
assumptions of each method when calculating strength, there
are limitations to both approaches and thus the methods
require further scrutiny and direct comparison.

Scopolamine is a small molecule with a molecular weight
of 303 Da and logP of 0.98 (13). These are within typical
parameters of drugs suitable for transdermal delivery (14).
Transderm Scōp® contains 1.5 mg of scopolamine base. In
control samples, we estimated scopolamine amount to be
1.61 mg. According to prescribing information, the TDS is
formulated to deliver ~ 1 mg of scopolamine over 3 days. Our
calculation of total (mean ± SD) scopolamine in serum over
the 72-h period was 1.09 ± 0.11 mg, which agrees with the
prescribing information.

The main objective of this work was to compare two
approaches for estimating rate and extent of delivery from a
transdermal system to calculate strength. Here, we explored
two methods of analysis for quantifying drug delivery from

Table V. Recovery of residual drug from worn TDS and calculated drug released to subject (n = 24 subjects who completed the TDS study
arm)

Subject Scopolamine detected in clinical samples (all results reported in mg of drug)

Drug recovered
from Pouch (A)

Drug recovered from
skin residue (post-wear) (B)

Drug recovered from
worn TDS* (C)

Total drug released
to subject (Control-A-B-C)

1 ND 0.07 0.70 0.84
2 ND 0.04 0.46 1.11
3 ND 0.04 0.31 1.26
4** ND 0.02 0.30 1.28
5 ND 0.03 0.53 1.05
6 ND 0.08 0.48 1.05
7 ND 0.04 0.54 1.03
8 ND 0.06 0.71 0.84
9 ND 0.04 0.51 1.06
10 ND 0.06 0.59 0.96
11 ND 0.05 0.46 1.10
12 ND 0.05 0.33 1.23
13 ND 0.05 0.43 1.13
14 ND 0.05 0.39 1.17
15 ND 0.06 0.29 1.26
16 ND 0.02 0.41 1.18
17 ND 0.04 0.46 1.11
18 ND 0.07 0.46 1.08
19 ND 0.08 0.48 1.06
20 ND 0.03 0.44 1.14
21 ND 0.06 0.53 1.01
22 ND 0.06 0.51 1.04
23 ND 0.06 0.41 1.15
24 ND 0.07 0.47 1.06
Average NA 0.05 0.47 1.09
Std dev NA 0.02 0.11 0.11
RSD% NA 33% 23% 10%

ND, not detected (below limit of detection of 0.003 mg/mL)
*Calculation of residual drug recovery was based on drug content in control TDS (1.61 mg)
**An overlay was applied on the transdermal system of Subject 4
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TDS in healthy individuals wearing a scopolamine TDS:
analysis of serum drug concentrations and determination of
drug remaining in TDS after prescribed wear (72 h). The
estimates obtained by both methods were similar. Using
residual drug analysis approach, the rate of scopolamine
delivery was 1.09 ± 0.11 mg/72 h (0.015 ± 0.002 mg/h). Phar-
macokinetic analyses were conducted using three different
methods. All of them estimated the extent of delivery (i.e.,
strength) in 72 h as 1.07–1.12 mg with standard deviations
ranging between 0.35–0.45 mg, whereas the rates of delivery
were between 0.015 and 0.016 mg/h with standard deviations
ranging between 0.005–0.007 mg/h. Thus, the estimates
obtained by both approaches were very similar, though there
was considerably greater variability associated with the
estimated rate using the pharmacokinetic approach. Large
inter-subject variabilities in pharmacokinetic parameters
have been previously reported following scopolamine
administration by IV (15,16), transdermal (17), and other
routes (18,19). The %RSD in these previous studies was
as large as 50%. For example, in IV studies performed by
Putcha et al., the reported pharmacokinetic estimates
translated to 90%, 50%, and 19% RSD, for T1/2, volume
of distribution, and CL, respectively (15). In IV studies
reported by Ebert et al., %RSD for CL and volume of
distribution were 56% and 37%, respectively (16).

Here, we observed up to 44% RSD for scopolamine
delivery rate and extent when determined via the pharmaco-
kinetic method. This likely arises from the variability in
associated pharmacokinetic parameters that were used in the
calculations (e.g., RSD for AUC0–72 and CL were 38.4% and

37.5% respectively). For transdermal systems, AUC is
dependent on percutaneous absorption rate, systemic uptake,
and CL. Factors such as body and skin temperature,
hydration, and ethnicity-based skin variations can affect
absorption through the skin (20). Subjects of different races
and ethnicities participated in our study, and while this
makes the data more generalizable overall, inter- and
intra-subject differences could contribute to variation in
the pharmacokinetic parameters.

CONCLUSIONS

This study demonstrates that analyses of residual drug in
worn TDS and the corresponding pharmacokinetic parame-
ters result in similar nominal delivery rates, though the
residual drug analysis method had less variability overall.
The residual drug method had the advantage that it did not
necessitate the administration of an IV, blood sampling, or
plasma drug extraction. Thus, these analyses could be less
time intensive and potentially less burdensome for drug
developers and study subjects. Additional studies with
other active pharmaceutical ingredients, intended delivery
rates, and transdermal system designs are necessary to
work towards the long-term goal of developing a single
method by which strength can be characterized across the
dosage form.
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