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Various methods exist for research into the penetration process in the human nail plate and for investi-
gation of dermal drug delivery. Application of spectroscopic methods in this scientific field is gaining
importance. However, no method meets all demands of the large variety of applications. An alternative
optical technique for the characterisation of samples is the photothermal spectroscopy. Photoacoustic
techniques, photothermal radiometry, and photothermal beam deflection spectroscopy (PDS) are non-
destructive analytical techniques that take advantage of the so-called photoacoustic and photothermal
phenomena. PDS, in conjunction with an appropriate scanner, allows for depth profiling and is a prom-
ising technique for studies of three-dimensional drug diffusion into artificial and biological membranes.
The objective of this article is to demonstrate the use of PDS imaging for pharmaceutical applications and
drug delivery studies, with two experiments being used as examples: the follow-up of lateral dithranol
penetration into an artificial membrane and depth-resolved measurement of the distribution of a model
drug within a keratin membrane from bovine hoof.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

The human skin is an extraordinarily complex organ that con-
sists of several layers assuming multiple functions. On the one
hand, the skin protects the organism from exhaustive water and
heat loss. On the other hand, barrier functions protect against the
penetration and permeation of microorganisms and toxins into
the organism. This is one of the main tasks of the outermost layer
of the skin, which is known as the horny layer or the stratum cor-
neum (sc). The sc is a heterogeneous membrane that is composed
of keratin-rich corneocytes embedded in a lipid matrix. The so-
called ‘‘brick and mortar” model represents an effective barrier that
inhibits not only toxins and microorganisms, but also pharmaceuti-
cal agents from penetrating the skin. In addition, the human nail,
which is an adnexa of our skin, fulfils barrier and protection func-
tions. However, there are various types of skin diseases and infec-
tions affecting our barrier regions. As the transport of specific
drugs into deeper layers and particularly where the permeation is
desired, the human nail, the epidermis, and especially the sc have
been investigated with respect to their composition and manipula-
tion of the penetration process for years. The optimisation of phar-
maceutical formulations in terms of drug delivery and skin
ll rights reserved.
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penetration is a major challenge in dermatopharmacy. A number
of in vitro methods exist for studying penetration into the human
nail plate [1–3] and for investigating dermal drug delivery [4].
The spectroscopic methods, including FTIR–ATR (Fourier transform
infrared–attenuated total reflection) [5–7], FTIR–PAS (Fourier
transform infrared–photoacoustic spectroscopy) [7–9], FT-Raman
(Fourier transform-Raman) [10], and CRM (confocal Raman micro-
spectroscopy) [11–14], offer certain advantages. In particular, the
analyte can be determined with minimal or no sample preparation
required. Furthermore, extraction steps are omitted. This simplifi-
cation of the analytical procedure significantly increases the repro-
ducibility of the analysis. Furthermore, on-line spectroscopic
measurements permit the kinetics of reactions to be followed.
However, no method meets all demands of the large variety of sam-
ples. In particular, FTIR and Raman spectroscopy are suited to only
limited investigation of opaque samples, while FTIR–PAS is capable
of measuring such substances. However, this technique is sensitive
to disturbing noise. An alternative optical technique for the charac-
terisation of samples is photothermal spectroscopy. Photoacoustic
techniques [15], photothermal radiometry, and photothermal beam
deflection spectroscopy (PDS) [16,17] are non-destructive analyti-
cal techniques that take advantage of the so-called photoacoustic
and photothermal phenomena. In the past years, inexpensive and
non-destructive variants of photothermal spectroscopy were devel-
oped successfully. The so-called OTTER (optothermal transient
emission radiometry) technique is a photothermal technology that
yields a set of insights into skin research. The measuring principle is
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slightly different from that of PDS. The sample is excited by an inci-
dent beam and the transient thermal emission is collected by a con-
ventional MCT (mercury cadmium tellurite) detector. Depth
profiling is accomplished by recording time-resolved spectra. It is
based on time-dependent changes of the thermal emission decay
signal, as the heat diffuses into the sample [18]. Depth distribution
of water and ethylene glycol in the horny layer was measured suc-
cessfully down to 10 lm penetration depth [19]. However, this
promising technique regrettably has some limitations. IR radiation
that does not come from the sample cannot be distinguished from
the heat radiation originating from the sample of interest. Radiation
coming from deeper layers of a sample decreases rapidly below the
detection limit of the MCT detector. For this reason, depth profiling
is restricted to a few microns.

The photothermal beam deflection spectroscopy (PDS) was first
developed in 1980 [20,21]. Variants have been used for a wide
range of spectroscopic and imaging applications. Photothermal
imaging for monitoring short-term nanoscale thermal effects in
living cells was evaluated by Lapotko et al. [22,23]. However, PDS
is an appropriate imaging tool not only on the nano scale, but also
at higher orders of magnitude. Koebel et al. introduced a type of
series PDS imaging for probing protein arrays [24].

PDS, in conjunction with an appropriate scanner and depth profil-
ing, is a promising technique for studies of three-dimensional drug
diffusion into artificial and biological membranes. The combination
of lateral imaging and depth-resolved measurements allows for a
3D visualisation of a sample. Results regarding the potential use of
the non-invasive method of photothermal beam deflection in phar-
maceutical research, together with preliminary results obtained by
our group for lateral drug diffusion in an artificial membrane, are
published in [25]. According to Hanh et al., PDS is highly sensitive
to drug penetration. The fact that only a minimum sample prepara-
tion is needed and no substances (e.g. fluorescent compounds or gold
nanoparticles) have to be added makes this spectroscopic technique
advantageous. However, Hanh’s work only covers the lateral (x, y
dimension) and not the z dimension of drug penetration. The work
presented here will focus on this latter aspect of depth profiling (x,
y, and z dimensions), the final objective being to obtain a complete
picture of the penetration process of drugs into a tissue. Use of PDS
imaging for pharmaceutical applications and drug delivery studies
will be illustrated with two experiments: the temporal follow-up of
dithranol (DI) penetration into an artificial membrane and depth-re-
solved measurement of the distribution of a model substance, methyl
orange (MO), within a keratin membrane from bovine hoof.

2. Materials and methods

2.1. Method

The experimental setup of the PDS and the non-destructive
evaluation of thermal properties were discussed in detail previ-
Fig. 1. Layout of the photothermal device (left). Schematic of the probe beam deflect
ously [17]. Now, the photothermal principles will be described
briefly. Periodic heating by a modulated pump beam produces
periodic heating of the air adjacent to the sample surface as a con-
sequence of heat transfer from the sample surface. This causes
periodic variations of the index of refraction, n, of air. This temper-
ature-dependent density oscillation in the air is monitored locally
with a probe laser beam which skims along the surface of the sam-
ple and through the heated region (Fig. 1). Periodic deflections of
this probe beam due to the refractive index gradient are measured
by a position-sensitive optical detector. Detection is made on a line
l along the path defined by the illuminated region of the surface. l is
the interaction pathway between the probe beam and the temper-
ature gradient [21].

The angle of deflection / from the original trajectory is given by

/ ¼ �
Z

P

1
n

� �
� dn

dT

� �
� rTg � dl ð1Þ

where n is the gas (air) index of refraction and dn/dT is the temper-
ature gradient of the index of refraction. Tg is the periodic temper-
ature distribution in the air. P is the probe beam interaction path
and dl is an incremental distance along P [26]. With regard to the
sample, there are three important parameters. They are the sample
thickness d, the optical absorption length 1/b, where b is the absorp-
tion coefficient in cm�1, and the thermal diffusion length l, which
determines how far a periodic heat wave can travel in a solid before
dissipating. The thermal diffusion length is

l ¼
ffiffiffiffiffiffi
a
pf

r
ð2Þ

where a is the thermal diffusivity of the sample

a ¼ k
qC

ð3Þ

(k = thermal conductivity, q = density, and C = specific heat) and f is
the frequency of the heat wave, in this case, the frequency at which
the excitation beam is chopped. This means that at high frequen-
cies, when the thermal diffusion length is smaller than the optical
absorption length, only small thermal diffusion layers can be stud-
ied at the sample surface. At lower modulation frequencies, by con-
trast, thermal diffusion length increases and light absorption in
deeper layers can be studied. Provided that the thermal diffusivity
(Eq. (3)) of the sample of interest is known, a modulation of the
excitation frequency permits several levels of sample depth to be
studied (Eq. (2)).

The membranes used for the following experiments are highly
transparent for the laser excitation wavelength. In this case, the
optical absorption length is much higher than the thermal diffu-
sion length. Thermal distribution agrees with the intensity distri-
bution of the laser profile. If the operating mode of the laser is
TEM00, the beam intensity shows a Gaussian profile and the heat
diffuses in cylindrical form along the pump beam within the kera-
ion process, as the beam is passing the thermal lens at the measurement point.
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tin membrane. At the surface, the heat enters the adjacent gas
phase, giving rise to the thermal lens. The thermal lens results from
the heat generated at a sample depth d 6 thermal diffusion length
l only. Since the membrane material does not generate significant
PDS signals, penetrating substances which absorb the excitation
radiation can be detected.

3. Experimental

All PDS measurements were performed with a photothermal
device (Monobloc Phototherm Dr. Petry, Saarbruecken, Germany)
by means of deflection detection of the oscillating surface temper-
ature (Fig. 1). A diode-pumped frequency-doubled Nd:YAG laser
(wavelength: 532 nm; 100 mW, 10 mW of which hit the sample,
B&W TEK, Newark, DE, USA) operating in the TEM00 mode was uti-
lised as excitation source. The incident heating beam was modu-
lated by a mechanical chopper (model NFO-3501, New Focus, San
Jose, CA, USA). The probe beam (HeNe laser wavelength
k = 633 nm, 1 mW; JDS uniphase model 1101P, Montea, CA, USA)
deflection amplitude (PDS signal) was detected by a four-quadrant
position-sensitive detector (Hamamatsu, Japan) and processed by
means of a lock-in amplifier (model 5210, EG&G, Princeton, NJ,
USA). The probe beam deflection consists of two mechanisms,
namely, the normal component /n and the transverse component
/t. In the following experiments, the amplitude of /t was used to
detect the beam deflection. For scanning purposes, an XY transla-
tion stage (Limes 90, OWIS, Staufen, Germany) was used, allowing
for moving the sample with a step accuracy of 1 lm.

3.1. 3D imaging of drug distribution

A keratin membrane from bovine hoof was applied as acceptor
and attached to a flow-through chamber. Bovine hoof membranes
can be used as a nail model for penetration and permeation exper-
iments. The structure of bovine hoof equals that of human nails [2].
A 55 lm thick membrane was taken from the distal part of the ball
horn by a microtome. The circular area of contact between the
membrane and the donor was 12.5 mm2. The donor was a solution
composed of the model substance methyl orange (MO) 0.1% (w/w)
and glycerine 6% (v/v) in phosphate-buffered saline of pH 7.4. This
solution was passed through the chamber (chamber vol-
ume = 31.25 mm3) for 90 min at a constant flow rate of 4.95 ml/h
by a syringe pump (Razel Scientific Instruments, Stamford CT
USA). The pure solvent was used for saturation of the hoof mem-
brane directly before the solution was allowed to contact the mem-
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Fig. 2. Absorbance spectra in the visible region (400–600 nm) of (a) dithranol and
(b) methyl orange. The dashed line indicates the wavelength of the Nd:YAG laser
(532 nm) used as excitation beam.
brane. A diode-pumped frequency-doubled Nd:YAG laser was
utilised as excitation source and an HeNe laser served as probe la-
ser. Fig. 2b shows the absorption spectrum of visible radiation of
the donor solution (measured with BTC 112E CCD Array Spectrom-
eter, B&WTEK, Newark, DE, USA). Methyl orange [sodium-4-
(dimethylamino)-azobenzene-40-sulphonic acid] was chosen as a
model drug, since the wavelength of the excitation source used
matched the absorbing spectral region, while the pure hoof mem-
brane did not show any significant absorption in the visible spec-
trum. In this way, selective determination of the model drug in
the membrane was possible. Upon the completion of the flow pro-
cess, the membrane was removed and dried in a low-humidity
environment (<30% rH). Afterwards, the membrane was attached
to an adhesive tape on a metal sample holder (Fig. 1). In order to
measure a representative part, an area (1 mm � 2 mm) containing
both a region with penetrated drug and a non-influenced part was
analysed at 14, 26, 31, 36, 41, and 46 Hz modulation frequencies.

3.2. Imaging of lateral penetration

The same photothermal device as that mentioned before was
used for imaging of the lateral penetration. A semi-solid suspen-
sion which contained 10% dithranol (1, 8-dihydroxyanthrone)
(DI) in white soft paraffin was used as the donor phase and a
DDC membrane [27] (thickness 28 lm) served as acceptor
(Fig. 3). The Nd:YAG laser was applied for the excitation of the
sample and an HeNe laser was used as the probe beam. For this
experiment, a frequency of 26 Hz was chosen to modulate the exci-
tation beam. In order to observe the lateral diffusion of the drug, an
area of 1 mm � 0.75 mm was measured in front of the applied for-
mulation, such that the probe beam position was parallel to the
boundary edge of the applied formulation (Fig. 3). The imaging
field contained 1435 equidistant measuring points, resulting in a
lateral resolution of 25 lm � 25 lm. A PDS image took 17 min to
be recorded. In order to avoid disturbing effects of the formulation
on the probe beam pathway, the imaging area was 250 lm away
from the suspension. Imaging measurements were carried out
2.5, 5.5, 25.5, 35.5, 45.5, and 55.5 h after starting the experiment.

4. Results and discussion

4.1. Imaging of lateral drug penetration

The preliminary experiment performed by Hanh et al. [21]
shows a single image of the dithranol distribution in a DDC mem-
brane. In our experiment, studies were extended to also cover the
ointment

membrane
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x

Fig. 3. Schematic of the lateral DI diffusion experiment. The formulation (donor) is
located at the top of an artificial DDC membrane (acceptor). The area for PDS
imaging is 250 lm distant from the formulation to avoid any kind of interaction of
the probe beam and formulation.
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temporal monitoring of dithranol diffusion. In order to achieve a
higher sensitivity, the wavelength of excitation of 1064 nm was
adapted to 532 nm using a frequency-doubled Nd:YAG laser.

As shown in Fig. 2a, the wavelength of the excitation beam does
not hit the absorption peak of DI at the maximum, but the ab-
sorbed energy is sufficient to reach a selective excitation. The re-
sults of PDS imaging of dithranol (DI) diffusion into the artificial
DDC membrane are depicted in Fig. 4. A selective determination
of drug distribution within the artificial membrane was possible,
since pure DDC membrane does not absorb radiation in this spec-
tral region. The diffusion process was observed for 55 h. The PDS
images in Fig. 4a and b exemplify the expansion of the drug in
the DDC membrane. The measurement made 2.5 h after the formu-
lation had been applied shows a homogeneous PDS signal distribu-
tion, whereas significantly increasing PDS signals were detected
55 h after application. As expected, a gradient of the PDS signal
was observed. By incremental diffusion way, the drug concentra-
tion within the membrane was ascending with lower velocity.
The highest DI content was determined near the ointment.
Fig. 4c provides a more detailed view of a single line of the image,
which is indicated by the red line in Fig. 4a. Based on the imaging
data, the PDS signal to distance profile can be studied at each line
or even at a single point. The increase in the PDS signal versus time
is presented for three measurement points that are located along
the line mentioned above (Fig. 4d). These points represent the
shortest, longest, and medium distance to the drug reservoir, as
indicated in Fig. 4d. As expected, the slope of the curve increases
with decreasing distance. Furthermore, the imaging technique re-
veals that the drug is distributed with a heterogeneous front. High-
est PDS signals were found in the peripheral regions adjacent to the
c
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Fig. 4. Imaging of the lateral penetration of dithranol into an artificial DDC membrane. Th
in white soft paraffin 10 (w/w%). (a) Displays the measurement after 2.5 h and (b) shows
in the membrane for a single line (at x = 0.5 mm) versus time is depicted in (c). The PDS
(d).
formulation (Fig. 4b). This behaviour is caused by a heterogeneous
distribution of the DI particles in the donor suspension. The artifi-
cial acceptor membrane possibly does not provide constant condi-
tions all over the sample.

4.2. Imaging of 3D drug distribution

The PDS technique can not only be used for lateral imaging, but
it is also possible to pursue drug distribution perpendicular to the
surface.

Two types of photothermal visualisation exist (Fig. 5). The x-
axis and y-axis indicate the scanned area. The intensity of the
PDS signal can be presented in two ways: showing the intensity
on the z-axis (Fig. 5a) and presenting an intensity-related colour
gradient (Fig. 5b). For presenting depth-resolved measurements,
the more applicable is the second type, since this manner of pre-
sentation exhibits a more detailed image and is space saving.

A membrane area of 2.4 mm2 was observed, which consisted of
1025 points. The lateral resolution was 50 lm. In spite of this high
resolution, recording of a single image merely required 16 min.
Signal amplitudes P3000 indicate the former contact area of the
membrane with the donor. However, this region does not exhibit
homogeneous PDS signal distribution. The two-dimensional image
(Fig. 5b) reveals higher values in the boundary region where the
membrane and the edge of the flow-through chamber confined
the volume of the cell. This may be attributed to heterogeneous re-
gions in the hoof sample or to the varying flow behaviour at the
fringe of the chamber.

According to Eq. (2), a modulation of the excitation frequency
permits several layers to be studied, if thermal diffusivity is known.
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e donor located behind the measurement field consists of a suspension of dithranol
the progress of diffusion process after 55.5 h. The concentration profile of dithranol

signal–time profile shown for three points of the line (at x = 0.5 mm) is presented in
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Fig. 6. (a) Thermal diffusion length (l) is related to the depth of a measurement as
being proportional to

ffiffi
1
f

q
. A keratin membrane from bovine hoof is used as an

example. Thus, various sample depths can be measured by changing the modula-
tion frequency f of the excitation beam. (b) Frequency dependence of the amplitude
of the normalised PDS signal data presented for the pure hoof membrane (-�-) and a
membrane part containing MO (-d-).
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Dias et al. presented the thermal diffusivity of a human nail to be
a = 8.9 ± 1.3 � 10�4 (cm2/s) [28]. Thus, the structure and physico-
chemical properties of human nail and bovine hoof are compara-
ble. Therefore, we used these data for the calculation of the
thermal diffusion length (l) of bovine hoof membranes. The linear
correlation of the measurement depth with

ffiffi
1
f

q
is shown for a ker-

atin sample in Fig. 6a. Applying the lowest useful modulation fre-
quency of f = 5 Hz, Eq. (2) calculates a theoretically maximum
thermal diffusion length of 75 lm under the experimental condi-
tions chosen. Indeed, there is not just the correlation of the modu-
lation frequency with the thermal diffusion length. Also, the PDS
signal amplitude is increasing at falling modulation frequency.
The comparison of a blank membrane with a part of a keratin
membrane containing the enriched drug was applied to clarify
the origin of the generated signals. The normalised PDS signal
amplitudes of both types plotted vs. the modulation frequency ex-
hibit significant difference in developing their curves and do not
overlap (Fig. 6b), which demonstrates that our measurements are
showing essentially the distributed MO within the membrane.
The PDS signal is substantially higher for MO samples than for
the untreated sample, and the amplitude is roughly proportional
to the MO concentration.

In order to determine the three-dimensional distribution of the
MO in the keratin membrane, an area was scanned at various mod-
ulation frequencies (Fig. 7). Each frequency corresponds to a certain
thermal diffusion length and, hence, to a certain measurement
depth (Table 1). Each image in Fig. 7 represents a certain section
of the sample, resulting in the three-dimensional visualisation of
the MO distribution within the keratin membrane. The MO is
detectable at all modulation frequencies. This means that the drug
can be found over the depth range from 24 lm to 45 lm. But also
outside the saturated region, laterally penetrated MO can be de-
tected. The narrow sections (Fig. 7d and e) are domains, where
the drug signals first appeared from 33 lm penetration depth.

The signal-to-noise ratio (S/N) was determined by comparing
signals measured in the blank membrane and in the membrane
containing MO. Since the pure keratin membrane is highly trans-
parent at the excitation wavelength, this material generates only
marginal PDS signals, which we treat as background signals. There-
fore, the S/N ratio was calculated from the representative average
of PDS signal in the hoof part containing MO and the standard devi-
ation of the background signal. This procedure was applied to all
measurements. The results are presented in Table 1. The S/N de-
creases with rising modulation frequency. At 46 Hz, the signal-
to-noise ratio approaches the region of the detection limit (S/
N = 4.8). Hence, sample sections that are located less than 25 lm
away from the surface cannot be measured selectively. On the
one hand, the maximum depth is limited by the thermal diffusivity
of bovine hoof material, and on the other hand, a minimum mea-
surement depth is required due to the noise arising.
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Fig. 7. Depth-resolved PDS imaging of MO distribution in a keratin membrane
(thickness 60 lm) for (a) 46 Hz, (b) 41 Hz, (c) 36 Hz, (d) 31 Hz, and (e) 26 Hz (14 Hz
measurement is depicted in Fig. 3). The corresponding depth values are presented
in Table 1. The arrows in (d) and (e) indicate regions with traces of MO in deeper
membrane layers only.

Table 1
Effect of modulation frequency on the measurement depth.

Frequency [Hz] a (cm2/s) l (cm) S/N

14 8.9 � 10�4 4.49 � 10�3 82.29
26 3.30 � 10�3 86.15
31 3.02 � 10�3 74.37
36 2.80 � 10�3 50.62
41 2.62 � 10�3 28.11
46 2.48 � 10�3 4.82

Table 1 shows the thermal diffusion length l for keratin samples obtained from
bovine hoof. l was calculated by means of Eq. (2) for different modulation fre-
quencies of the excitation beam. Thermal diffusivity is a result of Dias et al. and was
measured for human nail samples.
Signal-to-noise ratio (S/N) presented at various modulation frequencies.
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When applying PDS imaging for in vivo studies in the future, the
safety issue has to be considered. Laser radiation and tissue inter-
act in the photochemical and thermal range. In addition to the
wavelength, duration of irradiation, and frequency, the energy
density of the laser beam is a critical parameter. The pump beam
intensity was evaluated to be 12 W/cm2 under the experimental
conditions selected. A thermographic investigation of the laser-ex-
cited pure bovine hoof material revealed that the temperature rise
induced in the laser spot was around 2 K (not shown). However,
radiation intensities in that range do not induce thermal damage
of low absorbing tissue and photochemical reactions are not ex-
pected considering the short exposure time of the laser spot on
the measurement point.

5. Conclusions

The photothermal deflection spectroscopy and photothermal
three-dimensional imaging experiments presented demonstrate
the potential of this technique for pharmaceutical and biophar-
maceutical use. The drug diffusion process into an artificial mem-
brane was visualised. The preliminary tests carried out by Hanh
were extended to dithranol diffusion measurement by means of
PDS. The wavelength of the excitation was adapted and the diffu-
sion of DI into the artificial membrane was imaged temporally.
During the experiment, lateral diffusion of the drug was found
to proceed with a heterogeneous front and could be pursued at
a distance of 1 mm from the formulation. The results confirmed
Hanh’s investigations.

An extraordinary feature of PDS is the non-destructive type of
depth measurement. By means of a simple modulation of the exci-
tation beam, various regions of the sample depth can be monitored.
The measurement range is limited by the penetration depth of the
excitation beam, when opaque samples are investigated. In the case
of transparent samples, limitation results from the thermal diffu-
sivity (a) of the sample and, hence, from the thermal diffusion
length. For the example of a dry biological keratin membrane from
bovine hoof presented, the measurable depth range is between
25 lm and 45 lm, which can be extended in theory to 75 lm. Using
the model substance MO, suitability of PDS for three-dimensional
imaging of drug distribution in a tissue was demonstrated.

In comparison with FTIR–PAS, which is based on the same prin-
ciples, PDS shows a lower sensitivity to environmental noise.
Hence, PAS does not allow for imaging. PDS is more flexible, since
no closed chamber is necessary for measuring. However, PDS is
based on the excitation of a sample by monochromatic laser radi-
ation, which constricts the spectrum of applications in comparison
to PAS that is based on wide-band excitation. Another method
increasingly employed for the investigation of drug penetration
process is confocal Raman spectroscopy (CRM). This technique
can also be applied to most sample forms and provides imaging
in conjunction with depth measurements. However, CRM is also
subjected to limitations. CRM is sensitive to stray light, which is
why measurements must be carried out in a dark chamber. And
the microscope objective has to be positioned close to the surface
of the sample, which aggravates in vivo measurements. A further
investigation should focus on a comparison of the contactless opti-
cal techniques.

In the future, photothermal imaging in conjunction with an
appropriate optical double-beam scanner system and depth profil-
ing shall be used to study concentration profiles and kinetics of
three-dimensional drug diffusion into skin samples. Later on, in-
vivo measurements of the stratum corneum shall be carried out.
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