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Abstract

Background: The chronicity of psoriasis often requires con-
tinuous topical treatment. Materials and Methods: Here,
the radical protection of a cream containing various herbal
oils was evaluated in vivo by electron paramagnetic reso-
nance (EPR) spectroscopy and its skin penetration by Ra-
man microscopy inintactand barrier-disturbed skin. Chang-
es in skin barrier properties were evaluated after 4 weeks of
daily topical application using in vivo laser scanning micros-
copy (LSM) and transepidermal water loss in 26 healthy vol-
unteers. A randomized, controlled, double-blind, three-arm

parallel clinical study evaluated the efficacy of the herbal oil
cream compared to a 0.05% calcipotriol-containing cream
and to a vehicle cream, in 135 patients with mild to moder-
ate plaque psoriasis with the change in Psoriasis Area and
Severity Index (PASI) from baseline to week 12 as the pri-
mary endpoint. Results: EPR spectroscopy disclosed a sig-
nificantly higher radical formation in untreated than skin
treated with the herbal oil cream (p < 0.05). LSM measure-
ments indicated a protective skin barrier effect in treated
compared to untreated skin. In the clinical trial, the topical
application of herbal oils showed a significant reduction of
the PASI score compared to topical calcipotriol at week 12
(p = 0.016). The mean reduction in PASI was 49% for the
herbal oil cream, 38% for calcipotriol, and 55% for the ve-
hicle cream. The percentage of patients, who reached PASI
50 and 75 at any time point, was 55.9% and 29.4% for the
herbal oil cream, 47.4% and 15.8% for calcipotriol, and 23
(60.5%) and 13 (34.2%) for the vehicle, respectively (p >
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0.05). The vehicle, originally designed as a placebo, con-
tained a main ingredient of the herbal oil cream and there-
fore showed corresponding results. Conclusion: The herbal
oil cream demonstrated effectiveness in the treatment of

mild to moderate plaque psoriasis. ©2021S. Karger AG, Basel

Introduction

Psoriasis is one of the most common chronic inflam-
matory skin diseases, which can affect the skin and the
joints. The most common type of psoriasis, accounting
for 80-90% of all cases, is psoriasis vulgaris with the typ-
ical clinical appearance of erythrosquamous plaques on
the extensor sides of the extremities, but also the scalp,
palmoplantar sites, the trunk, and nails can typically be
affected [1-3]. There are various other types of psoriasis,
such as guttate or inverse psoriasis. Being one of the most
frequent inflammatory skin diseases, its prevalence rang-
es between 0.6% and 4.8%. The chronicity of symptoms,
stigmatization, and affection of the joints can lead to a
notable reduction of subjective life quality in affected pa-
tients regardless of the severity of the disease [4-7]. Al-
though genetic-environmental interaction has been pro-
posed as a model for the causation of psoriasis, the evi-
dence for environmental factors is rather scarce [8, 9].

A wide range of effective topical and systemic therapies
have already been in clinical use [4]. These therapies in-
clude topical agents, such as vitamin D analogs, such as
calcipotriol or tacalcitol, topical steroids, coal tar, anthra-
lin, or silicic acid, as well as phototherapy. Moreover, there
are many available options for systemic treatment, such as
fumaric acid, methotrexate, and especially biological re-
sponse modifiers, including TNF-alpha, interleukin 17,
and interleukin 23 inhibitors [10]. Depending on the psy-
chological strain, limitation of life quality, and clinical
symptoms, either topical or a combination of topical and
systemic therapeutic options, can be indicated. For mild to
moderate affection, topical treatments are the first choice,
with phototherapy and systemic agents used in moderate
to severe cases often requiring a long-term therapy [4, 11-
15]. For patients presenting with extensive or moderate to
severe disease, systemic therapies often combined with
topical treatments are used [4, 13]. Topical treatments as a
part of long-term management can ensure patients receiv-
ing appropriate proactive treatment and may help to opti-
mize adherence and long-term outcomes [16].

Approximately 80% of affected patients show a mild to
moderate form of the disease, where topical agents may
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be sufficient as first-line treatment [16-18] according to
the current guidelines [16, 18-20]. Regarding the treat-
ment of mild psoriasis, 3 topical options receive grade A
recommendations for first-line use: corticosteroids, cal-
cipotriol, and the calcipotriol-betamethasone dipropio-
nate combination therapy for the acute treatment [21-
23], since the long-term use of topical corticosteroids is
generally not recommended [4], due to side effects in-
cluding irreversible skin atrophy and the development of
striae distensae [24, 25].

Topical herbal therapies have been used for the pre-
vention and treatment of inflammatory skin diseases es-
pecially psoriasis in the past [26]. A variety of herbal
products, for example, araroba tree, lace flower, barberry
bark, indigo, turmeric, olibanum, and St. John’s wort,
have been studied in the treatment of psoriasis [26-28].
Almond oil has emollient properties for its rich concen-
tration of oleic and linoleic essential fatty acid and has
been used in ancient Chinese, ayurvedic, and Greco-Per-
sian schools of Medicine to treat psoriasis [29].

It is known that the production of free radicals, which
are at equilibrium with antioxidants, is enhanced in in-
flammatory skin lesions [30-33]. The excessive produc-
tion of free radicals leads to oxidative stress, which can
destroy cells and cell compartment and thus negatively
influence the healing process [34]. The topical applica-
tion of a cream containing high amounts of antioxidants
can neutralize the production of free radicals [35]. Previ-
ous studies found increased levels of total oxidative stress
and found evidence that the production of reactive oxy-
gen species could be involved in the pathogenesis of pso-
riasis by, among others, modulation of cytokine path-
ways, such as MAPK/AP-1, NF-kB, and ERK [36-38],
leading to the activation of Th1l and Th17 cells and the
known pro-inflammatory cytokine and cell responses.
Therefore, here it is hypothesized that a herbal-based top-
ical cream (Alnovat®, Alnapharm AG & Co. KG, Ham-
burg, Germany) containing antioxidants can alleviate
skin lesions in psoriatic patients without expecting strong
adverse effects after long-term use.

The objective of this study was to determine the skin
penetration depth and effects of a herbal oil containing
cream (Alnovat®) on the skin barrier function and radical
production in healthy volunteers and, in a second step, to
investigate its efficacy and safety compared to topical calci-
potriol 50 /g and a vehicle cream in patients suffering from
mild psoriasis vulgaris. Here, a randomized, double-blind
trial comparing the effect of the herbal oil formulation, of
calcipotriol, and vehicle in patients with mild plaque-type
psoriasis in a single center for 12 weeks was conducted.
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Fig. 1. Overview of the conducted investigations: first, noninvasive in vivo measurements in healthy volunteers
comparing the herbal oil cream to untreated skin were performed, followed by a randomized, controlled, double-
blind clinical study comparing the herbal oil cream to a calcipotriol cream and a vehicle in psoriasis patients.
TEWL, transepidermal water loss; LSM, laser scanning microscopy; EPR, electron paramagnetic resonance.

Materials and Methods

Composition of the Topical Agents

The herbal oil cream to be investigated was provided by Al-
napharm AG & Co. KG and was composed of various herbal, an-
tioxidant-containing oils as follows:

Ingredients

Ingredients are coconut oil, stinging nettle oil, almond oil, bitter
almond oil, hazelnut oil, sorbitanmonostearate, cetylstearyl alcohol,
butylated hydroxytoluene, butylated hydroxyanisole, polysorbate 80,
methyl-4-hydroxybenzoate, propyl-4-hydroxybenzoate, and water.
The vehicle cream as placebo was composed similar to the herbal oil
cream without the majority of its herbal oils. The main difference was
the absence of most of the herbal oils (coconut oil, stinging nettle oil,
almond oil, and hazelnut oil) except for bitter almond oil, which was

A Clinical Trial Comparing a Herbal Oil
Cream with Calcipotriol

necessary to provide a similar texture and smell in order to ensure
the accuracy of the double-blind study protocol of the clinical study.

It contained bitter almond oil, middle-chain triglycerides, con-
sisting of the saturated fatty acids caproic acid, caprylic acid, capric
acid, lauric acid, myristic acid, sorbitan monostearate, acetyl stearyl
alcohol, butylated hydroxytoluene, butylated hydroxyanisole,
polysorbate 80, riboflavin, methyl-4-hydroxybenzoate, propyl-4-
hydroxybenzoate, and water. Both the verum herbal oil cream and
the vehicle were provided by Alnapharm AG & Co. KG. The com-
pared calcipotriol 50 pg/g containing cream is a product of LEO
Pharma GmbH, Germany. Prior to the initiation of the study, eth-
ical approval was obtained from the Ethics Committee of the Chari-
té - Universitdtsmedizin Berlin. Written informed consent of each
participant was obtained prior to inclusion to the study. Figure 1
shows an overview of the conducted noninvasive in vivo investiga-
tions and the clinical trial study design.
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Analysis of the Radical Formation in vivo

Using electron paramagnetic resonance (EPR) spectroscopy
(L-band EPR spectrometer [LBM MT 03; Magnettech, Berlin, Ger-
many]), free radicals were detected in the skin of 10 healthy female
volunteers aged between 24 and 56 years [39, 40]. The measure-
ments of radical formation in vivo describe the ability of substanc-
es to neutralize free radicals before they can develop their damag-
ing effects [41, 42]. Since the experiments were carried out in
healthy volunteers, radical formation in the skin was stimulated by
exposing a skin area of 1.4 cm? in size on the forearm of the volun-
teers to visible and infrared radiation. The irradiation was carried
out for 10 min at 120 mW/cm?. In order to detect the short-lived,
radiation-induced radicals, a stable radical was applied to the skin
asa marker (PCA). Using EPR spectroscopy, its intensity was mea-
sured prior to and during the irradiation at intervals of 2 min, each.
The short-lived radicals recombine with the marker, while the sig-
nal is becoming weaker during the irradiation. The measurements
were taken in a dual mode. These investigations were carried out
in 10 volunteers. The radical formation was measured prior to and
4 weeks after application of the cream twice daily. The untreated
arm served as a control.

Investigation of the Skin Barrier and Skin Surface Structure by

Laser Scanning Microscopy and Transepidermal Water Loss

Ten healthy subjects, 1 male and 9 females, aged between 25
and 62 years were instructed to apply the herbal oil cream to one
of their forearms twice a day for a period of 4 weeks. The formation
of the barrier film was investigated by transepidermal water loss
(TEWL) and laser scanning microscopy (LSM) measurements the
day before and 4 weeks after the application of the cream [43-45].
The TEWL measurements were carried out with a Tewameter TM
300 (Courage + Khazaka, Cologne, Germany). All volunteers were
seated and asked to relax for at least 30 min prior to initiation of
TEWL measurements in order to acclimatize to the standardized
conditions in the laboratory of 20 + 2°C and 50 + 10% relative hu-
midity.

An in vivo LSM (VivaScope 1500 Multilaser, MAVIG GmbH,
Munich, Germany) was used to visualize the corneocytes repre-
senting the skin barrier. The VivaScope 1500 is a reflectance con-
focal LSM, which utilizes a wavelength of 488 nm for the skin
structures. Changes regarding the LSM skin barrier properties at
the second measurement time point were evaluated by 3 indepen-
dent dermatologists using an assessment score for both arms as
follows:

—1 = Deterioration

0 = Unchanged

1 = Slight improvement

2 = Clear improvement

The control investigations were performed on the untreated
forearm of the volunteers.

Penetration Investigations

Six healthy female subjects aged between 28 and 47 years were
enrolled in the investigations of the penetration depth of the herb-
al oil cream in healthy and barrier-disturbed skin. The penetration
of the topically applied formulations into the skin was investigated
[46-48] using a confocal Raman microscope (River Diagnostics,
Model 3510, NL). The analysis was performed in the fingerprint
region (400-2,000 cm™!). The Raman spectra were evaluated using
the Nonrestricted-Multiple-Least-Square-Fit method.
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The analysis was carried out to determine whether the cream is
localized exclusively on the skin surface and in the uppermost lay-
ers of the stratum corneum or whether it penetrates through the
skin barrier. These investigations were carried out in 6 healthy vol-
unteers on 2 skin sites: one was a healthy skin area, and on the
other skin site tape stripping was performed 10 times prior to anal-
ysis. The tape-stripping procedure reduces the upper epidermal
layers of the skin and therefore serves as a model for a disturbed
skin barrier.

To exclude an influence by a depth-dependent signal amplifi-
cation, which may occur due to absorption and scattering of light
in the skin, the Raman peaks were standardized to keratin that was
postulated to be homogeneously distributed in the stratum cor-
neum. The utilized Raman microscope was discussed in detail else-
where [48].

Clinical Study

The clinical study was conducted in accordance with the Dec-
laration of Helsinki and was approved by the Ethical Committees
of the Tehran University of Medical Sciences (TUMS) and by the
Iranian Ministry of Health, and listed in the Iranian Registry for
clinical trials with the number IRCT201205209800N1 and the
WHO-International Clinical Trials Registry Platform. A written
informed consent was obtained for all patients in Persian. Statisti-
cal analysis was performed by Pharmalog, Institut fiir Klinische
Forschung (Munich, Germany).

The herbal oil cream along with a 0.05% calcipotriol-contain-
ing cream and vehicle was applied, and its effect on the PASI was
evaluated in patients suffering from psoriasis at the Dermatology
Center of the Imam Hospital, Tehran University of Medical Sci-
ences in Tehran, Iran. Participating subjects were included by the
following criteria:

o Mild to moderate plaque psoriasis with an affected body sur-
face area below 10%.

» Willingness to participate in this study.

o Ability to read, understand, and sign the informed consent
form.

The exclusion criteria were as follows:

o Subjects treated with any systemic and/or topical medication
and/or phototherapy in the last 4 weeks before inclusion into
this study.

o Patients treated with medicines, which are known to poten-
tially trigger psoriasis including p-blockers, lithium, and anti-
malarial drugs.

o Subjects with a hypersensitivity to creams.

o  Women who were pregnant, breastfeeding, or have the inten-
tion of becoming pregnant within the next 12 weeks.

o Subjects younger than 18 years old.

o Patients suffering from other types of psoriasis such as pustu-
lar, palmoplantar, erythrodermic, and generalized cases in ad-
dition to the subjects with head and neck dermal signs and
symptoms of disease.

o Patients with diagnosed chronic disease including but not re-
stricted to any kind of cancer, HIV-AIDS, and any kind of viral
and/or bacterial dermatological disease and eczema.

o Any kind of previous dermal disease subsequent to systemic
disease such as SLE, dermatomyositis, etc.

Patients who met the inclusion criteria were randomized at a
1:1:1 ratio with a block size of 3 to receive the placebo, the herbal
oil cream, or the calcipotriol cream according to a preplanned

Lademann et al.
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computer-generated randomization table (groups A, B, and C).
The subjects’ identification was accomplished via a unique subject
number.

The herbal oil cream and the vehicle were formulated and pro-
duced by C.P.M. ContractPharma GmbH & Co. KG, Aenova
Group, Germany, with technical support (referring to the stability
of both creams) of the Faculty of Pharmacy, Shahid Beheshti Uni-
versity of Medical Sciences, Tehran, Iran. The mixture of herbal
oils described above, the calcipotriol 50 ug/g cream, and the vehicle
cream were filled into 100 g tubes each. All 3 study medications
were indistinguishable. The blinding of all 3 study medications was
performed by C.P.M. ContractPharma GmbH & Co. KG, Aenova
Group.

Study medications and placebo delivered to researchers were
labeled with the randomization code. The codes were kept at the
C.P.M. ContractPharma GmbH & Co. KG, Germany. The ran-
domization list was prepared by a specialized CRO (Temmler
Werke GmbH/Metronomia, Munich, Germany) and provided to
C.P.M. A monitoring procedure assured that the randomization
sequence was followed.

The randomization was performed using a random table pro-
vided to the study center, obtained using the Microsoft Excel 2010
RND function. All eligible subjects were randomly assigned to the
following 3 groups A, B, or C:

Group A: The vehicle group, topical application of the vehicle

cream composed as described above.

Group B: The herbal cream group, topical application of the

herbal oil cream as described above.

Group C: The calcipotriol group, topical application of a cream

containing 50 ug/g calcipotriol.

The patients were instructed to apply the medication to the af-
fected skin twice daily for 12 consecutive weeks and were instruct-
ed not to use any emollient during the study. The instructions of
cream application were given to the subjects by the investigators at
the baseline visit.

The subjects were treated for 12 weeks and evaluated before the
treatment and 2, 4, 8, and 12 weeks after initiation of the topical
treatment. The primary efficacy endpoint was assessed using the
PASI score (Psoriasis Area and Severity Index). The PASI score
combines the extent of psoriasis with local skin signs (erythema,
scale, and induration). The efficacy outcome was the change in
PASI score from baseline to the measurement at week 12. Addi-
tional primary efficacy variable was the percentage of improve-
ment in overall PASI scores over time by the treatment groups. The
secondary efficacy endpoints were the number of patients who
reached PASI 50 (>50% reduction of the PASI score from the start)
and the number of patients who reached PASI 75 (>75% reduction
of the PASI score from the start) at any time during the study.

Subjects complied with the study procedure in order to use
creams twice daily to the affected areas of the body as per investi-
gator instruction. Careful drug accountability has been performed,
showing that all study products have been administered for a sim-
ilar number of days and in a similar amount of cream. For concise
evaluation of patients’ adherence to treatment plan, the creams
were weighed in each visit as a surrogate of compliance.

Safety was assessed for adverse drug events during 12 weeks
and recorded in the specific form. Adverse events (AE) were di-
vided into serious AE including a life-threatening experience and
hospitalization and nonserious AE, which scored as mild, moder-
ate, and severe. The definition of these categories was as follows:

A Clinical Trial Comparing a Herbal Oil
Cream with Calcipotriol

Mild - no or transient symptoms, no interference with subject’s
daily activities.

Moderate — marked symptoms, moderate interference with
subject’s daily activities.

Severe — considerable interference with subject’s daily activi-
ties.

Statistical Analysis

The sample size calculation was based on the comparison of
mean PASI after 12 weeks of treatment. The following sample size
calculation was based on the test on superiority of the herbal oil
cream compared to vehicle in the mean PASI score after 12 weeks
of treatment. The following parameter assumptions were used for
the sample size calculation:

o Superiority margin (the difference in PASI which were as-
sumed clinically significant): 1 score point,

o Typelerror (a) = 0.05 (two-sided significant level of statistical
test),

o Type Il error (§) = 0.2, corresponding to a power of 80%, and

« Standard deviation: S' = 1.2 score points (vehicle) and $? = 2.1
score points (herbal oil cream).

With these parameters, the sample size has been calculated as
43 patients per treatment group for the evaluation of the primary
endpoint with regard to the vehicle comparison of the herbal oil
cream. Using the assumption that the herbal oil cream is at least
noninferior to calcipotriol, with the possibility to show superiority,
if noninferiority was shown, 45 subjects per treatment group were
needed to be included in the study for the evaluation of the pri-
mary endpoint with regard to noninferiority comparison of the
herbal oil cream to calcipotriol.

All statistical analyses were conducted using a two-sided test
and a 5% significance level, unless otherwise stated. The analysis
of efficacy outcome parameters was performed on the Efficacy
Analysis Set. All patients who received at least 1 dose of any study
treatment were included in the safety analysis.

Test on superiority of the herbal oil cream compared to vehicle
using the analysis of covariance with the overall PASI score on
week 12 as dependent variable, baseline as covariate, and treatment
as effect. Testing on noninferiority was conducted with a noninfe-
riority border 0.5 score points (=50% of the treatment difference
that should be detected in the superiority test vs. vehicle according
to sample size estimation) of the herbal oil cream compared to cal-
cipotriol using the analysis of covariance with the overall PASI on
week 12 as dependent variable, baseline as covariate, and treatment
as effect.

Results

EPR Measurements of the Radical Formation in vivo

At the first measurement visits V1 - prior to the skin
treatment - the investigations using EPR spectroscopy
disclosed a significantly higher radical formation by visi-
ble and infrared irradiation in the untreated control arm
than the verum treated arm. Therefore, the data were stan-
dardized to the initial results of V1 (V2-V1). Figure 2 il-
lustrates the radical formation mean value of the 10 vol-
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Table 1. Mean score of changes in the skin surface structure from
0.08 visit 1 (baseline measurement before treatment) to visit 2 (after
2 0.06 4 weeks of treatment with the herbal oil cream twice daily) in both
= 0.04 untreated and treated skin of the volar forearm, as rated by
= ’ - - A 3 independent dermatologists: —1 = deterioration, 0 = unchanged,
& 2 0.02 S P ~~ 1 =slight improvement, 2 = clear improvement
12} - B S - .
= 0 #==
'% G 002 — Volunteer Skin treated with  Untreated skin
S5 > Y. o
T c the herbal oil cream
20 004
= mean score of 3 mean score of 3
S -006 measurement sites measurement sites
E 008 ~*~ Untrated
ol Treated . 1 1.00 0.00
—uY. T T T T 1
0 > 4 6 8 10 2 1.00 -0.67
Time. min 3 0.67 -0.17
' 4 1.33 -0.33
5 2.00 0.67
Fig. 2. Mean radical formation measured by EPR (n = 10) after 4 (73 (1)23 8?;
weeks of topical treatment twice daily with the herbal oil cream 8 0'67 1'00
compared to untreated skin normalized to baseline values prior to 9 1 : 83 O' 00
treatment. Whiskers display the SD. EPR, electron paramagnetic ’ :
_ o 10 3.00 117
resonance; SD, standard deviation.
Mean score of all volunteers  1.32 0.25
SD 0.80 0.57
p =0017 p = 0022
124 1 [ —
10+ . ..
the treated and untreated arms declined significantly
N; 77 from visit 1 (V1) to visit 2 (V2) as it can be seen in Figure
S 6] 3 (p = 0.017 and p = 0.022, respectively), indicating no
— . . .
z . significant differences between treated and untreated
. skin although an occlusion effect would be expected.
2 -
o : : : ‘ Evaluation of the Skin Structure Analysis and the
Baseline 4 weeks Baseline 4 weeks Barrier Function by in vivo LSM
Untreated skin Treated skin The integrity of the skin barrier was determined by
LSM. This method allows the analysis of the structure of

Fig.3. Mean TEWL in 10 volunteers (absolute values) on the volar
forearm in untreated skin and skin treated with the herbal oil
cream prior to (baseline) and after 4 weeks of treatment twice dai-
ly (4 weeks). Whiskers represent the SD. TEWL, transepidermal
water loss; SD, standard deviation.

unteers with standard deviation standardized to the base-
line value prior to treatment, for the treated and untreated
arms. The control arm exhibits an enhanced radical for-
mation from V1 to V2, whereas the verum arm shows no
changes, but rather a reduced radical formation.

Determination of the Transepidermal Water Loss
Regarding the evaluation of the skin barrier properties,
the TEWL values were determined. The TEWL values of

342 Skin Pharmacol Physiol 2021;34:337-350
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the skin surface and possible barrier disruptions. The up-
permost layer consists of corneocytes. An intact stratum
corneum is characterized by a relatively uniform honey-
comb-like structure. A disrupted skin barrier can show
discontinuity of cell structures, bumpiness, clusters of
cells, or crater-like structures within the stratum corne-
um.

Two representative LSM images of a volunteer before
and after 4 weeks of daily treatment are shown in Figure
4. The images of all 10 volunteers were evaluated for their
surface structure by 3 dermatologists, and a score was de-
veloped to assess the development from visit 1 to visit 2
for both arms (Table 1).

The score was averaged, connected to SPSS, and veri-
fied using the Wilcoxon test. For the treated arm, a mean
score of 1.32 was determined, while the control arm ex-

Lademann et al.
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Fig. 4. Exemplary LSM image of one sub-
ject prior to and after 4 weeks of treatment
with the herbal oil ointment. LSM, laser
scanning microscopy.
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hibited a mean score of 0.25. The difference of 1.07 is sig-
nificant (p < 0.05). Consequently, the treated arm had
shown a significant improvement compared to the non-
treated arm.

Penetration Investigations by in vivo Raman

Spectroscopy

The penetration of the cream into the skin was mea-
sured in vivo. Figure 5 shows the spectra of the untreated
human skin and the cream in the fingerprint region. The
major differences in the spectra are marked by arrows.
The cream application influences the intensity and shape
of the Raman bands of the skin. These depth-dependent

A Clinical Trial Comparing a Herbal Oil
Cream with Calcipotriol

changes correlate with the cream that penetrated into the
skin. Using the Nonrestricted-Multiple-Least-Square-Fit
method, the measured Raman spectrum of the treated
skin was compared to the known Raman spectra of the
components of the stratum corneum, that is, of keratin,
urea, ceramide, and cholesterol and for the applied cream
in order to determine the penetration depth of the cream.
As can be seen from Figure 5, the Raman spectra are su-
perimposed with the Raman spectrum of the skin, except
for the peak at 1,748 cm™'. This band in the skin directly
correlates with the cream penetrated into the skin.

The investigations were conducted on both healthy
skin and skin damaged by tape stripping, the latter cor-
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Table 2. Patient enroliment and follow-up of the prospective, controlled, randomized double-blind study

Herbal oil cream Calcipotriol Vehicle Total
N % N % N % N %
Patients enrolled 45 100 45 100 45 100 135 100
Safety evaluable population* 45 100 45 100 45 100 135 100
Efficacy analysis population** 34 75.6 38 84.4 38 84.4 110 81.5
Patients discontinued 11 24.4 7 15.6 7 15.6 25 18.5
Primary reason for discontinuation
Adverse drug reactions 4 8.9 3 6.7 2 44 9 6.7
Lost to follow-up 5 1.1 2 44 2 44 9 6.7
Other 2 4.4 2 4.4 3 6.7 7 5.2

* Safety analysis has been conducted in all patients who received at least 1 dose of study treatment. ** Received

at least 8 weeks of treatment.

Normalized creme concentration
1

LI I O O

0 5 10 15 20 25 30 35 40
a Depth, um

Normalized creme concentration
1

LI L I

0 5 10 15 20 25 30 35 40
b Depth, um

Fig. 6. Typical penetration profiles of the herbal oil cream in intact (a) and barrier-disturbed (after 10 tape strips)
(b) skin. The MV of the penetration depths are 17.0 + 1.7 um in intact skin and 14.7 + 1.6 um in barrier-disturbed

skin. MV, mean value.

responding more closely to the state of psoriatic skin. The
penetration depths were measured in vivo using the Non-
restricted-Multiple-Least-Square-Fit method for the pre-
treated intact skin and for the skin that had been previ-
ously damaged by tape stripping. Here, it has to be con-
sidered that parts of the stratum corneum were removed
by the 10 tape strips. An analysis of the water distribution
in the skin in the wavelength range from 2,000 to 4,000
cm™! permits to determine the thickness of the stratum
corneum, which is, on average, 21.2 + 2.8 pm for the in-
tact skin and 17.0 £ 1.9 pm for the skin damaged by tape
stripping, which is in accordance to published data.

Two typical penetration profiles are shown in Figure
6a (cream on intact skin) and Figure 6b (cream on barri-
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er-disturbed skin). It is clearly visible that the cream is
located in the uppermost layers of the stratum corneum
generating a protective effect. The mean values of the
penetration depth are 17.0 + 1.7 um for the intact skin and
14.7 + 1.6 pum for the barrier-disturbed skin.

This distribution in the stratum corneum ensures that
the cream does not reach the viable cells, neither in the
case of the intact skin nor in the case of the barrier-dis-
turbed skin. The cream forms a protective layer on the
skin, and itis also ensured thatit penetrates deeply enough
into the stratum corneum to be not easily removed by
sweating or fabrics. As a result, the protective efficacy of
the cream in the skin might last longer.
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Table 3. Number of patients who reached PASI 50 and PASI 75 at any time point during the study in the 3 treatment

groups
Herbal oil cream Calcipotriol Vehicle pvalue, N % Herbal oil Herbal oil
(N=34),N (N=38),% (N=38),N % Creamvs.  creamvs.
calcipotriol vehicle
PASI 50 reached
Number of patients who reached PASI 50 at any time during the study
Yes 19 55.9 18 474 23 605 047 0.69
No 15 441 20 52.6 15 39.5
Total 34 100.0 38 100.0 38 100
PASI 75 reached
Number of patients who reached PASI 75 at any time during the study
Yes 10 29.4 6 15.8 13 342 0.6 0.66
No 24 70.6 32 84.2 25 65.8
Total 34 100.0 38 100.0 38 100.0
PASI, Psoriasis Area and Severity Index.
Results of the Randomized, Controlled, Double-Blind
Clinical Study —o— Herbal oil ointment
A total of 135 subjects were recruited in the study, with g 357 - \C/:Lcllcplg/tgglc ebo
45 subjects in each treatment group. Following random- IS
ization, 110 patients received at least 8 weeks of daily g 307
treatment with the study creams and constituted the ef- S
ficacy analysis population (34 subjects in the herbal oil 7237
cream group, 38 subjects in the calcipotriol group, and 38 7 2
in the vehicle group). Twenty-five subjects discontinued v 20 °
the study treatment at different times before week 12. g ©
Eleven patients in the herbal cream group were discon- < 157 g
tinued due to AE (4 subjects), incompliance (5 subjects), : : : : A
and other reasons (2 subjects). Seven patients in the cal- o 2 4 8 12
cipotriol group discontinued the study due to AE (3 sub- Weeks

jects), incompliance (2 subjects), and other reasons (2
subjects), as well as 7 patients in the vehicle group due to
AE (2 subjects), incompliance (2 subjects), and other rea-
sons (3 subjects) (Table 2).

The primary efficacy analysis showed a statistically sig-
nificant higher efficacy of the herbal oil cream than calci-
potriol on the reduction of the PASI score at week 12
(p=0.016,95% CI —1.11 to —0.12) (Fig. 7). In the herbal
oil cream group, the mean baseline PASI score of approx-
imately 3 reduced to 1.3. Topical calcipotriol leads to a
reduction of the mean PASI to 2.2 after 12 weeks of treat-
ment. Nevertheless, the superiority of the herbal oil cream
over the vehicle could not be shown.

The number of subjects who reached PASI 50 (>50%
reduction of the PASI) and PASI 75 (>75% reduction of
the PASI) at any time during the study showed that the

A Clinical Trial Comparing a Herbal Oil
Cream with Calcipotriol

Fig. 7. Reduction of the mean PASI score with SD (whiskers) in the
3 treatment arms over 12 weeks. PASI, Psoriasis Area and Severity
Index; SD, standard deviation.

herbal oil cream is not significantly inferior to calcipot-
riol, but again not superior of the vehicle containing bitter
almond oil, as shown in Table 3. Here, no significant dif-
ferences were detected between the 3 treatment arms.

Additional analyses with exploratory purposes have
been performed. The analysis of the single components of
the PASI score showed a significant improvement of ery-
thema and desquamation on the legs (p = 0.015 and p =
0.004, respectively) after application of the herbal oil
cream compared to calcipotriol.
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Fig. 8. Reduction of the mean PASI score from baseline to week 12 in patients treated with calcipotriol and the
herbal oil cream with PASI >2, PASI >3, and PASI >4 at baseline. PASI, Psoriasis Area and Severity Index; SD,

standard deviation.

Table 4. Observed ADE within the 3 treatment groups

AE Herbal oil cream (N = 45) Calcipotriol (N=45)  Vehicle (N = 45) Total (N = 135)
ADE patients, ADE patients, ADE patients, ADE patients,
n (%) n (%) n (%) n (%)
Erythema 3 3(6.7) 4 4(8.9) 7 7(5.2)
Pruritus 4 4(8.9) 3 3(6.7) 3 3(6.7) 10 10(7.4)
Skin burning
sensation 1 1(2.2) 3 3(6.7) 2 2(4.4) 6 6 (4.4)
Skin exfoliation 2 2(4.4) 1 1(2.2) 3 3(2.2)
Skin edema 1 1(2.2) 3 3(6.7) 4 4(3.0)

ADE, adverse drug events; AE, adverse event.

Time to achieve response to PASI 50 and PASI 75 was
calculated as the time from enrolment to the first docu-
mentation of PASI 50 and PASI 75. Here, the 3 groups
showed a similar efficacy (log-rank test, p = 0.47 and p =
0.09).

Subgroup analyses on reduction of the PASI score at
week 12, in patients with a PASI >2, PASI >3, and PASI
>4 at baseline are presented in Figure 8. In patients with
PASI 22 and PASI 23, there is a significant improvement
after treatment with the herbal oil cream compared to
calcipotriol (p = 0.004 and 0.009, respectively). In patients
with PASI >4, the improvement of PASI score with the
herbal oil cream compared to calcipotriol showed a re-
duced superiority of the herbal oil cream (p = 0.186),

346 Skin Pharmacol Physiol 2021;34:337-350
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probably due to the small number of patients in this sub-
group.

Although the sample size is low in the subgroup with
PASI >4, there is an improvement after application of the
herbal oil cream compared to placebo (p =0.083) regarding
the reduction of overall PASI score from baseline to week
12. The analysis in PASI >1 and PASI >5 subgroups has not
been considered due to the small number of subjects in
these groups. The subgroup analysis comparing PASI <10
to PASI >10 patients was not conducted, as no patient with
a PASI >10 at baseline was included in the study.

The observed AE are presented in Table 4. Eleven pa-
tients experienced AE: 4 (8.9%) of the 45 subjects in the
herbal oil group, 4 (8.9%) of the 45 patients in the calci-
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potriol group, and 3 (6.7%) of the 45 subjects in the ve-
hicle group. Thirty AE have been reported and all recov-
ered.

All AE were considered possibly related by the inves-
tigator, and most of the patients with AE (9/11) discon-
tinued treatment. The number and type of AE were com-
parable between the 3 groups.

Discussion

Using natural oils containing a high amount of anti-
oxidants, a positive effect after topical treatment could be
shown in psoriatic patients. Due to the radical formation
during the psoriatic inflammatory processes and result-
ing oxidative stress [49, 50], it can be assumed that these
free radicals are at least partially neutralized by the daily
application of the herbal oil cream as topical antioxidants,
which may enhance the healing process of the lesional
skin more effectively.

Furthermore, a positive effect on the skin barrier could
be found by LSM, but not by TEWL measurements, al-
though at least an occlusion effect would have been ex-
pected. It has to be stated that TEWL measurements are
very sensitive to external factors, such as humidity and
even subject-related factors, such as excitement, sweat-
ing, and speaking so that occlusion effects or other influ-
ence factors can be pronounced rapidly [51]. The LSM
measurements showed an improved skin barrier struc-
ture in untreated skin, which is most probably to en-
hanced air humidity, showing the importance of external
factors, which are not only applicable in healthy, but es-
pecially in psoriatic skin, which is known to improve dur-
ing the summer months compared to colder weather con-
ditions.

All measurements of the RPF, skin barrier, and pene-
tration depths were conducted regarding the herbal oil
cream. Further studies should include a comparison with
topical calcipotriol or the vehicle. All measurements were
conducted in healthy skin, which could be extended and
compared to psoriatic or inflammatory skin in future
studies.

The enrolled subjects showed very low PASI scores at
baseline, since they were only eligible without systemic
treatment. Therefore, the improvement of the PASI score
is very limited to a few points. In addition to that, the
PASI score itself always shows a subjective variation. Giv-
en the low clinical PASI scores at baseline and during fol-
low-up in this study, changes in the PASI score can be
very investigator-dependent.

A Clinical Trial Comparing a Herbal Oil
Cream with Calcipotriol

Emollients, moisturizers, and keratolytic agents are es-
sential in the topical treatment of psoriasis. They are ad-
juvants for classic treatments and help to reduce the scal-
ing and dryness of individual patients. The major role for
emollients and moisturizers is the supportive role in nor-
malizing hyperproliferation, differentiation, and apopto-
sis; furthermore, they exert anti-inflammatory effects, for
example, through physiological lipids. Subsequently, an
improved barrier function and stratum corneum hydra-
tion make the epidermis more resistant to external stress-
ors and reduce the induction of Koebner phenomena
[52].

In healthy as well as psoriatic skin, a topical treatment
may induce AE. It turned out that such events occur to a
small extent when applying both calcipotriol and the
herbal oil cream. In this context, it is interesting that the
different creams also promote different skin irritations.
However, adding up these AEs, their percentage is the
same for both creams. Safety was comparable between
treatment groups, all reported AEs were local, and pa-
tients completely recovered. No death or serious AEs
were observed during the study period. The number of
AEs during the treatment with the herbal oil cream might
be, among others, due to allergic reactions or cross-reac-
tions with the herbal components. Nevertheless, no irre-
versible reactions were observed, while topical corticoste-
roids can lead to irreversible skin atrophy after daily ap-
plication for several weeks. Therefore, corticosteroids are
not intended to be used for a long period of time, while
topical application of herbal oils cream can provide a dai-
ly long-term treatment option.

In a study conducted by Ramsay et al. [53],lesional and
perilesional irritation was reported in 25% of patients
who received calcipotriol for 12 months. Asymptomatic
hypercalcemia and hypercalciuria were developed in
some patients who treated with the higher doses of calci-
potriol [54]. In comparison with our study, calcipotriol
was more tolerable than in these studies. Vitamin D ana-
logs are recommended to be used on a maximum of 30%
of the body surface, while the use of topical herbal oils
cream is not restricted.

Overall, the efficacy analysis demonstrated that the
investigated cream containing a combination of various
herbal oils is not inferior to calcipotriol and showed a
statistically improved outcome compared to calcipotriol
in reducing the PASI score at week 12, which was the
primary end point for this study. Although different
from the expected results, the superiority of the herbal
oil cream over the vehicle containing bitter almond oil
could not be shown. In this study, the vehicle has shown
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an effective activity similar to the other 2 treatment
agents, which is certainly due to the composition of the
vehicle. In order to ensure blinding, the vehicle cream
contained the vehicle base of the herbal oil cream ex-
cluding the majority of herbal oils, but contained addi-
tional bitter almond oil to recreate the same cream scent
as the verum cream. Having antioxidant effects, bitter
almond oil could lead to anti-inflammatory changes and
has skin-moisturizing effects. In addition to that, the ve-
hicle cream contained, among others, middle-chain tri-
glycerides, C = capric acid, lauric acid, and myristic acid,
which are known as transdermal penetration enhancers,
and most of the esters of myristic acid are used as skin-
conditioning agents in many types of cosmetics in a
range of concentrations [55]. Among other lipids, free
fatty acids are required for permeability barrier homeo-
stasis in the stratum corneum [56-58]. Based on this
knowledge, a therapeutic effect of the middle-chain tri-
glycerides contained in the vehicle cannot be excluded.
In fact, most of these components have emollient effects,
which should improve clinical manifestations of the
mild psoriasis. For further and more detailed analysis of
the clinical improvement, in addition to the PASI, his-
tological evaluations could be useful in future studies,
including the assessment of inflammatory psoriatic bio-
markers of improvement, which were not applied in the
present study.

Here, the investigated naturally derived emollient
composed of various herbal oils was assessed for the first
time in a clinical study setting and was designed in a small
scale. Therefore, the small sample size could also be con-
sidered as another limitation, favoring the conduction of
a bigger trial to confirm the obtained results. The results
show the benefit of further studies involving the effects of
alternative topical agents and antioxidative components
exhibiting a high radical protection factor in inflamma-
tory skin diseases.

Conclusion

The topical application of a cream containing various
herbal oils with antioxidant properties showed a signifi-
cantly higher efficacy than calcipotriol regarding the re-
duction of the PASI score at week 12. Therefore, it can be
used for the long-term treatment in psoriatic patients as
an effective alternative to current standard therapies in-
cluding calcipotriol.
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