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ABSTRACT

Background: Although certain skin activities &floe vera extracts have been studied before,
less is known about the effects of other aloe gsecObjective: To investigate the skin
hydrating and anti-erythema activity of gel matksriaf A. marlothii andA. ferox and comparing

it to that ofA. vera in healthy human volunteerd ethods. Aqueous solutions (3% w/v) of the
polysaccharidic fraction oA. vera, A. marlothii andA. ferox leaf gel were applied to the volar
forearm skin of female subjects. The hydratiore&fbf the aloe gel materials were measured by
utilizing a Corneomet&CM 825 and VisioscdhVC 98 after single and multiple applications as
well as by the Cutomet®dual MPA 580. The MexamefeMX 18 was used to determine the
anti-erythema effects of the aloe material solgion irritated skin areaResults: TheA. vera
andA. marlothii gel materials hydrated the skin after a singleliepipon, whereas thé. ferox

gel material showed dehydration effects compardgtiéglacebo. After multiple applications all
the aloe materials exhibited dehydration effectghenskin. Mexamet&rreadings showed that
A. vera andA. ferox have anti-erythema activity similar to that of fhesitive control group (i.e.
hydrocortisone gel) after 6 days of treatmef@onclusion: The polysaccharide component of
the gel materials from selected aloe species h#shgdrating effect on the skin after multiple
applications. BotH\. vera andA. ferox gel materials showed potential to reduce erythemgne

skin similar to that of hydrocortisone gel.

KEYWORDS: Aloeferox; Aloe marlothii; Aloe vera; Anti-erythema, Herbs, Skin Hydration
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INTRODUCTION

The general public is showing more interest inralitive medications of natural origi. This

is not only due to their promising health benefitg also the potential they offer to rural-based
economies. Furthermore, numerous developing cesrdepend on traditional medicine as their
primary source of healthcaf®. Some aloe species have a long history as traditifolk
remedies and are most commonly used to treat ¢onglisuch as constipation, arthritis, blood
pressure problems, burns, wounds, frostbite, desheiczema, psoriasis and skin cancer . Other
biological activities ofA. vera leaf gel include immunomodulatory, anti-inflammatoanti-
oxidant, hepatoprotective, and skin hydrating ¢&Ec® % > ® Even though aloe plants have
been used for centuries to treat certain conditieasy little scientific data is available to suppo

the grounds for aloe’s therapeutic and medicinapprties”!

There are more than 360 species of the genus alowrk worldwidé®!, of which 160 are
indigenous to South Africd Therapeutic uses of aloe are based almost exelysin research
obtained forA. vera; therefore it is vital for scientists to investigand determine the medicinal
uses and pharmaceutical applications of other speeies? The whole leaf extracts and pulp
(or gel) ofA. vera are used in many commercial products such as casnleitions, sun screens,
shampoos and various other products due to thethism, astringent and healing propertfed.
The main polysaccharide &t vera gel, acetylated mannan (Acemannan), which coneists
polydispersed-1,4-linked mannan substituted withacetyl groups® is a proprietary substance
covered by many paterifs. Commercially available Carrisji (Acemannan) by Carrington

Laboratories, Texas, is one among a range of ptedwailablé? 1!
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There is a lot of controversy over the active inlgeat(s) inA. vera, and several mechanisms of
action have been suggestéd.Polysaccharides as well as miscellaneous bigacinstituents
have been identified from the leaves and rootshefA vera plant!*? Polysaccharides can
exhibit physiological as well as pharmacologicdivaiy, and therefore it can be assumed that
the mucilaginous gel of the aloe consisting maimiypolysaccharides holds the secret to the
medicinal properties of this family of plarfits.However, it is believed that the phytoconstitsent

in the aloe plant encourage healing in a concextéion rather than acting alol&.

It has for example been shown that the moisturipiraperties ofA. vera extracts may be due to
its polysaccharide-rich compositidh which may be aided by traces of magnesium lattite
Inappropriate processing procedures are respondibte inadequate amounts of these
mucilaginous polysaccharides in many of the comraltycavailable aloe products. Therefore,

it is crucial that the leaf of the aloe plant i®gessed in a manner ensuring that every bioactive
component is retainddl. Freeze-driedA. vera extract was found to show a humectant
mechanism when improving skin moisture as it sigaiftly increased the water content of the
stratum corneum (SC) although it did not altertria@sepidermal water loss (TEWL). At a low
concentration, such as 0.10% w/v, the extract sbosignificant increases in SC water content

only after long-term applicatidf.

Whole-leaf juice preparations @&. ferox and A. arborescens Miller showed progression of

wound closure in addition to facilitated healingio€isional wounds. The first step in wound
healing is anti-inflammation and this effect of ttwveo aloe preparations is thought to play a
direct part in assisting the fast healing proceddo signs of irritant contact have been

observed'?
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The uses of substances such as aloe materialsutvithe side-effects (e.g. dyspigmentation,
teleangiesctasia and skin atrophy) that are noynadbkociated with long-term use of topical
corticosteroids to treat chronic inflammatory skionditions are desirable. Aim vivo study
tested the anti-inflammatory potential of a concaed A. vera gel (97.5%) compared to 1%
hydrocortisone in placebo gel, and two commerciaparations containing 1% hydrocortisone
or 0.25% prednicarbaté! TheA. vera gel did not show any anti-inflammatory effect afedrh;
although, significant effect could be detected ra#t8 h. Onset of the effect was therefore
delayed, but was stronger than that of the 1% loaitsone in placebo gel although weaker
compared to the commercially available corticostixo TheA. vera gel showed no side effects
and was well tolerated, although no conclusiondccba made with regards to the sensitization

potential ofA. vera gel due to the rarity of an allergy after a singpplication’*

Moisturizers enhance the skin’s ability to absorbisture and also act as a barrier against
moisture loss. Quantification of water in the SCai useful measurement that gives valuable
information pertaining to the barrier function athé biophysical properties of the skifl. The

retention of water and the hydration balance in ghperficial skin layers ensures the skin’s

elasticity and flexibilit}*® as dehydration of the skin causes a decreasénireksisticity!™

In the present study, the hydration and anti-erytheffects ofA. vera, A. ferox andA. marlothii
gel materials were evaluated in human subjectse ifistruments used (i.e. Corneom@&tem
825, Visioscafi VC 98, Cutometét dual MPA 580 and MexamefeMX 18) are considered to
be non-invasive and therefore cause no harm oownhfrt during then vivo investigation of the

skin parameters, while accurately measure diffeaspects of the skih’
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MATERIALSAND METHODS
Plant material preparation

Organic solvent insoluble residues (or polysacchafractions) were isolated from the leaf gel
materials of the three selected aloe speciesAli.eera, A. ferox andA. marlothii) as described

below.

Ethanol insoluble residues were separated ffowera andA. marlothii gel materials according
to a method previously describ€d’® The starting material foA. vera was dehydrated gel
powder (Daltonmax 700 obtained from Improve USA, Inc. (Texas, Unitedt8s of America).
The starting material foA. marlothii was obtained from natural populations near Kostehe
North West Province of South Africa for which a sipgen voucher (PUC 11151) was deposited
at the Herbarium of the North-West University, 3outfrica. The traditional hand-filleting
method for processing of thfe marlothii leaves was used as it prevents contaminationeod¢th
with the yellow sap (latex/aloiff” TheA. ferox 200:1 gel powder was obtained from Organic
Aloe (Pty) Ltd and consists of the methanol instduiel polysaccharidic fraction obtained from
the leaves oA. ferox natural populations near Albertinia in the West€ape Province of South

Africa.
Nuclear magnetic resonance (*H-NMR) finger printing of aloe gel materials

Approximately 30 mg, 3 mg and 1 mg of tAsferox, A. vera andA. marlothii precipitated, dried
gel materials were dissolved in 1.5 ml deuteriundexD,O; Merck, South Africa) respectively.
These solutions were filtered and a small quawtity-(trimethylsilyl) propionic acid-D4 sodium

salt (Merck, South Africa) was addedH-NMR spectra of the solutions were obtained in an

a7



Avance Ill 600 Hz NMR spectrometer (Bruker, Germanyhe resultantH-NMR spectra were
used to identify certain marker molecules (e.gvelose, glucose and malic acid) in the test

solutions, which are known to be present in alagdegel materials.
Aloe and hydrocortisone gel preparations for application to the skin

Each of the selected aloe gel materials A.ecera, A. ferox and A. marlothii) was dissolved in
ultrapure deionized water to obtain a 3% w/v solutivith a gel structure. The composition of
the 1% wi/v hydrocortisone gel used as the posdorgrol during the erythema study is given in

Table 1.

To prepare the 1% w/v hydrocortisone gel, Carbdfitlez 20 was homogenized with distilled
water for approximately 30 min using a Heiddibiax 600 homogenizer (Heidolph, Germany)
at approximately 536 rpm. The polyethylene glywalk melted and hydrocortisone acetate was
slowly added together with ethanol. This mixturaswslowly added to the homogenized
Carbopol Ultrez 20 dispersion in distilled waterilercontinuously homogenizing the mixture.

Tri-ethanol amine was used to adjust the pH ofgideo approximately 6.8.
[Insert Table 1 here]
Clinical study protocol

This study was carried out according to the ethicadciples of the Declaration of Helsinki and
was approved by the Ethics Committee of the Nor#stAUniversity, South Africa under the

title of “(In vivo) Cosmetic efficacy studies” (NWU-0097-10-A5).
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Race, sex and age are considered to be importaiaibles that can affect skin function and
biophysical measurements, which should be conttalestandardized and it has therefore been
suggested that studies should be designed witlirséime age range, ethnic group and%kx.
Consequently, volunteers were selected using stniclusion/exclusion criteria. Female
volunteers between the ages of 20 and 40 yearsavghod health state and Fitzpatrick skin
types Il and Il (based on Mexamétereadings on untreated skin) were included in theys
Exclusion criteria included a history of eczemayrgsis within 6 months prior to study, allergic
skin reaction 30 days prior to the study, pregnantlactating woman, having undergone
cosmetic surgery within previous 12 months, redesséitment with aloe containing products,
uncontrolled systemic disease, dermatological skes or conditions that may interfere with
neuromuscular function such as myasthenia gra@atrhent with topical or systemic drugs that
may influence the test results and recent histbigtolerance to drugs and/or cosmetic products.
The study population included a total number ofsG8jects with 19, 23 and 17 volunteers that

participated in the short-term, long-term and ezyth studies, respectively.

Prior to the study, informed consent was obtaimechfeach volunteer. A washout period was
started 7 days prior to onset of the study. Dutingtime and for the remainder of the study, the
volunteers were only allowed to wash with D8wswap. The application of other skin products,
moisturizers, body powders and perfume on or neartést areas were prohibited during the
study. On the day of the measurements the uskalia, caffeine and vasoactive medications
was prohibited as they may alter skin microciraolatwhich can indirectly influence the skin

hydration profilel®

The volar forearm was chosen as the anatomicasitestiue to its relatively large available skin

surface area, its hairlessness and the fact thedntains only a small number of sebaceous
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glands. It can also be used to assess the effieatgcial products as it was found to be an
excellent representation of the facial skih. The wrist and cubital fossa (anatomic occlusion

zone) were avoidel®

The temperature of the environment where measurismesre made on the volunteers (i.e. the
Cosmetic Efficacy Laboratory, North-West UniversiBotchefstroom Campus, South Africa)
was controlled at 20 to 25°C and 50 + 10% relakivenidity!*® Volunteers acclimatized in the
Cosmetic Efficacy Laboratory for at least 30 minoprto measurements to allow full skin
adaptation. In order to exclude the effect ofagtien rhythms, measurements were performed

during the same time of day. Direct sun light airdflow was also avoided®

Due to the differences in the hydration level oé t8C between individuals, the baseline
hydration levels (before the application of theeadeels to the skin) were measured to function as
an internal contrdl” One test field on the volar forearm was left eated and measured at
every time point so that each volunteer served easolwn control. The test materials were
applied with a glove-covered finger to avoid inéeeince with sebum and sweat secrefinAll

the test materials were code named and neithesubjects nor the technical assistant knew the

content of the treatment groups and therefore aldehlind study was conducted.
Sngle application (short-term) and multiple applications (longer-term) hydration study

During the short-term and longer-term studies,ghielelines for the assessment of SC hydration
by The European Group for Efficacy Measurement£oametics and Other Topical Products
(EEMCO) were followed? The volar forearm skin of the dominant arm (shertn study) and
non-dominant arm (longer-term study) was dividew i sites of 6 cfeach bordered with a

cosmetic pencil. Space was left open betweenitbe t® prevent any cross-contamination. The
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first three sites on the forearm were treated @ithml of a test material (i.e. 3% whAs vera, A.
marlothii, A. ferox gel solution) and the fourth site was treated wi#ionized ultrapure water

(placebo). The fifth site was left as ‘untreatkoh’s(control).

A single application study (short-term study) wasfprmed before the longer-term multiple
application study commendéd and to investigate the short-term hydration effesft the aloe
gel materials. A baseline reading)Tvas taken followed by measurements at 3, (90 (T,)

and 150 (%) min after application of the aloe gel materfads.

During the long-term study, the aloe gel solutiavere each applied twice daily (i.e. in the
morning and in the evening). A baseline reading (Was taken, followed by measurements
after 1 (1), 2 (T), 3 (T3) and 4 (T) weeks after commencement of treatment. Measuresme
were performed 12-20 h after the last treatment aygdied in the evening prior to the day of

measurements.

The following instruments were used to measurehgitration effect of the test materials on the
skin: a Corneomet®CM 825 and VisioscdhVC 98 (Courage + Khazaka Electronic GmbH,
Germany) during the short- and long-term studies aCutometét dual MPA 580 (Courage +

Khazaka Electronic GmbH, Germany) during the logrgrt study.

The Corneomet&r operates at a low frequency (40-75 Hz) and meastine electrical
capacitance of the SC. Since water has the higlwetéctrical constant in the skin, capacitance
values will increase with an increase in water eotiskin hydration. The mean of three
measurements are displayed in arbitrary units renfiom 0-130'% 22 2 The Corneomet&r
only measures the moisture of the upper layerfi®fepidermis to an approximate depth of 10

um due to the very small penetration depth of tieetetal scatterfield> 2
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The Visioscafi was used to analyze the skin topography. An infeige8 mm) of the skin was
taken by a built in CCD-camera. The Visiostaras connected to a computer by means of an
image digitalization unit which configures the ineaop 256 grey levels pixel by pixel, where

black was resembled by 0, and white by 45.

Energy (NRJ), entropy (ENT) and homogeneity (HORNttre parameters were used in this
study. The aforementioned parameters analyzeréifées in colors of neighbored pixels.
Energy is an indicator for the homogeneity of aragm entropy indicates the “mess” of an
image and homogeneity indicates the uniformity mfirmage. An increase in these parameter

values indicates an increase in skin hydrafign.

In addition to the hydration measurements with @oeneometét, the Cutometér was used to
assess the skin's viscoelastic properties, whidirdotly relate to skin hydratidf?! Skin
viscoelasticity is the ability of the skin to retuo its original position, after a certain delapce

a force is removed®

The principle by which the Cutomefaneasures the elasticity of the upper skin layéased on
the suction method. The skin was drawn into thextape of the probe due to a negative pressure
that was created in the probe, and released aff@inaaspecific time. A non-contact optical
measuring system determined the penetration defdduring the measurement, the skin’'s
resistance to the negative pressure (firmness)tarmhpability to return to its original position
(elasticity) were displayed as curves (penetratiepth in mm/time). Measurement parameters
were calculated from these curves of which the Rupaters were uséd’ The curves

represented the viscoelastic properties of the skid consisted of two phases, suction and
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relaxation phase, which each consist of two paRw. 1 illustrates a typical skin deformation

curve obtained by the Cutométer
[Insert Figure 1 here]

During the first part of the suction phase, theskiters the probe straight and immediately. The
immediate elastic deformation/distension of thensid expressed in Ue. The second part
represents the viscoelastic suction part, Uv, wtienskin “creeps” into the probe (delayed
distension). Uf is the maximum penetration afterct®n time (final distension/skin
distensibility). The complete relaxation (Ua) dandivided into two parts: the immediate elastic
return/retraction (Ur) and the flat, viscoelastartp(Ua-Ur). The overall ability of the skin to
return to its original shape is shown by Uf — U& (resilient distension) is the residual

deformation at the end of the measuring c¥clé®

During this study, Mode 1 was used, which is a mesment with constant negative pressure. A
probe with a 2 mm diameter aperture was used vi€hrBBar pressure applied to suck the skin
into the probe. The measurement consisted of fetes with 5 s suction followed by 5 s of
relaxation. The total skin deformation (RO = Ufhe gross-elasticity (R2 = Ua/Uf), the
viscoelastic to elastic extension (R6 = Uv/Ue), bielogical elasticity (R7 = Ur/Uf) and the

complete relaxation (R8 = Ua) were determifted’

The closer the values of the R2- and R7-paramatero unity (i.e. 1), the more elastic the skin
is (positive percentage change as a function atrrent). The smaller the value of R6 is, the
higher the skin elasticity becomes (negative pegeggnchange as a function of treatment). The
R8-parameter indicates a greater ability of tha $@ireturn to its original state when its value is

closer to that of the RO value (positive changa asction of treatmentj”
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Erythema study

The effect of the materials on skin erythema wadopmed according to the guidelines on
sodium lauryl sulfate (SLS) exposure tests from $tandardization Group of the European

Society of Contact Dermatit{&!

Baseline readings ¢J were taken before application of the Finn Charsibéwith an internal
diameter of 8 mm containing filter papers) on ScafigSmartPractic® Mednom, Cape Town,
South Africa) to the volar forearm. Sodium lausglifate (SLS, 99% purity, Merck, South
Africa) was dissolved in distilled water to obtainl% w/v solution. One Finn ChamBewras
attached without being filled with any solutionftonction as untreated skin (negative control).
The rest of the Finn Chamb@rsvere filled with 20 ul of the 1% w/v SLS soluti@nd all
chambers were applied on the volar forearm skithefdominant arm under occlusion for a
period of approximately 22.5 h to induce erythensamilar studies where SLS was applied for
24 h under occlusion showed an initial exsiccatodnthe SC, followed by hyperhydration
(swelling of corneocytes). Therefore, a certametiperiod after the skin has been irritated is
required before the first measurement can be paddr This prevented false readings due to the
occlusive effect of the Finn Chambers and theadhtiyperhydrating effect of SL&: 2! Thus,
the first measurement {JTwas performed 24 h after removal of the Finn Cherst.** T, was
compared to Jto ensure that erythema was induced. The tesriakst (i.e. 3% WNA. vera, A.
marlothii, A. ferox gel solutions), 1% w/v hydrocortisone gel (posit@ntrol) and deionized
ultrapure water (placebo) were applied to the vaars where erythema was induced.
Thereafter the test materials as well as 1% w/wdnattisone gel and water (placebo) were

applied twice daily, in the morning and in the awngn for the rest of the study period. The
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second measurementzfTwas made on the"2day following 1 day of treatment, and the final

measurement ¢J was on the ¥ day following 6 days of treatment.

The Mexametét MX 18 (Courage + Khazaka Electronic GmbH, Germamg$ used during the
erythema study. The MexamétaviX 18 measures the two components mainly resptengilo
skin color, the content of melanin and hemoglol@nythema) in the skin. Two different
wavelengths are utilized to measure the absorptapecity of the skin when erythema is
measured. The one wavelength was chosen to avb&l color influences (e.g. bilirubin);
whereas the second wavelength corresponds to #etrapabsorption peak of hemoglobin.
Results obtained were shown as indices on a sgaie #-999 which will ensure that even the
smallest changes in color were obseri8d After irritation with SLS, the hemoglobin content
values (T) are expected to be higher than the baselinengadil) to indicate erythema. For
the test materials to be effective as anti-erythagents, the hemoglobin content values should

decrease after treatment@nd ).
Data analysis

The effect of the test material are presented as=ptage change (as calculated by Equation 1)
relative to the initial conditions ¢J and to untreated valueso({linry and T wntr) in terms of all
the parameters measured in each part of the study.

% Change =[@ ><10q [T”(”"") TO(”“”)Xloq Equation 1
0

TO(untr)

Where T, represents the value for: n = 30, 90 and 150 mthe short-term hydration study; n =

1, 2, 3 and 4 weeks in the long-term hydration wtud
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Equation 2 was utilized in the erythema study.

% Change =[@ ><10q [T”(”;")( Tl)‘”“‘”Xloq Equation 2
1 1(untr,

Where T, represents the time of measurement after skiation and n = 1 at 24 h after removal
of Finn chambers, n = 2 on th& 2lay (i.e. one day after application of test matsyiand n = 3

on the ¥ day (i.e. 6 days of application of test materials)
Satistical data analysis

Statistical analyses for the single application andtiple applications studies were carried out
using IBM SPSS Statistics Version 88. Graphs were drawn as visual aids in order to
investigate the effects of the different treatmeats the skin. A 2-Way Repeat Measure
ANOVA (analysis of variance) Design was followed this study as measurements were
repeated over time and each subject was exposalll o6 the different treatments. The basic
method generally used for this type of design ipda¢ed Measure Analysis of Variance
(ANOVA) which assumes independent data (compounwchnsgtry). However, given the
dependence structure in the data, this assumptaenwolated. Therefore, mixed models were
used to assess the influence of treatment and dmthe various measures observed. Mixed
model analysis allows a variety of variance-covaé@structuréd”, in this study unstructured or
first-order autoregressive (AR(1)) covariance dtiees were used. The two covariance
structures were compared using -2Restricted Lagifikod and Akaike’s Information Criterion
(AIC) measures. Mixed models employ both fixed amadom effects. Fixed effects (such as
treatment and time) have levels that are of priniaigrest. Random effects (such as subjects)

are not of primary intere§€' In order to test for significant differences beem the fixed
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effects, test statistics (F) and probability (plues were obtained by the Type Il Test for Fixed

Effects.

Statistical analysis for the erythema study wasie@rout using Microsoft Excel 2010. The

Studentt-test was performed to test for statistical sigaificdifferences between the different
treatments and the different times. Statisticghificance was tested at a 10% (0.10) level of
significance. A p-value < 0.1 indicates statidhicaignificant differences between the values

that were compared.
RESULTSAND DISCUSSION
Percentage yield of ethanol insoluble residue

After lyophilisation of the precipitated ethanokatuble gel materials, the average percentage
yield obtained forA. vera was 13.81% and foA. marlothii it was 4.41% of the total pulp

material.
Nuclear Magnetic Resonance (*H-NMR) fingerprinting

The 'H-NMR spectra ofA. vera, A. marlothii and A. ferox gel material (i.e. the precipitated
ethanol/methanol residues or polysaccharidic foagtiare given in Fig. 2a, 2b and 2c,
respectively. Aloverose (partly acetylated polymeam or acemannan), glucose and malic acid
were detected b{H-NMR spectroscopy in tha. vera precipitated gel material. Aloverose was
not detected in thé. marlothii (Fig. 2b) andA. ferox (Fig. 2c) precipitated gel materials,

although glucose and malic acid were present.

[Insert Figure 2 here]
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Short-term hydration study

A visual representation for the results obtainedhiis study with the Corneomefemnd the

Visioscarf (entropy, homogeneity, energy parameters) instnisnare depicted in Fig. 3a to 3d.
[Insert Figure 3 here]

As can be seen from the Corneom@tealues (Fig. 3a) obtained, vera andA. marlothii gel
materials proved to have a larger hydrating effieah deionized water on the skin at 39)(P0
(T2) and 150 (%) min after a single application. Both these ata&terials exhibited a higher
percentage increase in skin hydration at 30 and rb&0 after application and the lowest
percentage increase was observed at 90 min afpdicaon. Aloe marlothii gel material caused
a slightly higher hydration effect thah vera gel material at 90 and 150 min after application.
Aloe ferox gel material showed a dehydrating effect (neggimeentage change) over the short-
term study. This dehydrating effect 8f ferox gel material became less over time after
application. Deionized water initially dehydratiaeé skin at 30 and 90 min after application, but
showed a skin hydration effect at 150 min afterliappon. This increase in skin hydration 150
min after application with deionized water was hoereless than that obtained wihvera and

A. marlothii gel materials.

Fig. 3b, 3c and 3d indicate that marlothii gel material improved skin entropy, homogeneity
and energy to a larger extent than herera andA. ferox gel materials as well as the deionized
water at 30 and 90 min after applicatiomAloe vera gel material improved skin entropy,
homogeneity and energy (Fig. 3b to 3d) to a laeyéent than deionized water aAdferox at 30
and 90 min after applicationAloe ferox gel material increased skin energy more than desohi

water 30 and 90 min after application.
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The p-values revealed statistical significant dfefor the treatment and the time-treatment
interaction of the Corneomefemeasurements (p = 0.0001 and 0.017, respectiaely)or the
homogeneity parameter (p = 0.066 and 0.084, respot Statistical significant effects for
treatment was found for the entropy (p = 0.036) andrgy (p = 0.00001) parameter. The
significant interaction between time and treatnmeneals that the effect of the treatment on the
Corneometét measurements and the homogeneity parameter depaniitee. However, it is
important to note that the significance of the iattion effect of the Corneometer
measurements may be induced by the dominant irfuex treatment given its F-value of

10.076, which is 5.6 times larger than that of tifResalue: 1.788).

Pairwise comparisons with a Bonferroni adjustmentaled no significant difference between
the levels of time for any of the skin hydratiorrgraeters investigated. Pairwise comparisons
with a Bonferroni adjustment between the differeeitments revealed a statistical significant
difference betweeA. ferox andA. marlothii gel materials (p = 0.007), betweaAnferox andA.
vera gel materials (p = 0.023) and betweknferox and deionized water (p = 0.016) with the
Corneometét measurements. This indicates tWatferox gel material differed significantly
from the other aloe materials and the placebo ashdwed a dehydrating effect (negative
percentage change) over the short-term stidhe short-term hydrating effects Af vera andA.
marlothii was not statistically significantly different frothat of deionized water. Skin entropy
end homogeneity showed a statistical significaffeince betweer\. ferox and A. marlothii
with p-values of 0.068 and 0.067, respectively. statistical significant difference existed
betweerA. ferox andA. marlothii (p = 0.003) and betweegkx marlothii and deionized water (p =
0.003) for the measured energy parameter. Thigkcates thatA. marlothii gel material

improved the general state of the skin more thaonie=d water.
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Researchers previously investigated the effects sihgle application and multiple applications
(1- and 2-week daily application) of formulationsntaining 5% w/w trilaureth-4 phosphate-
based blend supplemented with 0.10%, 0.25% or O\W0A. vera extract on the volar forearm
of volunteers. From the single application studwas seen that after an hour only the 0.50%
w/w formulation significantly increased the SC watentent (measured with Corneom&ém
825) when compared to the vehicle. At 2 and 3térafpplication, the 0.25% and 0.50% w/w
formulations significantly increased the SC watentent when compared to the vehillelt is
important to note that these formulations did notain pure aloe gel materials dissolved in
water alone, but contained other excipients thag heve had an interactive role in the effects

obtained on the skin.
Longer-term hydration study

Results obtained from the present multiple apgbicastudy as measured by the Corneonfeter
are in contrast with the results of the single mgpion study wherd. marlothii andA. vera gel
materials showed to hydrate the skin more thanniteed water. Fig. 4 represents the percentage
change in skin hydration relative to the initiahdétions (T;) as measured by the Corneom@ter
after 1 (), 2 (T), 3 (T3) and 4 (T) weeks of treatment. From this figure it can bersthaiA.
marlothii andA. vera gel materials had a predominantly dehydratingeefd® the skin over the 4
week period of treatmentAloe marlothii gel material dehydrated the skin the most of ladl t
aloe materials investigated from week 1 to weekAdoe ferox gel material showed a 1.1%
increase in skin hydration after 1 week of treatinbat thereafter also exhibited a dehydrating
effect on the skin. The dehydration effect causgd. ferox gel material was less than caused
by the other two aloe gel materials. The placel® (eionized water), in contrast to the test

materials, increased the level of skin hydratioardhe 4 week time period.
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[Insert Figure 4 here]

Investigation of the skin’s topography with the iiscar? supported the findings obtained with
the Corneomet& The entropy, homogeneity and energy parametéismed a similar pattern

as can be seen from Fig. 5a, 5b and 5c, respectividie three aloe gel materials as well as the
placebo increased the skin entropy (Fig. 5a) dijghter the first week of treatment, with
ferox gel material showing the highest percentage irsereaA decrease in skin entropy was
observed after 2, 3 and 4 weeks of treatment vaighAt marlothii andA. ferox gel materials as
well as the placebo (i.e. deionized wateBloe vera gel material showed a small percentage
increase in skin entropy after 2 weeks of treatpthetreafter also decreasing after 3 and 4 weeks
of treatment. The skin homogeneity almost folloviled same pattern, except that initially

marlothii gel material increased this parameter the most afiveek of treatment.

An increase in skin energy was shown with all theeagel materials after the first week of
treatment withA. marlothii gel material having the highest increagdoe vera andA. marlothii

gel materials both showed a decreasing effect am eskergy after 3 weeks of treatment, an
increase was observed after 4 weeks of treatm&lioe ferox gel material exhibited an increase
in skin energy after 1 and 3 weeks, and a decreaskin energy after 2 and 4 weeks of
treatment. Deionized water increased skin eneftgy the first week, thereafter decreasing it
after 2, 3 and 4 weeks of treatment. However, rajrtbese differences between the treatments

were statistically significant.
[Insert Figure 5 here]

R-parameters are highly dependent on moisture obriteydration) of the skin. The R2-

parameter which indicates the gross-elasticity lué skin was found to have a negative
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percentage change (Fig. 6a) from the baseline valual the aloe gel materials and the placebo
indicating decrease in gross-elasticity. The ldwssnt in percentage decrease of the gross-
elasticity of the skin was seen after 2 weeks ehttnent with the various aloe gel materials.
Aloe marlothii gel material showed the largest negative effedthenskin’s gross elasticity (R2)
when compared to the other aloes and the placéBuis correlates with the Corneométer
values, which indicated th&. marlothii gel material had the most dehydrating effect am th

skin.
[Insert Figure 6 here]

The R6-parameter (Fig. 6b) measures the stretcacagmf the skin and negative values reflect
improved skin conditiof” Fig. 6b shows an upward curve (positive percentamnge) for all
the treatments after the first 2 weeks, theredftertrend becomes downward. Therefore, the
R6-parameter correlates with the other R-parameteshowing that skin conditions did not
improve (positive percentage change). The onlyatieg percentage change (indicating
improved skin conditions) is after 1 week and 4 kgeef treatment withA. vera, 1 week of
treatment withA. marlothii and after 4 weeks of treatment wahferox. Noteworthy is that the
placebo showed the highest percentage positivegehdhus showing the least improvement of

the R6-parameter.

The R7-parameter seen in Fig. 6¢c showed a dechedke elastic portion of the skin with the
highest percentage decrease after 2 weeks of eeatriNegative values in R7 reflect a decrease
in biological elasticity?”’ The complete relaxation (R8) of the skin followalthost the same
pattern as R7, thus also indicating a decreasknnetasticity. Aloe marlothii proved to have the

most negative effect on these parameters after &)d34 weeks of treatment. These results
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support the findings of the Corneomét#rat A. marlothii dehydrated the skin the most as it had
the most negative effect on the elasticity paramseteHowever, statistically the Cutométer
results indicate that none of the treatments damtly altered the R2-, R6-, R7- and R8-

parameters.

The p-values obtained revealed statistical sigamficdifferences between the treatments when
investigated with the Corneométefp = 0.001). The homogeneity parameter and theci
capacity (R6) of the skin showed a significantefliéince between the times of treatment with p-
values of 0.045 and 0.091, respectively. The getssticity (R2) and complete relaxation (R7)
of the skin revealed statistical significant difeces for the interaction between time and
treatment with p-values of 0.009 and 0.032, respalgt Statistical significant effects for time

(p = 0.067) and interaction between time and treatr(p = 0.074) was observed for R8.

Pairwise comparisons with a Bonferroni adjustmegitveen the levels of time revealed that the
time of treatment had no statistical significanercept for the homogeneity parameter where
statistical significant difference was seen betweaveek and 4 weeks (p = 0.037) of treatment.
Pairwise comparisons with a Bonferroni adjustmestiveen the different treatments revealed
statistical significant differences in the Corneterfé measurements between the placeboand
ferox gel material (p = 0.003A. marlothii gel material (p = 0.001) ar vera gel material (p =
0.007) gel materials. Thus deionized water wass$tally better than the aloes in improving

skin hydration.

A previous study found tha. vera extract moisturized the skin by significantly ieasing the
SC water content whilst not changing the TEWLIt was suggested that this could be due to the

rich composition of the\. vera extract of hygroscope mono- and polysacchafidésand the
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presence of the amino acids alanine, arginine,irgtychistidine, serine and threonine which
contributes to SC hydratidh.*® Dal'Belo et al.’) found that relatively lowA. vera extract
containing formulations (i.e. 0.10%, 0.25% and @050/w) increased skin hydration after 1 and
2 weeks of application compared to the vehicle alotowever, when the formulations were
compared with each other after 2 weeks of appboatthe formulation containing 0.50% wAv

vera extract proved to be significantly better than @®0% and 0.25% formulations.

The findings of this longer-term, multiple applicat study are different from other studies
described above, which may be ascribed to differenn the composition of the formulations
tested (pure aloe gel materials dissolved in watdhis study versus formulations containing
excipients in other studies), but also due to casitjpm of the aloe gel from different speci&s.

Humectants promote the retention of water withm 8C by attracting water from the outside in
(from environment to skin) and from the inside fadm dermis to epidermis/SE! Although

it was not the aim of this study to determine thechanism of skin dehydration by the aloe
materials, a possible explanation is given her¢ #@uld be further investigated in future
studies. The dehydration of the skin by the al@lengaterials after multiple applications may be
attributed to attracting water not only from therdal/epidermal layers of the skin but also from
the SC. The dehydration effect therefore potdgt@icurred due to absorption of moisture from
the skin into the aloe gel layer that was appledhe skin which dried by evaporation of the

water in which the gel materials were dissolvedradpplication to the skin.

The external use of aloe gel on intact skin is associated with adverse reactions and is
generally regarded as s&f8. This is in accordance with the findings in otkardies, although
final conclusions on general safety in one of thesedies could not be made due to the rarity of

an allergy after a single applicatiBfi. In contrast to this, case studies on the togipalication
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of aloe-derived products showed some adverse osactwhich included contact urticaria,
dermatitis and acute eczefi@. It has been suggested that the adverse effeath (as

hypersensitivity) may be due to the presence optysis-inducing antrhaquinonesAaferox.[%!

In the present study, two volunteers were withdrdvam the study due to severe allergic
reactions. From weekly questionnaires it was daterd that 11 (18.64 %), 14 (23.73 %) and 2
(3.39 %) out of the 59 volunteers reported a milergic reaction after topical application Af
vera, A. marlothii andA. ferox gel materials, respectively. The volunteers expeed a red
rash, especially when the aloe gel started to dryhe skin, with either a burning or itching

sensation.
Erythema study

Various tests have been used to examine the dlamimatory efficacy of aloe gel or its various
components and generally involve some kind of imbeal woundinéj‘] as the first step in wound

healing is anti-inflammatiof?

In the present study, the SLS exposure test wdsrpegd to compare the anti-erythema efficacy
of the aloe gel materials to the positive controbup (hydrocortisone gel). The percentage
change in skin erythema as expressed by hemogtabitent from irritation () to two time

intervals (% and ) after treatment with test materials are givemable 2.
[Insert Table 2 here]

Hydrocortisone gel showed a 13.1% decrease in emghat F; followed by deionized water
(7.8%) andA. ferox (7.0%), whileA. vera andA. marlothii demonstrated the lowest percentage

decrease in erythema ab. T However, no statistical significant difference&re obtained
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between hydrocortisone ge\, ferox gel material, deionized water and the untreatdthied
skin in terms of anti-erythema effect ab. T Hydrocortisone gel performed statistically
significantly better thar\. vera and A. marlothii gel materials in reducing skin erythemaloe
ferox gel material statistically significantly reducedtiema to a larger extent th&nmarlothii

gel material at 1.

At T3 (on the 7' day after 6 days of treatment), hydrocortisonedgereased erythema by 18.8%
followed by A. vera (17.0%), A. ferox (15.2%), andA. marlothii (9.0%). The anti-erythema
effect of A. vera gel material and hydrocortisone gel was statiyicagnificantly higher than
that of A. marlothii gel material with p-values of 0.051 and 0.046 reipely. Deionized water
and untreated irritated skin showed a similar deswan skin erythema ag With a percentage

decrease of 13.0% and 13.1%, respectively.

Aloe marlothii gel material decreased erythema less than deiomaéel and untreated irritated
skin, although this was not statistically signifita A statistically significant difference (p =
0.0196) was observed betweenanhd & when treated witlA. vera gel material, indicating its
anti-erythema effect is time dependent. This dates with a previous study where a lag phase
was observed and the onset &f vera gel's anti-inflammatory activity was found to be

delayed™”

The differences obtained in the anti-erythema tedok the different species of aloe could be

explained by differences in their chemical composi as confirmed wittH-NMR.
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CONCLUSION

The clinical significance of the Corneométaneasurements, which are regarded as the most
important indicator of skin hydration, indicatesati. vera and A. marlothii gel material did
improve the hydration of the skin after a singlelagation, although it was not statistically
significantly different from the placebo (i.e. deiped water). Aloe ferox gel materials
dehydrated the skin after a single application wb@mpared to the other aloe gel materials and
the placebo. After multiple applications, all thiee gel materials had a dehydrating effect on
the skin as opposed to deionized water, which fogmtly improved skin hydration.
Mexamete? readings showed tha. vera and A. ferox gel materials were similar in their
erythema reducing effects after 6 days of treatmernthat of hydrocortisone gel. The anti-
erythema effect ofA. vera gel material was found to be dependent on timé¢hase was a
statistical significant difference between the setalay of treatment and seventh day of
treatment. Aloe marlothii gel material dehydrated the skin to the largeserek during the
longer-term study and was less effective than desohwater and untreated irritated skin in
decreasing erythema. It also caused the highesbauof mild skin reactions in the volunteers.
While this study has elucidated the effects of materials from different aloe species on skin
hydration and erythema in human subjects, the nmesims of action should be investigated in

future studies.
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Tablelegends

Table 1: Hydrocortisone gel formulation (positive contrebgp)

Table 2: Percentage change in skin erythema (hemoglolon) frritation (T;) to two time

intervals (% and ) after treatment
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Table 1: Hydrocortisone gel formulation (positive controbgp)

Components

Concentration

Hydrocortisone acetatg

Ethanol (96% v/v)

Polyethylene glycol

Carbopol Ultrez 20

Distilled water up to

Tri-ethanol amine

1% wilv

15% viv

15% wi/v

1% wi/v

Up to 100% of preparation

Enough to adjust pH to approxatya6.8
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Table 2: Percentage change in skin erythema (hemoglolon) frritation (T;) to two time

intervals (% and ) after treatment

Treatment T, T3
Irritated -45+21.3 -13.1£18.3
Aloe vera -1.8+194 -17.0+£19.1
Aloe marlothii -1.8+19.3 -9.0+21.2
Aloe ferox -7.0+14.3 -15.2+20.4
Deionized water -7.8+£15.7 -13.0 £ 26.6
Hydrocortisone -13.1+21.6 -18.8 £ 26.0
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Figurelegends

Figure 1: A typical skin deformation curve obtained with tBetometef, which is similar to

previously reported curves (26, 27) [reproductime:scolumn width]

Figure 2: 'H-NMR spectra ofA. vera (a), A. marlothii (b) andA. ferox (c) precipitated gel

materials [reproduction size: page width]

Figure 3: Percentage change measured by (a) the CorneSmé@igrVisioscafi entropy, (c)
Visioscarf homogeneity and (d) Visioscarenergy measurements [reproduction size: page

width]

Figure 4: Percentage change in skin hydration relative it@lrconditions () as measured with

the Corneomet&freproduction size: column width]

Figure 5: Percentage change relative to initial conditiom®)(as determined with the (a)
Visioscarf entropy, (b) Visioscdh homogeneity and (c) the Visios€aenergy [reproduction

size: page width]

Figure 6: Percentage change relative to initial conditiofig) (for (a) the Cutomet&rR2, (b)

Cutometef R6, (c) CutometérR7 and the (d) CutomeféR8 [reproduction size: page width]
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Deformation (mm)

Figure 1: A typical skin deformation curve obtained with @atomete?, which is similar to

previously reported curves (26, 27) [reproductime:scolumn width]
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Figure 5: Percentage change relative to initial conditiom®)(as determined with the (a)
Visioscar? entropy, (b) Visioscdh homogeneity and (c) the Visios€aenergy [reproduction

size: page width]
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Figure 6: Percentage change relative to initial condition8)(for (a) the Cutomet&R2, (b)

Cutometef R6, (c) CutometérR7 and the (d) CutomefeR8 [reproduction size: page width]
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