ALOE VERA

1. Exposure Data

The first record of human use of Aloe vera isin
Sumerian hieroglyphics engraved on clay tablets
during the Mesopotamia civilization circa 2200
BC, in which it is described as a laxative. Use
of aloe in ancient times is also documented in
Egypt, Greece, and China. Aloe vera was culti-
vated on the islands of Barbados and Curacao
in the Caribbean by Spain and the Netherlands,
and was sold in various parts of Europe during
the 17th century (Park & Jo, 2006). Commercial
cultivation of Aloe vera in the USA began in the
1920s in Florida (Grindlay & Reynolds, 1986).
Although Aloe vera originated in the warm, dry
climates of Africa, the plant is readily adaptable
and grows worldwide (Steenkamp & Stewart,
2007).

Use of Aloe vera gel extracts in health foods
and beverages, and moisturizing cosmetics,
began during the 1970s, starting in the USA and
parts of Europe (Park & Jo, 2006). Historically,
Aloe vera was used topically to heal wounds and
for various skin conditions, and orally as a laxa-
tive (Steenkamp & Stewart, 2007). The dried latex
of other Aloe species, such as Aloe ferox Miller
(Cape aloe or bitter aloe) has also been used as
a laxative (EMA, 2006). Today, Aloe vera is also
used as a folk or traditional remedy for a variety
of conditions and is found in some dietary
supplements and food products. Aloe vera gel can
be found in hundreds of skin products, including
lotions and sunblocks (NCCAM, 2012).

A glossary of commonly used terms for Aloe
vera products is provided in Table 1.1.

1.1 Identification of the agent

1.1.1 Botanical data

(a) Nomenclature
For details on botanical nomenclature, see
Newton (2004).
Chem. Abstr. Serv. Reg. No.: 8001-97-6
Chem. Abstr. Name: Aloe barbadensis

Botanical name: Aloe vera (L. Burm. f.
(synonym, Aloe barbadensis, Aloe humilis
Blanco, Aloe indica Royle, nomen nudum,
Aloe perfoliata var. vera L., Aloe vulgaris
Lam.) (GRIN, 2013).

Family: Xanthorrhoeaceae

Genus: Aloe
Plant part: Leat

Common names: Aloe vera; Aloe vera Linné;
True aloe; Aloe barbadensis; Barbados
aloe; Curagao aloe; Mediterranean aloe;
Ghritakumari; Lu Hui; Luhui, etc.

From WHO (1999), Eur Ph (2008), O’Neil
et _al. (2006), SciFinder (2013), IASC (2013a),
Boudreau ef al. (2013a).
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Table 1.1 Definition of terms commonly used in the Aloe industry

Term Definition

Leaf The part of the Aloe vera plant used in commerce, where processing is begun without stripping off the rind.

Whole leaf Historically used to describe products derived from the entire leaf that were filtered/purified. However, use of
this terminology without adequate additional descriptors is not recommended. This terminology is now seen
on products or in reference to raw material where the entire leaf is used as a starting ingredient to create Aloe
vera juice.

Decolorized A process, usually involving filtration with activated charcoal, that clarifies the liquid aloe mass.

whole leaf

Inner leaf Plant part used to describe the clear, central parenchymatous tissues of the aloe leaf.

Aloe latex Brown, yellow-brown, or occasionally red exudate found between the rind and inner leaf. Also called “sap,” it
contains several constituents, but most notably anthraquinones.

Anthraquinone An organic compound primarily found in the aloe latex, whose structure serves as the basic building block
for several naturally occurring plant pigments. The substance is commonly used for laxative purposes.

Gel Liquid product typically derived from the inner leaf.

Juice Liquid product derived from Aloe vera leaf [the Working Group noted that the term “juice” is used arbitrarily

and may either apply to products from the latex or from the gel].

Adapted from IASC (2009

(b)  Description

Aloes are perennial succulents or xero-
phytes; they can adapt to habitats with low or
erratic water availability, are characterized by
the capacity to store large volumes of water in
their tissue, and are able to use crassulacean acid
metabolism, an adaptation to the photosynthetic
pathway that involves the formation of malic
acid (Boudreau ef al., 2013a). Aloe plants, such
as Aloe vera (Fig. 1.1), all have green fleshy leaves
covered by a thick cuticle or rind, under which
is a thin vascular layer covering an inner clear
pulp (Boudreau ef al., 2013a; Fig. 1.2) The leaves
are 30-50 cm in length and 10 cm in width at the
base, pea-green in colour (when young spotted
with white), and with bright yellow tubular
flowers 25-35 cm in length arranged in a slender
loose spike (WHO, 1999).

The vascular bundles, located within the leaf
pulp, transport (i) water and minerals from the
roots to the leaves; (ii) synthesized materials to
the roots; and (iii) latex along the margins of
the leaf for storage (Ni et al., 2004; Fig. 1.2). The
number of vascular bundles varies depending on
the size of the leaves and the age of the plant (Ni
et al., 2004).
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Aloe vera plants contain two major liquid
materials (Fig. 1.2): first, a bitter yellow latex
located under the strongly cutinized epidermis
of the leaves in the vascular layer and containing
a high concentration of anthraquinone
compounds, which has been used throughout
the centuries as a cathartic and for medicinal
purges; and, second, a clear mucilaginous gel
produced by the thin-walled tubular cells in the
inner central zone (parenchyma) that has been
used since ancient times to treat burns and other
wounds, where it is thought to increase the rate of
healing and reduce the risk of infection (Joseph
& Raj, 2010). A third liquid may also be obtained
by macerating the whole leaf.

[Both the scientific and the lay literature
(e.g. on internet sites) are extremely inconsistent
when referring to products obtained from Aloe
vera. The problem starts with the fact that the
three types of liquids that are obtained from Aloe
vera leaves are interchangeably referred to as
“Aloe juice,” which has caused confusion in the
literature. For disambiguation reasons, the term
“Aloe juice” should be restricted - if used at all -
to the latex material of the pericycle, which is in
accordance with the pharmacopoeial definitions



Aloe vera

Fig. 1.1 Aloe vera (L.) Burm. F, plant and flower

From Spohn (2013
© Roland Spohn

(WHO, 1999; Eur Ph, 2008; JP XVT, 2011); and
the inner leaf liquid material should be referred
to as “gel” (WHO, 1999). Interchangable terms
found in the literature for the “gel” are inner
pulp, mucilage tissue, mucilaginous gel, muci-
laginous jelly, inner gel, and leaf parenchyma
tissue (Hamman, 2008).]

1.1.2 Chemical constituents and their
properties

A review of the chemistry of Aloe vera was
provided by Reynolds (2004), and a summary of
the chemical constituents of Aloe vera is provided
in Table 1.2.

The main feature of the Aloe vera plant is its
high water content, ranging from 99% to 99.5%,
while the remaining 0.5-1.0% solid material is
reported to contain over 200 different poten-
tially active compounds, including vitamins,
minerals, enzymes, simple and complex poly-
saccharides, phenolic compounds, and organic
acids (Boudreau et al., 2013a; Rodriguez et al.,
2010).

In compositional studies on the structural
components of leaf portions of the Aloe vera
plant, the rind was found to compose 20-30%
and the pulp 70-80% of the whole leaf weight.
On a dry-weight basis, the rind and pulp contain
2.7% and 4.2% lipids, and 6.3% and 7.3%
proteins, respectively (Femenia ef al., 1999). The
percentages of soluble sugars (11.2% and 16.5%),
primarily as glucose, and the percentages of ash
(13.5% and 15.4%), in particular calcium, were
relatively high in the rind and pulp, respectively.
Non-starch polysaccharides and lignin repre-
sented the bulk of each leaf fraction and were
found to be 62.3% and 57.6% of the dry weight of
the rind and pulp, respectively (Boudreau ef al.,
2013a). Acetylated mannan is the primary poly-
saccharide in Aloe vera gel (Ni et al., 2004). Other
chemical constituents of Aloe vera include lectins
such as aloctins A and B (Kuzuya ef al., 2004).

The physical and chemical constituents of
the products derived from Aloe vera plants differ
depending on the source (e.g. part of the plant),
the species of the plant, the climate conditions,
seasonal and grower influences (Boudreau et al.,
2013a), and processing techniques (Waller et al.
2004).

1.1.3 Technical and commercial products

Three types of Aloe vera extracts can be
distinguished -gel extract, whole leaf extract,
and decolorized whole leaf extract (Boudreau
et al., 2013a), and a fourth type of commercial
material is available as dried latex, which has
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Fig. 1.2 Schematic representation of the Aloe vera plant, showing a cross-section through a leaf

The perimeter of the Aloe vera
leaf pulp is interspersed with
vascular bundles that are
composed of three types of
tubular structures: the xylem,
the phloem, and the pericyclic
tubules. The pericyclic tubules
transport the Aloe latex.

The green rind or cuticle of the
Aloe vera plant consists of
multiple layers interspersed with
chloroplasts.

The Aloe vera inner leaf pulp is
composed of large thin-walled
parenchyma cells that store the
Aloe gel.

From Boudreau et al. (2013a)

been traditionally used as the laxative (Eur Ph
2008).

(a)  Aloe vera gel extract

The inner leaf pulp of the Aloe vera plant
contains large, thin-walled cells that produce gel,
the clear, mucilaginous, and aqueous extract of
the inner central area of the leaf pulp (Fig. 1.2).
Aloe vera gel serves as the water and energy
storage component of the plant. The mechanical
extrusion of the mucilaginous gel from the inner
leaf pulp gives a 70% yield with a water content
0f 99-99.5% (Femenia ef al., 1999).

Polysaccharides in Aloe vera gel consist of
linear chains of glucose and mannose molecules,

40

and, because there is considerably more mannose
present than glucose, the molecules are referred
to as polymannans. These linear chains range
in size from a few to several thousand mono-
saccharide molecules. The major polysaccha-
ride, acetylated mannan, is composed of one or
more polymers of various chain lengths with
molecular weights ranging from 30 to 40 kDa
or greater, and consisting of repeating units of
glucose and mannose in a 1:3 ratio (Channe
Gowda et al., 1979; Mandal & Das, 1980; Yaron,
1993; Femenia et al., 1999; Boudreau et al., 2013a;
Fig. 1.3). Chemically preserved fresh Aloe vera
gel stored at room temperature or incubated at
40 °C for 48 hours exhibited degradation in its
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Table 1.2 Summary of chemical constituents of Aloe vera products

Class Compounds

Anthraquinones/ Aloe-emodin, aloetic acid, anthranol, aloin A and B (or collectively known as barbaloin),

anthrones isobarbaloin, emodin, ester of cinnamic acid

Carbohydrates Pure mannan, acetylated mannan, acetylated glucomannan, glucogalactomannan, galactan,
galactogalacturan, arabinogalactan, galactoglucoarabinomannan, pectic substance, xylan, cellulose

Chromones 8-C-Glucosyl-(2'-O-cinnamoyl)-7-O-methylaloediol A, 8-C-glucosyl-(S)-aloesol, 8-C-glucosyl-7-
O-methyl-(S)-aloesol, 8-C-glucosyl-7-O-methylaloediol, 8- C-glucosyl-noreugenin, isoaloeresin D,
isorabaichromone, neoaloesin A

Enzymes Alkaline phosphatase, amylase, carboxypeptidase, catalase, cyclooxidase, cyclooxygenase, lipase,
oxidase, phosphoenolpyruvate carboxylase, superoxide dismutase

Minerals Calcium, chlorine, chromium, copper, iron, magnesium, manganese, potassium, phosphorous,
sodium, zinc

Lipids and Arachidonic acid, y-linolenic acid, steroids (campestrol, cholesterol, 3-sitosterol), triglycerides,

miscellaneous organic triterpenoid, gibberillin, lignins, potassium sorbate, salicylic acid, uric acid

compounds

Amino acids

Alanine, arginine, aspartic acid, glutamic acid, glycine, histidine, hydroxyproline, isoleucine,

leucine, lysine, methionine, phenylalanine, proline, threonine, tyrosine, valine

Proteins Lectins, lectin-like substance
Saccharides Mannose, glucose, L-rhamnose, aldopentose
Vitamins

B1, B2, B6, C, B-carotene, choline, folic acid, a-tocopherol

Adapted from Hamman (2008

rheological properties, a decrease in the content
and composition of polysaccharides, and a
substantial increase in the mannose:glucose
ratio, from 2.9 in the fresh gel to 13.4 in the incu-
bated gel (Yaron, 1993).

(b)  Aloe vera whole leaf extract

The Aloe vera whole leaf extract (sometimes
referred to as whole leaf Aloe vera juice, Aloe
juice or nondecolorized whole leaf extract), is the
aqueous extract of the whole leaf with lignified
fibres removed. The whole leaf extract contains
both the gel from the inner parenchyma leaf pulp
and the latex. The restricted distribution of the
bitter latex within the margins of the leaves of
the Aloe vera plant suggests that this thin layer
is the primary site of secondary metabolites
biosynthesis: compounds that do not function
directly in plant growth and development and
serve as a plant defence strategy (Boudreau et al.,
2013a). A wide variety of secondary compounds
have been isolated from the Aloe vera latex
(Reynolds, 2004). The isolated compounds are

largely phenolic in nature, and many are anth-
raquinone C-glycosides, anthrones, and free
anthraquinones (Park et al., 1998). The levels of
anthraquinone C-glycosides in Aloe vera latex
are quite variable; however, they may constitute
up to 30% of the dry weight of the latex (Groom
& Reynolds, 1987). Aloe vera latex contains
four major C-glycosyl constituents: aloin A,
aloin B, aloesin, and aloeresin A (Fig. 1.3; Saccu
et al., 2001). Aloin A, a C-glycosyl anthrone, also
referred to as barbaloin, is the major component
of aloe latex. Aloin A and its epimer, aloin B, also
referred to as isobarbaloin, have a 9-anthrone
skeleton and a P-D-glucopyranosyl substit-
uent. Aloesin, also known as aloeresin B, is a
5-methyl chromone with an 8-p-D-glucopyra-
nosyl substituent, and aloeresin A is a 5-methyl
chromone with an 8-B-D-glucopyranosyl-2-
O-trans-p-coumarol substituent. Several other
C-glycosyl-chromones and anthrones have been
isolated from Aloe vera, including aloe-emodin,
the anthraquinone of barbaloin and isobarbaloin
(Boudreau et al., 2013a).
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Aloe vera

The occurrence in Aloe vera latex of endoge-
nous free anthraquinones and anthrones results
from oxidative processes acting on the glycosides
rather than from metabolic synthesis (Boudreau
et al.,2013a). In addition, the latex from Aloe vera
contains several aromatic compounds, such as
aldehydes and ketones (Saccu et al., 2001). The
sugar moiety in aloins is D-glucose, and studies
indicate that carbon atom 1 of the D-glucose
moiety is linked directly to carbon atom 10 of the
anthracene ring in a B-configuration (Fig. 1.3).
The carbon-carbon bond is quite resistant to acid
and alkaline conditions; however, the intestinal
microflora of humans and animals have been
shown to cleave the 3-C-glucosyl bond, although
considerable variation in response among animal
species occurs. Cleavage of the B-C-glucosyl
bond results in the formation of aloe-emodin,
the cathartic principle of the latex, and other free
anthraquinones and anthrones (Boudreau ef al.,
2013a; see Section 4.1.1b). In commercial prod-
ucts containing whole leaf extract, a rapid dete-
rioration of aloin was detected during storage,
especially at higher temperatures (Pellizzoni
et al., 2011).

(c)  Aloe vera decolorized whole leaf extract

Activated carbon treatment of the Aloe vera
whole leaf extract is used to remove bitterness
and colour caused by the anthraquinone compo-
nents of the latex. This results in a product
termed “decolorized whole leaf extract” that has
quite different properties from the whole leaf
extract. Aloe vera decolorized whole leaf extract
is also referred to as “whole leaf Aloe vera gel”
(Boudreau et al., 2013a). Dentali (2013) noted
that an industry standard for aloin content of
decolorized Aloe vera whole leaf extract is < 10
ppm. Sehgal et al. (2013) reported results of
toxicological assessment of a commercial decol-
orized whole leaf extract that contained approx-
imately Aloin A at 0.9 ppm, Aloin B at 1.3 ppm,
and aloe-emodin at 0.2 ppm. A decolorized Aloe
vera whole leaf extract assessed for safety by Shao

et al. (2013) was reported to contain combined
Aloin A and Aloin B at < 0.1 ppm.

Although Aloe vera gel and the decolor-
ized whole leaf extract are similar in that each
contain little or no latex anthraquinones, carbon
adsorption changes the physical and chemical
properties of the whole leaf extract. Aloe vera
decolorized whole leaf extract differs from the
gel in that it exhibits a degradation in rheological
properties and a loss of approximately 19-23% of
the complex polysaccharide content (Pelley ef al.,
1998).

(d) Dried Aloe vera latex (pharmaceutical
material)

The dried Aloe vera latex is the solidified
liquid originating in the cells of the pericycle and
adjacent leaf parenchyma, and flowing sponta-
neously from the cut leaf, allowed to dry with
or without the aid of heat (WHO, 1999). The
material is used for medicinal purposes and its
composition is specified in several official phar-
macopoeias (see Section 1.6).

1.2 Analysis

For Aloe vera sold for medicinal purposes,
analyses are defined in pharmacopoeial mono-
graphs (see Section 1.6). Most of the published
analytical methods (Table 1.3) deal with the
determination of the anthraquinone compounds
in the latex, and fewer and mostly qualitative
methods are available for authentication.

To carry out an exhaustive quality control of
commercial Aloe vera gel products (e.g. for food
or cosmetic uses), the following analyses should
be carried out: (i) investigation of authenticity;
(ii) test for identification of additives (to control
the labelling or regulatory limits); and (iii) deter-
mination of the aloin content (Lachenmeier ef al.,
2005; Rodriguez et al., 2010). The investigation
of authenticity aims at confirming the amount
of Aloe vera in the preparation; adulteration
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has been a major concern as a consequence of
the high cost of the raw materials. Common
adulterants have included maltodextrin in Aloe
vera gel, powder or water in the liquid prepa-
rations (Pelley et al., 1998). Many authors have
reviewed the considerable available amount of
literature for analysis and authenticity control
of Aloe vera. Besides various chromatographic
approaches, nuclear magnetic resonance spec-
troscopy appears to be the method of choice
for this purpose (Table 1.3). Common addi-
tives found in Aloe vera gel preparations, which
can be detected by chromatographic methods,
include preservatives such as benzoic acid and
sorbic acid, or antioxidants such as ascorbic acid
(Lachenmeier et al., 2005). Several methods to
control the gel material for contamination with
aloin are available (see review by Rodriguez ef al.
(2010) and Table 1.3).

1.3 Use

1.3.1 Indications

(a)  Medicinal use

The Aloe vera plant has been used in folk
medicine for more than 2000 years, and it
remains an important component of traditional
medicine in many contemporary cultures,
such as China, India, the Caribbean, and Japan
(Grindlay & Reynolds, 1986). Aloe vera first
gained popularity in the USA in the 1930s with
reports of successful use of freshly cut leaves in
treating X-ray burns (Ulbricht et al., 2007). Both
classes of Aloe vera leaf products, gel and latex,
are reported to possess a wide range of pharma-
ceutical activities.

WHO lists the short-term treatment of occa-
sional constipation as a use for Aloe vera latex
that is supported by clinical data (WHO, 1999).
The well established cathartic properties of anth-
raquinone glycosides provide strong evidence in
support of the laxative properties of Aloe vera
(Ulbricht et al., 2007). The European Medicines
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Agency also found that the therapeutic indica-
tion as an “herbal product for short-term use in
cases of occasional constipation” is a well estab-
lished use of Aloe vera latex (EMA., 2006).

For the gel, WHO identified no uses supported
by clinical data. Traditional uses include the
external treatment of minor wounds and inflam-
matory skin disorders. The gel may be used in
the treatment of minor skin irritations, including
burns, bruises, and abrasions (WHO, 1999).

In recent times, the oral consumption of
Aloe vera has been promoted as prophylaxis
and therapy for a variety of unrelated systemic
conditions. The scientific literature yields little
to substantiate claims of usefulness for systemic
conditionsbytheingestion of Aloevera (Boudreau
et al., 2013a).

Aloe vera may be used in veterinary medicine
as laxative or in topical applications, e.g. in udder
disinfectants (Leon, 2003).

(b) Food use

Aloe vera extracts may be used in beverages
as bitter flavouring agent (O’Neil et al., 2006).
Food products include health and soft drinks,
yoghurts, jams, instant tea granules, candies,
alcoholic beverages, and ice cream (Ahlawat &
Khatkar, 2011). Aloe vera may also be used in
food supplements (Steenkamp & Stewart, 2007).
The Dietary Supplements Label Database lists
43 products that contain Aloe vera as an active
ingredient in amounts of 0.33 to 750 mg per
capsule (NLM, 2012). Aloe vera whole leaf extract
(which combines both the gel and latex) and
Aloe vera decolorized whole leaf extract (from
which most of the latex components have been
removed) are popular as dietary supplements for
various systemic ailments. The anthraquinone
components of these products appear to vary
significantly in their content of aloe-emodin and
aloin A, the major anthraquinone constituent of
Aloe vera latex. (Elsohly et al., 2007) evaluated
53 liquid and 30 semisolid and solid aloe-based
commercial products. The liquid samples all
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contained either aloe-emodin or aloin A at < 10
ppm, with many having no detectable levels of
either of the two compounds. Unlike liquid prod-
ucts, many solid and semisolid products (11 out
of 30) contained one or both of the compounds,
aloe-emodin and aloin A, at > 10 ppm.

(c) Cosmetic use

The gel may be used as emollient and mois-
turizer in cosmetics and personal care prod-
ucts (O’'Neil ef al., 2006). The gel is used in the
cosmetics industry as a hydrating ingredient in
liquids, creams, sun lotions, shaving creams, lip
balms, healing ointments, and face packs (WHO,
1999). Other products containing Aloe vera
include after-shave gel, mouthwash, hair tonic,
shampoo, and skin-moistening gel (Newton
2004).

Aloe vera may be used in cosmetics for
marketing reasons (i.e. to impart a touch of
“nature” to the product) rather than for actual
effects, and the content may be normally kept at
a low level (Committee of Experts on Cosmetic
Products, 2008).

A study on skin hydration found that a single
application of a cosmetic formulation containing
> 0.25% of a commercial freeze-dried Aloe vera
gel 200:1 concentrate improved the water content
of the stratum corneum (Dal’Belo et al., 2006).
However, the concentrations of Aloe vera raw
materials in cosmetics vary widely from 0.1%
or less up to 20% (Cosmetic Ingredient Review
Expert Panel, 2007).

Anthraquinone-rich Aloe vera extracts may
function as absorbers of ultraviolet radiation
in suncreens, because anthraquinones absorb
ultraviolet radiation (Committee of Experts on
Cosmetic Products, 2008). Regulatory author-
ities in Germany have proposed that cosmetic
products for which claims are made regarding
Aloe vera should contain at least 5 g of Aloe vera
per 100 g of product (Kratz, 2009).

1.3.2 Dosage

For medicinal use as a laxative, the correct
individual dose is the smallest amount required
to produce a soft-formed stool. For adults and
children aged more than 10 years, the dose is
40-110 mg of the dried latex, corresponding to
10-30 mg of hydroxyanthraquinones per day, or
100 mg as a single dose in the evening (WHO
1999). The European Medicines Agency suggests
a maximum daily dose of hydroxyanthracene
glycosides of 30 mg, and that the correct indi-
vidual dose is the smallest required to produce
a comfortable soft-formed motion (EMA, 2006).
As for other laxatives, there is potential for abuse
of Aloe vera latex (Perkins & Livesey, 1993; Stolk
& Hoogtanders, 1999). It is difficult to estimate
rates of laxative abuse, and more so for cases of
abuse attributable to Aloe vera alone.

Formedicinal use of Aloeveragel,25to 100 mL
per day of a 4.5:1 gel concentrate was suggested as
typical oral dose range in adults (Morgan ef al.,
2005). The International Aloe Science Council
recommended a total daily consumption of Aloe
vera of 2-8 fluid ounces (59-237 mL) of single-
strength leaf gel (IASC, 2013b). For topical use,
pure Aloe vera gel is often used liberally on the
skin. Hydrophilic cream of 0.5% (by weight) of a
50% ethanol extract of Aloe vera, three times per
day for five consecutive days per week has been
used for treatment of genital herpes and psoriasis
vulgaris (Ulbricht et al., 2007).

1.4 Production, sales, and
consumption

1.4.1 Production

(a)  Production process

Aloe vera grows best in dry chalky soil orin a
sandy loam (Grindlay & Reynolds, 1986). While
the plant needs warm semi-tropical conditions,
overexposure to sun results in stunted plants with
low gel yield. Therefore, Aloe vera is commonly
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interplanted with other crops, such as fruit trees.
The quality of Aloe vera plant products varies
considerably due to differences in growing,
harvesting, processing, and storage techniques
(Boudreau et al., 2013a), and may also depend on
the regulatory regime under which the product is
sold (see Section 1.6).

Mexico, followed by the rest of Latin America,
China, Thailand, and the USA were described
as main producing countries (Rodriguez et al.,
2010). Aloe vera has become an important plant
crop in Arizona and in the Rio Grande valley of
southern Texas (Boudreau et al., 2013a).

The production processes for Aloe vera prod-
ucts include various steps such as crushing,
grinding or pressing, filtration, decoloriza-
tion, stabilization, heat processing, and may
be followed by addition of preservatives and
stabilizers. A complete overview of production
was provided by Ahlawat & Khatkar (2011). The
technology for processing of Aloe vera gel was
reviewed by Ramachandra & Rao (2008).

Harvesting of the leaves of the Aloe vera
plant is generally performed by hand, with the
leaves cut from the base of the plant (Grindlay &
Reynolds, 1986). Individual leaves are wrapped,
crated, and transported to processing plants.
Ideally, the leaves are processed within a few
hours after harvesting, as temperature, light, air,
and humidity can affect the stability of the plant
components (Paez et al., 2000). At the processing
step, the leaves may be cleaned with water and
a mild chlorine solution (Grindlay & Reynolds,
1986).

Aloe vera gel from the fillet of the inner leaf
pulp is obtained either by manual removal of the
outer layers of the leaf with a knife or by machine.
Either method can be flawed and has the poten-
tial to contaminate the gel with latex (Grindlay
& Reynolds, 1986). This process yields crude
Aloe vera gel. High quality gel appears opaque,
slightly off-white in colour, and is viscous (Vogler
& Ernst, 1999).
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Aloe vera whole leaf extract is obtained by
grinding the whole fresh leaves, without removal
of the rind. Extraneous material and lignified
fibres are then removed by homogenizing and
filtering the crude gel or whole leaf extracts
(Yaron, 1993). Since various amounts of latex and
rind may be present in the whole leaf extracts,
the extracts may appear yellow to yellow-green
in colour.

Activated carbon adsorption to produce Aloe
vera decolorized whole leaf extract is the first
processing step where an extract is intention-
ally subjected to chemical alteration. Aloe vera
decolorized whole leaf has lower rheological
values than the gel and has a lower content of
complex carbohydrates than either gel or whole
leaf extracts (Pelley ef al., 1998).

The processed extracts are difficult to keep
stable, a problem that may cause differences
in product potency; therefore, the gel or whole
leaf extracts can undergo a stabilization process
before being bottled. This process may involve
pasteurization, ultraviolet stabilization, chemical
oxidation with hydrogen peroxide, addition of
chemical preservatives and additives, or concen-
tration, and/or drying (Boudreau ef al., 2013a).

(b)  Production volume

In the cosmetic industry, Aloe vera ingredi-
ents hold a prominent position at the top of the
list showing the relative frequency of use of plant
ingredients within formulations filed with the
United States Food and Drug Administration
(FDA) (Committee of Experts on Cosmetic
Products, 2008).

1.4.2 Sales

According to the 2012 Nutrition Business
Journal Annual Report, Aloe vera was 20th
among best-selling dietary supplements in the
USA. There has been a general upward trend
in sales from US$ 31 million in 2000 to US$
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Fig. 1.4 Sales of dietary supplements containing Aloe vera in the USA
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Compiled by the Working Group from data in Nutrition Business Journal (2010, 2012).

72 million in 2011 (Fig. 1.4; Nutrition Business
Journal, 2010, 2012).

In 2006, the industry size for Aloe species
raw material was estimated to be about US$ 125
million worldwide, while the industry for finished
products containing Aloe vera was around US$
110 billion (Ahlawat & Khatkar, 2011).

Global sales of Aloe species products in 2012
totalled US$ 351 million,according to IMS Health
MIDAS data. Most products were reported as
derived from Aloe vera (90%). Substantial sales
as a dietary supplement were reported in Brazil
(US$ 74 million), Indonesia (US$ 50 million),
India (US$ 34 million), USA (US$ 29 million),
the Russian Federation (US$ 19 million), Japan
(US$ 15 million), and Mexico (US$ 12 million)
(IMS Health, 2012).

1.4.3 Consumption

Consumers of products specified in Section
1.3 are exposed to Aloe vera. While the occa-
sional short-term use of the latex as a laxative
may allow exposure to be estimated for use in
that context, it is unclear whether or not the gel
products or liquid preparations are used over the
short or long-term.

According to a representative survey
conducted by the National Health and Nutrition
Examination Survey from 1999 to 2010
(NHANES, 2010), the consumption of dietary
supplements containing Aloe vera in the USA
(prevalence of use in the past 30 days among
adults in the USA) was 0.3% in 1999-2006 and
0.1% in 2007-2010 [figures calculated by the
Working Group from publicly available data;
due to the small use, the coefficient of variation
is > 30%, so that the data for Aloe vera are less
reliable than for other herbs]. In the context of
complementary and alternative medicine, use
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of Aloe vera has been reported in 8.5-13.8% of
people in predominantly Hispanic populations
in the southern USA; according to surveys, it is
also used frequently by 10.8%, 10.3%, and 7.6%
of adults in Australia, Italy, and Jamaica, respec-
tively (Ngo et al., 2010).

1.5 Occupational exposure

No specific studies on occupational exposure
were identified. It can be assumed that workers
in the production of Aloe vera may be exposed,
as well as workers in pharmaceutical, cosmetic,
and food industries that use Aloe vera as an
ingredient.

1.6 Regulations and guidelines

Products made with various components of
Aloe vera (aloin, aloe-emodin, and barbaloin)
were at one time regulated by the FDA as oral
over-the-counter (OTC) laxatives (NCCAM
2012). In 2002, the FDA promulgated a regula-
tion stating that the stimulant laxative ingre-
dient Aloe vera in over the counter (OTC) drug
products is not “generally recognized as safe and
effective” or is misbranded (FDA, 2002). Because
the companies that manufactured such products
did not provide the necessary safety data, the
FDA required that all OTC Aloe vera laxative
products be removed from the USA market or
reformulated (NCCAM, 2012). [The Working
Group noted that currently no medicinal OTC
Aloe vera products are available in the USA,
unlike Europe where some medicinal Aloe vera
products are still available.]

According to FDA regulations, Aloe vera may
be safely used as a flavouring in foods as defined
in 21CFR172.510. The Environmental Protection
Agency (EPA) classified Aloe vera gel as a List 3
substance (inerts of unknown toxicity), and also
listed Aloe vera gel as an inert ingredient of pesti-
cide products (SciFinder, 2013).

A published tabulation of acceptable levels
of natural flavourings by the Flavor and Extract
Manufacturers’ Association indicates that an
acceptable level of Aloe vera extract is 5-2000
ppm. No distinction is given for the part of the
plant or type of plant extract used to produce
the extract used as a flavouring additive (Duke
& Beckstrom-Sternberg, 1994).

For cosmetic uses, many of the manufac-
turers of Aloe vera gel take care to supply an
ingredient containing anthraquinones at no
more than 50 ppm (Committee of Experts on
Cosmetic Products, 2008). This maximum level
was also demanded in a safety assessment of the
cosmetic industry (Cosmetic Ingredient Review
Expert Panel, 2007).

Aloe vera is specified in several official phar-
macopoeias, and an industry quality standard
of the International Aloe Science Council is
also available (Table 1.4). An American Herbal
Pharmacopoeia on “Aloe vera leaf, Aloe vera leaf
juice, Aloe vera inner leaf juice” was provided
(AHP, 2012).

2. Cancer in Humans

No data were available to the Working Group.
3. Cancer in Experimental Animals

3.1 Studies of carcinogenicity

Whole leaf extract of Aloe barbadensis Miller
[Aloe vera] was tested for carcinogenicity by oral
administration (drinking-water) in one study in
mice and one study in rats.

3.1.1 Mouse

In a 2-year study of carcinogenicity, groups
of 48 male and 48 female B6C3F, mice (age, 6-7
weeks) were given drinking-water containing 0
(controls), 1.0%, 2.0%, or 3.0% (wt/wt) whole leaf
extract of Aloe barbadensis Miller [Aloe veral]
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for 104 weeks. The average content of aloin A
and aloe-emodin of the whole leaf test material
was 6.40 and 0.071 mg/g respectively. The doses
of whole leaf extract were equivalent to average
daily doses of approximately 0, 2.9, 7.0, or 11.8 g/
kg body weight (bw) in males; and 0, 2.2, 6.3, or
11.8 g/kg bw in females (Boudreau et al., 2013a).
Survival of exposed groups was similar to that
of controls. There was no significantly increased
incidence of any tumour type in male or female
mice. Whole leaf extract increased the incidence
of goblet cell hyperplasia in the intestine of male
and female mice (Table 3.1).

3.1.2 Rat

In a 2-year study of carcinogenicity, groups
of 48 male and 48 female F344/N rats were
given drinking-water containing whole leaf
extract of Aloe barbadensis Miller [Aloe vera] at
0 (controls), 0.5%, 1.0%, or 1.5% (wt/wt) for 104
weeks. The average content of aloin A and aloe-
emodin of the whole leaf test material was 6.40
and 0.071 mg/g, respectively. The doses of whole
leaf extract were equivalent to average daily
doses of approximately 0, 0.2, 0.6, or 1.1 g/kg bw
in males and 0, 0.3, 0.7, or 1.3 g/kg bw in females
(Boudreau et al., 2013a). Survival of exposed
groups was similar to that of controls. Whole leaf
extract caused increased incidences of adenoma
and carcinoma of the large intestine (colon and
caecum) in males and females. Other treat-
ment-related lesions included hyperplasia and/
or inflammation in the mesenteric lymph node,
forestomach, small intestine, and large intestine
in males and females (Table 3.1). [The Working
Group noted that large intestine tumours are
rare spontaneous neoplasms in F344/N rats.]

3.2 Photo-co-carcinogenicity studies

Mouse

There has been one study reported in which
Aloe barbadensis Miller [Aloe vera] test articles
were studied by dermal application in mice.
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Groups of 36 male and 36 female Crl:SKH-1
(hr/hr) hairless mice (age, 8 weeks) received
topical applications of control cream or creams
containing: 3% or 6% (w/w) gel; 3% or 6% (w/w)
whole leaf extract; 3% or 6% (w/w) decolorized
whole leaf extract; or 7.46 or 74.6 ug/g of aloe-
emodin to the dorsal skin region, for 5 days per
week, for up to 40 weeks. After application of
the cream in the morning, mice were exposed
to filtered solar simulated light (SSL) at 0 (0.00
mJ.CIE/cm? per day) or 0.6 (13.70 m].CIE/cm?
per day) minimal erythema doses of light (N'TP.
2010). The minimal erythema dose is defined
as the minimal amount of radiation that causes
slight erythema within 24 hours after irradiation
(Table 3.2). The mice were killed after a recovery/
observation period of 12 weeks.

At 52 weeks, there was no significant increase
in the incidence of skin neoplasms in any group
receiving any of the four creams containing
Aloe preparations without exposure to SSL. [The
Working Group noted that the duration of the
experiment, 1 year, was too short to consider this
arm of the experiment as a full carcinogenicity
study.]

There was no treatment-related increase in
the incidence of skin neoplasms in any groups
receiving any of the four creams containing Aloe
preparations followed by SSL when compared
with the groups receiving control cream followed
by SSL. Almost all mice in groups exposed to
SSL presented with skin neoplasms due to SSL
exposure. [As a result, the primary experimental
end-point was multiplicity of skin tumours.]

There was a significant enhancing effect of
Aloe gel cream or of aloe-emodin cream on the
photocarcinogenic activity of SSL in female mice,
and there was a significant enhancing effect of the
cream containing whole leaf extract, or cream
containing decolorized whole leaf extract, on the
photocarcinogenic activity of SSL in male and
female mice, based on an increase in the multi-
plicity of squamous cell papilloma, carcinoma or
carcinoma in situ (combined) (N'TP, 2010).




Aloe vera

JYSTOM ‘M [2aM M D[BUI ‘]| [ewud) f JyStom £poq ‘mq

*(%TE) 8F/ST “xxx(%LT) 8%/8 (%0) 8%/0 “+(%0) 8%/0 1

x(%859) 8¥/1€ «(%8S) 8¥/8T (%0) 8¥/0 +(%0) L¥/0 ‘N
‘(paurquiod)

(oM £—9 o8e) dnoiS/1 8% pue N 8%

10°0 S d xxx RWOUIDIED 10 BWUOUIPE (WNDIBD PUB UO[0D) dUTISAUT 3318 [V (1) mq
S0°0 > d xx xx(%8) 8¥/¥ (%9) 8¥/€ “(%0) 8%/0 ++(%0) 8¥/0 :d Syy/3esra10ym 8 €T £°0 ‘€70 ‘0 “(IN)
Jesroroym 1000>d « x(%67) 8¥/¥1 «(%17) 8%/01 (%0) 8¥/0 «(%0) L¥/0 ‘N Mq 8y/yed[ 2[0ym 3 17 10 90 “2°0 0 (®€T07)
8/8w 1£0°0 YuaIU0d (puan) ‘PWOUTDIRD (WNDJILD PUB UOJ0D) dUTISIIUT 2310 [[Y 9q 0) paJewWIISd) I9)eM-SUDULIp UT 7D 72 NBaIpnog
urpouws-urory 100> d # «(%L7) 8V/ET “«x(%ET) 87/9 (%0) 8¥/0 “+(%0) 8¥/0 :d (M/M) %S'T 10 ‘%0°T “%S"0 ‘(JorIu0d) AM 0L
year apoym /3w 039 (puon) (%8Y) 8%/€T «(%FS) 8%/9T (%0) 8%/0 +(%0) L¥/0 N 0 :[p42a 207V ] DI ssUapvgivg | ‘W)
JUIIU0D Y UIO[Y 1000>d + RWOUSPE (WNDIBD PUL UO[0D) dUTISAIUT 93 1e] [[Y 201V JO 19BIIX3 JeI[ [0 M N/FPEd ved
(M £-9 *93¥) dno1d/q 8y pue N 8%
EERIEICH S (4) Mq3N/B 81T 10 €9
8/8w 1£0°0 Yu21u09 TTO(N) MABN/BYTTI0 0L 6T (eET00)
UIpows-urofy ‘0 9q 0} PaJEWIT)SI) IoJeM-UD[ULIP UT 77 Ja NBaIpnog
[BLIS)RW ]$9) (M/M) 9%0°€ 10 %0°T ‘%0°T (Jo1IU0d) M $0T1
Jea[ ojoym 3/3uwr 0%'9 0 :[p424 201y ] B[[IN Sisuapvqivq J ‘m)
QUIIU0D Y UIO[Y 2d£} mourn) Aue Jo 25UaPIOUT PasLaIIUT A[JUBIYTUSTS ON 201V JO 10BIIXD JBI[ S[0OYM  'dED94 OSNOJN
DUIY
uonein(
11e)s Je dnoxd/sjewrruy (xas)
sjudwwio)  dduedYIUZIg sinourn) Jo dUIPIOUL uowdox Juiso@  ures)s ‘sapadg

uorjealsiujwpe jeio Aq D13 30]l UaAIB sjes pue 1w ul AHdIUaBouIdIe) Jo SAIPNIS L'E d|qel

53



IARC MONOGRAPHS - 108

Yoom M JYSI Te[0S PAIBINILS “TSS D[R ‘] d[eWa] 4] ‘AP ‘P {[UONRUTWIN[[] UO UOISSIWIUIO)) [BUOTeUIAU]]| 95LITR[DF, [ 9P 9[BUOIBUINIUT UOISSTIWOD) ‘G0 YS1om £poq ‘mq

(9°01-S°L) xx6'8 “(7'6-9°9) 6L (LL-€°S) «¥'9
(L'8-8°9) T'L(8L-T1S) €9(TLLY) 8S N

(1M g “98e) dnoxd/g 9¢ pue N 9¢
porrad uorjearasqo
/1040231 M 7T £q Pamo[[o] M OF 10} M 1ad p

10T00) dIN
M 7§
W)

S0°0 > d xx JUTYS 9} JO BWOUIDIRD "uoouId)je Ay} ur 1SS ‘Jururowr ssa[Irey (4Y
(puaay) [122 snowrenbs 1o/pue ‘niis ur BWOUTOIRD a3 ur parjdde wear) “(Aep 1od ;wo/groe(w 0£°€T)  /4Y) T-HISHD
S0°0>d « [129 snowrenbs “eworided 79 snourenbg 1SS + 8/8M 9'%/ 10 9%/ () Y WD UTPOWS-I0]Y QSNOIA
(o g 23e) dnoid/g 9¢ pue N 9¢
(T'11-82) pouiad uoneaIssqo (0107) dIN
£00°0 = d xxxx x30x€6 (0°TT-F'8) sx0'0T (LL=TS) xa¥'9 /K194021 3M-T T Aq POMO[[0] M (F 10F M 12d p g M T8
2000 = d xxx (08=T9) 79 (6'6-579) x0'8 (€£-9F) 8'SG ‘N JLOCLEEITE (ER)
(puan) TUDYS 9] JO BWOUTIIRD oy ut 1SS ‘Suruzow oy ut parjdde wear) “(Aep SssafIrey (4y
L0070 =d xx [[9> snowrenbs 1o/pue ‘IS UT LWOULIIE Tod ;wd/gID (W 0L ET) ISS + (M/M) %9 10 % /-4y) T-HIS'HO
S0°0>d [122 snowenbs ‘eworided [[25 snowrenbg 050 78 WBAID D124 20]Y/ Jd] A[OYM PIZLIO[0d3(] QSNOTA]
(1M g 23¥) dnoid/g 9¢ pue N 9¢ (0T00) dIN
(1'6-5'9) L'L(€0T-FL) 5xL'8 (9£L-€'S) +¥'9 poriad uoryeaIasqo M 7S
(€°01-8'9) «¥'8 (6L-TS) ¥'9 (TL~LF) +8°G ‘N /£194021 3M-7T £q PaMO[[0F M OF 103 Ym 12d p g d M)
S0°0 > d xx JUTYS 9Y} JO BWOUIDIRD "UOOULIdYE 9] UT TSS ‘3UTUIOW ) Ul sso[Irey (4Y
(puay) [122 snowrenbs 1o/pue ‘niis ur BWOUTOIRD pardde wear) “(Aep 1od ;wo/gIDe(w 0£°¢T) TISS +  /-4Y) T-HISHD
S0°0>d « [122 snowenbs ‘eworided [[o5 snowrenbg  (M/M) 99 10 ‘%€ 040 1B UIBIID D424 20] JeI] J[OY M QSNOTA]
1SS
0 21nsodxa noym
suonjeredaid viaa 201y (oM g 28e) dnoiS/ g 9¢ pue N 9¢ 10100 dIN
Sururejuod swreand xxx(9°6-6'9) T'8 “«x(8°01-8'2) T6 X(94-€°S) #'9 4 pouad uoneAIdsqo M TS
Surarpdax dnoid Aue 00> d s (L'8-8G) L (#8-99) 89 (TL~LF) §G N /A19402313M-TT £q PIMO[[0] M OF 10f M 1ad P § (1 M)
ur swsejdoau unys 900°0 = d xx UDYS 9Y) JO BWIOUTOIED "uoouId)Je Y3 Ul ISS ‘Jururowr sso[arey (Y
JO 20UIPIdUT Y} UT (puaiy) [12 snowrenbs 10/pue ‘njis ur BWOUTOIRD oy ut parjdde wreax) “(Aep 1od ;wo/gIDe(W 0£°€T)  /4Y) T-HISTID
9SBAIOUT JUROYTUSIS ON S0°0>d [12 snowrenbs ‘eworyided [[o5 snowrenbg TISS + (M/M) 949 JO ¢ “95() Je Uread [98 viaa 201y QSNON
dUIIYY
uonjeanq
1e)s Je dnoxg/sewrruy (xs)
SJUIUWWO)) duedyTudIg LAyprdnnu amourny pajsnfpe-ade [[erAQ wowrSax Suiso  urexs ‘sapadg

1ybi| 1ejos paje|nwis 0}
ainsodxa Aq pamojjoj uonesijdde unjs Aq uipowa-aoje 10 DIaA 0]y USAIB dIW |-HHS Ul saipnis Ayd1uabouldied-o0) '€ ajqel

54



Aloe vera

4, Mechanistic and Other
Relevant Data

In reviewing studies relevant to the possible
carcinogenicity of Aloe vera, the Working Group
noted that attributing appropriate weight to indi-
vidual studies was complicated by the consid-
eration that, despite the terminology used, the
material tested may not have been identical
across various studies and/or may not have been
identical to the material that was studied in
experimental animals, as described in Section 3
of this Monograph.

4.1 Absorption, distribution,
metabolism, and excretion

4.1.1 Humans

There were no reports of studies to determine
the absorption, distribution, metabolism, or
excretion of topically applied Aloe vera gel, whole
leaf extract or decolorized whole leaf extract in
experimental animals or humans.

Aloe vera whole leaf extract is composed of
gel and latex. Aloe vera gel contains non-starch
polysaccharides of high molecular weight (the
major one being acemannan) that are composed
of sugar moieties linked by [-1,4-glycosyl bonds
(Fig. 1.3 in Section 1). Aloe vera latex contains
the anthrone C-glycosides aloin A (barbaloin)
and aloin B (isobarbaloin) that are linked by
B-glycosyl bonds to D-glucopyranose. Other
C-glycosides found in Aloe vera latex include
aloesin (aloeresin B) and aloeresin A in which
the glycosyl linkage is to the benzo ring of
benzopyran-4-one (Boudreau & Beland, 2006).
Aloenin, an O-f-glucoside, is also a component
of Aloe vera latex (Hirata et al., 1981; Matsuda
et al., 2008).

(a) Components of Aloe vera gel: metabolism
ex vivo

Incubation of acemannan (aloemannan;
molecular weight > 400 kDa) labelled with fluo-
resceinyl isothiocyanate (FITC) with a suspen-
sion of fresh human faeces for 5 days gave two
metabolites, with molecular weights of 10 and
30 kDa, in 1% yield, meaning that aloemannan
is catabolized by human intestinal bacteria (Yagi
et al., 1999).

(b) Components of Aloe vera latex

Orally ingested anthrone C-glycosides (i.e.
aloin A and aloin B) pass intact through the
upper portion of the gastrointestinal tract and
upon reaching the lower gastrointestinal tract
are cleaved to aloe-emodin-9-anthrone by
human Eubacterium sp. BAR given to germ-free
rats (Che et al., 1991; Hattori et al., 1993; Akao
et al., 1996). The free aglycone is then absorbed,
undergoes oxidation, and is excreted in the
urine as rhein, as was shown in three volunteers

receiving Aloe vera or barbaloin (Vyth & Kamp,
1979; Fig. 4.1).

4.1.2 Experimental systems

(a) Components of Aloe vera gel

In beagle dogs, the oral administration of
radiolabelled acemannan at a dose of 20 mg/kg
body weight (bw) per day for 3 months resulted
in peak blood concentrations at 4-6 hours and
a half-life of > 48 hours (Fogleman ef al., 1992).

Male ddY mice were given FITC-labelled
acemannan (aloemannan; molecular weight,
500 kDa) at a dose of 120 mg/kg bw by gavage,
and urinary and faecal excretion was monitored
for 48 hours. Of the administered dose, 95% was
excreted in the faeces, with > 90% occurring
within 24 hours. Only 0.3% of the material was
found in the urine. In both urine and faeces,
FITC-labelled acemannan was converted to
substances of low molecular weight (< 9 kDa).
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Fig. 4.1 Metabolites of aloin A and aloin B
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Hydrolysis of the B-glycosidic
bond by intestinal bacteria
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Aloin A and B are constituents of Aloe vera whole leaf latex.
Compiled by the Working Group.
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FITC-labelled acemannan was also adminis-
tered to mice by intravenous injection at a dose
of 120 mg/kg bw. Of the administered dose, 73%
was excreted in the urine, with > 60% occurring
within 24 hours; 13% of the material was found
in the faeces. In both urine and faeces, FITC-
labelled acemannan was converted to substances
of low molecular weight (10-70 kDa in urine;
5 kDa in faeces) (Yagi ef al., 1999).

(b) Components of Aloe vera latex

In male Wistar rats, oral administration of
aloin A (barbaloin; 100 mg/kg bw) resulted in
maximum serum concentrations of aloin A
[340 ng/mL; ~0.8 pM, based upon the molec-
ular weight of aloin A of 404 Da] 1.5 hours after
administration, followed by a decrease in concen-
tration, with aloin A still detectable 6 hours after
dosing (Ishii ef al., 1987).

The ability to cleave anthrone C-glycosides
varies among species; free anthrones are detected
in faecal contents from humans and rats, but not
mice or guinea-pigs (Dreessen & Lemli, 1988;
Hattori et al., 1988).

In male and female Brown-Norway rats, oral
administration of [“CJaloe-emodin (4.5 mg/kg
bw) resulted in maximum blood concentrations
[~350 ng/mL; ~1.3 uM, based upon the molecular
weight of aloe-emodin of 270 Da] 2 hours after
dosing, and a terminal half-life of elimination
of approximately 50 hours. Seven metabolites
were detected in the plasma. These were char-
acterized as aloe-emodin, rhein, an unidentified
aglycone, and conjugates of these aglycones.
Approximately 20% of the radiolabel was elim-
inated in the urine, primarily as aloe-emodin,
rhein, and their conjugates. More than 75% of the
radiolabel was excreted in the faeces and nearly
all of this was aloe-emodin. At early time-points
(<48 hours), a great majority of the radiolabel was
associated with the gastrointestinal tract. At later
time-points (i.e. 96 hours), the highest levels of
radioactivity were found in the kidney and liver.

This material was characterized as aloe-emodin,
rhein, and their conjugates (Lang, 1993).

Intracaecal administration of [“C]rhein to
male Wistar rats resulted in 37% of the radioac-
tivity being excreted in the urine and 53% in the
faeces. The highest tissue concentrations were
found in the kidney (De Witte & Lemli, 1988).

The oral administration of [4C]-labelled
aloenin to rats resulted in the faecal and urinary
excretion of the aglycone 4-methoxy-6-(2,4-di-
hydroxy-6-methylphenyl)-2-pyrone (Hirata
et al., 1981).

4.1.3 Alterations in enzymes involved in
metabolism

Incubation of the human colon carcinoma
cell line LS180 with Aloe vera juice resulted in a
significant increase in the expression of CYPIA2,
CYP3A4, and multidrug resistance 1 genes
(Brandin et al., 2007).

Commercial preparations of Aloe vera were
tested for their ability to inhibit the activities of
CYP3A4 and CYP2D6 in vitro. Inhibition was
observed with half maximal inhibitory concen-
trations IC,, in the range 8-43 mg/mL, concen-
trations that were probably sufficiently high as to
preclude any significant inhibition in vivo (Djuv
& Nilsen, 2012). Rhein was shown to inhibit
CYP1A2, CYP2C9, CYP2D6, CYP2EI, and
CYP3A activities in rat liver microsomes, with
K, in the range of 10-74 pM (Tang et al., 2009).

4.2 Genetic and related effects

4.2.1 Humans

No data were available to the Working Group.
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4.2.2 Experimental systems
(a DNAdamage

An Aloe vera whole leaf extract induced
single-strand breaks in pUC 9.1 plasmid DNA,
and this was associated with decreased transfor-
mation efliciency of the plasmid (Table 4.1; Paes-
Leme et al., 2005).

Aloe-emodin and/or rhein induced DNA
damage in NPC-039 and NPC-076 human naso-
pharyngeal carcinoma cells and SCC-4 human
tongue cancer cells, as measured by comet assays
(Table 4.2; Lin et al., 2007, 2010; Chen et al., 2010).

(b)  End-points associated with DNA damage

In addition to inducing DNA damage (as
indicated by comet assays), aloe-emodin signif-
icantly inhibited expression of genes associated
with DNA damage and repair: ataxia telangiec-
tasia mutated (ATM), ataxia telangiectasia and
Rad3-related (ATR), 14-3-30, breast cancer 1,
earlyonset (BRCAI),and DNA-dependent serine/
threonine protein kinase (DNA-PK) in SCC-4
human tongue squamous cancer cells (Chen et al.
2010). Aloe-emodin also induced the formation
of reactive oxygen species (ROS) in SCC-4 cells,
which was accompanied by S-phase cell-cycle
arrest, apoptosis, and several molecular markers
associated with apoptosis (Chiu et al., 2009).
Rhein induced the formation of ROS in NPC-039
human nasopharyngeal carcinoma cells, SCC-4
human tongue squamous cancer cells, and A-549
human lung cancer cells, which was accompa-
nied by apoptosis and several molecular markers
associated with apoptosis (Lin ef al., 2007; Hsia
et al. 2009; Lai et al., 2009).

Aloe-emodin induced DNA damage in
mouse lymphoma L5178 cells, as measured by
comet assay (Table 4.2; Miiller et al., 1996).

(c)  Gene mutation

Extracts in water, ethanol or methanol of
Aloe ferox Mill,, stabilized Aloe vera gel, Aloe vera
whole leaf extract, Aloe vera decolorized whole
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leaf extract, Aloe vera gel, acemannan, and aloin
were tested in Salmonella typhimurium reverse
mutation assays, Bacillus subtilis rec-assays,
and/or SOS DNA damage-repair assays. With
the exception of the Bacillus subtilis rec-assay
with water extracts of Aloe ferox Mill., all gave
negative results (Table 4.1; Table 4.2; Brown &
Dietrich, 1979; Morimoto et al., 1982; Boudreau
et al., 2013a; Sehgal et al., 2013a, b).

Aloe-emodin was mutagenic in reversion
assays with various strains of Salmonella typh-
imurium, at the Tk*- locus in mouse lymphoma
L5178Y cells, and the Gpt locus in AS52 Chinese
hamster cells (Table 4.2; Brown et al., 1977;
Brown & Dietrich, 1979; Westendorf et al., 1990;
Heidemann et al., 1996; Miiller et al., 1996;
Miiller & Stopper, 1999; Nesslany et al., 2009).

Mutation analysis of eight adenomas and
four carcinomas from the large intestine of F344
rats given drinking-water containing an Aloe
vera whole leaf extract (Boudreau ef al., 2013a,
b) indicated four point mutations in exons 1 and
2 of the Kras gene and four point mutations in
exon 2 of the Ctnnbl gene (Table 4.1; Pandiri
et al., 2011).

(d)  Other genotoxicity end-points

Aloe vera inner leaf fillet Qmatrix® did not
induce chromosomal aberration in Chinese
hamster lung cells in vitro; micronuclei were not
formed in bone-marrow cells of mice treated
orally in vivo (Williams ef al., 2010; Table 4.1).

Aloe-emodin induced unscheduled DNA
synthesis in primary hepatocytes from male
Wistar rats, micronucleus formation in mouse
lymphoma L5178Y cells and TK6 human lymph-
oblastoid cells, and chromosomal aberrations in
Chinese hamster ovary cells. Aloe-emodin also
inhibited topoisomerase II, gave positive results
in comet assays in mouse lymphoma L5178Y
cells, SCC-4 human tongue cancer cells, and
NPC-039 human nasopharyngeal carcinoma
cells, and transformed C3H/M2 mouse cells
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(Table 4.2; Heidemann et al., 1996; Miiller et al.,
1996; Miiller & Stopper, 1999; Lin et al., 2010).
Rhein gave positive results in comet assays
in SCC-4 human tongue cancer cells and
NPC-039 human nasopharyngeal carcinoma
cells (Table 4.2; Lin et al., 2007; Chen et al., 2010).

4.3 Toxic effects and other
mechanistic data

[The Working Group noted that the following
studies would have been strengthened by the
inclusion of positive controls, and Aloe vera
whole leaf was not included for comparison.]

Short-term studies were conducted in which
technical-grade acemannan (acemannan, 78%)
was fed to male and female Sprague-Dawley
rats at doses up to 2000 mg/kg bw per day for
6 months, and to male and female beagle dogs at
doses up to 1500 mg/kg bw per day for 90 days.
There were no significant gross or microscopic
lesions in either species that could be associated
with the dietary administration of acemannan
(Fogleman et al., 1992).

Short-term studies were conducted in which
Aloe vera gel (designated “process A aloe”)
or charcoal-treated Aloe vera gel (designated
“process B aloe”) were fed to male F344 rats at
dietary concentrations of 1% or 10% for up to
7 months [corresponding to doses of Aloe vera
gel of ~0.33 and 3.3 g per kg bw per day]. Gross
and microscopic histopathological analyses indi-
cated that there were no significant differences
between the control rats and rats fed either of the
Aloe vera preparations (Herlihy ef al., 1998).

Male F344 rats were given drinking-water
containing Aloe vera gel at a concentration of
1% [~0.2 g/kg bw per day], or charcoal-treated
Aloe vera gel at 1% [~0.2 g/kg bw per day], or
charcoal-treated Aloe vera whole leaf at 0.02%
[amount consumed could not be determined] for
30 months. None of the treatments caused any
obvious histopathological changes (Ikeno et al.
2002).

Male and female Sprague-Dawley rats were
treated by gavage with an Aloe vera preparation
designated Qmatrix’ at a dose of 0, 500, 1000, or
2000 mg/kg bw per day for 90 days. This material
was prepared from Aloe vera inner leaf fillets and
was further treated to reduce the aloin content
to < 10 ppm. At necroscopy, there were no gross
or histopathological alterations that could be
ascribed to treatment with Aloe vera (Williams
et al., 2010).

Short-term studies were conducted in which
charcoal-treated Aloe vera gel (designated “Aloe
juice”) was fed to male and female B6C3F, mice
at a dose of 350-540 mg per day for 13 weeks.
At necropsy, no significant differences were
observed between mice fed Aloe juice and the
control mice. Likewise, histopathological exami-
nation of the livers revealed no treatment-related
lesions (Sehgal ef al., 2013a).

Male and female Wistar Hannover rats fed
whole leaf powder from Aloe arborescens Miller
var. natalensis Berger at a dietary concentra-
tion of 0%, 0.16%, 0.8%, or 4% [corresponding
to doses of whole leaf powder of 0, 99, 486, and
2447 mg per kg bw per day] for 1 or 2 years
showed severe sinus dilatation and yellowish
pigmentation of the ileocaecal lymph nodes, as
well as yellow-brown pigmentation of the renal
tubules. Rats from the 2-year study also showed
pigmentation, epithelial thickening, and atypical
hyperplasia of the large intestine (Matsuda et al.
2008; Yokohira et al., 2009).

Male and female F344Du rats given drink-
ing-water containing Aloe vera decolorized
whole leaf juice at 0%, 0.5%, 1%, or 2% [corre-
sponding to doses of decolorized whole leaf juice
of 0, 565, 1201, and 2382 mg per kg bw per day]
for 3 months. No alterations were detected upon
histopathological examination of the caecum
and colon (Shao et al., 2013).

Male and female B6C3F, mice were given
an Aloe vera decolorized whole leaf extract to
which had been added a high-molecular-weight
Aloe vera polysaccharide designated Aloesorb,

63



IARC MONOGRAPHS - 108

by gavage, twice in 24 hours. The material was
administered at 1% of the mouse body weight
[the absolute amount of the decolorized whole
leaf extract administered could not be deter-
mined] and the mice were monitored for up to
14 days after treatment. No adverse effects were
detected. The same Aloe preparation was also
mixed in the diet at a concentration of 100 g/kg
and fed to male and female F344 rats for 3 months
[total amount administered, 10 g of decolorized
whole leaf extract per g bw]. Histopathological
examination of the caecum, colon, and rectum
indicated no significant alterations (Sehgal et al.,
2013b).

Male and female F344/N rats exposed to
drinking-water containing Aloe vera whole leaf
extract at 1%, 2%, or 3% [corresponding to whole
leafextractatapproximately 1.2,2.4,and 3.6 g per
kg bw per day] for 13 weeks, or Aloe vera whole
leaf extract at 0.5%, 1.0%, or 1.5% [corresponding
to whole leaf extract at 0.25, 0.65, and 1.2 g per
kg bw per day] for 2 years, had dose-related
increases in the incidence and severity of goblet
cell and lymph node hyperplasia in the large
intestine. Goblet cell hyperplasia also occurred
in the large intestine of B6C3F, mice given
drinking-water containing Aloe vera whole leaf
extract at 1%, 2%, or 3% [corresponding to whole
leaf extract at 2.55, 6.65, and 11.8 g per kg bw per
day] for 13 weeks, but with lesser severity than
that observed in rats (Boudreau et al., 2013a, b).

Aloe vera Liliaceae was extracted with 95%
ethanol, the solvent was evaporated, and the
residue was administered in the drinking-water
at a dose of 100 mg/kg bw to male Swiss albino
mice for 3 months. Of the treated mice, 30%
(6/20) died compared with 10% (2/20) of the
control mice, a difference that was not statisti-
cally significant. Mice treated with the Aloe vera
preparation had an increased incidence (P < 0.01)
of sperm abnormalities, including megacephaly,
flat head, swollen acrosome, and rotated head
(Shah et al., 1989). [The identity of the material
being tested was not certain.]
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4.4 Other mechanistic data

Gastrointestinal transit times were meas-
ured in B6C3F, mice and F344/N rats given
drinking-water containing Aloe vera whole leaf
extract (aloin A, 14.1-15.9 mg per g of extract),
Aloe vera decolorized whole leaf extract (aloin
A, 0.06-0.2 mg per g of extract), or Aloe vera
gel (aloin A, 1.1-1.4 mg per g of gel) for 14 days.
Without treatment, B6C3F, mice have shorter
transit times than F344/N rats. Aloe vera whole
leafextract decreased transit times in the rats, but
not in mice. A decrease in gastrointestinal transit
times was also observed in a 13-week study in
F344/N rats, but not B6C3F, mice, receiving Aloe
vera whole leaf extract (Boudreau et al., 2013a, b).

Molecular pathways shown to be important
in human colorectal carcinogenesis, including
mitogen-activated protein kinases MAPK, WNT,
and transforming growth factor TGF-f signal-
ling pathways, were also altered in adenomas
and carcinomas of the large intestine in F344
rats given drinking-water containing Aloe vera
whole leaf preparations at 1% and 1.5% (Pandiri
et al., 2011).

Aloe vera whole leaf preparations were incu-
bated with pure and mixed human gut-bacteria
cultures. The Aloe vera preparations possessed
bacteriogenic activity and altered the production
of acetic acid, butyric acid, and propionic acid
(Pogribna et al., 2008).

4.5 Susceptibility

No data were available to the Working Group.

4.6 Mechanistic considerations

Upon oral ingestion, Aloe vera components
pass through the upper portion of the gastroin-
testinal tract; upon reaching the lower gastroin-
testinal tract, the anthrone C-glycosides aloin
A and aloin B are converted by the intestinal
microflora to aloe-emodin-9-anthrone, which
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undergoes sequential oxidation to aloe-emodin
andrhein (Fig.4.1). Likewise,intestinal microflora
metabolize acemannan to smaller compounds by
cleavage of the B-1>4 linkages.

The oral administration of Aloe vera whole
leaf preparation induces hyperplasia of the large
intestine in mice and rats, and adenomas and
carcinomas of the large intestine in rats. Rats
dosed orally with acemannan for up to 6 months
did not display any treatment-related patholog-
ical changes. Likewise, rats given Aloe vera gel
orally, and mice and rats given charcoal-treated
Aloe vera gel did not show any treatment-related
non-neoplastic or neoplastic lesions.

Aloe vera preparations, acemannan, and
aloin A do not display genotoxic activity in
bacterial assays for mutagenesis and/or other
assays for genotoxicity. In contrast, aloe-emodin
is mutagenic in Salmonella typhimurium
reversion assays, induces unscheduled DNA
synthesis, gene mutations, micronucleus forma-
tion, and chromosomal aberrations, inhibits
topoisomerase II, and gives positive results
in comet assays. These data suggest that the
neoplastic response observed with Aloe vera is a
consequence of the conversion of the anthrone
C-glycosides to aloe-emodin, which by itself or
in combination with other Aloe vera components
is responsible for the development of adenomas
and carcinomas in the large intestine.

In the 2-year bioassays with Aloe vera whole
leaf preparations, mice were exposed to nearly 10
times more test material (on a per kg bw basis)
than rats. In spite of this higher exposure, the
mice did not develop adenoma or carcinoma of
the large intestine, which may be due to the fact
thattheintestinal bacteriain micearelessefficient
than the intestinal bacteria of rats in converting
aloin A and aloin B to aloe-emodin anthrone and
subequently aloe-emodin. In addition, mice have
shorter gastrointestinal tracts and faster gastro-
intestinal transit times than rats, which could
contribute to the lack of a tumour response in
mice.

Although the carcinogenicity of Aloe vera
appears to be dependent upon the presence of
the anthraquinone fraction, in particular aloe-
emodin, the mechanism by which this fraction
causes intestinal tumours is presently unknown.
The administration of Aloe vera whole leaf prepa-
rations to rats induced non-neoplastic lesions
(i.e. goblet cell hyperplasia) that are not observed
with other Aloe vera preparations (e.g. Aloe vera
gel, decolorized gel, or decolorized whole leaf).
These non-neoplastic changes may result in the
formation of ROS that could promote neoplastic
progression. Aloe-emodin has been shown to
generate ROS after incubation with human cells
in vitro, probably as a result of its anthraquinone
structure. Aloe-emodin also contains a benzylic
hydroxy moiety that has the potential to undergo
esterification (e.g. sulfation) to a reactive elec-
trophile that could bind to DNA. This pathway
does not appear to have been investigated. The
incubation of Aloe vera whole leaf preparations
with human intestinal microflora results in an
increased production of short-chain fatty acids.
The impact of this increased production is pres-
ently not clear. Although the mechanism by
which Aloe vera whole leaf preparations induce
intestinal neoplasms in rats is not fully under-
stood, it is clear that the molecular pathways
observed in the intestinal neoplasms induced in
rats by Aloe vera whole leaf preparations are also
observed in human colorectal cancers.

5. Summary of Data Reported

5.1 Exposure data

Aloe vera, also known as Aloe barbadensis,
is a perennial succulent plant with green fleshy
leaves. The leaves contain two types of liquids: a
yellow bitter latex under the skin, and a viscous
gelin the inner section. Commercial products are
made from processed leaves. Four major types
of processed products were identified: whole leaf
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extract; decolorized whole leaf extract; inner-leaf
gel;and dried bitter latex. Decolorization removes
pigments and anthraquinones from the whole
leaf extract. The dried latex has medicinal uses
as a laxative. The other forms are used in foods,
dietary supplements, beverages, and cosmetic
products. Exposure data, where they exist, do not
identify the nature of products containing Aloe
vera used by consumers.

5.2 Human carcinogenicity data

No data were available to the Working Group.

5.3 Animal carcinogenicity data

Whole leaf extract of Aloe vera was tested for
carcinogenicity after oral administration in one
2-year study in mice, and one 2-year study in rats.

In male and female rats, drinking-water
containing whole leaf extract of Aloe vera caused
significantly increased incidences of adenoma of
the large intestine (colon and caecum) and carci-
noma of the large intestine (colon and caecum),
tumours rarely developed spontaneously in rats.

In the 2-year study in mice, there was no
significantly increased incidence of any type
of tumours in males or females given drink-
ing-water containing whole leaf extract of Aloe
vera.

In a study of photo-co-carcinogenesis with
simulated sunlight, four articles were studied by
skin application in hairless mice: three test arti-
cles containing Aloe vera that included gel, whole
leaf extract, and decolorized whole leaf extract;
and an aloe-emodin preparation. Almost all mice
exposed to simulated sunlight developed skin
neoplasms. No increase in the incidence of skin
neoplasms was observed in the groups receiving
any of the four test articles applied as a cream
followed by simulated sunlight when compared
with the group receiving control cream followed
by simulated sunlight. There was a significant
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enhancing effect of Aloe vera gel cream or aloe-
emodin cream on the photocarcinogenic activity
of simulated sunlight in female mice based on
an increase in the multiplicity of squamous
cell papilloma, carcinoma or carcinoma in situ
(combined). There was a significant enhancing
effect of the whole leaf extract cream or decol-
orized whole leaf extract cream on the photocar-
cinogenic activity of simulated sunlight in both
male and female mice, based on an increase in
the multiplicity of squamous cell papilloma,
carcinoma or carcinoma in situ (combined).

5.4 Mechanistic and other relevant
data

The C-glycosides aloin A and aloin B, which
are components of Aloe vera latex, are converted
to aloe-emodin-9-anthrone by bacteria present
in the gastrointestinal tract of rats and humans.
Aloe-emodin-9-anthrone undergoes sequen-
tial oxidation to aloe-emodin and rhein.
Preparations of Aloe vera, acemannan, and aloin
A, do not display genotoxic activity in assays
for mutagenesis in bacteria and/or other assays
for genotoxicity. In contrast, aloe-emodin has
genotoxic activity. These data suggest that the
neoplastic response observed with Aloe vera is a
consequence of the conversion of the anthrone
C-glycosides to aloe-emodin, which by itself or
in combination with other components of Aloe
vera is responsible for the adenomas and carci-
nomas in the large intestine of rats.

6. Evaluation

6.1 Cancer in humans

There is inadequate evidence in humans for
the carcinogenicity of Aloe vera.
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6.2 Cancer in experimental animals

There is sufficient evidence in experimental
animals for the carcinogenicity of whole leaf
extract of Aloe vera.

6.3 Overall evaluation

Whole leaf extract of Aloe vera is possibly
carcinogenic to humans (Group 2B).
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