
Aloe vera (Aloe barbadensis

Miller) is a perennial succulent

belonging to the Liliaceal family,

and is called the healing plant or

the silent healer. As a result of its

use as folk medicine, it is claimed

that aloe vera has wound and

burn healing properties, and anti-

inflammatory, and immunomodu-

latory effects. Aloe vera is used in

a variety of commercial products

because of these therapeutic prop-

erties. It is being used as a whole

extract, however, and the rela-

tionship between the components

of the extract and its overall effect

has not been clarified. A more pre-

cise understanding of the biologic

activities of these is required to

develop aloe vera as a pharma-

ceutical source. Many attempts

have been made to isolate single,

biologically active components, to

examine their effects, and clarify

their functional mechanism. This

review focuses on the relationship

between the isolated aloe vera

components (ie, glycoproteins,

anthraquinones, saccharides,

low–molecular-weight substances)

and their presumed pharmaco-

logic activities.
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INTRODUCTION

Aloe vera (Aloe barbadensis Miller) is a perennial
succulent belonging to the Liliaceal family. It is a
cactus-like plant that grows in hot, dry climates.
In nature, it may be damaged physically by ultra-
violet (UV) irradiation or by insects. Perhaps its

survival in a harsh environment encourages people to believe that
aloe vera has wound-healing and antibiotic effects. It is, therefore,
less than fortuitous that aloe vera has been reported to possess
immunomodulatory, antiinflammatory, UV protective, antiproto-
zoal, and wound- and burn-healing promoting properties.1 How-
ever, previous treatments of such diseases and conditions with
aloe vera gel have been empirical rather than theoretical. There-
fore, the clarification of the modes of action of the biochemical
components of aloe vera is important in the determination of the
most efficient way of using such active species effectively and
developing their applications. It is essential to establish the rela-
tionships between the components of aloe vera and their pharma-
cologic effects. Many attempts have been made to isolate single,
active components to examine their effects and clarify their func-
tional mechanisms. Reynold’s review1 describes the biologic activ-
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ities of several aloe species. Since then, further
pharmacologic activities of the components of
aloe vera have been reported. Therefore, this re-
view focuse on establishing the relationship be-
tween the components of aloe vera and their ef-
fects based on published reports and more recent
findings.

BIOLOGIC ACTIVITIES OF ALOE VERA GEL

The whole gel extract of aloe vera has been
reported to have various pharmacologic prop-

erties, specifically to promote wound, burn, and
frost-bite healing, in addition to having antiinflam-
matory, antifungal, hypoglycemic, and gastropro-
tective properties.1 Of those claims, aloe vera’s
antiinflammatory and wound healing has been the
most extensively studied.

Wound healing is considered to be composed of
three overlapping events: (1) inflammation, (2)
new tissue formation, and (3) matrix remodeling.2

In the case of whole gel extracts, many clinical
trials have been performed on animal models.
Protein factors related to wound healing have
been investigated, such as growth factors, cell-
migration related factors, matrix-forming factors,
and matrix-degradation factors. Aloe vera gel ex-
tract stimulated fibroblast growth in a synovial
model and also enhanced wound tensile strength
and collagen turnover in wound tissue.3-5 In an-
other trial, topical application of aloe vera gel
stimulated fibroblast activity and collagen prolif-
eration, in addition to increasing the content of
granulation tissue and tissue crosslinking by in-
creasing the aldehyde content and decreasing the
acid solubility.6,7 The aloe vera gel also increased
levels of hyaluronic acid and dermatan sulphate in
granulation tissue.8 In terms of the formation of
new tissue, angiogenesis is essentially required to
provide oxygen and metabolites to the tissues. An
increase in the blood supply was observed after
aloe vera gel treatment,9 and it has been suggested
that an increased oxygen access is one of the
factors enhanced by aloe vera gel.10 Aloe vera gel
was found to contain an angiogenic component.11

The aloe vera gel extract permitted faster healing
of burns, and reestablished the vascularity of burn
tissue of a guinea pig.12,13 Although many reports
support the promotion of wound healing by the
whole gel extract, several reports have mentioned
inhibitory effects. A delay in wound healing was

observed when a wound was treated with aloe vera
gel.14 In another trial, aloe vera gel hindered
wound healing in an experimentally induced sec-
ond-degree burn.15 Different results should be ex-
pected, however, given the fact that the composi-
tion of the aloe vera gel varies and that even
within the same species the plant depends on
source, climate, region, and the processing
method. Nevertheless, as more factors involved in
the wound healing process are discovered, data
accumulates supporting the enhancing effect of
whole gel.

Other aspects of the pharmacologic activity of
aloe vera gel are presented by its antiinflamma-
tory and immunomodulatory effects. Antiinflam-
mation is the first step in the wound healing
process. Based on the fact that aloe vera gel effec-
tively enhances wound healing, whole gel was
examined for antiinflammatory activity. The
whole gel extract was found to have antiinflamma-
tory activity on carrageenan-induced edema in rat
paws.16 Moreover, it was found to enhance wound
tensile strength and antiinflammation.4 Topically
administered aloe vera preparations inhibited in-
flammation in the croton oil-induced edema as-
say.9 In terms of the mechanism involved, the
inhibitory action of aloe vera gel on the arachi-
donic acid pathway via cyclooxygenase has been
suggested.

The immunomodulatory activity of aloe vera gel
has also been widely studied. The topical applica-
tion of aloe vera gel extract to the skin of UV-
irradiated mice improved UV-induced immune
suppression.17 Topical application inhibited con-
tact hypersensitivity and delayed type hypersen-
sitivity suppression by UV radiation in mice. It
preserved the number and morphology of irradi-
ated Langerhans and dendritic epidermal cells in
skin. Lissoni et al18 demonstrated that the admin-
istration of aloe vera with pineal indole melatonin
enhances the therapeutic results in patients with
advanced solid tumors. The percentage of nonpro-
gressing patients and the percentage of 1-year
survival was significantly higher in the group
treated with aloe vera plus melatonin than in the
melatonin-only group. It is possible that aloe vera
activate anticancer immunity and produce thera-
peutic benefits in terms of stabilization of disease
and survival in patients with advanced solid tu-
mors.18

Aloe vera gel also showed hypoglycemic activ-
ity on insulin-dependent diabetes mellitus and
non–insulin-dependent diabetes mellitus rats,
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though it was found to be more effective in
non-insulin dependent diabetes.19 The acute
and chronic effects of aloe vera gel were studied
on the plasma glucose levels of alloxan-diabetic
mice and was found to reduce plasma glucose
levels.20 Aloe vera gel has also been found to
have antifungal activity and is believed that aloe
vera likely contains antibiotic substances to
help to prevent infection.21

Studies in vitro, using crude gel extracts, are
difficult to perform and the results are difficult to
interpret because of the active substances’ com-
plexity. For example, since aloe vera gel contains
both inhibitory and stimulatory systems with re-
spect to inflammatory and immune responses,22,23

it is possible that several activities operate sepa-
rately and each has with its own part to play in the
overall effect. Therefore, the clarification of the
modes of action for each individual components of
aloe vera is the most efficient way to develop
applications for the components of aloe vera.

COMPONENTS OF ALOE VERA

Box 1 summarizes the components of aloe vera,
which are primarily glycoproteins, anthraqui-

nones, saccharides, and low–molecular-weight
substances. Polysaccharides are largely glucoman-
nans of various compositions; some are acetylated
while others are not. Galactose and galactouronic
acid polymers are also frequently found. Different
investigators have reported different polysaccha-
ride structures, which may be due to different
geographical origins or to the use of different
varieties or subspecies. Acetylated mannan has a
range of interesting biologic activities as described
below. Recently glycoproteins with cell prolifera-
tion-promoting activity have been reported.24,25

Aloe-specific anthraquinones are also present and
include aloin, aloe-emodin, barbaloin, isobarba-
loin, and others. In addition to these, low–molec-
ular-weight substances are reported, such as aloe-
sin, �-sitosterol, diethylhexylphthalate, vitamins,
and beta-carotene. Apart from technical differ-
ences and inconsistencies, it appears that the
types and levels of components present in aloe gel
vary according to geographic origin or variety,
therefore, the identification of the active compo-
nents of aloe vera is important for the effective use
of the plant.

Glycoproteins

Compared to the other components the glyco-
proteins have not been extensively studied, espe-
cially with respect to wound healing. However,
there have been a consistent number of reports
regarding biologically active glycoproteins from
aloe vera.1 Several of these reports point to the
wound-healing effect of glycoproteins and have
attempted to isolate glycoprotein components and
found that glycoproteins stimulate cell prolifera-
tion.24,25 Fractions prepared from aloe vera gel
contain lectin-like substances that promote the
growth of normal human cells like human fibro-
blasts.26 Yagi et al24 reported on the cell-prolifer-
ating activity of a 29 kDa glycoprotein composed
of two 14 kDa subunits. This was found to enhance
the proliferation of baby hamster kidney cells and
normal human dermal fibroblasts.

Recently, Choi et al25 reported on the prolifer-
ation and wound healing effect of a 5.5 kDa glyco-
protein. This glycoprotein was isolated by activ-
ity-guided sequential fractionation from aloe vera
gel and was found to enhance keratinocyte prolif-
eration. The cell-proliferating effect of the glyco-
protein was confirmed by accelerated closure of a
scratch made on a monolayer of human keratin-
ocytes. Moreover, when this glycoprotein was
tested on a three-dimensional raft-culture, it dose-
dependently stimulated the formation of epider-
mal tissue. Furthermore, at the immunohisto-
chemical level, epidermal growth factor receptor,
fibronectin receptor, fibronectin, and keratin 5/14
were noticeably expressed. This glycoprotein frac-
tion was found to enhance wound healing in hair-
less mice by 8 days after injury with significant
cell proliferation. This glycoprotein is linked to
saccharides, 70% of which is mannose. Due to a
lack of information regarding the amino-acid se-
quence of glycoproteins isolated from aloe vera, it
is not yet known whether the 5.5 kDa glycoprotein
is a fragment of longer glycoproteins. Neverthe-
less, this experiment systematically showed how
the 5.5 kDa glycoprotein affects cell proliferation
and wound healing both in vivo and in vitro.

Lectin has mitogenic activity and a wound heal-
ing effect.27-30 Winters et al31 reported that lectins
are present in the gel portion of aloe vera leaves.
Koike et al32 isolated a 35 kDa lectin from aloe
aborescence, which was presumed to be either a
trimeric or tetrameric form composed of identical
subunits with a molecular mass of about 9 kDa. It
was also found to be a mannose-binding lectin
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with hemagglutination and mitogenic activities.
However, no studies have been conducted re-
garding the amino sequences of active lectins of
aloe vera. Mannose is linked to the active 5.5
kDa glycoprotein at a high percentage, may be a
kind of lectin. Another possibility is that the
mannose exhibit the wound-healing activity
when linked to the protein as suggested by Davis
et al.33

Davis et al33 tried to determine whether man-
nose-6-phosphate is the active ingredient in aloe
vera for wound healing and antiinflammation, and
whether binding to a protein is necessary to in-
itiate a growth response. Experiments showed
that mannose-6-phosphate dose-dependently pro-
motes wound healing. Mannose-6-phosphate
linked to a protein, thereby forming a muco-
polysaccharide, may produce even greater wound-
healing effects.34 It is possible that the binding of
a ligand at one binding site is capable of influenc-
ing ligand binding at another binding site of the
same receptor; binding of mannose-6-phosphate
to its binding site preferentially increases the af-
finity of insulin-like growth factor II to its binding
site.35,36 Then insulin growth factor is delivered to
cells and increases fibroblast activity and the
wound’s healing response. Therefore, the wound
healing activity of the reported glycoproteins
should be further investigated as protein with and
without mannose bound.

Aloe vera gel contains a small amount of phe-
nolics in the leaf exudates.24 These phenolics be
responsible for reducing the proliferative effect of
lectin-like glycoproteins. In addition, conflicting
activities of the proliferative glycoproteins and the
inhibitory glycoproteins, in combination with
phenolic substances in aloe vera gel, may cause
the observed variability in the pharmacologic re-
sults and the therapeutic experiments when whole
gel is used in wound healing.

Another research group recently isolated a 10
kDa glycoprotein from aloe vera gel, using an
activity-based follow-up method. This glycopro-
tein was found to have antiallergic activity.37 It
reduced histamine release and promoted the syn-
thesis and secretion of leukotrienes simulta-
neously in activated lung mast cells of the guinea
pig. It decreased dose-dependently protein kinase
C and phospholipase D activities, inhibited mass
diacylglycerol and phospholipase A activity, and
blocked Ca�� influx during mast cell activation.

Anthraquinones

The allegedly, pharmacologically active anthra-
quinones of aloe vera are aloin, aloe-emodin, bar-
baloin, and emodin (see Box 1). Their therapeutic
claims are a purgative action, antiinflammatory
activity, antiprotozoal action, antioxidant activity
and so on (Table 1).

Aloe-emodin and emodin showed synergistic ef-
fects with rhein anthrone during purgative activity
in mice.38 The purgative action of barbaloin is
induced by Eubacterium sp., which is capable of

BOX 1.
Major Components of Aloe Vera

Anthraquinones aloe-emodin
aloetic acid
aloin
anthranol
barbaloin
isobarbaloin
emodin
ester of cinnamic acid

Saccharides cellulose
glucose
mannose
aldopentose
acetylated mannan (acemannan)
glucomannan
acetylated glucomannan
galactogalacturan
glucogalactomannan
galactoglucoarabinomannan

Vitamins B1
B2
B6
C
�-carotene
choline
folic acid
�-tocopherol

Enzymes amylase
carboxypeptidase
catalase
cyclooxydase
lipase
oxidase

Low-molecular-weight
substances

arachidonic acid

cholesterol
gibberellin
lectin-like substance
lignins
salicylic acid
�-sitosterol
steroids
triglycerides
uric acid

56 CHOI AND CHUNG



transforming barbaloin to aloe-emodin an-
throne.39-42 Barbaloin inhibited rat colonic Na�,
K� ATPase in vitro, and increased paracellular
permeability across the rat colonic mucosa in
vivo.43 Isobarbaloin is decomposed to aloe-emod-
in-9-anthrone and barbaloin when administered
orally. The cathartic effect of isobarbaloin was
examined in male rats by oral administration, and
its cathartic activity was found to be equal to that
of barbaloin.

Regarding antiinflammatory and immunomodu-
latory effects of anthraquinones, one proposed
mechanism involves antioxidation. Anthraquino-
nes may act as antioxidants and radical scaven-
gers. Reactive oxygen species and free–radical-
mediated reactions are involved in inflammatory
response and can contribute to liver necrosis.44

Histologic analysis of liver specimens showed that
inflammatory infiltration of lymphocytes and
Kuffer cells was reduced in aloe-emodin treated
rats. Aloe-emodin quinone pretreatment reduced

the acute liver injury induced by carbon tetra-
chloride,45 and aloe-emodin appears to protect
against hepatocyte death and the inflammatory
response that occurs subsequent to lipid peroxi-
dation.46 Antioxidant and radical scavenging ac-
tivity of aloe-emodin was suggested as a protection
mechanism against peroxidation of linoleic acid.46

Anthraquinones, including aloe-emodin, are
known to have antiprotozoal activity. Aloe-emo-
din elicited dose-dependent growth inhibition of
Helicobacter pylori, which is a possible causative
factor of gastric cancer.47,48 Aloe-emodin may act
like a noncompetitive inhibitor of arylamine N-
acetyltransferase activity, thereby decreasing ef-
fects of arylamine carcinogens in inducing carci-
nogenesis.49 In addition, antibiotic factors are
released by the healing tissues in response to aloe
treatment.49

Aloe-emodin possesses contradictory activities
on cell growth. It was found to stimulate the
growth of primary rat hepatocytes and caused a
2.5-fold increase of DNA synthesis in primary rat
hepatocytes.50 However, there are other contro-
versial observations. Aloe-emodin was found to
have cell death or apoptosis-inducing effect in
human lung squamous cell carcinoma51,52 and to
selectively inhibit human neuroectodermal tumor
growth in an in vivo experiment.53 Biochemical
evidence for the apoptotic action of aloe-emodin is
that aloe-emodin-treated CH27 cells showed acti-
vation of caspase-3, caspase-8, and caspase-9 and
increased relative abundances of cytochrome c in
the cytosolic fraction.51 This cytochrome c in-
crease resulted in mitochondrial death and finally
CH27 cell death.

In spite of these biologic activities, anthraqui-
nones also have harmful effects, such as geno-
toxic, mutagenic, and tumor-promoting ef-
fects.54-56 Therefore, caution should be exercised
with regard to the anthraquinones, and further
studies need to be undertaken to more accurately
define the activities of each component.

Saccharides

Aloe is a rich source of polysaccharides and has
various carbohydrate constituents, for example,
polysaccharides, acemannan, and mannose-6-
phosphate, of which mannose-6-phosphate and
acemannan are major constituents of the carbo-
hydrates of aloe vera.33 Since mannose-6-phos-
phate is the major sugar in aloe vera gel, it was
studied to determine whether it is an active

TABLE 1.
Alleged Pharmacological Activities of Aloe Vera

Components

Components
Alleged Pharmacological

Activities

glycoprotein wound healing, cell
proliferation,24,25,27–30,32

antiallergy,37

barbaloin purgative,39–42,43

aloe-emodin, emodin purgative,38

cell proliferation,50

anticancer,51,52,53

antiprotozoa, antibacteria,47,48

antioxidant,45,46

genotoxicity,
mutagenicity,54,55,56

mannose-6-
phosphate

wound healing,33,34,35

antiinflammation,33

polysaccharide anticancer,65,66,68,69

immunomodulation,22,64,67,74,75,76

acemannan immunomodulation,57,58,59,60,62,63

antimicrobiol effect,61

antitumor,63

aloesin cell proliferation,77

inhibition of melanin synthesis,78

�-sitosterol antiinflammation,4
angiogenesis,11,79

diethylhexylphthalate anticancer,81,82

low-molecular-weight
substances of
0.5�1 kDa

immunomodulation,84,85
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wound-healing and antiinflammatory ingredient
in aloe vera. Mice receiving 300 mg/kg of man-
nose-6-phosphate had improved wound healing
over saline controls. Grey et al34 suggested that
mannose-6-phosphate linked to a protein produce
even greater wound-healing effects.

Acemannan (ie, aloe polymannose, a polydis-
persed �-(1,4)-linked acetylated mannose-con-
taining complex carbohydrate) was found to have
immunomodulatory activity.57 It was reported to
activate macrophages; enhance cytokine release;
stimulate interactions between macrophages, T-
lymphocytes and B-lymphocytes; and enhance
the generation of cytotoxic T-lymphocytes. Ace-
mannan was also found to potentiate antibody
production against coxsackie virus and reduce
radiation-induced skin reactions in C3H mice.58

Acemannan enhanced the allo-responsiveness of
human lymphocytes59 and induced the pheno-
typic and functional maturation of immature den-
dritic cells.60 It also upregulated phagocytosis and
the candidicidal activity of macrophages.61 Re-
garding its mechanism, acemannan induced no
synthesis, which was mediated by macrophage
mannose receptors in chickens,62 stimulated the
synthesis of monokines, and initiated immune
response.63 It also showed inhibitory effects on
tumor growth, that is, murine sarcoma implanted
in mice regressed after acemannan treatment,
which was probably due to an immune attack and
enhanced immunomodulation.63

The ability of aloe vera to stimulate the immune
system is attributed to polysaccharides present in
the aloe vera gel.22 There has been some disagree-
ment concerning the identities of the active ma-
terials, thus, the optimal form and composition of
the aloe polysaccharides has been investigated to
maximize immunomodulatory activity and stabil-
ity. In one study the immunomodulatory activity
of aloe vera was found to be caused by a 15 kDa
polysaccharide,64 while modified aloe polysaccha-
ride with an average molecular weight of 80 kDa
showed the highest protective activity against
UVB irradiation-induced immune suppression.
The native polysaccharide is of 2000 kDa with a
mannose:galactose:glucose ratio of 11:0.2:1,
whereas the active form is of 80 kDa with man-
nose:galactose:glucose ratio of 40:1.4:1. The ac-
tive polysaccharide is composed of mannose at a
high ratio. Polysaccharides are also known to
possess antitumor effects.65,66 A high molecular
weight polysaccharide (aloeride) was found to
have potent immunostimulatory activity, and

was found to induce the expression of mRNAs
encoding IL-1 � and TNF-�.67 These polysaccha-
rides may exhibit antitumor and antiviral activ-
ities through enhanced immune attack and im-
munemodulation.68

Carcinogenesis induced by DNA adduct forma-
tion was shown to be inhibited by a polysaccha-
ride-rich aloe gel fraction in an in vitro rat hepa-
tocyte model.69 Kim et al69 reported on the
chemopreventive effect of aloe polysaccharide iso-
lated from aloe vera noting that oxidative DNA
damage assessed by 8-hydroxyguanosine was sig-
nificantly reduced by the polysaccharide, which
also inhibited benzo[a]pyrene-DNA adduct forma-
tion by interfering with benzo[a]pyrene-DNA ab-
sorption in vivo. This may be due to the inhibition
of carcinogen activation systems or to the induc-
tion of detoxifying enzymes.70

Cutaneous exposure to high doses of UVB radi-
ation induces the systemic suppression of contact
hypersensitivity responses to hapten applied to
non-irradiated sites and of delayed-type hypersen-
sitivity responses to infectious agents.71 UVB ra-
diation contributes to the growth of highly anti-
genic skin cancers by suppressing T-cell mediated
immune responses.72 Therefore, susceptibility to
UV-induced immune suppression of contact hy-
persensitivity responses may be a risk factor for
the development of skin cancer in humans.73

Therapeutic intervention to prevent immune sup-
pression may reduce the risk of skin cancer.74

Aloe oligosaccharides and polysaccharides were
found to inhibit UV-induced immune suppression
and interleukin-10 production.75 Aloe oligosac-
charides may prevent UV-induced suppression of
delayed-type hypersensitivity by reducing kera-
tinocyte derived immunosuppressive cytokines.74

It is also suggested that aloe oligosaccharide pro-
tects against delayed type hypersensitivity re-
sponse indirectly by inducing immunostimulatory
cytokines, such as interleukin-12.76

The labile natures of factors that prevent im-
mune suppression vary in different gel extract
preparations and is possibly influenced by the
manufacturing process used.74 Variable activities
in the reported experiments possibly result from
the degradation of polysaccharide resulting from
bacterial contamination or endogenous enzyme
activity in aloe vera gel. These explain some of the
difficulties that investigators have experienced in
terms of result reproducibility when using unfrac-
tionated leaf gel from aloe vera.
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Other Low–Molecular-Weight Components

In addition to the aforementioned components,
low–molecular-weight components, such as aloe-
sin, �-sitosterol, diethylhexylphthalate, and im-
munomodulatory substances have been exam-
ined. Aloesin, a chromone derivative isolated from
aloe vera, was found to enhance cell proliferation
by upregulating cyclin E/CDK2 kinase activity via
inducing cyclin E, CDK2, and CDC25A, in SK-
HEP-1 cells.77 Aloesin and arbutin were found to
inhibit mushroom-tyrosinase activity in vitro in a
synergistic manner, which is an important ele-
ment in melanin synthesis.78 They inhibit tyrosi-
nase activity via different mechanisms in the sk-
Mel-1 cell line; aloesin inhibits human tyrosinase
activity via a noncompetitive inhibition mecha-
nism, whereas arbutin works via a competitive
inhibition mechanism.78

Based on the wound-healing effect of aloe vera,
the angiogenic component was isolated using an
activity-guided fractionation from aloe vera
gel.10,11,79 A low–molecular-weight component from
the dichloromethane extract of freeze-dried aloe
vera gel was shown to stimulate blood vessel forma-
tion in a chick chorioallantoic membrane.10 More-
over, a methanol-soluble fraction of the gel stimu-
lated the proliferation of artery endothelial cells in
an in vitro assay, and induced them to invade a
collagen substrate.11 The active component was
found to be �-sitosterol, which showed a dose de-
pendent angiogenic effect in a chick embryo cho-
rioallantoic membrane assay.79 �-sitosterol en-
hanced new vessel formation in Mongolian gerbil
brain damaged by ischaemia/reperfusion, especially
in the cingulated cortex and septal areas.79 It also
enhanced the expression of proteins related to an-
giogenesis, namely the von Willebrand factor, vascu-
lar endothelial growth factor (VEGF), and VEGF
receptor Flk-1.79 Morisaki et al80 suggested that ste-
rol structure be responsible for the angiogenic activ-
ity. �-sitosterol was also found to have significant
anti-inflammatory effects in wounded mice.4 Taking
into account its unique activity, �-sitosterol can be
viewed as another component that contributes to
the wound-healing effect of aloe vera.

Diethylhexylphthalate isolated from aloe vera in-
duced apoptosis and was found to possess antileu-
kemic and antimutagenic effects.81,82 CD95-medi-
ated apoptosis is supposed to be a major effect
pathway by diethylhexylphthalate, but this detailed
mechanism has not been widely studied.83

Aloe vera gel contains low–molecular-weight
immunomodulators (ie, G1C2F1), which restore
UVB-suppressed accessory cell function of epi-
dermal Langerhans cells both in vitro84 and in
vivo.85 Exposure of the shaved abdominal skin of
mice to UVB irradiation resulted in suppression
of contact sensitization through the skin. Al-
though treatment with G1C2F1 prevented UVB-
induced suppression of contact sensitization in a
dose-dependent manner, the irradiated skin of
G1C2F1-treated groups showed similar levels of
sunburn when examined on the day of sensitiza-
tion.85 This may indicate that G1C2F1 prevent
UVB-induced elimination or functional alteration
of epidermal Langerhans cell through a mecha-
nism that does not alter the initial inflammatory
response and release of proinflammatory cyto-
kines.85

CONCLUSION

Aloe vera contains many physiologically active
substances that have effective antiinflamma-

tory, immunomodulatory, and wound-healing ef-
fects. The active ingredients, whether acting alone
or in concert, include glycoproteins, anthraqui-
nones, polysaccharides, and low–molecular-weight
species. Moreover, the fact that biologically active
components in aloe vera may be labile, varied, or
modified explain some of the difficulties that inves-
tigators have reported in reproducing results using
unfractionated materials from aloe vera. In light of
the many pharmacologic activities of the compo-
nents of aloe vera, each active component has sev-
eral interacting factors, each of which may be af-
fected by another substance(s). Thus, a further
understanding of these individual components and
of their effects is essential if aloe vera is to be
successfully developed for therapeutic purposes.
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