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ABSTRACT

Currently, the trends of alternative and complementary medicine are
highly developed. In the last few decades, the National Health Statistics
Report (NHSR) in America has shown a substantial increase in the use of
alternative and complementary drugs. The use of herbs as medications
or supplementations should result from a right decision between patient
and physician regarding potential risks, benefits, and other alternatives.
Although many herbs exhibit promising effects, most herbs have not been
yet scientifically approved, including their molecular mechanism process.
In this review, Aloe barbadensis Miller or popularly known as Aloe vera
will be discussed as a potential local medicinal plant from cellular and
molecular mechanisms aspect. Thorough studies over the last few decades
have demonstrated that Aloe vera possesses various bioactive compounds
that are responsible for its medicinal properties. G1G1M1DI2 glycoprotein
fraction, for example, as one of the bioactive compound found in this plant,

INTRODUCTION

Health is an indicator of the success of human capacity building that has
a significant influence on the economy, social, and education. Health
problems can be classified into infectious diseases, non-communicable
diseases, and injuries, which may result in decreased productivity and
quality of life and even death. Based on WHO data, 70% of 56.4 million
global health problems in 2015 are associated with cardiovascular
disease, cancer, diabetes, and chronic lung disease. Barriers to cure
those diseases are still considered an issue in low- and middle-income
countries, including Indonesia."?

Currently, the trends of alternative and complementary medicine are
highly developed. In the last few decades, the National Health Statistics
Report (NHSR) in America has shown a substantial increase in the
use of alternative and complementary drugs. An interview conducted
in America revealed that 40% of American adults used alternative
and complementary medicine. This high demand is influenced by
several factors, such as accessible factors, relative affordability, and the
common perception that alternatives and complementary medicine are
safer, as well as more effective even if the scientific evidence has not
been obtained.

It is estimated that there are 420,000 plant species in the world, yet very
limited are known to be useful and scientifically proven as an alternative
or complementary medicine. Herbs can be any kind of plant or product
derived from plants including leaves, flowers, roots, seeds or fruit. The
plant may be used in raw form or processed, where the plant will be
macerated with water, alcohol, or other solvents that are generally used
for chemical extraction. The resulting product contains many chemicals,
for example, fatty acids, sterols, alkaloids, flavonoids, glycosides,
saponins and others. Since herbs contain various components, some
companies manufacture standardized herbal products by identifying
the active ingredients candidates and maintaining the number of active
ingredients in the product consistent.***

The use of herbs as medications or supplementations should result
from a right decision between patient and physician regarding potential
risks, benefits, and other alternatives. Although many herbs exhibit
promising effects, most of the herbs have not yet been scientifically
tested and their use has not been monitored properly, on top of that,
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has shown to accelerate the wound healing process. The present review
reports the findings of the underlying cellular and molecular mechanisms
of Aloe vera pharmacological activity from the extensive literature search
and our previous reports. This review may help to promote local medicinal
plant such as Aloe vera in order to improve its value and utilization in the
community setting.
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the interaction of their use when combined with existing drugs, could
have serious side effects.***

Indonesia is a tropical country that has abundant biological wealth.
Various methods of healing known as herbal medicine are mostly
done by using various plants in the community setting. However, the
mechanisms of such treatment are still poorly understood. In this
article, we will discuss one of the potential local medicinal plants
mechanisms as herbal medicine as a result of our research.

MOLECULAR MECHANISM OF ALOE BAR-
BADENSIS MILLER AS POTENTIAL HERBAL
MEDICINE

The effects of Aloe barbadensis Miller gel on wound
healing

A study to see the benefits of Aloe barbadensis Miller has been conducted
in our faculty to determine the difference in the effect between Aloe as a
topical gel and povidone-iodine solution on the wound healing process
in mice. After treatments on experimental animals, skin tissue was then
prepared for histology assessment. The preparations were assessed by
observing the thickness of the epithelium, the number of fibroblasts,
blood vessels, and the expression of vascular endothelial growth
factor-A (VEGF-A). The results of each parameter were subsequently
analyzed statistically. The results of this study indicate that the effect
of Aloe barbadensis Miller on wound healing in all parameters have
the higher outcome (statistically significant) compared with povidone
iodine or wound healing without intervention.”

The effect of Aloe barbadensis Miller on this healing process is because
of its ability to stimulate re-epithelialization due to the presence of
G1G1M1DI2 glycoprotein fraction, which could stimulate keratinocyte
proliferation. The G1IGIM1DI2 glycoprotein fraction will increase the
multiplication of keratinocytes, migration of the involved factors, and
formation of the epidermis, continued by progress to wound healing.
G1G1MI1DI2 fraction also increases DNA synthesis and expression of
epithelial growth factor (EGF) receptor. The ligand will bind to the EGF
receptor, then it will transmit the proliferation signal from G1G1M1DI2.
Alternatively, G1GIMI1DI2 may activate general metabolism and
increase metabolic activity which would then increase the expression of
EGF receptors (Figure 1). This effect can speed up re-epithelialization
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Figure 1: The molecular mechanism of Aloe vera (Aloe barbadensis Miller) in the wound healing

process.

by increasing the multiplication and migration of keratinocytes and
increase the period of epidermal closure of the wounded skin.”*

In our study, the average number of fibroblasts in the Aloe barbadensis
Miller group was higher than the control or povidone iodine group.
The increased amount of fibroblasts may be due to the activity of the
manosa-6-phosphate component which can bind to the receptor of IGF-
2 / manosa- 6-phosphate that present on the cell surface of fibroblasts.
It causes the stimulation of fibroblasts to proliferate, differentiate into
myofibroblasts, or produce collagen and other matrix proteins in huge
quantities. Another possibility is the effect of GIG1M1DI2 glycoprotein
fraction on Aloe barbadensis Miller that can stimulate cell proliferation
by increasing the expression of EGF receptors. As our previous data,
cell proliferation, including fibroblasts, is strongly influenced by EGE
TGE-f3 produced by platelets, macrophages, and neutrophils will
initiate this cascade by activating target cells (fibroblasts) to produce
CTGF and become responsive to CTGE If there is a co-mitogen in
the environment (PDGF or EGF), along with CTGE, both factors will
stimulate fibroblasts to proliferate. In other words, increased expression
of EGF receptors by GIGIMI1DI2 glycoprotein fraction may increase
the proliferation of fibroblasts (Figure 1).”%

The number of blood vessels and expression of VEGF-A were also
higher in the group treated with Aloe barbadensis Miller compared
with the control group or group treated with povidone-iodine. This
is in accordance with studies that prove the angiogenic effects of
B-sitosterol from Aloe barbadensis Miller can increase the formation of
new blood vessels. Essential proteins in angiogenesis will increase as a
consequence of stimulation of B-sitosterol, including VEGE, VEGF Flk-
1 receptor, von Willebrand factor, and laminin. The increase of their
expression could enhance the proliferation and migration of endothelial
cells, which later increase the formation of new blood vessels. Another
mechanism of f-sitosterol in angiogenesis is mentioned in other
studies that shows B-sitosterol compound may induce the formation
of new blood vessels in chorio-allantoic membrane (CAM) in chicken
embryos. §3-sitosterol stimulates the human umbilical vein endothelial
cell (HUVEC) motility in vitro, which in turn increases the migration
of these cells. The angiogenic effects on the wound healing process may
be caused by B-sitosterol that found in Aloe barbadensis Miller.>'*!!
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The effect of Aloe barbadensis on wound healing may also be due to the
acemannan content as a potent agent that activates macrophages. In
the inflammatory phase, macrophages have a crucial role in regulating
tissue repair. Macrophages release cytokines and growth factors
(such as PDGF, TGF-a, TGF-p, EGF VEGF), which further recruit
keratinocytes, fibroblasts, and endothelial cells to repair the tissue.
Afterward, these substances bind to growth factors as well as maintain
the stability of the activity. '*"

The protective effects of Aloe barbadensis Miller gel
on lungs of cigarette smoker

As already well known, the number of chronic obstructive pulmonary
disease (COPD) patients could increase because of cigarette smoke
exposure. The cigarette smoke that inhaled into the lungs increased
alveolar macrophage cells as the body's initial defense response. This
evidenced by an increase in the number of alveolar macrophages
isolated from the broncho-alveolar lymphoid tissue (BALT) in lung
smokers. Additionally, the toxin content in cigarette smoke decreases
the expression of Toll-like receptor 2 (TLR2), followed by the decreased
activity of macrophage phagocytosis. Exposure to cigarette smoke
may also induce the incidence of alveolar epithelial cell apoptosis
and pulmonary vascular endothelial cells by suppressing Bcl2 protein
expression through inhibition of the release of cytochrome C from
mitochondria.'"?

We did a study on experimental animals by exposing the rats with
cigarette smoke and administered Aloe barbadensis Miller gel for 42
days. After that, the lungs of mice were taken for later examinations,
which are a number of macrophage observation, macrophage
phagocytosis test, as well as immunohistochemistry with an anti-Bcl2
antibody. It prove that exposure to cigarette smoke can increase the
number of macrophages in the lungs and Aloe barbadensis Miller gel
can prevent the process of the increment. The results due to the presence
of vitamin C and sterols in Aloe gel that is known as an antioxidant and
anti-inflammatory by inhibiting acute inflammatory processes.'>'*'*

Our previous study showed that the group given exposure to cigarette
smoke without Aloe barbadensis Miller gel administration have a lower
alveolar macrophage phagocytosis activity than the control group.
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Interestingly, the group given the Aloe gel had higher macrophage
activity than the control group. These results explained the presence of
long chain polysaccharide molecules in Aloe gel that could modulate
the immune system by increasing the production and improving
macrophage activity (Figure 2). 1>

The content of beta-sitosterol in Aloe barbadensis Miller gel can
increase the expression of Bcl2, which will suppress the occurrence of
cell apoptotic process in alveolar. Thus, the administration of Aloe gel
is expected to decrease the incidence of cell apoptosis in lung induced
by cigarette smoke.'>**

The cardiomyocytes protection of Aloe barbadensis
Miller gel

Cardiomyopathy is a pathological condition in the heart, especially
myocardium that causes the heart cannot function optimally. Cellular
damage to the heart muscle can be induced by various causes, for
instance, exposure to cigarette smoke. The toxins content in cigarette
smoke not only inhibit the flow of oxygen in the blood but also
carried to the heart so that the metabolic processes and respiration of
cardiomyocytes are disrupted, which could lead to the occurrence of
hypoxic conditions in myocardium.'®

We have researched to prove the effect of Aloe barbadensis Miller as
cardiomyocytes protector agent against free radical molecules caused by
exposure to cigarette smoke on experimental animals. Aloe barbadensis
Miller gel extract is proven to reduce the incidence of fibrosis in the
myocardium. That findings demonstrated the group of mice treated
with Aloe gel extracts have smaller amount of fibroblasts in the
myocardium than the untreated group. Hence, this clearly concludes
that the antioxidant present in Aloe gel can prevent the increase of free
radical in the blood due to exposure to cigarette smoke, followed by the
decrease of the amount of cell damage in the myocardium. It knows that
the number of damaged cells could affect to fibroblasts stimulation.'”'81

In addition to inducing cell death and increasing the formation of
fibroblasts in the myocardium, exposure to cigarette smoke can also
decrease the expression of vascular endothelial growth factor-A
(VEGF-A). However, these factors function in the regulation of
growth and improvement of the endothelial through its bond with
the VEGF type-2 receptor (VEGFR2). Such interaction will stimulate
proliferation, migration, and tubular formation in cardiac endothelial
cells. The antioxidant present in Aloe barbadensis Miller gel may
increase VEGF-A expression in myocardial cells (Figure 3).1”2**

The antibacterial effect of Aloe barbadensis Miller

Aloe barbadensis Miller has been used by the pharmaceutical industry
because of its several effects including laxative, anti-inflammatory,
immunostimulant, antiseptic, wound healing, antiulcer, antitumor
and antidiabetic. Aloe barbadensis Miller also has antibacterial
activity by inhibiting the growth of Shigella flexneri and Streptococcus
pyogenes. Other bacteria such as Staphylococcus aureus, Pseudomonas
aeruginosa, Escherichia coli, Propionibacterium acne, Helicobacter
pylori and Salmonella typhii were reported eliminated or significantly
reduced by the antimicrobial agent of Aloe gel.*** Anthraquinones,
dihydroxyanthraquinones and saponins are proposed to have direct
antimicrobial activity. Another component such as polysaccharides
has antibacterial activity through stimulation of bacterial phagocytosis
by leukocyte. Pyrocatechol that is also present in Aloe barbadensis
Miller has a toxic effect on bacteria by proteins denaturation and
cell membranes disruption. This hydroxylated phenol also acts as
a disinfectant and antituberculocidal agent. Cinnamic acid in Aloe
gel has antibacterial activity by inhibiting glucose uptake and ATP
production in resting cell of bacteria. P-coumaric acid observed in Aloe
gel increases the microorganism lag phase and inhibit microorganism
enzymatic activity. Antibacterial activity of ascorbic acid originates
from interfering with the cell membrane, enzymatic activity or genetic
mechanisms.” In dentistry, Gutta percha (GP) is used as important
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dental material and as the prime root canal filling. GP is an extract of
palaquiam of the blanco genus of Sapotaceae family. Before obturation,
commercial GP is not usually sterilized or decontaminated. Several
compounds have used for GP decontamination such as hydrogen
peroxide, chlorhexidine, ethyl alcohol, polyvinylpyrrolidone iodine,
and quaternary ammonium. However, none of these compounds are
fully effective. As previously described, Aloe gel has antibacterial effect
for many bacteria. It reported that Aloe gel could be used effectively for
decontaminating GP cones within a short duration.*

The antidiabetic effect of Aloe barbadensis Miller

Diabetes mellitus (DM) is one of the highest metabolic diseases
worldwide.” The prevalence of DM was 285 million people worldwide
and rose to 382 million people in 2013. There are two types of diabetes
mellitus, namely DM type-1 and type-2. DM type-2 occurs when the
body cannot utilize the produced insulin to take glucose into the cell.>?*

In human, Aloe barbadensis Miller juice has shown antidiabetic
effect in combination with glibenclamide.”” Other study, using Aloe
barbadensis Miller high molecular weight fraction (AHM) showed
that administration of AHM 3 times daily for 12 weeks simultaneously
with oral hypoglycaemic drug resulted in significant reduction of
fasting blood glucose. AHM also acts as thromboxane A2 inhibitor that
can stimulate vasodilation. This effect can maintain the perfusion to
surrounding tissue in diabetic patient.”® In mouse model of diabetes,
processed Aloe gel (PAG) exerts antidiabetic activity. When PAG gave,
fasting blood glucose level decreased to normal level. PAG also reduced
plasma insulin level concentration in the fasted state by decreasing
blood glucose and insulin level. Plasma lipid levels and hepatic
triacylglyceride concentration reduced after oral administration of
PAG. It was speculated that these reductions caused by PAG ameliorated
insulin resistance. Expression of the adipogenic genes SREBP-1a,
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FAS, and GPAT was suppressed by PAG, suggesting that reduction of
lipid toxic effect by PAG in the liver could improve insulin resistance.
However, the component of PAG that is responsible for antidiabetic
effect have not been identified.”’

The effect of Aloe barbadensis Miller on Bone Marrow
Stromal Cells (BMSCs) proliferation, differentiation
and bone formation

As previously discussed, Aloe barbadensis Miller affects on wound
healing. This plant also affects on bone formation in tooth extraction
model. There are three overlapping phases in socket healing: blood clot
formation, bone formation, and bone remodeling. Osteoprogenitor
cells migrate, proliferate and differentiate to osteoblast on wound
site when bone formation phase occurred. BMSCs are the source of
osteoprogenitor cell. Acemannan, the b-(1-4)- acetylated polymannose,
which is the major polysaccharide from Aloe gel, accelerated oral wound
healing and reparative dentin formation. In bone formation, BMSCs
proliferation was stimulated by acemannan. Acemannan stimulated
BMSC:s proliferation and bone formation by upregulating VEGF, BMP-
2, extracellular matrix synthesis and mineral deposition. Acemannan
also increases bone mineral density. Histologically, osteoblast and
osteocyte found higher when treated with acemannan.*

The antibacterial, antiulcer and cytoprotective effect
of Aloe barbadensis Miller on peptic ulcer disease

In the world’s population, peptic ulcer disease has become a significant
threat. This disease has high morbidity and mortality. It results
from an imbalance between gastric acid and defensive mucosal
barrier function.” Etiology of this disease is numerous, for example,
Helicobacter pylori infection, drugs, acid hypersecretion state, tumors,
Crohn’s disease, andsystemic mastocytosis. There are several factors
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contributed to ulcer formation such as smoking, excessive alcohol use,
NSAIDs, emotional stress and psychological factors. The pathogenesis
of this disease is complex and multifactorial -

Helicobacter pylori infection has a robust association with the peptic
ulcer (gastric and duodenal ulcer). These bacteria colonize the gastric
epithelium.***** The infection caused by these bacteria impair the
negative feedback regulation of gastrin release and acid secretion. These
bacteria can produce alkaline ammonia to protect themselves and
disrupt the ability of D cell in sensing acidity. This disruption leads to
a reduction of somatostatin secretion and increase of gastrin secretion.
313839 Eventually, causing excessive acid secretion. H. pylori also inhibit
neural antral inhibitory complex, causing an increase of acid secretion
by the parietal cell. H. pylori induced inflammation in gastric mucosa.
This inflammation reaction induces Interleukin (IL) 8 and IL 1B. This
process leads to an influx of neutrophil and macrophage with the release
of lysosomal enzymes, leukotrienes, and reactive oxygen species that
can impair mucosal defense and cause ulceration.” Another etiology
of peptic ulcer is NSAIDs. NSAID, especially the non-selective COX-2
group supress prostaglandin production by inhibiting both COX-2 and
gastric COX-1. Cyclooxygenase-1 (COX-1) is an important enzyme
for the production of gastric prostaglandin. The inhibition of COX-
1 may impair the gastric mucosal lining protection, which leads to
ulceration.**

Aloe barbadensis Miller has been used to treat peptic ulcer. As previously
described, this plant has an antibacterial effect to H. pylori**** With this
effect, the growth of H. pylori in gastric or duodenal mucosa can be
suppressed. Consequently, it can reduce the infection and inflammation
of gastric mucosa caused by H. pylori. Aloe barbadensis Miller has a
cytoprotective effect on gastric mucosa. It hypothesized that there are
several mechanisms of this cytoprotective effect, such as increased
mucus synthesis, bicarbonate secretion, increased mucosal blood flow,
and increased phospholipid mucosal coating. The neovascularization
effect is also suggested to play a role in gastric protection by improving
the re-epithelialization process. Aloe barbadensis Miller also has an
antiulcer effect by its acid reducing properties. The acid reducing
properties presumably exists due to lecithin content in this plant.
Lecithin is a glycoprotein that can recognize and bind to carbohydrate
moieties. It can inhibit aminopyrine uptake by parietal cells. Aloe
barbadensis Miller also inhibits the effect of histamine in augmenting
acid secretion by interacting with H2-receptors on the parietal cell.
Therefore, the mechanism of acid reducing properties possibly
generated from the direct inhibition of parietal cells and the inhibition
effect of histamine.*!

The antitumor effect of Aloe barbadensis Miller

Many plants studied as anti-cancer agents. Aloe barbadensis is one
of them. This plant has various bioactive components that have
chemopreventive potentials such as lectin, aloin aloe-emodin and
aloesin. They showed immune potential, anti-mutagenic, anti-
proliferative, inducing apoptosis of tumor cells, antioxidant and
anti-metastasis effect.>***” These effects are mediated via targeting
many receptors such as ER-A, STAT3 protein, STAT3-regulated anti-
apoptotic (Bcl-xl), MMP-2, urokinase plasminogen activator (u-PA),
VEGF receptor (VEGFR), ¢-MYC, and VEGE** Moreover, Aloe
barbadensis Miller active compounds such as aloe-emodin, barbaloin
and aloesin also enhance antioxidant enzyme activities.*>**’ In vivo
studies reported that there is increase of glutathione S-transferase
(GST) and Superoxide Dismutase (SOD) activities in Ehrlich ascites
carcinoma cell (EACC) tumor cells after treated with Aloe barbadensis
Miller compound.” Several studies also reported that Aloe barbadensis
Miller can reduce the intensity of radiation-induced inflammation.*>*=°

In vitro study in human breast (MCF-7) and cervical (HeLa) cancer
cells after treated with Aloe barbadensis Miller crude extract (ACE)
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demonstrated a decrease of the viability of these cells in dose and time-
dependent manner.*? Aloe barbadensis Miller also have unique properties
towards the proliferation of the cells. On the contrary from cancer cells,
the viability of normal lymphocytes treated with ACE was not reduced
significantly. These results demonstrated that Aloe barbadensis Miller
significantly reduced the proliferation of cancer cells but not toxic to the
normal cells. Treatment of the MCF-7 and HeLa cells with ACE resulted
in significant changes in cellular morphology. The cells are rounding
off, shrinking and detached from the matrix. They characterized with
chromatic condensation and fragmentation along with the appearance
of intensified apoptotic bodies with increasing time of exposure to
ACE. From cycle analysis, it reported that there is increase proportion
of cells in the sub-G0/G1 phase after treatment with ACE. This shown
that ACE induces cell death via apoptosis. Apoptosis induced the effect
of Aloe barbadensis Miller also correlated from the enhancement of
bax gene by this plant. The anti-proliferative effect of Aloe barbadensis
Miller correlated from the expression of cyclin D1 and p21. This study
found decreased expression of cyclin D1 and increase expression of
p21 when these cancer cells treated with ACE. Aloe barbadensis Miller
due to its many mechanisms towards cancer cells and less side effect
possibly prove to future studies to be an agent for human cancer*

The effect of Aloe barbadensis Miller to corneal
healing

The cornea is the outermost layer of the eye. The cornea is transparent
and has no blood vessels. Cornea also plays an important role in
vision by focusing light entering the eye. Corneal injury is one of the
major presentation of eye trauma. Corneal injury can potentially be
threatening vision.”"*? Every year, there are 2.5 million cases of eye
trauma reported and 50.000 people permanently lose some or all of
their vision.* Treatment of corneal injury is critical because incomplete
healing of corneal injury can affect vision. The treatment must be done
immediately to maintain corneal integrity, restore visual function, and
avoid complications that may occur.>

In many countries, Aloe barbadensis Miller has been used for many
years for medical purposes. As previously mentioned, it has many
compounds that possess effects in wound healing, antibacterial,
antiulcer, antioxidant, antitumor and cardioprotective. In Indonesia,
Aloe barbadensis Miller can thrive on peatlands due to the tropical
climate. It has many compounds such as bradykinase, lignin, aloctin,
campestrol, B-sitosterol, and glucomannan that show anti-inflammatory
effect (Figure 4). Furthermore, there are many compounds that have
antiseptic and antibacterial effect such as lupeol, phenol, sulfur and
anthraquinone. Because of these effects, this plant can accelerate the
wound healing process. No toxic effects were observed in the cornea
after treated with Aloe gel.

In vivo study showed that there was slower growth of corneal fibroblast
when treated with Aloe barbadensis Miller in comparison with
control. The mechanism is still unknown, probably because the active
components of this plant induce apoptosis and inhibit proliferation.
This effect creates a better visual outcome because increasing number
of corneal fibroblast can cause corneal scarring. Corneal wound healing
is a complex process that requires the involvement of many tissues,
growth factor and cytokines. Re-epithelialization is an important
process during corneal wound healing. In in vivo study using
diabetic rats that undergo delayed corneal re-epithelialization, topical
application of Aloe barbadensis Miller accelerates the corneal epithelial
wound closure. It is also shown in this study that there is an increase
in epithelial wound closure whether the rats were diabetic or not. The
mechanism of re-epithelialization is affected by several biochemical
factors such as epidermal growth factor, insulin-like growth factor 1
(IGF-1), platelet-derived growth factor, transforming growth factor
(TGE-B), and basic fibroblast growth factor (bFGF). The study reported
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Figure 4: The molecular mechanism of Aloe vera (Aloe barbadensis Miller) in the corneal wound healing process.

Table 1: Summary of Aloe barbadensis Miller type of study.

No. Effect Type of study Reference(s)
1.  Effects of Aloe barbadensis Miller gel on wound healing In vivo (animal study) 7-11
2. Protective effects of Aloe barbadensis Miller gel on lungs of cigarette e e T 12-15

smoker
3. Cardiomyocytes protection of Aloe barbadensis Miller gel In vitro, in vivo (animal study) 16-21
Antibacterial effect of Aloe barbadensis Miller In vitro 22-24
5. Antidiabetic effect of Aloe barbadensis Miller i?ug;‘)lo (RCT), in vivo (animal 25-29
6.  Effect of Aloe barbadensis Miller on bone marrow stromal cells In vitro 30
7. Effect of Aloe barbadensis Miller on peptic ulcer disease In vitro, In vivo (animal study) 22,23,40
8.  Antitumor effect of Aloe barbadensis Miller In vivo (animal study), in vitro 41-49
9.  Effect of Aloe barbadensis Miller to corneal healing In vivo (animal study) 51-57

that there were increase in TGF and bFGF expressions that accelerated
skin wound healing and increased epithelialization. Aloe barbadensis
Miller also inhibits the inflammatory process by decreasing the level
of pro-inflammatory cytokine, reducing adhesion and infiltration
of leukocyte. All of the study types regarding the effects of Aloe
barbadensis Miller are presented in Table 1.

CONCLUSION

The present review highlights molecular mechanisms of bioactive
compounds present in Aloe barbadensis Miller as a promising
candidate for herbal medicine. These bioactive compounds yield
various pharmacological effects including acceleration in the
wound healing process, protection on the lung of a cigarette smoker,
protection on cardiomyocytes, antibacterial effect, antidiabetic effect,
bone formation, cytoprotection on ulcer disease, antitumor effect,
and corneal healing effect. Therefore, these scientifically proven data
indicate that this plant has high value in the community for its health
promoting benefits. Various bioactive compounds in Aloe barbadensis
Miller are also still considered a great opportunity for future research
related with the possibility of their new health promoting benefits other
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than discussed in this review. Eventually, more complete and systematic
studies towards phytochemical and pharmacological properties of Aloe
barbadensis are Miller desirable to establish the utilization of this plant
as herbal medicine more convincing.
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ABBREVIATIONS

ACE: Aloe vera crude extract; AHM: Aloe vera high molecular weight
fraction; ATP: adenosine triphosphate; BALT: broncho-alveolar
lymphoid tissue; Bcl2: B-cell lymphoma 2; bFGF: basic fibroblast
growth factor; BMP-2: bone morphogenetic protein 2; BMSCs: bone
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marrow stromal cells; CAM: chorio-allantoic membrane; COPD:
chronic obstructive pulmonary disease; CTGF: connective tissue
growth factor; DM: diabetes mellitus; EACC: Ehrlich ascites carcinoma
cell; EGF: epithelial growth factor; FAS: fatty acid synthase; GP: gutta
percha; GPAT: glycerol 3-phosphate acyltransferase; GST: glutathione
S-transferase; HUVEC: human umbilical vein endothelial cell; IGF-1:
insulin-like growth factor 1; IGF-2: insulin-like growth factor 2; IL:
interleukin; MMP-2: matrix metalloproteinase 2; NSAID: nonsteroidal
anti-inflammatory drug; PAG: processed Aloe vera gel; PDGF: platelet-
derived growth factor; SOD: superoxide dismutase; SREBP-1a: sterol
regulatory element binding protein la; STAT3: signal transducer and
activator of transcription 3; TGF-a: transforming growth factor alpha;
TGF-8: transforming growth factor beta; TLR2: Toll-like receptor 2;
u-PA: urokinase plasminogen activator; VEGF: vascular endothelial
growth factor; VEGF-A: vascular endothelial growth factor-A; VEGFR:
vascular endothelial growth receptor.
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