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Organic Aloe
AND

Natural Raw Honey
AS NUTRACEUTICALS & MEDICAL FOODS
A Rare Brazilian Botanical Formula Can Help
Improve Patients’ Wellness and Quality of Life.

‘‘

This Monograph has been prepared for the use of
physicians and other health care professionals,
to elucidate the recognized scientific principles
supporting the use of Organic Aloe and Raw Honey
as a nutritional medical food. 1The Medical Food
category is not regulated as a drug and Federal law
overrides state law and medical board standards of
care regarding such recommendations.

The Immune
System is
the major
entity that

Immunomodulatory and Protective
Action of Aloe arborescens and
Aloe barbadensis (Aloe vera)

protects the
body against

by Ivan E. Danhof, Ph.D., M.D.

potentially

R

efered to as the “Father of Aloe,” Ivan E. Danhof, Ph.D., M.D.
is the world’s leading expert on Aloe Vera and natural herbal
remedies with over 30 years of laboratory research and
extensive practical experience.

harmful

‘‘

Dr. Danhof’s work is frequently referenced in research literature and
marketing materials; the product formulations presented here are
licensed directly from his laboratory for the first time.

substances

Dr. Danhof attended the University of North Texas where he received
a bachelor’s degree in biology and chemistry, and a master’s degree
in microbiology. He continued graduate studies at the University of
Illinois where he earned a master’s degree in nutrition and a Ph.D.
in physiology. He then attended the University of Texas Health
Science Center Southwest Medical School earning a Doctor of
Medicine degree with clinical specialties in internal medicine and
gastroenterology.

agents.

He has published more than 80 research papers and served as a
consultant to several pharmaceutical research institutes. He acted
as a consultant to the Food and Drug Administration, serving on
review panels and committees dealing primarily with the approval of
gastrointestinal drugs.
Dr. Danhof also served on the faculty of Southwestern Medical School
and retired after 30 years of teaching. In 1969 and 1970 Dr. Danhof
served as a Fulbright scholar at the medical facility in Nangrahar
University in Jalalabad, Afghanistan where he studied herbal
medicines.
As a result of his unique training and background Dr. Danhof has
become recognized as one of the world’s foremost experts on
medically active herbal molecules, and in particular the functional
components in Aloe Vera. Dr. Danhof is a highly sought speaker on
the discovery of the unique molecules in Aloe Vera that earned it the
global reputation as a nutrient that may offer therapeutic benefits by
nourishing normal immune system response.
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and infectious

Dr. Ivan E. Danhof

The Orphan Drug Act of 2005 defined Medical
Foods and authorizes physicians to recommend
them as “…a food which is formulated to be
consumed or administered enterally under
the supervision of a physician and which is
intended for the specific dietary management
of a disease or condition for which distinctive
nutritional requirements, based on recognized
scientific principles, are established by medical
evaluation....” Section 5(b) of the Orphan Drug
Act (21 U.S.C. 360ee (b) (3))
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hroughout a lifetime,
patients will experience
illnesses caused by
infectious organisms or perhaps
exposure to chemicals that cause
allergic responses. A vibrant
immune system actually initiates
these reactions and usually also
cures them. 			
When everything is working
correctly the immune system
protects the human body against
harmful foreign substances
and infectious agents.
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Your Immune System
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Immunity may be either natural or acquired. Natural immunity is species specific,
which is why humans do not contract various animal diseases. Acquired immunity is
that protection a person acquires through
active or passive means.

Passive immunity is temporary immunity transmitted or
borrowed from another source. An infant receives passive
immunity from its mother in utero and from antibodies it
receives from its mother’s breast milk. Passive immunity
can also be transferred through injection of antiserum
that contains the antibodies for a number of diseases. Both
antiserum and gamma qlobulin are obtained from blood
plasma.

Aloe arborescens and Aloe vera
and Anticancer Activity
Aloe is a genus of plants with a notable history of various medical uses. Basic research
studies over the past couple of decades have
revealed the growing extent of pharmaceutical potential, particularly against neoplastic diseases. The two mostly used aloe
species are Aloe arborescens and Aloe barbadensis (Aloe vera).
These aloe species contain several very large polysaccharides
(many sugars) consisting of glucose (blood sugar) and
mannose (various plants) which, when administered to
animals and humans, cause the release of substances
from certain white blood cells that form and activate natural
killer cells (NKC) that attack cancer cells and cause their
demise (death).
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‘‘

These Aloe
species
can

activate
natural

‘killer cells’

‘‘

Active immunity is acquired through immunization or
actually having a disease. It is long-lived immunity developed
by the body’s own immune system. Active immunity does
not provide immediate protection upon first exposure to an
invading agent or vaccine. It takes a few days to weeks before
the immune response is sufficiently developed to contribute
to the destruction of the pathogen. With subsequent exposure
to the same agent, however, the immune system is usually
able to react within minutes to hours.

that attack
cancer.

n Natural killer cells are part of the natural immune system
and they kill tumor cells and cells infected by viruses.
n Natural killer cells do not require programming by prior
contact with antigens.
n Natural killer cells attach to a cancer cell and inject chemicals
that can kill the cancer cell in less than five minutes.

‘‘

Unlike

chemotherapy

A natural killer cell
(small sphere) binding
to cancer tumor cell

(destruction of

cancer cells by

chemicals) and

In less than 5 minutes
the natural killer cell has
punctured and destroyed
a larger tumor cell.

radiotherapy

(destruction by
irradiation),

stimulation of

The tumor cell’s structural
matrix is all that remains
after its encounter with
the natural killer cell
which moves on to
another cancer cell.

natural killer

cells does not

destroy normal

Unlike chemotherapy (destruction of cancer cells by
chemicals) and radiotherapy (destruction by irradiation),
stimulation of natural killer cells does not destroy normal
cells in the body as the only targets are cancer cells.
[Leung MY, Liu C, Zhu LF, Hui YZ, Fung KF: Chemical and
biological characterization of a polysaccharide biological
response modifier from Aloe vera. Glycobiology 14 (6): 501,
2004]
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cells in the body

‘‘

One of the great advantages of such a system for destroying
cancer cells is that it can destroy every last cancer cell,
something none of the other modes of treatment can
accomplish.

as the only
targets are

cancer cells.

The large polysacharides are found in the central portion of
the aloe leaf called the fillet.
A fillet freshly removed
from its green rind.

Yellow sap or latex
streaming out of the
pericyclic tubes immediately after sectioning of
a leaf

These constituents are chemically known as anthraquinones
and have potent anti-cancer activities in addition to their
laxative actions.

Aloe-emodin
Aloe-emodin, besides being a laxative agent, is a potent antileukemia constituent. [Kupchan SM, Karim A: Aloe emodin:
Anti-leukemic principle isolated from Rhamnus Frangula L.
Lloydia 39( 4):223-224, 1976].
This compound was found to show significant anti-leukemic
activity against P-388, L-1210, HCT-15, SK-HeP-G-1 mouse
splenocytic and lymphocytic leukemia in mice.
Aloe emodin (0.25 mg/ml 1.25 mg/ml 2.5 mgjmL and 5.0
mg/ml showed dose-dependent cytoxicity against cancer
cell lines, while the aloe extract stimulated the growth and
proliferation of normal mouse splenocytes.
[Pya Myoung-Yun, Youn Jee-Hyeun: Effects of aloe vera on
the cytotoxicity of anticancer drugs in vitro. Yakhak Hoeji
43(1): 104-110, 1999]
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‘‘

constituents
are chemi-

cally known
as anthraquinones
and have
potent

‘‘

A second group of aloe constituents contain the laxative
anthraquinones found in the yellow sap that comes from small
tubules in the thick green rind. The yellow sap consists of
several potent laxative agents including: Atoin A (barbaloin);
Aloin B (isobarbaloin);Aloe-emodin; and Emodin.

These

anti-cancer
activities.

DEHP- (diethylhexylphtlalate)
Tests were performed on three human leukemic cell lines K562 , HL60 and U937 -exposing the cancer cells to various
concentrations of DEHP.
% Inhibition
DEHP Concentration
Cell Lines
1 ug/mL. 			
50% 51% 52%
10 ug/mL. 			
74% 83% 81%
100 ug/mL. 			
95% 97% 95%

‘‘

Based on
ethnopharma-

[Lee KH, Kim JH, Lim OS, Kim CH: Antileukaemic and
antimutagenic effects of di(2-ethylhexyl) phthalate isolated
from Aloe vera Linne. J Pharmacy & Pharmacology 52
(5):593-598,2000]
[Lee KM, Hong HS, Lee CH, Kim CH: Induction
of apoptosis in human leukemic cell lines K562,
HL60 and U937 by diethylhexylphthalate isolated
from Aloe vera Linne. J. Pharmacy % Pharmacology
52(8):1037-1041, 2000]

logical studies,
the combination
of honeyand
Aloe arborescens or Aloe

For several decades in Italy and other
parts of Europe, health practioners have
been using a mixture of the juice from
Aloe arborescens, a cousin of Aloe vera
and honey to treat a very large number of
patients with all varieties of malignant
diseases with extraordinary success.
This Brazilian immune health formula
was published by Brazilian scholar Father
Romano Zago and was used in clinical studies in collaboration
with Paolo Lissoni, Oncologist at the Division of Radiation Oncology, St. Gerardo hospital, Monza, Milan, Italy.
More recently, a study on Wistar rats was performed using
the Aloe vera/ honey preparation. Tumor growth, tumor size,
and apoptosis (cell death) were evaluated.
Cell proliferation rate (Ki67-L1) and BaxlBcl2 expression
were determined at 7, 14 and 20 days after Walker 256
carcinoma cells were implanted in the Wistar rats. Control
rats were given 0.9% sodium chloride (table salt) by gavage
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vera is a common practice in
alternative medicine, especially

‘‘

The Italian Experience

used in Brazil
and South
America.

(stomach tube) while the experimental animals were given
the Aloe vera/ honey mixture.
The tumor growth in the Aloe vera/ honey animals compared
with the control animals was reduced as was the relative
weight of Ki67-L1 tumors compared with the control group.
Aloe vera/honey modulated tumor growth by reducing cell
proliferation and increasing susceptibility to apoptosis (cell
death).
Honey has also been shown to have anticancer properties,
including inhibition of tumor cell transformation and
proliferation and induction of apoptosis. Based on
ethnopharmalogical studies, the combination of honey
and Aloe arborescens or Aloe vera is a common practice in
alternative medicine, especially used in Brazil and South
America.
[Tomasin R, Gomes-Marcondes MC: Oral administration
of Aloe vera and honey reduced Walker tumor growth by
decreasing cell profileration. Phytotherapy Research
25( 4):619-123,2011]

‘‘

I’ve had a
noticable

improvement

in my Crohn’s
disease since
using the

Tumorlytic Activity of Aloe arborescens
var. natalensis
I. Potent antitumor (anti-cancer) activities have been shown
to be attributed to aloe molecules consisting of glucose and
mannose sugars, in substances called polysaccharides
(many sugars). One of the earliest research reports providing
this information comes from Dr. Akira Yagi and his
collaborators in Japan. These early studies were accomplished
nearly thirty years ago.
[Yagi A, Nishimura H, Shida T, Nishioka 1: Structure
determination of polysaccharides in Aloe arborescens var.
natalensis. Planta Medica 51 :213-217, 1986]
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Brazilian Aloe
& Organic
Honey

Supreme

‘‘

Giuppe Naci, M.D. of Trieste, Italy, in his book - “Mille Piante
Per Guarire Dal Cancro Senza Chemio” - (Thousand Plants to
Recover from Cancer Without Chemotherapy), 1700 Official
Scientific Publications with 1750 Various Bibliographic
Refernces published in 2007, recommends using the liquid
formula of whole leaf of Aloe arborescens plant juice plus
raw organic honey with the proportions consisting of two
volumes of honey to each volume of plant liquid. Honey
protects the active ingredients of the plant extract and acts
as a powerful antiseptic agent by inactivating potentially
injurious micro-organisms.

Immune
Health

Formula.

Dr. Andrew Linick

[Saito H: Purification of active substances of Aloe arborescens
Miller and their biological and pharmacological activity.
Phytotherapy Research 7: S14-S19,1993]
III. Aloe has been used as a folk medicine for centuries all
over the world. Among the many components of aloe, low
molecular weight components have been used as laxative
agents both in humans and animals. High molecular
weight components havebeen successfully used in skin
injuries andthermal burns and, in addition, as a potent
inflammatory agent. This article describes the antitumor
activity of Aloctin-A in mice with malignant fibrosarcoma
tumors. Complete anti-tumor inhibition of the sarcoma was
demonstrated in 65% of the mice.
[Imanishi, K: Aloctin-A, an active substance of Aloe
arborescens Miller as an immunomodulator. Phytotherapy
Research 7:S20-S-22, 1993]
IV. Four-week old rats were fed a control diet or experimental
diets containing 1% or 5% Aloe for five weeks. One week
later, the animals were injected with a chemical that causes
cancerous changes in colon and rectal cells. In the animals fed
the aloe diets, no abnormal colorectal cells were observed as
were seen in the control specimens. In addition, liver enzyme
functions were protected against the abnormal changes seen
in the control animals .
[Shimpo K, Chicara T, Beppu H, Ida C, Kaneko T, Nagatsu
T, Kuzuya H: Inhibition of azoxymethane-induced aberrant
crypt foci formation in rat colorectum by whole leaf Aloe
arborescens Miller var. natalensis Berger.
Phytotherapy Research 15(8):705-711,2001]
V. Modification effects of freeze-dried aloe (AloeArborescens)
whole leaf powder was given to female Syrian hamsters
given 0, 1 or 5% aloe in the diet for five weeks. At week five of
the experiment, all surviving animals were sacrificed and the
development of pancreatic cancer or precancer changes were
assessed histopathologically. The incidences of precancerous
cells and pancreatic cancer cells were significantly decreased
in the group fed the 5% aloe, and reduced in the group fed
the 1% aloe. In a satellite experiment, pretreatment with aloe
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‘‘

Phytotherapy
Research
Publication
reports
Aloctin-A ,
an active
substance
of Aloe
arborescens
is an

‘‘

II. Aloe juices contain about 300 different substances with
molecular weights less than 100 and up to 10,000,000 Daltons.
One of the smaller molecules in Aloctin-A a glycoprotein that
possesses a variety of chemical and pharmacological activities
including inhibition of gastric acid (HCI-hydrochloric acid)
secretion and potent anti-tumor effects.

immunomo–
dulator.

significantly reduced precancerous cancerous changes in
pancreatic duct cells.

VI. A study included 240 patients with metastatic solid tumors
who were randomized to receive chemotherapy with or without
Aloe. According to tumor histotype and clinical status, lung
patients were treated with cisplatin and ectoposide or weekly
vinoselbine, colorectal patients received oxaliplatic plus 5-fluorouracil (5-FU), gastric cancer patients received weekly germcitobine. Aloe arborescens was given orally at a dose 10 ml thrice
daily of a mixture consisting of 300 g of Aloe fresh leaves in 500
g of honey plus 40 ml. of 40% alcohol, every day without
interruption, either during or after chemotherapy, until the
progression of disease, starting six days prior to the onset of
chemotherapy. Aloe mixture was supplied by Deca (Isernia,
Italy). The percentage of both objective tumor regression
and disease control was significantly higher in patients
concomitantly treated alone, as well as the percent of 3-year
survival patients.
The study suggests that aloe may be successfully associated
with chemotherapy to increase its efficacy in terms of both
tumor regression rate and survival time.
[Lissoni P, Rovelli F, Brivio F, Zago R, Colciago M, Messinga
G, Mora A, Porro G: A randomized study of chemotherapy
versus biochemotherapy with chemotherapy plus Aloe
arborescens in patients with metastatic cancer. In vivo 23:
171-176, 2009].
VII. A chemical investigation of arborescent aloe (Aloe
arborescens Miller) in order to determine the characteristics
of the accumulation of carotenoids, chlorophylls,
carbohydrates and phenolic compounds in different parts of
the leaf, as well as depending on the age of leaves, were realized.
• photosynthetic pigment
• carotenoids
• chloropylls
• free carbohydrates -glucose, sucrose, fructose; only
glucose in inner gel
• pectin substances and glucanes
• phenolic compounds - aloenin, aloins, aloe-emodin
• No anthraquinones in inner part of leaves (gels)
9

‘‘

The study
suggests that
aloe may be
successfully
associated
with chemotherapy to
increase its
efficacy in
terms of both

‘‘

[Furukawaa F, Nishikawda A, Chiharab T, Kimpob K, Beppub
H, Kuzuyab H, Leec IS, Hirosea M: Chemopreventive effects
of Aloe arborescens on N-nitrosobis(2-oxopropyl) amineinduced pancreatic carcinogenesis in hamsters. Cancer
Letters 178;117-125, 2002]

tumor regression rate and

survival time.

[Olennikov DN; Zilfikarov LN; Ibragimov T A: Investigation
of chemical composition of arborescent aloe (Aloe
arborescens). Chemistry of Plant Raw Material3:77-82, 2010]
VIII. Aloe constituents possess free radical scavengers,
antiproliferatives, and immunostimulating properties preventing and treating cancer.
Aloctin-A induced antitumor effects in murine fibrosarcoma
and lymphatic leukemia in mice. Showed anti-tumor activity
against implanted sarcoma 180 in mice, exhibited resistance
against liver cell cancer cell proliferation.
Harlev E, Neva E, Lansky EP, Ofir R, Bishayee A. [Anticancer
potential of Aloes: Antioxidant, antiproliferation and immumodulatory attributes: Planta Medica 78:843-852,2012.]

Tumorlytic Diversity of
Aloe arborescens and Aloe barbadensis
(312) Sarcoma-180
Yagi A, Makino K, Nishioka L, Kuchino Y: Aloe mannan,
polysaccharide, from Aloe arborescens var. natalensis. Planta
Medica 311 (1=17-20, 19 77.
Sarcoma-180, implanted in mice-15,000 MW, tumor growth
inhibited by 38.1% at 5 mgjkg x 10 days and 48.1% at 200
mgjkg x 10 days.

‘‘

Potent antitumor (anticancer) activities have been
shown to be
attributed to
the Aloe Arbo-

(808) Lip, anus, breast, larynx, nose, prepuce,
stomach, uterus, skin

rescens

‘‘

Duke JA: Handbook of Medicinal Herbs. CRC Press, Inc.,
Boca Raton, Florida,1985: Aloe barbadensis Mill., pp 31-32.

molecules

(446) Mammary carcinoma; Erlich carcinoma; Melanoma

called polysac-

Chiunq-hua C, Yeng-chuan C, Dien-dong Li: The effect of
rhein and emodin on transplantable tumors in animals. Yau
Hsurah Hsueh Pao 13(5):363-366, 1966.cute

charides.

{581) Acute lymphcytic leukemia
Suzuki I: Alexin B. Jpn Kokai Tokkyo Koho 79113,41405
Sep 79
{582) Methyl cholanthrene-induced fibrosarcoma
Imanishi K, Ishiguro T, Saito H, Suzuki I: Pharmacological
studies on a plant lectin, Aloctin A.. I. Growth inhibition of
mouse methyl cholanthrene-induced fibrosarcoma (Meth A)
in ascites form by Aloctin A. Experientia 37:1186-1187, 1981.
(2000) (OEHP) Antileukemia
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Dr. Akira Yagi
of Japan

Lee KH, Kim JH, Lim OS, Kim Cl-1: Antileukemic and
antimutagenic effects of di(2ethylhexyl)phthalate isolated
from Aloe vera Linne. J Pharmacy and Pharmacology
52(5):593-598, 2000.

Research Reviews 27(5):609-630, 2007
{2007-47) Aloe-emodin for cancer
Dorsey JF, Kao GO: Aloe-emodin for cancer? More than just
a comforting salve. Cancer Biology & Therapy 6(1):89-90,
2007.

(2000) (OEHP) Antileukemia
Lee KM, Hong HS, LeeCH. Kim CH: Induction of apoptosis
in human leukemic cell lines K562. HL60 and U937 by
diethylhexylphthalate isolated from Aloe vera Linne. J
Pharmacy and Pharmacology 52(8):1037-1041, 2000

{2007-48) Aloe-emodin and gastric cancer
Guo J, Xiao B, Zhang S, Liu 0, Sun G: Growth inhibitory
effects of gastric cancer cells with an increase in S phase
and alkaline phosphatase activity repression by aloeemodin.
Cancer Biology Therapy 6(1):85-88,2007.

(2006-28) Human bladder cancer
Lin JG, Chen GW, Li TM, Chouh ST, Tan TW, Chung JG:
Aloe-emodin reduces apoptosis in T24 human bladder cancer
cells through the p53 dependent apoptotic pathway. Journal
of Urology 175(1):343-347, 2006.

{1-19) Aloe-emodin induces cell cycle arrest and
apoptosis in human colon cancer cells
Suboj P, Babykutty S, Srinivas P, Gopala S: Aloe-emodin
induces G2/M cell cycle arrest and apoptosis via activation of
caspase-6 in human colon cancer cells. Pharmacology 89(12) :91-98.2012.

(2006-60) Breast, ovarian cancer
Esmat AY, EI-Gerzawy SM, Rafaal A: DNA ploidy and S
phase fraction of breast and ovarian tumor cells treated
with a natural anthracycline analog (aloin). Cancer Biology
Therapy 4(1): 108-112,2005.

{I -30) Aloe-emodin inhibits colon cancer
Suboj P, Babycutty S, VaJiyaparambii Gopi DR, Nair RS,
Seinivas P, Gopala S: Aloe-emodin inhibits colon cancer cell
migration/ angiogenesis by downregulating MMP2/9, RhoB
and VEGF via reduced DNA binding activity of NF-kappB,
European Journal of Pharmaceutical Sciences 45(5):58191,2012 Apr 11.

(2007-15) Human lung nonsmall carcinoma
Lai MY, Hour MJ, Wing-Cheung Leung H, Yang WH, Lee
HZ: Chaperones are the target in aloe-emodin-induced
human lung nonsmall carcinoma H460 cell apoptosis,
European Journal of Pharmacology 73(1-3):P1-10, 2007.
(2007-19) Cervical Carcinoma

(11-8) Aloe-emodin exerts an anti-cancer effect in
hepatic hepatocellular carcinoma cells

Niciforovic A, Adzic M, Soaasic SO, Radojcic MB: Antitumor
effects of a natural anthraxcycline analog (Aloin) involve
altered activity of antioxidant enzymes in HeLa53 cells.
Cancer Biology & Therapy (8):1200-1205,2007.

Jean W, Jean YK, Nam MJ: Apoptosis by aloe-emodin
is mediated through downregulation of calpain-2 and
ubiquitin-protein ligase E3A in human hepatoma Huh-7
cells. Cell Biology International 36(2): 163-16 7,2012.

(2007-46) Anthraquinones (emodin) inhibiting cellular
proliferation, induction of apoptosis, prevention of
metastasis

{11-9) A rhein-aloe-emodin hybrid molecule showed
a better in vitro anti-tumor effect than rhein and
aloe-emodin alone.

Huang Q, LuG Shen HM, Chung MC, Ong CN: Anticancer
properties of anthraquinones from rhubarb. Medical
Research reviews 27(5):609-630, 2007.
{2007-47) Aloe-emodin for cancer
Dorsey JF, Kao GO: Aloe-emodin for cancer?

Yuan YF, Hu XV, HeY, Deng JG: Synthesis and anti-tumor
activity evaluation of rhein-aloe-emodin hybrid molecule.
Natural Product Communication 7(2):207-210, 2012.
{11-24) Aloe-emodin can promote macrophage
differentiation as a selective agent for treatment of
leukemia.

{2007-33) Gastric carcinoma
Chen SH, Lin KY, Chang CC, Fang Cl, Lin CP: Aloe-emodininduced apoptos is in human gastric carcinoma cells. Food %
Chemical Toxicology 45(11):2296-2303,2007
{2007-46) Anti-tumor of apoptosis

Tabolacci C, Oliverio S, Lentini A, Rossi S, Galbiati A,
Montesano C, Mattioli 0, Provenzano B, Facchiano F, Beninati
S. Aloeemodin as antiproliferative and differentiating agent
on human U937 monoblastic leukemia cells. Life Sciences 89
(2122): 812-820,2011.

Huang Q, LuG, Shen HM, Chung MC Ong CN: Anti-cancer
properties of anthraquinones from rhubarb. Medicinal

{11-42) Dietary aloin, aloesin, or aloe-gel exerts antiinflammatory activity activity in a rat colitis model.
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Tabolacci C, Oliverio S, Lentini A, Rossi S, Galbiati A, Montesano C, Mattiolo P, Provenzano B, Facchiano F, Beninati
S: Aloe-emodin as antiprotective and differentiating agent
on human U937 monoblastic leukemia cells. Life Sciences
89(2122): 812-820,2011.

Park MY, Kwon HJ, Sung MK: Dietary aloin, aloesin, or
aloe-gel exerts anti-inflammatory activity in a rat colitis
model. Life Sciences 88(11-12):486-492, 2011.
{11l-24) Rhein showed an important role in apoptotic
induction of human breast cancer cells.

IX. An evaluation of antimetastic properties of succus Aloes
was carried out using three types of experimental tumors
of rice and rats. It was found that succus Aloes treatment
contributes to reductions of tumor mass, metastic foci and
metastis frequency at different stages of tumor progress without affecting major tumor growth. Succus Aloes potentiates
the antitumor effect of 5-fluorouracil and cyclophosphamide
as components of combination chemotherapy.

Chang CY, Chan HL, Lin HY, Way TO, Kao MC, Song MZ,
Lin YJ, Lin CW: Rhein induces caspase-9 mediated apoptosis in human breast cancer cells. Evidence-based Complementary and Alternative Medicine (Art. No. 962504),2012.
{11l-85) Emodin induces apoptosis against neuroectodermal
tumor cells.
Ahiwar K, Jain SK: Aloe-emodin novel anticancer herbal
drug. International Journal of Phytomedicine 3(1):2731,2011.

Gribel NV, Pashinskii VG. PMID: 3798837
[PubMed - indexed for MEDLINE.

{IV-62) Aloe-emodin has been shown to have anticancer
activity in various human cell lines including monoblastic
leukemia.

To learn more about Aloe Arborescens scientific
research and the Brazilian Aloe Arborescens
Formula for Supreme Immune Health Support
go to www.aloeproductscenter.com and see
the research study links on the next page.

– OR–

Scan the
QR Code
here with
your phone.

This formulation is offered to the public as a dietary supplement only. Physicians are lawfully authorized to
recommend its use as a Medical Food based on medical evaluation and recognized scientific principles, as
described in this Monograph.

Revitalizes Dysfunctional Immune System &
Promotes Gentle Whole Body Detoxification*
Organic Aloe
Arborescens

Natural Raw
Honey

© 2019 - Deca Aloe Arbescens U.S

*These statements have not been evaluated by the food and drug Administration.
This product is not intended to diagnose, treat, cure, or prevent any disease.
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FULL RESEARCH STUDIES FOUND AT:

ALOEPRODUCTSCENTER.COM/RESEARCH

– OR–

By scanning the
QR Code here
with your phone.

1. A Randomized Study of Chemotherapy Versus Biochemotherapy with Chemotherapy Plus Aloe
Arborescens in Patients with Metastatic Cancer
2. Anticancer Potential of Aloes: Antioxidant, Antiproliferative, and Immunostimulatory Attributes
3. Aloe The Souce of the Major Glyconutrient
4. Natural Plant Molecules Dr. R Seigel MD
5. Effects of Honey and its Mechanisms of Action on the Development and Progression of Cancer
6. Honey as a Potential Natural Anticancer Agent
7. Nacci White Paper
8. Oral Administration of Aloevera and Honey Reduces Walker Tumour Growth by Decreasing Cell
Proliferation and Increasing Apoptosis in Tumour Tissue
9. Antioxidant Properties of Honey and its Role in Preventing Health Disorder
10. Raw Honey Contains Pro-biotic that Boosts Immunity
11. Aloctin a an Active Substance of Aloe
12. The Science and Regulation of Immunity. Dr. R Seigel MD
13. Dr. Ivan Danhof MD Ph. D. The Therapeutic Component in Aloe Vera
14. Nutraceutical Values of Natural Honey and its Contribution to Human Health and Wealth
15. Biological and Therapeutic Effects of Honey Produced by Honey Bees and Sting-less Bees a
Comparative Review
16. Aloe Emodin Modulates PKCisozymes Inhibits Proliferation and Induces Apoptosis
17. Aloctin a an Active Substance of Aloe Arborescens Miller as an Immunomodulator
18. A Systemic Review on Aloe Arborescens Pharmacological Profile Biological Activities and Pilot
Clinical Trials
19. Aloe Emodin is a New Type of Anticancer Agent
20. Aloes: The Genus Aloe
21. The Molecular Biology of How Dietary Supplements Support Optimal Human Health
22. Aloe Clinical Abstracts on Cancer Tumours HIV and AIDS
23. Aloe Clinical Abstracts Immunological benefits
24. Aloe Emodin Anticancer Effects on Gliobastoma Cell Growth
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Six Independent Research
Studies on Aloe and Honey
as Anti-Cancer Compounds

1

A Randomized Study of Chemotherapy Versus
Biochemotherapy with Chemotherapy plus Aloe
arborescens in Patients with Metastatic Cancer
pg. 15–19

2
3

Anticancer Potential of Aloes: Antioxidant,
Antiproliferative, and Immunostimulatory Attributes
pg. 20– 29

Oral Administration of Aloe vera and Honey Reduces
Walker Tumour Growth by Decreasing Cell Proliferation
and Increasing Apoptosis in Tumour Tissue
pg. 30– 34

4
5
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Abstract. Background: The recent advances in the analysis of

tumor immunobiology suggest the possibility of biologically
manipulating the efficacy and toxicity of cancer chemotherapy
by endogenous or exogenous immunomodulating substances.
Aloe is one of the of the most important plants exhibiting
anticancer activity and its antineoplastic property is due to at
least three different mechanisms, based on antiproliferative,
immunostimulatory and antioxidant effects. The antiproliferative action is determined by anthracenic and
antraquinonic molecules, while the immunostimulating activity
is mainly due to acemannan. Patients and Methods: A study was
planned to include 240 patients with metastatic solid tumor who
were randomized to receive chemotherapy with or without Aloe.
According to tumor histotype and clinical status, lung cancer
patients were treated with cisplatin and etoposide or weekly
vinorelbine, colorectal cancer patients received oxaliplatin plus
5-fluorouracil (5-FU), gastric cancer patients were treated with
weekly 5-FU and pancreatic cancer patients received weekly
gemcitabine. Aloe was given orally at 10 ml thrice/daily. Results:
The percentage of both objective tumor regressions and disease
control was significantly higher in patients concomitantly treated
with Aloe than with chemotherapy alone, as well as the percent
of 3-year survival patients. Conclusion: This study seems to
suggest that Aloe may be successfully associated with
chemotherapy to increase its efficacy in terms of both tumor
regression rate and survival time.
The recent formulation of chemo-biochemotherapeutic
regimens could represent a very simple but promising strategy
in the treatment of human neoplasms (1-3). The chemobiochemotherapeutic combinations have been developed to
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associate the cytotoxic action of cancer chemotherapy with
molecules capable of modulating the antitumor biological
response and to counteract the suppressive effect of cancer
chemotherapy on host immunobiological responses, which
plays a fundamental role in the control of tumor progression and
dissemination (4-7). Hence, the rationale of the association
between cancer chemotherapy and biological response modifier
agents consists of the prevention of chemotherapy-induced
damage of host anticancer immunobiological reaction. A great
variety of natural molecules with immunostimulatory activity
have been isolated from plants commonly used in traditional
medicine in an empirical manner, in particular from Aloe,
Cannabis indica and myrrh (8-10). The immunobiological
information available up to now may justify the clinical use of
these three plants in the palliative therapy of human neoplasms,
at least to improve the efficacy and tolerability of the common
standard anticancer therapies, including chemotherapy and
radiotherapy. Despite differences in the chemical structure of
their molecules, the anticancer activity of aloe, cannabis and
myrrh is based on very similar mechanisms, consisting of
antiproliferative, immunostimulatory, anti-inflammatory and
antioxidant effects (8-10). In cannabis and myrrh, both the
antiproliferative and immunoinflammatory-modulating effects
are attributed to the same molecules, tethrahydrocannabinol and
cannabinol for cannabis (11) and the sesquiterpene T-cadinol
for myrrh (12). On the contrary, the antiproliferative and the
immunomodulating effects of aloe are mediated by separate
molecules. More specifically, the antitumor and
antiproliferative effects of aloe are mainly exerted by aloeninlike substances, namely aloe-emodine, whose oncostatic action
has been shown to be particularly evident against
neuroendocrine cancer cell lines (13). On the other hand, the
immunostimulatory properties of aloe are mainly dependent
on acemannan and glycomannan (14), whose stimulatory
action on anticancer immunity is mediated, at least in part, by
the inhibibition of interleukin (IL)-l0 secretion, with a
resulting increase in the production of IL-2, which plays a
fundamental role in the generation of the anticancer immunity
171
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(15). The anticancer properties of aloe have been confirmed
by several experimental in vitro and in vivo studies (16, 17),
revealing that the anticancer activity of aloe does not depend
only on its immunomodulatory effect, as believed until
recently, but also on a direct inhibition of cancer cell
proliferation through aloenin-like molecules.
This finding is not surprising, since aloenin and other
similar molecules may be classified within the group of
anthracenic and anthraquinonic substances, whose
antiproliferative cytotoxic effects are well known. A
considerable number of clinical investigations with aloe
extracts have been performed, however, these have yelded
controversial results. Aloe therapy has been particularly
investigated in the treatment of psoriasis, hyperlipidemia and
diabetes mellitus (18-21) and it may exert anticholesterolemic
and antidiabetic effects (18). Moreover, it stimulates wound
repairing, however, no efficacy has been observed in the
treatment of radiotherapy-induced skin damage (21).
Finally, aloe has been used for the tratment of human
neoplasm (22), although only preliminary data are available.
Despite all of this work, most studies are very limited from
a methodological point of view, due to the low number of
patients and lack of randomization. Therefore, the present
study was planned in an attempt to investigate the influence
of a concomitant aloe administration on the efficacy and
tolerability of chemotherapy in patients with advanced
cancer and poor clinical status.

Patients and Methods
Patients. The study included 240 consecutive patients with
metastatic solid tumor, who were treated with chemotherapy with
or without aloe treatment. The study was performed by using the
variety Aloe arborescens. Eligibility criteria were as follows:
histologically proven metastatic solid tumor; histological diagnosis
of lung cancer or gastrointestinal tract tumor; measurable lesions,
no previous chemotherapy for the metastatic disease; no possibility
to tolerate the most aggressive polychemotherapies because of low
performance status (PS), age and/or concomitant important medical
illnesses other than cancer; no brain metastasis and no double tumor.
The metastatic disease was established by CT scan and/or NMR or
PET. Moreover the diagnosis of poor clinical status was established
on the basis of low PS and/or concomitant relevant medical diseases
other than cancer. The experimental protocol was explained to each
patient, and written consent was obtained.
Treatments. According to tumor histotype, sites of metastases and
type of chemotherapy, patients were randomized to receive
chemotherapy alone or chemotherapy plus aloe. Chemotherapy
consisted of cisplatin (CDDP) plus etoposide (VP16) or weekly
vinorelbine (VNR) for non-small cell lung cancer (NSCLC) in
patients with good or poor clinical status respectively; CDDP plus
VP-16 for small cell lung cancer (SCLC); low-dose oxaliplatin
(OXA) plus 5-fluorouracil (5-FU) for colorectal cancer; weekly 5FU for gastric cancer, and weekly gemcitabine (GEM) for
pancreatic adenocarcinoma.

Table I. Clinical characteristics of 240 evaluable patients withs
metastatic solid tumors treated with chemotherapy (CT) alone or CT
plus aloe.
Characteristics
No.
Male/female
Median age (years)
Median performance status
(Karnofsky’s score)
Dominant metastasis sites:
Soft tissues
Bone
Lung
Liver
Liver + lung
Liver + peritoneum

CT

CT + Aloe

121
67/54
64 (61-77)

119
65/54
65 (58-79)

80 (60-100)

80 (60-100)

7
20
26
37
24
7

6
16
25
35
25
12

CDDP and VP-16 were given i.v. at 20 mg/m2 and at 100 mg/m2
for 3 consecutive days every 21 days, corresponding to one
complete chemotherapeutic cycle. OXA was given i.v. at 85 mg/m2
on days 1 and 8, in association with 5-FU and folates (FA) at a dose
of 500 mg/m2 and 10 mg/m2 respectively, at days 18 and l5, by
repeating the cycle every 28 days. VNR was given weekly at
25 mg/m2. Weekly 5-FU consisted of 375 mg/m2, in association
with FA at a dose of 10 mg/m2.
Finally, GEM was given weekly at 1,000 mg/m2. Aloe
arborescens was given orally at a dose of 10 ml thrice daily of a
mixture consisting of 300 g of Aloe fresh leaves in 500 g of honey
plus 40 ml of 40% alcohol, every day without interruption, either
during or after chemotherapy, until the progression of disease,
starting 6 days prior to the onset of chemotherapy. Aloe mixture was
supplied by Deca (Isernia, Italy). The clinical response and toxicity
were assessed according to WHO criteria. PS was evaluated by
Karnowsky’s score. The clinical responses were radiologically
evaluated after at least three cycles of chemotherapy by repeating
the same radiological investigation used prior to the onset of
chemotherapy, including CT scan, NMR and PET. Patients were
monitored weekly by routine laboratory tests. Lymphocyte counts
were determined by hemochromocytometric analysis. The
evaluation of subjective symptoms, such as fatigue and asthenia,
was assessed by an individual report.
Statistical analysis. The results were statistically analyzed by the
chi-square test, Student’s t-test and analysis of variance, as
appropriate.
The survival curves were plotted by the Kaplan-Meier method
and statistically evaluated by the log-rank test. The differences were
considered to be statistically significant when p-values were <0.05.

Results
The clinical characteristics of patients are reported in Table I.
As shown, the two groups of patients treated with
chemotherapy alone, or chemotherapy plus aloe were well
comparable for the main prognostic variables, including
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Table II. Clinical response (WHO criteria) in 240 metastatic solid tumor patients treated with chemotherapy (CT) or CT plus Aloe.
Histotypes

CT

CT + ALOE

n

CR

PR

CR+PR

SD

DC

PD

n

CR

PR

Small cell lung cancer
CDDP/VP16

22

2

6

8 (36% )

7

15 (68% )

7

23

6

8

14 (61% )*

4

Non-small cell lung cancer
Weekly VNR
CDDP/VP

36
17
19

1
0
1

6
3
3

7 (19% )
3 (18% )
4 (21% )

11
4
7

18 (50% )
7 (41% )
11 (58% )

18
10
8

38
17
21

4
2
2

8
3
5

12 (32% )
5 (29% )
7 (33% )

14
6
8

26 (68% )
11 (65% )
15 (71% )

12
6
6

Colorectal cancer
OXA/5-FU/FA

21

1

5

6 (29% )

8

14 (67% )

7

21

2

6

8 (38% )

7

15 (71% )

6

Gastric cancer
Weekly 5-FU/FA

22

0

0

0

9

5 (28% )

13

19

0

3

3 (16% )

7

10 (59% )

9

Pancreatic adenocarcinoma
Weekly GEM

20

0

2

2 (7% )

10

8 (50% )

8

18

0

3

3 (17% )

8

11 (73% )

7

121

4

19

23 (19% )

37

60 (50% )

61

119

12*

28

Overall

CR+PR

SD

40 (34% )** 40

DC

PD

18 (78% )** 5

80 (67% )** 39

CDDP: Cisplatin; VP16: etoposide; VNR: vinorelbine; OXA: oxaliplatin; 5-FU: 5-fluorouracil; FA: folinic acid; GEM: gemcitabine; CR: complete
response; PR: partial response; SD: stable disease; DC: disease control (CR+PR+SD); PD: progressive disease. *p<(0.025 vs. CT; **p<0.01 vs. CT

histotype, sites of metastasis, PS and age. The observed
clinical response in the two groups of patients are reported
in Table II.
By considering the overall tumor histotypes, the percentages
of complete responses (CR) and partial responses (PR)
achieved in patients concomitantly treated with aloe were
significantly higher than in those who received chemotherapy
alone (40/119 (34% ) vs. 23/121 (19% ), p<0.01). A CR
occurred in 12/119 (10% ) patients concomitantly treated with
aloe and in only 4/121 (3% ) patients treated with
chemotherapy alone. This difference was statistically
significant (p<0.01). Stable disease (SD) was achieved in
37/121 (31% ) patients treated with chemotherapy alone and in
40/119 (34% ) patients who received a concomitant aloe
administration. The disease control (DC=CR+PR+SD)
obtained in patients concomitantly treated with aloe showed a
significantly higher percentage than that found in patients who
received chemotherapy alone (80/119 (67% ) vs. 60/121
(50% ), p<0.0l).
As far as the clinical response in relation to tumor
histotype is concerned, the objective tumor response rate
(CR+PR) achieved in the group of SCLC patients
concomitantly treated with aloe was significantly higher than
that found in the group of chemotherapy alone (14/23 (61% )
vs. 8/22 (36% ), p<0.05). Moreover, the percentage of CR
was also significantly higher in SCLC patients concomitantly
treated with aloe (6/23 (26% ) vs. 2/22 (9% ), p<0.05).
Similarly, the objective tumor response (CR+PR) observed
in the remaining tumor histotypes, including colorectal

cancer, gastric cancer and pancreatic adenocarcinoma, was
consistently higher in patients concomitantly treated with
aloe, without statistically significant differences.
Figure 1 illustrates the 3-year survival curves achieved in
patients treated with chemotherapy alone or chemotherapy
plus aloe. As shown, the percentage of 3-year survival
obtained in patients concomitantly treated with aloe was
significantly higher than that found in the group of
chemotherapy alone (p<0.0l). As far as the survival in
relation to tumor histotype are concerned, the percentage of
3-year survival achieved in both SCLC and NSCLC patients
concomitantly treated with aloe was significantly higher than
that obtained in those treated with chemotherapy alone
(p<0.05). The survival was also longer in all other tumor
histotypes treated with chemotherapy plus aloe, without
statistically significant differences. Aloe was well tolerated
in all patients and no metabolic undesirable effects were
observed. In addition, no aloe-related toxicity occurred,
including vomiting and diarrhoea.
From an immunobiological point of view, mean numbers of
lymphocytes decreased and increased after chemotherapy in
patients treated with chemotherapy alone or chemotherapy
plus aloe, respectively, even though none of these differences
were statistically significant. However, as illustrated in Figure
2, the mean lymphocyte mean number observed after therapy
in patients concomitantly treated with aloe was significantly
higher than that observed in the group treated with
chemotherapy alone (p<0.05), while no difference was seen
before the onset of treatment.
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Figure 1. 3-Year survival curves observed in 240 patients with metastatic
solid tumor treated with chemotherapy alone or chemotherapy plus aloe.

Finally, chemotherapy was substantially better tolerated in
patients concomitantly treated with aloe. In particular, the
occurrence of asthenia and/or fatigue was significantly less
frequent in patients concomitantly treated with aloe than in
those who received chemotherapy alone (31/119 (26% ) vs.
56/121 (46% ), p<0.01). Similarly, VNR-induced constipation
was significantly less frequent in the aloe group than in
patients treated with VNR alone (3/17 (18% ) vs. 12/17
(71% ), p<0.0l). In addition, OXA-induced neurotoxicity, with
paresthesic disturbances, was also less frequent in patients
who received aloe with respect to those treated with
chemotherapy alone (6/21 (29% ) vs. 9/21(43% )), without
statistically significant differences. No other important
difference in the occurrence of side-effects was found.

Discussion
The results of this study confirm previous preliminary
clinical investigations which had already shown the efficacy
of aloe extracts in the palliative therapy of patients with
untreatable metastatic cancer, either to improve their quality
of life, or to prolong the survival time (22). In addition to
these previous results, this study demonstrates the efficacy
of aloe in association with cancer chemotherapy, at least in
patients with poor clinical status because of low PS or
important medical diseases, in whom the therapeutic activity
of chemotherapy alone is generally low.
Thus, aloe extracts may exert not only a direct oncostatic
effect, but also enhance the efficacy of chemotherapy in terms
of both tumor regression rate and survival time as well as
reducing some toxicities. Moreover, aloe-induced prolonged

Figure 2. Mean number of lymphocytes observed before and after the
chemotherapeutic treatment in 240 patients with metastatic solid tumor
treated with chemotherapy alone or chemotherapy plus aloe. *p<0.05
vs. Chemotherapy.

survival time was constantly associated with a better quality of
life, at least in terms of relief of asthenia and fatigue. Aloeinduced increase in chemotherapy cytotoxic efficacy appear to
be particularly evident in SCLC, because of its neuroendocrine
nature. This evidence is not surprising, since experimental
studies had already shown that the oncostatic properties of aloe
substances are more pronounced against neuroendocrine cancer
cell lines (13). In any case, aloe-induced increase in
chemotherapy anticancer efficacy would depend not only on
molecules provided by antiproliferative action, but also on the
activity of immunomodulating substances, such as acemannan
(8, 14). A particularly interesting combination could be
represented by the association between VNR and aloe in the
treatment of NSCLC, since aloe seemed either to increase VNR
cytotoxic potency, or to correct the most frequent side-effect of
VNR, that of severe constipation. The biochemotherapeutic
combination of VNR plus aloe could thus constitute a very well
tolerated and active therapy for NSCLC patients, including
those with poor clinical status. Obviously, the low number of
patients for the single tumor histotype does not allow definitive
conclusions to be drawn in the treatment of the various solid
tumor histotypes by aloe and chemotherapy combination
therapy. The relatively low percentage of responses shown by
this study for a single histotype with respect to that reported in
the literature could depend on the poor clinical status of
patients. In any case, further studies will be required to better
investigate the real impact of a concomitant aloe therapy on the
life of chemotherapy-treated patients with advanced cancer by
using more appropriate scales for the quality of life. Moreover,
since the study was not blinded, multiple bias may occur.
Hence, double-blind randomized studies will be necessary to
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confirm these promising results. Finally, further studies should
be performed to establish whether aloe extracts may also
enhance the efficacy of chemotherapy in patients with good
clinical status. Future clinical studies with single aloe molecules,
such as aloe-emodine and acemannan for their immunomodulating and antiproliferative properties, respectively, could
allow further benefits in the treatment of human neoplasms.
Several recent studies (23-27) have contributed to better define
the mechanism of the anticancer activity of aloe. However, the
exact mechanism of its immunomodulatory antitumor effect has
still to be established in detail. Hence, successive studies, by
evaluating the most important immune biomarkers, namely IL2, IL-12, IL-6, IL-10, TGF-β and T regulator lymphocytes, will
be essential to establish the influence of aloe on the anticancer
cytokine network.
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Abstract
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Aloe is a genus of medicinal plants with a notable
history of medical use. Basic research over the
past couple of decades has begun to reveal the extent of Aloeʼs pharmaceutical potential, particularly against neoplastic disease. This review looks
at Aloe, both the genus and the folk medicine,
often being called informally “aloes”, and delineates their chemistry and anticancer pharmacog-
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Aloe is a genus of small to large, evergreen perennials, with fleshy, sword to lance-shaped leaves
belonging to the Xanthorrhoeaceae family. This
genus comprises about 400 species native to subSaharan Africa, the Saudi Arabian Peninsula, and
many islands of the Western Indian Ocean.
Although thought to grow only in hot and dry
" Fig. 1) actually grow in a
climates, Aloe plants (l
variety of climates, including desert, grassland,
coastal, or even alpine locations [1, 2]. However,
the majority are arid zone plants inhabiting the
deserts of South Africa. These succulents, subjected to the dry areas of the tropics and subtropics, such as steppes, semi-desert, and desert,
are forced to collect and store water to survive
long, dry periods. Aloe plants have long been the
source of important products due to their nutritional and therapeutic values, their leaf exudates
being used to a great extent in traditional medicine [3].
Aloe plants exhibit anticancer activity in vitro
" Table 1) and in vivo (l
" Table 2). Their antineo(l
plastic property is due to at least three different
mechanisms based on antiproliferative, immunostimulatory, and antioxidant effects. The antiproliferative action is determined by anthracenic
and anthtraquinonic molecules, such as aloeemodin, aloesin, and aloin (also called barbaloin)

20

nosy. Structures of key compounds are provided,
and their pharmacological activities reviewed.
Particular attention is given to their free radical
scavenging, antiproliferative, and immunostimulatory properties. This review highlights major research directions on aloes, reflecting the enormous potential of natural sources, and of the genus Aloe in particular, in preventing and treating
cancer.

" Fig. 2), included in the gel of the Aloe vera leaf,
(l
while the immunostimulating activity is mainly
" Fig. 2), a mucopolysacchadue to acemannan (l
ride of Aloe vera gel, and to aloemannan included
in the leaves of Aloe arborescens – both plants displaying antitumor activities in vitro through activation of immune responses [4]. Polyphenols and
other reactive oxygen species (ROS) scavengers
act preventively through their antioxidant effects.
Aloe vera Burm. f. (also called Aloe barbadensis
" Fig. 1) is the most known species of
Miller) (l
the Aloe genus and the most researched one. Over
4000 studies were performed on the effectiveness
of Aloe vera in medical treatment, part of which
addressed their role in recovery from diagnosed
cancer. It grows mainly in arid and semiarid climates, although, this plant, as well as Aloe arborescens and other aloes are found also in non-arid
countries like Greece, Italy, and Japan. Naturalized
stands of the species occur in the southern half of
the Arabian peninsula, throughout North Africa
(Morocco, Mauritania, and Egypt), Sudan, and
neighboring countries, and in the Canary, Cape
Verde, and Madeira Islands. The species is frequently cited as being used in herbal medicine,
such as in treating wounds and burns, but also
diabetes and elevated blood lipids in humans [5].
These effects are attributed to compounds, such
as polysaccharides, mannans, anthraquinones,
and lectins, present in the Aloe leavesʼ gel.

Harlev E et al. Anticancer Potential of …

Planta Med 2012; 78: 843–852

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

Anticancer Potential of Aloes: Antioxidant,
Antiproliferative, and Immunostimulatory Attributes

Reviews

Fig. 1 The two mostly used Aloe plants in cancer
research and therapy, Aloe vera (A) and Aloe arborescens (B).

Fig. 2 Chemical structures of acemannan (1),
aloin (2), aloe-emodin (3), and aloesin (4).

The purpose of this article is to review the work performed upto-date on the application of extracts and isolated components
derived from plants of the Aloe genus in cancer research. To the
best of our knowledge this attempt is a first of its kind. The article
is divided into subsections, each focused on the various anticancer attributes of a major bioactive component contained in
the Aloe leaf.

work located in the scientific literature adding new information
has been incorporated into the manuscript, while concentrating
on the essence and ignoring experimental details. Major key
words used: cancer, anticancer, Aloe, Aloe vera, Aloe arborescence,
Aloe saponaria in various combinations.

Acemannan
!

Search Methodology

In vitro studies

!

Many studies of the immunological effects of extracts from plants
of Aloe have focused on the clear mesophyll gel of the Aloe vera
leaf and on its major storage carbohydrate, acetylated mannan,
" Fig. 2). Acemannan is the name given to the major
acemannan (l
carbohydrate fraction, a polysaccharide, or a mixture of polysaccharides, obtained from the gel of the Aloe vera leaf. Acemannan
is known to have diverse biological activities, including immunomodulatory and antitumor attributes [6].

The purpose of this review has been to display before the interested reader a broad view of the research work performed upto-date on the subject. For that end, the scientific search engine
“SciFinder” was found to be an extremely usefull tool, as it retrieves information from both MEDLINE and CAPLUS data bases.
In most cases the whole papers were obtained and carefully gone
through. In few cases only the abstract could be obtained. As the
amount of work performed on the subject is not very large, any
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In vitro anticancer effects of components included in the Aloe leaf.

Compound

Plant

Cellular effects

Mechanism

Conc.

Reference

Acemannan

Aloe vera

Produced cell morphology changes in
mouse macrophage cell line (RAW
264.7 cells)
Inhibited [3H]B[a]P‑DNA adduct formation in primary rat hepatocytes
treated with [3H]B[a]P
Exhibited antiproliferative effect on
human and mouse cultures of T lymphocites
Induced tumor cell cytotoxicity in
murine peritoneal macrophage cells
Showed antiproliferative effect in HeLaS3 human cervix carcinoma cells
Exhibited cytotoxic activity against
two human breast cancer cell lines
(MCF-7 and SKBR-3)
Produced reproducible antitumor
effects in human K562 leukemia cell
line
Induced cytotoxicity in human colon
carcinoma cell lines (DLD-1 and
WiDr)
Reduced cytotoxicity of TNF-α
towards L929 mouse fibrosarcoma
and U251 human glioma cell lines
Displayed a long-term antiproliferation effect in human gastric cancer
MGC-803 and SGC-7901 cells
Inhibited the viability of T24 human
bladder cancer cells
Decreased cell proliferation in transformed glia (SVG) and human glioma
U-373MG cell line (U-373MG)
Differentiated surviving cells toward
the astrocytic lineage and exhibited
autophagic cell death in rat C6 glioma
cell line
Caused cell death in human lung
squamous cell carcinoma cell line
(CH27)
Inhibited cell proliferation in human
liver cancer cell lines (HepG2 and Hep
3B)
Induced cytotoxicity in human lung
non-small cell carcinoma cell line
H460

Immunomodulatory
activities

100 µg/mL

Zhang and
Tizard, 1996 [4]

0.4–250 µg/mL

Kim and Lee,
1997 [7]

0.6 mg/mL (IC50)

Sampedro et al.,
2004 [9]

Murine macrophage stimulation
↑Apoptosis

500 µg/mL

↑Apoptosis, ↓topoisomerase type IIA, ↓cyclin B1

60 µg/mL (MCF-7);
80 and 150 μg/mL
(SKBR-3)
29 µM (IC50, K562);
10.5 µM (IC50,
K562/R)
0.37 mM

Liu et al., 2006
[12]
Niciforovic et al.,
2007 [16]
Esmat et al., 2006
[18]

Aloe vera

Aloe saponaria
and Aloe vera
Aloe vera
Aloin

Aloe vera
Not specified

Aloe-emodin

Aloe vera

Not specified

Aloe vera

Not specified
Aloe vera

Not specified

Not specified

Not specified

Not specified

Not specified
Not specified

Aloe vera

Inhibited growth of metastatic lesion
of Merkel cell carcinoma (MCC) cells
Induced cell death in human tongue
squamous carcinoma SCC-4 cells

Caused cell death in human gastric
carcinoma cell lines (AGS and
NCI‑N87)
Exhibited cytotoxicity against two
human colon cancer cell lines, namely
DLD-1 and HT2

The anticancer biological mechanism of acemannan may be exerted through pluripotent effector cells, such as macrophages, as
Aloe extracts are known to induce macrophage activating activ-
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↓Apoptosis, ↓casein kinase
II, ↑cyt. c, ↑caspase-3 activation
↑Autophagy, ↓ERK activation

97 μM (IC50)

Grimaudo et al.,
1997 [25]
Lin and Uen,
2010 [26]

5–120 µM

Harhaji et al.,
2007 [27]

↓PKC, ↓c-myc

40 µM

Guo et al., 2008
[28]

↑p53, ↑p21, ↑Bax, ↑Fas/
APO‑1, ↑caspase-3
↓S phase progression,
↓PKC activity

50 µM

Lin et al., 2006
[29]
Acevedo-Duncan
et al., 2004 [24]

Formation of intracytoplasmic acidic vesicles, ↓ERK1/2

40 µM

Mijatovic et al.,
2005 [30]

↑caspase-3, ↑caspase-8,
↑caspase-9, ↑Bax, ↑Fas

50 µM

Lee et al., 2001
[31]

↑Apoptosis,↑p53, ↑p21
G1 arrest

10 and 20 µg/mL

Kuo et al., 2002
[32]

↑Apoptosis, modulation of
cAMP-dependent protein kinase, PKC, Bcl-2, caspase-3,
and p38 protein expression
Not specified

40 µM

Yeh et al., 2003
[33]

↑Apoptosis, S-phase arrest,
↑AIF, ↑Endo G, ↑pro-caspase-9, ↑cyt. c, ↑Bax/Bcl2,
↑caspase-9, ↑caspase-3
↑Apoptosis, ↑cyt. c, ↑caspase-3, ↓casein kinase,
↓pBid

30 µM

40 µM

Wasserman et al.,
2002 [34]
Chiu et al., 2009
[35]

70–190 µM

Chen et al., 2007
[36]

8.94 µM (IC50, DLD1); 10.78 µM (IC50,
HT2)

El-Shemi et al.,
2010 [48]

ity. In mouse macrophage cell line, RAW 264.7 cells, acemannan
stimulated macrophage cytokine production, nitric oxide (NO)
release, surface molecular expression, and cell morphology
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Table 2

In vivo anticancer effects of components included in the Aloe leaf.

Compound

Plant

Biological effects

Acemannan

Aloe vera

Showed inhibitory effect on B[a]P–DNA
adduct formation in liver, kidney, forestomach, and lung of male ICR mice
Exhibited macrophage-activating activity in ICR mice implanted with sarcoma
180 cells
Caused tumor shrinkage, tumor necrosis
and lymphocytic infiltration in dogs
Exhibited better survival of implanted
tumor-bearing animals

Aloe vera

Aloe vera
Acemannan and
carrisyn

Aloe vera

Aloctin A

Aloe arborescens

Aloe-emodin

Aloe vera

Aloe extract

Not specified

Aloe mannan

Aloe arborescens

Aloe polysaccharides

Not specified

Aloesin, aloeemodin, and
aloin
Capsules
containing polysaccharides
Lectin

Aloe vera

Non-specified
aloe polysaccharide

Not specified

Induced antitumor effects in chemicallyinduced murine fibrosarcoma and
lymphocytic leukemia in mice
Inhibited growth of chemically-induced
fibrosarcoma in BALB/c mice
Selectively inhibited the growth of human neuroectodermal tumors in mice
Caused a decrease of α-fetoprotein in
patients with liver cirrhosis
Showed antitumor activity against implanted sarcoma 180 in mice
Reduced the tumor weight and prolonged the survival time of tumor-bearing mice
Exhibited prolongation of the life span of
tumor-transplanted animals

Opuntia milpa Alta
and Aloe vera L.
Aloe arborescens
Aloe arborescens,
Aloe barbadensis,
Aloe yuan-jiangensis, and Aloe chinensis
Aloe arborescens
and Aloe vera

Not specified

Aloe arborescens
and Aloe vera

Whole leaf
powder

Aloe arborescens

Inhibited the growth of tumor, and prolonged the survival of tumor-bearing
mice
Exhibited cytotoxic effects in MM102
tumors in mice
Exhibited resistance against liver cancer
cell proliferation

Prevented BOP-induced pancreatic neoplasia in female Syrian hamsters

In vivo studies
The major goal of cancer chemoprevention is to reduce the incidence of human cancer, either by inhibiting the process of carcinogenesis or by preventing high levels of carcinogen exposure.
The antigenotoxic and chemopreventive effect of acemannan on
benzo[a]-pyrene (B[a]P)-DNA adducts was investigated in vitro
and in vivo [7]. Acemannan showed time-course and dose-de-
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Dose

Reference

10–50 mg/mouse/
day

Kim and Lee, 1997
[7]

1 mg/mouse/day

Im et al., 2005 [8]

Immunomodulatory
effects
Initiation of phagocyte
production, stimulation
of blastogenesis in thymocytes
Immunomodulatory
activities
Immunomodulatory
activity
↑Apoptosis

Harris et al., 1991
[14]
Peng et al., 1991
[10]

Kenichi, 1993 [39]

50 mg/kg
10% extract in
drinking water

Imanishi et al.,
1981 [40]
Pecere et al., 2000
[37]
Okada, 1997 [45]
Yagi et al., 1977
[43]
Wang et al., 2001
[13]

↑IL‑2, ↑TNF, immunomodulatory activity
Modulation of antioxidant and detoxification
enzymes
↓Ca2+, Mg2+-ATPase

0.25–1.0 g/kg

Gao et al., 2005
[50]

T cell activation

50 mg/kg

Yoshimoto et al.,
1987 [38]
Qui et al., 2010
[11]

El-Shemy et al.,
2010 [48]

2.0–4.0 g/kg

Su et al., 2006
[46]

Inhibited the growth of S180 tumor and
prolonged the survival of H22 tumorbearing mice
Prolonged life span of ICR mouse with
sarcoma 180 tumor

changes [4]. The production of the cytokine interleukin 6 (IL-6)
and tumor necrosis factor-α (TNF-α) was acemannan dose-dependent, and NO production, cell morphology changes, and surface antigen expression were increased in response to stimulation by a mixture of acemannan and interferon-γ (IFN-γ).
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Mechanism

↓DNA adduct formation

10 and 50 mg/kg/
day (Aloe vera);
10 and 100 mg/kg/
day (Aloe arborescens)
1–5% in diet

Jeong et al., 1994
[47]

Furukawa et al.,
2002 [44]

pendent inhibition of [3H]B[a]P‑DNA adduct formation in primary rat hepatocytes treated with [3H]B[a]P. The polysaccharide
fraction also inhibited cellular uptake of [3H]B[a]P in a dose-dependent manner. In this animal model, BPDE‑I‑DNA adduct formation was significantly inhibited in various organs, such as the
liver, kidney, forestomach, and lung. These results suggest that
the inhibitory effect of the polysaccharide fraction derived from
Aloe barbadensis on BPDE‑I‑DNA adduct formation might have a
chemopreventive effect by inhibition of B[a]P absorption.
A study examined the molecular size-immunomodulatory activity relationship of modified Aloe polysaccharide acemannan
(MAP) [8]. Polysaccharides between 5 and 400 KDa exhibited
the most potent macrophage-activating activity as determined

23

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

846

by increased cytokine production, NO release, expression of surface molecules, and phagocytic activity. In accordance with the in
vitro activity, polysaccharides also exhibited the most potent
antitumor activity in vivo.
Aloe saponaria (Ait.) Haw., also known as soap aloe, African aloe,
or zebra aloe, is a popular landscape plant in arid regions worldwide. It is native to eastern South Africa, Botswana, and Zimbabwe. The antiproliferative effects of the polysaccharide mannan from Aloe saponaria were evaluated using normal murine
cells (SpMC) and human cells (PBMC), as well as several tumor
cell lines [9]. Mannan inhibited proliferation in both normal and
tumor cells, and affected the expression of CD3+ SpMC, indicating
that it inhibits mainly a T lymphocyte proliferative response. On
the C1498 cell line, mannan reduced CD3 expression and abolished the CD25 expression, indicating that mannan has a dual
beneficial effect when applied to normal and tumor cells (inhibiting the activation of cancer cells, and improving that of normal
ones).
An extract from the parenchyma of Aloe barbadensis Miller (Aloe
vera), containing long chain poly-dispersed beta (1,4)-linked
mannan polymers with random O-acetyl groups (acemannan
and carrisyn), initiated phagocyte production of monokines supporting antibody-dependent cellular cytotoxicity, and stimulated
blastogenesis in thymocytes [10]. Approximately 40 % of animals
treated with acemannan at the time of tumor cell implantation
survived. Tumors in acemannan-treated animals exhibited vascular congestion, edema, polymorphonuclear leukocyte infiltration, and central necrosing foci with hemorrhage and peripheral
fibrosis. The data indicate that in vivo treatment of peritoneal
macrophages stimulates the macrophage production of monokines, including IL-1 and TNF-α. The data further indicate that
sarcomas in animals treated i. p. with acemannan at the time of
tumor cell implantation were infiltrated by immune system cells,
became necrotic and regressed. The combined data suggest that
acemannan-stimulated synthesis of monokines resulted in the
initiation of immune attack, necrosis, and regression of implanted sarcomas in mice.
A recent report deals with the use of Aloe polysaccharide extracted from Aloe arborescens, Aloe barbadensis (Aloe vera), Aloe
yuan-jiangensis, Aloe chinensis, etc., in resisting liver cancer cell
proliferation [11]. The Aloe polysaccharide inhibits tumor cell
proliferation and growth, and is used for preparing antitumor
medicines for treating liver cancer. The Aloe polysaccharide, combined with chemotherapeutic agents, such as cisplatin (DDP) and
5-fluorouracil (5-FU), enhances the therapeutic effect and reduces adverse side effects. It can be made into a tablet, powder,
capsule, granule, suspension, syrup, oral liquid, emulsion, nanoparticle, liposome, ointment, patch, and injection.
The stimulatory activity of PAC‑I (acemannan polysaccharide) on
murine peritoneal macrophages was reported [12]. The polysaccharide, when injected into mice, enhanced the migration of
macrophages to the peritoneal cavity. Peritoneal macrophage,
when treated by PAC‑I in vitro, had increased expression of
MHC‑II and FcγR, and enhanced endocytosis, phagocytosis, NO
production, TNF-α secretion, and tumor cell cytotoxicity. The administration of PAC‑I into allogeneic ICR mice stimulated systemic TNF-α production in a dose-dependent manner, and prolonged
the survival of tumor-bearing mice. PAC‑I is, thus, a potent stimulator of murine macrophage, and the in vitro observed tumoricidal properties of activated macrophage might account for its in
vivo antitumor properties, indicating possible therapeutic implications in tumor immunotherapy.
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The mechanism of the antitumor activity of Aloe polysaccharides
was explored [13]. Aloe polysaccharide was administered i. p. or
i. v. to sarcoma 180 (S180) bearing mice or hepatoma 22 (H22)bearing mice, solely or combined with cyclophosphamide (CTX),
FU, and adrenomedullin (ADM), respectively. For H22-bearing
mice, the survival rate was observed or the IL-2 and TNF-α content in serum tested. It was found that Aloe polysaccharide reduced the tumor weight of S180-bearing mice and prolonged
the survival time of H22-bearing mice. Aloe polysaccharide improves the antitumor effects of CTX, ADM, and FU, and lessens
the chemotherapy side effects. It improves the levels of IL-2 and
TNF-α in the serum of mice bearing S180 or H22. Thus, Aloe polysaccharide acts as an antitumor, enhances the antitumor activity
of chemotherapeutic drugs and lessens their side effects. These
effects possibly relate to inducing IL-2, and TNF-α production as
well as to improved immune system function.

Clinical studies
Forty-three dogs and cats with spontaneous tumors were treated
with the immunostimulating polysaccharide acemannan derived
from Aloe vera by intraperitoneal (i. p.) and intralesional routes of
administration. Tumors from 26 of these animals showed histopathological evidence of immunological attack as shown by
marked necrosis or lymphocytic infiltration. Thirteen showed
moderate to marked tumor necrosis or liquefaction. Twenty-one
demonstrated lymphoid infiltration, and seven demonstrated
encapsulation. Twelve animals indicated obvious improvement
as assessed by tumor shrinkage, tumor necrosis, or prolonged
survival [14].
Recent advances in tumor immunobiology suggest the possibility
of natural cancer therapy. Cytokines, such as IL-2, or neurohormones, such as the pineal indole melatonin (MLT), were found to
activate anticancer immunity. Clinical studies were performed to
evaluate whether the concomitant administration of Aloe may
enhance the therapeutic results of MLT in patients with advanced
solid tumors for whom no effective standard anticancer therapies
are available [5]. The study included 50 patients suffering from
lung cancer, gastrointestinal tract tumors, breast cancer, or brain
glioblastoma, who were treated with MLT alone, or MLT plus Aloe
vera tincture. This preliminary work suggested that natural cancer therapy with MLT plus Aloe vera extracts may produce therapeutic benefits, at least in terms of stabilization of disease and
survival, in patients with advanced solid tumors for whom no
other standard effective therapy is available.

Aloin
!

In vitro studies
Aloin
[10-glucopyranosyl-1,8-dihydroxy-3-hydroxymethyl-9
" Fig. 2] is an anthraquinone glycoside, a
(10H)-anthracenone, l
natural bioactive compound present in Aloe vera and in many
other plants of the Aloe genus. It is related to aloe-emodin which
lacks a sugar group but shares aloinʼs biological properties.
Although known to have an anticancer effect, aloin has not been
used in current drug research. It has been suggested that optimization of the lead structure could enhance the utility of this compound. Hence, aloin was modified using natural amino acids to
produce Schiffʼs base, a potential pharmacophore, and its corresponding aglycons. The synthetic glycoside derivatives exhibited
significant enhancement of their antioxidant efficacy (DPPH radical scavenging) and cytotoxic activities compared to those of the
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parent compound, aloin, showing promise for application in cancer treatment [15].
The antiproliferative and cytotoxic potential of the natural anthracycline aloin from Aloe vera was tested on human uterine
carcinoma HeLaS3 cells [16]. Aloin showed a pronounced antiproliferative effect at physiological concentration, caused cell
cycle arrest in the S phase, and markedly increased HeLaS3 cell
apoptosis, indicating that aloin, due to its less undesirable side effects and anti-metastatic potential, may be the agent of choice on
which clinical protocols for the treatment of human cervical carcinoma should rely in the future.
Naturally occurring phytoanthracycline aloin was used to radiosensitize HeLaS3 cells. The results indicated that the cytotoxic adjuvant effect of aloin was synergistic with gamma ionizing radiation at all concentrations, and comparable to the cytotoxicity of
5–10 Gy ionizing radiation alone [17]. Radiosensitization of HeLaS3 cells was achieved by 60 µM aloin, which reduced the IC50
dose of ionizing radiation. Ionizing radiation and aloin alone, or
in combination, perturbed the HeLaS3 cell cycle, and increased
the percentage of cells in the DNA synthesis (S) phase of the cell
cycle. While either agent applied alone caused programmed cell
death by apoptosis, the simultaneous cell damage by both agents
through the altered redox balance compromised cell capacity to
conduct this program, and led to synergic cytotoxic cell death by
necrosis.
The cytotoxic activity of aloin from the Aloe plant against two human breast cancer cell lines, without (MCF-7) and with (SKBR-3)
erbB-2-topolla coamplification, was reported [18]. MCF-7 cell
line was more sensitive to aloin than SKBR-3, as demonstrated
by the MTT and clonogenic assays. The effect of aloin is likely
multifactorial, depending on dose level, and tumor phenotype.
Aloin at higher concentrations reduced the proportion of cells
undergoing mitosis by induction of apoptosis, inhibited topoisomerase type IIA expression, and downregulated cyclin B1 protein expression in the MCF-7 cell line, whereas erbB-2 protein expression was not affected. Topoisomerase type IIA expression was
mildly downregulated in the SKBR-3 cell line at higher concentrations only.

Aloe-emodin
!

Aloe-emodin [1,8-dihydroy-3-[hydroxymethyl]-anthraquione,
" Fig. 2] is contained in Aloe vera leaf gel. Aloe-emodin has laxal
tive [19], antifungal [20], anitibacterial [21], hepatoprotective
[22], antiviral [23], and antitumor activities [24]. The following
section describes in vitro, in vivo, and clinical anticancer studies
of aloe-emodin.

In vitro studies
The effects of five compounds purified from Aloe vera on the human K562 leukemia cell line, and its multidrug-resistant (MDR)
variant, K562/R, were investigated [25]. The aglycon aloe-emodin
produced reproducible antitumor effects which were more pronounced in the MDR, P-glycoprotein overexpressing cell line than
in the parent cells. Aloe-emodin caused cytostasis and accumulation of the cells in the S and G2-M phases of the cell cycle, and
thereafter massive cell death.
The anticancer effect of aloe-emodin was tested on two human
colon carcinoma cell lines, DLD-1 and WiDr [26]. It induced cell
death in a dose-dependent and time-dependent manner. Notably, the WiDr cells were more sensitive to aloe-emodin than the
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DLD-1 cells. Aloe-emodin affected the release of apoptosis-inducing factor and cytochrome c (cyt. c) from mitochondria, followed
by activation of caspase-3, leading to DNA fragmentation, nuclear
shrinkage, and apoptosis. Exposing colon carcinoma cells to aloeemodin suppressed the casein kinase II activity in a time-dependent manner, and was accompanied by a reduced phosphorylation of Bid, a downstream substrate of casein kinase II, and a proapoptotic molecule. These findings indicate that the inhibition of
casein kinase II activity, the release of apoptosis-inducing factor
and cyt. c, and the caspase-3 activation, are involved in aloeemodin-mediated apoptosis in colon carcinoma cells.
The capacity of aloe-emodin to reduce the cytotoxicity of the
proinflammatory cytokine TNF-α towards L929 mouse fibrosarcoma and U251 human glioma cell lines was demonstrated [27].
Aloe-emodin inhibited both TNF-α-induced cell necrosis and apoptosis, but it did not reduce cell death induced by UV radiation or
hydrogen peroxide. Aloe-emodin inhibited both basal and TNF-αtriggered activation of extracellular signal-regulated kinase
(ERK), and a selective blockade of ERK activation mimicked the
cytoprotective action of the drug. The combination of aloe-emodin and TNF-α caused an intracellular appearance of acidified autophagic vesicles, and the inhibition of autophagy with bafilomycin or 3-methyladenine efficiently blocked the cytoprotective action of aloe-emodin. These data indicate that aloe-emodin could
prevent TNF-α-triggered cell death through mechanisms involving induction of autophagy, and blockade of ERK activation.
The relatively unknown mechanism of the anticancer effect of
aloe-emodin was investigated [28]. Crystal violet assay showed
that it had a long-term antiproliferation effect on human gastric
cancer MGC-803 and SGC-7901 cells. Scratch wound-healing motility assays indicated its anti-migration effect. Aloe-emodin arrested SGC-7901 cells at the G2/M phase. More importantly, it inhibited the expressions of protein kinase C (PKC) and c-myc, indicating that the anticancer effect of aloe-emodin on gastric cancer
cells involves suppression of c-myc expression.
The anticancer effect of aloe-emodin on the T24 human bladder
cancer cell line was investigated by studying apoptosis regulation
[29]. It was found that it inhibited cell viability and induced G2/M
arrest and apoptosis in T24 cells. Aloe-emodin increased the levels of Wee1 and cdc25c. It induced p53 expression, and was accompanied by the induction of p21 and caspase-3 activation, associated with apoptosis. In addition, aloe-emodin was associated
with a marked increase in Fas/APO1 receptor and Bax expression,
but inhibited Bcl-2 expression. These results indicate that the induction of apoptosis in T24 cells by aloe-emodin is mediated
through the activation of p53, p21, Fas/APO‑1, Bax, and caspase-3.
Aloe-emodin regulation of the cell cycle, cell proliferation, and
PKC during glioma growth and development was explored [24].
The results revealed that aloe-emodin delayed the number of cells
entering and exiting the DNA synthesis (S) phase in both SVG and
U-373MG cells, indicating that aloe-emodin may inhibit S phase
progression. Assessment of cell viability demonstrated that SVG
and U-373MG glioma cells were highly sensitive to aloe-emodin.
A PKC activity assay was quantified to establish the role of PKC in
aloe-emodinʼs mode of action. Exposure of SVG and U-373MG
glioma cells to aloe-emodin suppressed PKC activity and reduced
the protein content of most of the PKC isozymes. These results indicate that cancer growth inhibition by aloe-emodin is due to apoptosis, and support the hypothesis that aloe-emodin represents
a novel antitumor chemotherapeutic drug.
The effect of aloe-emodin on the rat C6 glioma cell line was investigated [30]. In addition to cell cycle block and caspase-depen-
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dent apoptosis, aloe-emodin led to the formation of intracytoplasmic acidic vesicles, indicative of autophagic cell death. Moreover, differentiation of surviving cells toward the astrocytic lineage was confirmed by typical morphological changes, and increased expression of glial fibrillary acidic protein (GFAP). Aloeemodin did not affect the activation of p38 MAPK, Jun-N-terminal kinase, or transcription factor nuclear factor (NF-κB), but
markedly inhibited the activation of ERK1/2 in C6 cells. A selective inhibitor of ERK activation, PD98059, mimicked the effects
of aloe-emodin on glioma cell morphology and GFAP expression,
but failed to induce either apoptosis or autophagy. Taken together, these results indicate that the anti-glioma action of aloe-emodin involves ERK-independent induction of both apoptosis and
autophagy, as well as ERK inhibition-mediated differentiation of
glioma cells.
The effects and mechanisms of aloe-emodin-induced cell death
in the human lung squamous cell carcinoma cell line CH27 was
investigated [31]. Aloe-emodin-induced CH27 cell apoptosis was
confirmed by DNA fragmentation (DNA ladders and sub-G1 formation). Aloe-emodin-induced apoptosis of CH27 cells involved
modulation of the expression of Bcl-2 family proteins, such as
BclXL, Bag-1, and Bak, and was associated with the translocation
of Bak and Bax from cytosolic to particulate fractions. Aloe-emodin-treated CH27 cells had an increased relative abundance of
cyt. c in the cytosolic fraction. These results demonstrated that
the activation of caspase-3, caspase-8, and caspase-9 is an important determinant of apoptotic death induced by aloe-emodin,
suggesting that aloe-emodin induces CH27 cell death by the Bax
and Fas death pathways.
The anticancer effect of aloe-emodin was studied in two human
liver cancer cell lines; human hepatocellular carcinoma HepG2
and Hep3B [32]. Aloe-emodin inhibited cell proliferation and induced apoptosis in both cell lines, but with different antiproliferative mechanisms. In HepG2 cells, it induced p53 expression, accompanied by an induction of p21 expression that was associated
with cell cycle arrest in G1. In addition, it caused a marked increase in Fas/APO1 receptor and Bax expression. In contrast, in
the p53-deficient Hep3B cells, the inhibition of cell proliferation
by aloe-emodin was mediated through a p21-dependent mechanism that did not cause cell cycle arrest or increase of the Fas/
APO1 receptor, but rather promoted apoptosis by enhancing expression of Bax. The above results indicate aloe-emodinʼs potential in liver cancer prevention.
A study investigated the effects and mechanisms of aloe-emodininduced cell death in the human lung non-small cell carcinoma
cell line H460 [33]. Aloe-emodin-induced apoptosis of H460 cells
involves modulation of cAMP-dependent protein kinase, PKC,
Bcl-2, caspase-3, and p38 protein expression. The relationship of
various signals involved in cell death, such as cAMP-dependent
protein kinase, PKC, Bcl-2, caspase-3, and p38, was investigated
in the regulation of apoptotic cell death of aloe-emodin. It was
demonstrated that the expression of p38 is an important determinant of apoptotic death induced by aloe-emodin.
A free-floating cell line was established from a metastatic lesion
of a Merkel cell carcinoma (MCC) patient. Aloe-emodin significantly inhibited the growth of the MCC cells, indicating that it is
a potential agent for treating MCC [34].
An investigation was made of the anticancer effect of aloe-emodin on human tongue squamous carcinoma SCC-4 cells [35]. The
results indicated that it induced cell death through S-phase arrest
and apoptosis in a dose-dependent and time-dependent manner.
Treatment with 30 µM of aloe-emodin led to S-phase arrest
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through promoted p53, p21, and p27, but inhibited cyclin A, E,
thymidylate synthase, and Cdc25A levels. Aloe-emodin promoted
the release of apoptosis-inducing factor (AIF), endonuclease G
(Endo G), pro-caspase-9, and cyt. c from the mitochondria via a
loss of the mitochondrial membrane potential, which was associated with an increase in the ratio of Bax/Bcl2 and activation of
caspase-9 and -3. Aloe-emodin thus induced apoptosis in the
SCC-4 cells through the Fas/death-receptor, mitochondria and
caspase cascade. The above demonstrates its potential as a novel
chemotherapeutic drug for the treatment of human tongue squamous cancer.
A preclinical study investigated the anticancer effect of aloeemodin on two distinct human gastric carcinoma cell lines, AGS
and NCI‑N87 [36]. It demonstrated that aloe-emodin induces cell
death in a dose-dependent and time-dependent manner. Aloeemodin caused the release of apoptosis-inducing factor and cyt.
c from mitochondria, followed by the activation of caspase-3,
leading to nuclear shrinkage and apoptosis. In addition, exposure
to aloe-emodin suppressed the casein kinase II activity in a timedependent manner, and was accompanied by a reduced phosphorylation of Bid, a downstream substrate of casein kinase II,
and a proapoptotic molecule. This preclinical study suggests that
aloe-emodin represents a suitable and novel chemotherapeutic
drug candidate for the treatment of human gastric carcinoma.

In vivo studies
Aloe-emodin has a specific in vitro and in vivo anti-neuroectodermal tumor activity. It was found that the growth of human
neuroectodermal tumors is inhibited in mice with severe combined immunodeficiency without any appreciable toxic effects
on the animals, but it does not inhibit the proliferation of normal
fibroblasts, or that of hematopoietic progenitor cells [37]. The cytotoxicity mechanism consists of the induction of apoptosis,
whereas the selectivity against neuroectodermal tumor cells is
founded on a specific energy-dependent pathway of drug incorporation.

Lectins
!

Lectins are sugar-binding proteins present in the leaves of Aloe
plants, highly specific for their sugar moieties. They play a role
in biological recognition phenomena involving cells and proteins,
and have many immunological activities.

In vivo study
The possibility that a plant lectin acting as a carrier protein could
specifically activate T cells, resulting in the augmentation of antitumor immunity was investigated [38]. ATF1011, a non-mitogenic lectin purified from the leaves of Aloe arborescens Mill, is
known to bind equally to normal and tumor cells. It was found
that ATF1011 binding on the MM102 tumor cell surfaces augmented anti-trinitrophenyl (TNP) antibody production of murine
splenocytes when the mice were primarily immunized with TNPconjugated MM102 tumor cells. The alloreactive cytotoxic T cell
response was also augmented by allostimulatory cells binding
ATF1011 on the cell surfaces. These augmented responses are
suggested to be mediated by the activation of helper T cells recognizing ATF1011 as a carrier protein. Killer T cells were induced
against the ATF1011 antigen in the H-2-restricted manner, using
syngeneic stimulator cells bearing ATF1011 on the cell surfaces.
When this lectin was administered intralesionally into the tu-
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mors, induction of cytotoxic effector cells was demonstrated.
Thus, intralesionally administered ATF1011 derived from Aloe arborescens Mill binds to the tumor cell membrane and activates T
cells specific for this carrier lectin in situ, which results in the
augmented induction of systemic antitumor immunity.

Aloctin A
!

Aloctin A (also referred to as “Alo A”) is a highly purified glycoprotein from the leaves of Aloe arborescens, exhibiting various biological activities, such as mitogenic activity for T lymphocytes,
binding reactivity for human a2-macroglobulin, and activation
of component 3 of the complement system via the alternative
pathway 1.

In vivo studies
The antitumor activity of aloctin A was described, using methylcholanthrene-induced murinefibrosarcoma (Meth A)2, and lymphocytic leukemia (P388) in syngeneic mouse systems [39].
Aloctin A [78 244–78–7] isolated from Aloe arborescens inhibited
the growth of a syngeneic transplantable methylcholanthreneinduced fibrosarcoma in mice [40]. The inhibitory mechanism
has been suggested to be host-mediated, and not due to a direct
toxic effect on the tumor cell.

Aloe Extracts and Miscellaneous Compounds
!

In vitro study
An extract of Aloe vera (Aloe barbadensis Miller) was examined
for its cellular toxicity on HepG2 cells [41]. Treatment with the
extract resulted in DNA fragmentation, but not lactate dehydrogenase (LDH) release, suggested apoptosis instead of necrosis.
The extract-induced cytotoxicity was mediated by a decrease in
ATP levels. Inactivation of caspase-3/7 suggests the possibility of
caspase-independent apoptosis. Taken together, the results show
that Aloe vera extracts induce HepG2 apoptosis by ATP depletionrelated impairment of mitochondria, which is caspase-independent.

In vivo studies
Aloe arborescens Miller, known also as Krantz aloe, is the most
popular source for herbal medicine, used in the treatment of various acute or chronic diseases. This plant originates from the arid
zones of South Africa, and is mostly native to the south-eastern
coast of the African continent. Extracts from the leaves of Aloe arborescens exhibited significant wound healing, antibacterial,
antiulcer, anti-inflammatory, anticarcinogenic, hypoglycemic,
and also alopoeic activity. The leaf sap has been reported to relieve X-ray burns [42]. The hot water extract of the fresh leaves
of Aloe arborescens contained aloemannan, which showed activity against implanted sarcoma 180 in mice [43].
The modification effects of freeze-dried Aloe arborescens whole
leaf powder during the initiation phase of carcinogenesis were
investigated in hamsters treated with N-nitroso-bis(2-oxopropyl) amine (BOP) [44]. Incidences of pancreatic adenocarcinomas,
atypical hyperplasias, or total atypical hyperplasias plus adenocarcinomas were significantly decreased with BOP+5 % Aloe arborescens, and that of adenocarcinomas were also significantly
reduced in the BOP+1 % Aloe as compared to the BOP alone group.
Multiplicities of pancreatic adenocarcinomas, atypical hyperpla-
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sias, or total lesions, were also significantly lower in the BOP+5%
Aloe group than with the BOP alone. Quantitative data for neoplastic lesions in the lung, liver, gall bladder, kidney, and urinary
bladder of hamsters were not significantly different among the
three groups. The results indicated that Aloe arborescens prevents
BOP-induced pancreatic neoplasia in hamsters in relation to decreased DNA adduct formation in the target tissue.
The oral administration of water-soluble ingredients of Aloe arborescens extract to patients with liver cirrhosis resulted in a
marked decrease of α-fetoprotein, which is one of the markers
of hepatocarcinogenesis. This study was undertaken for the purpose of investigating the effect of Aloe arborescens extract on
hepatocarcinogenesis, demonstrating that it may be useful in
the chemoprevention for hepatocarcinoma due to its inhibitory
effect of both hepatocarcinogenesis and cell growth [45].
The tumor-inhibition effects of various kinds of Aloe were studied
on sarcoma 180 tumor bearing mice, and on the life time of H22tumor-bearing mice. Efficacy enhancing and toxicity reducing of
Aloe arborescens Miller on 5-fluorouracil (5-FU) were observed. It
was found that different kinds of aloes can inhibit S180 tumor,
and prolong the life time of H22-bearing mice [46].
Anticancer effects of two plants of the Aloe genus were determined on sarcoma 180 in ICR mouse or human cancer cells [47].
It was found that the administration of extracts of either Aloe vera or Aloe arborescens prolonged the life span of ICR mouse.
The potential anticancer properties and modulatory effect of selected Aloe vera active compounds on antioxidant enzyme activities were tested [48]. Thus, three anthraquinones, aloesin, aloeemodin, and aloin (also called barbaloin), were extracted from
Aloe vera leaves. These three compounds, along with an N-terminal octapeptide derived from verectin (a biologically active
14 kDa glycoprotein present in Aloe vera), were tested for their
relative antitumor efficacy in vivo. It was found that the active
compounds exhibited significant prolongation of the life span of
tumor-transplanted animals in the following order: barbaloin
(aloin) > octapeptide > aloesin > aloe-emodin. Aloe vera active
compounds exhibited significant inhibition on the Ehrlich ascite
carcinoma cell (EACC) number when compared to the positive
control group, in the following order: barbaloin > aloe-emodin >
octapeptide > aloesin. Moreover, in the trypan blue cell viability
assay, active compounds showed a significant concentration-dependent cytotoxicity against acute myeloid leukemia (AML) and
acute lymphocytes leukemia (ALL) cancerous cells. Furthermore,
aloe-emodin was found to be active against two human colon
cancer cell lines, DLD-1 and HT2 [48].
The influence of Aloe vera leaves homogenized with honey and
ethanol on tumor growth and the apoptosis process were verified
by assessing tumor size, cell proliferation rate measured by the
Ki67-labeling index (LI), and Bax/Bcl2 expression, after Walker
256 carcinoma was implanted in Wistar rats [49]. The effect
against tumor growth was observed through a decrease in relative weight (%) and the Ki67-LI labeling index in tumors from
the tumor bearing group (WA group), compared with those from
the control group (CW group). The Bax/Bcl2 ratio increased in tumors from the WA group at all tested time points. It was suggested that Aloe vera may reduce tumor mass and metastasis
rates, while the honey inhibits tumor growth.
The in vivo and in vitro antitumor effects of Xianlukangai capsules, containing the polysaccharides from Opuntia Milpa Alta
and Aloe vera L., were investigated [50]. Xianlukangai capsules inhibited the growth of cancer cells of S180A mice, and prolonged
the survival time of H22 mice. Xianlukangai capsules also had
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strong cytotoxic effects on HepG2 cells, and increased its internal
Ca2+. Xianlukangai capsules were found to decrease the activity of
Ca2+,Mg2+-ATPase. The study indicated that Xianlukangai capsules had antitumor effects both in vivo and in vitro, and suggests
a mechanism of increasing the internal Ca2+ in HepG2 cell
through decreasing the activity of Ca2+,Mg2+-ATPase of the
HepG2 cell membrane to induce apoptosis of the tumor.
Aloe vera extracts are widely used in skin care products. A study
examined the effects of synthetic solar light on the skin of hairless mice that had been treated with creams containing various
Aloe vera extracts. The results indicated that Aloe gel or aloeemodin had a weak enhancing effect on the photocarcinogenic
activity of simulated solar light in female, but not male hairless
mice. Aloe's whole leaf extract and decolorized leaf extract had a
weak enhancing effect on the photocarcinogenic activity of simulated solar light in both male and female hairless mice [51].

Clinical studies
Clinical investigations showed the efficacy of extracts derived
from Aloe arborescens in the palliative therapy of patients with untreatable metastatic cancer, either to improve their quality of life,
or to prolong the survival time [52]. It demonstrated the efficacy
of Aloe arborescens in association with cancer therapies in which
the therapeutic effect of chemotherapy alone is generally low.
A patent describes a gel composition which includes at least 40 %
(w/w) Aloe barbadensis (Aloe vera) extract in treating breast tissues after radiation treatment for breast cancer [53].
A patent presents an anticancer preparation for suppressing cancerous tissue growth and metastases spreading. The extract contains Viskum allum-imula, Aloe vera, propolis, and placenta (Placeutofil). This anticancer preparation has been claimed to stop
the fabric division of the cancer cells and strengthen the organismʼs defensive system [54].
A patent describes a method for treating neoplasia by forming a
mixture between a portion of a nonhuman protein having human
C3 convertase activity and an inhibitor of that activity, and administering a therapeutically effective amount of that mixture into a
patient. The C3 convertase can be derived from plants, such as Aloe
vera, Aloe arborescens, Aloe barbadensis, or Aloe saponaria [55].
The effects of methanol extract of Aloe vera were tested on anticancer drugs (cisplatin, mitomycin C, 5-FU)-induced growth inhibition of P388, L1210, HCT-15, and SK-HepG‑1 as cancer cell
lines, and mouse splenocytes as a normal cell line by the MIT assay, respectively. The effects of Aloe extract and mitomycin C on
the mitogen (Con A and LPS)-induced splenocyte proliferation
were also explored. In the Walker 256 carcinoma implant in Wistar rats, Aloe extract showed dose-dependent selective cytotoxicity against the cancer cell lines. In contrast, Aloe extract increased
the growth and proliferation of the normal mouse splenocytes.
The combination of Aloe extract with anticancer drugs showed
an additive effect in the cytotoxicity against cancer cell lines. That
combination clearly reduced the anticancer drug-induced toxicity against the normal mouse splenocytes [56].

Conclusion
!

The potential ability of polyphenol combinations to prevent cancer progression is far from being completely understood, as it appears extremely unlikely that any one substance is responsible
for all of the associations seen between the secondary metabolites contained in plants. This conclusion stems from the great va-
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riety of dietary phenolics and the many types of potential mechanisms reported [57]. It has been straightly pointed out that combinations of phytochemicals in fruits and vegetables are crucial
for their anticancer activities [58].
The above may equally be projected on the biological effects of
single components isolated from Aloe plants. As shown in this review article, the anticancer attributes of various components
contained in plants of the Aloe genus have been extensively researched: aloin, with its anti-metastatic potential and minimal
undesirable side effects for treating human uterine carcinoma
[16]; aloe-emodin as source of novel chemotherapeutic drugs
for the treatment of human gastric carcinoma [36]; or the anticancer attributes of the polysaccharides (mannan and acemannan) isolated from the gel of Aloe plants [10]. However, the
combined anticancer mechanisms and effects of the various ingredients contained in the Aloe leaf have still to be explored. To
this should be added the fact that only a small part of the plants
belonging to the Aloe genus have thoroughly been investigated
for their anticancer potential. However, the vast knowledge already gathered points to the great natural cancer preventive and
therapeutic potential hidden in them.
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Cancer is diagnosed in approximately 11 million people and is responsible for almost 8 million deaths worldwide
every year. Research in cancer control has shown the importance of co-adjuvant therapies. Aloe vera may reduce
tumour mass and metastasis rates, while honey may inhibit tumour growth. This study verified the influence of
Aloe vera and honey on tumour growth and in the apoptosis process by assessing tumour size, the cell
proliferation rate (Ki67-LI) and Bax/Bcl-2 expression at 7, 14 and 20 days after Walker 256 carcinoma implant
in Wistar rats distributed into two groups: the WA group – tumour-bearing rats that received a gavage with a
670 mL/kg dose of Aloe vera and honey solution daily, and the CW group – tumour-bearing rats which received
only a 0.9% NaCl solution. The effect of Aloe vera and honey against tumour growth was observed through a
decrease in relative weight (%) and Ki67-LI in tumours from the WA group compared with those from the CW
group. The Bax/Bcl-2 ratio increased in tumours from the WA group at all tested timepoints. These data suggest
Aloe vera and honey can modulate tumour growth by reducing cell proliferation and increasing apoptosis
susceptibility. Copyright © 2010 John Wiley & Sons, Ltd.
Keywords: Aloe vera; honey; cancer; proliferation; apoptosis.

seems to have a prognostic value for survival and
tumour recurrence (Scholzen and Gerdes, 2000).
Cell survival is dependent on the complex interplay
between proapoptotic and antiapoptotic proteins.
Perhaps the main class of proteins involved in this
process is the Bcl-2 family, which includes a large
number of proteins. Among them, Bax and Bcl-2 are
proapoptotic and antiapoptotic factors, respectively.
Under normal conditions, Bax is localized in the
cytoplasm as a soluble monomeric protein, but upon
stimulation (e.g. DNA damage), Bax undergoes a conformational change to an activated form and translocates
to the mitochondrial membrane. Therefore, this protein
associates as homo-oligomers that promote the permeabilization of the outer mitochondrial membrane. This
allows water and small molecules to pass through,
leading to swelling of the intermembrane space and
rupture of the outer mitochondrial membrane. Consequently, toxic proteins such as cytochrome c are released
from the intermembrane space of the mitochondria; this
essential component of the respiratory chain, when
released in the cytoplasm and in the presence of ATP,
together with Apaf-1 and procaspase 9 forms the ‘apoptosome’. This activates caspase 9 and triggers the classic
apoptotic cascade, leading to apoptotic cell death
(Bröker et al., 2005; Dai and Grant, 2007).
In contrast, the antiapoptotic Bcl-2 protein prevents
cell death by hetero-dimerizing with Bax-like proteins,
blocking its function and consequently, the progress of
the apoptotic cascade (Adams and Cory, 2007).

INTRODUCTION
Cancer is diagnosed in approximately 11 million people
and is responsible for almost 8 million deaths worldwide
every year. Starting from a single cell that is transformed by a multistage process, the genesis of cancer is
mainly characterized by the rapid proliferation of
abnormal cells, invasion of adjacent tissues and spread
to distant organs (metastasis) (World Health Organization, 2009).
Cancer growth could be linked to two major abnormal cell characteristics: unrestrained cell proliferation
and insufficient apoptotic turnover (Nicholson, 2000).
The nuclear protein Ki-67 is expressed during the cell
cycle in all the proliferation phases (G1, S, G2 and
mitosis) but is absent in the resting phase (G0). These
expression patterns make Ki-67 an excellent and commonly used marker to identify the ‘growth fraction’ of a
cell population. According to several studies of some
types of tumours, the Ki-67 labelling index (Ki67-LI),
expressed as the percentage of immuno-reactive
tumour cells among the total counted tumour cells,
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ity) and microwaved on high for 10 min in 0.01 n sodium
citrate buffer, pH 6.4. After blocking with horse serum
at room temperature for 30 min, the primary antibodies
specific to Ki-67 (AnaSpec, Inc., San Jose, CA, USA),
Bax and Bcl-2 (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA), were applied at appropriate dilutions
for incubation at 4°C in a humidified chamber
overnight.The sections were washed five times for 5 min
each in PBS and linked with the appropriate host avidin
biotinylated horseradish peroxidase-tagged secondary
antibodies (Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA) for 60 min. The ABC kit (Easy Path) was
used to obtain better visualization. Colour development
was obtained with 30-30-diaminobenzidine, and counterstaining was performed with Harris haematoxylin.
Immunostaining of a tissue section in the absence of the
primary antibody was used as a negative control. Visualization and documentation were accomplished with a
LEICA microscope supporting a video camera, and
analyses were done on Image Pro-Plus software (1.0
version, Media Cybernetics, Silver Spring, MD, USA).
To determine the stained cell percentages, about 300
cells from at least three random fields (approximately
12 ¥ 103 mm2) were counted from each tissue section.

Recent studies have shown that conventional cancer
therapies, such as chemotherapy, radiotherapy and
surgery, could be administered in association with
co-adjuvant therapies. Together, these can improve the
prognosis and the quality of life of cancer patients
(Montbriand, 2004). Studies suggest that Aloe
vera (Linne) (Liliaceae) has some pharmacological
activities, including immunomodulation and anticancer
properties. The components of Aloe vera might inhibit
tumour growth, reduce tumour mass and inhibit
metastasis (Akev et al., 2007; He et al., 2008). Concurrently, honey has also been shown to have anticancer
properties, including the inhibition of tumour cell transformation and proliferation and induction of apoptosis
(Swellam et al., 2003). As based on ethnopharmacological studies, the combination of honey with Aloe vera is a
common practical in alternative medicine, especially
used in Brazil/South America, but there are few scientific results in the literature showing the real benefits of
this association. Knowing these previous facts, the main
purpose of this research was to analyse the modulating
effects of Aloe vera and honey solution on tumour
growth, tumour cell proliferation and apoptosis induction during cancer development in an in vivo model.

Statistical analysis. The results were expressed as the
mean  SEM. Comparisons between the untreated
tumour-bearing group (CW) and Aloe vera- and honeytreated tumour-bearing group (WA) were performed
using the unpaired t-test. The p values < 0.05 were considered statistically significant. Statistical analysis was
performed using the Graph Pad Prism software (v3.00
for Windows 98, USA) (Gad and Weil, 1994).

MATERIALS AND METHODS
Aloe vera and honey solution. Mature and healthy
leaves of Aloe vera (500 g) collected from the greenhouse at the State University of Campinas/SP Brazil
were homogenized with honey (Lambertucci Ltda, Rio
Claro, Brazil) (500 g) and ethanol (30 mL) in aseptic
conditions and kept in dark vials and at a low temperature (4°C) (Zago, 2004).

RESULTS

Experimental protocol. Adult male Wistar rats (90 days
old, body weight approximately 300 g) were implanted
subcutaneously with a Walker 256 carcinoma cell suspension (1 ¥ 106 viable tumour cells). Treatment was
distributed in two groups of rats: the WA group (n = 15),
received a gavage with a 670 mL/kg dose of the Aloe
vera and honey solution daily, while the CW group (n =
15) was gavaged with 670 mL/kg of 0.9% NaCl solution.
At timepoints of 7, 14 and 20 days after tumour
implantation, five rats from each group (CW and WA)
were randomly chosen to be killed, and their tumours
were dissected, weighed and aliquoted for further
analyses.
The general guidelines of the United Kingdom Coordinating Committee on Cancer Research for animal
welfare were followed (Vale et al., 2005) and the experimental protocols were approved by the Institutional
Committee for Ethics in Animal Research (CEEA.IB/
UNICAMP, protocol # 1400-1).

Tumour growth was modulated by the Aloe vera and
honey solution
The effect of the Aloe vera and honey solution on
tumour growth was evident in the treated group (WA)
compared with the untreated group (CW) (Fig. 1A).
Upon tumour growth analysis, the tumours in the WA
group were smaller in mass (represented by a decrease
in relative weight (%)) compared with the tumours in
the CW group, and this difference continued to increase
at later timepoints, especially on day 20 after the original tumour implantation (Fig. 1A).
To investigate and verify the difference in tumour
growth, the cell proliferative rates (Ki-67 labelling
index, Ki67-LI) in the CW and WA tumour tissue
samples (Fig. 1B and C) were obtained by the immunohistochemistry assay for Ki-67. The Ki67-LI in WA
tumours was markedly decreased at all timepoints, especially on days 14 and 20 (Fig. 1B).

Immunohistochemistry. Once the tumour weights were
determined, appropriately sized samples were fixed in
a 4% para-formaldehyde solution for 24 h and then
buried in paraffin blocks following routine procedures.
Cross sections (5 mm) taken from these blocks were
mounted on poly-l-lysine-coated slides, de-paraffinized,
rehydrated through a series of incubations from alcohol
to distilled water, treated with 3% hydrogen peroxide in
PBS for 30 min (to block endogenous peroxidase activ-

The Aloe vera and honey solution affected the Bax
and Bcl-2 expression in tumour cells
In comparing the treated and untreated groups, it
was found that the proteins related to the apoptotic
pathway (Bax and Bcl-2) also exhibited differences in
expression.
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Figure 1. Tumour growth evolution was affected by Aloe vera and honey solution. (A) Tumour size (%, relative weight). (B) Ki-67
expression in tumour samples from untreated rats (CW) and Aloe vera-and honey-treated rats (WA) at 7, 14 and 20 days after tumour
implantation. (C) Immunohistochemistry images for Ki-67-stained cells in tumours from CW and WA groups on different days after
tumour induction (magnification 1000¥). CW 7d, tumour-bearing control group (CW) on day 7 of tumour development; CW 14d, CW
group on day 14 of tumour development; CW 20d, CW group on day 20 of tumour development; WA 7d, Aloe vera- and honey-treated
tumour-bearing group (WA) on day 7 of tumour development; WA 14d, WA group on day 14 of tumour development; WA 20d, WA
group on day 20 of tumour development. The results are expressed as the mean  SEM. * p < 0.05 indicates significant differences
within each column between the CW and WA groups on the different tested timepoints. This figure is available in colour online at
http://wileyonlinelibrary.com/journal/ptr

bearing rats could inhibit tumour growth; the decrease in
tumour mass could be observed by comparing the
tumour weights of treated rats (WA) and untreated rats
(CW) throughout the experiment.There are several lines
of evidence that Aloe vera and their components may
reduce tumour size or inhibit tumour growth in vivo and
in vitro (Surh, 2003;Acevedo-Duncan et al., 2004; Lissoni
et al., 2009) and these effects have also been seen with
honey (Swellam et al., 2003). There is a need to investigate and further elucidate the active components within
the Aloe vera and honey solution so that they may be
used as co-adjuvants to combat tumour cells.
The understanding of the action and target mechanisms of natural or naturally derived compounds as
cancer-preventative or cancer-therapeutic agents is
essential for their application in modern science. Additionally, they could represent a very simple but promising strategy in the treatment of human cancer, once
uncontrolled proliferation and abnormal apoptosis
leads to the occurrence and development of neoplasic
cells, and some natural products that can promote the
apoptosis of cancer cells or decrease their proliferation.
Therefore, in the present work, it is worth a mention
that some events occurring in the tumours, among them,
changes in cell cycle progression and cell death promotion caused by Aloe vera and honey (Acevedo-Duncan
et al., 2004; Swellam et al., 2003), could lead to the
smaller tumour sizes observed.
The concomitant decrease of Ki67-LI observed in the
treated tumour-bearing rats (WA), suggested that
administration of the Aloe vera and honey solution can
also lead to lower tumour cell proliferation. A high level
of Ki67-LI implies that a tumour has a rapid growth rate
and, in some cases, indicates aggressiveness and poor
prognosis (Scholzen and Gerdes, 2000; Bush et al.,

The percentage of tumour cells expressing the
proapoptotic protein Bax significantly decreased in the
untreated group (CW) on day 20 after tumour implantation compared with the preceding days (7 and 14). On
the other hand, compared with the control group, there
was an increase in the percentage of Bax-positive cells
found in the tumours of the Aloe vera- and honeytreated group (WA) on day 20 (Fig. 2A and 2D).
Compared with expression found in the tumours
from the untreated group (CW), the expression of antiapoptotic protein Bcl-2 was lower in the tumours from
the Aloe vera- and honey-treated group (WA) at all
examined timepoints (Fig. 2B). This difference was
larger, especially on days 7 and 14 of tumour development (Fig. 2E).
Indeed, the Bax/Bcl-2 ratio analysis remarkably
showed that in comparison with the tumours from the
untreated group (CW), tumours from the Aloe veraand honey-treated group (WA) tended to show bigger
indexes throughout the experimental period (Fig. 2C).

DISCUSSION
Natural compounds have been used as therapeutic
products by humans for hundreds of years. It has been
shown that approximately 89% of patients with cancer
or other chronic diseases use alternative therapies, often
herbal or natural products (Montbriand, 2004). Studies
have suggested the effectiveness and applicability of
herbs and natural products to prevent or treat diseases
such as cancer (Montbriand, 2004; Surh, 2003).
The present study demonstrated that oral administration of an Aloe vera and honey solution to tumourCopyright © 2010 John Wiley & Sons, Ltd.
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Figure 2. The Aloe vera and honey solution changed the expression of Bax and Bcl-2 in tumour cells. (A) % of Bax-positive cell
expression. (B) % of Bcl-2-positive cell expression. (C) the Bax/Bcl-2 ratio (arbitrary unit) in tumour samples from untreated rats (CW)
and Aloe vera-and honey-treated rats (WA). (D) Immunohistochemistry images of cells stained for immunohistochemical detection of
Bax protein in CW and WA tumours on different days after tumour induction (magnification 1000¥). (E) Immunohistochemistry
detection for Bcl-2 expression in tumours from the CW and WA groups on different days after tumour induction (magnification 1000¥).
CW 7d, tumour-bearing control group (CW) on day 7 of tumour development; CW 14d, CW group on day 14 of tumour development;
CW 20d, CW group on day 20 of tumour development; WA 7d, Aloe vera- and honey-treated tumour-bearing (WA) group on day 7 of
tumour development; WA 14d, WA group on day 14 of tumour development; WA 20d, WA group on day 20 of tumour development.
* p < 0.05 indicates significant differences within each column between the CW and WA groups among the different tested timepoints.
This figure is available in colour online at http://wileyonlinelibrary.com/journal/ptr

1991). Therefore, the reduction of Ki67-LI observed in
the WA group might indicate that the treatment with
Aloe vera and honey could modulate tumour growth
and progression.
Another mechanism usually involved in tumour
control is cell death, especially apoptosis. It is known
that Bax and Bcl-2 regulate apoptosis. Bax has a
proapoptotic effect which can be blocked by Bcl-2
(Vaux et al., 1988; Oltvai et al., 1993). In consequence,
the balance between Bax and Bcl-2 expression in the
cell could determine the apoptosis occurrence.
The results obtained in the present work showed that
compared with the Bax expression examined on day 7
and 14 after tumour implantation, the Bax expression
decreased on day 20 in the tumours from the CW group.
In contrast, Bax expression increased in the tumours
from the WA group. These data suggested that without
treatment the apoptosis process could be inhibited

through tumour development. The treatment with Aloe
vera and honey could have stimulated the increased
expression of the proapoptotic factor Bax and increased
the possibility of cell death.
Bcl-2 is overexpressed in many types of tumours,
especially in relapsed or chemoresistant malignancies
(Reed et al., 1996; Krajewska et al., 1996; Borner et al.,
1999; Villar et al., 2001; Tothova et al., 2002), and is an
important target for a selective new cancer therapy (An
et al., 2004).
Bcl-2 expression was significantly lower in the
tumours from the WA group compared with the expression in tumours from the CW group, especially during
an early timepoint (day 7 after implantation). Although
the tumour expression levels of Bcl-2 tended to equalize
between the WA and CW groups at a later time in
tumour development (day 20 after implantation), the
Bax/Bcl-2 ratio was significantly larger in the tumours
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from the WA group than in the tumours from the CW
group at all tested timepoints. It has been proposed that
the Bax/Bcl-2 ratio may manage the sensitivity of cells
to apoptotic stimuli (Gazzaniga et al., 1996; Thomas
et al., 1996), thus, increasing the apoptosis propensity of
tumours in rats receiving the Aloe vera and honey
treatment. In support of these data, several researchers
have shown that Aloe or honey components can induce
apoptosis through a large number of mechanisms,
including Bax/Bcl-2 regulation (Lin et al., 2006; Choi
et al., 2008). Studies have also shown the importance of
the synergistic activity of Aloe components (Kametani
et al., 2007).
These data suggested that Aloe vera and honey can
modulate tumour growth by reducing cell proliferation
and reducing tumour weight. The Bax/Bcl-2 ratio
increased in the tumours from the WA group at all
tested timepoints, suggesting an increase in apoptosis
susceptibility. Further studies are underway in our laboratory to determine what and how the active components within the Aloe vera and honey solution could
affect the tumour growth, and we are also investigating

whether this combination could be better therapeutically than the individual therapy. Certainly, a large
number of complex mechanisms may be involved in the
tumour growth modulation effects of Aloe vera and
honey that result in changes in proliferative capacity
and apoptosis induction.
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ABSTRACT
Background: Anthraquinones are a possible treatment option for oncological patients due to their anti-cancer
properties. Cancer patients often exhaust a plethora of resources that ultimately fail to provide fully curative
measures. Alternative treatments are subsequently sought in the hope of finding a therapeutic remedy. Potential regimens include aloe-emodin and its related derivatives. This review therefore summarizes the effects
of aloe-emodin and other aloe components in light of their anti-proliferative and anti-carcinogenic properties.
Methods: A systematic search was performed in PubMed for aloe-emodin and cancer in humans. Sixty
abstracts of in vitro studies were selected and reviewed with subsequent screening of the full text. Thirty-eight
articles were summarized.
Results: Aloe-emodin possesses multiple anti-proliferative and anti-carcinogenic properties in a host of
human cancer cell lines, with often multiple vital pathways affected by the same molecule. The most notable
effects include inhibition of cell proliferation, migration, and invasion; cycle arrest; induction of cell death;
mitochondrial membrane and redox perturbations; and modulation of immune signaling. The effects of
aloe-emodin are not ubiquitous across all cell lines but depend on cell type.
Conclusions: On the basis of this systematic review, the multiple consistent effects of aloe-emodin in human-derived cancer cell lines suggest that aloe-emodin is a potential anti-cancer agent that acts on cancer
cells in a pleiotropic manner.
Relevance for patients: Cancer patients often utilize alternative therapies as a result of suboptimal efficacy
of conventional treatments. Aloe-emodin might become a therapeutic option for cancer patients if the basic
research is confirmed in clinical trials.

that cancer patients show great interest in complementary
therapies, such as nutraceuticals, both for symptom reduction
and in the post-treatment survivorship period.
Supplementing the diet with nutraceuticals containing concentrated levels of bioactive nutrients, as opposed to obtaining
those nutrients solely from food, can be beneficial. Certain
anthraquinones, such as aloe-emodin and rhein (Figure 1), are
phytochemicals that can be used to restore compromised

1. Introduction
Cancer incidence and prevalence are increasing in the
United States, placing a heavy burden on affected individuals
and caregivers [1]. Conventional cancer treatment, consisting
of surgery, chemotherapy, and/or radiation, is commonly associated with significant morbidity, and cure rates for many cancers are suboptimal [2]. It is for those reasons, presumably,
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Figure 1 Chemical structure of aloe-emodin and structurally related anthraquinones addressed in this paper.

health [3]. Aloe-emodin is one of many bioactive anthraquinone components of aloe vera (Aloe barbadensis miller), a
perennial cactus-like plant found in tropical climates worldwide. Aloe has been used as a traditional remedy in many cultures for centuries, and it continues to be extremely popular
among both cancer and non-cancer patients [4]. Aloe-emodin
possesses numerous beneficial biochemical properties. The
compound has been used as an anti-inflammatory agent, an
immunomodulator, and mediator of wound healing [5]. The
most notable effect is that of an antineoplastic agent.
Despite an impressive array of in vitro antineoplastic effects,
a paucity of clinical research exists on aloe-emodin. Furthermore, aloe vera is used worldwide in an unregulated manner,
particularly among cancer patients. Most research has focused
on determining the molecular mechanism of current treatments
as opposed to creating new therapies. For these reasons, we
aim to review the molecular mechanisms of mainly aloe-emodin and structurally related anthraquinones in cancer cells to
highlight its oncopharmacological properties. The chemical
structure of aloe-emodin has been previously characterized by
others [6], but no one has systematically reviewed the anti-cancer effects of aloe-emodin or structurally related anthraquinones in human-derived cancer cell lines.

independent reviewers evaluated the articles for inclusion in
this review.

3. Results
The search resulted in 183 articles, of which 60 were identified from title and abstract prior to screening with the inclusion criteria. Full text screening identified the articles that met
inclusion criteria. Ultimately, 38 in vitro studies of human tumor cells were included in this review; the results of which are
listed by origin of cancer and/or cell line (Table 1). The main
findings are addressed in the text, while the specific protein/enzyme changes are described in Table 1.
In summary, aloe-emodin exhibits an array of anti-tumor
effects in various cancer cell lines, including induction of
apoptosis, cell cycle arrest, modulation of immune signaling,
and cell mobility alterations. Aloe-emodin reduces cancer cell
viability through extrinsic (TNF-α and FASL) and intrinsic
(cytochrome c/caspase 9) apoptosis pathways, which coincide
with deleterious effects on mitochondrial membrane permeability and/or oxidative stress via exacerbated ROS production.
The apoptotic pathways are illustrated in Figure 2. Aloe-emodin further causes cell cycle arrest through cyclin and cyclin-dependent kinase downregulation. The cell cycle pathways and molecular regulators are depicted in Figure 3. Aloe-emodin also decreased transcription factor activity and altered transcriptional expression and/or protein levels of numerous cell signaling proteins important in proliferation and
metabolism. In certain cancer cell lines, aloe-emodin induced
immune signaling by upregulating, activating, and/or releasing
interleukins, GM-CSF, NF-κB, and growth factors. Finally, by
altering cell migration, invasion, and adhesion, aloe-emodin
negatively affected tumor cell outgrowth propensity.

2. Methods
A systematic search for articles was performed using PubMed. Articles published in English between 1989 and 2015
with full text available were searched using the terms “aloeemodin,” “cancer,” “aloe vera,” and “humans.” Inclusion criteria were: (a) in vitro study using human-derived cancer cell
lines; (b) use of aloe-emodin or structurally related anthraquinone as therapeutic agent; and (c) evaluation of the therapeutic
agent on at least one marker of tumor cell proliferation. Two
Distributed under creative commons license 4.0
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Table 1. Summary of biochemical effects of aloe-emodin and similar anthraquinones in human-derived cancer cell lines
Author

Cancer type
and cell line

Methods

Main results

Lin
et al.
(2006)

Human bladder
cancer (T24)

T24 cells were treated with aloe-emodin and
assessed for cell viability, cell cycle, apoptosis,
and mitochondria membrane potential. Caspase-3 activity was determine with and without
caspase inhibitor (Z-VAD-FMK) pretreatment.
Levels of CDK1, cyclin B1, WEE1, CDC25C,
FAS, p21, p53, BAX, BCL-2, cytochrome c,
and caspase-3 were analyzed with Western
blot.

Aloe-emodin significantly decreased cell viability, mitochondrial membrane
potential, and induced apoptosis in a time- and dose-dependent manner.
Pre-treatment with Z-VAD-FMK attenuated apoptosis. WEE1, CDC25C,
p53, p21, BAX, active caspase-3, FAS, and cytochrome c increased, while
CDK1, cyclin B1, and BCL-2 decreased.

Guo
et al.
(2007)

Human cervical cancer (HeLa)

HeLa cells incubated with aloe-emodin were
subjected to cell cycle analysis by flow cytometry and ALP activity analysis using a chemical
analyzer assay. PKC, c-MYC, cyclins, CDKs,
and PCNA were analyzed with Western blot.

Aloe-emodin significantly inhibited HeLa cells in a time- and dose- dependent manner with cell cycle arrest in the G2/M phase. Aloe-emodin decreased cyclin A, CDK2, and increased cyclin B1 and CDK1. Aloe-emodin
significantly increased ALP activity and decreased PKC and c-MYC.

Schörk
huber
et al.
(1998)

Human colorectal
tumor
(SW480
carcinoma,
VACO235 adenoma)

SW480, VACO235, and normal colonic epithelial cells were treated with DHA-containing
media of varying concentrations including rhein, aloe-emodin, sennidine A/B, sennoside,
and diphenylic laxative bisacodyl. Cell number
was assessed via neutral red uptake, and cell
proliferation by DNA uptake of BrdU, ELISA,
or immunocytochemistry. Urokinase secretion
was determined by chromogenic substrate spectrozyme urokinase assay.

In SW480 cells, DHAs caused non-specific cellular and nuclear toxicity
with a predominant increase in urokinase secretion. Sennoside and bisacodyl
did not exhibit a cytotoxic effect. In VACO235 cells, sennidine A/B and aloe-emodin stimulated cell growth with an increase in cell number and DNA
synthesis, but did not affect urokinase secretion. VACO235 cells demonstrated sensitivity to sennoside and bisacodyl. DHAs did not have any effect
on normal colonic epithelium.

Suboj
et al.
(2012)

Human colorectal
adenocarcinoma
(WiDr)

WiDr cells were treated with aloe-emodin,
evaluated for migration, invasion, and antibodies against phospho-ERK1/2, phospho-JNK1/2, phospho-p38, RHOB, NF-κB, IκB, histone, β-actin. Promoter activity of MMP-2/9,
RHOB, and VEGF was assayed along with
DNA binding activity of NF-κB, AP1, and PCR analysis of MMP-2/9, RHOB, and VEGF-A.

Aloe-emodin decreased PMA-induced migration and invasion of WiDr cells,
MMP-2/9, RHOB, and VEGF mRNA expression and promoter activity.
ERK1/2 phosphorylation and NF-κB-DNA binding was attenuated with no
effect on AP1.

Suboj
et al.
(2012)

Human colorectal
adenocarcinoma
(WiDr)

Aloe-emodin-treated WiDr cells were assayed
for cell viability, cell cycle, cyclin B1 promoter
and caspase-3/6/7/9 activity. Cells were probed
with antibodies against PARP, procaspase3/7/9, cleaved caspase-3/6/7/9, cyclin B1, phospho-ERK1/2, SAPK/JNK1/2, p38, MAPK,
and -actin.

Aloe-emodin inhibited proliferation of WiDr cells in a concentration-dependent manner with cell cycle arrest induced in G2/M phase. Cyclin
B1 promoter activity was inhibited with a time-dependent increase in p21
expression. Protein expression of p53 and mRNA levels of p21 and p53
were unaffected. Apoptosis was seen with activation of caspase-6/9 and
cleavage of PARP with no change in caspase-3/7. Aloe-emodin downregulated phosphorylated ERK and amplified phosphorylation of SAPK/JNK
and p38 with a protective effect noted after treatment with JNK and p38 inhibitors. PDTC and N-acetyl cysteine (NAC) did not provide a protective
effect against aloe-emodin.

Chen
et al.
(2007)

Human gastric carcinoma (AGS and NCI-N87)

AGS and NCI-N87 cells were cultured with
aloe-emodin, assessed for viability, and mitochondrial proteins were isolated and extracted.
Cells were incubated with monoclonal anti-apoptosis-inducing factor (E-1) and monoclonal anticytochrome c (A-8) antibodies.
Caspase-3 and casein kinase II activity was
assayed.

Aloe-emodin treatment induced apoptosis in a dose- and time-dependent
manner, with AGS cells showing a higher sensitivity to aloe-emodin.
Caspase-3 activity, release of AIF and cytochrome c significantly increased.
An apoptotic pathway was indicated owing to nuclear fragmentation, release
of AIF and cytochrome c from mitochondria into the cytosol. Pretreatment
with a caspase-3 inhibitor, Ac-DEVD-CHO, inhibited activation in AGS
cells. Casein kinase II showed a time-dependent decrease after aloe-emodin
exposure, which caused a decrease in Ser61 phosphorylation of BID.

Chihara et
al.
(2015)

Mouse gastric
carcinoma
(MKN45)

MKN45 cells from Adenomatous polyposis
coli (Apc)-deficient MIN (multiple intestinal
neoplasia) mice were treated with aloe-emodin
and emodin to assess for viability. Intracellular
polyamine levels and DNA fragmentation were
also measured.

Both aloe-emodin and emodin inhibited cell proliferation, but emodin did so
to a greater degree. The cells were arrested in the G0/G1 phase by aloe-emodin and in G2/M by emodin. The differing levels of polyamine and
DNA fragmentation suggest that aloe-emodin and emodin exerted cytotoxicity through different pathways.

Guo
et al.
(2008)

Human gastric cancer (MGC-803
and SGC-7901)

MGC-803 and SGC-7901 cells treated with
varying concentrations of aloe-emodin were
assayed for motility, cell cycle, DNA fragmentation, and Western blot.

Dose-dependent inhibition of PKC by aloe-emodin was seen in both cell
lines. Cell migration in both cell lines was significantly decreased after
treatment with aloe-emodin, with a reduction in gene expression of MMP-2.
A dose-dependent increase in G2/M phase distribution of SGC-7901 cells
was seen with a decrease in cyclin A and CDK2 and an increase in cyclin B1
and CDK1. Aloe-emodin decreased levels of PKC and c-MYC in a
dose-dependent manner.
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Lin
et al.
(2011)

Human pharyngeal squamous cell
carcinoma (FaDu),
human hepatoma
(Hep3B), human
osteosarcoma
(MG-63)

FaDu, Hep3B, and MG-63 cells treated with
aloe-emodin were cloned to constitutively express p53 short hairpin RNA (shRNA) or GFP
shRNA. Viability was assayed and RT-PCR
performed and amplified with primers for regions of p53 and CARP1/2. DNA fragmentation and caspase-3 activity was measured along
with p53 and p21 promoters. Cells were assayed by flow cytometry, co-immunoprecipitation, and Western blot using antibodies
against CDK2, p-CDK2 (Thr14/Thr15), cyclin
A/B1/D/E, p21, PCNA, E2F1 transcription
factor, p53, p21, ERK, p-ERK (Tyr202/204),
BCL-XL, BCL-2, BAX, BAK, BID, tBID,
MCL-1, caspase-3/8/9, cytochrome c, AIF,
ENDO G, and cyclooxygenase. Mitochondrial
membrane potential, ROS, and cytosolic calcium levels were analyzed by flow cytometry.

Aloe-emodin induced cell death and p21 expression in FaDu, Hep3B, and
MG-63 cells in a dose-dependent manner independent of p53 expression.
Aloe-emodin increased levels of cyclin A, E2F1 and phosphorylation of
CDK2 (Thr14/Thr15). Levels of cyclin B1/D/E were not affected. Binding
of cyclin A to CDK2 was induced, which associated with p21. Cyclin
A-CDK2 complexes did not associate with PCNA and EF21. Aloe-emodin
inhibition occurred with cell cycle arrest in S phase. Aloe-emodin caused
phosphorylation of ERK but not activation of p38 MAPK or JNK. BCL-2
expression was unchanged and BCL-XL expression was significantly inhibited. BAX was upregulated, tBID increased and BAK and MCL-1 levels
were unaffected. Aloe-emodin treatment resulted in a decrease in mitochondrial membrane potential due to caspase release, which was inhibited by
CsA and caspase-8 inhibitor Z-IETD-FMK. ROS and calcium were increased and also inhibited by Z-IETD-FMA and CsA. Caspase-8 activation
resulted in loss of mitochondrial membrane potential, increased ROS and
calcium, caspase-9 activation, cytochrome c release, AIF, ENDO G, and
ERK phosphorylation.

Aceve
do-Du
ncan
et al.
(2004)

Transformed glia
cell line (SVG) and human glioma
(U-373MG)

SVG and U-373MG cells treated with aloeemodin were evaluated for cell proliferation,
cell cycle, viability, and PKC activity.

Aloe-emodin prolonged S phase duration in SVG cells and delayed entry
into S phase in U-373MG cells.
Both cell lines exhibited increased apoptosis with reduction in survivin,
PARP, and cleavage of caspase-7. PKC activity and isozyme levels were reduced.

Ismail
et al.
(2013)

Human malignant
glioma (U87)

U87 glioma cells treated with aloe-emodin
were assayed for proliferation, cell cycle, DNA
fragmentation, and mitochondrial membrane
potential.

Aloe-emodin significantly inhibited cell viability in U87 cells in a time- and
dose-dependent manner through a primarily apoptotic pathway with minimal
necrosis. Phase contrast microscopy confirmed cytotoxicity. DNA fragmentation occurred in a time-dependent manner, with S phase arrest and disruption of mitochondrial membrane potential.

Tabolacci
et al.
(2011)

Human monoblastic leukemia cells
(U937)

U937 cells treated with aloe-emodin were assayed for viability, cell cycle, and generation of
ROS. Nitrite levels were determined as an indicator of nitric oxide production. Transglutaminase activity, intracellular protoporphyrin
IX (PpIX) concentration, CD11b, CD14, acidic
vesicular organelles, phagocytic activity, migration, attachment, MMP secretion, polyamine concentration, ornithine decarboxylase, and
spermine oxidase activity were measured. Protein levels of IL-1Ra (interleukin Ra subunit),
IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9,
IL-10, IL-12p70, IL-13, IL-15, IL-17, TNF-,
IFN-γ, MIP-1, MIP-1, eotaxin, MCP-1,
G-CSF, GM-CSF, bFGF, VEGF, IP- 10,
RANTES, and PDGFbb were determined.

Aloe-emodin-treated U937 cells had a reduction in proliferation, absence of
cell injury, increase in ROS and NO production, active phagocytosis, and
cellular acidity. Transglutaminase activity was enhanced, and the concentration of intracellular PpIX significantly increased. Aloe-emodin induced
CD11b expression in a dose-dependent manner and same with CD14, both
showing a significant increase in fluorescence intensity. Increased cell migration was shown in a dose-dependent manner. MMP-2/9, putrescine, ornithine decarboxylase, and spermine oxidase activity increased, and spermine
levels decreased. Polyamine content was not altered after 48 hours. Extracellular IL-12, GM-CSF, IP-10, IL-6, IL-15, and VEGF increased in a
dose-dependent manner with a decrease in IL-8.

Lai
et al.
(2007)

Human lung nonsmall cell carcinoma (H460)

Aloe-emodin-treated H460 cells were assessed
for mitochondrial reductase activity, ATP levels, RNA concentration, and lactate dehydrogenase (LDH) release. RT-PCR was used to
evaluate gene expression of HSP60, HSP70,
and protein disulfide isomerase (PDI). Levels
of HSP60, HSP70, PDI, and 150 kDa oxygen-regulated protein (ORP150), a marker for
endoplasmic reticulum (ER) stress, were evaluated with Western blot.

Treatment with aloe-emodin resulted in significantly lower ATP synthase
expression, increased mitochondrial damage, and a time-dependent reduction in ATP. HSP60, HSP70, and protein disulfide isomerase increased with
no change in mRNA or gene expression. LDH release was not affected by
aloe-emodin, suggesting apoptosis rather than necrosis.

Lee
et al.
(2001)

Human lung squamous cell carcinoma (CH27),
human lung nonsmall cell carcinoma (H460)

CH27 and H460 cells were treated with aloeemodin or emodin. Cells were analyzed for
DNA fragmentation, apoptosis, PKC activity,
and probed with antibodies against caspase-3,
PARP, PKC, , , ε, ζ, η, θ, ι, μ, and cytochrome c.

Treatment with aloe-emodin and emodin resulted in time- and dose-depndent apoptosis of CH27 and H460 cells with an increase in nuclear and
DNA fragmentation, cytochrome c release, and caspase-3 activation. In
CH27 cells, PKC, γ, θ were not found and PKCζ was minimal. In H460
cells, PKCβ, γ, ζ, and μ were not found and the isozymes PKCα, δ, ε, ζ, η, θ,
and ι were observed. PKC was increased in aloe-emodin-treated H460 cells
and emodin-treated H460 and CH27 cells, but was decreased in aloeemodin-treated CH27 cells. PKCη and ι showed varying results in both cell
lines. PKCδ and ε were significantly decreased in aloe-emodin-and
emodin-treated CH27 and H460 cells. Aloe-emodin-treated CH27 cells resulted in increased PKC activity and emodin-treated CH27 cells had
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decreased PKC activity. Aloe-emodin-treated H460 cells had increased PKC
with a decrease after emodin treatment. A caspase-3 inhibitor, Ac-DEVDCHO, reversed the inhibition by emodin on PKC activity but had no effect
on aloe-emodin.
CH27 cells underwent irreversible apoptosis in a dose- and time-dependent
manner, confirmed by DNA fragmentation analysis with a sub-G1 peak of
DNA content. BAK and cytochrome c release increased, with no change in
BCL-2 and BAX, and a significant decrease in BCL-XL and BAG-1. BAK
and BAX translocated from cytosol to mitochondria. Activation of caspases-3/8/9 was significant.

Lee
et al.
(2001)

Human lung squamous cell carcinoma (CH27)

Aloe-emodin-treated CH27 cells were assayed
for cell viability, DNA fragmentation, and
apoptosis. Samples were exposed to antibodies
against BAG-1, BAK, BAX, BCL-XL, caspase-8, and cytochrome c.

Lee
et al.
(2006)

Human lung nonsmall cell carcinoma (H460)

Aloe-emodin-treated H460 cells were assessed
for single-cell DNA damage along with DNA
repair enzyme gene expression of human homocysteine s-methyltransferase 1 (HMHT1),
human 8-oxoguanine DNA N-glycosylase
(HOGG1), and apurinic endonuclease. Intracellular ROS and SOD dismutase activity was
assayed and cells were incubated with antibodies against -actin, Cu/ZnSOD, and
MnSOD.

Aloe-emodin treatment resulted in large DNA aggregates with significantly
increased tail migration. Gene expression of DNA repair enzymes HMHT1,
HOGG1, and apurinic endonuclease were significantly decreased. Total
SOD and MnSOD activity exhibited a biphasic response with an initial increase in enzyme activity. Potassium cyanide, a Cu/ZnSOD inhibitor, did not
attenuate this response. Protein levels of MnSOD and Cu/ZnSOD did not
change after aloe-emodin treatment, while ROS increased.

Lee
et al.
(2005)

Human lung nonsmall cell carcinoma (H460)

H460 cells treated with aloe-emodin were cultured and assayed with antibodies against actin and nucleophosmin. Protein activity was
analyzed with 2D gel and silver staining.

Aloe-emodin induced the release of nucleophosmin into the cytosol with
apoptosis-associated degradation. Preform and fragment nucleophosmin increased, with no change in gene expression.

Lee
et al.
(2010)

Human lung nonsmall cell carcinoma (H460)

Aloe-emodin-irradiatedH460 cells (400-700
nm wavelength) were assayed for mitochondrial reductase activity, F-actin, - and -tubulin visualization, and incubated with antibodies against -tubulin, -actinin, HSP27, p38,
AIF, BAX, BCL-2, caspase-3/7/8/9, cytochrome c, ERK1, and JNK. Classification of
apoptosis vs. necrosis was performed by annexin V/PI staining. Mitochondrial permeability transition pore opening was measured with
calcein.

Mitochondrial reductase activity demonstrated photo-activated cytotoxicity
and change in cellular morphology not seen with aloe-emodin-only treatment. Cytoskeletal damage to actin microfilaments, microtubules and
-actinin disorganization with nuclear localization of HSP27 was seen. A
significant decrease in cytosolic p38 protein occurred and externalization of
phosphatidylserine by binding of annexin V revealed an apoptotic mechanism. Cells underwent a rapid apoptosis-to-necrosis switch as confirmed by
PI staining. AIF, cytochrome c, and preform caspase-8/9 increased while
preform caspase-3/7 decreased. BCL-2 decreased, while BAX and ERK1
increased. Prior to irradiation, ERK1, JNK, and p38 decreased while in the
photodynamic light, but no effect on protein expression of while in the dark
JNK, ERK1, and p38. This means that these MAP kinases are only affected
by the light source and not the aloe-emodin.

Yeh
et al.
(2003)

Human lung nonsmall cell carcinoma (H460)

H460 cells treated with aloe-emodin were measured for cyclic AMP via enzyme immunoassay. Caspase-3 activity was determined and
Western blot analysis was performed after incubation with antibodies against -actin, ATF2, BCL-2, caspase-3, PKC, ERK1/ERK2,
JNK1, p38, and PKAc.

Continuous exposure to aloe-emodin resulted in a time- and dose-dependent
increase in irreversible cell death. Pretreatment with forskolin (adenylate
cyclase activator), isobutyl methylxanthine (a phosphodiesterase inhibitor),
and chelerythrine (a PKC inhibitor) had no effect on aloe-emodin-induced
apoptosis. However, SB202190 (a p38 MAP kinase inhibitor) resulted in
significant inhibition of aloe-emodin-induced cell death. Forskolin increased
cAMP, and aloe-emodin decreased it along with PKAc concentrations. Forskolin prevented aloe-emodin-induced decrease in PKAc and PKC, while
pretreatment with chelerythrine and SB202190 had no effect. Forskolin and
chelerythrine prevented aloe-emodin-induced downregulation of BCL-2 and
SB202190 had no effect. Aloe-emodin induced a biphasic change in caspase-3 activity. Pretreatment with forskolin and chelerythrine prevented
caspase-3 cleavage. SB202190 had no effect. Aloe-emodin induced decreases in ERK1/ERK2 and p38 levels, with no effect on JNK1 levels. Pretreatment with forskolin and chelerythrine prevented p38 degradation but did not
have as much effect on the induced decrease in p38 as SB202190.
SB202190 had a significant effect in aloe-emodin-induced decrease in
ATF-2 expression.

Jeon
et al.
(2012)

Human hepatoma
(Huh-7)

Huh-7 cells were treated with aloe-emodin and
assessed for cell viability, DNA fragmentation,
and ROS. CAPN2 and UBE3A protein levels
were analyzed with Western blot after 2-DE
proteomic analysis.

Aloe-emodin-inhibited cell proliferation and induced apoptotic changes in a
time- and dose-dependent manner with an increase in DNA fragmentation
and intracellular ROS. Aloe-emodin decreased CAPN2 and UBE3A.

Lu
et al.
(2007)

Human hepatocellular carcinoma
(HepG2, HCCM,
and Hep3B)

HepG2, HCCM, and Hep3B cells treated with
aloe-emodin were evaluated for nuclear fragmentation and chromatin condensation. Intracellular glutathione (GSH/GSSG) was analyzed

Aloe-emodin-treated HepG2 cells showed a time-dependent increase in
apoptosis through a caspase-dependent pathway that was inhibited by pretreatment with a pan-caspase inhibitor Z-VAD-FMK. Time- and dose- dependent cleavage/activation of caspase-3/9 was noted with cleavage of
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and production of ROS measured via flow cytometry.

PARP. No effect was seen with cleavage/activation of caspase-8. Cytochrome c translocated from mitochondria to cytosol through intrinsic (mitochondria-dependent) apoptosis. HCCM and Hep3B cells underwent aloe-emodin-induced apoptosis with a time-dependent increase in nuclear
condensation, cleavage of caspase-3/9, PARP, but not caspase-8. Aloeemodin significantly increased oxidation of PRDX and intracellular ROS
increased with a depletion of GSH. Aloe-emodin resulted in a delayed, sustained activation of JNK and inhibition of the ERK pathway. Phosphorylation/activation of p38 was unaffected in all three cell lines. SOD1 decreased
aloe-emodin-induced JNK phosphorylation/activation and ERK inhibition
was unaffected. Aloe-emodin-induced apoptosis was promoted through oxidative stress and sustained JNK activation.

Lin
et al.
(2010)

Human nasopharyngeal carcinoma
(NPC)

NPC cells treated with aloe-emodin were assayed for viability, cell cycle, caspase-3 activity, DNA fragmentation, DAPI staining for
changes in nuclear morphology, and comet assay. Cells were treated with antibodies against
cyclin A/B1/E, CDC2, BCL-XL, BCL2, BAX,
GRP78, p-PERK (Thr981), BAK, BAD, BID,
tBID, ATF6, ENDO G, AIF, caspase-3/4/8/9,
and cytochrome c. Cells were transfected with
BAX siRNA or FADD siRNA, and assessed
with antibodies against BAX or FADD. Release of cytochrome c, AIF, and ENDO G were
assayed. Mitochondrial membrane potential,
ROS, and cytosolic calcium were measured.

Aloe-emodin induced apoptosis through caspase-3 activation. Comet assay
revealed increased DNA fragmentation, which was inhibited by caspase-3
inhibitor Ac-DEVD-CMK. Cell cycle arrest occurred in the G2/M phase in
consequence to cyclin B1 complexing to CDC2. Cyclin A/E were not affected. Aloe-emodin induced binding of cyclin B1 to CDC2. Aloe-emodin
inhibited expression of BCL-XL and BCL-2 was unaffected. BAX was upregulated and BAK and BAD were unaffected. GRP78, PERK, ATF6, and
cleavage of caspase-4 were not affected. SiRNA attenuation of BAX suppressed cleavage of PARP and induction of apoptosis. Mitochondrial membrane permeability decreased through a caspase-8-dependent pathway that
was blocked by Z-IETD-FMK, a caspase-8 inhibitor. ROS and cytosolic
calcium were increased after treatment with aloe-emodin that was attenuated
by pretreatment with Z-IETD-FMK or CsA. Aloe-emodin increased BAX,
BID cleavage, and tBID translocation into mitochondria, which was inhibited by Z-IETD-FMK. Caspase-8 and aloe-emodin-induced apoptosis were
not suppressed by FADD siRNA transfection. Caspase-3/9 cleavage were
inhibited by Z-LEHD-FMK. AIF and cytochrome c increased and a low level of ENDO G was detected. These effects were blocked by pretreatment
with Z-IETD-FMK.

Lin
et al.
(2010)

Human nasopharyngeal carcinoma
(NPC)

Aloe-emodin-treated NPC cells were assayed
for cell viability, proliferation, cell cycle,
caspase-3 activity, and annexin-V binding of
early apoptotic cells. Cells were incubated with
antibodies against cyclin A/B1/D/E, CDK1,
MMP-1/2/7/9, VEGF, p-ERK (Tyr 202.204),
ERK, p-p38 MAPK (Tyr 180/182), p38
MAPK, p-JNK, JNK, RHOA, COX-2,
ROCK-1, IκB, and NF-κB. MMP-2/9 promoters and NF-κB promoters were assayed.

Aloe-emodin significantly inhibited cell growth with no effect on viability,
PS exposure, and caspase-3. Cyclin B1 increased. Cyclins A/E were not affected. Binding of cyclin B1 to CDK1 was induced and attenuation of cyclin
B1 suppressed aloe-emodin-induced S and G2/M phase arrest. Aloe-emodin
inhibited expression of MMP-2, NF-κB, and VEGF, while MMP-1/7/9 were
not affected. Aloe-emodin suppressed phosphorylation of p38 MAPK, JNK,
ERK, RHOA. COX-2 and ROCK-1 were not affected.

Pecere
et al.
(2003)

Human neuroblastoma [SK-N-Be
(2c) and SJ-NKP]

SK-N-Be(2c) and SJ-N-KP cells treated with
aloe-emodin were assayed for cell viability,
topoisomerase II cleavage, cell cycle, caspase3/8, and antibodies against p53, p21, BCL-2,
BAX, CD95, and PARP.

Aloe-emodin demonstrated dose-dependent cytotoxicity in the order of
SJ-N-KP > SK-N-Be(2c). MRNA expression of p53 increased in both cell
lines, with an increase in p21, BCL-2, BAX, and CD95 mRNA in SJ-N-KP
cells only due to loss of p53 function in SK-N-e(2c) cells. Both cell lines
showed a time-dependent increase in p53 levels with induction of p21 and
CD95 protein expression in SJ-N-KP. Mitochondrial BAX and BCL-2 increased in both cell lines, along with increased cytochrome c release and
caspase-3 activity with no change in caspase-8. Pre-treatment with
pifithrin- decreased apoptosis in SJ-N-KP cells but not SK-N-Be(2c) cells.

Xiao
et al.
(2007)

Human oral cancer (KB)

KB cells were treated with aloe-emodin and
assayed for viability, cell cycle, DNA fragmentation, and ALP activity.

Aloe-emodin resulted in a time- and dose-dependent inhibition of cell proliferation, with an increase in G2/M phase and a decrease in S phase, no
DNA fragmentation, and an increase in ALP activity.

He
et al.
(2008)

Human ovarian carcinoma
(HO-8910PM)

Aloe-emodin-treated HO-8910PM cells were
assessed for cell viability, migration, and invasive ability. Expression of FAK and FAK
mRNA was evaluated with Western blot and
RT-PCR.

Aloe-emodin was mildly cytotoxic to cells at high concentrations. Migration, invasion, and adhesion were significantly inhibited. Aloe-emodin reduced FAK levels and downregulated FAK mRNA.

Liu
et al.
(2012)

Human prostate cancer (PC3)

PC3 cells treated with aloe-emodin were subjected to the MTS assay and Western blot. In
vitro kinases of mTOR, mTORC2, and PI3-K
were assayed along with cell proliferation.
Phosphorylation of AKT at Ser473 and Thr308
was analyzed.

Aloe-emodin attenuated Akt phosphorylation at Ser473 and GSK3 at Ser9
in a dose-dependent manner. Phosphorylation of p70S6k at Thr389 was not
affected. Aloe-emodin did not affect the MAPK pathway. Aloe-emodin inhibited proliferation of PC3 cells, which was unrelated to cytotoxicity. Aloe-emodin bound to mTORC2, and inhibited mTORC2 kinase activity that
resulted in suppression of cell proliferation.

Continued

Distributed under creative commons license 4.0

DOI: http://dx.doi.org/10.18053/jctres.03.201703.001

41

Sanders et al. | Journal of Clinical and Translational Research 2017; 3(3): 283-296
Author

Cancer type
and cell line

Methods

Main results

289

Chou
et al.
(2009)

Human premalignant keratinocytes (HaCaT),
human skin fibroblasts (Hs68), human epidermoid
carcinoma (A431),
human head and
neck squamous cell
carcinoma (SCC25),
and skin melanoma (A375)

All cell lines were treated with 5-fluorouracil,
aloe-emodin, and 5-fluorouracil + aloe-emodin. A431 and SCC25 cells were assessed for
proliferation, cell cycle, and apoptosis. Intracellular ROS and GSH levels were determined
with a fluorometric assay. Immunoblot analysis
was used to determine protein expression of
cleaved caspase-3/8/9.

Aloe-emodin showed dose-dependent cytotoxicity and time-dependent inhibition of cell proliferation in A431 and SCC25 cells, with no significant effect on A375, HaCaT, and Hs68 cells. Apoptosis was induced when higher
concentrations were used (increased cell cycle sensitivity during S-G2/M
phase). TNF-α and FASL death pathways, p53, cytochrome c, and BAX
were upregulated with downregulation of BCL-2. ROS and caspase-3/7/8/9
increased with reduction in GSH. 5-Fluorouracil and aloe-emodin were synergistic in terms of cytotoxicity, and liposomal aloe-emodin demonstrated
enhanced drug permeation.

Fenig
et al.
(2004)

Human Merkel cell carcinoma (MCC)

MCC cells were treated with aloe-emodin,
emodin, and aloin and assayed for cell proliferation. Aloe-emodin was evaluated in conjunction with cisplatin, doxorubicin, and
5-fluorouracil.

Aloe-emodin and emodin inhibited cell proliferation in a dose-dependent
manner, with a slightly greater effect for aloe-emodin, while aloin had no
effect. Aloe-emodin, cisplatin, doxorubicin, 5-fluorouracil, and tyrosine kinase inhibitor STI 571 all had a significant inhibitory effect on MCC cells
with an additive synergistic inhibition when each agent was combined at low
concentrations with varying doses of aloe-emodin.

Lin
et al.
(2005)

Human malignant
melanoma
(A375.S2)

A375.S2 was incubated with 2-aminofluorene
(known carcinogen) and varying concentrations of aloe-emodin to evaluate N-acetylation.
NAT1 and NAT2 mRNA levels were assessed.

NAT1 levels and mRNA expression were inhibited in a dose-dependent
manner, resulting in decreased N-acetylation of 2-aminofluorene after treatment with aloe-emodin. NAT2 levels and mRNA expression were not affected.

Radovic
et al.
(2012)

Human malignant
melanoma
(A375)

Aloe-emodin-treated human A375 cells underwent analysis of cell cycle, apoptosis,
caspase (isoform not specified), and ROS. Tyrosinase activity was evaluated through the
L-dopa oxidation rate. Immunoblot analysis
was used for AKT, p-ERK, p53, cyclin D1 and
D3, BCL-2, inducible nitric oxide synthase
(iNOS), and IκB. Aloe-emodin was evaluated
for a synergistic effect with doxorubicin and
paclitaxel via isobologram analysis.

Aloe-emodin decreased mitochondrial respiration in this cell line in a
dose-dependent manner, with greater cell cycle arrest in G2/M phase. Apoptosis was pronounced in A375 cells, with a decrease in BCL-2 and no effect
on iNOS or pIκB. Aloe-emodin demonstrated a decrease of p-ERK. AKT
phosphorylation was significantly increased in A375 cells. Aloe-emodin was
cytoprotective in the presence of other toxins as evidenced by an antagonistic effect on doxorubicin and paclitaxel.

Wasserman
et al.
(2002)

Human Merkel cell carcinoma (MCC)

MCC cells (novel cell line) were verified by
immunocytochemical staining with specific
antibodies. Proliferation inhibition was tested
with exposure to bFGF, transforming growth
factor (TGF1), nerve growth factor (NGF),
epidermal growth factor (EGF), sodium butyrate, DMSO, aloe-emodin, and aloin.

Aloe-emodin showed a significant inhibitory effect on cell number, with no
effect by aloin. TGF1, bFGF, NGF, and EGF did not stimulate or inhibit
proliferation of MCC cells. Sodium butyrate and DMSO showed a concentration-dependent decrease in cell viability.

Chen
et al.
(2010)

Human tongue squamous cell carcinoma (SCC-4)

SCC-4 cells were treated with emodin, aloeemodin, and rhein and tested for viability, migration, and Western blot to evaluate the effects on MMP-2/9, urokinase (uPA), TIMP-1,
FAK, NF-κB, p65, p-AKT, p-P38, p-JNK, and
p-ERK. The activity of MMP-2 and gene expression of MMP-2/7/9 was assayed.

SCC-4 cells exhibited reduced viability after exposure to emodin, aloeemodin, and rhein in a time- and dose-dependent manner. Emodin, aloe-emodin, and rhein inhibited migration and invasion of SCC-4 cells, with
a reduction in MMP-2, uPA, FAK, NF-κB, p65, p-AKT, p-38, p-JNK, and
p-ERK and an increase in TIMP-1 and no effect on MMP-9. Activity of
MMP-2 was inhibited with no effect on gene expression. MMP-9 mRNA
expression was inhibited.

Chen
et al.
(2010)

Human tongue squamous cell carcinoma (SCC-4)

SCC-4 cells treated with aloe-emodin, emodin,
and rhein were assessed for viability, DNA
damage, and real-time PCR of ATR, 14-3-3σ,
BRCA1, ATM, DNA-PK, and MGMT.

Emodin, aloe-emodin, and rhein induced dose-dependent cytotoxicity in
SCC-4 cells with induction of DNA damage, as evidenced by a longer comet
tail in the order of emodin > aloe-emodin > rhein. Expression of MGMT,
DNA-PK, BRCA1, 14-3-3σ, ATR, and ATM mRNA was significantly inhibited by aloe-emodin, excluding MGMT under 48 hours. MGMT mRNA expression was inhibited by rhein after 48-hour incubation and emodin had no
effect. Rhein showed similar effects in ATR but had no effect on ATM.

Chiu
et al.
(2009)

Human tongue squamous cell carcinoma (SCC-4)

Aloe-emodin-treated SCC-4 cells were assayed
for viability, cell cycle, ROS, mitochondrial
membrane potential, and calcium levels. Activity of caspase-3/8/9 was analyzed and Western
blotting was performed to determine total protein and levels of p53, p21, p27, cyclin A/E,
thymidylate synthase, CDK2, CDC25A, FAS,
FASL, caspase-3/8/9, BID, cytochrome c, AIF,
poly(ADP-ribose), PARP, BAX, BCL-2,
ATF-6, and GRP78.

Aloe-emodin showed dose-dependent inhibition in cell viability and an S
phase arrest with sub-G1 phase accumulation and changes in nuclear morphology. ROS production, calcium levels, and caspase-3/8/9 activity increased in a time-dependent manner, with a reduction in mitochondrial
membrane potential. Pretreatment with NAC and caspase inhibitors significantly blocked aloe-emodin-triggered apoptosis. Aloe-emodin increased
p53, p21, p27, FAS, FASL, caspase-3/8/9, BID, cytochrome c, AIF, ATF-6,
and GRP78. Cyclin A/E, thymidylate synthase, CDK2, CDC25A, PARP, and
BCL-2 were decreased.
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Figure 2. Apoptotic pathways and their regulation. Adapted from: http://www.nature.com/nrm/journal/v6/n4/images/nrm1618-i2.jpg

Figure 3. The cell cycle and its regulating factors. Adapted from: http://www.nature.com/nrn/journal/v8/n5/box/nrn2124_BX1.html.

3.1. Bladder cancer

which caused cell cycle arrest in the G2/M phase. The cells
showed a decrease in cyclin A and CDK2, which reduces the
cell’s ability to proliferate, and suppression of protein kinase
C (PKC) and c-MYC, signifying that proliferation and differentiation were suppressed [8]. Increases in cyclin B1,
CDK1, and alkaline phosphatase (ALP) activity were observed
along with inhibition of proliferating cell nuclear antigen
(PCNA), showing decreased proliferation.

In bladder cancer cells (T24), aloe-emodin induced timeand dose-dependent apoptosis [7]. The cell death induction
was accompanied by perturbation of mitochondrial membrane
potential and reduced levels of cyclin-dependent kinase (CDK)
1, cyclin B1, and BCL-2 after treatment with aloe-emodin.
3.2. Cervical cancer
Cervical cancer cells (HeLa) were treated with aloe-emodin,
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3.3. Colon cancer

emodin, resulting in reduced proliferation rate. Reactive oxygen
species (ROS) and NO production, phagocytosis, and intracellular acidity also increased [15], the significance of which is
currently elusive.

It has been previously shown that 1,8-dihydroxyanthraquinone (DHA) laxatives are associated with colon cancer
development [9]. SW480 carcinoma cells, VACO235 adenoma
cells, and normal colonic epithelium were treated with various
DHA laxatives to determine their effects. SW480 carcinoma
cells showed a dose-dependent increase in urokinase secretion
(an enzyme that digests extracellular matrix, which could increase tumor cell migration and metastasis, but also causes cell
lysis) that caused a reduction in cell numbers by DHA-aglycones. Rhein and aloe-emodin (types of DHA laxatives) increased BrdU (5-bromo-2’-desoxyuridine; a marker of cell
proliferation) by 37% and 50%, respectively. In contrast, premalignant VACO235 adenoma cells did not show an increase
in urokinase secretion by sennidine A/B and aloe-emodin.
However, cell growth and DNA synthesis increased as reflected by elevated BrdU staining. DHA laxatives had no effect on
the normal colorectal epithelium [9]. The anti-proliferative
effect of aloe-emodin in WiDr cells (colon cancer cell type)
was shown by suppression of phorbol-12-myristyl-13-acetate
(PMA), which induces tumor migration and invasion [10].
Aloe-emodin downregulated messenger RNA expression and
promoter/ gelatinolytic activity of matrix metalloproteinase
(MMP)-2/9 and decreased Ras homologue gene family member B (RHOB) expression. Nuclear translocation of and DNA
binding by NF-κB were suppressed along with vascular endothelial growth factor (VEGF), demonstrating that aloe-emodin
targets multiple molecules necessary for tumorigenesis. Cell
cycle arrest in WiDr cells occurred in the G2/M phase with
inhibition of cyclin B1. Another study showed that apoptosis
was induced through caspases-6/9, with specific caspase-6
activation by aloe-emodin [11].

3.6. Lung cancer
Researchers in one study on human lung non-small cell carcinoma (H460) treated the cells with aloe-emodin and examined the cells with 2D electrophoresis. They found a time- dependent reduction in ATP, lower ATP synthase expression, and
increased mitochondrial damage with unaffected lactate dehydrogenase (LDH) levels, suggesting the induction of apoptosis.
HSP60, HSP70, and protein disulfide isomerase increased,
which were hypothesized to cause apoptosis by augmenting
endoplasmic reticulum stress [16].
Another series of five different studies by Lee et al. evaluated aloe-emodin and emodin in lung squamous carcinoma
(CH27) and lung non-small cell carcinoma (H460). The first
study demonstrated apoptotic changes through nuclear morphological change, DNA fragmentation, increased the relative
abundance of cytochrome c levels, activation of caspase-3, and
decreased levels of PKC isozymes generally [17]. The second
study showed that CH27 cells underwent apoptotic cell death in
an irreversible dose- and time-dependent manner, which coincided with DNA fragmentation. BAK, BAX, and cytochrome c
were elevated in the cytosol, consistent with the intrinsic
apoptosis pathway [18]. In the third study, aloe-emodin treatment was associated with an increased release of nucleophosmin into the cytoplasm, but no change in its gene expression
[19]. Nucleophosmin is a nucleolar phosphoprotein that hyperaccumulates in the nucleoplasm of malignant cells and decreases with drug-induced apoptosis. This study showed that
nucleophosmin protein levels were increased, but that the protein predominantly localized to the cytoplasm in its (inactive)
proform. It was concluded that this could be a possible mechanism in aloe-emodin-induced apoptosis in cancer cells. In the
fourth study, aloe-emodin caused single strand DNA breaks
and a decrease in the levels of DNA repair enzymes [20]. The
final study supported programmed cell death via anoikis and
apoptosis of H460 cells through photo-activated aloe-emodin
[21]. Anoikis is a form of programmed cell death whereby the
cell separates from its environment and eventually dies because it no longer receives nutrients from its surroundings. In
apoptosis, specific cell signals are given to the intact cell to
shut down. Increased protein expression of -actinin and mitogen-activated protein (MAP) kinase members was observed,
and apoptosis was mediated through caspase-dependent intrinsic and extrinsic pathways.
In another study, aloe-emodin treatment resulted in timeand dose-dependent irreversible cell death of human lung
non-small cell carcinoma (H460) [22]. Aloe-emodin decreased
BCL-2, which abrogated the inhibition of pro-apoptotic proteins (such as BAK and BAX) and increased gene expression
of p38 and caspase-3 activity, exacerbating apoptosis.

3.4. Gastric cancer
Gastric carcinoma (AGS, NCI-N87) cells treated with aloeemodin demonstrated mitochondrial release of apoptosisinducing factor (AIF) and cytochrome c-mediated activation of
caspase-3[12]. AGS cells showed greater sensitivity to aloe-emodin than NCI-N87 cells. Another study showed that
MKN45 cell growth was substantially inhibited by both aloeemodin and emodin, but more so by emodin [13]. These cells
were arrested in the G0/G1 and G2/M phase by aloe-emodin
and emodin, respectively. Time- and dose-dependent inhibition
was demonstrated in MGC-803 cells, with an increase in S
phase and a decrease in ALP activity [8]. Another study
showed a cytostatic effect in MGC-803 and SGC-7901 cells,
with a significant decrease in cell migration [14]. SGC-7901
cells became arrested in the G2/M phase in a time and
dose-dependent manner, with a decrease in cell cycle-inducing
proteins.
3.5. Leukemia
Monoblastic leukemia (U937) cells were treated with aloeDistributed under creative commons license 4.0

291

DOI: http://dx.doi.org/10.18053/jctres.03.201703.001

44

Sanders et al. | Journal of Clinical and Translational Research 2017; 3(3): 283-296

292

3.7. Liver cancer

with minimal necrosis [29].

Aloe-emodin inhibited cell growth and induced apoptosis in
hepatoma (Huh-7) cells in a time- and dose-dependent manner
[23]. DNA fragmentation and ROS levels were increased with
a reduction in CAPN2 (calpain-2) and UBE3A (ubiquitin protein ligase E3A). These two proteins are involved in protein
degradation via proteasomal processing, which enables
maintenance of normal cellular activity. With their decrease,
cells are unable to function and undergo apoptosis. Another
study showed that aloe-emodin-treated hepatocellular carcinoma (HepG2) cells underwent apoptosis through a caspase-dependent pathway with cleavage and activation of
caspases-3/9 and cleavage of PARP [24]. Execution of intrinsic
apoptosis was supported by translocation of cytochrome c.
Hepatocellular carcinoma (HCCM and Hep3B) cells underwent apoptosis via caspases-3/9 and PARP. Activation of p38
was unaffected in all three cell lines. Aloe-emodin-induced
apoptosis was seen through oxidative stress and sustained
c-JUN N-terminal kinase (JNK) activation.

3.10. Oral cancer
A time- and dose-dependent inhibition of cell growth was
found in oral cancer (KB) cells treated with aloe-emodin, with
cell cycle stalling in the G2/M phase and a decrease in S phase
[30]. ALP activity was increased and no DNA fragmentation
was observed.
3.11. Ovarian cancer
HO-8910M ovarian carcinoma cells were evaluated for migration and invasion [31]. Migration, invasion, and adhesion
were significantly inhibited by aloe-emodin, with a corresponding decrease in focal adhesion kinase (FAK; involved in
cellular mobility, and in this case, metastasis) protein expression and mRNA levels. Aloe-emodin use in these cells attested
to its anti-metastatic potential.
3.12. Prostate cancer
Tumor growth suppression was noted in prostate cancer
(PC3) cells treated with aloe-emodin. The normal growth of
prostate cells is through mTORC2 and its downstream effects.
Following treatment with aloe-emodin, mTORC2’s downstream enzymes, AKT and PKCα, were inhibited and hence
exhibited decreased phosphorylation activity in a dose-dependent manner [32]. Aloe-emodin did not affect MAPK, p38, or
c-JNK or phosphorylation of ERKs. Proliferation of PC3 cells
was inhibited as a result of aloe-emodin binding to mTORC2,
with inhibition of mTORC2 kinase activity.

3.8. Nasopharyngeal cancer
Two studies by Lin et al. showed the effects of aloe-emodin
in nasopharyngeal carcinoma (NPC) cells. The first study demonstrated that aloe-emodin induced apoptosis via caspase-3
activation with DNA fragmentation [25]. Cell cycle arrest in
the G2/M phase was associated with increased cyclin B1CDC2 complex formation. Matrix metalloproteinase-2 was
significantly decreased, with an increase in ROS and cytosolic
calcium. The second study showed that aloe-emodin significantly inhibited cell growth without affecting viability [26].
Cyclin B1 binding to CDK1 was induced, and aloe-emodin
triggered cell cycle arrest in the S and G2/M phase.

3.13. Skin cancer
Aloe-emodin had a greater cytotoxic effect in non-melanoma cancer cells (epidermoid carcinoma (A431) cells and
head and neck squamous cell carcinoma (SCC25) cells) than
non-cancerous skin cells (pre-malignant keratinocytic HaCaT
cells and Hs68 fibroblasts) [33]. This occurred through upregulation of tumor necrosis factor- (TNF-), FAS ligand, and
the associated death domains for TNF-R1 and FAS. Aloe-emodin activated caspases-3/7/8/9 and upregulated p53, cytochrome c, and BAX. Intracellular ROS increased, while intracellular-reduced glutathione (GSH) was depleted and BCL-2
(anti-apoptotic protein) was down-regulated. Further, aloe-emodin inhibited cytosolic N-acetyltransferase 1 (NAT1)
enzyme activity and mRNA expression in A375.S2 malignant
melanoma cells in a dose-dependent manner [34]. NAT1, expressed in many human cancer cell lines, is an enzyme that
N-acetylates arylamine carcinogens and drugs (initial metabolism) in A375.S2 cells as well as other cancer cell lines.
Aloe-emodin also sensitizes skin cancer cells to chemotherapy. A combination of aloe-emodin and 5-fluorouracil
caused an increase in cell death, as did liposomally delivered
aloe-emodin. Another study showed that aloe-emodin and
emodin potentiated the therapeutic effects of cisplatin, doxo-

3.9. Neuroectodermal cancer
A study demonstrated dose-dependent cytotoxicity of aloeemodin in neuroblastoma cells (SJ-N-KP wild-type p53 and
SK-N-Be(2c) mutant p53 type) [27]. The SK-N-Be(2c) cells
lack transcriptional activity of p53-targeted genes, which allowed studying the effect of aloe-emodin in terms of apoptosis.
Expression of p53 mRNA was increased in both cell lines, but
only SJ-N-KP cells showed an increase in p21, BCL-2, BAX,
and CD95 mRNA due to loss of p53 function in SK- N-Be(2c)
cells. Both cell lines had a time-dependent increase in p53
levels, with induction of p21 and CD95 protein expression in
SJ-N-KP cells.
In addressing glial tumors, one group of researchers treated
a transformed glia cell line (SVG) and a glioma U-373MG cell
line with aloe-emodin, which delayed the number of cells entering and exiting the S phase, indicating inhibited S phase
progression [28]. Another study showed aloe-emodin-induced
apoptosis of U87 malignant glioma cells through disruption of
mitochondrial membrane potential, cell cycle arrest in the S
phase, and DNA fragmentation in a time-dependent manner
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rubicin, 5-fluorouracil, and tyrosine kinase inhibitor STI 571
in Merkel cell carcinoma, which is known to be resistant to
antineoplastic agents [35]. Aloe-emodin had a small advantage
over emodin with respect to anti-proliferative effects when
combined with these chemotherapeutic drugs at low concentrations, while aloin showed no effect.
Radovic et al. found that aloe-emodin caused A375 melanoma cells to undergo apoptosis accompanied by BCL-2
downregulation and caspase-mediated apoptosis [36]. An interesting finding was that aloe-emodin rescued cells from doxorubicin- or paclitaxel-induced death in a dose-dependent
manner, exhibiting a cytoprotective effect. Accordingly, caution is warranted when using aloe-emodin with these chemotherapy drugs. Finally, aloe-emodin significantly inhibited
Merkel cell carcinoma growth with no effect by aloin [37].
Basic fibroblast growth factor (bFGF), transforming growth
factor-1 (TGF1), nerve growth factor (NGF), and epidermal
growth factor (EGF) did not affect proliferation of Merkel cell
carcinoma cells.

vera with a longstanding history of safe use, has anti-neoplastic and anti-proliferative effects on multiple cancer
types and cell lines. A secondary finding from selected studies
suggests that aloe-emodin has great potential to serve as an
adjunct to conventional chemotherapeutic regimens, as these
data demonstrate potential for synergy with selected chemotherapeutic agents, allowing for a reduction in drug dose. Nevertheless, one study showed cytoprotective effect of aloe-emodin on cancer cells, possibly leading to a restricted efficacy of selected chemotherapeutic agents.
Aloe-emodin clearly induced cancer cell apoptosis in multiple studies, involving various types of cancer and different cell
lines. Specifically, aloe-emodin’s anti-cancer properties in
vitro emanate mainly from cell death induction and anti-proliferative processes that entail (a) increased levels of
pro-apoptotic caspases, cytochrome c, p53 and p21, BAX, and
free radicals, and decreased levels of anti-apoptotic BCL-2 and
DNA repair enzymes; (b) decreased cyclin A, CDK2, VEGF,
and NF-ĸβ levels; (c) cell cycle arrest in the S and G2/M phase;
and (d) decreased MMP levels and migration. A key in vitro
finding was the increased release of cytochrome c, the molecular initiator of intrinsic apoptosis in many cancer cell lines,
including: non-small cell lung carcinoma (H460) [16,17],
squamous cell lung carcinoma (CH27) [18], hepatocellular
carcinoma (HepG2, HCCM, and Hep3B) [24], nasopharyngeal
carcinoma (NPC) [25,26], human neuroblastoma (SK-N-Be(2c)
and SJ-N-KP) [27], premalignant keratinocytic (HaCaT) cells
[33], skin fibroblast (Hs68) [33], epidermoid carcinoma (A431)
[33], head and neck SCC (SCC25) [33], skin melanoma (A375)
[33,34,36], and tongue squamous cell carcinoma (SCC-4) [40].
When co-administered with a variety of anti-neoplastic
agents, aloe-emodin served as a chemosensitizer. In Merkel
cell carcinoma, aloe-emodin exhibited synergistic effects with
cisplatin, doxorubicin, 5-fluorouracil, and the tyrosine kinase
inhibitor STI 571 [35]. Conversely, aloe-emodin demonstrated
increased protection in malignant melanoma cells against
doxorubicin and paclitaxel (A375) [36]. The authors proposed
that aloe-emodin protects cells once they have been exposed to
toxic molecules and not necessarily against chemotherapy.
Furthermore, the pharmacological efficacy of liposomal
aloe-emodin was more profound versus non-encapsulated
aloe-emodin, indicating that aloe-emodin may be formulated
into nanoparticulate drug delivery systems to increase the distribution of the active ingredient. Increased ROS and caspase-3/7/8/9 with decreased GSH were noted in this study [33].
This particular study also demonstrated similar anti-tumor properties in additional cell lines, including premalignant
keratinocytic (HaCaT), skin fibroblast (Hs68), epidermoid
carcinoma (A431), head and neck SCC (SCC25), and skin
melanoma (A375) cells, attesting to aloe-emodin’s efficacy
against a wide range of target cell types.
Additional studies are needed to gather clinical knowledge
and to investigate the potential use of aloe-emodin and related
compounds as adjuvants in conventional cancer treatment. For
example, a study by Lissoni et al. showed that Aloe arborescens combined with chemotherapy improved solid tumor

3.14. Tongue cancer
Chen and colleagues investigated the effects of aloe-emodin,
emodin, and rhein on SCC-4 tongue squamous cell carcinoma
in two studies. The first study revealed a decrease in viability
in a time- and dose-dependent manner, with the greatest effect
induced by emodin, followed by aloe-emodin, then rhein [38].
Migration and invasion of SCC-4 cells was inhibited, with
reductions in MMP-2 and NF-κB, signifying decreased cell
mobility. In the second study, cytotoxicity and induction of
DNA damage were seen in the same order of magnitude per
anti-carcinogenic agent [39]. Expression of DNA-PK, BRCA1,
and ATM mRNA (all DNA repair enzymes) was significantly
inhibited by aloe-emodin, with varying effects by emodin and
rhein. Another study showed that aloe-emodin inhibited SCC-4
cell viability in a dose-dependent manner with S phase arrest
and changes in nuclear morphology [40]. Levels of ROS, calcium, and caspases-3/8/9 activity increased in a time-dependent manner, accompanied by a reduction in mitochondrial
membrane potential.
3.15. General/other
Aloe-emodin demonstrated p53-independent apoptosis in
FaDu (pharyngeal squamous cell carcinoma), Hep3B (hepatoma), and MG-63 (osteosarcoma) cells [41]. This resulted in
S phase cell cycle arrest. Caspase-8/10-associated RING protein (CARP) expression was decreased by aloe-emodin. When
CARPs were overexpressed, aloe-emodin-induced apoptosis
was attenuated. CARPs normally interact with caspase-8/10 by
inhibiting their function through ubiquitin-mediated proteolysis. With decreased levels of CARPs, apoptosis is increased.

4. Discussion
This review of in vitro data clearly suggests that aloeemodin, an inexpensive, readily available nutrient from aloe
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regression and survival time in patients with lung, colorectal,
gastric, and pancreatic cancer [42]. Insofar as aloe-emodin at
higher doses was shown to inhibit chemotherapy in one isolated study, it is particularly important to further investigate
the potential for drug-supplement interactions.
Several limitations of this review are noteworthy. With this
area of research on aloe-emodin being fairly recent, dysregulation at the transcript and protein level was found, but the
mechanisms are poorly understood. This review only focuses
on in vitro studies, which could prove to have limited translatability to in vivo studies. Additionally, multiple studies noted the fact that aloe-emodin could possibly be used prophylactically. As far as we are aware, no studies have yet been undertaken to test this hypothesis. Finally, few studies to date
have investigated the effects of aloe-emodin in noncancerous
cell lines. Such studies are warranted to determine whether
aloe-emodin exerts similar cytotoxic effects in typically

slow-proliferating and quiescent cells. Cytotoxicity in cancer
cells and no effects in non-malignant cells would be the desired outcome and a rudimentary gauge of a compound’s target
specificity (i.e., highly proliferative cancer cells).
In summary, aloe-emodin shows great promise as an anti-neoplastic agent with potential use as a synergistic and/or
cytoprotective agent as part of conventional cancer treatment.
Numerous in vitro results support this claim, yet further research is needed to elucidate the molecular mechanisms in vivo,
as well as to investigate its potential use as a prophylactic
agent clinically. Aloe-emodin may ultimately prove to be
another phytonutrient with anti-cancer properties.
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List of abbreviations: 14-3-3σ: regulatory protein (also known as stratifin) expressed in all eukaryotic cells, helps with translocation to cell
membrane as well as signal transduction; 2-DE: 2-dimensional gel electrophoresis, used to sort out different proteins based on their size, charge,
and other biochemical properties; Ac-DEVD-CHO: specific, potent, and reversible inhibitor of caspase-3; AIF: apoptosis-inducing factor; AKT:
also known as protein kinase B, inhibits apoptosis; ALP: alkaline phosphatase, dephosphorylates proteins helping to break cells down; AP1: activator protein-1, a transcription factor; ATF-2: activating transcription factor-2; ATM: ataxia telangiectasia mutated; phosphorylates key regulatory
proteins leading to cell cycle arrest, DNA repair, or apoptosis; ATP: adenosine triphosphate, molecule used as energy for the cell to carry out
many functions in the body; ATR: ataxia telangiectasia and Rad3-related protein, checks for DNA damage and initiates repair; BAD:
BCL-2-associated death promoter protein, helps to initiate apoptosis; BAG-1: BCL-2-associated anthanogene, binds to Bcl-2 and helps to prevent
apoptosis; BAK: BCL-2 homologous antagonist/killer; BAX: BCL-2-associated X protein, induces apoptosis; BCL-2: B-cell lymphoma 2, inhibits apoptosis by preventing release of cytochrome c, has many different forms and can also induce apoptosis; BCL-XL:
B-cell
lymphoma
extra-large, inhibits apoptosis by preventing the release of cytochrome c; bFGF: basic fibroblast growth factor, induces cell proliferation; BID:
BH3-interacting domain death agonist, works in conjunction with BAX to become pro-apoptotic; BIK: BCL-2-interacting killer, destroys BCL-2
to induce apoptosis; BIM: BCL-2-like protein 11, part of the BCL-2 family but this protein induces apoptosis; BRCA1: breast cancer 1, a tumor
suppressor gene that, if mutated, can be the cause of hereditary breast cancers; BrdU: 5-bromo-2’-desoxyuridine, a thymidine analogue used to
detect cell proliferation; cAMP: cyclic adenosine monophosphate, derivative of ATP, second messenger involved in cell proliferation; CAPN2:
calcium-activated neutral proteases, breaks down protein; CARP1/2: caspase-8/10-associated RING protein, inhibit caspase 8 and 10, decreasing
apoptosis; CD11b/14/95: cluster of differentiation, integrin expressed on the surface of leukocytes; CDC25C: cell division cycle 25c, triggers
entry into mitosis; CDK1/2: cyclin-dependent kinase 1/2, once phosphorylated it progresses the cell cycle; CDT1: chromatin licensing and DNA
replication factor 1, ‘licenses’ DNA to flag it ready for replication; CKI: cyclin-dependent kinase inhibitors; c-MYC: Myc proto-oncogene; has a
role in cell cycle progression, apoptosis, and cell transformation; CsA: cyclosporin A, caspase 8 inhibitor; Cu: copper; DAPI:
4',6-diamidino-2-phenylindole, fluorogenic probe with an affinity for A-T-rich regions of DNA; DHA: dihydroxyanthraquinone, class of molecules to which aloe emodin and structurally related compounds belongs to; DMSO: dimethylsulfoxide, polar aprotic solvent; DNA: deoxyribonucleic acid; DNA-PK: deoxyribonucleic acid-dependent protein kinase, functions during DNA repair; ELISA: enzyme-linked immunosorbent
assay, used for the determination of specific proteins; ENDO G: endonuclease G, participates in caspase-independent apoptosis; ERK: extracellular signal-related kinase, part of the MAP kinase pathway, functions to induce cellular proliferation; FADD: FAS-associated protein with death
domain, helps to induce formation of the death complex to carry out apoptosis; FAK: focal adhesion kinase, also known as protein tyrosine kinase
2, involved in cell adhesion and spreading; FAS: Fas cell surface death receptor, mediator of extrinsic apoptosis; G2/M:
G2 phase and M
phase of the cell cycle, mediates growth and mitosis/meiosis, respectively; G-CSF: granulocyte colony-stimulating factor, stimulates growth of
granulocytes (white blood cells); GM-CSF: granulocyte macrophage colony-stimulating factor; GRP78: 78-kDa glucose-regulated protein, also
known as binding immunoglobulin protein, chaperone protein that helps newly synthesized proteins to be formed and shaped; GSH: reduced glutathione, an endogenous antioxidant; GSSG:glutathione disulfide (oxidized form of GSH); HOGG1: human 8-oxoguanine DNA N-glycosylase 1,
a DNA repair enzyme; HSP:heat shock protein, increased in cancer cells and stressed cells, necessary for cancer cell survival; IFN: interferon, a
class of molecules used in immunity to confer specific immune signals; IgG: immunoglobulin G, a type of antibody in long-term immunity; IL:
interleukin, class of molecules used in immunity to confer specific immune signals; IP-10: interferon gamma-induced protein 10; IκB: inhibitor of
kappa B, inhibits NF-κB signal transduction; JNK:c-JUN N-terminal kinase, helps activate pro-apoptotic proteins; JNKK1: Jun N-terminal kinase
kinase; MAPK: mitogen-activated protein kinase; MCC: Merkel cell carcinoma; MCL-1: myeloid cell leukemia 1, alternative splicing occurs on
this gene, one splice variant induces apoptosis while the other inhibits it; MCM complex; minichromosome maintenance protein complex, helicase protein required for DNA replication; MCP-1: monocyte chemotactic protein-1; MGMT: O-6-methylguanine-DNA methyltransferase, DNA
repair enzyme; MIP: macrophage inflammatory protein; MMP: matrix metallo-protease, degrades extracellular matrix, facilitates metastasis; Mn:
manganese; mRNA: messenger ribonucleic acid: mTOR: mammalian target of rapamycin, protein involved in cell proliferation: mTORC2:
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mTOR complex 2; NAT: N-acetyl transferase, initiates metabolism; NF-κB: nuclear factor kappa B, induces transcription of genes involved in
many processes including inflammation, angiogenesis, and cell survival; NO: nitric oxide, causes vasodilation; NOXA: phorbol-12-myristate-13-acetate-induced protein 1, pro-apoptotic member of the BCL-2 family; ORC: origin recognition complex; p21: cyclin-dependent kinase inhibitor 1; p38: class of mitogen-activated protein kinases involved in cell differentiation, apoptosis, and autophagy; p53:
53 kDa protein, conserves DNA stability as a tumor suppressor; p65: REL-associated protein involved in NF-κB function; PARP: poly adenosine
diphosphate-ribose polymerase, DNA repair enzyme; PCNA: proliferating cell nuclear antigen; PCR: polymerase chain reaction, used to replicate
DNA sequences; PDGFbb: platelet-derived growth factor bb; PDI: protein disulfide isomerase, helps with protein folding; p-ERK: phosphorylated (activated) extracellular signal-related kinase; PI: propidium Iodide, florescent stain used to determine cell viability; PI3-K: phosphoinositide-3 kinase, enzyme involved in cell proliferation; PKA: protein kinase A, intracellular enzyme used in many pathways to sustain cell viability;
PKAc: protein kinase A, catalytic subunit; PKC: protein kinase C, involved in cell proliferation; p-PERK:phosphorylated (activated) protein kinase RNA-like endoplasmic reticulum kinase, monitors cell homeostasis; PRDX: peroxiredoxin, a redox regulator; PS: phosphatidylserine, a
phospholipid used as a signal for macrophages to engulf the cell during apoptosis; PUMA: P53 upregulated modulator of apoptosis, pro-apoptotic
signaling protein; RAF:rapidly accelerating fibrosarcoma, protein kinase related to retroviral oncogenes, part of signal cascade aiding in cell proliferation; RANTES: regulated on activation, normal T cell expressed and secreted , also known as chemokine (C-C motif) ligand 5 (CCL5);
RAS:rat sarcoma, protein involved in signal transduction; RHOA: Ras homolog gene family member A, used in actin organization to control cell
morphology; RHOB: Ras homolog gene family member B, similar to RHOA; ROCK-1: Rho-associated, coiled coil-containing protein kinase 1,
helps with cell morphology and migration; ROS: reactive oxygen species; RT-PCR: reverse transcription polymerase chain reaction, to form DNA
from RNA and then replicate it; SAPK: stress-activated protein kinase, homologues to JNKs; SCC: squamous cell carcinoma; siRNA: small interfering ribonucleic acid, blocks protein formation (translation); SOD: superoxide dismutase, removes oxygen free radicals; SPM: spermine,
involved in cell metabolism; tBID: truncated BH3-interacting death domain agonist; Thr14/Tyr15: threonine 14/tyrosine 15, ; phosphorylation of
these proteins by WEE1 inhibits mitosis; TIMP-1: tissue inhibitor of metalloproteinases 1; TNF: tumor necrosis factor, cytokine causing cell
death; UBE3A: ubiquitin protein ligase E3A, assists with ubiquitination or cell death; U-PA: urokinase plasminogen activator, involved in extracellular matrix degradation; VEGF:
vascular endothelial growth factor; WEE1: nuclear kinase, inhibits CDK1 and the cell cycle;
Z-IETD-FMK: caspase-8 inhibitor, inhibits T cell proliferation and prevents oxyhemoglobin-induced cell death; Zn:zinc; Z-VAD-FMK: carbobenzoxy-valyl-alanyl-aspartyl-[O-methyl]-fluoromethylketone, binds to the protease site of caspases and can inhibits apoptosis.
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The main treatment for cancer is by using chemotherapy and radiotherapy which themselves are toxic to other viable cells of the
body. Recently, there are many studies focusing on the use of natural products for cancer prevention and treatment. Of these
natural products, honey has been extensively researched. The mechanism of the anti-cancer activity of honey as chemopreventive
and therapeutic agent has not been completely understood. The possible mechanisms are due to its apoptotic, antiproliferative,
antitumor necrosis factor (anti-TNF), antioxidant, anti-inflammatory, estrogenic and immunomodulatory activities. We collate the
findings of several studies published in the literature in order to understand the mechanism of its action.

1. Introduction

activity against different types of leukemic cell lines [15]. Its
anticancer activity has been proved against various cancer cell
lines and tissues, such as breasts [14, 16–19], colorectal [20],
renal [21], prostate [17], endometrial [17], cervical [19] and
oral cancer [22].
Honey potentiates the antitumor activity of chemotherapeutic drugs such as 5-fluorouracil and cyclophosphamide
[18]. Studies exhibiting anticancer effect of honey range from
tissue cultures [17, 19, 20, 22, 23] and animal models [14, 16, 18,
24] to clinical trials [25]. Polyphenols in honey are considered
as one of the main factors responsible for the anticancer
activity of honey [15, 26].
This review presents current progress in understanding
the mechanism of anticancer activity of honey.

Annually cancer is diagnosed in approximately 11 million
people causing 7.6 million deaths worldwide [1]. Cancer
is a multistep process. It starts as an onset from a single
transformed cell. Its genesis is characterized by the swift
proliferation, invasion, and metastasis [2]. This dynamic
process is activated by various carcinogens, tumor promoters, and inflammatory agents. The whole modulation is
controlled through the transcription factors, proapoptotic
proteins, antiapoptotic proteins, protein kinases, cell cycle
proteins, cell-adhesion molecules, cyclooxygenase-2 (COX2), and other molecular targets [2–4].
The standard treatments against cancer are surgery, radiotherapy, and chemotherapy. These modalities are beset with
serious side effects [5]. New targets for cancer treatment focus
on interfering with specific targeted molecules needed in
carcinogenesis [6].
Natural products such as honey have potential anticancer
effect [7]. Honey is composed of various sugars, flavonoids,
phenolic acids, enzymes, amino acids, proteins, and miscellaneous compounds (Table 1). Its composition varies according
to floral sources and origin [8]. It has been shown to have
anti-inflammatory [9], antimicrobial [10], antimutagenic [11],
antioxidant [12], and antitumor [7, 13, 14] effects. The phenolic
contents of honey have been reported to have antileukemic

2. Honey and Its Apoptotic Activity
Two characteristics of cancer cells are uncontrolled cellular
proliferation and inadequate apoptotic turnover [27]. Drugs
which are commonly used for cancer treatment are apoptosis
inducers [28]. Programmed cell death or apoptosis is categorized into three phases: (a) an induction phase, (b) an effector
phase, and (c) a degradation phase [29]. The induction
phase stimulates proapoptotic signal transduction cascades
through death-inducing signals. Effector phase is committed
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a possible natural substance as antic-cancer agent as many
chemotherapeutics currently used are apoptosis inducers.

Table 1: Average composition of honey-source reference, [82, 83].
Component
Total carbohydrates
Fructose
Glucose
Sucrose
Maltose
Total acid as gluconic
Moisture content
Ash
Amino acids
Nitrogen
Iron
Potassium
Calcium
Phosphorous
Magnesium
Calcium
pH

Value/100 g
82.4 g
38.5 g
31.28 g
1.31 g
7.31 g
0.57 g
17.1 g
0.169 g
0.3 g
0.041 g
0.42 mg
52 mg
6.00 mg
4.00 mg
2.00 mg
6.00 mg
3.9

3. Honey and Its Antiproliferative Activity
Epithelial cell divides throughout life. The cell cycle comprises
three distinguished phases known as G0 , G1 , S, and G2 M.
All the events in the cell cycle are regulated and monitored
by several different proteins. The control panel of cell cycle
comprises cyclins and cyclin-dependent kinases. The G1 /S
phase transition is a vital regulatory point where cell’s fate
is destined for quiescence, proliferation, differentiation and
apoptosis [32]. Overexpression and dysregulation of cell
cycle growth factors such as cyclin D1 and cyclin-dependent
kinases (CDK) are linked with tumorigenesis [32]. The loss
of this regulation is the hallmark of cancer [32]. The nuclear
protein Ki-67 is a novel marker to probe the “growth fraction”
of cell proliferation. It is absent in the resting phase (G0 ) but
expressed during the cell cycle in all the proliferation phases
(G1 , S, G2 , and mitosis) [33].
Honey has been shown to affect cell cycle arrest. Administration of honey mixed with Aloe vera solution showed a
marked decrease in expression of Ki67-LI in tumor cells in
rats [14]. It suggests that honey therapy could lead to lowering
tumor cell proliferation by arresting cell cycle [14].Honey
and its several components (like flavonoids and phenolics)
are reported to block the cell cycle of colon [20], glioma
[34], and melanoma [35] cancer cell lines in G0 /G1 phase.
This inhibitory effect on tumor cell proliferation follows
the downregulation of many cellular pathways via tyrosine
cyclooxygenase, ornithine decarboxylase, and kinase [20, 34–
36]. The results of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) and the trypan blue exclusion
assays have confirmed that anti-proliferative effect of honey
is a dose- and time-dependent manner [35]. Honey or its
components mediate inhibition of cell growth due to its
perturbation of cell cycle [35, 36]. Cell cycle is also regulated
by p53 which is involved in tumor suppression. Honey is
reported to be involved in modulation of p53 regulation [20].

to bring cell death via a key regulator, mitochondrion. The last
degradation phase comprises nuclear and cytoplasmic events.
Nuclear change includes chromatin and nuclear condensation, cell shrinkage, DNA fragmentation, and membrane
blebbing [28, 29]. In the cytoplasm, a complex cascade of
protein cleaving enzymes called caspases is activated. The cell
is finally destined into fragmented apoptotic bodies which
are phagocytosed by macrophages or other surrounding cells
[28, 29].
The apoptosis usually follows two pathways: the caspase
8 or death-receptor pathway and caspase 9 or mitochondrial
pathway [30] (Figure 1).
Honey induces apoptosis in various types of cancer cells
via depolarization of mitochondrial membrane [19]. Honey
elevates caspase 3 activation level and poly (ADP-ribose)
polymerase (PARP) cleavage in human colon cancer cell lines
[20] which is attributed to its high tryptophan and phenolic
content [20]. It also induces apoptosis by upregulating and
modulating the expression of pro- and antiapoptotic proteins in colon cancer cell lines [23]. Honey increases the
expression of caspase 3, p53, and proapoptotic protein Bax
and downregulates the expression of antiapoptotic protein
Bcl2 [23] (Figure 2). Honey generates ROS (reactive oxygen
species) resulting in the activation of p53 and p53 in turn
modulates the expression of pro- and antiapoptotic proteins
like Bax and Bcl-2 [23]. Honey as an adjuvant therapy with
Aloe vera boosts the expression of proapoptotic protein Bax
and decreases the antiapoptotic protein Bcl-2 expression in
Wistar rats [14]. Manuka honey exerts its apoptotic effect
on cancer cells through the induction of the caspase 9
which in turn activates the caspase-3, the executor protein.
Apoptosis induced by Manuka also involves induction of
DNA fragmentation, activation of PARP, and loss of Bcl-2
expression [31]. The apoptotic property of honey makes it

4. Honey and Its Effect on Tumor
Necrosis Factor (TNF)
Tumor necrosis factor (TNF), have been shown to mediate tumor initiation, promotion, and progression [37]. The
proinflammatory effect of TNF is linked to many diseases
due to its ability to activate NF-kB [38]. It activates NFkB, leading to the expression of inflammatory genes like
lipoxygenase-2 (LOX-2), cyclooxygenase-2 (COX-2), celladhesion molecules, chemokines, inducible nitric oxide synthase (iNOS), and inflammatory cytokines [38]. It is considered as a growth factor for many of the tumor cells [38]. In
contradiction, TNF-𝛼𝛼 has also been shown to be involved in
host defense mechanisms as a key cytokine [39]. It has been
shown to play a dual role, beneficial and deleterious for the
promotion or inhibition of infectious diseases [39, 40].
Royal jelly (RJ) proteins (apalbumin-1 and apalbumin-2)
in honey have antitumor properties. These proteins stimulate
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Cell death/apoptosis
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Figure 1: Apoptosis following caspase 8 and caspase 9 pathways; source [30]. Bcl-2: B cell lymphoma 2 protein; Bid: Bcl-2 associated X proteins;
Cyt. C: cytochrome C; Apaf-1: apoptotic protease activating factor; IAP: inhibitor of apoptosis proteins; Caspase 3-caspase protein that interacts
with caspase 8 and caspase 9.
Extrinsic
Intrinsic
TRAIL

Honey
TRADD
Bcl-2
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Mitochondrion
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+
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Caspase 8
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Caspase 3
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Apoptosis
Inhibition
Supposed stimulation
Stimulation

Figure 2: The effect of honey on apoptotic pathway. Honey exerts apoptotic effect through upregulation and modulation of proapoptotic
proteins (p53, Bax, caspase 3, and caspase 9) and downregulation of antiapoptotic proteins (Bcl-2) [14, 23, 31]. Bcl-2: B cell lymphoma 2 protein;
Cyt. C: cytochrome C; Apaf-1—apoptotic protease activating factor 1; TNF: tumor necrosis factor; TRAIL: TNF related apoptosis-inducing ligand;
TRADD: TNFR associated death domain protein.

macrophages to release cytokines TNF-𝛼𝛼, interleukin-1 (IL1) and interlueken-6 (IL-6) [41, 42]. Pasture, jelly bush,
and Manuka honeys (at concentrations of 1% w/v) stimulate monocytes to release tumor necrosis factor-alpha and
interleukin- (IL-) 1𝛽𝛽 and IL-6 [43, 44]. The possible mechanism involves the binding of TNF-R to TNF-𝛼𝛼 and adaptor
protein such as TNFR associated death domain protein
(TRADD), TNF receptor associated factor (TRAF), and
receptor-interacting protein (RIP) to regulate apoptosis and
inflammation through these cytokines [45]. This TNF-𝛼𝛼
release can play a pivotal role as a key cytokine to regulate

important cellular processes such as apoptosis, cell proliferation, and inflammation [41, 45].

5. Honey and Its Anti-Inflammatory
and Immunomodulatory Activities
Chronic inflammation is linked to cancer formation. Excessive or prolonged inflammation can prevent healing by damaging tissues. Honey exhibits anti-inflammatory response
[46]. The literature shows that it reduces inflammation
when applied in cell cultures [47], animal models [48, 49],
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and clinical trials [46, 50]. The inflammatory process is
induced by various types of chemicals and/or biological
agents including proinflammatory enzymes and cytokines
[51]. The enzyme cyclooxygenase-2 (COX-2) in inflammatory process catalyses the metabolism of arachidonic
acid to prostaglandin [52, 53]. Anomalous arachidonic acid
metabolism is involved in carcinogenesis and inflammation
[54]. COX-2 is overexpressed in premalignant and malignant
conditions [54]. Phenolic compounds in honey are responsible for anti-inflammatory activity [55]. The mechanism
involves the suppression of the proinflammatory activities
of COX-2 and/or inducible nitric oxide synthase (iNOS)
through these phenolic compounds or flavonoids [53]. Honey
and its components have been documented to be involved
in regulation of proteins such as ornithine decarboxylase,
tyrosine kinase, iNOS, and COX-2 [56, 57].
Manuka, Pasture, Nigerian Jungle, and royal jelly honeys
are found to increase IL-1𝛽𝛽, IL-6, and TNF-𝛼𝛼 production
[16, 44, 58]. This immunomodulatory and immunoprotective
activity of honey is often linked to anticancer action [16, 59].
Honey stimulates antibodies, B and T lymphocytes, neutrophils, monocytes, eosinophils, and natural killer cells (NKcells) production during primary and secondary immune
responses in tissue culture [59–62]. It has been shown
that honey stimulates macrophages, T-cells, and B-cells to
provoke antitumor effect [59].
Sugars when ingested are slowly absorbed resulting in
the formation of short chain fatty acid (SCFA) fermentation
products [63]. It is a probable mechanism that the ingestion
of honey may result in SCFA formation [64]. Research has
established that, either directly or indirectly, SCFA have
immunomodulatory actions [65]. Thus, honey may stimulate the immune system via these fermentable sugars [66].
A sugar, nigerooligosaccharides (NOS), present in honey
has been found to have immunopotentiating activity [67].
Nonsugar components of honey may also be responsible for
immunomodulation [66].

inflammatory disorders [73], cardiovascular diseases [74],
and cancer [75, 76]. The phenolic acids and flavonoids are
responsible for the well-established antioxidant activity of
honey [77].
The antitumor effect of honey may be attributed to
its antioxidant activity [75, 76]. An enhanced antioxidant
status with apoptosis has been observed in hepatocellular
carcinoma cells [75]. Daily consumption of 1.2 g/kg body
weight of honey has been shown to elevate the amount
and the activity of antioxidant agents such as beta-carotene,
vitamin C, glutathione reductase, and uric acid [60].

7. Honey and Its Antimutagenic Activity
Mutagenicity, the ability to induce genetic mutation, is interlinked with carcinogenicity [78]. Honey is shown to have a
strong antimutagenic agent and hence has anticarcinogenic
property [79]. The effect of honey on radiation (UV or 𝛾𝛾)
exposed Escherichia coli cells shows SOS response (SOS is
an error prone repair pathway contributing to mutagenicity)
[79]. A study was performed to knock out some important genes such as umuC, recA, and umuD involved in
SOS mediated mutagenesis. These changes are significantly
inhibited in the presence of honey confirming its strong
antimutagenic effect [79]. Honeys from different floral origins
exhibit inhibition of Trp-p-1 mutagenicity [11].

8. Honey and Its Estrogenic
Modulatory Activity
Estrogen is involved in number of cancers [80]. Honey
modulates estrogen by its antagonistic action. It may be
useful in estrogen-dependent cancers such as breasts and
endometrial cancers [17]. Estrogen receptors tie to estrogens
to dimerize and then translocate into the nuclei. These complexes then bind to the specific DNA base sequences called
estrogen-response elements (EREs) resulting in transcription
and translation of the estrogenic effect in the targeted tissue
[80]. This signaling cascade induced by estrogens may be
modulated at any stage [80]. Honeys from various floral
sources are reported to mediate estrogenic effects via the
modulation of estrogen receptor activity [17, 81]. This effect is
attributed to its phenolic content [17]. Greek honey extracts
exert estrogen agonistic effect at high concentrations (20–
100 lg/mL) and antagonistic effect at low concentrations (0.2–
5 𝜇𝜇g/mL) [17].

6. Honey and Its Antioxidant Activity
The role of oxidative stress involving free radicals in the
carcinogenic process is well established [68]. Reactive oxygen
species (ROS) and reactive nitrogen species (RNS), such as
hydroxyl radical (∙ OH) superoxide (O2 ∙− ), hydrogen peroxide (H2 O2 ), nitric oxide (NO∙ ), peroxynitrite (ONOO− ),
and others, are oxidative stress agents which damage lipids,
proteins, and DNA in cells [69]. Cells exhibit defense system
against oxidative damage. This defense system consists of
antioxidants or oxidative protective agents such as catalase,
superoxide dismutase, peroxidase, ascorbic acid, tocopherol,
and polyphenols [70]. Antioxidants acting as free radical
scavengers may inhibit the cancer process in vivo [70].
The exact antioxidant mechanism is unknown, but the
proposed mechanism is through hydrogen donation, free
radical sequestration, metallic ion chelation, flavonoids substrates for hydroxyl and superoxide radical actions [71]. The
antioxidant capacity of honey contributes to the prevention
of several acute and chronic disorders such as diabetes [72],

9. Conclusion

Evidence is growing that honey may have the potential to
be anticancer agent through several mechanisms (Figure 3).
Though the full mechanism is yet to be fully understood,
studies have shown that honey has anticancer effect through
its interference with multiple cell-signaling pathways, such as
inducing apoptosis, antiproliferative, anti-inflammatory, and
antimutagenic pathways. Honey modulates the body immune
system. There are still many unanswered questions; why sugar
is carcinogenic, while honey which is basically sugar has
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Figure 3: Schematic presentation of anticancer activity of honey.

anticarcinogenic properties. Honey of different floral sources
may give different effects. More research is needed to improve
our understanding of the positive effect of honey and cancer.
What is seen in cell cultures or animal experimentations
may not apply to humans. Prospective randomized controlled
clinical trials are needed to validate the authenticity of honey
either alone or as adjuvant therapy.
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A. H. Knežević, “Protective effects of propolis and related
polyphenolic/flavonoid compounds against toxicity induced by
irinotecan,” Medical Oncology, vol. 27, no. 4, pp. 1346–1358, 2010.
[37] R. J. Moore, D. M. Owens, G. Stamp et al., “Mice deficient in
tumor necrosis factor-alpha are resistant to skin carcinogenesis,” Nature Medicine, vol. 5, no. 7, pp. 828–831, 1999.
[38] B. J. Sugarman, B. B. Aggarwal, and P. E. Hass, “Recombinant
human tumor necrosis factor-𝛼𝛼: effects on proliferation of
normal and transformed cells in vitro,” Science, vol. 230, no.
4728, pp. 943–945, 1985.
[39] S. Chouaib, D. Branellec, and W. A. Buurman, “More insights
into the complex physiology of TNF,” Immunology Today, vol.
12, no. 5, pp. 141–142, 1991.
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Abstract: Honey is a natural product known for its varied biological or pharmacological
activities—ranging from anti-inflammatory, antioxidant, antibacterial, antihypertensive to
hypoglycemic effects. This review article focuses on the role of honey in modulating the
development and progression of tumors or cancers. It reviews available evidence (some of
which is very recent) with regards to the antimetastatic, antiproliferative and anticancer
effects of honey in various forms of cancer. These effects of honey have been thoroughly
investigated in certain cancers such as breast, liver and colorectal cancer cell lines.
In contrast, limited but promising data are available for other forms of cancers including
prostate, bladder, endometrial, kidney, skin, cervical, oral and bone cancer cells.
The article also underscores the various possible mechanisms by which honey may inhibit
growth and proliferation of tumors or cancers. These include regulation of cell cycle,
activation of mitochondrial pathway, induction of mitochondrial outer membrane
permeabilization, induction of apoptosis, modulation of oxidative stress, amelioration of
inflammation, modulation of insulin signaling and inhibition of angiogenesis. Honey is
highly cytotoxic against tumor or cancer cells while it is non-cytotoxic to normal cells.
The data indicate that honey can inhibit carcinogenesis by modulating the molecular
processes of initiation, promotion, and progression stages. Thus, it may serve as a potential
and promising anticancer agent which warrants further experimental and clinical studies.
Keywords: cancer; honey; anticancer; antimetastatic; antiproliferative; antitumor
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1. Introduction
Cancer refers to an unrestrained growth of cells which may exhibit malignant behavior. It is one of
the leading causes of death worldwide [1]. The most recent global incidence of cancer was estimated at
28.8 million in 2008 [2]. This rising prevalence is driven by certain factors, such as the adoption of a
Western lifestyle in several developing countries, ageing populations, increased awareness and
improved screenings and diagnosis of cancers [3]. Out of the 7.6 million cancer deaths recorded in
2008, 2.9 and 4.7 million deaths occurred in economically developed and economically developing
countries, respectively [1]. The impact of this disease is more visible in developing countries. Several
environmental factors such as smoking, physical inactivity, infections and diseases including obesity
and diabetes are key risk factors for cancer [4]. The process of cancer development comprises three
key stages: initiation, promotion, and progression. Initiation, which is the first stage of carcinogenesis,
involves irreversible genetic damage and is characterized by accumulation of mutated DNA [5]. This is
followed by promotion stage which is the proliferation of mutated cells. It is characterized by
excessive growth of mutated cells and additional genomic alterations of the replicated cells giving rise
to a benign mass of abnormal cells known as a tumor [6]. Then the progression stage which entails
metastasis of cancer cells to distant sites (tissues and organs) through the lymphatic or circulatory
systems [5,6]. Besides the limitations of current cancer management (surgery, chemotherapy and
radiotherapy), available cytotoxic drugs are not easily affordable and available in some places
(especially in developing countries), and their use is also associated with a number of undesirable side
and adverse effects [7,8]. As a consequence, a large proportion of the population prefers to patronize
complementary and alternative medicine (CAM). Even though CAM has its own limitations, it does
however have a number of advantages (such as affordability, availability and lower side effects)
compared to the synthetic or standard drugs [9]. The increased public interest in the utilization of CAM
can be linked to the increased research data which attribute some health benefits to CAM.
Generally, CAM refers to diverse treatment approaches (medical products and practices) that are
not an integral part of standard medicine and may include dietary components, supplements, herbal
preparations, naturally-derived products and even lifestyle changes [10]. There has been an increased
awareness and use of CAM among cancer patients [11]. One of such products that have become an
important component of CAM is honey, a natural substance formed from nectar by honeybees. Honey
exerts several biological activities such as antibacterial, hepatoprotective, anti-inflammatory,
hypoglycemic, antioxidant and antihypertensive effects [12–18]. Besides its sugar content
(monosaccharides, disaccharides and oligosaccharides), honey consists of several biologically active
constituents such as flavonoids and phenolic compounds, vitamins, trace elements, amino acids and
proteins as well as certain enzymes including glucose oxidase, invertase and catalase [19,20].
Even though the use of honey dates back to ancient times, the last decade has witnessed an
astronomical increase in the amount of research investigating the role of honey in the treatment of
various diseases, including cancer. These health benefits of honey in treating diverse diseases can be
attributed to its various pharmacologically active constituents, especially flavonoids and phenolic
constituents. Some of the flavonoids and phenolic compounds that have been identified in honey
include chrysin, kaempferol, quercetin, pinobanksin, pinocembrin, luteolin, apigenin, genistein,
naringenin, hesperetin, p-coumaric acid, gallic acid, ellagic acid, ferulic acid, syringic acid, caffeic acid
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and vanillic acid [15,21–23]. These honey constituents have been shown to exert anti-inflammatory,
antioxidant, antiproliferative, antitumor, antimetastatic and anticancer effects [23–26]. The inhibitory
effect of honey on tumorigenesis and cancerogenesis can therefore be attributed to the presence of
these flavonoids and phenolic acids. This review article highlights the role of honey in modulating the
development and progression of tumor or cancer as well as various possible mechanisms by which
honey may inhibit growth of cancer. Findings on the antimetastatic, antiproliferative and anticancer
effects of honey in various forms of cancer such as breast and colorectal cancer are discussed. In
contrast, limited but promising data are available for other forms of cancers including prostate,
bladder, endometrial, skin, cervical, oral and bone cancer cells. While honey is selectively toxic to
tumor or cancer cells, it is non-cytotoxic to normal cells. Hence, honey may be used as a cancer
therapeutic agent or to complement conventional cancer treatments.
2. Structures of Major Flavonoids and Phenolic Acids in Honey
Flavonoids refer to a group of biologically active natural products with a 15-carbon (C6-C3-C6)
structure, comprising two benzene rings joined by a heterocyclic pyrane ring [27]. They are generally
classified as flavonols (e.g., kaempferol, quercetin and pinobanksin), flavones (e.g., chrysin, luteolin
and apigenin), flavanones (e.g., pinocembrin, naringenin and hesperetin), isoflavones (e.g., genistein)
and anthocyanidins [28]. Some flavonoids such as chrysin, genistein, naringenin and luteolin have been
shown to exhibit estrogenic activity and are often referred to as phytoestrogens [29]. The chemical
structures of some of the major flavonoids present in many varieties of honey are shown in Figure 1.
Figure 2 shows the chemical structure of 17-β-estradiol (an endogenous estrogen) revealing its
similarity to that of the flavonoids. The chemical structures of some of the phenolic acids in honey are
shown in Figure 3.
Figure 1. Chemical structures of flavonoids in honey.
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Figure 2. Chemical structure of the endogenous estrogen 17-β-estradiol.

Figure 3. Chemical structures of phenolic acids in honey.
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3. Effects of Honey on the Development and Progression of Tumor and Cancer
There has been an increase in the number of studies investigating the potential role of honey in the
prevention of tumor or cancer development and progression. Most of these researches utilize in vitro
techniques, while a scarcity of studies employ in vivo models. These effects of honey on the development
or progression of tumors or cancers are highlighted according to the type of tumor or cancer in the
following subsections.
3.1. Breast Cancer
Breast cancer is the major cause of cancer deaths among women globally. It is estimated that about
12% of women will develop breast cancer in their lifetime [1]. Besides several other factors, the
circulating levels of estrogens and dysregulated estrogen signaling pathways play a predominant role
in the development and progression of breast cancer [30]. As a result, breast cancer therapy often
targets the estrogen receptor (ER)-signaling pathway. There have been some attempts to investigate if
honey could modulate this important pathway. Tsiapara and colleagues evaluated the potential of
Greek thyme, pine and fir honey extracts to modulate the estrogenic activity and cell viability of breast
cancer cells (MCF-7) [31]. The authors found that the honey samples exhibited a biphasic activity in
MCF-7 cells depending on the concentration—an antiestrogenic effect at low concentrations and an
estrogenic effect at high concentrations. In the presence of estradiol, thyme and pine honey extracts
were found to antagonize estrogen activity, while fir honey extract enhanced estrogen activity in
MCF-7 cells. The study also reported variations on the effects of the three honey extracts on cell
viability. While the study found no effect of thyme and pine honey on MCF-7 cells, r honey enhanced
the viability of MCF-7 cells. These dual effects of honey extracts are mostly likely due to their high
contents of phenolic compounds such as kaempferol and quercetin. Phenolic compounds are
phytoestrogens which exert dual actions—both inhibitory and stimulatory effects [28]. Phytoestrogens
are phytochemicals which are structurally similar to mammalian estrogens and therefore can bind to
estrogen receptors [32]. They can elicit estrogenic or antiestrogenic effect depending on certain factors
such as its concentration [32,33]. Quercetin has been reported to elicit apoptotic effects through ER
α- and ER β-dependent mechanisms [34,35]. It is unclear why only r honey but not thyme and pine
honey enhanced the viability of MCF-7 cells. Further studies may reveal differences in the
composition of these honey samples. It is possible that r honey contain greater amounts of nutrients
such as phenolic compounds, amino acids, vitamins, minerals and enzymes especially glucose oxidase
which generate moderate levels of ROS. All this may enhance the viability of MCF-7 cells.
The cytotoxic effect of tualang honey has also been demonstrated in the human breast cancer cell
lines MCF-7 and MDA-MB-231 [36]. The cytotoxicity was evident by increased leakage of lactate
dehydrogenase (LDH) from the cell membranes. Tualang honey was shown to induce apoptosis and
reduce mitochondrial membrane potential. The authors also found that honey exerted no cytotoxic
effect in MCF-10A, a normal breast cell line. This therefore suggests that the cytotoxic effect of
tualang honey is specific and selective to the breast cancer cell lines. This is important because
selectivity and specificity are key characteristics of a good chemotherapeutic agent. Unfortunately,
most anticancer drugs lack these properties. These findings have been recently confirmed in another
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study which compared the effect of tualang honey with that of tamoxifen (an estrogen receptor
antagonist) in MCF-7 and MDA-MB-231. In addition to corroborating the previous findings [36],
the study found that the anti-cancer effect of tualang honey on breast cancer cells was similar to that of
tamoxifen [37]. Cytotoxic effects on breast cancer cells (MCF-7) have also been reported for Indian
honey [38]. These studies reveal that honey is able to exert cytotoxicity in both MCF-7 and MDA-MB-231
which are ER-positive and ER-negative breast cancer cells, respectively. This can be attributed to the
flavonoids and phenolic compounds in honey. These constituents which are phytoestrogens have been
shown to stimulate both ER-α and –β subtypes [39].
Several studies have also confirmed the antimetastic, antiproliferative and anticancer effects of
honey on breast tumor or cancer in rodents. In a murine (mammary carcinoma) tumor model, the
anti-metastatic effect of honey when applied before tumor-cell inoculation has been reported [40].
The antimetastatic effect of honey may be due to its flavonoids such chrysin which have been shown to
inhibit the metastatic potential of human breast cancer cells [41]. Similarly, a study investigated the
antitumor effect of two honey samples containing different phenolic contents against Ehrlich ascites
and solid carcinoma. Both honeys were found to markedly inhibit the growth of Ehrlich ascites
carcinoma, but the honey containing higher phenolic content exerted a greater antitumor effect [42].
Research carried out by Tomasin and Gomes-Marcondes investigated the effects of combined
Aloe vera and honey on tumor growth and cell proliferation against Walker 256 carcinoma implant in
Wistar rats. Both agents were found to suppress tumor growth and inhibit cell proliferation [43].
In a recent study, Abd Kadir and colleagues investigated the inhibitory effect of Malaysian tualang
honey on the development of 7,12-dimethylbenz(α)anthracene (DMBA)-induced breast cancer in rats.
The researchers found that the untreated DMBA-induced breast cancer rats (control rats) showed
tumor development much earlier than the honey-treated DMBA-induced breast cancer rats. The control
rats also showed marked increase of tumor size over a shorter period of time. In contrast, the size
increment and tumor size were markedly reduced in honey-treated DMBA-induced breast cancer rats
compared to the untreated cancer rats. The authors also found that the honey-treated cancer rats had
fewer numbers of tumors than the controls. Though not statistically significant, increasing the dose of
honey tended towards increased apoptotic index. While most of the honey-treated cancer rats
developed low or medium grade tumor, the untreated rats had mostly high grade tumors.
The histological analysis also revealed that the cancer cells from the honey-treated rats were more
identical, with denser nuclei, while those of the control rats had more pleomorphic cells with more
prominent nuclei. Other findings include less prominent vasculature around the tumor nodules and
significantly reduced weights and volumes of the tumor masses (which were smaller, softer and paler
with spots of necrosis) in honey-treated rats [44].
These data suggest that honey exhibits anticancer effect as evident by its antiestrogen activity and
potential in inducing mitochondrial membrane depolarization and apoptosis in breast cancer cells. The
antiproliferative and antimetastatic effects of honey are also demonstrated by its ability to suppress
tumorigenesis and reduce size and number of tumors in DMBA-induced breast cancer in rats. The data
also support previous observations that the biological or pharmacological effects of honey may vary
among honey samples and dose-dependent. Additional data, especially emanating from in vivo studies,
are necessary to support or strengthen the anticancer effect of honey in breast cancer.
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3.2. Liver Cancer
Like other cancers, the prevalence of liver cancer is on the rise. A 2005 report estimated that 82% of
liver cancer cases occurred in developing countries [45]. Hepatocellular carcinoma (HCC) is the most
predominant liver cancer. The increased incidence of HCC is linked to various factors, mainly infection
with hepatitis B or hepatitis C virus, as well as diabetes, obesity, hereditary and social risk factors such
as excessive consumption of alcohol [46]. In spite of considerable advances in the treatment of HCC,
the quality of life among patients remains very poor. This suggests the need to continuously strive for
better therapies. The antitumor effects of honey on liver cancer cells have recently been reported in a
number of studies. Hassan et al. demonstrated that treatment of human hepatocellular carcinoma
(HepG2) cells with honey markedly reduced the number of viable HepG2 cells and nitric oxide (NO)
levels, while it enhanced the total antioxidant status (TAS) [47]. Based on these findings, it can be
speculated that the viability or survival of HepG2 cells is sustained by reactive oxygen species (ROS).
Moderate levels of ROS enhance cell proliferation, growth and differentiation [48,49]. The reduced levels
of NO following honey treatment lend credence to this view. By scavenging ROS, honey will
invariably enhance TAS as shown in this study. Hence, decreased ROS and improved antioxidant
defenses will consequently lead to inhibition of proliferation as evidenced by the reduced number of
viable HepG2 cells. A study that investigated the antiproliferative effects of gelam honey on HepG2
found that the IC50 value of gelam honey towards HepG2 was 25% whereas it was 70% for normal
human hepatocytes (WRL-68) [50]. This shows gelam honey is selectively cytototoxic to liver cancer
cells. The study also revealed that gelam honey inhibited the proliferation of HepG2 cells and induced
apoptosis in HepG2. A similar study evaluated the antiproliferative effect of a mixture of gelam honey
and Tinospora crispa on HepG2 and WRL-68 cells [51]. The study reported an IC50 value of 42.67%
in HepG2 cells and none in the WRL-68 cells. The mixture was also found to induce apoptosis in HepG2
cells. Antiproliferative effect of Thailand pot-honey on HepG2 cells has also been demonstrated [52].
A study by Abdel Aziz and colleagues investigated the effects of honey extracts on HepG2 cell
lines [53]. The authors reported that honey extracts exerted cytotoxic, antimetastatic and anti-angiogenic
effects in HepG2 cells. These effects were found to vary with different degrees based on the honey
quality while some honey samples with poor quality did not produce cytotoxic effect. Some of the
honey extracts were also found to enhance proliferation of cancer cells—an effect that may be due to
the nutrients such as amino acids, minerals, vitamins and antioxidants in honey. Availability of such
nutrients may serve as substrate for cellular metabolism in HepG2 cells. The proliferative effect of
honey may also be due to hydrogen peroxide generated by honey. Peroxide-producing honey has been
reported to liberate radicals [54]. Several factors may influence the amount of ROS generated by
honey. For instance, honey samples that contain higher amounts of the enzyme glucose oxidase may
produce more ROS. Similarly, the duration and techniques of storage may also influence the level of
ROS formed. Though the concentrations may be small, such small amounts of ROS may stimulate
cancer cell proliferation. While this potential proliferative effect may likely be suppressed in honey
rich in phenolic compounds, it may be augmented in honey with low phenolic compounds. This may
explain the variations of the anticancer properties of the different honey extracts. Findings from Hanaa
and Shaymaa’s study also confirmed the antitumor effect of honey (which was enhanced by adiponectin) in
HepG2 cells [55]. A recent study investigated the protective effect of three honey samples of diverse floral

68

Molecules 2014, 19

2504

origin (rosemary, heather and heterofloral) on mutagens-induced DNA strand breaks in a HepG2
cell line [56]. The study utilized N-nitrosopyrrolidine (NPYR), N-nitrosodimethylamine (NDMA),
benzo(a)pyrene (BaP) and 2-amino-1-methyl-6-phenyl-imidazo[4,5-b]pyridine (PhIP) as dietary mutagens.
The results showed that honey samples protected against DNA damage induced by NPYR, BaP and
PhIP but not NDMA, whereas artificial honey exerted no such protective effect. The study found an
association between high phenolic content and protection of HepG2 against mutagens-induced DNA
damage. The protective effect of honey against mutagens-induced DNA damage in HepG2 can be
attributed to its antioxidant and free radical scavenging properties.
There are limited data on the potential inhibitory effects of honey on hepatic tumorigenesis or
carcinogenesis in vivo. A recent study investigated the effect of honey on the development and
progression of diethylnitrosamine (DEN)-induced hepatic cancer in rats [57]. After treatment for six
months, the liver of untreated DEN-injected rats showed a variety of lesions including inflammatory
lymphocytic infiltration, fatty degeneration with displacement of the nucleus, oedema and injured
hepatocytes with hyperchromatic nuclei. The liver of DEN-injected rats also showed the presence of
neoplastic hepatic cells which were polyhedral to round with dense vesicular nuclei. Several strong
positive stained nuclei for p53 and PCNA expressions were also observed in the liver of untreated
DEN-injected rats. These abnormalities including neoplastic hepatic cells, stained nuclei for p53 and
PCNA expressions were considerably reduced in the liver of honey-treated DEN-induced rats. These
findings suggest that honey has an anticancer effect on liver cancer cells and exerts a protective effect
against chemical-induced hepatocarcinogenesis in rats.
3.3. Colorectal Cancer
Colorectal cancer accounts for about 9% of all cancer cases [58]. It is the third commonest cancer in
the World and the fourth most frequent cause of death [59]. Environmental factors have been identified
to play a predominant role in the pathophysiology of colorectal cancer [60]. In spite of advances in its
treatment, including postoperative care, recurrence and mortality rates remain high [61], hence the
urgent need to complement the current therapies. A study that investigated the chemopreventive effects
of gelam and nenas monofloral honeys against colon cancer cell lines (HT 29) found that the honey
samples inhibited proliferation of colon cancer cells. Both honeys also caused DNA damage in a dose
dependent manner and suppressed inflammation in H2O2 inflammation-induced colon cancer
cells [62]. In a recent study, Jaganathan and Mandal investigated the apoptotic effect of some crude
honey samples in colon cancer cell lines, HCT 15 and HT 29. The study confirmed the antiproliferative
effect of honey in colon cancer cells as previously reported and also revealed that this effect was
dependent on the level of phenolic content. The higher the phenolic content, the greater the
antiproliferative effect against colon cancer cells [63]. In addition to its antiproliferative effect, honey
also induced apoptosis by causing the depletion of intracellular non-protein thiols. It also reduced the
mitochondrial membrane potential and increased generation of ROS [64]. Findings from in vivo
studies have also demonstrated the anticancer effect of honey. Studies by Orsolić et al. showed that
honey, when applied before tumor-cell inoculation, exerted anti-metastatic effect in a murine tumor
model with colon carcinoma [40,65]. This suggests that the mice are better protected against tumor
development when honey is administered before tumor-cell inoculation. In other words, the
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anti-metastatic effect of honey in this murine tumor model is prophylactic. These findings deserve to
be investigated further especially using other tumor models. Similarly, the antimetastatic effect of
honey has been demonstrated in anaplastic colon adenocarcinoma of Y59 rats [66]. Other studies
have also confirmed the protective effect of honey against methylnitrosourea (MNU)-induced colon
adenocarcinoma in rats [67].
3.4. Prostate Cancer
A study that investigated the bioactivity of three Greek honeys (thyme, pine and fir honey) on
prostate cancer cells (PC-3) found marked differences in the effects of honeys on cell viability [31].
The study showed that only thyme honey reduced considerably the viability of PC-3 cells while no
such effect was found for pine and fir honey extracts. Iranian honey has also been shown to induce
apoptosis and inhibit proliferation of PC-3 cells [26]. These findings suggest that honey exerts
antiproliferative effect on prostate cancer cells. The data also reveal that not all honey samples exhibit
antiproliferative effect. This seems to support previous findings that the effect of honey on cell
proliferation is dependent on the concentration of honey as well as the cancer cell line.
3.5. Other Forms of Cancer
Swellam and colleague reported that honey markedly inhibited the proliferation of three human
bladder cancer cell lines—T24, 253J and RT4, as well as one murine bladder cancer cell line,
MBT-2 [68]. The authors also investigated the in vivo effect of honey on bladder cancer cells
implanted subcutaneously in the abdomens of mice. It was shown that administration of 6% and 12%
honey via intralesional and oral routes significantly inhibited tumor growth. Honey has also been
reported to inhibit cell proliferation, induce apoptosis, alter cell cycle progression and cause
mitochondrial membrane depolarization in many other forms of cancer including endometrial cancer
cells [31], renal cell carcinoma [69], skin cancer cells (melanoma) [70], cervical cancer cell lines [37],
human non-small cell lung cancer cells [71], mouth cancer cells (oral squamous cell carcinoma) and
bone cancer cells (osteosarcoma) [72]. In a recently published article, Morales and Haza investigated
the antiproliferative and apoptotic effects of three crude Spanish honey samples of different floral
origin (polyfloral, heather and rosemary honey) and those of an artificial honey in HL-60, a human
peripheral blood promyelocytic leukemia cell line [73]. The researchers reported that all the three
honey samples induced apoptosis, in a concentration and time dependent-manner. The apoptotic effect
of the honey samples was also found to be dependent on the levels of their phenolic content. The
antimetastic effect of honey has also been demonstrated in mice with transplantable tumors [65]. A
study reported a positive effect of honey ingestion on gastric cancer via induction of apoptosis in
gastric mucosa [74]. The summary of the effects of honey on the development and progression of
tumor and cancer is presented in Table 1. The table shows the type of cancer or tumor in which the
effects of honey have been investigated. It also reveals the key findings on the effects of honey on
these tumor or cancer cells.
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Table 1. Effects of honey on the development and progression of tumor and cancer cells.
Type of tumor/cancer and

Effects of honey (key findings)

References

Antagonizes estrogen activity, inhibits cell proliferation, induces apoptosis,

[31,36–38]

cancer cell type
In vitro studies
Human breast cancer
(MCF-7 & MDA-MB-231)
Human liver cancer
(HepG2)
Human colorectal cancer
(HT 29, HCT 15 & CT 26)

reduces mitochondrial membrane potential
Inhibits cell proliferation, suppresses angiogenesis, induces apoptosis,

[47,50,52,53,55,56]

protects against mutagen-induced DNA damage
Inhibits cell proliferation, induces apoptosis, arrests cell cycle, reduces

[62–64,75]

mitochondrial membrane potential, increases generation of ROS, depletes
intracellular non-protein thiols, induces DNA damage, suppresses inflammation

Human prostate cancer

Inhibits cell proliferation, induces apoptosis

[26,31]

(PC-3)
Human bladder cancer

Inhibits cell proliferation

[68]

Induces apoptosis

[69]

Inhibits cell proliferation

[72]

Inhibits cell proliferation

[72]

Inhibits cell proliferation, arrests cell cycle

[70]

(T24, 253J, RT4 & MBT-2)
Human kidney cancer
(Renal cancer cell line)
Human oral cancer
(Oral carcinoma)
Human bone cancer
(Osteosarcoma)
Human skin cancer
(Melanoma cells)
Induces apoptosis

[73]

Human endometrial cancer

Human leukemia

Inhibits cell proliferation

[31]

Human lung cancer NCI-H460

Inhibits cell proliferation

[71]

Induces apoptosis, disrupts mitochondrial membrane potential

[36]

Inhibits cell proliferation, arrests cell cycle, induces apoptosis

[43]

Delays the development of tumors, reduces the number and size of tumors,

[44]

Human cervical cancer
In vivo studies
Walker 256 carcinoma
DMBA-induced breast cancer
in rats
Rats with DEN-induced
hepatic cancer
Mice/rats with colon

prevents the development of high grade cancer
Protects against transformation of normal liver cells to neoplastic hepatic

[57]

cells, restores the PCNA and P53 expression
Inhibits formation of metastases and tumor growth

[40,65–67]

carcinoma or adenocarcinoma
Mice implanted with bladder

Inhibits tumor growth

[68]

Inhibits tumor growth, induces apoptosis

[75]

cancer cells
Mice with melanoma

4. Mechanisms of the Antiproliferative, Antimetastatic and Anticancer Effects of Honey
Some of the mechanisms by which honey may exert its antiproliferative, antimetastatic and
anticancer effects are discussed in this section. These include, but are not limited to cell cycle arrest,
activation of mitochondrial pathway, induction of mitochondrial outer membrane permeabilization,
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induction of apoptosis, modulation of oxidative stress, amelioration of inflammation, modulation of
insulin signaling, and inhibition of angiogenesis.
4.1. Cell Cycle Arrest
Cell cycle is a series of coordinated events in which cell growth and proliferation are tightly
controlled. It comprises four sequential phases—G1, S, G2 and M. DNA replication takes place at the S
phase while the cell divides into two identical daughter cells at the M phase [76]. The G1 and G2 are
the gap phases between S and M. At the G1 phase, the cells are responsive to extracellular signals by
progressing towards mitosis or withdrawal from the cell cycle into a quiescent stage known as G0 [77].
The regulation of the cell cycle events is under the control of a cascade of protein kinases and
checkpoints [78]. In cancer cells, the cell cycle becomes dysregulated and this results in uncontrolled
cell proliferation. Using various cancer cell lines, honey has been documented to induce cell cycle
arrest. Honey treatment of bladder cancer cell lines was shown to cause a considerable arrest of cell
cycle in the sub-G1 phase [68]. Recently, Aliyu and colleagues also showed that the cytotoxic effect of
honey against non-small cell lung cancer cell (NCI-H460) was mediated via arrest of cell cycle at
G0/G1 phase [79]. Available data reveal that the ability of honey to arrest cell cycle is due to the
various flavonoids and phenolic compounds in honey. In one of such studies, Pichichero et al. [70]
found both honey and its constituent chrysin exerted antiproliferative effects in human and murine
melanoma cells via cell cycle arrest at G0/G1 phase. Besides chrysin, several other phenolics such as
quercetin and kaempferol which are found in large quantities in honey have also been shown to arrest
cell cycle at various phases such as G0/G1, G1 and G2/M in human melanoma, renal, cervical,
hepatoma, colon and oesophageal adenocarcinoma cell lines [80–83].
4.2. Activation of the Mitochondrial Pathway
One of the mechanisms by which chemotherapy and radiotherapy cause cancer cell death is the
activation of the mitochondrial pathway [84]. Mitochondrial membrane permeabilization is an early
event in the mitochondrial pathway, also known as intrinsic pathway. The mitochondrial pathway
involves a series of interactions between several stimuli including nutrients, physical stresses,
oxidative stress and damage [85], during which several proteins (such as cytochrome c) usually located
in the intermembrane mitochondria space (IMS) become released resulting in cell death [86].
Therefore, compounds or agents such as honey rich in flavonoids that are capable of activating
mitochondrial pathway and release of proteins such as cytochrome C are considered potential cytotoxic
agents [87,88].
4.3. Induction of Mitochondrial Outer Membrane Permeabilization
The induction of mitochondrial outer membrane permeabilization (MOMP) leads to leakage of
intermembrane space proteins into the cytosol and consequently causing cell death [89]. Induction of
MOMP is a common mechanism of agents with anticancer properties. Honey induces mitochondrial
membrane permeabilization in various cancer cell lines via reduction of the mitochondrial membrane
potential [36]. Honey has also been found to augment the apoptotic effect of tamoxifen via increased
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depolarization of the mitochondrial membrane [37]. Similarly, a study by Jaganathan and Mandal
found that reduction of mitochondrial membrane potential is an important mechanism of the
cytotoxicity of Indian honey in HCT-15 and HT-29 colon cancer cells [64]. Flavonoids such as
quercetin have been shown to cause MOMP [90]. Therefore, it can be inferred that cancer cell death
induced via MOMP by honey is mediated partly through its flavonoid constituents.
4.4. Induction of Apoptosis
Apoptosis is a programmed cell death which helps to regulate cell growth and eliminate damaged
cells [91]. Several apoptotic pathways are deregulated in cancer cells and this favors their survival and
immortality [92]. The apoptotic pathway involves MOMP which leads to the release of IMS
pro-apoptotic proteins such as cytochrome c which in turn activate caspase cascade resulting in
mitochondrial dysfunction and cell death [93,94]. Treatment of cancer cells with honey was shown to
cause apoptotic cell death in breast cancer cells via induction of caspase-3/7 and -9 activation [36].
Honey was also recently reported to enhance tamoxifen-induced apoptosis by activating caspase-3/7,
-8 and -9 [37]. The effect of honey has also been demonstrated on several enzymes, genes and
transcription factors related to apoptosis. Colorectal cancer cell lines HCT-15 and HT-29 treated with
honey showed down-regulation of poly(ADP-ribose) polymerase (PARP) expression [64]. The PARP
is an enzyme that plays a vital role in apoptosis and DNA repair [95]. The inhibition of PARP activity
by honey will prevent DNA repair and thereby contribute to increased cytotoxicity of honey in cancer
cells. The study further revealed that honey treatment induced or activated caspase-3, p53 and Bax
expression while it down-regulated Bcl2 expression. Honey has also been shown to exert anti-mutagenic
effect by inhibiting error-prone repair pathway [96].
The p53, also known as tumor suppressor p53, is an important transcription factor regularly
inactivated in many forms of human tumors [97,98]. It mediates tumor suppression by modulating the
transcription of many genes involved in the regulation of apoptosis [99]. Honey treatment in
diethylnitrosamine (DEN)-induced carcinogenic rats was reported to be associated with nearly normal
hepatocytes and few neoplastic cells whereas the untreated carcinogenic rats were characterized by
severely injured hepatocytes, several neoplastic cells and up-regulated p53 expression [57]. The study
showed that the antineoplastic effect of honey was mediated via restoration of p53 expression.
Tomasin et al. who evaluated the effect of honey and Aloe vera on apoptosis in rats with Walker
256 carcinoma reported that tumors from rats treated with honey and Aloe vera had markedly higher
Bax/Bcl-2 ratio [43]. Similarly, Fernandez-Cabezudo and colleagues demonstrated the apoptotic effect
of honey on human breast cancer, murine melanoma and colorectal carcinoma cells. The apoptotic
effect of honey was found to be mediated via the activation of caspase 9, caspase 3 and down-regulated
Bcl-2 expression [75]. The apoptotic effect of honey is most likely due to its phenolics. Quercetin has
been reported to inhibit pancreatic and breast cancer cell growth and induce apoptosis via Bcl-2
expression downregulation and upregulation of Bax expression [100,101]. Recent evidence reveals that
chrysin, a key constituent of honey, exerts antimetastatic effect in human breast cancer cells [41].
Similarly, chrysin was shown to induce apoptosis through caspase-3 and Bax activation in B16-F1 and
A375 melanoma cells [102]. The Bcl-2 is an anti-apoptotic protein commonly over-expressed in many
forms of cancers [103]. On the other hand, Bax is a pro-apoptotic protein. Cancer cells generally have
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characteristic deregulated or impaired apoptosis resulting from down-regulation of pro-apoptotic
proteins and/or up-regulation of anti-apoptotic proteins [104]. Hence, these findings reveal that honey
induces cancer cell death or apoptosis via activation of caspase cascade, induction of p53 and
up-regulation of pro-apoptotic proteins—Bax and down-regulation of anti-apoptotic proteins such as
Bcl-2. The data also point to the role of honey flavonoids in the apoptotic effect of honey in cancer cells.
4.5. Modulation of Oxidative Stress
The role of reactive oxygen species (ROS) and oxidative stress in cancer growth and inhibition still
remains controversial. There is evidence in support of dual roles of ROS (stimulatory and inhibitory
roles) in cancer. Low levels of ROS enhance proliferation of cells [105]. On the other hand, increased
levels of ROS which cause oxidative damage are well documented in many forms of cancer such as
colorectal cancer [106], breast cancer [107], lung cancer [108,109] and gastric cancer [110]. Therefore,
the maintenance of redox homeostasis is important for normal cell growth and proliferation.
Considering that ROS are double-edged sword, available evidence also suggests that selective
exposure of cancer cells to increased levels of ROS and/or lipid peroxidation products may result in
cancer cell death [111,112]. Honey is a potent antioxidant and free radical scavengers [113,114].
Several of its biological effects are attributed to its antioxidant properties [14,115,116]. Therefore, the
inhibitory effect of honey on cancer growth and proliferation may be mediated partly via its
modulation of oxidative stress.
Data from Hassan and colleagues’ study indicated that the anti-neoplastic effects of honey and
Nigella sativa on hepatocellular carcinoma cells were associated with improved antioxidant status [47].
On the other hand, Jaganathan and Mandal showed that anticancer effect of honey is mediated via
increased oxidative stress. The researchers reported that honey treatment caused non-protein thiol
depletion in HCT-15 and HT-29 colon cancer cells. The antiproliferative effect of honey was
also shown to be associated with increased generation of ROS. Honey-induced cell death was
accompanied by DNA fragmentation, which was markedly inhibited by treatment with antioxidant,
N-acetyl-L-cysteine (NAC) [64]. By and large, these findings indicate honey can inhibit cancer growth
by modulating oxidative stress—that is, via amelioration or induction of oxidative stress. Whether
honey exerts anticancer effect via antioxidant or pro-oxidant mechanism seems to largely depend on
the oxidative stress status in the cancer cells. If survival of cancer cells is dependent on low level of
ROS and oxidative stress, honey may act as a pro-oxidant to generate more ROS and increase
oxidative stress. On the other hand, if cancer growth is sustained or enhanced by elevated levels of
ROS and oxidative stress, honey acts as an antioxidant by scavenging ROS and reducing oxidative
stress. In both cases, pro-oxidant and antioxidant effects of honey invariably result in cancer cell death.
These dual effects of honey in cancer cells are mostly likely due to its phenolic constituents. Besides
their antioxidant properties, phenolic compounds are easily oxidizeable. Beverages which have high
concentrations of polyphenols and strong antioxidant properties have been reported to generate high
H2O2 levels upon exposure to air [117]. Besides, following their interactions with transition metal ions
such as copper, honey phenolic compounds may liberate ROS causing ROS-mediated DNA damage
and resulting in cell death [118,119]. Several flavonoids and phenolics have been demonstrated to
induce ROS in cancer cells [120]. However, a recent study revealed that while the concentrations of
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phenolic compounds play a key role in honey-induced HL-60 cell death, honey did not generate
ROS and NAC (a potent antioxidant) did not prevent honey-induced cancer cell death [73].
This suggests that in spite of its high phenolic content, honey can still exert its anticancer effect via
ROS-independent mechanism(s).
4.6. Amelioration of Inflammation
Chronic inflammatory disorders are associated with increased risk of cancer. The development of
inflammatory-related/induced cancers usually occurs within the vicinity of the affected cells or tissues.
Colorectal cancer, for example, may develop from ulcerative colitis or inflammatory bowel
diseases [121]. Infection caused by schistosomes and other parasites may predispose the individual to
bladder cancers [122]. Likewise oral infections such as caused by human papillomavirus (HPV) may
lead to oropharyngeal cancer [123]. Inflammation is also an important factor in the pathophysiology of
many other cancers/malignancies [124,125]. Two important components of the inflammatory pathway
frequently activated in cancers are mitogen-activated protein kinase (MAPK) and nuclear factor kappa
B (NF-kB) pathways [126]. Activation of MAPK and/or NF-κB, subsequently results in induction of
several inflammatory proteins and genes including cyclooxygenase-2 (COX-2), C-reactive protein
(CRP), lipoxygenase-2 (LOX-2), and pro-inflammatory mediators or cytokines such as interleukin 1
(IL-1), IL-6 and TNF-α. All these pathways and pro-inflammatory mediators are known to play an
important role in angiogenesis and inflammatory related etiology of cancer [127,128]. Diverse
biological processes and events that enhance inflammation can contribute to tumorigenesis because
chronic inflammation is a key driver of promotion, the second stage of cancer development. On the
other hand, biological processes and activities that decrease inflammation will not only hinder or limit
the promotion stage (tumorigenesis) but also prevent the transition of this stage to progression stage
(carcinogenesis). In other words, amelioration of inflammation can help to prevent both the formation
of a benign tumor and its progression to malignant cancer. Hence, several researchers are paying more
attention to the prospect of treating cancer by targeting inflammation [129].
Batumalaie et al. recently showed the honey treatment reduced the expression of MAPK and NF-κB
in HIT-T15 cells [130]. Chrysin, commonly found in honey, has also been shown to induce apoptosis
via modulation of MAPK in B16-F1 and A375 melanoma cells [102]. A study investigated the effect
of honey flavonoid extract (HFE) on the production of pro-inflammatory mediators by
lipopolysaccharide-stimulated N13 microglia. The data indicated that HFE markedly suppressed the
release of pro-inflammatory cytokines including TNF-α and IL-1β [23]. Chrysin was also shown to
enhance TNF-related apoptosis-inducing ligand (TRAIL) induced apoptosis in cancer cell lines [131].
Honey also suppressed edema and leukocyte (monocyte and neutrophil) infiltration [132]. Recently,
evidence has also emerged from in vivo studies demonstrating the anti-inflammatory effect of honey.
Hussein et al. evaluated the anti-inflammatory effect of honey in rats with carrageenan-induced
inflammation [133]. The study showed that honey decreased edema in a dose-dependent manner while
it reduced the plasma levels of inflammatory mediators including IL-6, TNF-α, PGE2 and NO. The
authors also reported that honey administration inhibited the expression of IL-6, TNF-α, iNOS and
COX-2 in paw tissue. The anti-inflammatory of honey was found to be comparable to that of
indomethacin. In their latest findings, the researchers demonstrated that honey markedly attenuated
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NF-κB translocation to the nucleus and suppressed IκBα degradation [134]. The cytotoxic effect of
honey against non-small cell lung cancer cell was also reported to be partly mediated via modulation
of inflammatory cytokines [79]. These findings suggest the anti-inflammatory effect of honey,
mediated via attenuation of pro-inflammatory mediators and inhibition of NF-κB and MAPK signaling
pathways, may contribute considerably to the anticancer effect of honey. The anti-inflammatory effect
of honey can be attributed to its phenolic compounds and flavonoids [15,135,136].
4.7. Modulation of Insulin Signaling
Evidence from epidemiological studies indicates insulin resistance, type 2 diabetes mellitus and
obesity are major risk factors for different types of tumors or malignancies [137–139]. Research in the
past few years has implicated the role of insulin receptor (IR) in cancerogenesis [140]. Vincent et al.
recently demonstrated that small molecule inhibitors that target both the IR and insulin-like growth
factor-1 receptor (IGF1R) are effective in reducing non-small cell lung cancer cell proliferation [141].
Another key component of insulin signaling is the PI3K/Akt. The PI3K/Akt is known for its role in
modulating the functions of several substrates that regulate cell survival, cell cycle progression and
cellular growth [142]. The effect of gelam honey extracts on Akt activated insulin signaling pathway in
HIT-T15 cells under hyperglycemic conditions was recently investigated [130]. The researchers
reported that the development of insulin resistance was characterized by increased levels of MAPK,
NF-κB, and insulin receptor substrate 1 (IRS-1) serine phosphorylation while Akt expression and
insulin contents were markedly reduced. The study showed that pretreatment with gelam honey and
quercetin extracts improved insulin resistance and insulin content. Honey treatment increased the
expression of Akt while it reduced the expression of IRS-1 serine phosphorylation, MAPK and NF-κB.
These findings suggest that honey can modulate insulin signaling. Such an effect may contribute to its
anticancer effect. Hence, similar studies are necessary in cancer cells.
4.8. Inhibition of Angiogenesis
Cancer cells generally are capable of penetrating blood or lymphatic vessels. They are circulated
and later proliferate at adjacent or distant sites/organs, a process known as metastasis [143]. Metastasis
requires the growth of the vascular network which is necessary for the provision or delivery of oxygen,
cellular metabolic substrates including nutrients and even blood containing the immune cells [144].
This process of formation of new blood is known as angiogenesis. Angiogenesis is a key event in the
development, growth, progression and metastasis of tumor/cancer [145]. Recent research has focused
on several angiogenic factors and their inhibitors in the treatment of cancer [146]. Many studies have
shown that honey has a debriding effect, promotes epithelization, enhances the growth of granulation
tissue and promotes angiogenic activity in the vasculature [147–149]. In non-cancer cells, honey may
stimulate angiogenesis via generation of hydrogen peroxide [150]. The angiogenic effect of honey is
perhaps beneficial in wound healing. On the other hand, it is possible that honey inhibits angiogenesis
in cancer cells. The potential anti-angiogenic effect of honey in cancer cells is premised on the
evidence that honey inhibits cancer cell viability, metastasis and activities of gelatinase and protease.
This is evident from a study by Abdel Aziz and colleagues who demonstrated that honey exerted
anti-angiogenic effects in hepatocellular carcinoma HePG2 cell lines [53]. Honey is also rich in
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polyphenols. Polyphenols from natural products such as red wine and green tea have been shown to
exert anti-angiogenic and anticancer effects [151–153]. Propolis is another bee product like honey.
Propolis, like honey, has anticancer effects [154] and it has been shown to inhibit tumor-induced
angiogenesis [155]. Caffeic acid phenethyl ester (CAPE), chrysin and other cytotoxic constituents of
honey have been reported to exert anti-angiogenic and anticancer effects [25,135,156]. These data
therefore indicate that honey can exert it anticancer effect via inhibition of angiogenesis.
Honey can inhibit the development of cancer by blocking the three main stages of cancerogenesis as
shown in Figure 4. The various molecular mechanisms or targets by which honey can suppress cancer
development are shown in Figure 5.
Figure 4. Honey blockage of the 3 stages of cancerogenesis.

Honey inhibits/suppresses the 3 stages of cancerogenesis at initiation [56,57], proliferation [43,44,63] and
progression [40,65,66].

Figure 5. Molecular mechanisms/targets mediating the antiproliferative, antitumor,
antimetastatic and anticancer effects of honey.

* Honey may generate ROS (and increase OS) or scavenge ROS (and reduce OS) [47,64].
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5. Conclusions
Honey is a natural product that shows potential effects to inhibit or suppress the development and
progression of tumor and cancer. Its antiproliferative, antitumor, antimetastic and anticancer effects are
mediated via diverse mechanisms, including cell cycle arrest, activation of mitochondrial pathway,
induction of mitochondrial outer membrane permeabilization, induction of apoptosis, modulation of
oxidative stress, amelioration of inflammation, modulation of insulin signaling, and inhibition of
angiogenesis in cancer cells. Honey is highly and selectively cytotoxic against tumor or cancer cells
while it is non-cytotoxic to normal cells. It can inhibit cancerogenesis by modulating or interfering
with the molecular processes or events of initiation, promotion, and progression stages. It, therefore,
can be considered a potential and promising anticancer agent which warrants further research—both in
experimental and clinical studies.
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