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A systematic analysis of new commercial
investigational new drug applications
(IND) submitted to the FDA's Office of
Hematology and Oncology Products
(OHOP) in the Center for Drug
Evaluation and Research was conducted
to quantify the most common reasons
INDs for oncology indications go on
clinical hold. In OHOP, less than 10% of
INDs went on hold or were withdrawn
within the 30-day safety review period.
Of INDs that were placed on hold,
deficiencies were mainly clinical,
followed by concerns related to

pharmaceutical quality and nonclinical

development. INDs were also
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characterized based on phase of
development, product type, sponsors'
regulatory experience, and occurrence of
a pre-IND meeting. INDs that were
placed on hold were mostly for first-in-
human trials or submitted by sponsors
with limited regulatory experience. INDs
that went on hold or were safe-to-proceed
had pre-IND meetings with comparable
rates but sponsors with substantial
experience appeared to benefit more from
pre-IND meetings compared to those
with limited experience. The time
interval between the pre-IND meeting
and the IND submission was longer for
INDs that went on hold. To obtain useful
FDA feedback on product development, it
1s essential to provide focused questions
and supporting information in pre-IND

meeting packages.
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The metabolic series approach has
successfully linked internal dosimetries
of metabolically related compounds
reducing cost and time for chemical risk
assessments. Here, we developed a
physiologically based pharmacokinetic
(PBPK) model in rats and humans for
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the propyl metabolic series including
propyl acetate, 1-propanol,
propionaldehyde, and propionic acid.
Manufacturers use these compounds as
organic solvents and intermediates
during chemical synthesis. Public
exposures can occur through using
consumer products containing propyl
compounds like cosmetics, aerosol
sprays, or foods, and occupational
exposures can occur at manufacturing
facilities. To develop the PBPK model, we
measured in vitro metabolism of propyl
acetate in blood and liver S9 fractions.
We measured concentrations of propyl
compounds in blood following
intravenous (iv) infusion of 13C-propanol
or 13C-propionic acid and closed chamber
inhalation exposures to propyl acetate or
propanol in rats. Using these studies and
other published data, we modified an
existing PBPK model for the butyl
metabolic series to simulate time course
concentrations of propyl compounds in
rats and humans. Consistent with
measured in vitro and in vivo data, the
optimized propyl series model predicts
rapid clearance of propyl acetate, higher
concentrations of propanol in blood from
propyl acetate inhalation compared to
propanol inhalation in rats but not in
humans, and low concentrations of
propionic acid in blood from exposures to
propyl acetate or propanol. Regulators
can use this model as a tool for propyl

compound risk assessment by linking
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internal dosimetries under various

exposure scenarios.
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The benchmark dose has been frequently
recommended for the creation of points of
departure for regulatory dose limits, but
many regulations, including pesticide
risk assessment and registration in the
United States, continues to rely on
NOAEL methods as the OECD
toxicological standard methods
recommend. This study used data from
studies in support of pesticide
registration for eight different
compounds to build dose-response
models and calculate benchmark doses
and confidence limits. The results were
compared to the NOAEL of the same
study. A probabilistic estimate of dose
was compared with all points of
departure to demonstrate differences in
the protective ability of each different
selected limit. While neither the
BMD/BMDL nor the NOAEL was
consistently more protective, the

advantage of using the BMD in

quantifying the uncertainty of the point
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of departure is highlighted, and the
feasibility of using current OECD-
guideline studies for derivation of a BMD

1s demonstrated in these cases.
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Many consumer spray products are sold
for various purposes. Use of spray
products can cause adverse health
effects. This study evaluated exposure
factors for consumer spray products and
assessed the particle inhalation
exposure. Six consumer spray products
were evaluated: an automobile interior
cleaner, car deodorizing spray, anti-static
spray, waterproofing spray,
microorganism deodorizer, and
disinfectant spray. The exposure factors
were based on 10,000 respondents over
15 years old. Inhalation dose was
calculated from the concentration
released into the room air and time used.
The use rates of the spray products
ranged from 0.4 to 11% and differed
significantly by gender (p <0.001).
Aerosol types had a higher mass per use
and longer duration of usage than trigger
types. The median concentration of the

trigger type ranged from 17.35 to
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373.38 mg/m3, while that of the aerosol
type ranged from 36.66 to

1601.97 mg/m3. The median inhalation
dose of the trigger and aerosol types
ranged from 2.04 X 1073 to 0.20 and 2.60
X 1073 to 1.71 mg/kg/day, respectively.
The inhalation dose of the disinfectant
spray increased with the level of
education (p <0.001), while the
inhalation doses of the other spray
products were not significantly

associated with gender, age, income, or

education.

Regular Articles

Acute and subacute (28 days) toxicity of green coffee oil enriched with diterpenes

cafestol and kahweol in rats

Naila Albertina de Oliveira, Thaisa Meira Sandini, Heber Peleg Cornelio-Santiago,

Elaine Cristina Lanzoni Martinelli, ... Heidge Fukumasu

Reg. Toxicol. Pharmacol., 2020; 110:

Original

Google translation

Green coffee oil enriched with cafestol
and kahweol was obtained by
supercritical fluid extraction using
carbon dioxide while its safety and
possible effects from acute and subacute
treatment were evaluated in rats. For
acute toxicity study, single dose of green
coffee oil (2000 mg/kg) was administered
by gavage in female rats. For subacute
study (28 days), 32 male rats received
different doses of green coffee oil extract
(25, 50, and 75 mg/kg/day). In the acute

toxicity study, main findings of this
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treatment indicated no mortality, body
weight decrease, no changes in
hematological and biochemical
parameters, and relative weight increase
in heart and thymus, without
histopathological alterations in all
assessed organs. All these findings
suggest that LDso is higher than
aforesaid dose. In the subacute toxicity,
main findings showed body weight
decrease mainly at the highest dose
without food consumption change, serum
glucose and tryglicerides levels decrease,
and relative weight increase in liver. As
evidenced in histopathological pictures,
no changes were observed at all treated
doses. Our study suggest that green
coffee oil can be explored to clinically
develop new hypocholesteromic and
hypoglycemic agents. However, further
studies evaluating long-term effects are
needed in order to have sufficient safety

evidence for its use in humans.
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20(s)-ginsenoside Rg3 is a red ginseng-
derived compound with the formula
C42H72013 that has been increasingly

used by humans, leading to safety

concerns regarding this use. In the
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current study, we conducted a 26-week
study during which 20(S)-ginsenoside
Rg3 (0, 7, 20, or 60 mg/kg) was
continuously administered orally to
Beagle dogs in order to explore its
toxicity in these animals, with control
dogs receiving a vehicle capsule. In total,
10 dogs received each dose of this
compound (n =5 male, n=>5 female per
dose). Animals were continuously
monitored for a 26-week administration
period and a subsequent 4-week follow-
up recovery period. At the end of study,
we observed no evidence of 20(S)-
ginsenoside Rg3 toxicity in clinical
indications, body weight, food intake,
ophthalmoscopy, electrocardiogram,
urinalysis, hematology, serum
biochemistry, gross and histopathology
findings. However, the kidney relative
weight of animals receiving 60 mg/kg of
compound was significantly elevated
relative to control animals (5.15 = 0.88%o
vs. 4.11 + 0.59%o. P <0.05), and this
effect was reversed after 4-week recovery
period. Based on these results, the
NOAEL value for orally administered
20(S)-ginsenoside Rg3 in dogs is

20 mg/kg.
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Ethylene glycol ethers are a well-known
series of solvents and hydraulic fluids
derived from the reaction of ethylene
oxide and monoalcohols. Use of methanol
as the alcohol results in a series of mono,
di and triethylene glycol methyl ethers.
The first in the series, monoethylene
glycol methyl ether (EGME or 2-
methoxyethanol) is well characterised
and metabolises in vivo to methoxyacetic
acid (MAA), a known reproductive
toxicant. Metabolism data is not
available for the di and triethylene glycol
ethers (DEGME and TEGME
respectively). This study evaluated the
metabolism of these two substances in
male rats following single oral gavage
doses of 500, 1000 and 2000 mg/kg for
DEGME and 1000 mg/kg for TEGME. As
for EGME, the dominant metabolite of
each was the acid metabolite derived by
oxidation of the terminal hydroxyl group.

Elimination of these metabolites was
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rapid, with half-lives <4 h for each one.
Both substances were also found to
produce small amounts of MAA (~0.5%
for TEGME and ~1.1% for DEGME at
doses of 1000 mg/kg) through cleavage of
the ether groups in the molecules. These
small amounts of MAA produced can
explain the effects seen at high doses in
reproductive studies using DEGME and
TEGME.
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Gibberellic acid (GA3) is an efficient
plant growth regulator, which could
speed up barley germination in the
brewing industry. However, the residue
of GA3 in malt gets denatured into an
isomer, termed 1so-GA3. In this study,
the concentration of iso-GAS3 and the
conversion rate of GA3 to iso-GA3 during
the brewing process was studied by high
performance liquid chromatography and
the potential toxicity of iso-GA3 was
evaluated in ICR mice. The
concentration of iso-GA3 increased in the
saccharification and wort boiling
processes while its concentration was
stable during fermentation. The

maximum conversion rates of GA3 to iso-
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HY. BEEROFFTLXOREFERDLIIENTE
T, L. EFFD GA3 DEFEYIL. iso-GA3
EEENDEERICESEINE T COMETIL B
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GA3 in Canadian malt, Australian malt
SCO and Australian malt FAQ were 88%,
87% and 87%, respectively. In the acute
oral toxicity study, the median lethal
dose (LDso) of iso-GA3 was 2.82 g/kg body
weight (BW). In the 28-day repeated dose
toxicity study, the iso-GAS3 could cause
weight loss in mice. And the mice of high-
dose group showed a slight decrease in
food consumption. Moreover,
inflammation and cell necrosis were
found in kidney and liver tissue, which
were alleviated during the recovery
phase. These results establish a practical
reference for food safety in products, in
which GAS3 is added as a food additive.

TP ERLEL=, o2, BligE S UATiEARIC
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Perfluorocarbon liquids (PFCLs) have
been considered safe for intraocular
manipulation of the retina, but since
2013 many cases of acute eye toxicity
cousing blindness have been reported in
various countries when using various
commercial PFCLs. All these PFCLs
were CE marked (Conformité

Européenne), which meant they had

been subjected to evaluation complying
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with the International Organization for
Standardization (ISO) guidelines. These
dramatic events raised questions about
the safety of PFCLs and the validity of
some cytotoxicity tests performed under
ISO guidelines. Samples from toxic
batches were analyzed by gas
chromatography-mass spectrometry
combined with Raman and infrared
spectrometry. Perfluorooctanoic acid,
dodecafluoro-1-heptanol, ethylbenzene
and tributyltin bromide were identified
and evaluated by a direct contact
cytotoxicity test using ARPE-19 cell line,
patented by our group (EP 3467118 A1).
Perfluorooctanoic acid at a concentration
of >0.06 mM and tributyltin bromide at a
concentration of >0.016 mM were shown
to be toxic, whereas the concentration
found in the toxic samples reached

0.48 mM, and 0.111 mM, respectively.
These finding emphasized the idea that
determination of partially fluorinated

compounds are not enough to guarantee

the safety of these medical devices.
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Triacylglycerol lipases are well

characterized enzymes that catalyze the
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hydrolysis of fats. They are
biotechnologically relevant enzymes and
are used in a wide range of practical
applications in industry. Lipase produced
from Burkholderia ubonensis (strain
PL266-QLM) (Lipase QLM) is being
investigated for use as a processing aid
in multiple food applications and may
therefore be present at trace levels in
finished food products. A battery of
toxicological studies was therefore
conducted on Lipase QLM to support its
safe use in food. Lipase QLM was not
genotoxic or mutagenic in an 1n vitro
bacterial reverse mutation test and
chromosome aberration test.
Additionally, no test article-related
adverse effects were observed in clinical
observations, body weight, food
consumption, ophthalmology,
hematology, blood chemistry, urinalysis,
and macroscopic and microscopic
findings in a subchronic toxicity study in
rats administered Lipase QLM in the
diet at levels of 0%, 0.8%, 2%, and 5%
Lipase QLM. The no-observed-adverse-
effect level was therefore considered to
be 5% Lipase QLM in both sexes [3357.2
and 3777.6 mg/kg body weight/day
(2756.3 and 3101.4 mg total organic
solids/kg body weight/day) in males and
females, respectively] under the test
conditions, which supports the safety of
this ingredient for use in food for human

consumption.
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Bacillus coagulans SNZ 1969 is a rod-
shaped, slightly acidophilic, gram-
positive, spore forming and highly
resilient bacteria. B. coagulans SNZ 1969
has GRAS (Generally Recognized As
Safe) status for use as a probiotic in
foods (US FDA number GRN-597). The
present study was aimed to assess the
safety of a proprietary strain Bacillus
coagulans SNZ 1969 by conducting acute
and sub-acute 28 days repeated dose oral
toxicity studies in Wistar Rats. In the
acute toxicity study, the rats were orally
fed with 2000 mg/kg body weight (BW)

(5 x 101t CFU/g) of B. coagulans SNZ
1969 as a single dose to determine the
LD50 values. In the sub-acute repeated
dose toxicity study, six groups of
experimental rats received 250, 500,
1000 mg/kgBW/day (5 x 101* CFU/g) of
the test item for 28 consecutive days. The
control animals received only water. Four
groups of rats were sacrificed after 28
days and the remaining two groups were
kept as recovery groups and sacrificed
after 42 days. The results of these study
indicate that there were no treatment
related changes in any of the parameters

studied i.e. clinical signs, body weight,
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food intake, urinalysis, hematological
examinations, clinical biochemistry,
gross pathology and histopathology after
28 days of repeated administration.
Based on the results it was concluded
that the LD50 of Bacillus coagulans SNZ
1969 is more than 2000 mg/kg body
weight and the NOAEL derived from this
study was 1000 mg/kg/day for 28 days,
this corresponds to the 5 x 1011 CFU/kg.
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Biotherapeutics dominate the pipelines
of pharmaceutical companies across the
world today with products ranging from
hormones, immune-modulators,
monoclonal antibodies (mAbs), blood
coagulation factors, enzymes and
vaccines. However, they are considerably
more expensive than their small
molecule counterparts (pharmaceuticals)
and as a result their contribution to the
already unacceptably high healthcare
costs in the developed economies
(Europe, United States, Japan, Canada
and South Korea) has been in the
limelight in the last decade. This has
resulted in the rise of biosimilars, seen

as the affordable versions of innovator
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biotherapeutics. As the developed
economies form the majority of the global
sales of biotherapeutics, they are an
attractive market for the biosimilars as
well. Regulatory considerations for
approval of biosimilars in these
jurisdictions is likely to have a major
impact on the adoption of biosimilars. In
this paper, we offer a perspective on this
topic while focusing on the developed
markets. This article summarizes the
main regulatory requirements for
approval of biosimilars in Europe, United
States, Japan, Canada, and South Korea.
An overview on current biosimilars
status and market in the aforesaid

countries has also been included.
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Small and brief exceedances of chemicals
above their guideline values in drinking
water are unlikely to cause an
appreciable increased risk to human
health. As a result, short-term exposure
values (STEV) can be derived to help
decide whether drinking water can still
be supplied to consumers without
adverse health risks. In this study, three

approaches were applied to calculate and
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compare STEV for pesticides. The three
approaches included basing a STEV on
the acute reference dose (ARfD)
(Approach 1), removing conventional
attribution rates and uncertainty factors
from current guideline values (Approach
2) and extrapolating 1 d and 7 d no
observed adverse effect levels (NOAEL)
from existing toxicity data using a log-
linear regression (Approach 3). Despite
being very different methods, the three
approaches produced comparable STEV
generally within an order of magnitude,
which often overlapped with other
existing short-term exposure values such
as short-term no adverse response levels
(SNARL) and health advisories (HA).
The results show that adjusting the
current guideline value using standard
extrapolation factors (Approach 2) often
produced the most conservative values.
Approach 2 was then applied to two
other chemical classes, disinfection by-
products (DBPs) and cyanotoxins,
demonstrating the wider applicability of

the approach.
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Berberine has been found to exhibit an
array of pharmacological activities
relating to the lowering of blood glucose
and the treatment of polycystic ovarian
syndrome (PCOS). The mechanism
underlying these activites, however, is
poorly understood. In the present study,
female Sprague-Dawley (SD) rats were
given oral letrozole to establish a model
of insulin-resistant PCOS, and animals
were then randomized into untreated or
berberine-treated groups (400, 200, or
100 mg/kg). After 28 days, we measured
homeostasis model assessment of insulin
resistance (HOMA-IR) and insulin
sensitivity index (ISI) values in these
animals. We further conducted H&E
staining of ovarian tissues, assessed
mRNA expression of glucose transporter
4 (GLUT4) via real time PCR, and used
Western blotting to measure GLUT4 and
PISK/AKT and MAPK pathway protein
levels. Berberine treatment was able to
help restore HOMA-IR and ISI values to
normal levels while simultaneously
bolstering the expression of GLUT4.
Normal ovarian morphology was also
restored upon berberine treatment. We
further found that 400 mg/kg berberine
treatment was associated with activation
of PISK/AKT signaling and suppression
of the MAPK pathway. In conclusion,
berberine has the potential to reduce
PCOS pathology and IR values in a rat
model system through a mechanism

linked to GLUT4 upregulation via
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PISK/AKT activation and MAPK

pathway suppression.
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This study investigated nickel and cobalt
ion release from the metals and several
alloys in synthetic gastric, as well as
interstitial and lysosomal lung fluids.
Results were used to calculate the
relative bioaccessible concentrations
(RBCs) of the metals. Nickel release from
SS 316L powder in gastric fluid was
>300-fold lower than from a simple
mixture of powders of the same bulk
composition. Gastric bioaccessibility data
showed 50-fold higher metal releases per
gram of sample from powder than
massive forms. RBCs of nickel and cobalt
in the alloy powders were lower, equal, or
higher in all fluids tested than their bulk
concentrations. This illustrates the fact
that matrix effects can increase or
decrease the metal ion release,
depending on the metal ingredients,
alloy type, and fluid, consistent with
research by others. Acute inhalation
toxicity studies with cobalt-containing

alloy powders showed that the RBC of
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cobalt in interstitial lung fluid predicted
acute toxicity better than bulk
concentration. This example indicates
that the RBC of a metal in an alloy may
estimate the concentration of
bioavailable metals better than the bulk
concentration, and the approach may
provide a means to refine the

classification of alloys for several human

health endpoints.
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Rapidly evolving technological methods
and mechanistic toxicological
understanding have paved the way for
new science-based approaches for the
determination of chemical safety in
support of advancing public health.
Approaches including read-across, high-
throughput screening, in silico models,
and organ-on-a-chip technologies were
addressed in a 2017 workshop focusing
on how scientists can move effectively
toward a vision for 21st century food
safety assessments. The application of
these alternative methods, the need for
further development of standardized

practices, and the interpretation and

communication of results were
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addressed. Expert presentations
encompassed regulatory, industry, and
academic perspectives, and the workshop
culminated in a panel discussion in
which participants engaged experts
about current issues pertaining to the
application of alternative methods in
toxicological testing for food safety

assessments.
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Robust genomic approaches are now
available to realize improvements in
efficiencies and translational relevance of
cancer risk assessments for drugs and
chemicals. Mechanistic and pathway
data generated via genomics provide
opportunities to advance beyond
historical reliance on apical endpoints of
uncertain human relevance. Published
research and regulatory evaluations
include many examples for which
genomic data have been applied to
address cancer risk assessment as a
health protection endpoint. The
alignment of mature, robust,
reproducible, and affordable technologies

with increasing demands for reduced
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animal testing sets the stage for this
important transition. We present our
shared vision for change from leading
scientists from academic, government,
nonprofit, and industrial sectors and
chemical and pharmaceutical safety
applications. This call to action builds
upon a 2017 workshop on “Advances and
Roadblocks for Use of Genomics in
Cancer Risk Assessment.” The authors
propose a path for implementation of
innovative cancer risk assessment
including incorporating genomic
signatures to assess mechanistic
relevance of carcinogenicity and
enhanced use of genomics in benchmark
dose and point of departure evaluations.
Novel opportunities for the chemical and
pharmaceutical sectors to combine
expertise, resources, and objectives to
achieve a common goal of improved

human health protection are identified.
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Following adoption of the new OECD test
guideline (TG) 474 for the in vivo
mammalian erythrocyte micronucleus

(MN) test (29 July 2016), demonstration

of exposure of target tissue (bone
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marrow) is required, if the test result is
negative 1.e. no cytogenetic damage. It
implies that for many active ingredients,
relevant metabolites or significant
impurities with existing in vivo MN tests
resulting in negative genotoxicity
findings, evidence of target tissue
exposure may be lacking and is
considered a data gap in regulatory
reviews. We present here toxicokinetic
(TK) testing strategies for the design and
conduct of studies that would
demonstrate evidence of delivery of the
test substance to the bone marrow. To
illustrate this, three examples are
presented with methods utilized under
each scenario. We also propose a decision
tree that may help design suitable TK
studies to establish evidence of bone

marrow exposure.
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Reducing lead exposure is a public health
priority for the US Food and Drug
Administration as well as other federal
agencies. The goals of this research were

to 1) update the maximum daily dietary

intake of lead from food, termed an
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interim reference level (IRL), for children
and for women of childbearing age
(WOCBA) and 2) to confirm through a
literature review that with the exception
of neurodevelopment, which was not
evaluated here, no adverse effects of lead
consistently occur at the blood lead level
(BLL) associated with the IRL. Because
no safe level of lead exposure has yet
been identified for children's health, the
IRLs of 3 u g/day for children and 12.5 p
g/day for WOCBA were derived from the
Centers for Disease Control and
Prevention reference value of 5 n g/dLL
BLL, the level at which public health
actions should be initiated. The
literature review showed that no adverse
effects of lead consistently occurred at
the BLL associated with the IRLs (0.5 u
g/dL). The IRLs of 3 u g/day for children
and 12.5 p g/day for WOCBA should
serve as useful benchmarks in

evaluating the potential for adverse

effects of dietary lead.

CTIFEHEL EM o= iR FELRE IRL ICEETY
BIMAERLAJL(BLL) THOEZEFT—ELTHRLE
LERA, FELDOREICKHTHRBEORLLL
RIVEELEHESN TR O, FELD IRLIE 3
©g/B.WOCBA ® 12.5u g/BIZ 5 g/ dL BLL @
EREBRFHEEL A—DOEHINFEL, AR
BEEZBERBTEHLANIL XL E2—IE, ShDE
SEA IRL [ZREET 5 BLL T—ELTHAELGL -
f=2&%&RLI=(05ug/dL), FHDIFEIE 1 B&Hi=
Y 3u i g. WOCBA DA (E 12.5ug /B ELS IRL
F. BEFOSMOEZEOARELETMETIEDE
RGRUFT—0L35I1FT TY,

Review Articles

Arsenic exposure: A public health problem leading to several cancers

I. Palma-Lara, M. Martinez-Castillo, J.C. Quintana-Pérez, M.G. Arellano-Mendoza, ...

A. Hernandez-Zavala

Reg. Toxicol. Pharmacol., 2020; 110:

Original

Google translation

Arsenic, a metalloid and naturally
occurring element, is one of the most

abundant elements in the earth's crust.
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Water is contaminated by arsenic
through natural sources (underground
water, minerals and geothermal
processes) and anthropogenic sources
such as mining, industrial processes, and
the production and use of pesticides.
Humans are exposed to arsenic mainly
by drinking contaminated water, and
secondarily through inhalation and skin
contact. Arsenic exposure is associated
with the development of vascular
disease, including stroke, ischemic heart
disease and peripheral vascular disease.
Also, arsenic increases the risk of tumors
of bladder, lungs, kidneys and liver,
according to the International Agency for
Research on Cancer and the Food and
Drug Administration. Once ingested, an
estimated 70-90% of inorganic arsenic is
absorbed by the gastrointestinal tract
and widely distributed through the blood
to different organs, primarily to the liver,
kidneys, lungs and bladder and
secondarily to muscle and nerve tissue.
Arsenic accumulates in the organs,
especially in the liver. Its excretion
mostly takes place through urination.
The toxicokinetics of arsenic depends on
the duration of exposure, pathway of
ingestion, physicochemical
characteristics of the compound, and
affected biological species. The present
review outlines of arsenic toxic effects
focusing on different cancer types whit

highest prevalence's by exposure to this
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metalloid and signaling pathways of

carcinogenesis.
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Chemistry, metabolism and pharmacology of carcinogenic alkaloids present in

areca nut and factors affecting their concentration
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Areca Nut (AN), the seed of tropical palm
tree Areca catechu, is a widely chewed
natural product with estimated 600
million users across the world. Various
AN products, thriving in the market,
portray ‘Areca nut’ or ‘Supari’ as mouth
freshener and safe alternative to
smokeless tobacco. Unfortunately, AN is
identified as a Group 1 human
carcinogen by International Agency for
Research on Cancer (IARC). Wide
variation in the level of alkaloids,
broadly ranging from 2 to 10 mg/gm dry
weight, is observed in diverse variety of
AN sold worldwide. For the first time,
various factors influencing the formation
of carcinogenic alkaloids in AN at various
stages, including during the growth,
processing, and storage of the nut, are
discussed. Current review illustrates the
mechanism of cancer induction by areca
alkaloids in humans and also compiles
dose-dependent pharmacology and
toxicology data of arecoline, the most

potent carcinogenic alkaloid in AN.
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Careful monitoring of the arecoline
content in AN can potentially be used as
a tool in product surveillance studies to
identify the variations in characteristics
of various AN sample sold worldwide.
The article will help to generate public
awareness and sensitize the government

bodies to initiate campaigns against AN

use and addiction.
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