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Stevia: It’s Not Just About Calories
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Abstract: Objective: Although stevia leaf extract is an accepted sugar substitute that can contribute to improved caloric
management and weight control, it also may enhance other aspects of human health. The effectiveness and safety of stevia
leaf extract in these additional roles was evaluated. Methods: A detailed literature review was conducted and summarized.
Results: An extract of the leaf of the herb, Stevia rebaudiana Bertoni (“stevia”) is a natural, sweet-tasting, noncaloric
substance and does not produce unhealthy side effects. In addition, the inclusion of stevia leaf extracts in the diet has been
associated with antihyperglycemic, insulinotropic, glucagonostatic, hypotensive, anticariogenic, antiviral, antimicrobial,
anti-inflammatory, immunostimulatory and chemopreventative responses. Conclusion: Stevia leaf extracts and their
constituent phytonutrients promote caloric balance and can be beneficial components of a healthy dietary lifestyle.
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INTRODUCTION

The overconsumption of refined sugars, especially suc-
rose, promotes inappropriate positive caloric balance, loss of
body weight control, excessive weight gain and obesity [1-
3]. In addition, this dietary habit contributes to the etiologies
of type 2 diabetes [2-9], cancer [10-22], dental caries [23-
25], candidiasis [26-28] and inflammatory bowel disease
[29-33]. In a society in which the challenge of maintaining a
healthy caloric balance is overwhelming to over half of the
population, noncaloric sweeteners may offer some hope to
those who desire to avoid the debilitating diseases associated
with excessive sugar consumption [34]. Unfortunately, syn-
thetic noncaloric sweeteners are associated with increased
likelihood of increased caloric intake and inability to achieve
or maintain healthy body weight and provide no other health
benefits [35,36].

In contrast, a considerable body of scientific evidence
supports the effectiveness and safety in human health promo-
tion of extracts of the leaf of the "sweet herb" stevia (Stevia
rebaudiana Bertoni), a potent nonsynthetic noncaloric
sweetener [37-41]. These extracts contain several sweet-
tasting diterpenoid glycosides of the aglycone, steviol,
including stevioside (300-fold sweeter tasting than sucrose),
rebaudioside A (reb A; 250- to 450-fold sweeter), reb B
(300- to 350-fold sweeter), reb C (50- to 120-fold sweeter),
reb D (250- to 450-fold sweeter), reb E (150- to 300-fold
sweeter), steviobioside (100- to 125-fold sweeter), dulcoside
A (50- to 120-fold sweeter), isosteviol and dihydroisosteviol
[42]. The relative sweetness of these diterpenoid glycosides
appears to reflect differences in the carbohydrate residues at
the 13 and 19 carbons of the common steviol aglycone
backbone [42]. Procedures for the extraction and purification
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of these compounds and a review of their pharmacokinetics
are provided by Chatsudthipong and Muanprasat [42].

A perennial herb native to Paraguay and Brazil and used
widely today in Asia and South America, stevia has gained
recent attention by numerous food and beverage multina-
tional enterprises [43]. Japan began marketing stevioside as a
sweetener in the 1970s, when chemical sweeteners were
banned and replaced with stevia [44]. Since then, cultivation
of the plant has expanded to other countries including China,
Malaysia, Singapore, South Korea, Taiwan, Thailand,
Paraguay, Brazil, the U.S., Canada and Europe [42,44].

Stevia extract and stevioside are officially approved as
food additives in Brazil, Korea and Japan [42]. Europe is key
among future markets for Stevia. In 2006, the Joint
FAO/WHO Expert Committee on Food Additives (JECFA)
announced a temporary accepted daily intake (ADI) of
stevioside of up to 5.0mg/kg body weight (BW) [45]. In
September 2009, the French Government (via inter-
ministerial decree) became the first government in the
European Union (EU) to approve Stevia extracts consisting
of at least 97% Rebaudioside A (Reb A) as food and
beverage sweeteners. Following the recent U.S. FDA
recognition of high purity Reb A from key producers as
“Generally Recognized as Safe (GRAS)” [46], the global
market is now looking forward to approval from the
European Food Safety Association (EFSA).

METHODS

A set of comprehensive literature searches were
conducted in order to identify the relevant English-language
publicly available scientific literature. The U.S. National
Library of Medicine PubMed (http://www.ncbi.nlm.nih.gov/
pubmed/) and TOXNET Toxicology Data Network (http://
toxnet.nlm.nih.gov/) databases, along with secondary sour-
ces cited by primary sources were examined. There were no
limits set on the publication dates of relevant literature.
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BEYOND OBESITY - HEALTH RISKS ASSOCIATED
WITH OVERCONSUMPTION OF SUCROSE

Excess Body Weight, Type 2 Diabetes and the Metabolic
Syndrome

Overweight and obese individuals are subject to societal
stigmatization and are at increased risk for deleterious health
conditions, including type 2 diabetes, cardiovascular dis-
eases, hypertension, osteoarthritis, and some cancers [47,48].
Overweight and obesity also increase health care costs and
mortality rates [47-50].

Excessive body weight, type 2 diabetes and the metabolic
syndrome have reached epidemic proportions in the United
States and many parts of the world [4,51,52]. The term
“metabolic syndrome” describes the concurrent presence of
abdominal obesity, insulin resistance, dyslipidemia and
hypertension and may be associated with other comorbi-
dities, including the prothrombotic state, elevated systemic
inflammation, nonalcoholic fatty liver disease and reproduc-
tive disorders [53,54]. It is likely that concomitant insulin
resistance and abdominal obesity are central components in
the development of the metabolic syndrome [53,55] and are
strong contributors to the association between the metabolic
syndrome and premature morbidity and mortality [56,57].
For example, among adults, the presence of the metabolic
syndrome is associated with an approximate doubling of the
risk for cardiovascular disease and a 5-fold increased risk for
type 2 diabetes mellitus [53,54].

Emerging evidence reveals that the symptoms of the
metabolic syndrome are not merely manifestations of “get-
ting older” but instead overlay a predisposing behavioral,
biochemical and physiological milieu that often becomes
established during childhood [58,59]. In 2005-2006, approxi-
mately 16% of US school children were obese (>95" percen-
tile according to CDC) and another 16% were overweight
(85™ — 94™ percentile) [60]. Obese children are more likely
to exhibit hyperlipidemia, hypertension and insulin resis-
tance [61] and to suffer from atherosclerosis, obesity and
premature death in adulthood [62].

This epidemic of obesity among both children and adults
can be traced to a combination of increased routine caloric
intake from simple sugars and reduced physical activity
[1,63,64]. One notable contributor to the upsurge in simple
sugar intake has been the substantial increase in the amount
of dietary fructose consumed in the forms of sucrose and
high fructose corn syrup, particularly as sweetened beve-
rages [64-66]. Fructose now supplies 10% of the total daily
caloric intake in the U.S. (up from 8% twenty years earlier)
[67] and the percentage of total daily caloric intake obtained
from beverages has doubled since 1965 [66]. Although sugar
intake from beverages is not inherently “fattening,” sucrose
and fructose in beverages promote weight gain and other
metabolic disorders through their impact on daily caloric
intake [68-70].

Sugar- and high-fructose corn syrup-sweetened soft drink
consumption is an etiologic factor in the establishment of the
metabolic syndrome. Among children and adolescents, the
average daily consumption of such sweetened soft drinks
increases with age [71], body weight is positively correlated
with daily sweetened soda consumption [72] and excess
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sugar consumption during childhood is linked to loss of
glucoregulation and the development of obesity [73-75].
Persistent sucrose overconsumption is highly correlated with
weight gain, percent body fat and increased risk for the
development of cardiovascular disease and type 2 diabetes in
adulthood [4,6-8,76]. For example, data obtained during the
2005 New York City Community Health Survey suggest that
the habitual consumption of 2 sugar- or high-fructose corn
syrup-sweetened beverages daily increases body mass index
by about 1.5 units [77]. Data from the 24-year prospective
Nurses’ Health Study indicate that a 35% increase in the risk
for developing coronary heart disease accompanies the long-
term consumption of 2 or more sugar- or high-fructose corn
syrup-sweetened beverages daily [78]. In the prospective
Framingham Heart Study, the chronic daily consumption of
a single sugar- or high-fructose corn syrup-sweetened beve-
rage increased the odds of becoming obese by 30%, the odds
of experiencing impaired glucose tolerance by 25% and the
odds of developing the symptom set of the metabolic
syndrome by 50% [9]. In the prospective Nurses’ Health
Study II, the routine daily consumption of a single sugar- or
high-fructose corn syrup-sweetened soft drink nearly
doubled the risk for developing type 2 diabetes [79]. In a 6-
year prospective study of 44,000 African-American women,
the risk for developing type 2 diabetes was increased 24% by
the daily consumption of 2 or more sugar- or high-fructose
corn syrup-sweetened beverages [80]. In the 9-year pros-
pective Atherosclerosis Risk in Communities Study, a single
serving of sugar- or high-fructose corn syrup-sweetened
beverages daily increased by 17% the risk of developing the
metabolic syndrome [81]. In the cross-sectional Bogalusa
Heart Study, greater intakes of sugar-sweetened beverages
were associated with the presence of more signs and
symptoms of the metabolic syndrome in young adults [82].
The American Heart Association recommends limiting daily
sucrose plus fructose intake to no more than 100 calories for
women and to no more than 150 calories for men [83].

Obesity and Cancer

The causative or facilitative relationship between obesity
and the development of human cancer is undeniable. The
results of individual epidemiologic studies in which hund-
reds of thousands of subjects have been observed for
decades, and of a meta-analysis of those studies, demonstrate
direct correlations between body mass index (BMI) and the
risks of developing cancer of the colon, rectum, prostate,
breast, pancreas, esophagus, stomach, gallbladder, liver,
kidney, lung, endometrium, uterus, cervix or ovary [16-22,
84]. Consistent with a previous estimate [84], the AICR has
estimated that excess body fat (BMI > 25) alone is a direct
causative factor in about 10% to 20% of all newly diagnosed
cancer cases, and that maintaining BMI < 25 can prevent a
high percentage of 7 highly prevalent site-specific solid
cancers (Table 1) [85].

Sucrose and Cancer

In addition to the cancer-predisposing effects of sucrose-
induced obesity [1], the results of observational epidemio-
logic studies have indicated that frequent consumption of
sucrose-rich “sweets,” particularly desserts, is associated
with increased risks for breast cancer [10-13] and pancreatic
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Table 1. New Cancers (%) that could be Prevented by Maintaining BMI < 25

USA UK Brazil China
Site
Male Female Male Female Male Female Male Female
Esophagus 32 38 29 33 20 26 14 20
Pancreas 34 25 32 19 25 14 20 10
Gallbladder 11 28 8 21 3 15 2 10
Colorectum 16 3 14 2 8 1 5 1
Breast - 17 - 16 - 14 - 12
Endometrium - 49 - 38 - 29 - 18
Kidney 20 28 17 21 10 16 6 10
Total 20 19 18 16 13 13 11 12

cancer [86]. In addition, the routine consumption of large
amounts of sucrose increases the frequency of mutations in
the colonic mucosa [14] and is associated with increased risk
of colon cancer [15]. The World Cancer Research Fund
(WCRF) and the American Institute for Cancer Research
(AICR) have recommended that individuals reduce their risk
for developing cancer by avoiding obesity, at least in part by
minimizing sugar intakes [87].

Sucrose and Dental Caries

Dietary sugars, particularly sucrose, cause dental caries
[23,88,89]. Biochemical, microbiological, animal and human
clinical and epidemiological evidence support a causal
relationship between sugar consumption and the formation
of dental caries [25]. Sucrose, identified as the most cario-
genic sugar, forms glucan which promotes firm bacterial
adhesion to teeth and limits diffusion of plaque acid and
buffers [24]. The risk of caries is related to both the amount
and frequency of sucrose intake, with a steep rise in occur-
rence concurrent with increased sucrose consumption [25].
Increasing the availability of effective and safe replacements
for dietary sucrose during critical periods of dental develop-
ment is vital to long-term public health.

Sucrose and Candidiasis

The adherence of Candida albicans determines the
ability of yeast to colonize various regions of the host [27].
The adhesion of C. albicans and C. tropicalis is facilitated in
the presence of a high concentration (500 mM) of fructose,
glucose, maltose, and sucrose, with sucrose exhibiting the
greatest promotion of adhesion [26,28]. Limitation of sugar
consumption may prevent colonization and infection by
various Candida organisms.

Sucrose and Inflammatory Bowel Disease

Nutritional and dietary factors contribute to the
pathogenesis of the inflammatory bowel diseases, Crohn’s
disease and ulcerative colitis (UC). Individuals with Crohn’s
disease have been found to consume above-average amounts
of sucrose, refined carbohydrates and ®-6 fatty acids while
enjoying only limited fruit and vegetable consumption [29,
90-92]. Population-based case-control studies have observed

that the risk of developing Crohn’s disease is increased by
the daily consumption of 55 g or more of sucrose [30]. A
multicenter hospital-based case-control study evaluating the
role of dietary factors in the etiology of inflammatory bowel
disease discovered that the risk of developing ulcerative
colitis or Crohn’s disease was positively correlated with the
consumption of sugars and sweeteners [31]. A clinic-based
case-control study investigating the diets of patients with
inflammatory bowel diseases prior to their first diagnosis
found that the routine daily consumption of large amounts of
sucrose increased the risk for developing inflammatory
bowel disease [32]. Since the 1970s, various studies have
reported sufficiently high consumption levels of sugar and
refined carbohydrates in patients with IBD; they can be
considered to be risk factors for CD [32,93,94] and UC
[33,94-97]. These findings suggest that the elimination of
sucrose from the habitual daily diet may reduce the incidence
of inflammatory bowel disease among the general
population.

STEVIA

Stevia rebaudiana Bertoni (“stevia”) is an herbaceous
perennial shrub indigenous to Paraguay and Brazil.
Stevioside, the main sweet component in the leaves of this
plant, is approximately 300 times sweeter tasting than suc-
rose [37]. In addition to its natural, noncaloric sweetening
properties, extracts of the leaf of stevia have produced
beneficial antihypertensive, antihyperglycemic, antioxidant,
noncariogenic, chemoprotective, anti-inflammatory, immu-
nomodulatory, and antiviral effects on human health [42].

Stevia is an Effective Noncaloric Sweetener

While white sugar, turbinado, fructose, honey and corn
syrup all qualify as natural sweeteners, none are calorie-free,
nor are they beneficial dietary components for those who
suffer from blood sugar disorders and other conditions.
Leaves of the stevia plant contain zero-calorie ent-kaurene
diterpene glycosides (stevioside and the rebaudiosides) that
are not metabolized to produce energy and which taste 300
times sweeter than sucrose [38-41]. In human studies, the
measured sweetness of 1 g of crude extract of stevia leaf
dissolved in water has ranged from 100 to 150 times that of
equivalent concentrations of sucrose [98,99].
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Studies conducted assessing sweetness temporal profiles
demonstrate changes in perception of sweetness over time.
In lab assessments, tested sweeteners exhibit a characteristic
Appearance Time (AT) and Extinction Time (ET). In
contrast to carbohydrate sweeteners, most high-potency
sweetening agents display prolonged ET. This quality has
been beneficial in product development, particularly for such
innovations as chewing gum, where prolonged sweetness is
desirable [100]. In a laboratory comparison, a component of
stevia leaf extract (rebiana) exhibited an ET much longer
than that for sucrose [100].

STEVIA IS A HEALTHY REPLACEMENT FOR
SUCROSE AND HIGH-FRUCTOSE CORN SYRUP

Stevia Contributes to Healthy Glucoregulation

Stevia leaf extract has been used traditionally in the
treatment of diabetes [38,39]. Every opportunity to reduce
dietary sugar intake is especially beneficial to individuals
with diabetes, in whom blood glucose concentrations reflect
sugar consumption [101].

Evidence from preclinical studies suggests that stevioside
enhances both insulin secretion and insulin sensitivity. The
increase in insulin sensitivity induced by the components of
stevia leaves may be related to inhibition of hepatic expres-
sion of phosphoenolpyruvate carboxykinase (PEPCK) and
gluconeogenesis coupled with stimulation of hepatic
glycogen synthesis [102,103]. Another component of stevia
leaf extract, rebaudioside A, has been shown to stimulate
insulin secretion by isolated mouse pancreatic islets [104].
Stevioside also enhances glucose-stimulated insulin secre-
tion but does not affect fasting insulinemia [105,106]. In a 6-
week study, stevioside-fed diabetic rats displayed significan-
tly enhanced first-phase insulin responses with concomitant
suppression of glucagon secretion and attenuation of blood
glucose concentration excursions [107].

Similar beneficial effects appear to occur in humans. In
an acute, paired cross-over study, twelve men and women
with type 2 diabetes consumed a standard test meal supple-
mented with either 1 g of stevioside or 1 g of maize starch
(control) [108]. Compared to the effects of maize starch,
stevioside consumption was associated with significantly
greater attenuation of peak postprandial blood glucose con-
centrations and increase in the insulinogenic index. These
findings suggest that replacement of sugars with stevioside-
containing stevia leaf extracts can support healthy gluco-
regulation.

Stevia Contributes to Healthy Blood Pressure Regulation

Studies in rats and dogs have demonstrated that stevio-
side induces vasorelaxation [109-111]. This effect was tested
in a year-long randomized, double-blind, placebo-controlled
study of 106 hypertensive subjects who consumed capsules
containing either stevioside (750 mg daily) or placebo [112].
Beginning after 3 months and persisting throughout the
remaining 9 months of the study, the subjects consuming
stevioside exhibited significantly greater decreases in
systolic and diastolic blood pressures. No significant adverse
effects occurred. In a longer 2-year study, compared to
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placebo, 1,500 mg of stevioside daily also produced
significantly greater decreases in systolic and diastolic blood
pressures in subjects with mild hypertension [113].

Stevia Supports the Prevention of Dental Caries

Stevia leaf extract and its major polyphenolic consti-
tuents, stevioside and rebaudioside A, are noncariogenic. For
example, sucrose solution triggered the development of
dental caries in rat pups while stevioside did not [114]. The
results of other studies indicate that the major cariogenic
organism, Streptococcus mutans, experiences growth sup-
pression and secretes less acid when grown on media
containing stevioside than when grown on sucrose, glucose
or fructose media [115-117].

Stevia is an Effective Antioxidant

Stevia leaf extract exhibits a high degree of antioxidant
activity and has been reported to inhibit hydroperoxide
formation in sardine oil with a potency greater than that of
either DL-a-tocopherol or green tea extract [118,119]. The
antioxidant activity of stevia leaf extract has been attributed
to the scavenging of free radical electrons and superoxides
[118]. Ethanolic extraction of stevia leaves produces three
active compounds that, based on results of the 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical scavenging assay, have
been found to exhibit potent antioxidant activity at a
concentration of 60 uMo! [120]. An ethyl acetate extract of a
methanolic extract of Stevia rebaudiana leaves contains a
relatively high concentration of total polyphenols and
flavonoids and prevents lipid peroxidation, free radical
propagation and DNA strand excision at 0.1 mg/mL [121]. A
recent study assessing the in vifro potential of ethanolic leaf
extract of Stevia rebaudiana indicates S. rebaudiana has
significant potential for use as a natural antioxidant agent
[122]. The DPPH activity of the extract (20, 40, 50, 100 and
200 pg/ml) was increased in a dose dependent manner,
which was found in the range of 36.93—-68.76% as compared
to ascorbic acid 64.26-82.58%. The IC5( values of ethanolic
extract and ascorbic acid in DPPH radical scavenging assay
were obtained to be 93.46 and 26.75 pg/ml, respectively. The
ethanolic extract was also found to scavenge the superoxide
generated by EDTA/NBT system. Measurement of total
phenolic content of the ethanolic extract of S. rebaudiana
was achieved using Folin—Ciocalteau reagent containing
61.50 mg/g of phenolic content, which was found
significantly higher when compared to reference standard
gallic acid. The ethanolic extract also inhibited the hydroxyl
radical, nitric oxide, superoxide anions with 1Cs( values of
93.46, 132.05 and 81.08 pg/ml, respectively.

Stevia Provides Immune System Support

Stevia leaf extracts exhibit significant antiviral and
antimicrobial activity. For example, fermented aqueous
extracts of stevia leaves have exhibited strong antimicro-
bial, antibacterial and antifungal activity towards a wide
range of pathogenic bacteria, including enterohemorrhagic
Escherichia coli, without affecting normal intestinal flora
[123,124]. Hot water extracts of stevia leaf inhibit the
replication of human rotavirus in vitro by blocking viral
attachment to cells [125].
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Several studies have demonstrated the inhibitory effects
of stevia leaf extracts and their polyphenolic constituents on
tumor promotion and initiation. Stevioside, the stevia leaf
aglycones, steviol and isosteviol, and their metabolites have
been reported to inhibit tumor promotion by blocking
Epstein-Barr virus early antigen (EBV-EA) induction [126]
as well as by reducing tumor formation in the two-stage
mouse skin carcinogenesis model following sequential
exposure to 7,12-dimethylbenz[a]anthracene (DMBA) and
12-O-tetradecanoylphorbol-13-acetate (TPA) [127-129]. The
hydrolysis product of stevioside, isosteviol, potently inhibits
DNA replication and human cancer cell growth in vitro (with
LDj5q values of 84 to 167 uMol) [130]. Isosteviol and the
steviol glycosides, stevioside, rebaudioside A, rebaudioside
C, and dulcoside A, also have been found to inhibit TPA-
induced inflammation in mice [129,130]. These reports
demonstrate that stevioside and its metabolites enhance
mammalian immunosurveillance.

In a study investigating the immunomodulatory activity
of stevioside by evaluating its effect on antibody titre,
delayed type hypersensitivity response (DTH), macrophage
phagocytosis, and B- and T-lymphocyte proliferation in mice
found that stevioside administration stimulates these immune
system functions [131]. Although not yet replicated in
humans, together these in vitro and animal model studies
suggest that stevia leaf extract is immunostimulatory.

Stevia as Treatment for Inflammatory Bowel Disease

Stevioside and steviol have been shown to exert anti-
inflammatory effects on colonic epithelial cells [42]. Animal
studies exhibit stevioside’s inhibitory effect on intestinal
smooth muscle contraction, stimulation of which is linked to
hypermotility-associated diarrhea [132]. The effects of ste-
vioside and its analogs, steviol, isosteviol, dihydroisosteviol,
and isosteviol 16-oxime, on cAMP-regulated CI secretion
were studied in human T84 colonic epithelial cells and in
vivo for their antidiarrheal efficacy [133]. Results indicated
the major aglycone derivative, steviol, and its analogs,
inhibited cAMP activated Cl secretion in intact T84 cells in a
dose-dependent manner. The ineffectiveness of stevioside
could be due to its molecular bulkiness, rendering it
relatively impermeable to cell membranes, and thereby
exhibiting a promising agent in antidiarrheal treatment.

STEVIA IS SAFE AND NON-TOXIC

The safety of stevia leaf extracts has been demonstrated
repeatedly [134]. Stevia leaf extracts and their dominant
bioactive components, stevioside and steviol, have been
subjected to extensive genetic testing. Neither stevioside nor
its aglycone steviol have been shown to react directly with
DNA or demonstrate genotoxic damage in assays relevant to
human risk [135]. Neither stevioside nor steviol produced
clastogenic effects at extremely high intakes in vivo [135].
Stevioside was found to be nonmutagenic in mutagenicity
tests using bacteria (reverse mutation assay, forward muta-
tion assay, umu test and rec assay), cultured mammalian
cells (chromosomal aberration test and gene mutation assay)
and mice (micronucleus test) [136]. Steviol has not exhibited
DNA-damaging activity in cultured animal cells and organs
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[137]. Stevioside has been without effects in acute and
chronic toxicity studies in rats [138-140].

Another component of stevia leaves, rebaudioside A, also
has been found to be nontoxic and nongenotoxic [141]. In
addition, in a 4-week study, Wistar rats consuming up to
100,000 ppm of rebaudioside A daily exhibited no clinical,
gross or histopathologic evidence of toxicity [142]. In a 13-
week study, Wistar rats consuming up to 50,000 ppm of
rebaudioside A exhibited no clinical, gross or histopatho-
logic evidence of toxicity [142]. In a 90-day toxicity study,
rats consuming up to 2,000 mg of rebaudioside A per kg of
body weight daily was not associated with any signs of
toxicity [143].

Furthermore, stevia leaf extracts and stevioside have
produced no adverse effects on laboratory animal fertility,
mating performance, pregnancy, number of fetuses, or
growth and fertility of offspring [144-147]. Histopatholo-
gical examination of the tissues of male rats at the ends of
28-and 90-day feeding studies revealed no macroscopic or
microscopic changes in any reproductive organs following
the cumulative consumption of up to 100,000 ppm of rebau-
dioside A [142,148]. In multigenerational studies, the daily
consumption of up to 25,000 ppm of rebaudioside A was
without effect on mating performance, fertility, gestation
lengths, estrus cycles, or sperm motility, concentration or
morphology in either the Fy or F generations [148,149].
From these data, a ‘“no observed adverse effects level”
(NOAEL) of between 2,048 and 2,273 mg of rebaudioside A
per kg body weight per day was calculated [149]. Similar
findings in multigenerational studies conducted on hamsters
administered purified stevioside have confirmed the repro-
ductive safety of purified steviol glycosides (and therefore of
stevia leaf extracts) [150].

Pharmacokinetic analyses after single oral doses in
healthy men report that purified rebaudioside A and stevio-
side and mixed steviosides undergo absorption and metabo-
lism in humans with steviol glucuronide excreted primarily
in the urine and steviol in the feces [151,152]. No safety
concerns were noted as determined by reporting of adverse
events, laboratory assessments of safety or vital signs
[151,152].

Application of a Weight-of-Evidence approach to assess
the genetic toxicology database produced the conclusion that
the bioactive compounds in stevia leaf extract do not pose a
risk of genetic damage in humans [135]. A review conducted
by Central Queensland University and published in 2002
concluded that, “The safety of steviosides (as a general class
of related compounds) for use in foods has been investigated
through numerous studies and is well established” [44].
Taken together, the available data support the conclusion that
the routine daily human consumption of 5 mg to 6 mg of
stevia leaf extract as a dietary sweetener per kg of body
weight is safe [148]. The inclusion of rebaudioside A in
human foods is Generally Recognized As Safe (GRAS) [46].

DISCUSSION

Given its many health benefits, recent GRAS acceptance
and existing evidence in support of stevia’s safety for human
consumption, little additional study is required to advance to
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the next step: stevia as an approved sweetener for global use
in human food products. The safety of stevia leaf extracts
and their phytonutrient components sets the stage for high-
quality randomized, double-blind, placebo-controlled human
clinical trials that can confirm the effectiveness of stevia leaf
extracts and their phytonutrient components in both general
and specific disease-preventive and therapeutic settings.

STEVIA - A SAFE AND EFFECTIVE ALTERNATIVE
TO SUCROSE AND FRUCTOSE

Given the negative health impacts of refined sucrose and
high-fructose corn syrup on obesity and chronic human
disease, consumers are ready for an effective and safe alter-
native. Not only are stevia leaf extracts and their phyto-
nutrient components calorie-free, their consumption can
promote health without threat of adverse reactions or toxic
effects. As natural non-artificial sweeteners of food products,
only long-lasting behavioral patterns, massive advertising
budgets urging increased sucrose and fructose consumption,
historically negative experience with some artificial sweete-
ners and cultural reluctance to embrace healthy practices that
are currently outside of the marketing-driven mainstream
prevent widespread replacement of sucrose and fructose with
stevia and its component compounds.

REFERENCES

[1] Malik VS, Schulze MB, Hu FB. Intake of sugar-sweetened
beverages and weight gain: A systematic review. Am J Clin Nutr
2006; 84: 274-88.

[2] Linardakis M, Sarri K, Pateraki MS, Sbokos M, Kafatos A. Sugar-
added beverages consumption among kindergarten children of
Crete: Effects on nutritional status and risk of obesity. BMC Public
Health 2008; 8: 279 (doi: 10.1186/1471-2458-8-279. Available
from: http://www.biomedcentral.com/1471-2458/8/279).

[3] Harrington S. The role of sugar-sweetened beverage consumption
in adolescent obesity: A review of the literature. J Sch Nurs 2008;
24:3-12.

[4] Gross LS, Li L, Ford ES, Liu S. Increased consumption of refined
carbohydrates and the epidemic of type 2 diabetes in the United
States: An ecologic assessment. Am J Clin Nutr 2004; 79: 774-9.

[5] Basciano H, Federico L, Adeli K. Fructose, insulin resistance, and
metabolic dyslipidemia. Nutr Metab 2005; 2: 5 (doi: 10.1186/1743-
7075-2-5; Available from: http://www.nutritionandmetabolism.
com/content/2/1/5).

[6] Welsh J, Dietz W. Sugar-sweetened beverage consumption is
associated with weight gain and incidence of type 2 diabetes. Clin
Diabetes 2005; 23: 150-2.

[7] Bao W, Srinivasan SR, Berenson GS. Persistent elevation of
plasma insulin levels is associated with increased cardiovascular
risk in children and young adults. The Bogalusa Heart Study.
Circulation 1996; 93: 54-9.

[8] Freedman DS, Khan LK, Dietz WH, Srinivasan SR, Berenson GS.
Relationship of childhood obesity to coronary heart disease risk
factors in adulthood: The Bogalusa Heart Study. Pediatrics 2001;
108: 712-8.

[9] Dhingra R, Sullivan L, Jacques PF, et al. Soft drink consumption
and risk of developing cardiometabolic risk factors and the
metabolic syndrome in middle-aged adults in the community.
Circulation 2007; 116: 480-8.

[10] Agurs-Collins T, Rosenberg L, Makambi K, Palmer JR, Adams-
Campbell L. Dietary patterns and breast cancer risk in women
participating in the Black Women's Health Study. Am J Clin Nutr
2009; 90: 621-8.

[11] Bradshaw PT, Sagiv SK, Kabat GC, et a/. Consumption of sweet
foods and breast cancer risk: A case-control study of women on
Long Island, New York. Cancer Causes Control 2009; 20: 1509-
1515.

(18]

[19]

[20]

(23]

[24]

[29]
[30]

[31]

Thomas and Glade

Tavani A, Giordano L, Gallus S, ef al. Consumption of sweet foods
and breast cancer risk in Italy. Ann Oncol 2006; 17: 341-5.
Potischman N, Coates RJ, Swanson CA, et al. Increased risk of
early-stage breast cancer related to consumption of sweet foods
among women less than age 45 in the United States. Cancer Causes
Control 2002; 13: 937-46.

Dragsted LO, Daneshvar B, Vogel U, ef al. A sucrose-rich diet
induces mutations in the rat colon. Cancer Res 2002; 62: 4339-45.
Slattery ML, Benson J, Berry TD, et al. Dietary sugar and colon
cancer. Cancer Epidemiol Biomarkers Prev 1997; 6: 677-85.
Murphy TK, Calle EE, Rodriguez C, Kahn HS, Thun MJ. Body
mass index and colon cancer mortality in a large prospective study.
Am J Epidemiol 2000; 152: 847-54.

Rodriguez C, Patel AV, Calle EE, Jacobs EJ, Chao A, Thun MJ.
Body mass index, height, and prostate cancer mortality in two large
cohorts of adult men in the United States. Cancer Epidemiol
Biomarkers Prev 2001; 10: 345-53.

Feigelson HS, Jonas CR, Teras LR, Thun MJ, Calle EE. Weight
gain, body mass index, hormone replacement therapy, and
postmenopausal breast cancer in a large prospective study. Cancer
Epidemiol Biomarkers Prev 2004; 13: 220-4.

Patel AV, Rodriguez C, Bernstein L, Chao A, Thun MJ, Calle EE.
Obesity, recreational physical activity, and risk of pancreatic cancer
in a large U.S. Cohort. Cancer Epidemiol Biomarkers Prev 2005;
14: 459-66.

Rodriguez C, Freedland SJ, Deka A, et al. Body mass index,
weight change, and risk of prostate cancer in the Cancer Prevention
Study II Nutrition Cohort. Cancer Epidemiol Biomarkers Prev
2007; 16: 63-9.

McCullough ML, Patel AV, Patel R, et al. Body mass and
endometrial cancer risk by hormone replacement therapy and
cancer subtype. Cancer Epidemiol Biomarkers Prev 2008; 17: 73-9.
Guh DP, Zhang W, Bansback N, Amarsi Z, Birmingham CL, Anis
AH. The incidence of co-morbidities related to obesity and
overweight: A systematic review and meta-analysis. BMC Public
Health 2009; 9: 88 (doi:10.1186/1471-2458-9-88; Available from:
http://www.biomedcentral.com/1471-2458/9/88).

Sheiham A. Dietary effects on dental diseases. Public Health Nutr
2001; 4: 569-91.

Tinanoff N, Palmer CA. Dietary determinants of dental caries and
dietary recommendations for preschool children. J Public Health
Dent 2000; 60: 197-206.

Sheiham A. Sucrose and dental caries. Nutr Health 1987; 5: 25-9.
Pizzo G, Giuliana G, Milici ME, Giangreco R. Effect of dietary
carbohydrates on the epithelial adhesion of Candida albicans,
Candida tropicalis, and Candida krusei. New Microbiol 2000; 23:
63-71.

Pires MFC, Corra B, Gambale W, Paula CR. Experimental model
of Candida albicans (serotypes A and B) adherence in vitro. Braz J
Microbiol 2001; 32: 163-9.

Abu-Elteen KH. The influence of dietary carbohydrates on in vitro
adherence of four Candida species to human buccal epithelial cells.
Microb Ecol Health Dis 2005; 17: 156-62.

Mahmud N, Weir D. The urban diet and Crohn's disease: Is there a
relationship? Eur J Gastroenterol Hepatol 2001; 13: 93-5.

Persson PG, Ahlbom A, Hellers G. Diet and inflammatory bowel
disease: A case-control study. Epidemiology 1992; 3: 47-52.
Sakamoto N, Kono S, Wakai K, et al. Dietary risk factors for
inflammatory bowel disease: A multicenter case-control study in
Japan. Inflamm Bowel Dis 2005; 11: 154-63.

Reif S, Klein I, Lubin F, Farbstein M, Hallak A, Gilat T. Pre-illness
dietary factors in inflammatory bowel disease. Gut 1997; 40: 754-
60.

Lucendo AJ, De Rezende LC. Importance of nutrition in
inflammatory bowel disease. World J Gastroenterol 2009; 15:
2081-8.

Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ,
Flegal KM. Prevalence of overweight and obesity in the United
States, 1999-2004. JAMA 2006; 295: 1549-55.

Rolls BJ, Laster LJ, Summerfelt A. Hunger and food intake
following consumption of low-calorie foods. Appetite 1989; 13:
115-27.

Hyman M. Systems biology: The gut-brain-fat cell connection and
obesity. Altern Ther Health Med 2006; 12: 10-6.

Geuns JM. Stevioside. Phytochemistry 2003; 64: 913-21.



Stevia: It’s Not Just About Calories

[38]

[46]

[47]

(48]

[49]

[50]

[51]

[56]
[57]

[58]

Megeji NW, Kumar JK, Singh V, Kaul VK, Ahuja, PS. Introducing
Stevia rebaudiana, a natural zero-calorie sweetener. Curr Sci 2005;
88:801-4.

Soejarto DD, Kinghorn AD, Farnsworth NR. Potential sweetening
agents of plant origin. III. Organoleptic evaluation of Stevia leaf
herbarium samples for sweetness. J Nat Prod 1982; 45: 590-9.
Robinson BL. Contributions from the Gray Herbarium of Harvard
University. Cambridge, MA: The Gray Herbarium University,
1930.

Soejarto DD, Compadre CM, Medon PJ, Kameth SK, Kinghorn
AD. Potential sweetening agents of plant origin. II. Field search for
sweet tasting Stevia species. Econ Bot 1983; 37: 71-9.
Chatsudthipong V, Muanprasat C. Stevioside and related
compounds: Therapeutic benefits beyond sweetness. Pharmacol
Ther 2009; 121: 41-54.

Panpatil VV, Polasa K. Assessment of stevia (Stevia-rebaudiana)-
natural sweetener: A review. J Food Sci Technol 2008; 467-473.
Midmore DJ, Rank AH. A new rural industry — Stevia — to replace
imported chemical sweeteners. Barton, Queensland, Australia:
Rural Industries Research and Development Corporation, 2002.
JECFA, Joint FAO/WHO Expert Committee on Food Additives.
Steviol Glycosides [Addendum to stevioside]. In: Safety Evaluation
of Certain Food Additives: Sixty-third Meeting of the Joint
FAO/WHO Expert on Food Additives, June 8—17, 2005, Geneva.
Food and Agriculture Organization of the United Nations
(FAO)/World Health Organization (WHO); Geneva, WHO Food
Additives Series, No. 54: 2006; pp. 117-144, 638.

US Food and Drug Administration. Agency response letter GRAS
Notice No. GRN 000252 [letter on the Internet]. 2008 Dec 17,
[cited 2010 Feb 16]; College Park, MD:[3 pages]. Available from:
http://www.fda.gov/Food/FoodIngredientsPackaging/GenerallyRec
ognizedasSafeGRAS/GRASListings/ucm154988.htm.

Forshee R, Storey M, Allison D, Glinsmann W, Hein G, Lineback
D. A critical examination of the evidence relating high fructose
corn syrup and weight gain. Crit Rev Food Sci Nutr 2007; 47: 561-
82.

U.S. Department of Health and Human Services, Centers for
Disease Control and Prevention, National Center for Health
Statistics. Health, United States, 2004 with Chartbook on Trends in
the Health of Americans. Washington, DC: U.S. Government
Printing Office 2004. [Library of Congress Catalog no. 76-
641496.].

U.S. Department of Agriculture, Economic Research Service, 2004.
Sugar and Sweeteners. Available from: http:/www.ers.usda.gov/
Data/FoodConsumption/Spreadsheets/sweets.xls

Flegal KM, Graubard BI, Williamson DF, Gail MH. Excess deaths
associated with underweight, overweight and obesity. JAMA 2005;
293: 1861-7.

Steinberger J, Daniels SR, Eckel RH, et al. Progress and challenges
in metabolic syndrome in children and adolescents: A scientific
statement from the American Heart Association Atherosclerosis,
Hypertension, and Obesity in the Young Committee of the Council
on Cardiovascular Disease in the Young; Council on
Cardiovascular Nursing; and Council on Nutrition, Physical
Activity, and Metabolism. Circulation 2009; 119: 628-47.

Artham SM, Lavie CJ, Milani RV, Ventura HO. The obesity
paradox: Impact of obesity on the prevalence and prognosis of
cardiovascular diseases. Postgrad Med 2008; 120:34-41.

Cornier MA, Dabelea D, Hernandez T, et al. The metabolic
syndrome. Endocr Rev 2008; 29: 777-822.

Grundy S. Metabolic syndrome pandemic. Arterioscler Thromb
Vasc Biol 2008; 28: 629-36.

Avramoglu RK, Qiu W, Adeli K. Mechanisms of metabolic
dyslipidemia in insulin resistant states: Deregulation of hepatic and
intestinal lipoprotein secretion. Front Biosci 2003; 8: d464-76.
Zimmet P, Alberti K, Shaw J. Global and societal implications of
the diabetes epidemic. Nature 2001; 414: 782-7.

Songer TJ. The economic costs of NIDDM. Diabetes Metab Rev
1992; 8: 389-404.

Valek J, Vlasakova Z. The metabolic syndrome, its heredity,
methods of detection and clinical significance. Vnitr Lek 1997; 43:
566-73.

Kohen-Avramoglu R, Theriault A, Adeli K. Emergence of the
metabolic syndrome in childhood: An epidemiological overview
and mechanistic link to dyslipidemia. Clin Biochem 2003; 36: 413-
20.

[65]

[66]

[67]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

The Open Obesity Journal, 2010, Volume 2 107

Ogden CL, Carroll MD, Flegal KM. High body mass index for age
among US children and adolescents, 2003-2006. JAMA 2008; 299:
2401-5.

Freedman DS, Kahn HS, Mei Z, et al. Relation of body mass index
and waist-to-height ratio to cardiovascular disease risk factors in
children and adolescents: The Bogalusa Heart Study. Am J Clin
Nutr 2007; 86: 33-40.

Freedman DS, Dietz WH, Srinivasan SR, Berenson GS. Risk
factors and adult body mass index among overweight children: The
Bogalusa Heart Study. Pediatrics 2009; 123: 750-7.

Kantor LS. A dietary assessment of the US food supply:
Comparing per capita food consumption with Food Guide Pyramid
service recommendations. US Department of Agriculture.
Washington, DC: US Government Printing Office 1998.

Bleich SN, Wang YC, Wang Y, Gortmaker SL. Increasing
consumption of sugar-sweetened beverages among US adults:
1988-1994 to 1999-2004. Am J Clin Nutr 2009; 89: 372-81.

Duffey KJ, Popkin BM. Shifts in patterns and consumption of
beverages between 1965 and 2002. Obesity 2007; 15: 2739-47.
Gibson S. Sugar-sweetened soft drinks and obesity: A systematic
review of the evidence from observational studies and
interventions. Nutr Res Rev 2008; 21: 134-47.

Vos MB, Kimmons JE, Gillespie C, Welsh J, Blanck HM. Dietary
fructose consumption among US children and adults: The Third
National Health and Nutrition Examination Survey. Medscape J
Med [serial on the Internet]. 2008 July 9; [cited 2010 February 16];
10: 160[13 pages]. Available from: http://www.ncbi.nlm.nih.gov/
pmc/articles/PMC2525476/?tool=pubmed.

Drewnowski A, Bellisle F. Liquid calories, sugar, and body weight.
Am J Clin Nutr 2007; 85: 651-61.

Schenkel TC, Stockman NK, Brown JN, Duncan AM. Evaluation
of energy, nutrient and dietary fiber intakes of adolescent males. J
Am Coll Nutr 2007; 26: 264-71.

Vartanian LR, Schwartz MB, Brownell KD. Effects of soft drink
consumption on nutrition and health: A systematic review and
meta-analysis. Am J Public Health 2007; 97: 667-75.

Garriguet D. Beverage consumption of children and teens. Health
Rep 2008; 19: 17-22.

Novotny R, Daida YG, Acharya S, Grove JS, Vogt TM. Dairy
intake is associated with lower body fat and soda intake with
greater weight in adolescent girls. J Nutr 2004; 134: 1905-9.
Ludwig DS, Peterson KE, Gortmaker SL. Relation between
consumption of sugar-sweetened drinks and childhood obesity: A
prospective, observational analysis. Lancet 2001; 357: 505-8.

Gill TP, Rangan AM, Webb KL. The weight of evidence suggests
that soft drinks are a major issue in childhood and adolescent
obesity. Med J Aust 2006; 184: 263-4.

Welsh JA, Cogswell ME, Rogers S, Rockett H, Mei Z, Grummer-
Strawn LM. Overweight among low-income preschool children
associated with the consumption of sweet drinks: Missouri, 1999-
2002. Pediatrics 2005; 115: €223-9.

Gillis LJ, Bar-Or O. Food away from home, sugar-sweetened drink
consumption and juvenile obesity. ] Am Coll Nutr 2003; 22: 539-
45.

Rehm CD, Matte TD, Van Wye G, Young C, Frieden TR.
Demographic and behavioral factors associated with daily sugar-
sweetened soda consumption in New York City adults. J Urban
Health 2008; 85: 375-85.

Fung TT, Malik V, Rexrode KM, Manson JE, Willett WC, Hu FB.
Sweetened beverage consumption and risk of coronary heart
disease in women. Am J Clin Nutr 2009; 89: 1037-42.

Schulze MB, Manson JE, Ludwig DS, et al. Sugar-sweetened
beverages, weight gain, and incidence of type 2 diabetes in young
and middle-aged women. JAMA 2004; 292: 927-34.

Palmer JR, Boggs DA, Krishnan S, Hu FB, Singer M, Rosenberg
L. Sugar-sweetened beverages and incidence of type 2 diabetes
mellitus in African American women. Arch Intern Med 2008; 168:
1487-92.

Lutsey PL, Steffen LM, Stevens J. Dietary intake and the
development of the metabolic syndrome: The Atherosclerosis Risk
in Communities study. Circulation 2008; 117: 754-61.

Yoo S, Nicklas T, Baranowski T, et al. Comparison of dietary
intakes associated with metabolic syndrome risk factors in young
adults: The Bogalusa Heart Study. Am J Clin Nutr 2004; 80: 841-8.



108

(83]

(86]

(87]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

The Open Obesity Journal, 2010, Volume 2

Johnson RK, Appel LJ, Brands M, et al. Dietary sugars intake and
cardiovascular health: A scientific statement from the American
Heart Association. Circulation 2009; 120: 1011-20.

Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ.
Overweight, obesity, and mortality from cancer in a prospectively
studied cohort of U.S. adults. N Engl J Med 2003; 348: 1625-38.
World Cancer Research Fund/American Institute for Cancer
Research. Chapter 2. The case for action. In: Policy and Action for
Cancer Prevention. Food, Nutrition and Physical Activity: A
Global Perspective. Washington, DC: World Cancer Research
Fund International; 2009; pp. 12-28.

Larsson SC, Bergkvist L, Wolk A. Consumption of sugar and
sugar-sweetened foods and the risk of pancreatic cancer in a
prospective study. Am J Clin Nutr 2006; 84: 1171-6.

Vossenaar M, Mayorga E, Soto-Me'ndez MJ, et al. The positive
deviance approach can be used to create culturally appropriate
eating guides compatible with reduced cancer risk. J Nutr 2009;
139: 755-62.

Lingstrom P, van Houte J, Kashket S. Food starches and dental
caries. Crit Rev Oral Biol Med 2000; 11: 366-80.

Kinghorn AD, Kaneda N, Baek NI, Kennelly EJ, Soejarto DD.
Noncariogenic intense natural sweeteners. Med Res Rev 1998; 18:
347-60.

Vind I, Riis L, Jespersgaard C, Jess T, Knudsen E. Genetic and
environmental factors as predictors of disease severity and extent at
time of diagnosis in an inception cohort of inflammatory bowel
disease, Copenhagen County and City 2003-2005. J Crohn’s
Colitis 2008; 2: 162-9.

Lee G, Buchman AL. DNA-driven nutritional therapy of
inflammatory bowel disease. Nutrition 2009; 25: 885-91.

Amre DK, D’Souza S, Morgan K, ef al. Imbalances in dietary
consumption of fatty acids, vegetables, and fruits are associated
with risk for Crohn’s desease in children. Am J Gastroenterol 2007,
102:2016-25.

Mayberry JF, Rhodes J, Newcombe RG. Increased
consumption in Crohn's disease. Digestion 1980; 20: 323-6.
Geerling BJ, Stockbriigger RW, Brummer RJ. Nutrition and
inflammatory bowel disease: An update. Scand J Gastroenterol
Suppl 1999; 230: 95-105.

Thornton JR, Emmett PM, Heaton KW. Smoking, sugar, and
inflammatory bowel disease. Br Med J (Clin Res Ed) 1985; 290:
1786-7.

Husain A, Korzenik JR. Nutritional issues and therapy in
inflammatory bowel disease. Semin Gastrointest Dis 1998; 9: 21-
30.

Panza E, Franceschi S, La Vecchia C. Dietary factors in the
aetiology of inflammatory bowel disease. Ital J Gastroenterol 1987;
19:205-9.

Savita SM, Sheela K, Sunanda S, Shankar AG, Ramakrishna P.
Stevia Rebaudiana- A functional component for food industry. J
Hum Ecol 2004; 15: 261-4.

Cardello HM, Silva MA, Damasio MH. Measurement of the
relative  sweetness of Stevia extract, aspartame and
cyclamate/saccharin blend as compared to sucrose at different
concentrations. Plant Foods Human Nutr 1999; 54: 119-30.

Prakash I, DuBois GE, Clos JF, Wilkens KL, Fosdick LE.
Development of rebiana, a natural, non-caloric sweetener. Food
Chem Toxicol 2008; 46 Suppl 7: S75-82.

Boeckh-Haebisch EMA. Pharmacological trial of a concentrated
crude extract of Stevia rebaudiana (Bert) Bertoni in healthy
volunteers. Arq Biol Tecnol 1992; 35: 299-314.

Chen T, Chen S, Chan P, Chu Y, Yang H, Cheng J. Mechanism of
the hypoglycemic effect of stevioside, a glycoside of Stevia
rebaudiana. Pharmacol Planta Med 2005; 71: 108-13.

Yang PS, Lee JJ, Tsao CW, Wu HT, Cheng JT. Stimulatory effect
of stevioside on peripheral mu opioid receptors in animals.
Neurosci Lett 2009; 454: 72-5.

Abudula R, Jeppesen PB, Rolfsen SE, Xiao J, Hermansen K.
Rebaudioside A potently stimulates insulin secretion from isolated
mouse islets: studies on the dose-, glucose-, and calcium-
dependency. Metabolism 2004; 53: 1378-81.

Xiao J, Hermansen K. The mechanism underlying the insulintropic
effect of stevioside- activation of acetyl-CoA carboxylase
(abstract). Diabetes 2005; 54: A131.

Chen J, Jeppesen PB, Nordentoft I, Hermansen K. Steviodose
counteracts the glyburide-induces desensitization of the pancreatic

sugar

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]
[116]
[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

Thomas and Glade

beta-cell function in mice: Studies in vitro. Metabolism 2006; 55:
1674-80.

Jeppesen PB, Gregersen S, Rolfsen SE, et al. Antihyperglycemic
and blood pressure-reducing effects of stevioside in the diabetic
Goto-Kakizaki rat. Metabolism 2003; 52: 372-8.

Gregersen S, Jeppesen PB, Holst JJ, Hermansen K.
Antihyperglycemic effects of stevioside in type 2 diabetic subjects.
Metabolism 2004; 53: 73-6.

Lee CN, Wong KL, Liu JC, Chen YJ, Cheng JT, Chan P. Inhibitory
effect of stevioside on calcium influx to produce antihypertension.
Planta Med 2001; 67: 796-9.

Wong KL, Chan P, Yang HY, et al. Isosteviol acts on potassium
channels to relax isolated aortic strips of Wistar rat. Life Sci 2004;
74:2379-87.

Liu JC, Kao PK, Chan P, et al. Mechanism of the antihypertensive
effect of stevioside in anesthetized dogs. Pharmacology 2003; 67:
14-20.

Chan P, Tomlinson B, Chen Y, Liu J, Hsiech M, Cheng J. A double-
blind placebo-controlled study of the effectiveness and tolerability
of oral stevioside in human hypertension. Br J Clin Pharmacol
2000; 50: 215-20.

Hsieh MH, Chan P, Sue YM, et al. Efficacy and tolerability of oral
stevioside in patients with mild essential hypertension: A two-year,
randomized, placebo-controlled study. Clin Ther 2003; 25: 2797-
808.

Das S, Das AK, Murphy RA, Punwani IC, Nasution MP, Kinghorn
AD. Evaluation of the cariogenic potential of the intense natural
sweeteners stevioside and rebaudioside A. Caries Res 1992; 26:
363-6.

Grenby TH. Update on low-calorie sweeteners to benefit dental
health. Int Dent J 1991; 41: 217-24.

Grenby TH. Dental aspects of the use of sweeteners. Pure Appl
Chem 1997; 69: 709-14.

Phillips KC. In: Developments in Sweeteners (T.H. Grenby, ed.) p
1-43. Elsevier Applied Science, London, 1987.

XiY, Yamaguchi T, Sato M, Takeuchi M. Antioxidant mechanism
of Stevia rebaudiana extract and antioxidant activity of inorganic
salts. Japan Soc Food Sci Technol 1998; 45: 317-22.

Xi Y, Yamaguchi T, Sato M, Takeuchi M. Antioxidant activity of
Stevia rebaudiana. Japan Soc Food Sci Technol 1998; 45: 310-6.
Masuda T, Yamashita D, Maekawa T, et al. Identification of
antioxidative compounds from Stevia (Stevia rebaudiana). J Japan
Soc Food Sci Technol 2006; 53: 597-602.

Ghanta S, Banerjee A, Poddar A, Chattopadhyay S. Oxidative
DNA damage preventive activity and antioxidant potential of
Stevia rebaudiani (Bertoni), a natural sweetener. J Agric Food
Chem 2007; 55: 10962-7.

Shukla S, Mehta A, Bajpai VK, Shukla S. In vitro antioxidant
activity and total phenolic content of ethanolic leaf extract of Stevia
rebaudiana Bert. Food Chem Toxicol 2009; 47: 2338-43.

Tomita T, Sato N, Arai T, et al. Bactericidal activity of a fermented
hot-water extract from Stevia rebaudiana Bertoni towards
enterohemorrhagic Escherichia coli O157:H7 and other food-borne
pathogenic bacteria. Microbiol Immunol 1997; 41: 1005-9.

Ghosh, S, Subudhi E, Nayak S. Antimicrobial assay of Stevia
rebaudiana Bertoni leaf extracts against 10 pathogens. Intern J
Integrat Biol 2008; 2: 27-31.

Takahashi K, Matsuda M, Ohashi K, et al. Analysis of anti-
rotavirus activity of extract from Stevia rebaudiana. Antiviral Res
2001; 49 :15-24.

Akihisa T, Hamasaki Y, Tokuda H, Ukiya M, Kimura Y, Nishino
H. Microbial transformation of isosteviol and inhibitory effects on
Epstein-Barr virus activation of the transformation products. J Nat
Prod 2004; 67: 407-10.

Takasaki M, Konoshima T, Kozuka M, Tokunda H, Takayasu J.
Cancer preventive agents. Part 8: Chemopreventive effects of
stevioside and related compounds. Bioorg Medicin Chem 2009; 17:
600-5.

Konoshima T, Takasaki M. Cancer-chemopreventative effects of
natural sweeteners and related compounds. Pure Appl Chem 2002;
74:1309-16.

Yasukawa K, Kitanaka S, Seo S. Inhibitory effect of stevioside on
tumor promotion by 12-O-tetradecanoylphorbol-13-acetate in two-
stage carcinogenesis in mouse skin. Biol Pharm Bull 2002; 25:
1488-90.



Stevia: It’s Not Just About Calories

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

Mizushina Y, Akihisa T, Ukiya M, et al. Structural analysis of
isosteviol and related compounds as DNA polymerase and DNA
topoisomerase inhibitors. Life Sci 2005; 77: 2127-40.

Sehar I, Kaul A, Bani S, Pal HC, Saxena AK. Immune up
regulatory response of a non-caloric natural sweetener, stevioside.
Chemico-Biolog Interact 2008; 173: 115-21.

Shiozaki K, Fujii A, Nakano T, Yamaguchi T, Sato M. Inhibitory
effects of hot water extract of the Stevia stem on the contractile
response of the smooth muscle of the guinea pig ileum. Biosco
Biotechnol Biochem 2006; 70: 489-94.

Pariwat P, Homvisasevongsa S, Muanprasat C, Chatsudthipong V.
A natural plant-derived dihydroisosteviol prevents cholera toxin-
induced intestinal fluid secretion. JPET 2008; 324: 798-805.

Geuns JMC, Buyse J, Vankeirsbilck A, Temme L. The safety of
stevioside used as a sweetener. J Food Agric Environ 2004; 2: 290-
1.

Brusick, DJ. A critical review of the genetic toxicity of steviol and
steviol glycosides. Food Chem Toxicol 2008; 46 Suppl 7: S83-91.
Matsui M, Matsui K, Kawasaki Y, er al. Evaluation of the
genotoxicity of stevioside and steviol using six in vitro and one in
vivo mutagenicity assays. Mutagenesis 1996; 11: 573-9.

Procinska E, Bridges BA, Hanson JR. Interpretation of results with
the 8-azaguanine resistance system in Salmonella typhimurium: No
evidence for direct acting mutagenesis by 15-oxosteviol, a possible
metabolite of steviol. Mutagenesis 1991; 6: 165-7.

Hagiwara A, Fukushima S, Kitaori M, Shibata M, Ito N. Effects of
three sweeteners on rat urinary bladder carcinogenesis initiated by
N-butyl-N-(4-hydroxybutyl)-nitrosamine. Gann 1984; 75: 763-8.
Xili L, Chengjiany B, Eryi X, et al. Chronic oral toxicity and
carcinogenicity study of stevioside in rats. Food Chem Toxicol
1992; 30: 957-65.

Toyoda K, Matsui H, Shoda T, Uneyama C, Takada K, Takahashi
M. Assessment of the carcinogenicity of stevioside in F344 rats.
Food Chem Toxicol 1997; 35: 597-603.

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

The Open Obesity Journal, 2010, Volume 2 109

Williams LD, Burdock GA. Genotoxicity studies on a high-purity
rebaudioside A preparation. Food Chem Toxicol 2009; 47: 1831-
1836.

Curry LL, Roberts A. Subchronic toxicity of rebaudioside A. Food
Chem Toxicol 2008; 46(Suppl 7): S11-20.

Nikiforov AI, Eapen KE. A 90-day oral (dietary) toxicity study of
rebaudioside A in Sprague-Dawley Rats. Intern J Toxicol 2008; 27:
65-80.

Shiotsu, S. Fertility study of stevia decoction in rats. Tech J Food
Chem 1996; 4: 108-13.

Oliveira-Filho RM, Uehara OA, Minetti CA, Valle LB. Chronic
administration of aqueous extract of Stevia rebaudiana (Bert.)
Bertoni in rats: Endocrine effects. Gen Pharmacol 1989; 20: 187-
91.

Geuns JMC, Bruggeman V, Buyse JG. Effect of stevioside and
steviol on the developing broiler embryos. J Agric Food Chem
2003; 51: 5162-7.

Usami M, Sakemi K, Kawashima K, Tsuda M, Ohno Y.
Teratogenicity study of stevioside in rats. Eisei Shikenjo Hokoku
1995; 113: 31-5.

Carakostas MC, Curry LL, Boileau AC, Brusick DJ. Overview:
The history, technical function and safety of rebaudioside A, a
naturally occurring steviol glycoside, for use in food and
beverages. Food Chem Toxicol 2008; 46 Suppl 7: S1-10.

Curry LL, Roberts A, Brown N. Rebaudioside A: Two-generation
reproductive toxicity study in rats. Food Chem Toxicol 2008; 46
Suppl 7: S21-30.

Yodyingyuad V, Bunyawong S. Effect of stevioside on growth and
reproduction. Hum Reprod 1991; 6: 158-65.

Wheeler A, Boileau AC, Winkler PC, et al. Pharmacokinetics of
rebaudioside A and stevioside after single oral doses in healthy
men. Food Chem Toxicol 2008; 46 Suppl 7: S54-60.

Koyama E, Sakai N, Ohori Y, Kitazawa J, Izawa O. Absorption
and metabolism of glycosidic sweeteners of stevia mixture and
their aglycone, steviol, in rats and humans. Food Chem Toxicol
2003; 41: 875-83.

Received: July 28, 2009

© Thomas and Glade; Licensee Bentham Open.

Revised: February 24, 2010

Accepted: May 19,2010

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http: //creativecommons.org/licenses/by-
nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.



