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Abstract

Stevia rebaudiana Bertoni water extracts have been used as a natural sweetener and cus-
tomary medicine by the indigenous inhabitants of South America for several hundred years.
This plant was sent to Europe in the 16th century and was described by Peter Jacob Esteve
in Spain. Recently the food industry has started to employ S. rebaudiana as sweetener
using its glycosides after purification. Advertisement claims that Stevia glycosides is good
for controling body mass and reducing glycemia. This study’s objective was to evaluate the
effect of S. rebaudiana leaf extract on Wistar rats as animal model to prove its effectiveness
on body mass control, glycemia reduction, and other biochemical parameters. Three groups
were randomly formed with 24 males and 24 females: A blank group without any sweetener,
a control group drinking water with 10% glucose, and the test group ingesting a 0.94% water
extract of S. rebaudiana. Body mass measurements as well as food and drink consumption
were daily performed. The experiment lasted 120 days after the specimens were weaned
and got used to eating solid food. Euthanasia was done and blood serum was collected to
evaluate the following biochemical parameters: Glucose, triglycerides, cholesterol, insulin,
glucagon, leptin, ghrelin, and glucose-dependent insulinotropic peptide, GIP. Results indi-
cated that only female rats had statistical differences in body mass gain. No relevant effects
either positive or negative were found in the biochemical parameters measured. The crude
extracts of S. rebaudiana did not show any relevant changes in biochemical and hormonal
profiles, changes nor body mass with respect to the blank and control groups of young and
healthy rats in the age range of infancy to youth. According to the results obtained, the thera-
peutic properties that have been associated to S. rebaudiana consumption especially for
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body mass control and glycemia reduction, did not occur in young and healthy male and
female rats in equivalent age to infants, young children, and youths.

Introduction

S. rebaudiana is native of northeastern Paraguay in South America. Its name in the guarani
language is ka’a he’€ from ka’a (herb) and he’@ (sweet) [1]. Some samples were analyzed by
Peter Jacob Esteve in the 16th century and recorded in his book Hippocrates Coi Medicorum
omnium principis epidemion liber secundus a Petro Iacobo Steve medico latinitate donatus et
fusissimis commentariis illustratus, adjecta et singulis sententiis Graeca veritate, quo facilius dili-
gens lector quanta sit servata fides intelligere possit, written in Valencia in 1551 [2]. Mosé Gia-
como Bertoni, a Swiss botanist, also described it in 1887, and in 1900 the Paraguayan chemist
Ovidio Rebaudi isolated its sweet compounds. With the combination of the names of these
three scientists, the scientific name of this plant was created. Starting with Stevia in honor of
Petro Tacobo Stevi, then rebaudiana in honor of Ovidio Rebaudi and finally Bertoni in honor
of Mosé Giacomo Bertoni [3].

S. rebauiana has been used by Pdi Tavyterd indigenous people in Paraguay for centuries. Its
extract has been used as a natural sweetener and customary medicine by the indigenous inhab-
itants of South America for several hundred years [4,5]. The traditional method of use by the
Paraguayan Guarani Indians was to dry the leaves and to use them to sweeten tea and medi-
cines or to chew the leaves as a “sweet treat”. Stevia has also been used to enhance the taste of
the Argentinian typical beverage “mate”, a bitter infusion [6].

Stevia has been proposed as a substitute of sugar from Saccharum officinarum [7]. It has
acquired relevance at economic level although there is some controversy about its use [8]. Its
cultivation has been extended through several countries such as Brazil, China, India, Japan,
Korea, Mexico, Singapore, Taiwan, Thailand, among others [8,9].

Sweet taste is due to the high level of secondary metabolites such as diterpene glycosides
present in leaves. Steviol is the aglycone of steviol glycosides. The remaining glycosides are its
derivatives depending upon the substituents [8]. Although S. rebaudiana leaves contain more
than 20 steviol glycosides, about 90% of its total content was stevioside and rebaudioside A,
present in concentrations of 5.8+1.3 (w/w) and 1.8+1.2% (w/w) of the stevia leaves, respec-
tively [10]. Sweetness depends upon the glycoside, for example stevioside is 100 to 270 times
sweeter than sucrose whereas rebaudioside A is 150 to 320 times sweeter than sucrose [10].

Steviol glycosides are extracted from dry leaves of S. rebaudiana using either hot or cold
water and concentrated using exchange resins [11]. Concentration of glycosides is done by
exchange resins. These resins are washed with either methanol or ethanol and the resulting
glycosides are recrystallized from the alcoholic solution. Purification of the glycosides is made
with ionic exchange resins with a last step of spray drying. Some commercial products have
around 99% of rebaudioside A. Although some companies use mixtures of steviosides, the
products have at least 95% of any of the steviosides [12].

Steviol glycosides were approved by the Joint FAO/WHO Expert Committee on Food
Additives [13] with an acceptable daily intake (ADI) of 4 mg steviol glycosides /kg body mass.
The European Union accepted these compounds in December 2011 with an identical ADI
value. The U. S. Food and Drug Administration (FDA) likewise established an ADI of 4mg/kg
body mass for steviols with a purity of 95% [12,14-16].

Among the therapeutic uses attributed to Stevia rebaudiana are the antihyperglycemic
potential [17,18] and the hipotensor effect attributed to its extracts and infusions [19,20].
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Other authors have reported diuretic effects [3,21] and anticancerous effects to Stevia rebaudi-
ana extracts [22] in rats induced with Ehrlich-Lettre ascites carcinoma (EAC), also known as
Ehrlich cell. Antidiarrhea properties have also been reported [23]. However, the mechanisms
of these effects are still not fully comprehended.

Furthermore, according to FDA, the use of stevia leaf and crude stevia extracts is not con-
sidered GRAS (in full) and their import into the United States is not permitted for use as
sweeteners since these substances have not been approved as food additives [24]. Some litera-
ture reports indicate alterations in glucose levels in blood and effects in the reproductive, car-
diovascular, and renal systems [3,17,20,25-30]. In 2019, the FDA [24] established that highly
pure steviol glycosides derived from S. rebaudiana leaves, with a purity of at least 95% glyco-
sides, have been recognized as safe for specific conditions of use. These safety assessments are
documented in the Generally Recognized as Safe (GRAS) notice inventory. The Acceptable
Daily Intake (ADI), determined by the Joint FAO/WHO Expert Committee on Food Additives
(JECFA), is set at 4 milligrams per kilogram of body mass per day (mg/ kg body mass per day).
However, it is noteworthy that the petitions submitted to the FDA did not provide sufficient
data and necessary information to conclusively establish the safe use of stevia leaf, or its crude
extract as ingredients in food products. This underscores the importance of comprehensive
safety data in the regulatory assessment of food additives.

The research group in the 2020 study [11], the equisweetness between S. rebaudiana and
sucrose was tested. Furthermore, in the 2021 study [31] that non-nutritive sweeteners, when
consumed alongside a balanced diet, do not cause significant increases in body mass. However,
in the 2022 research [32], the group found that saccharin and nutritive sweeteners caused alter-
ations in some glycolytic and lipogenic enzymes. Given these possible positive properties of S.
rebaudiana sweet compounds and the possible negative effects of the other components pres-
ent in its dry leaves (secondary glycosides, flavonoids, phenolic compounds and essential oils),
the objective of this study was to investigate the effects of daily consumption of S. rebaudiana
infusions on various factors. These weres body mass gain and blood serum levels of glucose,
triglycerides, cholesterol, insulin, glucagon, leptin, ghrelin, and glucose-dependent insulino-
tropic peptide (GIP). This research involved Wistar male and female rats over a 120-day
period, starting after the rats had transitioned to solid food. The effects of consuming stevia
infusions were compared against the effects of consuming drinks with glucose or without any
sweetener.

Materials and methods
Water-stevia infusion preparation

The standardized method of preparation of stevia infusion is briefly described: Dried leaves of
S. rebaudiana (grown, harvested, and dried in the state of Veracruz, Mexico) were ground to a
particle size of <177 um. Daily, powder was added to boiling drinking water (92+2°C, for
Mexico City atmospheric pressure boiling temperature), maintaining this temperature for 5
minutes (S. rebaudiana 0.94% m/v). The infusion was left to cool and settling of the powder
reaching ambient temperature (20+5°C). Supernatant was measured to provide 250 mL to
each clean glass bottle [33]. The diagram is shown in Fig 1 [34].

Animal model

Wistar male (n = 24) and female (n = 24) rats weaned to consume solid food, were used for
this study. Their body mass was between 35 to 45 g and the study was conducted for 120 days.
Ad libitum solid diet was provided by Envigo™ company (Indianapolis, IN, United States) [35].
The food “pellets”, 100 g, were deposited in the external metal grid container. Leftovers were
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measured to calculate the amount of food ingested daily. If some spill was found it was also
considered. They were randomly distributed in three groups (n = 8 per group and sex). One
group drank an infusion of dry leaves of S. rebaudiana (STE). The second group drank water
sweetened with glucose (GLU) as control. A third blank group (BLK) drank plain water. The
specimens were individually located in sterilizable polysulfonate cages, in a room with con-
trolled relative humidity (between 65-70%), ventilation, and temperature (22+1°C) maintain-
ing 12 hours light and 12 hours dark conditions. Cages dimensions were 42.5 x 26.6 x 20 cm
during the 120 days of experimentation. The rats daily had a period of game outside of the
cages during weighing, when the cages were cleaned, and the food and drink measured and
the containers changed by clean ones. Each specimen was marked in the ear for identification.
The principles established in the Guide for the Care and Use of Laboratory Animals [36], that
are similar to the Mexican legislation [37], were followed. The protocol was authorized by the
Institutional Committee for the Care and Use of Laboratory Animals (Comité Institucional
para el Cuidado y Uso de los Animales de Laboratorio, CICUAL, in Spanish) of the Faculty or
College of Chemistry (Facultad de Quimica, FQ, in Spanish) of the National Autonomous Uni-
versity of Mexico (Universidad Nacional Auténoma de México, UNAM, in Spanish), Mexico.
Drinks daily given had the following concentrations: Dry leaves of Stevia rebaudiana, 0.94%,
prepared according to a standardized method [34]; glucose (Sigma-Aldrich, Mexico City,
Mexico) used as control, 10%; and plain drinking water without any sweetener as blank. These
sweeteners concentrations were determined as the equivalent of a sucrose solution of 10%
taken as a reference (for the soft drinks that contain sucrose by a panel of 20 untrained judges,
between 20 and 23 years old) [11]. Drinks were given without any restriction of time or quan-
tity (ad libitum). Every 24 hours the amount consumed was quantified. The glass bottles and
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“straws” were changed by clean ones with new drink. The washed bottles and straws were ster-
ilized to avoid any contamination once a week. As already mentioned, in a daily basis, the
model animals were weighed at the same time of the day and in the same order in an electronic
precision balance (SPE601, OHAUS™ de Mexico SA de CV, Mexico City, Mexico). Cages were
carefully monitored for any evidence of spillage, and crumbs were considered for the control
of food intake. The water intake was also determined subtracting the remaining amount of the
daily supplied amount (250 mL). During this time of the day the rats were left to play together.
Theoretically calculated energy intake was obtained adding energy equivalent per gram of feed
daily ingested per rat. For the two groups that consumed the stevia infusion, the energy equiva-
lent was considered negligible, taking only the amount per gram of feed. The same occurred
for the blank groups, only solid food consumption was considered. The energy contribution of
Teklad Global 2018S diet was 13 kJ/g [35]. For the two groups that ingested glucose the calcu-
lation was carried out adding the energy provided by feed as well as by the drinks. The energy
contribution of glucose was 1.67 kJ/mL [38]. The cumulative food intake, water intake, and
calculated energy intake taken daily were uploaded to an excel sheet. Cumulative body mass
gain was calculated by the subtraction of the basal body mass from the mass obtained every
day.

Euthanasia

At the end of 120 days period was over, after a 12 h fasting time, euthanasia was carried out.
Each rat was placed individually in a chamber with air rich in CO, (70% minimum). Once
asleep they were decapitated with a guillotine for rodents. All experimental procedures were
conducted in accordance with guidelines of the National Research Council for the Care and
Use of Laboratory Animals [36], and the respective Mexican legislation: Official Mexican Stan-
dard [37]. Internal organs were collected for future research. Blood samples were also collected
in specific tubes with a separator gel (SST 368159, BD Vacutainer, Becton and Dickinson, Bur-
lington, NC, United States) with the aid of individual polypropylene funnels. The tubes were
left to stand for 30 minutes to allow clotting, and then the tubes were centrifuged at 2100 g
force (3000 rpm) for 15 minutes at 25°C. The serum collected was stored in 2 mL Eppendorf
tubes (Hamburg, Germany), and immediately frozen at -70°C for later analysis. Insulin, gluca-
gon, leptin, ghrelin, and glucose dependent insulinotropic peptide, GIP, were calculated by
interpolation on the corresponding standard curves simultaneously determined by fluoroim-
munoassays quantifying the mean fluorescence emitted by Luminex XMAP technology
(MAGPIX®, LUMINEX). These fluoroimmunoassays are commercially available as kits pro-
vided by Millipore™ (Merck-Millipore Corporation, Billerica, MA, United States). For this pur-
pose, it was used the Milliplex MAP Kit Rat Metabolic Magnetic Bead Panel Cat. #
RMHMAG-84K. Serum glucose, triglyceride, and total cholesterol levels were determined
using the automatic analyzer Cobas C111 of Roche™ brand (Roche, Rotkreuz, Switzerland). All
analyses were performed in triplicate.

Statistical analysis

Statistical analysis was done using the software StatGraphics Centurion XVI (StatPoint Tech-
nologie, Inc, Warrengton, VA, United States), and graphs were produced by using the software
GrandPad Prism 6 (GraphPad Software Inc., La Jolla, CA, United States). The experimental
design was multifactorial involving two categorical factors: a) sweetener factor and b) sex fac-
tor. The experimental data were evaluated by analysis of variance (ANOVA) of one way or two
ways. The Duncan test was used as a "post hoc" test to identify the differences between groups.
The normality and homoscedasticity of data sets were verified with the Shapiro-Wilk test and
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the Levene test, respectively. In those cases, in which there was no homoscedasticity the Welch
test was performed and as a multiple comparison the Games-Howell multiple range test was
carried out. Reported values are means and confidence intervals (CI). The p<0.05 was taken as
significant for all analyses.

Results and discussion
Cumulative body mass gain

Among male Wistar rats no significant differences (p = 0.218) in cumulative data of body mass
gain were found after 120 days of experimentation (Fig 2A and 2C).

For female rats there were significant intergroup differences (p = 0.0058) for cumulative
body mass gain, both for those that drank the stevia infusion (158-171 g) and those that drank
water sweetened with glucose (157-170 g) compared with the blank group (178-192 g) (Fig 2B
and 2D). Naturally, there were significant differences between male and female rats
(p<0.0001), presenting the male rats a higher body mass gain (339-358 versus 161-181 g for
the female rats. This is a normal pattern for Wistar rats [39].
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Fig 2. A. Male Wistar rats final cumulative body mass gain 120 days after weaning consuming a water infusion of S.
rebaudiana dried leaves, drinking water with glucose (control), and plain water (blank). Each line represents the trend in
the evaluated period where each point comprises the average body mass gain of the group and its CI at 95%, n = 8. B.
Female Wistar rats final camulative body mass gain 120 days after weaning consuming a water infusion of S. rebaudiana
dried leaves, drinking water with glucose (control), and plain water (blank). Each line represents the trend in the
evaluated period where each point comprises the average body mass gain of the group and its CI at 95%, n = 8. C. Male
Wistar rats statistical analyses of final cumulative body mass gain data 120 days after weaning consuming a water infusion
of S. rebaudiana dried leaves, drinking water with glucose (control), and plain water (blank). The following letters
indicate significant differences p<0.05: a, b, ¢, d. Duncan test. D. Female Wistar rats statistical analyses of final cumulative
body mass gain data 120 days after weaning consuming a water infusion of S. rebaudiana dried leaves, drinking water
with glucose (control), and plain water (blank). The following letters indicate significant differences p<0.05: a, b, ¢, d.
Duncan test.

https://doi.org/10.1371/journal.pone.0298251.9002
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Fig 3. A. Male Wistar rats daily food intake during 120 days after weaning consuming stevia infusion, drinking water
sweetened with glucose (control), and plain water (blank). Each line represents the trend in the evaluated period where
each point comprises the average food intake of each group and its CI at 95%, n = 8. B. Female Wistar rats daily food
intake during 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control), and
plain water (blank). Each line represents the trend in the evaluated period where each point comprises the average food
intake of each group and its CI at 95%, n = 8. C. Male Wistar rats statistical analyses of final cumulative food intake data
120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control), and plain water
(blank). The following letters indicate significant differences p<0.05: a, b, ¢, d. Duncan test. D. Female Wistar rats
statistical analyses of final cumulative food intake data 120 days after weaning consuming stevia infusion, drinking
water sweetened with glucose (control), and plain water (blank). The following letters indicate significant differences
p<0.05: a, b, ¢, d. Duncan test.

https://doi.org/10.1371/journal.pone.0298251.g003

Consumed food

Fig 3A shows average food daily consumed for male Wistar rats. Fig 3B data are for female
Wistar rats. The same tendency can be observed in both cases: The two groups drinking water
sweetened with glucose ate less food than the groups drinking plain water (blank) and the ste-
via infusion. In both cases (Fig 3C and 3D) there were significant differences, p<0.0001, con-
cerning the total amount of consumed food. Additionally, significant differences, p<0.0001,
existed between male and female rats’ cumulative food consumption, 2000-2190 g/male rat y
1330-1560 g/female rat, respectively.

Drink ingested

Male and female Wistar rats (Fig 4A and 4B) drank significantly higher amount of water
sweetened with glucose with respect to the blank and stevia infusion groups (Fig 4C). For
female Wistar rats (Fig 4D) the three groups were significantly different (p<0.0001). Sex was a
significant factor in the amount of drink ingested. In the female rats (Fig 4D), the rats drank
significantly more stevia infusion than drinking water. In contrast, in male rats (Fig 4C) there
was no significant difference in the amount of drink ingested between the drinking water and
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Fig 4. A. Male Wistar rats daily water intake during 120 days after weaning consuming stevia infusion, drinking water
sweetened with glucose (control), and plain water (blank). Each line represents the trend in the evaluated period where
each point comprises the average water intake of each group and its CI at 95%, n = 8. B. Female Wistar rats daily water
intake during 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control), and
plain water (blank). Each line represents the trend in the evaluated period where each point comprises the average water
intake of each group and its CI at 95%, n = 8. C. Male Wistar rats statistical analyses of final cumulative water intake data
120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control), and plain water
(blank). The following letters indicate significant differences p<0.05: a, b, ¢, d. Duncan test. D. Female Wistar rats
statistical analyses of final cumulative water intake data 120 days after weaning consuming stevia infusion, drinking water
sweetened with glucose (control), and plain water (blank). The following letters indicate significant differences p<0.05: a,
b, ¢, d. Duncan test.

https://doi.org/10.1371/journal.pone.0298251.g004

stevia infusion groups. The above indicates that female rats have a greater predilection for ste-
via infusions than males.

Theoretically calculated ingested energy

Male Wistar rats (Fig 5A and 5B) theoretically ingested higher amounts of calories, particularly
the group that consumed water sweetened with glucose with respect to their blank and stevia
infusion groups. Also, due to the higher ingestion of food and their body mass increase, the
male groups theoretically ingested more cumulative energy than their females counterparts,
p<0.0001: 31,900-33,800 kJ/male rat and 22,700-24,400 kJ/female rat, respectively.

Biochemical serum measurements

Blood serum concentrations of glucose, triglycerides, cholesterol, and the hormonal parame-
ters (insulin, glucagon, leptin, ghrelin, and glucose dependent insulinotropic peptide, GIP)
were determined at the end of the 120 days of experimentation after weaning and witha 12 h
fasting.
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Fig 5. A. Male Wistar rats statistical analyses of theoretically calculated energy cumulative intake data 120 days after
weaning consuming stevia infusion, drinking water sweetened with glucose (control), and plain water (blank). Its CI is at
95%. The following letters indicate significant differences p<0.05: a, b, ¢, d. Duncan test. B. Female Wistar rats statistical
analyses of theoretically calculated energy cumulative intake data 120 days after weaning consuming stevia infusion,
drinking water sweetened with glucose (control), and plain water (blank). Its CI is at 95%. The following letters indicate
significant differences p<0.05: a, b, ¢, d. Duncan test.

https://doi.org/10.1371/journal.pone.0298251.9g005

Glucose, triglycerides, and cholesterol

No significant differences were found, neither among the three groups of the same sex nor
among those of different sex (Fig 6A and 6B) for glucose in blood serum, p = 0.2547 and
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Fig 6. A. Male Wistar rats statistical analyses of blood serum glucose data 120 days after weaning consuming stevia infusion, drinking water sweetened with
glucose (control), and plain water (blank). Its CI is at 95%. The following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8.
B. Female Wistar rats statistical analyses of blood serum glucose data 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose
(control), and plain water (blank). Its CI is at 95%. The following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8. C. Male
Wistar rats statistical analyses of serum triglycerides data 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control),
and plain water (blank). Its CI is at 95%. The following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8. D. Female Wistar
rats statistical analyses of serum triglycerides data 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control), and
plain water (blank). Its CI is at 95%. The following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8. E. Male Wistar rats
statistical analyses of serum cholesterol data 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control), and plain
water (blank). Its CI is at 95%. The following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8. F. Female Wistar rats
statistical analyses of serum cholesterol data 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control), and plain
water (blank). Its CI is at 95%. The following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8.

https://doi.org/10.1371/journal.pone.0298251.9006
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p = 0.6426, respectively. Additionally, no differences were found between male and female
specimens (p = 0.8474).

For triglycerides results were different. There were intergroup differences for both male
and female rats, p = 0.0003 (Fig 6C, male rats) and p = 0.0284 (Fig 6D female rats). The groups
for male and female rats that drank water sweetened with glucose had the highest levels of tri-
glycerides. These levels were above the acceptable values for this strain: 11.15 to 215.04 mg/dL
[40], were almost the double as the levels for the stevia and blank groups [40].

No existing differences in blood serum levels of cholesterol among male and female rats
were determined (p = 0.0591). Also, there were no intergroup differences in male Wistar rats
(Fig 6E) and female rats (Fig 6F) with respect to this biochemical parameter.

Insulin, glucagon, leptin, ghrelin, and glucose dependent insulinotropic
peptide, GIP

Male Wistar rats (Fig 7A) had no intergroup difference for insulin levels (p = 0.406), and their
levels were significantly higher than that of female Wistar rats, p<0.0001 (896-1070 pg/mL for
male rats versus 651-823 pg/mL for female rats). The female rats (Fig 7B) showed differences
in their insulin concentrations (p = 0.0349) among the three groups. Glucose control and ste-
via groups shared a non significant difference, whereas the stevia and blank groups also did
not show significant difference in the insulin contents in blood serum. These were significantly
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Fig 7. A. Male Wistar rats statistical analyses of serum insulin data 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose
(control), and plain water (blank). Its CI is at 95%. The following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8. B.
Female Wistar rats statistical analyses of serum insulin data 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control),
and plain water (blank). Its CI is at 95%. The following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8. C. Male Wistar
rats statistical analyses of serum glucagon data 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control), and plain
water (blank). Its CI is at 95%. The following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8. D. Female Wistar rats
statistical analyses of serum glucagon data 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control), and plain water
(blank). Its CI is at 95%. The following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8. E. Male Wistar rats statistical
analyses of serum leptin data 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control), and plain water (blank). Its
CI is at 95%. The following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8. F. Female Wistar rats statistical analyses of
serum leptin data 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control), and plain water (blank). Its CI is at 95%.
The following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8. G. Male Wistar rats statistical analyses of serum ghrelin
data 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control), and plain water (blank). Its CI is at 95%. The
following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8. H. Female Wistar rats statistical analyses of serum ghrelin data
120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control), and plain water (blank). Its CI is at 95%. The following
letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8. I. Male Wistar rats statistical analyses of serum glucose dependent
insulinotropic peptide, GIP, data 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control), and plain water (blank).
Its CI is at 95%. The following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8. J. Female Wistar rats statistical analyses of
serum glucose dependent insulinotropic peptide, GIP, data 120 days after weaning consuming stevia infusion, drinking water sweetened with glucose (control),
and plain water (blank). Its CI is at 95%. The following letters indicate significant differences p<0.05: a, b, ¢, d. Games-Howell Method n = 8.

https://doi.org/10.1371/journal.pone.0298251.g007
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higher than for female Wistar rats, p<0.0001, 896-1070 pg/mL for male rats versus 651-823
pg/mL for female rats.

The female specimens (Fig 7B) had differences in their insulin concentrations (p = 0.0349)
among the three groups. Glucose control and stevia groups shared a non significant difference,
whereas the stevia group specimens also shared with the blank group the insulin contents in
blood serum. These results pose interesting further research questions as it will be further dis-
cussed with fairly recent literature reviews [9].

Wolever and Miller [41] established that the intake of sucrose or glucose creates a postpran-
dial increase in blood glucose and insulin. Hence, the results obtained in this 120-day experi-
ment are interesting since steviol glycosides influenced postprandial blood glucose and insulin
concentrations [9].

For glucagon, no statistical differences were found neither between intergroups nor differ-
ent sex specimens (Fig 7C and 7D). Not many references address this parameter but, according
to the research carried out by Envigo researchers [40] these are normal values for the speci-
mens in study, and these data are in concordance with the following ones: Light period (80.1
+3.5 pg/mL) and the dark period (87.3£3.4 pg/mL), F = 14.91, P = 0.008 [42].

Circulating leptin concentrations for stevia animals group were higher in male Wistar rats
than in their female counterparts (Fig 7E and 7F have different scale in the ordinates),
p<0.0001. Besides, the interaction sex*sweetener was significant, p = 0.0359. These results are
clearly appreciated since female rats had significant differences among them, p = 0.0087, glu-
cose group with respect to the other two.

With respect to the hormone ghrelin, just like glucagon, no statistical differences were
found neither between intergroups nor sex specimens (Fig 7G and 7H).

The glucose dependent insulinotropic peptide, GIP, had a similar behavior as insulin. Male
Wistar rats (Fig 7I) had no significant differences among the three groups (p = 0.117). Female
Wistar rats (Fig 7]) did have intergroup significant differences, p<0.0001. GIP blood serum
levels were not significantly different between female rats (31.6-36.5 pg/mL) and male rats
(30.1-35.1 pg/mL).

Final discussion

Results in this research indicated that male Wistar rats that ingested Stevia rebaudiana dry
leaves infusion with a concentration of 0.94% together with the diet had no significant differ-
ences with the other groups in body mass (326-401 g/male rat). Neither a positive effect in the
reduction of body mass nor a negative one on the increase of body mass can be attributed to
the consumption of daily infusion of Stevia rebaudiana dry leaves. In past literature reviews,
the age of animal models was not stated, while the experimental period with humans is short
that, the only thing that it can be said is that when “babies-children-youth” rats of both sexes
are concerned, about 150 days old considering the weeks before weaning and the adaptation
period to solid food [43], S. rebaudiana dry leaves infusions did not alter biochemical parame-
ters in males. For female rats, the insulin, and the glucose dependent insulinotropic peptide,
GIP, have significantly different values when compared with the control and blank groups [9].
Among the studied groups there were statistically differences in the amount of food
ingested from the blank as it was shown in Fig 3A to 3D with glucose groups with the lowest
ingestion. Boakes et al. [44], de-Matos-Feijo et al. [45], Foletto et al. [46], and Polyak et al. [47]
reported that hypocaloric sweeteners did not alter the amount of food ingestion with respect
to blank groups drinking plain water. These results do not agree with those observed by Anton
et al. [48], with a very small group of humans during a three-day experiment. They concluded
that the consumption of a snack sweetened with Stevia rebaudiana, produced a lower food
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intake for lunch and dinner meals. According to these reviews, the food or drink matrix seem
to be relevant for studying the effects of S. rebaudiana. In future research this comparison
should be assessed.

Contrary to what was observed on consumed food, the amount of water intake was statisti-
cally higher for glucose sweetened drinking water (Fig 4A and 4B) due to the inherent cravings
for easy to digest energy sources in mammals. For male Wistar rats, there were no differences
concerning the amount of water intake in the Stevia rebaudiana group with respect to the blank
group. For the female Wistar rats the three groups were significantly different with Stevia group
showing higher intake than the blank group. According to Samuel et al. [9] the absorption,
metabolism, and excretion of steviol glycosides have been extensively reviewed by multiple sci-
entific authorities and experts, including the European Food Safety Authority [49], and recently
by Magnuson et al. [50]. Steviol glycosides are undigested in the upper gastrointestinal tract.
They are hydrolyzed or degraded only when they come into contact with microbiota in the
colon that cleave the glycosidic linkages, removing the sugar moieties, leaving behind the steviol
backbone that is absorbed systemically, glucuronidated in the liver, and excreted via urine in
humans and via feces in rats [50]. This indicates that gut microbial communities may be using
glucids present in the molecules of the steviol glycosides just as the glucose in control group.

With respect to energy received by the studied groups through food and drinks, especially
in the case of glucose control group, it is appreciated that the model animals adjust its con-
sumption accordingly. Instinct plays a very important role concerning energy input in the
organism. Two groups of researchers agree on this [51,52]. According to Swithers and David-
son [53] and Swithers [54], animals may use the sweet flavor of foods to predict the energy
contents of foods. Interestingly, Swithers et al. [55] complement this idea indicating that sweet
taste without any associated energy produces significant effects compared with sweet taste
associated with energy, and as time goes by these effects may contribute to a positive energy
balance and an increase in body mass. These concepts were supported by the research carried
out by Wang et al. [56], suggesting a possible physiological response to this phenomenon.
Wang et al. [56] indicated that a chronic consumption of an unbalanced sweet/calories diet,
increase the neural responses to food craving of neuropeptide Y. This might be the reason why
the sweet taste tongue buds associate its stimulation to an energy input, becoming then a need
to readjust the energy input to compensate this taste signals to the brain. Maybe as this com-
pensation is not carried out properly, a higher energy input occurs. Davidson et al. [57] con-
cluded that caloric sweeteners consumption reduces the effectivity of the learning associated
between sweet taste and energy liberation after food and/or drink ingestion. In this research a
normal diet that had no sweet taste was employed and the results obtained seem to be sup-
ported by Davidson et al. [57] hypothesis. Predictive interferences between energy and sweet
taste caused hypo-caloric sweeteners seem to be relevant only when a sweet diet is consumed
after ingesting sweeteners, and thus, more research is needed to corroborate this apparent
dependence of diet type and sweeteners effects.

About blood serum glucose, Suanarunsawat et al. [18] reported that neither crude extracts
of Stevia rebaudiana or the stevioside had an impact in seric levels of glucose for healthy rats.
Ferreira et al. [58] compared the effect of dry leaves of Stevia rebaudiana in both diabetic and
healthy rats, reaching the conclusion that the stevia glycosides had no effect on the blood glu-
cose reduction in normal conditions. Chen et al. [17] also reached similar conclusions as Sua-
narunsawat et al. [18] and Ferreira et al. [58], indicating that probably the physiological
mechanism might be that stevioside reduces the phosphoenol piruvate carboxilase activity.
Gregersen et al. [59] concluded that Stevia rebaudina reduced the levels of postprandial glu-
cose in subjects with diabetes type II. All these studies seem to indicate that the possible hypo-
glycemic effect of Stevia rebaudiana is observed when diabetes occurs.
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Concerning seric levels of triglycerides in male Wistar rats (Fig 6C) it was observed that the
control group ingesting glucose sweetened drink had statistically higher values (189-245 mg/
dL) than the blank group (62-117 mg/dL). To this respect, Samuel et al. [9] indicated that Jep-
pesen et al. [60] were the first researchers to show that both stevioside and steviol (1 nmol/L to
1 mmol/L) dose-dependently enhance insulin secretion from incubated mouse islets in the
presence of glucose (P<0.05). The insulinotropic effects of stevioside and steviol were critically
dependent on the glucose concentration and occurred at >8.3 mmol glucose/L (P < 0.05). To
determine if stevioside and steviol act directly on pancreatic B cells, the B cell line INS-1 was
used. Both stevioside and steviol potentiated insulin secretion from INS-1 cells (P < 0.05).

Park et al. [61] found that male mice from strain C57BL/6] fed with a fat-rich diet supple-
mented with Stevia rebaudiana extracts presented lower seric levels of triglycerides than those
mice that consumed the fat-rich diet without it. Ritu and Nandini [62] observed a reduction of
in seric levels of triglycerides in human patients with diabetes type II.

For the female Wistar rats, again, the control group drinking sweetened water with glucose
had the highest values of triglycerides in blood serum (167-235 mg/dL). The other two groups
had no statistical difference: Blank group (85-154 mg/dL) and the group drinking infusion of
Stevia rebaudiana dried leaves (78-151 mg/dL). Sharma et al. [63] concluded that extracts of
Stevia rebaudiana could reduce triglycerides in women that had hypertriglyceridemia. Thus,
maybe new experiments should consider the evolution of the model animals to the adulthood
and old age, especially the last one, when most of these types of metabolic diseases appear.

Cholesterol concentrations were not affected by the inclusion of the dry leaves of Stevia
rebaudiana infusion or by the glucose added to the control drink independently of the sex
(Fig 6E and 6F). These results agree with those of Ritu and Nandini [62], who observed that
Stevia rebaudiana did not alter the levels of total cholesterol of patients with diabetes type II.

Going to the analysis of the hormones studied, the three male Wistar rats groups showed
no differences in insulin concentrations in blood serum. Suanarunsawat et al. [18] found that
the administration of crude extract of Stevia rebaudiana and of its stevioside did not cause any
changes in insulin concentration levels for male Wistar rats. However, the same authors
reported that when they were inducing diabetes through streptozotocine there was an increase
in the seric levels of insulin after the 8 weeks of both crude extract of Stevia rebaudiana and ste-
vioside dosification.

In female Wistar rats there were statistical differences in the insulin seric levels between the
glucose control group and the blank one, being the highest ones. The group that drank the Ste-
via rebaudiana infusion was in the middle insulin values being neither different from the glu-
cose control group nor from the blank group. Jeppesen et al. [60] concluded that the stevioside
was able to stimulate in vitro insulin in  INS-1 cells. Continuing in this research, Jeppesen
et al. [64] observed a reduced insulin response in the placebo group (P<0.05), whereas the
insulin concentration was maintained in the stevioside group, suggesting that steviol glyco-
sides may have a positive effect on B cell function in subjects with type 2 diabetes.

Glucagon has opposite effects to insulin, since it is produced when the levels of glucose
diminish [65-67]. During fasting the levels of glucose decrease promoting the secretion of glu-
cagon. When rats have similar glucose concentrations at fasting it was to be expected that levels
of glucagon in blood serum were similar too, as it happened in this experiments (Fig 7C and
7D). Suanarunsawat et al. [18] reported that, after 8 weeks of administering crude extract of
Stevia rebaudiana the rats had no changes in the levels of glucagon. However, with the admin-
istered stevioside a slight but significant increase in the levels of glucagon was observed.
According to these results, this research (Fig 7C and 7D) and Suanarunsawat et al. [18], it may
be sugested that the effect on glucagon levels depends upon the administration of pure stevio-
side and not with the crude extract of dried leaves of Stevia rebaudiana.
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For leptin levels in blood serum, the three male Wistar rats groups (Fig 7E) showed higher
values with respect to the female rats but were not statistically different among them. Mulet
etal. [68] and Priego et al. [69] indicated that, contrary to what was observed in humans,
female rats have the lowest leptin levels. In this research they had average values around 1.75-
2.58 ng/mL for female rats versus 4.96-5.81 ng/mL for male rats. Figlewicz et al. [70] carried
out experiments with male rats during 10 weeks and administered stevia, agave, fructose, and
high fructose maize syrups water solutions to them. They found that there were no leptin levels
changes for stevia water solutions.

In the female Wistar rats in the control group drinking water sweetened with glucose, the
leptin levels were statistically higher with respect to the other two groups, stevia and blank
(Fig 7F). As the levels of circulating leptin directly reflect the amount of stored fat tissue [71],
and glucose being the metabolic precursor for lipogenesis, this slightly but significant increase
of the leptin levels indicated a higher accumulation of fatty tissue. Statistically, the blank and
stevia groups showed similar values of circulating leptin.

Concerning ghrelin, neither the male Wistar rat groups (Fig 7G) nor the female ones
(Fig 7H) had significant differences in ghrelin concentrations. Ghrelin turns back to its basal
levels from the fourth hour after food ingestion [72]. Considering that blood samples were
taken after a 12-hour fasting, it would be normal to find no significant differences in the ghre-
lin levels. This hormone is closely related to appetite and the changes in the ghrelin levels are
cyclic.

The GIP hormone (glucose dependent insulinotropic peptide) is related to the insulin liber-
ation, as well as to the lipids metabolism enhancing lipogenesis [73]. The female specimens in
average presented slightly higher levels of GIP, 31.6-36.5 versus 30.1-35.1 pg/mL in their male
counterparts. For male rats there were no intergroup significant differences (Fig 7I). For the
female specimens, glucose and Stevia rebaudiana groups presented lower levels of GIP than
the blank group (Fig 7]), due to the fact that the hormone GIP depends on glucose concentra-
tion [73] With respect to the Stevia rebaudiana groups, results agree upon the reported data of
Fujita et al. [74]. These researchers concluded that glucose but not artificial sweeteners (sac-
charin, acesulfame potassium, d-tryptophan, sucralose, or stevia) in vivo stimulate GIP. For
these experiments in both for male and female rats, changes observed in the levels of GIP
(Fig 71 and 7]) did not correspond to the changes in insulin levels (Fig 7A and 7B). The effects
of sweeteners on the gut microbiota have been studied in recent years [75,76].

However, their relationship with the hormones GIP and GLP-1 (glucagon-like peptide-1)
are still under study [73,77]. These findings may become a future subject for new experiments.

Conclusions

The consumption of dry leaves infusions of Stevia rebaudiana for 120 days had no significant
impact on body mass gain of male and female Wistar rats after weaning, showing similar
responses to the blank group drinking plain water and the control group drinking glucose
sweetened water. These results do not support the idea that Stevia rebaudiana consumption
might promote body mass reductions. In young and healthy rats its effect was the same as that
produced by plain drinking water or even water sweetened with glucose. Other therapeutic
effects such as the reduction of blood serum glucose results were similar to those of Chen et al.
[17], Ferreira et al. [58], and Suanarunsawat et al. [18]. It may be concluded that for young and
healthy rats, the consumption of crude extracts of Stevia rebaudiana did not show negative
effects on the normal blood serum levels of glucose, triglycerides, cholesterol, and the hor-
mones insulin, glucagon, leptin, ghrelin, and glucose dependent insulinotropic peptide, GIP. It
is probable that its possible positive effects are detected in pathological conditions such as
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diabetes type II [9], triglyceridemia [63], and other metabolic problems. For this reason, it is
considered very important to continue with the evaluation of the safety and goodness of Stevia
rebaudiana extracts.

Official approval for animal experiments

Procedures were done using the guidelines of the National Research Council for the Care and
Use of Laboratory Animals of the National Research Council Guide [36] as well as the existing
Mexican legislation [37]. This study’s protocol was approved by the Institutional Ethics Com-
mittee for the Care and Use of Laboratory Animals (CICUAL in Spanish), of the Faculty of
Chemistry of the National Autonomous University of Mexico (Facultad de Quimica, UNAM,
in Spanish).

Research highlights

The aim of this research is to corroborate the effect of dry leaves of S. rebaudiana in the drink-
ing water of an animal model, Wistar rats of both sexes, male and females, in the first stage of
growth after weaning, equivalent to infancy and youth. No negative effects on body mass gain
were found when ingesting this stevia infusion compared with two control groups consuming
drinking water with glucose and plain water during 120 days. Some interesting results in some
blood serum biochemical parameters were also found.

Supporting information

S1 Raw data.
(Z1P)

Author Contributions

Conceptualization: Samuel Mendoza-Pérez, Itzel Orta-Méndez-y-Sanchez, Rolando Salvador
Garcia-Gomez, Maria del Carmen Duran-Dominguez-de-Bazua.

Data curation: Samuel Mendoza-Pérez, Itzel Orta-Méndez-y-Sanchez, Rolando Salvador Gar-
cia-Gomez, Maria del Carmen Duran-Dominguez-de-Bazua.

Formal analysis: Samuel Mendoza-Pérez, Itzel Orta-Méndez-y-Sanchez, Rolando Salvador
Garcia-Gomez, Maria del Carmen Durdn-Dominguez-de-Bazua.

Funding acquisition: Samuel Mendoza-Pérez, Rolando Salvador Garcia-Gémez, Maria del
Carmen Duran-Dominguez-de-Bazua.

Investigation: Samuel Mendoza-Pérez, Itzel Orta-Méndez-y-Sanchez, Rolando Salvador Gar-
cia-Gomez, Guillermo Ordaz-Nava, Maria Isabel Gracia-Mora, Lucia Macias-Rosales, Héc-
tor A. Rico-Morales, Gerardo Salas-Garrido, Maria del Carmen Durdn-Dominguez-de-
Bazua.

Methodology: Samuel Mendoza-Pérez, Itzel Orta-Méndez-y-Sanchez, Rolando Salvador Gar-
cia-Gomez, Guillermo Ordaz-Nava, Maria Isabel Gracia-Mora, Lucia Macias-Rosales, Héc-
tor A. Rico-Morales, Gerardo Salas-Garrido, Maria del Carmen Duran-Dominguez-de-
Bazua.

Project administration: Samuel Mendoza-Pérez, Rolando Salvador Garcia-Gomez, Maria del
Carmen Duran-Dominguez-de-Bazua.

PLOS ONE | https://doi.org/10.1371/journal.pone.0298251 February 27, 2024 15/20


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0298251.s001
https://doi.org/10.1371/journal.pone.0298251

PLOS ONE

Stevia rebaudiana: Effects on Wistar rats

Resources: Samuel Mendoza-Pérez, Rolando Salvador Garcia-Gomez, Maria del Carmen
Duran-Dominguez-de-Bazua.

Software: Samuel Mendoza-Pérez, Rolando Salvador Garcia-Gomez, Maria del Carmen
Duran-Dominguez-de-Bazua.

Supervision: Rolando Salvador Garcia-Gomez, Maria Isabel Gracia-Mora, Lucia Macias-
Rosales, Héctor A. Rico-Morales, Gerardo Salas-Garrido, Maria del Carmen Duran-Dom-
inguez-de-Bazua.

Validation: Rolando Salvador Garcia-Gomez, Maria del Carmen Duran-Dominguez-de-
Bazua.

Visualization: Rolando Salvador Garcia-Gomez, Maria del Carmen Durdn-Dominguez-de-
Bazua.

Writing - original draft: Samuel Mendoza-Pérez, Rolando Salvador Garcia-Gomez, Maria
del Carmen Duran-Dominguez-de-Bazua.

Writing - review & editing: Samuel Mendoza-Pérez, Rolando Salvador Garcia-Gomez, Maria
del Carmen Duran-Dominguez-de-Bazua.

References

1. Salvador-Reyes R., Sotelo-Herrera M., Paucar-Menacho L. (2014). Estudio de la Stevia (Stevia
rebaudiana Bertoni) como edulcorante natural y su uso en beneficio de la salud. Scientia Agropecuatria,
5(3), 157—-163. https://doi.org/10.17268/sci.agropecu.2014.03.06

2. Baguena-Cervellera M.J. (2019). Pedro Jaime Esteve. Diccionario biografico espafol. Real Academia
de la Historia. [http://dbe.rah.es/biografias/19335/pedro-jaime-esteve: Diccionario de las yerbas y plan-
tas medicinales que se hallan en el Reino de Valencia, s. f. (inédito); Hippocrates Coi Medicorum
omnium principis epidemion liber secundus a Petro lacobo Steve medico latinitate donatus et fusissimis
commentariis illustratus, adjecta et singulis sententiis Graeca veritate, quo facilius diligens lector quanta
sit servata fides intelligere possit, Valencia 1551; Nicandri Colophoni poetae et medici antiquissimi clar-
issimique Theriaca. Petro lacobo Steve medico valentino interprete et narratore, Valencia, 1552.]
Based on https://dbe.rah.es/biografias/19335/pedro-jaime-esteve (in Spanish) and on M.A. Lépez
Pifiero, M.J. Baguena-Cervellera, et al. Bibliographia medica hispanica, 1475-1950. Volumen IV.
Libros y Folletos, 1801-1850. Valencia, 1991,487 pags. (in Spanish).

3. Melis M.S. (1999a). Effect of crude extract of Stevia rebaudiana on renal water and electrolytes excre-
tion. Phytomedicine, 6(4), 247-250.

4. GantaitS., Das A., Mandal N. (2015). Stevia: A comprehensive review on ethnopharmacological prop-
erties and in vitro regeneration. Sugar Tech, 17(2), 95—106. https://doi.org/10.1007/s12355014-0316-3

5. Kinghorn A.D., and Soejarto D.D. (2002). Discovery of terpenoid and phenolic sweeteners from plants.
Pure and Applied Chemistry, 74:1169-1179.

6. Goyal S.K., Samsher Goyal, R K. (2010). Stevia (Stevia rebaudiana) a bio-sweetener: A review. Inter-
national Journal of Food Sciences and Nutrition, 61(1), 1-10. https://doi.org/10.3109/
09637480903193049

7. Ferrazzano G.F., Cantile T., Alcidi B., Coda M., Ingenito A., Zarrelli A., Di Fabio G., and Pollio A. (2016).
Is Stevia rebaudiana Bertoni a non cariogenic sweetener? A review. Molecules, 21(1), 1-12. https:/
doi.org/10.3390/molecules21010038

8. Lemus-Mondaca R., Vega-Galvez A., Zura-Bravo L., and Ah-Hen K. (2012). Stevia rebaudiana Bertoni,
source of a high-potency natural sweetener: A comprehensive review on the biochemical, nutritional
and functional aspects. Food Chemistry, 132(3), 1121-1132. https://doi.org/10.1016/j.foodchem.2011.
11.140

9. Samuel P., Ayoob K.T., Magnuson B.A., Wélwer-Rieck U., Jeppesen P.B., Rogers P.J., Rowland I.,
and Mathews R. 2018. Stevia leaf to stevia sweetener: Exploring its science, benefits, and future poten-
tial. J. Nutr. 148(7):1186S—-1205S. https://doi.org/10.1093/jn/nxy102 PMID: 29982648

10. Gardana C., Scaglianti M., and Simonetti P. (2010). Evaluation of steviol and its glycosides in Stevia
rebaudianaleaves and commercial sweetener by ultra high-performance liquid chromatography—mass
spectrometry. Journal of Chromatography A, 1217, 1463—1470.

PLOS ONE | https://doi.org/10.1371/journal.pone.0298251 February 27, 2024 16/20


https://doi.org/10.17268/sci.agropecu.2014.03.06
http://dbe.rah.es/biografias/19335/pedro-jaime-esteve:
https://dbe.rah.es/biografias/19335/pedro-jaime-esteve
https://doi.org/10.1007/s12355014-0316-3
https://doi.org/10.3109/09637480903193049
https://doi.org/10.3109/09637480903193049
https://doi.org/10.3390/molecules21010038
https://doi.org/10.3390/molecules21010038
https://doi.org/10.1016/j.foodchem.2011.11.140
https://doi.org/10.1016/j.foodchem.2011.11.140
https://doi.org/10.1093/jn/nxy102
http://www.ncbi.nlm.nih.gov/pubmed/29982648
https://doi.org/10.1371/journal.pone.0298251

PLOS ONE

Stevia rebaudiana: Effects on Wistar rats

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Mendoza-Pérez M., Garcia-Gomez R.S., Duran Dominguez-de-Bazia M.d.C. 2020. Iso-sweetness of
the leaves of Stevia rebaudiana Bertoni with respect to sucrose: Humans versus model animals, newly
weaned Wistar rats: Equivalent judges? (Equidulzura de las hojas de Stevia rebaudiana Bertoni con
respecto de la sacarosa: Seres humanos versus animales modelo, ratas Wistar recién destetadas
¢Jueces equivalentes?) Revista Ambiens Techné et Scientia México, 8(1), 49-62. ISSN 2954-3622 (in
Spanish).

FAQO. (2010). Steviol glycosides. United Nations Food and Agriculture Organization. Rome, Italy.
http://www.fao.org/ag/agn/jecfa-additives/specs/monograph10/additive-442-m10.pdf

JECFA. (2008). Comité Mixto FAO/OMS de Expertos en Aditivos Alimentarios (JECFA). Hoja Informa-
tiva final 5.11.2008 Glucosidos de esteviol. Recovered January 5, 2015 http://www.fao.org/ag/agn/
agns/files/FACTSHEET_%20STEVIOL%20GLYCOSIDES _final1.pdf.

EU. (2011). La Comisién Europea, Comision de Regulacion (EU) No. 1131/2011 del 11 de noviembre
de 2011 Modificacion del Anexo Il del Reglamento (EC) No. 1333/2008 del Parlamento y Consejo Eur-
opeo respecto a los glucosidos de esteviol. Official Journal of the European Union, L 295/205,
12.11.2011 (in Spanish).

FDA. (2015a). Additional information about high-intensity sweeteners permitted for use in food in the
United States. http://www.fda.gov/Food/IngredientsPackagingLabeling/FoodAdditivesIngredients/
ucm397725.htm

FDA. (2015b). Has Stevia been approved by FDA to be used as a sweetener? https://www.fda.gov/
about-fda/fda-basics/has-stevia-been-approved-fda-be-used-sweetener

ChenT.S., Chen S., ChanP., Chu Y., Yang H., and Cheng J. (2005). Mechanism of the hypoglycemic
effect of stevioside, a glycoside of Stevia rebaudiana. Planta Medica, 71(2), 108—113. https://doi.org/
10.1055/s-2005-837775 PMID: 15729617

Suanarunsawat T., Klongpanichapak S., Rungseesantivanon S., and Chaiyabutr N. (2004). Glycemic
effect of stevioside and Stevia rebaudiana in streptozotocin-induced diabetic rats. Eastern Journal of
Medicine, 9, 51-56.

Jeppesen P.B., Gregersen S., Rolfsen S.E.D., Jepsen M., Colombo M., Agger A., Xiao J., Kruhgffer K.,
Jrntoft T., and Hermansen K. (2003). Antihyperglycemic and blood pressure-reducing effects of stevio-
side in the diabetic Goto-Kakizaki rat. Metabolism, 52(3), 372-378. https://doi.org/10.1053/meta.2003.
50058 PMID: 12647278

Melis M.S. (1996). A crude extract of Stevia rebaudiana increases the renal plasma flow of normal and
hypertensive rats. Brazilian Journal of Medical and Biological Research, 29(5), 669-675.

Wright C.A., Van-Bauren L., Kroner C.I., Koning M.M.G. (2007). Herbal medicines as diuretics: A review
of the scientific evidence. Journal of Ethnopharmacology, 114:1-31. https://doi.org/10.1016/j.jep.2007.
07.023 PMID: 17804183

Rajesh P., Kannan V.R., and Durai M.T. (2010). Effect of Stevia rebaudiana Bertoni ethanolic extract on
anti-cancer activity of Erlisch’s ascites carcinoma induced mice. Current Biotica, 3(4), 549-554.

Wang L.S., ShiZ., ShiB.M., and Shan A.S. (2014). Effects of dietary stevioside/rebaudioside A on the
growth performance and diarrhea incidence of weaned piglets. Animal Feed Science and Technology,
187, 104—109.

FDA. (2019). Additional Information about High-Intensity Sweeteners Permitted for Use in Food in the
United States. https://www.fda.gov/food/food-additives-petitions/additional-information-about-high-
intensity-sweeteners-permitted-use-food-united-states

Melis M.S. (1992). Stevioside effect on renal function of normal and hypertensive rats. Journal of Ethno-
pharmacology, 36(3),213-217. https://doi.org/10.1016/0378-8741(92)90046-t PMID: 1434679

Melis M.S. (1995). Chronic administration of aqueous extract of Stevia rebaudianain rats: Renal effects.
Journal of Ethnopharmacology, 47(3), 129-134.

Melis MS. (1999b). Effects of chronic administration of Stevia rebaudiana on fertility in rats. Journal of
Ethnopharmacology, 67(2), 157-161.

Melis M.S., Rocha S.T., and Augusto A. (2009). Steviol effect, a glycoside of Stevia rebaudiana, on glu-
cose clearances in rats. Brazilian Journal of Biology, 69(2), 371-374.

Oliveira-Filho R.M., Uehara O.A., Minetti C.A.S.A., and Valle L.B.S. (1989). Chronic administration of
aqueous extract of Stevia rebaudiana Bertoni in rats: Endocrine effects. General Pharmacology: The
Vascular System, 20(2), 187-191.

Planas G.M., and Kuc J. (1968). Contraceptive properties of Stevia rebaudiana. Science, 162(3857),
1007.

Mendoza-Pérez S., Garcia-Gémez R.S., Ordaz-Nava G., Gracia-Mora M.I., Macias-Rosales L., Mora-
les-Rico H., Salas-Garrido G., Pérez-Armendariz E.M., Bustamante-Garcia R., Duran-Dominguez-de-
Bazua M.d.C. 2021. Consumption of sweeteners at different stages of life: Effects on body mass and

PLOS ONE | https://doi.org/10.1371/journal.pone.0298251 February 27, 2024 17/20


http://www.fao.org/ag/agn/jecfa-additives/specs/monograph10/additive-442-m10.pdf
http://www.fao.org/ag/agn/agns/files/FACTSHEET_%20STEVIOL%20GLYCOSIDES_final1.pdf
http://www.fao.org/ag/agn/agns/files/FACTSHEET_%20STEVIOL%20GLYCOSIDES_final1.pdf
http://www.fda.gov/Food/IngredientsPackagingLabeling/FoodAdditivesIngredients/ucm397725.htm
http://www.fda.gov/Food/IngredientsPackagingLabeling/FoodAdditivesIngredients/ucm397725.htm
https://www.fda.gov/about-fda/fda-basics/has-stevia-been-approved-fda-be-used-sweetener
https://www.fda.gov/about-fda/fda-basics/has-stevia-been-approved-fda-be-used-sweetener
https://doi.org/10.1055/s-2005-837775
https://doi.org/10.1055/s-2005-837775
http://www.ncbi.nlm.nih.gov/pubmed/15729617
https://doi.org/10.1053/meta.2003.50058
https://doi.org/10.1053/meta.2003.50058
http://www.ncbi.nlm.nih.gov/pubmed/12647278
https://doi.org/10.1016/j.jep.2007.07.023
https://doi.org/10.1016/j.jep.2007.07.023
http://www.ncbi.nlm.nih.gov/pubmed/17804183
https://www.fda.gov/food/food-additives-petitions/additional-information-about-high-intensity-sweeteners-permitted-use-food-united-states
https://www.fda.gov/food/food-additives-petitions/additional-information-about-high-intensity-sweeteners-permitted-use-food-united-states
https://doi.org/10.1016/0378-8741%2892%2990046-t
http://www.ncbi.nlm.nih.gov/pubmed/1434679
https://doi.org/10.1371/journal.pone.0298251

PLOS ONE

Stevia rebaudiana: Effects on Wistar rats

32.

33.

34.

35.

36.

37.

38.

39.

40.

M.

42,

43.

44.

45.

46.

47.

48.

food and drink intake in male and female Wistar rats. International Journal of Food Sciences and Nutri-
tion. 72, 935-946 (2021). https://doi.org/10.1080/09637486.2021.1888077.

Mendoza-Pérez S., Garcia-Gémez R.S., Duran-Dominguez-de-Bazua M.d.C. 2022. Chronic intake of
nutritive sweeteners and saccharin increases levels of glycolytic and lipogenic enzymes in rat liver.
International Journal of Food Sciences and Nutrition. 73(7):927-939. https://doi.org/10.1080/
09637486.2022.2088705 PMID: 35708269

Mendoza-Pérez S. 2017. Effect of ingesting different sweeteners on the release of the incretin hor-
mones GLP-1 and GIP and their effect on lipogenesis (Efecto de la ingesta de diferentes edulcorantes
sobre la liberacion de las hormonas incretinas GLP-1y GIP y su efecto sobre la lipogénesis, in Span-
ish). Master in Science’s Thesis. Master’s and Doctoral Program in Chemical Sciences of the National
Autonomous University of Mexico (Programa de Maestria y Doctorado en Ciencias Quimicas, Universi-
dad Nacional Auténoma de México, UNAM, in Spanish). Examination: March 14, 2017. http://132.248.
9.195/ptd2017/febrero/0755418/Index.html

Martinez-Calleja J.J. 2017. Determination of the main steviol glycosides present in the leaves of the
plant Stevia rebaudiana Bertoni using high pressure liquid chromatography (HPLC) [Determinacion de
los principales glucdsidos de esteviol presentes en las hojas de la planta Stevia rebaudiana Bertoni
mediante un método por cromatografia de liquidos de alta resolucion (CLAR), in Spanish]. Thesis,
Food Chemistry. Facultad de Quimica, UNAM. Mexico City, Mexico (in Spanish). 132.248.9.195/
ptd2017/abril/0757977/Index.html

Envigo. (2016). Teklad Global 18% Protein Rodent Diet (Sterilizable). Recovered June 21, 2019. http:/
www.Envigo.com/resources/data-sheets/2018s-datasheet- 0915.pdf

National Research Council. (2011). Guide for the care and use of laboratory animals ( 8th ed.) National
Academies Press. Washington, DC, U.S.

Norma Oficial Mexicana NOM-062-ZO0O-1999. Especificaciones técnicas para la produccion, cuidado y
uso de los animales de laboratorio (Official Mexican Standard NOM-062-ZO0-1999. Technical specifi-
cations for the production, care, and use of laboratory animals). Pp. 1-58. Mexico (in Spanish).

Belitz H. D., Grosch W., and Schieberle P. (2009). Food Chemistry. Berlin: Springer-Verlag Berlin Hei-
delberg. ISBN: 978-3-540-69933-0.

Envigo. (2008). Historical control data of body weights, food consumption and water consumption in
HsdRcc Han™: WIST, Wistar Hannover Rats. Recovered June 21, 2019. https://www.envigo.com/
products-services/research-models-services/models/research-models/rats/outbred/wistar-han-
outbred-rat/hsdhanwist/

Envigo. (2019). Historical control data of clinical biochemistry in HsdRcc Han™: WIST, Wistar Hanno-
ver Rats. Recovered June 21, 2019. https://www.envigo.com/resources/data-sheets/hcd_clinical-
biochemistry_kopiervorlage.pdf

Wolever T.M., and Miller J.B. 1995. Sugars and blood glucose control. Am. J. Clin. Nutr. 62
(Suppl):2125-221S. https://doi.org/10.1093/ajcn/62.1.212S PMID: 7598079

Ruiter M., La Fleur S.E., van Heijningen C., van der Vliet J., Kalsbeek A., and Buijs R.M. 2003. The
daily rhythm in plasma glucagon concentrations in the rat is modulated by the biological clock and by
feeding behavior. Diabetes, 52(7):1709-1715. https://doi.org/10.2337/diabetes.52.7.1709 PMID:
12829637

Sengupta P. (2013). The laboratory rat: Relating its age with human’s. International Journal of Preven-
tive Medicine, 4(6), 624—630. PMID: 23930179

Boakes R., Kendig M., Martire S., and Rooney K. (2016).Sweetening yoghurt with glucose, but not with
saccharin, promotes weight gain and increased fat pad mass in rats. Appetite, 105, 114-128. https:/
doi.org/10.1016/j.appet.2016.05.011 PMID: 27189382

de-Matos-Feijo F., Reis-Ballard C., Carraro-Foletto K., Melo-Batista B.A., Magagnin-Neves A., Mar-
ques-Ribeiro M.F., and Casaccia-Bertoluci M. (2012). Saccharin and aspartame, compared with
sucrose, induce greater weight gain in adult Wistar rats, at similar total caloric intake levels. Appetite,
60, 203-207. https://doi.org/10.1016/j.appet.2012.10.009 PMID: 23088901

Foletto K.C., Melo-Batista B.A., Neves A.M., de-Matos-Feij6 F., Ballard C.R., Marques-Ribeiro M.F.,
and Bertoluci M.C. (2016). Sweet taste of saccharin induces weight gain without increasing caloric
intake, not related to insulin-resistance in Wistar rats. Appetite, 96, 604—610. https://doi.org/10.1016/j.
appet.2015.11.003 PMID: 26555482

Polyak E., Gombos K., Hajnal B., Bonyar-Miiller K., Szabo S., Gubicské-Kisbenedek A., Marton K., and
Ember I. (2010). Effects of artificial sweeteners on body weight, food and drink intake. Acta Physiologica
Hungarica, 97(4), 401-407. https://doi.org/10.1556/APhysiol.97.2010.4.9 PMID: 21138816

Anton S., Martin C., Han H., Coulon S., Cefalu W., Geiselman P., and Williamson D. (2010). Effects of
stevia, aspartame, and sucrose on food intake, satiety, and postprandial glucose and insulin levels.
Appetite, 55(1), 37—43. https://doi.org/10.1016/j.appet.2010.03.009 PMID: 20303371

PLOS ONE | https://doi.org/10.1371/journal.pone.0298251 February 27, 2024 18/20


https://doi.org/10.1080/09637486.2021.1888077
https://doi.org/10.1080/09637486.2022.2088705
https://doi.org/10.1080/09637486.2022.2088705
http://www.ncbi.nlm.nih.gov/pubmed/35708269
http://132.248.9.195/ptd2017/febrero/0755418/Index.html
http://132.248.9.195/ptd2017/febrero/0755418/Index.html
http://www.Envigo.com/resources/data-sheets/2018s-datasheet-
http://www.Envigo.com/resources/data-sheets/2018s-datasheet-
https://www.envigo.com/products-services/research-models-services/models/research-models/rats/outbred/wistar-han-outbred-rat/hsdhanwist/
https://www.envigo.com/products-services/research-models-services/models/research-models/rats/outbred/wistar-han-outbred-rat/hsdhanwist/
https://www.envigo.com/products-services/research-models-services/models/research-models/rats/outbred/wistar-han-outbred-rat/hsdhanwist/
https://www.envigo.com/resources/data-sheets/hcd_clinical-biochemistry_kopiervorlage.pdf
https://www.envigo.com/resources/data-sheets/hcd_clinical-biochemistry_kopiervorlage.pdf
https://doi.org/10.1093/ajcn/62.1.212S
http://www.ncbi.nlm.nih.gov/pubmed/7598079
https://doi.org/10.2337/diabetes.52.7.1709
http://www.ncbi.nlm.nih.gov/pubmed/12829637
http://www.ncbi.nlm.nih.gov/pubmed/23930179
https://doi.org/10.1016/j.appet.2016.05.011
https://doi.org/10.1016/j.appet.2016.05.011
http://www.ncbi.nlm.nih.gov/pubmed/27189382
https://doi.org/10.1016/j.appet.2012.10.009
http://www.ncbi.nlm.nih.gov/pubmed/23088901
https://doi.org/10.1016/j.appet.2015.11.003
https://doi.org/10.1016/j.appet.2015.11.003
http://www.ncbi.nlm.nih.gov/pubmed/26555482
https://doi.org/10.1556/APhysiol.97.2010.4.9
http://www.ncbi.nlm.nih.gov/pubmed/21138816
https://doi.org/10.1016/j.appet.2010.03.009
http://www.ncbi.nlm.nih.gov/pubmed/20303371
https://doi.org/10.1371/journal.pone.0298251

PLOS ONE

Stevia rebaudiana: Effects on Wistar rats

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

European Food Safety Authority. (2010). Scientific opinion on the safety of steviol glycosides for the
proposed uses as a food additive. EFSA J., 8:1-84.

Magnuson B.A., Carakostas M.C., Moore N.H., Poulos S.P., and Renwick A.G. 2016. Biological fate of
low-calorie sweeteners. Nutrition Reviews, 74:670—689. https://doi.org/10.1093/nutrit/nuw032 PMID:
27753624

Mazlan N., Horgan G., and Stubbs R. J. (2006). Energy density and weight of food effect short-term
caloric compensation in men. Physiology and Behavior, 87(4), 679-686. https://doi.org/10.1016/j.
physbeh.2006.01.032 PMID: 16545404

Rowland N.E., Nasrallah N., and Robertson K. L. (2005). Accurate caloric compensation in rats for elec-
tively consumed ethanol-beer or ethanol-polycose mixtures. Pharmacology Biochemistry and Behavior,
80(1), 109-114. https://doi.org/10.1016/j.pbb.2004.10.010 PMID: 15652386

Swithers S.E., and Davidson T. L. (2008). A role for sweet taste: calorie predictive relations in energy
regulation by rats. Behavioral Neuroscience, 122(1), 161-173. https://doi.org/10.1037/0735-7044.122.
1.161 PMID: 18298259

Swithers S.E. (2015). Not so sweet revenge: Unanticipated consequences of high-intensity sweeteners.
The Behavior Analyst, 38(1), 1-7. https://doi.org/10.1007/s40614-015-0028-3 PMID: 27606166

Swithers S.E., Baker C. R., and Davidson T. L. (2009). General and persistent effects of high-intensity
sweeteners on body weight gain and caloric compensation in rats. Behavioral Neuroscience, 123(4),
772-780. https://doi.org/10.1037/a0016139 PMID: 19634935

Wang Q., LinY., Zhang L., Wilson Y., Oyston L., Cotterell J., Qi Y., Khuong T., Bakhshi N., Planche-
nault Y., Browman D., Lau M., Cole T., Wong A., Simpson S., Cole A., Penninger J., and Herzog H.
(2016). Sucralose promotes food intake through NPY and a neuronal fasting response. Cell Metabo-
lism, 24(1), 75-79. https://doi.org/10.1016/j.cmet.2016.06.010 PMID: 27411010

Davidson T. L., Martin A. A., Clark K., and Swithers S. E. (2011). Intake of high-intensity sweeteners
alters the ability of sweet taste to signal caloric consequences: Implication for the learned control of
energy and body weight regulation. The Quarterly Journal of Experimental Psychology, 64(7), 1430—
1441. https://doi.org/10.1080/17470218.2011.552729 PMID: 21424985

Ferreira E.B., Rocha-Neves F.d.A., Duarte-da-Costa M.A., Alves-do-Prado W., de-Araujo-Funari-Ferri
L., and Bazotte R.B. (2006). Comparative effects of Stevia rebaudianaleaves and stevioside on glycae-
mia and hepatic gluconeogenesis. Planta Medica, 72(8), 691-696. https://doi.org/10.1055/s-2006-
931586

Gregersen S., Jeppesen P.B., Holst J.J., and Hermansen K. (2004). Antihyperglycemic effects of ste-
vioside in type 2 diabetic subjects. Metabolism, 53(1), 73-76. https://doi.org/10.1016/j.metabol.2003.
07.013 PMID: 14681845

Jeppesen P.B., Gregersen S., Poulsen C.R., and Hermansen K. (2000). Stevioside acts directly on pan-
creatic beta cells to secrete insulin: actions independent of cyclic adenosine monophosphate and aden-
osine triphosphate-sensitive KC-channel activity. Metabolism, 49(2), 208-214.

Park J., Kee H., and Cha Y. (2010). Effect of Stevia rebaudiana Bertoni leaf extract on antiobesity in
C57BL/6J mice. Korean Journal of Food Science and Technology, 42(5), 586-592.

Ritu N., and Nandini J. 2016. Nutritional composition of Stevia rebaudiana, a sweet herb, and its hypo-
glycaemic and hypolipidaemic effect on patients with non-insulin dependent diabetes mellitus. Journal
of the Science of Food and Agriculture, 96, 4231-4234. https://doi.org/10.1002/jsfa.7627 PMID:
26781312

Sharma N., Mogra R., and Upadhyay B. (2009). Effect of stevia extract intervention on lipid profile. Stud-
ies on Ethno-Medicine, 3(2), 137—140.

Jeppesen P.B., Barriocanal L., Meyer M.T., Palacios M., Canete F., Benitez S., Logwin S., Schupmann
Y., Benitez G., and Jimenez J.T. (2006). Efficacy and tolerability of oral stevioside in patients with type 2
diabetes: A long-term, randomized, double-blinded, placebo-controlled study. Diabetologia, 49(Suppl
1):511-512 (abstr 0843).

Gaisano H. Y., MacDonald P., and Vranic M. (2012). Glucagon secretion and signaling in the develop-
ment of diabetes. Frontiers in Physiology, 3(349), 1-12. https://doi.org/10.3389/fphys.2012.00349
PMID: 22969729

Marroqui L., Alonso-Magdalena P., Merino B., Fuentes E., Nadal A., and Quesada I. (2014). Nutrient
regulation of glucagon secretion: involvement in metabolism and diabetes. Nutrition Reserch Reviews,
27,48-62. https://doi.org/10.1017/S0954422414000031 PMID: 24721112

Walker J.N., Ramracheya R., Zhang Q., Johnson P.R.V., Braun M., and Rorsman P. (2011). Regulation
of glucagon secretion by glucose: paracrine, intrinsic or both? Diabetes, Obesity and Metabolism, 13
(Suppl.1), 95-105. https://doi.org/10.1111/1.1463-1326.2011.01450.x PMID: 21824262

PLOS ONE | https://doi.org/10.1371/journal.pone.0298251 February 27, 2024 19/20


https://doi.org/10.1093/nutrit/nuw032
http://www.ncbi.nlm.nih.gov/pubmed/27753624
https://doi.org/10.1016/j.physbeh.2006.01.032
https://doi.org/10.1016/j.physbeh.2006.01.032
http://www.ncbi.nlm.nih.gov/pubmed/16545404
https://doi.org/10.1016/j.pbb.2004.10.010
http://www.ncbi.nlm.nih.gov/pubmed/15652386
https://doi.org/10.1037/0735-7044.122.1.161
https://doi.org/10.1037/0735-7044.122.1.161
http://www.ncbi.nlm.nih.gov/pubmed/18298259
https://doi.org/10.1007/s40614-015-0028-3
http://www.ncbi.nlm.nih.gov/pubmed/27606166
https://doi.org/10.1037/a0016139
http://www.ncbi.nlm.nih.gov/pubmed/19634935
https://doi.org/10.1016/j.cmet.2016.06.010
http://www.ncbi.nlm.nih.gov/pubmed/27411010
https://doi.org/10.1080/17470218.2011.552729
http://www.ncbi.nlm.nih.gov/pubmed/21424985
https://doi.org/10.1055/s-2006-931586
https://doi.org/10.1055/s-2006-931586
https://doi.org/10.1016/j.metabol.2003.07.013
https://doi.org/10.1016/j.metabol.2003.07.013
http://www.ncbi.nlm.nih.gov/pubmed/14681845
https://doi.org/10.1002/jsfa.7627
http://www.ncbi.nlm.nih.gov/pubmed/26781312
https://doi.org/10.3389/fphys.2012.00349
http://www.ncbi.nlm.nih.gov/pubmed/22969729
https://doi.org/10.1017/S0954422414000031
http://www.ncbi.nlm.nih.gov/pubmed/24721112
https://doi.org/10.1111/j.1463-1326.2011.01450.x
http://www.ncbi.nlm.nih.gov/pubmed/21824262
https://doi.org/10.1371/journal.pone.0298251

PLOS ONE

Stevia rebaudiana: Effects on Wistar rats

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Mulet T., Picé C., Oliver P., and Palou A. (2003). Blood leptin homeostasis: Sex-associated differences
in circulating leptin levels in rats are independent of tissue leptin expression. The International Journal
of Biochemistry & Cell Biology, 35,104—110. https://doi.org/10.1016/s1357-2725(02)00092-4 PMID:
12467652

Priego T., Sanchez J., Picé C., and Palou A. (2009). Sex-associate differences in the leptin and ghrelin
systems related with the induction of hyperphagia under high-fat diet exposure in rats. Hormones and
Behavior, 55, 33—40. https://doi.org/10.1016/j.yhbeh.2008.07.010 PMID: 18718472

Figlewicz D. P., loannou G., Bennett Jay J., Kittleson S., Savard C., and Roth C. L. (2009). Effect of
moderate intake of sweeteners on metabolic health in the rat. Physiology and Behavior, 98(5), 618—
624. https://doi.org/10.1016/j.physbeh.2009.09.016 PMID: 19815021

Myers M.G., Cowley M.A., and Miinzberg H. (2008). Mechanism of leptin action and leptin resistence.
The Annual Review of Physiology, 70:537-556. https://doi.org/10.1146/annurev.physiol.70.113006.
100707 PMID: 17937601

Overduin J., Figlewicz D.P., Bennett-Jay J., Kittleson S., and Cummings D.E. (2012). Ghrelin increases
the motivation to eat, but does not alter food palatability. American Journal of Physiology Regulatory,
Integrative and Comparative Physiology, 303, R259—R269. https://doi.org/10.1152/ajpregu.00488.
2011 PMID: 22673784

Baggio L., and Drucker D. (2007). Biology of incretins: GLP-1 and GIP. Gastroenterology, 132,2131—
2157. https://doi.org/10.1053/j.gastro.2007.03.054 PMID: 17498508

Fujita Y., Widemna R. D., Speck M., Asadi A., King D. S., Webber T. D., Haneda M., and Kieffer T. J.
(2008). Incretin release from gut is acutely enhanced by sugar but not by sweeteners in vivo. American
Journal of Physiology Endocrinology and Metabolism, 296, E-473-477 . https://doi.org/10.1152/ajpendo.
90636.2008 PMID: 19106249

Palmnas M. S. A, Cowan T. E., Bomhof M. R., Su J., Reimer R. A, Vogel H.J., Hittel D. S., and Shearer
J. (2014). Low-dose aspartame consumption differentially affects gut microbiota-host metabolic interac-
tions in the diet-induced obese rat. PLoS One, 9(10):e109481. https://doi.org/10.1371/journal.pone.
0109841 PMID: 25313461

Suez J., Korem T., Zeevi D., Zilberman-Schapira G., Thaiss C.A., Maza O., Israeli D., Zmora N., Gilad
S., Weinberger A., Kuperman Y., Harmelin A., Kolodkin-Gal |., Shapiro H., Halpern Z., Segal E., and Eli-
nav E. (2014). Artificial sweeteners induce glucose intolerance by altering the gut microbiota. Nature,
514(7521), 181-186. https://doi.org/10.1038/nature13793 PMID: 25231862

Sarnataro C., and Spanghero M. 2020. In vitro rumen fermentation of feed substrates added with chest-
nut tannins or an extract from Stevia rebaudiana Bertoni. Animal Nutrition, 6(1), 54—60. https://doi.org/
10.1016/j.aninu.2019.11.009 Epub 2020 Jan 2. PMID: 32211529

PLOS ONE | https://doi.org/10.1371/journal.pone.0298251 February 27, 2024 20/20


https://doi.org/10.1016/s1357-2725%2802%2900092-4
http://www.ncbi.nlm.nih.gov/pubmed/12467652
https://doi.org/10.1016/j.yhbeh.2008.07.010
http://www.ncbi.nlm.nih.gov/pubmed/18718472
https://doi.org/10.1016/j.physbeh.2009.09.016
http://www.ncbi.nlm.nih.gov/pubmed/19815021
https://doi.org/10.1146/annurev.physiol.70.113006.100707
https://doi.org/10.1146/annurev.physiol.70.113006.100707
http://www.ncbi.nlm.nih.gov/pubmed/17937601
https://doi.org/10.1152/ajpregu.00488.2011
https://doi.org/10.1152/ajpregu.00488.2011
http://www.ncbi.nlm.nih.gov/pubmed/22673784
https://doi.org/10.1053/j.gastro.2007.03.054
http://www.ncbi.nlm.nih.gov/pubmed/17498508
https://doi.org/10.1152/ajpendo.90636.2008
https://doi.org/10.1152/ajpendo.90636.2008
http://www.ncbi.nlm.nih.gov/pubmed/19106249
https://doi.org/10.1371/journal.pone.0109841
https://doi.org/10.1371/journal.pone.0109841
http://www.ncbi.nlm.nih.gov/pubmed/25313461
https://doi.org/10.1038/nature13793
http://www.ncbi.nlm.nih.gov/pubmed/25231862
https://doi.org/10.1016/j.aninu.2019.11.009
https://doi.org/10.1016/j.aninu.2019.11.009
http://www.ncbi.nlm.nih.gov/pubmed/32211529
https://doi.org/10.1371/journal.pone.0298251

