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Invert sugar induces glucose intolerance
but does not cause injury to the pancreas
nor permanent DNA damage in rats
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MIRIAN SALVADOR, DENNIS B. CRUZ, DANIEL PRA & SILVIA I.R. FRANKE

Abstract: The high consumption of sugars is linked to the intermediate hyperglycemia
and impaired glucose tolerance associated with obesity, inducing the prediabetes.
However, the consequences of excessive invert sugar intake on glucose metabolism and
genomic stability were poorly studied. The aim of this study was to evaluate the effects
of invert sugar overload (32%) in rats, analyzing changes in obesity, glucose tolerance,
pancreatic/hepatic histology and primary and permanent DNA damage. After 17 weeks,
the rats became obese and had an excessive abdominal fat, as well as presented
impaired glucose tolerance, caused by higher sugar caloric intake. Primary DNA damage,
evaluated by the comet assay, was increased in the blood, however not in the pancreas.
No protein carbonylation was seen in serum. Moreover, no increase in permanent DNA
damage was seen in the bone marrow, evaluated using the micronucleus test. Some
rats presented liver steatosis and that the pancreatic islets were enlarged, but not
significantly. In this study, invert sugar altered the glucose metabolism and induced
primary DNA damage in blood, but did not cause significant damage to the pancreas or
liver, and neither changes in the levels of oxidative stress or permanent DNA damage.

Key words: invert sugar, glucose metabolism, obesity, prediabetes, DNA damage,
histopathology.

INTRODUCTION

Diabetes mellitus (DM) is caused by impairment
of insulin secretion and/or insulin action
(Punthakeeetal.2018).The numberof people with
prediabetes and type 2 DM (T2DM) is increasing
worldwide (Chen et al. 2012). Epidemiological
studies indicate that overweight, unhealthy diet,
physical inactivity, age and impaired glucose
tolerance are important risk factors for T2DM
development (Chen et al. 2012, Hu 2011).
Prediabetes is characterized by an
intermediate hyperglycemia state and can be
considered the first stage of T2DM. Moreover,
prediabetes frequently causes metabolic

damages before T2DM is established (Tabak et al.
2012, Bansal 2015). In addition, prediabetes was
linked to increased oxidative stress (Maschirow
et al. 2015, Agarwal et al. 2016) and DNA damage
(Al-Aubaidy & Jelinek 2011, Pereira et al. 2013).

In humans, the high consumption of sugary
foods and beverages is classically associated
to various metabolic changes, especially
overweight, obesity, and T2DM (Schulze et al.
2004, Malik & Hu 2012, Te Morenga et al. 2013).
Invert sugar is one of the most commonly used
sweeteners in the industry of sugary foods and
drinks. Invert sugar is a syrup obtained from
the acid or enzymatic hydrolysis of sucrose.
Depending on the hydrolysis degree, invert sugar
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has different proportions of glucose, fructose,
and sucrose. Invert sugar is used in many types
of foods and sugary drinks because it has
several advantages in food/drink production
in relation to other types of sugars (Chinachoti
1995, Gratdo et al. 2004, Thavarajah & Low 2006).
However, to the best of our knowledge, there
are no studies evaluating the effects of invert
sugar on prediabetes comorbidities, including
metabolic and genomic damages.

In this context, the objective of this study
was to investigate in rats the effects of the
invert sugar overload intake on obesity, glucose
tolerance, primary and permanent DNA damage,
and oxidative damage.

MATERIAL AND METHODS

Animals, diets, and ethical aspects

This study was approved by the Animal Ethics
Committee of the Universidade de Santa Cruz
do Sul - UNISC (Protocol approval No. 14/2013)
and all procedures were performed according to
the Brazilian regulations for animal studies (Law
No. 11794/2008). Sixteen male Wistar rats (~100
days old; ~300g each) were used in this study.
During one week, all rats were kept in individual
cages, under controlled laboratory environment
(12h light/dark cycle; 22+3°C; 60% of humidity),
receiving water and normoprotein-caloric
Nuvilab® rat chow (Quimtia, Colombo, Brazil)
ad libitum. The animals weighed, on average,
170 g at the beginning of the experiment, and
were randomly divided into 2 groups (n=8 each):
Control group, in which rats received normal
chow diet, containing chow and water ad libitum;
and Invert sugar group, in which rats received
chow and water plus 32% invert sugar ad libitum
for 17 weeks. The intake of chow and water were
measured daily. At the end of the experiment,
the rats were euthanized by decapitation (using
a guillotine specific for rodents).

EFFECTS OF INVERT SUGAR OVERLOAD IN RATS

Obesity evaluation: BMI (Body Mass Index) and
peritoneal fat

Rats of both groups were weighed and measured
(nose to anus length) weekly. The Body Mass
Index (BMI) specific for rats was measured and
interpreted according to Novelli et al. (2007).
Obesity was classified when the BMI was
higher than 0.68g/cm’. After the animals were
euthanized, the peritoneal fat was dissected and
weighed. Peritoneal fat excision was performed
according to Cinti (2005).

Glycemia measurement: fasting blood glucose
and Intraperitoneal Glucose Tolerance Testing
(IPGTT)

Glucose was measured biweekly, after 6 hours
of fasting, and using the ACCU-CHEK Active
glucometer(RocheDiagnosticsGmbH,Mannheim,
Germany) at the end of the experiment. For the
ipGTT, the first blood sample (time 0 - baseline)
was measured from a small cut in the tail of the
rats. Then, 1 mg/kg b.w. glucose (Equiplex, Goias,
Brazil) was administered intraperitoneally and
the blood glucose was measured at 5, 15, 30, 60
and 120 minutes afterward. The area under the
curve (AUC) was calculated based on the results
of the ipGTT of each rat (AMDCC 2003).

Histopathological analysis

At the end of the experiment, samples of liver
and pancreas of all animals were placed in a
10% formalin solution, dehydrated with ethanol,
diaphanized with xylene, and embedded
in paraffin. Then, the paraffin blocks were
sectioned at 7um of thickness using a microtome
(Leica, Nussloch, Germany) and mounted on
microscope slides. These histological cuts were
deparaffinized with xylene, rehydrated and
stained with Hematoxylin & Eosin. Finally, the
slides were dehydrated with ethanol, cleared
with xylene and mounted with Entellan” (Merck,
Darmstadt, Germany).
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Histopathological analysis were performed
in the pancreas and the liver by pathologist.
Pancreas assessment included the following
variables: i) quantification of B cells randomly
selected of microscopic fields; ii) degree of
hyperplasia and inflammation (on a scale of
0-3); iii) the presence of fibrosis and death of B
cells (absent or at least one focus per sample).
In the liver was only performed to evaluate
presence of hepatic steatosis (absent or at least
one focus per sample). The pathologist was
blinded to the histological classification.

Comet assay (blood and pancreas samples)

The comet assay was performed as previously
described in Molz et al. (2016). Whole blood
samples were collected from the animal’s tails
(except at the end of the treatment when blood
was collected from the jugular vein) and mixed
with heparin. A small piece of the pancreas was
dissected at the end of the experiment, placed in
phosphate buffered saline (PBS) with dimethyl
sulfoxide (DMSO), and dissociated with the aid
of forceps to obtain a cell suspension.

Five microliters (5pL) of whole blood were
embedded in 95.00 pL of low melting point
agarose (LMP) (0.75%) or 20.00 uL of pancreas
cell suspension were added to 80.00 pL of
LMP over a slide precoated with agarose, and
subsequently a coverslip was gently placed
over that slide. After the mixture solidified, the
coverslips were removed and the slides were
put in freshly prepared lysis solution containing
high salt and detergent concentrations (2.50 M
NaCl, 100.00 mM EDTA, 10.00 mMTris, pH 10.20,
with freshly added 1% Triton X-100 and 10%
DMSO) for a minimum of 1 h under refrigeration.
The procedure aims to lyse the cells, removing
the nuclear membrane and the cytoplasmic
contents, living DNA nucleoids for further
analysis.

EFFECTS OF INVERT SUGAR OVERLOAD IN RATS

Subsequently, the slides were exposed to
an alkaline solution (300.00 mM NaOH, 1.00 mM
EDTA, pH>13) for DNA unwinding and to express
the alkali-labile sites as single strand breaks.
The slides were then immediately submitted
to an electrical current (electrophoresis in the
same solutions at 300mA and 25 V (0.90 V/cm)
for 15 min at 4 °C to induce the migration of
DNA fragments in the direction of the current.
After, the slides were washed with neutralization
buffer (Tris 0.40M, pH 7.5) and fixed. Silver
nitrate was used in the staining process of
DNA. All procedures were conducted under dim
yellow light to prevent DNA damage induced by
ultraviolet radiation.

For each rat, two slides (one for blood and
the other one for pancreas) were prepared and
100 cells were randomly selected and analyzed
(50 per slide, 2 slides per animal) under a
conventional optical microscope (magnification
400X). The DNA damage was classified into five
classes, from class 0 (no DNA migration) to class
4 (maximal migration) according to tail size and
intensity. The damage index (DI) was obtained
by the sum of the individual cells sorted, ranging
from 0 (no damage: 100 cells/nucleoids x 0) to
400 (maximum damage: 100 cells/nucleoids x 4).
The damage frequency (DF), in percentage terms
(%) was calculated by the ratio of the number
of damaged cells among the 100 cells analyzed.
Cells with non-detectable nuclei (head and tail
clearly separated) were not evaluated.

Micronucleus bone marrow test

Bone marrow samples were collected from both
femurs according to Pra et al. (2008). After the
extraction of bone marrow, the samples were
mixed with fetal calf serum, obtaining a cell
suspension. Subsequently, the smears were
prepared and the slides were stained in 5%
Giemsa. The polychromatic erythrocyte (PCE)/
normochromatic erythrocyte ratio was scored
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in 1,000 cells. Micronuclei were evaluated as per
1000 PCE.

Protein carbonylation

Protein oxidative damage was measured by
the determination of the carbonyl group in a
reaction with dinitrophenylhydrazine (DNPH).
Two hundred microliters of DNPH (10 mM) or
200 pL of HCL (2 M) for control were added to
50 pyL of supernatants. The reaction mixture
was incubated in the dark for 30 minutes, with
vortex every 10 minutes; after that, 250 pL of 20%
trichloroacetic acid were added and centrifuged
at 4000 g for 8 minutes. The supernatant was
discarded and the pellet was washed 3 times
with ethanol-ethyl acetate (1:1) to remove free
reagent. Samples were centrifuged and pellets
were redissolved in 600 pL of guanidine solution
(6 M) at 37 °C for 15 minutes. Absorbance was
read at 365 nm and results were expressed as
nmol of DNPH/mg of protein. Total Proteins kit
from Labtest (Protein Kit, Labtest Diagnostica
S.A., Brazil) was used for the determination of
total protein content (Levine et al. 1990).

EFFECTS OF INVERT SUGAR OVERLOAD IN RATS

Data analysis

Data was analyzed with the aid of the GraphPad
Prism 5.01 software (GraphPad Software, Inc.;
San Diego, CA). Data were expressed as mean
standard error and each value reflects 8 animals
per group. All results were checked for normality
and homoscedasticity. The Student's t or Mann
Whitney tests were employed for comparisons
between groups. The Pearson’s correlation
analysis was also used. Values of p<0.05 were
used as a level of significance.

RESULTS

The intake of invert sugar in the concentration
of 320g/L by 17 weeks increased ~30% the caloric
intake of the rats of Invert sugar group (p <
0.001). The animals of this group drank more
liquids (p < 0.01), but ate less chow (p < 0.001)
(Table I). This excessive caloric intake is likely to
be responsible for weight gained by the rats that
ingested invert sugar. These rats had a weight
gain ~34% higher than the animals of Control
group (p < 0.01). The gain of abdominal fat was
~162% higher in the Invert sugar group than in
the Control group (p < 0.001).

Table I. Weight gain and food/water intake of Control group versus Invert sugar group.

Control grou Invert sugar grou
Parameters (n=8g) P (nfs) group p-value
Initial body weight (g) 332501215 333502812 046
Final body weight (g) 471.88+34.24 526.43+41.81 0.001
Body weight gain (g) 139.38+22.08 187.29+38.56 <0.01
Body length (cm) 27.56+0.56 27.86+0.48 015
BMI (g/cm?) 0.62+0.04 0.69+0.03 0.01
Food consumption (g/day) 28.70+3.68 15.00+1.60 < 0.001
Energy intake (Kcal/day) 111.36+14.28 14519+14.23* < 0.001
Water intake (mL/day) 4810+10.08 62.92+6.72 <0.01
Peritoneal fat (g) 4.29+1.43 11.48+73.00 < 0.001

Note: Data are shown as meanzstandard deviation. p-value, significance level according to the Student’s t test. Energy intake

from food and water with invert sugar. BMI, Body Mass Index.
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A sudden sharp increase in BMI was
observed around the 12" week of treatment in
the Invert sugar group in relation to the Control
group. This increase continued until the end of
the study (Figure 1).

Throughout the experiment, the animals
of both groups presented a slight increase in
fasting blood glucose, but at the end of the
experiment, these levels were similar in both
groups (data not shown; p > 0.05). The results of
the ipGTT (Figure 2) indicated that rats of Invert
sugar group showed higher glycemia at 5, 15, 30
and 120 minutes after the glucose injection in
relation to the Control group (Figure 2a; p < 0.05).
In Invert sugar group, blood glucose levels did
not return to the initial values after 120 minutes.
Moreover, rats of Invert sugar group showed
AUC ~41% higher compared to the Control group
(Figure 2b, p = 0.01).

Regarding histological analysis (Figure 3),
25% of the rats of Invert sugar group showed
hepatic steatosis, while none of rats at Control
group (Figure 3a, d). In relation to the pancreas,
it was observed a similar number of B cells
between the groups (Figure 3b, e) and a slight
increase of B cells hyperplasia in the Invert sugar
group (Figure 3c, f), although not significantly (p
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> 0.05). Other types of injury in the pancreas,
such as inflammation, fibrosis, and cell death
were not found.

In relation to the comet assay, rats of Invert
sugar group showed higher levels of primary
DNA damage in the blood (Figure 4a) compared
to Control group, both at the 12th week (p < 0.05)
and at the end of the experiment (p < 0.05). In the
pancreas, the levels of DNA damage evaluated at
the end of the treatment (17" week) was lower in
Invert sugar group than in Control group, but not
significantly (p > 0.05) (Figure 4b). Finally, results
of the micronucleus test (Figure 4c) and protein
carbonylation measurements (Figure 4d) were
not statistically different between the groups (p
> 0.05).

DISCUSSION

In present study invert sugar (32% or 4.40
kcal/mL) induce obesity and adiposity, as well
as induced glucose intolerance, but does not
caused injury to the pancreas nor permanent
DNA damage in rats. Studies has established
that high consumption sugary drinks induces
various metabolic changes important, such
as overweight, impaired glucose metabolism,
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Figure 2. Blood glucose curves during 120 minutes Intraperitoneal Glucose Tolerance Testing (ipGTT) (a) and
respective area under the 120 minutes curve (AUC) (b) for Control group (n=8) and Invert sugar group (n=8). Values
are shown as meansstandard deviation. p, level of significance according to Student’s t test. *p<0.05 and **p<0.01

in Control group versus Invert sugar group.

increase of visceral fat, T2DM, among other
detrimental effects on humans (Schultze et
al. 2004, Malik et al. 2010, Malik & Hu 2012, Te
Morenga et al. 2013). However, here our interest
was study the impact of the high consumption
of invert sugar on body composition, glucose
metabolism and oxidative damage because
invert sugar is a sweetener of large use by the
industry of sugary foods and drinks (Gratdo et
al. 2004).

Like invert sugar, huge evidences that
sucrose induce obesity and adiposity in rats.
Here, invert sugar was able to induce obesity
from 12 week of treatment. Other study
evaluated the treatment sucrose (34% in water)
in rats, was able to induce obesity and adiposity
after around 6 weeks (40 days) (Glendinning et
al. 2010). In addition, invert sugar also induces
adiposity, increased in visceral fat more of 2.5
times than control group.

It is known that the glucose metabolism
alteration is an important risk factor for T2DM
development. Here, in present study, results
of blood glucose measurements in the Invert
sugar group did not exceed the DM2 threshold

for rats [150 mg/dL, as determined by the AMDCC
(2003)]. However, ours results suggest that rats of
invert sugar group presented impaired glucose
tolerance and possibly insulin resistance, that
associated with obesity and this excess body fat
are typical characteristics of prediabetes (Tabak
et al. 2012, Eikenberg & Davy 2013).

Moreover, in a previous study, from our
research group, we showed that 10% sucrose
(sucrose concentration of soft drinks or ~90g/L
sucrose, according to USDA 2005) for 60 days it
is not significant to increase glycemia. However,
where the concentration of sucrose is increased
to 34%, which led to a 20% for 60 more days
increase in fasting glucose (approximately 1
mM). Like invert sugar, the sucrose treatment
was able not reach a state of hyperglycemia
(>150mg/dL glucose, according to AMDCC 2003)
possibly because we did not use drugs to induce
diabetes (for example streptozotocin) (Franke et
al. 2017).

Regarding histopathological results, our
findings showed that 25% of the animals that
ingestedinvertsugar presented hepatic steatosis.
This histological damage potentially indicates
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the installation of insulin resistance, increase of
visceral fat, and/or hepatic lipogenesis, all event
directly linked to high intake of fructose (Hu &
Malik 2010, Ter Horst et al. 2016). Of note, we also
found a decreased number of pancreatic islets
and a high rate of B cells hyperplasia in invert
sugar group. However, this increase was not
statistically significant in relation to the Control
group.

Overthe years, evidences have been showed
that hyperglycemia induces oxidative stress (Al-
Aubaidy & Jelinek 2011, Ruskovska & Bernlohr,
2013, Costantino et al. 2017, Yaribeygi et al. 2019)
and individuals with diabetes present elevated
levels of oxidative stress and DNA damage
(Pereira et al. 2013, Binici et al. 2013, Tatsch et
al. 2015). Our experimental model showed that
invert sugar induced to DNA damage in blood
cells, but did not in pancreas. On the other
hand, we have also previously demonstrated
that sucrose treatment was not associated with
increased levels of DNA damage in blood cells.
However, in present study we did not verify
difference between the groups regarding the
results of micronucleus test (used to access

An Acad Bras Cienc (2020) 92(2)

chromosomal damage). Differently of another
study with Wistar rats performed by our group
(Franke et al. 2017), the high consumption of
sucrose induced to DNA damage in bone marrow
cells (evaluated by micronucleus test). These
findings suggest that, unlike the effects caused
by the high consumption of sucrose, invert sugar
does not cause permanent DNA damage, at least
in rats.

Moreover, in present study, at the 12" week
was observed a significant expressive increase
in BMI, as well as observed on DNA damage in
blood cells, but not permanentdamage. Although
increased DNA damage is associated with
oxidative stress, probably five weeks of obesity
were not enough to generate an oxidative stress
and inflammatory process capable of generating
permanent DNA damage. On the other hand, in
spite of the fact that high levels of primary DNA
damage are also found together with loss of
glycemic control and increased weight, this DNA
damage seems to been repairable, at least in
the experimental conditions here described by
the authors.
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Figure 4. Evolution of the DNA damage index (blood cells) at 0, 12th and 17th weeks (a). DNA damage index in
pancreas (b), micronucleus bone marrow test (c), and protein carbonylation measuraments (d). n=8, each group.
Values are presented as tmeanztstandar deviation. p, level of significance according to Student’s t test. *Statistical

difference between groups in the same week (p<0.05).

According to the protein carbonylation
measurements, we did not observe an increase
in the levels of oxidative stress in rats that
received invert sugar. However, there is strong
evidence that oxidative stress-related carbonyl
compounds are associated to obesity, insulin
resistance, and development of T2DM in humans
(Ruskovska & Bernlohr 2013). Of note, there are
several methodologies for assessing oxidative
stress. Differences in the redox metabolism
of rats and humans potentially explain these
discrepant results.

In summary, this study showed that high
consumption of invert sugar in Wistar rats
induced glucose intolerance but does not
affected the functionality of the pancreas or
induced permanent DNA damage in rats. These
effects are similar to those found in humans with

An Acad Bras Cienc (2020) 92(2)

prediabetes or metabolic syndrome. Although
the metabolism of rats has several peculiarities,
our study brings important insights about the
impact of invert sugar on human metabolism,
genomic stability, and prediabetes development,
include to further investigations.

Acknowledgments

We thank colleagues from the Laboratorio de
Histopatologia and Biotecnologia da Unisc for the help
during the implementation of experimental procedures.
This work was supported by the Conselho Nacional de
Desenvolvimento Tecnologico e Cientifico (CNPq, Brazil)
[process n° 479554/2013-7]; the Fundacao de Apoio a
Pesquisa do Rio Grande do Sul (FAPERGS) [Master’s
program scholarships to Molz PJ; and the Laboratorio de
Nutricao Experimental da UNISC.

€20191423 8| M



PATRICIA MOLZ et al.

REFERENCES

AGARWAL A, HEGDE A, YADAV C, AHMAD A, MANJREKAR PA &
SRIKANTIAH RM. Assessment of oxidative stress and
inflammation in prediabetes-A hospital based cross-
sectional study. Diabetes Metab Syndr 10(2): S123-5126.

AL-AUBAIDY HA & JELINEK HF. 2011. Oxidative DNA damage
and obesity in type 2 diabetes mellitus. Eur ) Endocrinol
164(6): 899-904.

AMDCC - ANIMAL MODELS OF DIABETIC COMPLICATIONS
CONSORTIUM. 2003. Validation of models of cardiovascular
disease in diabetes. Available at: https://www.diacomp.
org/shared/document.aspx?id=11&docType=Protocol,
Accessed in 11/10/2019.

BANSAL N. 2015. Prediabetes diagnosis and treatment: A
review. World ) Diabetes 6(2): 296-303.

BARREIROS RC, BOSSOLAN G & TRINDADE CEP. 2005. Fructose
in humans: metabolic effects, clinical utilization, and
associated inherent errors. Rev Nutr 18(3): 377-389.

CHEN L, MAGLIANO D) & ZIMMET PZ. 2012. The worldwide
epidemiology of type 2 diabetes mellitus-present and
future perspectives. Nat Rev Endocrinol 8(4): 228-236.

CHINACHOTI P. 1995. Carbohydrates: functionality in foods.
Am ) Clin Nutr 61(4): 9225-929S.

CINTIS. 2007. The Adipose Organ. In: Fantuzzi G & Mazzone
T (Eds). Adipose Tissue and Adipokines in Health and
Disease, Nutrition and Health, Totowa: Humana Press, 1
ed., USA, p. 9-15.

COSTANTINO S ET AL. 2017. Impact of glycemic variability on
chromatin remodeling, oxidative stress, and endothelial
dysfunction in patients with type 2 diabetes and with
target HbA1c levels. Diabetes 66(9): 2472-2482.

EIKENBERG JD & DAVY BM. 2013. Prediabetes: a prevalent
and treatable, but often unrecognized, clinical condition.
J Acad Nutr Diet 113(2): 213-218.

FRANKE SIR, MOLZ P, MAI C, ELLWANGER JH, ZENKNER FF, HORTA
JA & PRA D. 2017. High consumption of sucrose induces
DNA damage in male Wistar rats. An Acad Bras Cienc 89:
2657-2662.

GIACCO F & BROWNLEE M. 2010. Oxidative stress and
diabetic complications. Circ Res 107(9): 1058-1070.

GLENDINNING JI, BREINAGER L, KYRILLOU E, LACUNA K, ROCHA
R & SCLAFANI A. 2010. Differential effects of sucrose and
fructose on dietary obesity in four mouse strains. Physiol
Behav 101(3): 331-343.

EFFECTS OF INVERT SUGAR OVERLOAD IN RATS

GRATAO ACA, BERTO MI & SILVEIRA JUNIOR V. 2004. Reologia
do acicar liquido invertido: influéncia da temperatura
na viscosidade. Ciénc Tecnol Aliment 24(4): 652-656.

HU FB. 2011. Globalization of diabetes: the role of diet,
lifestyle, and genes. Diabetes Care 34(6): 1249-1257.

HU FB & MALIK VS. 2010. Sugar-sweetened beverages
and risk of obesity and type 2 diabetes: epidemiologic
evidence. Physiol Behav 100(1): 47-54.

JURGENS H ET AL. 2005. Consuming fructose-sweetened
beverages increases body adiposity in mice. Obes Res
13(7): 1146-1156.

KING AJ. 2012. The use of animal models in diabetes
research. Br ) Pharmacol 166(3): 877-894.

LEHNEN AM, RODRIGUES B, IRIGOYEN MC, DE ANGELIS K & SCHAAN
BD. 2013. Cardiovascular changes in animal models of
metabolic syndrome. ) Diabetes Res 2013: 761314.

LEVINE RL, GARLAND D, OLIVER CN, AMICI A, CLIMENT I, LENZ AG,
AHN BW, SHALTIEL S & STADTMAN ER. 1990. Determination
of carbonyl content in oxidatively modified proteins.
Methods Enzymol 186: 464-478.

MALIK VS & HU FB. 2012. Sweeteners and Risk of Obesity
and Type 2 Diabetes: The Role of Sugar-Sweetened
Beverages. Curr Diab Rep 12: 195-203.

MALIK VS, POPKIN BM, BRAY GA, DESPRES J-P & HU FB. 2010.
Sugar-sweetened beverages, obesity, type 2 diabetes
mellitus, and cardiovascular disease risk. Circulation
121(11); 1356-1364.

MARITIM AC, SANDERS RA & WATKINS JB. 2003. Diabetes,
oxidative stress, and antioxidants: a review. ) Biochem
Mol Toxicol 17(1): 24-38.

MASCHIROW L, KHALAF K, AL-AUBAIDY HA & JELINEK HF. 2015.
Inflammation, coagulation, endothelial dysfunction
and oxidative stress in prediabetes - Biomarkers as
a possible tool for early disease detection for rural
screening. Clin Biochem 48(9): 581-585.

MOLZ P, ELLWANGER JH, ZENKNER FF, CAMPOS D, PRA D, PUTZKE
MT & FRANKE SIR. 2016. Recognition memory and DNA
damage in undernourished young rats. An Acad Bras
Cienc 88(3): 1863-1873.

NOVELLI EL, DINIZ YS, GALHARDI CM, EBAID GM, RODRIGUES HG,
MANI F, FERNANDES AA, CICOGNA AC & NOVELLI FILHO JL. 2007.
Anthropometrical parameters and markers of obesity in
rats. Lab Anim 41(1): 111-119.

PEREIRA CS, MOLZ P, PALAZZO RP, DE FREITAS TA, MALUF SW,
HORTA JA, PRA D & FRANKE, SIR. 2013. DNA damage and
cytotoxicity in adult subjects with prediabetes. Mutat
Res 753(3): 76-81.

An Acad Bras Cienc (2020) 92(2) e20191423 9| 1



PATRICIA MOLZ et al.

PRA D, FRANKE SI, GIULIAN R, YONEAMA ML, DIAS JF, ERDTMANN
B & HENRIQUES JA. 2008. Genotoxicity and mutagenicity of
iron and copper in mice. Biometals 21(3): 289-297.

PUNTHAKEE Z, GOLDENBERG R & KATZ P. 2018. Definition,
classification and diagnosis of diabetes, prediabetes
and metabolic syndrome. Can J Diabetes 42(1): S10-S15.

REES DA & ALCOLADO JC. 2005. Animal models of diabetes
mellitus. Diabet Med 22(4): 359-370.

RUSKOVSKA T & BERNLOHR DA. 2013. Oxidative stress and
protein carbonylation in adipose tissue - implications
forinsulin resistance and diabetes mellitus. ) Proteomics
92: 323-334.

RUTLEDGE AC & ADELI K. 2007. Fructose and the metabolic
syndrome: pathophysiology and molecular mechanisms.
Nutr Rev 65(6): S13-S23.

SCHULZE MB, MANSON JE, LUDWIG DS, COLDITZ GA, STAMPFER
MJ, WILLETT WC & HU FB. 2004. Sugar-sweetened beverages,
weight gain, and incidence of type 2 diabetes in young
and middle-aged women. JAMA 292(8): 927-934.

SHELUDIAKOVA A, ROONEY K & BOAKES RA. 2012. Metabolic
and behavioural effects of sucrose and fructose/glucose
drinks in the rat. Eur ) Nutr 51(4): 445-454.

SHI X, SCHEDL HP, SUMMERS RM, LAMBERT GP, CHANG RT, XIA
T & GISOLFI CV. 1997. Fructose transport mechanisms in
humans. Gastroenterology 113(4): 1171-1179.

TABAK AG, HERDER C, RATHMANN W, BRUNNER EJ & KIVIMAKI
M. 2012. Prediabetes: a high-risk state for diabetes
development. Lancet 379(9833): 2279-2290.

TAPPY L & LE KA. 2010. Metabolic effects of fructose and
the worldwide increase in obesity. Physiol Rev 90(1):
23-46.

TAPPY L. 2012. Q&A:'Toxic'effects of sugar: should we be
afraid of fructose? BMC Biol 10: 42.

TE MORENGA L, MALLARD S & MANN J. 2013. Dietary sugars
and body weight: systematic review and meta-analyses
of randomised controlled trials and cohort studies. BMJ
346: e7492.

TER HORST KW, SCHENE MR, HOLMAN R, ROMIJN JA & SERLIE
MJ. 2016. Effect of fructose consumption on insulin
sensitivity in nondiabetic subjects: a systematic review
and meta-analysis of diet-intervention trials. Am J Clin
Nutr 104(6): 1562-1576.

THAVARAJAH P & LOW NH. 2006. Isolation and identification
of select oligosaccharides from commercially produced
total invert sugar with a proposed mechanism for their
formation. J Agric Food Chem 54(7): 2754-2760.

EFFECTS OF INVERT SUGAR OVERLOAD IN RATS

YARIBEYGI H, ATKIN SL & SAHEBKAR A. 2019. A review of the
molecular mechanisms of hyperglycemia-induced free
radical generation leading to oxidative stress. J Cell
Physiol 234(2): 1300-1312.

How to cite

MOLZ P, MOLZ WA, DALLEMOLE DR, SANTOS LFS, SALVADOR M, CRUZ DB,
PRA D & FRANKE SIR. 2020. Invert sugar induces glucose intolerance
but does not cause injury to the pancreas nor permanent DNA
damage in rats. An Acad Bras Cienc 92: €20191423. Doi 10.1590/0001-
3765202020191423.

Manuscript received on November 27, 2019;
accepted for publication on February 7,2020

PATRICIA MOLZ"*?
https://orcid.org/0000-0001-8940-7023;

WALTER A. MOLZ*
https://orcid.org/0000-0001-5992-6498;

DANIELI R. DALLEMOLE*?
https://orcid.org/0000-0002-3860-7487;

LUCIANA F.S. SANTOS®
https://orcid.org/0000-0002-9887-1765;

MIRIAN SALVADOR®
https://orcid.org/0000-0001-9404-0262;

DENNIS B. CRUZ*
https://orcid.org/0000-0002-5247-1571;

DANIEL PRA?
https://orcid.org/0000-0003-2818-0173;

SILVIA I.R. FRANKE"
https://orcid.org/0000-0002-1935-3231;

'Programa de Pos-Graduacao em Promocao da Saude,
Universidade de Santa Cruz do Sul/UNISC, Departamento
de Ciéncias da Salde, Av. Independéncia, 2293, Sala 4206,
Universitario 96815-900 Santa Cruz do Sul, RS, Brazil

’Universidade de Santa Cruz do Sul/UNISC,Departamento
de Ciéncias da Satde,Laboratorio de Nutricao
Experimental, Av. Independéncia, 2293, Sala 3031,
Universitario, 96815-900 Santa Cruz do Sul, RS, Brazil

*Programa de Pos-Graduacao em Medicina e Ciéncias
da Saide, Pontificia Universidade Catélica do Rio
Grande do Sul/PUCRS, Escola de Medicina, Av. Ipiranga,
6681, Partenon, 90619-900 Porto Alegre, RS, Brazil

“ Universidade de Santa Cruz do Sul/UNISC, Departamento
de Ciéncias da Vida, Av. Independéncia, 2293, Sala 3031,
Universitario, 96815-900 Santa Cruz do Sul, RS, Brazil

An Acad Bras Cienc (2020) 92(2) 20191423 10 | 11



PATRICIA MOLZ et al. EFFECTS OF INVERT SUGAR OVERLOAD IN RATS

°Programa de Pos-Graduacao em Ciéncias
Farmacéuticas, Universidade Federal do Rio Grande
do Sul, Escola de Farmacia, Av. Ipiranga, 2752, Rio
Branco, 90610-000 Porto Alegre, RS, Brazil

®Instituto Biotecnologia, Universidade de Caxias do Sul/UCS,
Laboratorio de Estresse Oxidativo e Antioxidantes, Francisco
Getdlio Vargas, 1130, 95070560 Caxias do Sul, RS, Brazil

Correspondence to: Silvia Isabel Rech Franke
E- mail: silviafr@unisc.br

Author contributions

PM, DP and SIRF conceived and designed the experiment.
PM, WAM, DRD performed the in vivo experiments. PM, WAM,
DRD, LFSS, MS, DBC, DP, SIRF performed the laboratory tests.
PM analyzed the data. PM, WAM, SIRF wrote and provided
intellectual input on the paper. DP and SIRF supervised all
experiments and the manuscript preparation. All authors
revised the final version of the article.

[@)sy |

An Acad Bras Cienc (2020) 92(2) €20191423 11| 1



