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Abstract Received date: September 27, 2016
Metabolic syndrome is associated with several disorders, including hyper- Accepted date: November 07, 2016

tension, diabetes, hyperlipidemia as yvell as cardiovascular .diseases and stroke. Th.e Published date: November 16, 2016
purpose of the present study was to investigate the preventive effect of Rubus ulmi-
Jfolius Schott extract (E) on hyperglycemia, hyperlipidemia and liver oxidative stress
in rats fed a high-sucrose diet. Citation: Ait-Yahia, D., et al. Potential of
Male Wistar rats (n = 21) weighing 115 + 3 g were used in this experiment. ~ Rubus Ulmifolius Schott Supplementation
For induction of MS, fourteen rats were given free access to 60% sucrose in drinking  in the Attenuation of Sucrose-Induced Hy-
water and seven rats received water for 3 weeks. After this induction phase, rats were ~ perglycemia, Dyslipidemia and Liver Oxi-
assigned to three equal-weight groups as follows: dative Damage in Rats. (2016) J Diab Obes
1) C: rats were kept on standard pellet diet. 3(2): 67-72.
2) HSD: rats were kept on high-sucrose diet containing 60% sucrose for 3 weeks.
3) HSD + E: rats were kept on HSD and orally administered 300 mg/kg of extract by
stomach tube once daily for a period of 3 weeks. DOI: 10.15436/2376-0494.16.1141
Rats exposed to a sucrose-rich diet exhibited similar body weight despite
lower food intake when comparing to control rats. Increased plasma glucose, HbA1C,
triglycerides, total cholesterol (TC), VLDL-C, LDL-C, TC-HDL-C/HDL-C, total
protein, albumin, fibrinogen, urea, uric acid, creatinine, ALT, AST, decreased HDL-C
and impaired tolerance to glucose was reported in HS-fed rats. We also observed high
TBARS and low SOD, CAT and GSH-Px activities in liver. Supplementation of HS
diet with Rubus ulmifolius Schott extract at a 300 mg/kg dose improved glucose tol-
erance, hyperglycemia, HbA ¢, dyslipidemia, liver and renal abnormalities and liver
oxidative stress when compared to HSD rats.
Taken as a whole, these results support the favorable effect of Rubus ulmi-
folius Schott extract in sucrose-induced metabolic syndrome on such variables as
hyperglycemia, glucose tolerance, lipid metabolism, and liver oxidative damage,
suggesting that Rubus ulmifolius Schott could be beneficial to counteract deleterious
dietary sucrose in an animal metabolic syndrome model.
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Rubus ulmifolius Schott and metabolic syndrome

Introduction

The prevalence of metabolic syndrome and its interre-
lated complications has increased worldwide due to the modern
lifestyle and an increased consumption of high-sugar diets!'l. In-
sulin resistance is an important predisposing condition to type 2
diabetes mellitus. Type 2 diabetes! is a major cause of morbidity
and mortality worldwide, and a predisposing condition for high
blood pressure, some dyslipidemias, and coronary heart dis-
easel®l. There are plausible mechanisms and research evidence
that supports the suggestion that consumption of excess sugar
promotes the development of cardiovascular disease (CVD) and
type 2 diabetes (T2DM) both directly and indirectly™!.

Plants are important sources for the preparation of nat-
ural remedies, food additives, and other ingredients, as they con-
tain many biologically active compounds as polyphenols, vita-
mins (A, B group, C, E), terpenes, organic acids, and other very
important phytochemicals®®®. For this reason, plant material and
herbal preparations have been widely used for hundreds of years
all over the world”: they have provided a complete storehouse
of remedies to cure acute and chronic diseases.

Rubus ulmifolius Schott (Rosaceae), known as wild
blackberry, is a perennial shrub found in wild and cultivated
habitats in Europe, Asia and North Africa. Natural products and
related structures are increasingly becoming essential sources of
new pharmaceuticals, because of the immense variety of func-
tionally relevant secondary metabolites.

In traditional herbal medicine, Rubus ulmifolius Schott
have been used for different therapeutic purposes®, antiviral,
anti-inflammatory activity, anti-haemorrhoids and diarrhoea
activity!®!l antiprofilative cancer cells!'? and also for its ben-
eficial effects!!¥). It forms the majority of hedgerows, the vast
majority of bushes agricultural areas and abandoned fallow.

No studies evaluating the effects of Rubus ulmifolius
Schott extract on metabolic syndrome have been reported so far.
Therefore, this study was aimed to determine the potential effect
of Rubus ulmifolius Schott extract on hyperglycemia, glucose
tolerance, dyslipidemia and liver oxidative stress markers of rats
fed a HS diet.

Materials and Methods

Plant material. Rubus ulmifolius Schott (Rosaceae)
were collected from OCHBA, Tlemcen, Algeria around the end
of May. The plant was authenticated by Professor Righi at the
Laboratory of Research on Biological systems and Geomatics,
University of Mascara. The samples were rinsed thoroughly
under running tap water and then the clean samples were then
dried at room temperature until they were completely dried be-
fore grinding them into powder form. Then, the aerial part of the
plant was recovered and stored in a dry place prior to use.

Preparation of plant extracts

Dry plant materials were ground into a fine powder
using a homogenizer. Each 20 g of powdered aerial parts was
submitted to maceration in 200 ml of distilled water at room
temperature for 24 h. The maceration was then filtered using a
300-mesh filter, and the filtrate was concentrated at 50°C for 24
h. The residue obtained was the crude aqueous extract.
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Animals, induction of metabolic syndrome, and diets
Twenty one male Wistar rats obtained from Iffa-Credo,
(L’ Arbresle, France) and weighing 115 + 3 g at the beginning of
the experiment were used for the study. The rats were kept in a
laboratory animal house with an alternate exposure to 12 h light:
dark cycle (07:00 - 19:00). Throughout the experiment, tempera-
ture of the animal room was maintained at 24°C and humidity at
60%. For induction of MS, fourteen rats were free access to 60%
sucrose in drinking water for 21 days, while others received wa-
ter. After this induction phase, rats were assigned to three equal-
weight groups as follows:
1) C: rats were kept on standard pellet diet.
2) HSD: rats were kept on HSD containing 60% sucrose for 3
weeks.
3) HSD + E: rats with HSD were orally administered a dose
of 300 mg/kg of Rubus ulmifolius Schott by stomach tube once
daily for a period of 3 weeks.

Diets and tap water were freely available for 3 weeks.
The animals were weighed weekly. Blood glucose was mea-
sured weekly. The animal experiment was conducted in accor-
dance with the guide for the care and use of laboratory animals
published by the Council of European Communities, (1987)!4,
Food intake and body weight were monitored weekly.

Glucose tolerance test

After twenty nine day of experiment, rats were fasted
overnight before the intraperitoneal glucose tolerance test (IP-
GTT). A 2.0 g D-glucose/kg body weight was intraperitoneally
injected in awake and fasted rats. Blood samples were sequen-
tially collected via the tail vein before time 0, 30, 60, and 120
min after injection.

Blood and tissue collection

At the end of the feeding period, after overnight fast-
ing, blood was withdrawn via the abdominal aorta under chloral
anesthesia (60 mg/kg body weight) in heparinized tubes. Plasma
obtained after low speed centrifugation (4000 x g, 20 min, 4°C)
was stored at -70°C for biochemical analysis. Liver tissue was
excised, weighed and immediately frozen at -70°C until needed
for analysis.

Plasma glucose, HbA1C, lipid profile and transaminase ac-
tivity

Glycated haemoglobin (HbA1C) was determined by
micro column enzymatic method (Biocon, Diagnostik, GmbH,
Burbach, Germany). Plasma glucose, total cholesterol, tri-
glycerides, LDL-C, HDL-C, urea, uric acid, creatinine, aspar-
tate aminotransferase (AST), alanine aminotransferase (ALT),
total protein and albumin were estimated using commercially
available standard assay kits (Spinreact, Girona, Spain). Plas-
ma urea, creatinine and albumin levels were determined using
commercial kits purchased from Spinreact, (Girona, Spain).
Circulating fibrinogen concentrations were assayed by using an
assay kit (Cypress Diagnostics, Langdorp, Belgium). HDL-C
was achieved by precipitation of plasma by adding precipitating
reagent (phosphotungstic acid and dextran sulfate-magnesium
chloride) after centrifugation at 3,000 rpm, the supernatant was
estimated for HDL-C by using cholesterol reagent (cholester-
ol esterase and cholesterol oxidase) and measured colorimetri-
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cally at a wavelength of 500 nm. Very low density lipoprotein
(VLDL-C) was calculated by dividing TG/5. Atherogenic index
(AI) was calculated by the equation: Al = (TC-HDL-C)/HDL-C.

Liver lipid peroxidation assay

Lipid peroxidation levels in the liver tissues were eval-
uated using the thiobarbituric acid reactive substances (TBARS)
assay as described by the method of Quintanilha et al.l'>. For
TBARS measurement, tissue homogenate was deprotenized
with 10% trichloroacetic acid (TCA) and the precipitate was
treated with thiobarbituric acid (TBA) at 90°C for 1 h. The ab-
sorbance was measured at 532 nm using a spectrophotometer
(Cary 50; Varian, Palo Alto, CA, USA). The concentration was
expressed as pmol/g tissue.

Liver antioxidant enzyme activities

Liver homogenates prepared on ice in a ratio of 1 g wet
tissue to 9 ml 150 mmol/l KCL using a Polytron homogenizer,
were used for superoxide dismutase (SOD, EC 1.15.1.1), glu-
tathione peroxidase (GSH-Px, EC 1.11.1.9) and catalase (CAT,
EC, 1.11.1.6) determinations. SOD activity was determined us-
ing an SOD assay kit according to the manufacturer’s protocol
(Cayman Chemical kit, USA). Briefly, the method uses xanthine
and xanthine oxidase to generate superoxide radicals, which
react with 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyltetra-
zolium chloride to form a formazan dye. The SOD activity was
measured by the degree of inhibition of the reaction at 440 nm
using a spectrophotometer. The results were expressed in U/mg
of protein. CAT activity was measured at 240 nm according to
the method of Aebil'® and the results were expressed in nmol/mg
of protein. Tissue GPH-Px activity was measured by enzymatic
method at 340 nm using Cayman Chemical kit, (USA). The data
were expressed in nmol/min/mg of protein.

Statistical analysis

Data are presented as mean £ SD of seven rats per
group. Statistical analysis was performed using the Statistica 6
(Statsoft, Tulsa, OK). The statistical significance of differences
between groups was analyzed using one-way analysis of vari-
ance (ANOVA). In all analyses, a difference of P < 0.05 was
considered significant. *P <0.05, HSD and HSD-E groups versus
C group. °P < 0.05, HSD-E group versus HSD group.

Results

Food intake and body and liver weights

Table I lists body and liver masses and food and water
intakes for control, diet induced MS and experimental Rubus ul-
mifolius Schott extract groups. After the 6-week feeding period,
although high sucrose ingestion decreased food (1.98-fold) and
water (1.22-fold) consumption, the average of body and liver
weights did not differ when compared to C group. Twenty one
days of Rubus ulmifolius Schott extract treatment significantly
increased food intake (80%) without modifying body and liver
weights and water intake compared with the HSD group.

Glucose tolerance test

The profile of plasma D-glucose concentrations during
the IGPTT in the three groups of rats is depicted in Figure 1.
HSD treatment caused a significant increase in plasma D-glucose
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levels at any time points during the IGPTT study as compared to
their controls. Administration of Rubus ulmifolius Schott extract
to HSD treated rats revealed a significant decrease in plasma
D-glucose when comparing to HSD.

Table I: Body and liver weights, food intake and adiposity in control
and experimental groups'.

C HSD HSD-E
Initial body weight (g) | 115+ 3 115+£3 115+£3
Final body weight (g) | 240+ 17 235+4.50 22957+ 12
Food intake (g/d/rat) | 15.91+£3.11 | 8.02+£3.21* | 14.41 £2.98"
Water intake (ml/d/rat) | 15.00+2.32 | 12.30 £2.04* | 12.12 + 1.96*
Liver weight (g) 7.54+£024 | 8.22+0.82 | 7.67+0.60
Index of adiposity 294+0.17 | 3.79+£0.12* | 2.98 +0.14°

'Data are mean + SD of seven rats per group. “P < 0.05, HSD and HSD-E
groups versus C group. *P < 0.05, HSD-E group versus HSD group.

Figure 1: Plasma glucose response to IPGTT in rats fed control diet (C)
and high sucrose diet (HSD) with or without Rubus ulmifolius Schott
extract (E) for 42 days. Mean values (= SD) refer to 7 rats in each group.
*P < 0.05, HSD and HSD-E groups versus C group. °P < 0.05, HSD-E
group versus HSD group.

Plasma glucose and lipid profile

Plasma lipid profile, glucose and HbAlc, are shown
in Table II. The high sucrose diet considerably elevated plas-
ma total cholesterol (1.17-fold), VLDL-C (2.93-fold), LDL-C
(1.56-fold), TC-HDL-C/HDL-C (5.48-fold), triglycerides (2.97-
fold), glucose (1.27-fold) and HbA 1c (1.43-fold), and decreased
HDL-C (2.02-fold) when compared to the control diet. After 21
days of treatment with the extract at a dose of 300 mg/kg BW,
there was a significant decrease of glucose (1.8-fold), HbAlc
(1.74-fold), total cholesterol (1.91-fold), triglycerides (4.46-
fold), VLDL-C (4.44-fold), LDL-C (1.65-fold), TC-HDL-C/
HDL-C (2.90-fold) but elevation of HDL-C (1.66-fold), which
was compared to HSD. Moreover, as compared to C group,
HSD-E group reduced plasma glucose, HbA1C, TG, VLDL-C,
HDL-C and increased TC-HDL-C/HDL-C. Administration of
Rubus ulmifolius Schott to HSD rats were sufficient to return
plasma TC and LDL-C levels to those observed in C-fed ani-
mals.
Table II: Plasma metabolic data in control and experimental groups'.

c HSD HSD-E
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Glucose (mmo/L) 5.44+0.01 | 6.93+0.08 | 3.85+0.03
HbA1C (%) 5.45+0.03 | 7.80 £0.03* | 4.47 +0.06*
TG (g/L) 0.75+0.20 | 2.23+0.76* | 0.50 = 0.17*
TC (g/L) 124+0.16 | 1.46+0.83* | 1.30 +0.26"
VLDL-C (g/L) 0.15+£0.04 | 0.44+0.15* | 0.10£0.03®
LDL-C (g/L) 0.37+0.16 | 0.58 £0.12* | 0.35+£0.11°
HDL-C (g/L) 0.85+0.18 | 0.42+0.15* | 0.70 £ 0.35®
TC-HDL-C/HDL-C 0.45+0.11 | 2.47+0.81* | 0.85+0.25®

'Data are mean + SD of seven rats per group. “P <0.05, HSD and HSD-E
groups versus C group. *P < 0.05, HSD-E group versus HSD group.
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as, SOD (57%), CAT (70%) and GSH-Px (67%) activity than in
the control group. Upon Rubus ulmifolius Schott supplementa-
tion for 21 days at a dose of 300 mg/kg rats, the concentrations
of liver TBARS were significantly reduced by 27% and the lev-
els all of these antioxidant enzymes (SOD 141%, CAT 247%,
and GSH-Px 191%) were to a greater extent in HSD rats. Treat-
ment of HSD with Rubus ulmifolius Schott normalized TBARS,
SOD, CAT and GSH-Px when compared to control diet.

Table V: Liver TBARS, SOD, CAT and GSH-Px activities in C, HSD
and HSD + E treated groups'.

Plasma total proteins, albumin and fibrinogen

he HSD-fed rats displayed significant increase in plas-
ma total proteins (1.75-fold), albumin (1.12-fold) and fibrinogen
(1.37-fold) when compared to C rats (Table III). Administration
of Rubus ulmifolius Schott extract to HSD treated rats revealed
a significant decrease in plasma total proteins (1.66-fold) and
fibrinogen (1.27-fold) as compared to HSD. In addition, the in-
clusion of extract to HD rats restored albumin and fibrinogen
levels similar to those of C rats.

Table I1I: Plasma total proteins, albumin and fibrinogen in control and
experimental groups'.

C HSD HSD-E
Total proteins (g/1) 51.50 £2.00 | 90.30 = 3.00° | 54.30 +2.00*
Albumin (g/1) 26.70 £2.50 | 30.10+1.70% | 28.90 + 1.80
Fibrinogen (g/1) 1.34+£0.14 | 1.84+0.13* | 1.44+£0.12°

'Data are mean + SD of seven rats per group. “P <0.05, HSD and HSD-E
groups versus C group. *P < 0.05, HSD-E group versus HSD group.

Table IV: Plasma urea, uric acid, creatinine, ALT and AST activities in
control and experimental groups'.

C HSD HSD-E
Urea (mg/dl) 0.31+£0.03 |2.19+0.07¢ | 0.40 +0.20®
Uric acid (mg/dl) 350+£1.27 | 6.95+1.62* | 4.00+0.32°
Creatinine (mg/dl) 0.55+0.02 | 1.32+0.10* | 0.42+0.03®
ALT (U/N) 28.05+1.03 | 44.54+2.12* | 31.43 £0.10®
AST (U 25.33+0.07 | 39.54+1.07* | 25.50 + 0.05°

'Data are mean + SD of seven rats per group. ‘P <0.05, HSD and HSD-E
groups versus C group. °P < 0.05, HSD-E group versus HSD group.

Plasma urea, uric acid, creatinine, AST and ALT levels

HSD treatment caused a significant increase in plas-
ma urea (7.06-fold), uric acid (1.98), creatinine (2.4-fold), ALT
(1.58-fold) and AST (1.56-fold) when compared to C diet as
shown in Table I'V. Exposition to Rubus ulmifolius Schott treat-
ment significantly ameliorated the increase of plasma urea, uric
acid, creatinine, AST and ALT levels. Moreover, Rubus ulmifo-
lius Schott returns circulating uric acid and AST to near control
values in HS-fed animals.

Hepatic levels of oxidative stress biomarkers

Exposition to HS diet led to an increase of TBARS with
respect to their controls (Table V). Moreover, the high-sucrose
diet drastically altered the hepatic antioxidant biomarkers such
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C HSD HSD-E
TBARS (nmol/mg | ) o¢ 04 | 1214006 | 0.88 +0.04°
protein)

SOD (U/mg protein) | 55.76 = 0.32 | 23.98 + 0.45* | 57.87 + 0.23"
CAT (nmol/mg 193+0.03 | 0.57+£020° | 1.98=0.02
protein)

GSH-Px_ (umol/min/ | | 5 10 | 0345003 | 0.99+0.10°
mg protein)

'Data are mean + SD of seven rats per group. “P <0.05, HSD and HSD-E
groups versus C group. *P < 0.05, HSD-E group versus HSD group.

Discussion

The present study showed the non significant change in
the mean body weights of the three groups, in spite of changes in
food intake. This result is in agreement with several studies that
found that feeding with high-sucrose diets did not increase the
body weight of rats over the long term!'™-°!. Rats on HSD ate less
but gained more body fat, suggesting that this diet may favor the
development of fat accumulation independent of excessive en-
ergy intake. Sucrose intake is characterized by a severe elevated
adiposity and impaired glucose function®?2. Upon Rubus ulmi-
Jfolius Schott supplementation for 21 days at a dose of 300 mg/kg
rats, the index of adiposity was significantly reduced despite of
high food feeding.

In the present current, the HSD impaired glucose tol-
erance as evidenced by the IPGTT and elevated plasma glucose
and HbA1C even though minimal impact on body weight was
detected as compared to C diet and this was likely due to reduced
insulin suppression of glucose production and increased capacity
of gluconeogenesis?*?*. Our results are supported by other stud-
ies on rat obesity models that showed a tissue specific sequence
in the development of diet-induced insulin resistance!!”!¥]. Rats
fed a 40% sucrose diet developed accelerated features of meta-
bolic syndrome with up regulation of fructose-dependent trans-
porter Glut 5 and fructokinase!'”). Oral administration of the
extract at a dose of 300 mg/kg BW improved plasma glucose,
HbAI1C, glucose tolerance in HSD rats. Together, our results
show the pharmaceutical potential of Rubus ulmifolius Schott as
an herb-derived remedy improving the glucose abnormalities.

We also reported that the HS diet resulted in dyslipid-
emic changes as indicated by increased plasma levels of TG, TC,
VLDL-C, LDL-C, TC-HDL-C/HDL-C ratio and a lower level
of HDL-C compared with the control diet. Similar results were
observed®!. The HS-diet has a very high lipogenic capacity,
arising predominantly from the dramatic increase in glycolytic
flux caused by the bypassing by fructose of a rate-determining
enzymatic reaction (Phosphofructokinase) and fructose-6-phos-
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phate-stimulated recruitment of glucokinase to the cytoplasm®¢.,
Much of this flux is directed into lipogenesis in the rat, presum-
ably because of a supply of glycolytic intermediates that are in
excess of what can be metabolized by the liver through nonli-
pogenic pathways. The hypertriglyceridemia produced by high
sucrose diet may be due to increased secretion of TG, which
decreased the catabolism of the rats®?”. Exposure of HS rats to
Rubus ulmifolius Schott significantly improved HS diet-medi-
ated dyslipidemia by increasing the level of cardioprotective
HDL-C and decreased the levels of TC, VLDL-C, LDL-C, TC-
HDL-C/HDL-C ratio and TG at a dose of 300 mg/kg BW. The
increased HDL-C levels in HSD-E administered rats indicates
the possibility of increased transport of peripheral tissue cho-
lesterol to the liver, decreasing the blood cholesterol level and
thus acting as a protective factor, suggesting that these effects
were independent of alterations in body and liver weights but to
low adiposity. Moreover, the decreases induced by Rubus ulmi-
folius Schott were sufficient to return TG and LDL-C levels to
those observed in C-fed animals. It could be reasonably inferred
that improved dyslipidemia by Rubus ulmifolius Schott extract
could be a result of polyphenols which contribute to the hypo-
lipidemic activity by increasing the cholesterol metabolism and
by modulating the enzymes involved in cholesterol metabolism,
such as HMG-CoA reductase, lecithin cholesterolacyl trans-
ferase, cholesterol 7o-hydroxylase and acyl-CoA:cholesterol
acyltransferase. Moreover, it has been reported that flavonoids
intake decreased LDL-C and increased HDL-C that may hasten
removal of cholesterol from peripheral tissue to liver for catab-
olism and excretion®®. Our results also revealed that increase in
sucrose consumption exerts a significant difference on plasma
fibrinogen, albumin and total proteins. Similar results were re-
ported®?*3%. Fibrinogen has been implicated in the etiology of
cardiovascular diseasel®!! by promoting fibrin formation and it
is a major contributor to plasma viscosity, a condition that in-
creases fibrinogen level as in case of sucrose feeding may affect
cardiovascular risk factors. Rats treated with Rubus ulmifolius
Schott extract reduced significantly total proteins and fibrinogen
levels as compared to those untreated.

The concentrations of urea, uric acid and creatinine
were greater in plasma of HSD-fed rats, suggesting renal diseas-
es or renal damage associated with metabolic syndrome, while a
significant decrease in these parameters was observed in animals
of the treated group. Uric acid has been shown to enter cells via
specific transporters such as URAT-1 where it can induce proin-
flammatory and pro-oxidative effectst>3.

In our study, Rubus ulmifolius Schott extract improved
liver function by decreasing the plasma ALT and AST levels in
HSD rats and these enzymes have been restored to the normal
value, indicating the curative action of Rubus ulmifolius Schott
extract. Hepatospecific enzymes are activated when hepatocel-
lular damage gives rise to abnormalities of liver function. AST
and ALT activities in plasma are generally accepted as an index
of liver damage, and ALT is used as a highly liver-specific en-
zymel4,

Hyperglycemia in conjuncture with hyperlipidemia
increased oxidative stress. The present study showed that an-
imals fed HS diet suffer from oxidative stress as indicated by
the significant increment of lipid peroxidation (TBARS) in liver,
which is associated to depletion in cellular enzymatic antioxi-
dant potential, such as SOD, CAT and GSH-Px activities and to
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high circulating glucose, which enhances free radical production
from glucose autoxidation. The inclusion of Rubus ulmifolius
Schott significantly reduced lipid peroxidation and enhanced the
antioxidant enzymatic defense as compared to HSD rats, which
suggests that the tested extract was protective and curative
against liver toxicity. The antioxidant activity of Rubus ulmi-
folius Schott extract could be attributed to the presence of poly-
phenols (71.03%) such as catechins (50.06%), benzoic acids
(10.56%), cinnamic acid (6.88%), flavonols (3.80%), followed
by organic acids (27.34%) and vitamins (1.36%)3, which act as
scavengers of various oxidizing species i.e., super oxide anion
(O+—), hydroxyl radical or peroxy radicals and as quenchers of
singlet oxygen.

Taken as a whole, these results indicated the potential
of Rubus ulmifolius Schott in the attenuation of hyperglycemia,
glucose intolerance, hyperlipidemia, hepatotoxicity and im-
proved oxidative damage, suggesting that this herbal could be
beneficial to counteract deleterious dietary sucrose in an animal
metabolic syndrome model.

Conflict of Interests: The authors declare no conflict of inter-
ests.
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