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INTRODUCTION

Diabetes mellitus is a group of metabolic disorders char-
acterised by persistent high blood glucose level, caused by 
insulin resistance and/or impaired insulin secretion. Well 
known risk factors of the most frequent type 2 diabetes 
are obesity and metabolic syndrome [Kopelman & Albon, 
1997]. Beside the disturbances in carbohydrate metabo-
lism, all these abnormalities are frequently connected with 
dyslipidaemia and can be considered as diet-related; they 
are associated with increased energy consumption derived 
mainly from the products with saturated fat and refined 
sugar high-contents, connected with a decreased intake of 
unprocessed plant raw materials and fibre [Mann, 2002; 
Biesalski, 2004]. An often result of these nutritional faults, 
except body weight increase, is a decreased intake of vita-
mins and other low‑molecular antioxidative compounds, as 
well as microelements which are parts of antioxidative en-
zymes in the body. Moreover, the undiagnosed or uncon-
trolled diabetes leads to persistent hyperglycaemia which 
i.a. can disturb oxidative/reductive balance in an organism, 
and is an important factor of the development and progres-
sion of diabetic complications [King & Loeken, 2004; Rolo 
& Palmeira, 2006]. All the foregoing factors can induce the 

oxidative stress which seems to be the underlie of diabetes 
development and progression. 

Due to high amount of polyphenols, recently, many exper-
iments have been performed on plant-derived products with 
antioxidative properties, in order to estimate the influence of 
native substances on organism with diabetes. The rat’s strep-
tozotocin-induced diabetes was recognized as a very useful 
model where, besides severe hyperglycaemia and dyslipidae-
mia, disturbed antioxidant status was also revealed [Garg et 
al., 1996]. It is well known that black chokeberry (Aronia mel-
anocarpa) offers a strong antiradical activity resulting from 
high amount of natural antioxidants, especially polyphenols 
[Benvenuti et al., 2004]. Few evidences about a positive im-
pact of the chokeberry derivatives on animal model of diabetes 
have also been presented in literature. Interestingly, Maslov et 
al. [2002] pointed at the extract from chokeberry leaves as a 
substance of hypoglycaemic actions, whereas the last report 
of Valcheva-Kuzmanova et al. [2007] indicates hypolipidae-
mic and hypoglycaemic activity of chokeberry fruit juice. 

The successive group of native substances which may 
also beneficially affect diabetes are linear type fructans, the 
non-digestible oligo- and polysaccharides obtained on an 
industrial scale from the chicory root (Cichorium intybus). 
The fructans, also well known as inulin, oligofructose or fruc-
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tooligosaccharides (depends on the degree of polymerization, 
DP), are categorised as parts of dietary fibre with prebiotic 
properties [Roberfroid, 2005]. Despite this, authors suggest 
that fructans also attenuate blood lipid and insulin level [Kok 
et al., 1998; Jackson et al., 1999], as well as improve glucose 
tolerance [Kok et al., 1998; Cani et al., 2006], however, con-
trary results have been described as well [Alles et al., 1999; 
Luo et al., 2000]. 

Although polyphenols and fructans are recognized as 
potential phytochemicals which may favourably affect dia-
betic state, the reports have been scarce and unclear thus far. 
Moreover, Larrauri et al. [1996] have proposed both glucose 
retardation index and antioxidant capacity as the major health-
promoting properties associated to dietary fibre. Therefore, 
the purpose of this study was to compare the effects of a 
polyphenol-rich extract from chokeberry fruit, chicory flour 
containing non-digestible fructans and their combination on 
blood parameters and antioxidant status of healthy and dia-
betic rats.

MATERIAL AND METHODS

Preparations 
The chicory flour was obtained by drying comminuted 

roots at a temperature not exceeding 70°C. Dried roots (ca. 
95% d.m.) were disintegrated to particles with the size smaller 
than 0.4 mm. The final preparation contained 3% of mono- 
and disaccharides, 15% of fructooligosaccharides (DP 2-7) 
and 60% of inulin (DP >10). The content of oligo-, di- and 
monosaccharides in the flour was measured with the HPLC 
method using Knauer (Berlin, Germany) chromatograph 
with RI detector, Animex HPX 87C (300 x 7.8 mm) column 
(Bio-Rad, Hercules, CA, USA) and water as a mobile phase 
(flow rate of 0.5 mL/min, temp. of 85°C). A commercial ex-
tract from black chokeberry fruit (Aronia melanocarpa) was a 
source of polyphenolic compounds purchased from Agrop-
harm Co. (Łódź, Poland). The extract was characterised in 
details by Frejnagel [2007].

Animals and diets
The animal protocol used in this study was approved by 

the University of Warmia and Mazury Institutional Animal 
Care and Use Committee. The experiment was conducted on 
64 grownup male Wistar rats divided into 8 groups of 8 ani-
mals each. All experimental treatments were applied in 2 ways 
using healthy and diabetic animals. Diabetes was induced by 
a single intraperitoneal injection of 65 mg/kg body weight of 
streptozotocin (STZ, Sigma Chemical Co., St. Louis, USA) 
freshly dissolved in 0.05 mol/L sodium citrate buffer (pH 
4.5). Control rats received an injection of citrate buffer. Blood 
glucose level was measured 48 h after STZ injection. Rats 
with glycaemia ≥300 mg/dL were considered diabetic and 
used for the study. To prevent hypoglycaemia, rats were kept 
on a 5% glucose solution for 24 h. All treatments of the rats 
were started at 9 a.m. and the sacrifice was also carried out 
at 9 a.m. Three days after the administration of STZ, diabetic 
rats were randomly assigned to the experimental groups. Then 
the healthy and diabetic rats were fed over 4 weeks with four 
experimental diets: the control casein diet containing 5% of 

cellulose as a source of dietary fibre (C group), a diet supple-
mented with 6.7% of chicory flour (F group) added at the ex-
pense of cellulose and a part of maize starch, which provided 
5% of dietary fructans; a diet in which 0.2% of chokeberry fruit 
extract was added at the expense of maize starch (P group), 
as well as a group fed with a diet containing both the fructans 
(6.5% chicory flour) and polyphenolic (0.2% chokeberry fruit 
extract) preparation (FP group). The detailed composition of 
the diets is given in Table 1. All animals were housed indi-
vidually in standard conditions with free access to water and 
diets.

Procedures
The whole blood glycaemia was determined in all rats in 

weekly intervals. At the termination of the experiment, the rats 
were anaesthetized with 20% urethane in physiological salt 
according to the recommendation for euthanasia of experi-
mental animals [Close et al., 1997]. After laparotomy blood 
samples were taken from tail vein, then liver, heart, kidneys, 
lungs and spleen were removed, weighed and subsequently 
stored at -70°C. The content of thiobarbituric acid-reactive 
substances (TBARS) in the internal organs tissue was deter-
mined after organs homogenization according to Uchiyama 
& Mihara [1978]. The concentrations of glucose (GLU), total 
cholesterol (CHOL) and triglycerides (TG) in the serum were 
determined with reagents from Alpha Diagnostics Ltd. (Cat. 
no. G6620, no. C6608, no. T6630, respectively). The activi-
ties of glutathione peroxidase (GPx) in heparinized blood and 
superoxide dismutase (SOD) in erythrocyte lysate were deter-
mined using the reagents from Randox Laboratories Ltd. (no. 
RS505 and no. SD125, respectively). Plasma ACW (integral 
antioxidant capacity of hydrophilic substances, kit Analytik 
Jena AG no. 400.801) and ACL (integral antioxidant capacity 

Table 1. Composition of experimental diets fed to rats1 (g/100 g).

Diet

C F P FP

Casein2 14.8 14.8 14.8 14.8

DL-methionine 0.2 0.2 0.2 0.2

Cellulose 5.0 - 5.0 -

Soybean oil 8.0 8.0 8.0 8.0

Cholesterol 0.5 0.5 0.5 0.5

Mineral mix3 3.5 3.5 3.5 3.5

Vitamin mix3 1.0 1.0 1.0 1.0

Chokeberry fruit extract4 - - 0.2 0.2

Chicory flour5 - 6.7 - 6.5

Corn starch6 67.0 65.5 66.8 60.3

�1All experimental treatments were applied in 2 ways: with a single intra-
peritoneal injection of 65 mg/kg body weight of streptozotocin (STZ) or 
with an injection of control citrate buffer. 2Casein preparation (g/100 g): 
crude protein 89.7, crude fat 0.3, ash 2.0, water 8.0. 3Recommended for 
AIN-93G diet [Reeves, 1997]. 4Polyphenol concentration (mg/g): total 
714, cyanidin glycosides 404.5, procyanidins 146.4, phenolic acids 105.2, 
quercetin and its glycosides 50.5, (-)epicatechin 7.6 [Frejnagel, 2007]. 
5Chicory flour preparation contained 3% of mono- and disaccharides, 
15% of fructooligosaccharides (DP 2-7) and 60% of fructans with higher 
DP. 6Corn starch preparation (g/100 g): total dietary fibre 0, crude protein 
0.6, crude fat 0.9, ash 0.2, water 8.8.
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of lipophilic substances, kit Analytik Jena AG no. 400.803) 
were determined with photochemiluminescence (PCL) de-
tection method using a Photochem (Analytik Jena AG, Jena, 
Germany) according to the procedure of Popov & Lewin 
[1999]. In the PCL assay the generation of free radicals was 
partially eliminated by the reaction with antioxidants present 
in plasma samples, and the remaining radicals were quanti-
fied by luminescence generation. Ascorbic acid (AA) and 
Trolox (T) calibration curves were used in order to evaluate 
ACW and ACL, respectively, and the results were expressed 
as µmol of AA or T equivalent per mL plasma.

Data analysis
Pooled standard error of the mean (SEM) was calculated 

from the standard deviation from all rats divided by square 
root of rat number. Two-way repeated measures analysis of 
variance was performed with the type of diet (D) and health 
status (S) of the animals as factors, and their interaction 
(S×D). If the analysis revealed an overall significant effect 
of any factor (p≤0.05), the differences between individual 
groups were analysed with the Duncan’s multiple range post 
hoc test (p≤0.05).

RESULTS AND DISCUSSION

Body weight gain (BWG) and internal organ mass
All dietary treatments had no essential influence over the 

BWG of the healthy and diabetic animals (Table 2). A reduc-
tion of rats’ weight was the result of a high dose of STZ, which 
probably led to thorough necrosis of pancreatic islet cells, and 
in turn, advanced hormonal disorders with its known conse-
quences, e.g disturbances in carbohydrate, lipid and protein 
metabolism, impaired glucose uptake by tissues, osmotic di-

uresis, dehydration and disturbances of mineral metabolism, 
as well as enhanced production of reactive oxygen species 
[Chiasson et al., 2003; Rolo & Palmeira, 2006]. Except re-
duction of the weight, all the foregoing disorders connected 
with well known toxic effect of STZ [Bolzán & Bianchi, 2002] 
caused also the enlargement of liver and kidneys whose mass 
was definitely higher in the diabetic groups. Interestingly, the 
dietetic factor had an impact on the mass of liver (p≤0.05) and 
kidneys (p≤0.01), while the mass of spleen was not affected by 
both discussed factors (health status and diet). The highest 
liver mass was in the C group of the diabetic rats; the choke-
berry fruit extract insignificantly, whereas chicory flour and 
the combination of both additives (FP group) significantly 
decreased liver mass of the diabetic rats. In the diabetic-C 
and diabetic-P group kidneys mass was slightly, while in the 
diabetic-FP significantly decreased, when compared to the 
F‑diabetic group. Moreover, the two-way analysis of variance 
of liver and kidneys mass revealed interactions (p≤0.05 and 
p≤0.01, respectively) between the tested factors. However, 
these results indicate that the combination of both analysed 
additives had some positive influence over organs hypertro-
phy, nevertheless, the lowest mass of both liver and kidneys 
was recorded in the healthy rats.

Basic biochemical parameters
After each week of the experiment we observed strong dif-

ferences in the blood GLU level between healthy and diabetic 
rats (p≤0.001, Table 3). The glycaemia was almost fivefold 
greater in the STZ-treated rats during the experiment than in 
the healthy ones. Contrary to expectations, both the chokeberry 
fruit extract and chicory flour, separately or in combination, had 
no influence on animals’ glycaemia measured in whole blood 
throughout the study, and in the serum at the termination of 
the experiment. Reverse results can be found in the latest report 
of Valcheva-Kuzmanova et al. [2007], in which the application 
of 10 mL chokeberry fruit juice per kg body weight per day led 
to a 44% decrease of glycaemia in the diabetic rats, however 
without hypoglycaemic effect in the healthy ones. An expla-
nation of these disagreements probably underlies in method-
ological differences. The dose of STZ used in our study equals  
65 mg/kg body weight and results in the diabetic model with 
severe hyperglycaemia (above 500 mg/dL, measured in whole 
blood), while in the study of Valcheva-Kuzmanova et al. [2007] 
the dose of STZ was 15 mg/kg body weight lower, and glycae-
mia equalled to about 320 mg/dL (measured in plasma). There-
fore, hypoglycaemic properties of the dietary factors applied 
in our experiment might be too subtle to overcome advanced 
pathological changes. Especially, it may refer to fructans from 
chicory flour which are characterised by rather local actions in 
the gastrointestinal tract, towards retardation of GLU absorp-
tion (similarly to the other dietary fibre fractions) [Jenkins et 
al., 1981] and stimulation of hormones secretion [Kok et al., 
1998]. Furthermore, the polyphenol-reach extract used in our 
experiment might have lost some other important hypoglycae-
mic substances during processing, which might be present in 
chokeberry fruit juice. The hypoglycaemic effect of the choke-
berry leaves observed by Maslov et al. [2002] may indicate that 
the hypothesis of other beneficial substances present in this 
plant should be considered.

Table 2. Body weight gain (BWG) and internal organ mass of healthy 
and diabetic rats fed the control and experimental diets.

BWG  
(g)

Internal organ mass 
(g/100 g BW)

Liver Kidneys Spleen

H
ea

lth
y 

ra
ts C 47.9a 3.435c 0.578c 0.306

F 49.4a 3.376c 0.528c 0.287

P 44.1a 3.483c 0.561c 0.299

FP 44.4a 3.444c 0.565c 0.309

D
ia

be
tic

 ra
ts C -12.5b 5.211a  1.014ab 0.314

F -19.5b 4.739b 1.018a 0.302

P -13.3b 4.852ab  0.962ab 0.308

FP -20.1b 4.573b 0.907b 0.307

Pooled SEM 0.63 0.105 0.029 0.005

P 
va

lu
e Health status (S)   ≤0.001 ≤0.001 ≤0.001 NS

Diet (D) NS ≤0.05 ≤0.01 NS

Interaction (S×D) NS ≤0.05 ≤0.001 NS

�Values not sharing the same superscript letters (a, b, c) within a column 
are different at p≤0.05; SEM – pooled standard error of the mean; NS 
– not significant; BW – body weight. C – control diet; F – 6.7% addition 
of chicory flour; P – 0.2% addition of chokeberry fruit extract; FP – 6.5% 
addition of chicory flour and 0.2% of chokeberry fruit extract.
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The diabetes induction led to a strong increase of both 
serum CHOL and TG levels. The chicory preparation to a 
lesser extent but the chokeberry extract, alone or in com-
bination, effectively reduced CHOL level in the serum of 
diabetic rats. Separately, both tested additives were also 
observed to significantly decrease TG level, however, the 
extract had more hypotriglyceridaemic effect, whereas 
the dietary combination of both preparations diminished 
TG concentration to the control level observed in healthy 
animals. Similar influence on TG concentration was also 

reported by Valcheva-Kuzmanova et al. [2007] after choke-
berry juice supplementation, however, the authors did not 
note any statistical influence of both STZ and juice on 
CHOL level as well as on its fractions. Furthermore, be-
side the confirmation of the hypolipidaemic actions of fruc-
tans presented in literature [Kok et al., 1998; Jackson et al., 
1999], our results indicate combined effects of the chicory 
flour and chokeberry extract on lipaemia, as well as strong 
interactions between the analysed factors (health status and 
diet, p≤0.001).

Table 3. Basic biochemical parameters of healthy and diabetic rats fed the control and experimental diets.

GLU
(mg/dL whole blood)

GLU
(mg/dL)

CHOL
(mg/dL)

TG
(mg/dL)

After 1st week After 2nd week After 3rd week Measured in serum 
at the end of the experiment

H
ea

lth
y 

ra
ts C 105b 107b 104b 221b 89d 147d

F 109b 105b 108b 176b 83d 131d

P 101b 104b 105b 215b 84d  166cd

FP 106b 107b 105b 222b 83d  161cd

D
ia

be
tic

 ra
ts C 521a 562a 562a 889a 595a 337a

F 518a 565a 563a 894a 440b 322b

P 527a 524a 520a 855a 329c 215c

FP 526a 548a 544a 873a 313c 151d

Pooled SEM 27.8 28.5 28.4 50.0 28.6 14.1

P 
va

lu
e Health status (S) ≤0.001 ≤0.001 ≤0.001 ≤0.001 ≤0.001 ≤0.001

Diet (D) NS NS NS NS ≤0.001 ≤0.001

Interaction (S×D) NS NS NS NS ≤0.001 ≤0.001

�Values not sharing the same superscript letters (a, b, c, d) within a column are different at p≤0.05; SEM – pooled standard error of the mean; NS – not 
significant. C – control diet; F – 6.7% addition of chicory flour; P – 0.2% addition of chokeberry fruit extract; FP – 6.5% addition of chicory flour and 
0.2% of chokeberry fruit extract. GLU – glucose; TG – triglycerides; CHOL – total cholesterol.

Table 4. Antioxidant status of healthy and diabetic rats fed the control and experimental diets.

Blood parameters Tissue concentration of TBARS 

ACW ACL SOD  GPx Liver Kidney Lung Heart Spleen

H
ea

lth
y 

ra
ts C  0.078ab 0.057 396a 64.3b 7.28 11.00b 9.88 7.00 12.61

F  0.045bc 0.040 404a 69.7ab 7.45 10.74b 10.19 7.79 12.80

P  0.069ab 0.053 411a 68.4ab 7.17 10.13b 10.82 8.25 12.17

FP 0.084a 0.051 406a 72.1ab 7.40 10.47b 9.78 8.53 12.26

D
ia

be
tic

 ra
ts C 0.029c  0.044 331b 69.9ab 7.37 13.91a 10.06 8.90 13.25

F 0.030c 0.053 328b 71.6ab 8.13 13.04a 9.50 9.05 13.59

P 0.035c  0.050  383ab 77.6a 7.99 10.76b 9.92 7.12 13.69

FP 0.030c  0.046  380ab 76.0a 7.92 13.85a 10.60 8.09 14.35

      Pooled SEM 0.005 0.002 7.15 1.14 7.15 0.266 0.222 0.247 0.314

P 
va

lu
e

Health status (S) ≤0.001 NS ≤0.001 ≤0.05 NS ≤0.001 NS NS NS

Diet (D) NS NS NS NS NS ≤0.01 NS NS NS

Interaction
(S×D) NS ≤0.05 NS NS NS NS NS NS NS

�Values not sharing the same superscript letters (a, b, c) within a column are different at p≤0.05; SEM – pooled standard error of the mean; NS – not 
significant. C – control diet; F – 6.7% addition of chicory flour; P – 0.2% addition of chokeberry fruit extract; FP – 6.5% addition of chicory flour and 
0.2% of chokeberry fruit extract. ACW – integral antioxidant capacity of hydrophilic substances (µmol AA/mL); ACL – integral antioxidant capacity 
of lipophilic substances (µmol T/mL); GPx – glutathione peroxidase (U/mL); SOD – superoxide dismutase (U/mL); TBARS – thiobarbituric acid-
reactive substances (µmol/100 g).
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Antioxidant status
A high in vitro antiradical activity of chokeberries de-

scribed in literature [Benvenuti et al., 2004] was not enough 
to overcome STZ-induced oxidative stress in our experiment. 
Neither the chicory flour nor the chokeberry extract were able 
to increase ACW affected by experimental diabetes (p≤0.001, 
Table 4). A lack of the effect of the extract on ACW was also 
confirmed between the healthy groups. Our results seem to be 
in agreement with the report of Bermudez-Soto et al. [2007] 
where chokeberry polyphenols were highly sensitive to mild al-
kaline in vitro conditions, similar to those presented in a small 
intestine. Thus, the intestinal environment might probably 
modulate the antioxidant activity of some polyphenols. Inter-
estingly, ACL did not change statistically among all groups, 
yet an interaction was observed between the analysed factors. 
Moreover, the activities of both GPx and SOD became sta-
tistically dependent on the health status of rats (p≤0.05 and 
p≤0.001, respectively). The SOD activity in the C and F group 
lowered significantly after diabetes induction, whereas after 
the chokeberry extract inclusion, separately or in combination 
with chicory flour, it increased insignificantly. The activity of 
GPx was higher in P- and FP-diabetic groups when compared 
to the C-healthy one.

Only the kidneys’ tissue concentration of the indicator 
of lipid peroxidation (TBARS) essentially changed after 
diabetes induction and was higher in diabetic groups, ex-
cept P one where it was similar to those from all healthy 
groups. It is well known that kidneys and eyes are organs 
most sensitive to pathological changes (microangiopathies) 
during diabetes [Kopelman & Albon, 1997]. Therefore, our 
results confirm that dyslipidaemia connected with increased 
lipid peroxidation may by the key reason of microangiopa-
thies development. Also Kowalczyk et al. [2004] observed 
a decreased TBARS concentration in mice with increased 
lipid peroxidation of internal organs tissue after administra-
tion of anthocyanins from black chokeberry. However, in our 
study completely unexpected was that the chokeberry extract 
in combination with chicory flour had no such a positive 
influence on kidneys’ TBARS concentration as when applied 
separately.

CONCLUSIONS

Although the preparations used in our study did not fully 
protect against serious hyperglycaemia and oxidative stress 
induced by STZ in experimental rats, the positive changes 
observed in the blood parameters, i.e. decreased total cho-
lesterol and triglyceride levels, as well as attenuated kidneys’ 
hypertrophy and lipid peroxidation, indicate that the choke-
berry fruit extract and/or its combination with chicory flour 
constituents may provide a useful supplementary therapeu-
tic option in the prevention and treatment of diabetes and its 
complications.
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