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Abstract: Thirty five Sprague Dawley adult male rats were classified into control negative group (7 rats) and
the rest were injected with a single intraperitoneal dose of streptozotocin to induce diabetes then classified into
control positive group and three treated groups which were cichorium, chromium and cichorium with chromium
groups. In comparing to control negative group, the mean values of nutritional results, serum insulin, total
protein and globulin and also glycogen, triglyceride, antioxidant enzymes in liver were lower in control positive
rat group. However, the values of glucose, glucosalated heamoglobin (HbAc), alanine and aspartate
aminotransferase enzymes (ALT and AST), creatinine, uric acid, A/G, total lipids, cholesterol and
malondialdehyde (MDA) were higher in control positive rat group. Synergistic effect of cichorium and
chromium was proved in cichorium with chromium group which showed significant increase in nutritional
performance, insulin, total protein, globulin and liver glycogen and antioxidant enzymes. However, it showed
significant decrease in serum glucose, HbAc, AST, ALT, creatinine and also liver total lipids, cholesteroland
MDA compared to control positive rats. The obtained results revealed that cichorium and chromium were of
value for amelioration of diabetes mellitus and its side effects.
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INTRODUCTION

Diabetes is a disorder resulting from body's inability
to produce enough insulin or to use the insulin properly.
Insulin is an essential hormone for conversion of glucose
into energy. The use of herbal medicine has become
increasingly popular worldwide and efforts are on going
to evaluate botanical drugs for the management of
diabetes mellitus [1]. Nutritional supplementation with
over the counter agents, are extensively practiced by a
large number of patients and are frequently undertaken
without first informing the medical provider. One
supplement that has attracted considerable clinical
interest is chromium [2]. Chromium is an essential mineral
that humans require in trace amounts. The body needs
chromium for normal health and growth. It is often sold as
a nutritional supplement to prevent or treat chromium
deficiency and helps enhance the action of insulin. Insulin
is a critical hormone that metabolizes and stores
carbohydrates, proteins and fats [3]. Cichorium
(Cichorium intybus L.) belongs to the Asteraceae family
and is a biennial plant with many applications in the food

industry. Cichorium root is an herb that has been known
for its curative benefits since the first century A.D and
continues to be a popular herbal remedy due to its healing
effects on several ailments including liver diseases, loss
of appetite, jaundice, gallstones, gout and rheumatism [4].
Cichorium has a long history of herbal use and is
especially of great value for its tonic affect upon the liver
and digestive tract. Cichorium is an ideal food for
diabetics because of its inulin content with a low glycemic
index and has substances that regulate insulin production
and lowers blood sugar [5].

The present study aims to investigate the synergistic
effect of cichorium and chromium supplementation on
diabetic rats.

MATERIALS AND METHODS

Materials

Chemicals: Streptozotocin and chromium were procured
from Sigma, St. Louis, MO, USA. Casein, cellulose, starch,
vitamins and biochemical kits were obtained from Alkan
Co. for Chemicals and Biodignostics, in Riyadh.
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Experimental Animals: Thirty five male albino rats
(Sprague Dawley strain), weighing 120+8g were provided
from experimental animals center in Medicine collage of
King Saud University in Riyadh.

Plant Materials: Cichorium fresh leaves (Cichorium
intybus, Family Asteraceae) were obtained from the
grocers and scientifically identified at Horticultural
Research Institute, Agriculture Research Center, Egypt.

Methods

Preparation of Plant Materials: Cichorium leaves were
washed with tap water, chopped into small pieces and
then separately dried in an air-circulated oven at 40°C to
complete dryness. The dried materials were separately
reduced into powder form as far as possible and stored
kept in the refrigerator at 4°C until use [6].

Animals' Adaptation: Male rats were placed for an
adaptation period of one week and were fed on basal diet
to allow them to adjust to the new environment. Rats were
individually housed in stainless steel wire-bottom cages
at room temperature of about 25+2°C with water bottles
under hygienic condition and fed on basal diet ad libitum.

Preparation of the Experimental Diets: The basal diet
consisted of 140 g casein (83 % protein), 100 g sucrose, 50
g corn oil, 50 g cellulose, 35 g mineral mixture, 10 g vitamin
mixture, 1.8 g L-cystine, 2.5 g choline bitartrate and the
remainder (610.6 g) corn starch. Diets were formulated
according to Reeves et al. [7].

Experimental Design and Diet Protocols: Rats fed on
basal diet and water ad libitium for one week for
adaptation. After the adaptation period, seven rats were
kept as control negative group and the rest of rats were
injected with a single intraperitoneal dose of
streptozotocin (55 mg/kg body weight) in 0.1M citrate
buffer of pH 4.5 then supplied with 5% glucose solution
for 48h after injection in order to prevent hypoglycemia
[8]. After four days, blood samples were taken from orbital
plexus for estimation of glucose. The rats having
persistent hyperglycemia were considered as diabetic rats
and used for the experiment. The diabetic rats were
classified into the following groups:

Control positive group: that provided basal diet
without treatment.

Cichorium group: that provided basal diet with 15%
of cichorium powder in diet.
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Chromium group: that provided basal diet with 80
microgram chromium per kilogram body weight per
day that dissolved in distilled water and given to rats
by oral intubations.

Cichorium with chromium group: that provided basal
diet with 15% of cichorium powder in diet and 80
microgram chromium per kilogram body weight per
day that dissolved in distilled water and given to rats
by oral.

Daily food intake and weekly body weight gain
were  recorded. Feed efficiency ratio (FER) was
determined by Chapman et al. [9]. At the end of
experimental period (60 days), rats were fasted over
night before sacrificing and blood was collected. Part of
blood was centrifuged to obtain serum. The liver of
sacrificing rats was collected separately and perfuse with
50 to 100 of ice cold 0.9% NaCl solution for chemical
analysis.

Chemical Analysis: For each group, blood glucose was
collected in tubes containing potassium oxalate and
sodium fluoride for the estimation of glucose by O-
toluidine method [10]. Serum insulin and glucosalated
heamoglobin (Hb Ac %) were estimated according to
Wilson and Miles [11] and Abraham et al [12],
respectively. Serum alanine and aspartate
aminotransferase (ALT and AST) activity enzymes,
creatinine and urea were estimated according to
Reitman and Frankel [13], Bonsens and Taussky [14]
and Patton and Crouch [15], respectively. Serum total
protein, albumin and globulin were determined as
described by the method of Weichselbaum [16],
Bartholomev and Delany [17] and Coles [18], respectively.
In addition, liver glycogen, triglyceride (TG), total lipids
and cholesterol were determined according to Rerup and
Lundquist [19], Scheletter and Nussel [20], Folch et al.
[21] and Richmond [22], respectively. Liver superoxide
dismutase (SOD), glutathione peroxidase (GPX),
glutathione  S-transferase =~ (GST), catalase and
malondialdehyde (MDA) were estimated according to
Beuchamp and Fridovich [23], Beutler ef al. [24], Ellman
[25], Cohen et al. [26] and Uchiyama and Mihara [27],
respectively.

Statistical Analysis: The obtained data were statistically
analyzed according to the SPSS-PC (statistical package
software, version, 11.0). One way analysis of variance
(ANOVA) was used to test the differences between
groups [28].
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RESULTS

The results presented in Table 1 showed that the
effect of cichorium and chromium supplementation on
final weight, body weight gain, food intake and FER in
diabetic rats. As shown the mean value of final weight,
body weight gain and FER were lower (p<0.001) in control
positive than control negative group. Final weight was
lower in cichorium and chromium groups (p<0.05 and 0.01)
while body weight gain and FER were significantly lower
(p<0.05) in chromium group when compared to control
negative. Food intake and growth performance of rat
group administered cichorium and chromium were in non
significant difference compared to control negative group.
Values of treated groups were higher in final weight, body
weight gain and FER compared to control positive.

Data in Table 2 illustrated the effect of cichorium and
chromium supplementation on serum insulin, glucose and
HbAc on diabetic rat groups. As shown in this table, the
mean value of serum insulin was lower (P<0.001) but the
values of glucose and HbAc of were higher (P<0.001) in
control positive compared to control negative. The value
of serum insulin was lower (P<0.05) in chromium group
but the value of glucose was higher (P<0.05) in cichorium
and chromium groups compared to control negative. All
treatments increased insulin and decreased glucose and
HbAc compared to control positive rats. Supplementation
of cichorium with chromium gave best results indicating
a synergistic effect.

The results presented in Table 3 illustrated the effect
of cichorium and chromium supplementation in diets on
serum AST, ALT, creatinine and uric acid on diabetic rat
groups. As shown the mean value of these parameters of
control positive were significantly higher (p<0.001) when
compared to control negative. The value of serum ALT,
AST were significantly higher (p<0.01) in chromium group
while the value of creatinine was significantly higher
(p<0.05and 0.01) in cichorium and chromium groups but
the value of uric acid was significantly higher (p<0.01) in
cichorium group when compared to control negative. At
the same time, AST, ALT and creatinine of cichorium and
cichorium with chromium groups were significantly lower
but the value of uric acid was significantly lower in
chromium and cichorium with chromium groups as
compared to control positive rats. Best values of these
parameters were appeared in cichorium with chromium
group.

Data in Table 4 illustrated the effect of cichorium and
chromium supplementation on serum total protein,
albumin, globulin and A/G ratio in experimental rat
groups. The mean value of total protein and globulin of
control positive were significantly lower at p<0.05
and 0.01, respectively but A/G ratio was significantly
higher at p<0.001 than control negative group.
However, values of treated rat groups were in non
significant difference compared to control negative group
but were significantly higher when compared to control
positive.

Table 1: Mean values = SD of body weight gain, food intake and FER of the experimental rat groups

Groups variables Control negative Control positive Cichorium Chromium Cichorium+ Chromium
Final weight (g) 224.91+17.25° 177.614£9.714" 210.41£11.31%" 202.314£9.11¢" 221.61+6.14%
Body weight gain(g) 99.81+6.81° 57.31£5.21<" 88.11+9.61% 79.21£7.21% 97.31£97.31°
Food intake (g/w) 16.81£1.45° 15.71£1.21° 15.914£2.99° 15.81£1.71¢ 16.71£1.50°

FER 0.098+0.003* 0.060:£0.0014""" 0.092+0.004 0.083+0.001"" 0.097+0.002°
Significant with control group * P<0.05 ** P<0.01 *** P<0.001

Mean values in each raw having different superscript (a, b, c, d) are significant

Table 2: Mean values + SD of serum insulin, glucose and HbAc of the experimental rat groups

Groups variables Control negative Control positive Cichorium Chromium Cichorium+ Chromium
Insulin (/1) 13.96+1.19* 6.71+0.69°"" 12.78+1.17% 11.21£1.01* 14.31+£1.29°
Glucose(mg/dl) 140.96+11.16¢ 310.314£22.14*"" 170.31+£10.18" 175.21+£12.16" 155.81£12.12¢
HbAc% 4.38+0.73° 7.31+1.14"" 4.23+0.69° 5.01+0.55° 4.71£0.64°
Significant with control group * P<0.05 ** P<0.01 *** P<0.001

Mean values in each raw having different superscript (a, b, c, d) are significant

Table 3: Serum AST, ALT, creatinine and uric acid of the experimental rat groups

Groups variables Control negative Control positive Cichorium Chromium Cichorium+ Chromium
AST(u /ml) 45.3145.184 65.71£5.16"" 52.31£6.11¢ 60.31+6.21%" 50.31+4.99¢
ALT(p /ml) 39.6+3.62¢ 51.31+4.96*"" 37.2143.254 48.31+5.10®" 42.71+4.21¢
Creatinine(mg/dl) 0.69+0.01¢ 1.5940.41*" 0.89+0.13" 1.31+0.56*" 0.75+0.03%
Uric acid (mg/dl) 2.7140.11% 4.96+0.55""" 4.1140.66 ~ 3.71£0.25° 3.61+0.14°

Significant with control group * P<0.05 ** P<0.01 *** P<0.001
Mean values in each raw having different superscript (a, b, c, d) are significant
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Table 4: Mean values + SD of serum total protein, albumin, globulin and A/G of the experimental rat groups

Groups variables Control negative Control positive Cichorium Chromium Cichorium+ Chromium
Total protein (g/dl) 7.81%1.11° 6.11£0.51"" 7.31+1.31° 7.31+£1.21° 7.21+1.14*
Albumin (g/dl) 3.71+0.16* 3.71+0.20° 3.51+0.33° 3.61+0.13* 3.61+0.17°
globulin(g/dl) 4.13+0.62° 2.44+0.47°" 3.80+0.33° 3.71+0.33° 3.62+0.11%®
A/G 0.90+0.01° 1.5240.46""" 0.92+0.1° 0.97+0.13° 0.9940.66°

Significant with control group * P<0.05 ** P<0.01 *** P<0.001

Mean values in each raw having different superscript (a, b, c, d) are significant

Table 5: The Mean values + SD of some liver glycogen, triglyceride, total lipids and cholesterol of the experimental rat groups

Groups variables Control negative Control positive Cichorium Chromium Cichorium+ Chromium
Glycogen (mg/100g) 4.98+0.33° 2.88+0.21¢"" 4.32+0.43* 3.76+0.29® 4.51+£0.44°
T.G(mg/dl) 2.91+0.19° 2.11£0.14* 2.41+0.20® 1.96+0.21% 2.34+0.10%
Total lipids (mg/dl) 38.77+3.16% 51.314£5.17+"" 43.91+£3.16" 39.11£3.21¢ 40.31£3.60°
Cholesterol (mg/dl) 4.20+0.95¢ 7.201.11% 5.17+1.21% 6.01£0.99%" 5.03+0.96™

Significant with control group * P<0.05 ** P<0.01 *** P<0.001
Mean values in each raw having different superscript (a, b, c, d) are significant

Table 6: Mean values + SD of liver SOD, GPX, GST, catalase and MDA of the experimental rat groups.

Groups variables Control negative Control positive

SOD(y/mg) 45.9846.03° 29.3144.16°"
GPX (w/mg) 29.1142.15° 19.3141.274
GST(i/mg) 3.99+0.22° 1.71£0.16¢"

Catalase(p/1) 37.243.66° 15.41£1.164"
MDA (nmol/g) 8.71%1.36° 15.87+1.165"

Cichorium Chromium Cichorium+ Chromium
38.81+5.14%® 39.81+3.12% 41.31£3.71¢
23.9142.22%" 20.71£1.14%" 26.31£2.17®
2.9140.54® 2.96+0.27% 3.51+0.43*
28.71£2.19¢ 25.78+2.80<™ 32.71+3.76%
10.38+1.13%" 11.21£1.21%" 9.31x1.41°

Significant with control group * P<0.05 ** P<0.01 *** P<0.001

Mean values in each raw having different superscript (a, b, c, d) are significant

Data presented in Table 5 illustrated the effect of
cichorium and chromium supplementation on liver
glycogen, triglyceride, total lipids and cholesterol in
diabetic rat groups. The values of glycogen, triglyceride
were significantly lower at p<0.001 and 0.05 while total
lipids and cholesterol were significantly higher at p<0.001
and 0.01, respectively in control positive than control
negative. All treated rats groups showed a significant
increase in glycogen and significant decrease in total
lipids when compared to control positive. The value of
cholesterol was significantly higher at p< 0.05 in
chromium group in comparing with control negative group
but was significantly lower in all treated groups when
compared to control positive.

Data in Table 6 illustrated the effect of cichorium and
chromium supplementation on liver antioxidant enzymes
(SOD, GPX, GSTand catalase) and MDA of the diabetic
rat groups. The values of liver antioxidant enzymes were
significantly lower at p< 0.001 while MDA was
significantly higher at p< 0.001 in control positive
compared to control negative. Liver GPX and catalase
were significantly lower at p< 0.0lin cichorium and
chromium while MDA was significantly higher at p< 0.01
in cichorium and chromium groups compared to control
negative. All treated rats groups showed a significant
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increase in liver antioxidant enzymes and significant
decrease in MDA when compared to control positive.
From these results, it could be observed that synergistic
effect of cichorium and chromium was proved by non
significant difference of the liver antioxidant parameters
compared to control negative group.

DISCUSSION

The food intake and growth performance results were
explained by Kaats et al.[29] and Purnell and Weyer [30]
who reported that chromium supplementation may
favorably modulate factors promoting weight gain
commonly observed with improvement in glycemic control
and also has variable effects on body weight and
composition in patients with diabetes.
supplementation showed decrease in weight and fat in
individuals without diabetes. Sahin et al. [31] reported

that chromium with sulfonylurea in subjects with type 2

Chromium

diabetes improved glycemic control, increased insulin
sensitivity and significantly attenuated body weight gain.
It is known that cichorium contains inulin, which may help
humans with weight loss, constipation, improving bowel
function and general health. It may increase calcium
absorption and bone mineral density [32]. The results of
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antidiabetic study clearly showed that chromium is
one of the key minerals involved in controlling both
blood sugar levels and fat levels with improvements in
insulin  sensitivity.
reducing blood glucose, by stimulating glucose uptake
by the and other tissues. Chromium is
important in the burning of carbohydrates and fats in the

Chromium assists insulin in

muscles

body and in the proper functioning of insulin. That is, it
helps insulin to do its work of making blood sugar
available to the cells [33]. The effect of cichorium in the
obtained results revealed to its an appetite stimulant.
Cichorium can be used to treat digestive problems like
nausea, bloating/gas and to relieve the symptoms of
gallbladder disease. It also improves liver function and
therefore helps clearing the blood and even lower bad
cholesterol. The raised activities of the amino transfrases
(AST and ALT)
Cichorium

indicate hepatocellular
esculetin a phenolic compound
which was investigated for its anti oxidative and

damage.
contains

anti-hepatotoxic activity that may be due to presence of
cichotyboside, a sesquiterpene glycoside [34, 35]. As for
A/G, the mean value of control positive was higher than
control negative group while the value of treated rat
groups was significantly lower when compared to control
positive. The alteration in A/G ratio may occur due to the
reduction in albumin and or elevation of globulin.
However the ratio may be increased in some cases of
biliary cirrhosis [36].

It is known that the addition of chromium lowered
glucose, total cholesterol and triglycerides compared in
diabetic rats. Also, chromium lowered free fatty acid
levels, blood urea and creatinine level [37]. The benefits
of chromium also include controlling fat and cholesterol
levels in the blood and if adequate amounts are provided
to the body, it can help to prevent hypertension or high
blood pressure [38]. Most antioxidants isolated from
higher plants are polyphenols, which show biological
activity. The antioxidant activity of phenolics is mainly
due to their redox properties, which allow them to act as
reducing agents, hydrogen donors and singlet oxygen
quenchers. In addition, they have a metal chelation
potential. The antioxidant effect of plant phenolics has
been studied in relation to the prevention of coronary
diseases and cancer, as well as age-related degenerative
brain disorders [39, 40].

In the present study, supplementation of the herbal
medicine as cichorium with chromium as trace element is
indicating the synergism action in treatment of diabetes in
experimental rats.

351

ACKNOWLEDGEMENT

This research project was supported by a grant
of the Center for
Female Scientific and Medical Colleges in King Saud
University.

from the Research Center

REFERANCES

Balde, N.M., A. Youla, M.D. Balde, A. Kake,
M.M. Diallo, M.A. Balde and D. Mangendre, 2006.
Herbal medicine and treatment of diabetes in Africa:
An example from Guinea. Diabetes Metab.,
32(2): 171-175.

Riddle, M.C., 2005. Glycemic management of type 2
diabetes: an emerging strategy with oral agents,
insulins and combinations. Endocrinol Metab Clin.
North Am., 34: 77-98.

Lukaski, H.C., 1999. Chromium as a supplement. Ann.
Rev. Nutr, 19: 279-302.

Fallah, H.H., M.A. Zaree, B.H. Naghdi, S.M. Alavian,
S.R. Mohammadi and M. Mehdizadeh, 2012. The
Protective effect of medicinal herbs extracts including
intybus L.
Taraxacum officinal L. and Berberis vulgaris L. in
single and in combination form in CCl, induced rat
Journal of Medicinal Plants,

Cynara  scolymus L., Cichorium

liver toxicity.
11(41): 78-85.
Zafar, L.R. and A.S. Mujahid, 1998. Anti-hepatotoxic
effects of callus extracts of
Cichorium intybus. Journal of Ethnopharmacology,
63(3): 227-31.

A.0.A.C,, 2005. Official Methods for Analysis of the
Association of Official Analytical
A.0.A.C, 12" Ed, Washington, D.C.
Reeves, P.G., F.H. Nielsen and G.G. Fahmy, 1993.
AIN-93. Purified diets for laboratory rodents:
Final report of the American Institute of
Nutrition adhoc wriling committee on the
reformulation of the AIN-76 A Rodent diet. J.
Nutrition, 123: 1939-151.

Peschke, E., H. Ebelt, H.J. Bromme and D. Peschke,
2000. Classical and new diabetogens: Comparison of
their effects on isolated rat pancreatic islets in vitro.
Cell Mol. Life Sci., 57(1): 158-164.

Chapman, D.G., R. Gastilla and T.A. Campbell, 1950.
Evaluation of protein in food. I. A method for the
determination of protein efficiency ratio. Can. J.
Biochem. Physio., 1(37): 679-686.

root and root

Chemists.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Middle-East J. Sci. Res., 13 (3): 347-353, 2013

Sasaki, T., S. Matsy and A. Sonae, 1972. Effect of
acetic acid concentration on the colour reaction in
the O-toluidine boric acid method for blood glucose
estimation. Rinsh. Kagaku., 1: 346-353.

Wilson, M.A. and L.EM. Miles, 1977.
Radioimmunoassay of Insulin in Hand Book of Radio
Immunoassay G .E, Abraham Ed M. Inc. New York,
pp: 275.

Abraham, E.C., T.A. Huff, N.D. Cope, J.B. Wilson,
ED. Bransome and T.H. Huisman, 1978.
Determination of the glycosalated heamoglobin (Hb
A1) with a new microcolumn procedure .Suitability of
the technique for assessing the clinical management
of diabetes mellitus. Diabetes, 27(9): 931-7.
Reitman, S. and S. Frankel, 1957. Determination of
glutamate pyruvat transaminase and glutamate

oxaloacetate transaminase. Amer. J. Clin. Path.,
28:56-63.
Bonsens, K.E. and D.H. Taussky, 1984.

Determination of serum creatinine. J. Chem. Inv., 27:
648-660.

Patton, C.J. and S.R. Crouch, 1977. Enzymatic
colorimetric method to determination urea in serum.
Anal. Chem., 49: 464.

Weichselbaum, T.F., 1946. An accurate and rapid
method for the determination of protein in small
amount of blood serum and plasma. Am. J. Clin.
Path., 16: 40.

Bartholomev, R.J. and A. Delany, 1966. Proc Aust.
Assoc. Biochemists. 1: 214.

Coles, E.H., 1974. Veterinary Clinical Pathology.
Saunders Company, Philadelphia and London.
Rerup, E. and S. Lundquist, 1967. Precipitation and
purification of liver glycogen in rats. Acta Pharmmic
Tox., 25: 47-51.

Scheletter, G. and E. Nussel, 1975. Arbeitsmed
Sozialmed Praventimed, 10: 25.

Folch, J., M. Lees and G.H. Stanley, 1957. A simple
method for isolation and purification of total lipid
from animal tissue. J. Biol. Chem., 266: 497-509.
Richmond, N., 1973. Colorimetric method of
determination of total cholesterol and high density
lipoprotein cholesterol (HDLc). Clin. Chem.,
19: 1350-1356.

Beuchamp, C. and J. Fridovich, 1971. Superoxide

dismutase. Improved an assay applicable to
acrylamide gels. Anal. Biochem, 44: 276-287.
Beutler, E., O. Duron and B. Kelly, 1963.

Improved method for the determination of blood
glutathione. J. Lab. Clin. Med., 61: 882-890.

352

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Ellman, G.L., 1958. Liver glutathione. A colorimetric
method for determining low concentration of
glutathione. Arch Biochem Biophys, 78: 443-450.
Cohen, G., D. Dembuic and J. Marcus, 1970.
Measurement of catalase activity in tissue extract.
Anal. Biochem., 34: 30-38.

Uchiyama, M. and M. Mihara, 1978.
Determination of malondialdhyde precursor in
tissues by thiobarbituric acid test. Anal. Biochem.,
86(1): 271-278.

Godfrey, K., 1986. Comparing the means of
several groups. In: Bailar III, J.C., Mosteller, F. Z.
Eds., Medical Uses of Statistics. New England
Journal of Medicine Books, Waltham, MA, USA,
pp: 205-234.

Kaats, G.R., K. Blum, D. Pullin, S.C. Keith and
R. Woods, 1998. A randomized, double-masked,
placebo-controlled study of the effects of chromium
picolinate supplementation on body composition: a
replication and extension of a previous study. Curr.
Ther. Res., 59: 379-388.

Purnell, J.Q. and C. Weyer, 2003. Weight effect of
current and experimental drugs for diabetes mellitus:
from promotion to alleviation of obesity. Treat
Endocrinol, 2: 33-47.

Sahin, K., M. Onderci, M. Tuzcu, B. Ustundag, G.
Cikim, L.H. Ozercan, V. Sriramoju, V. Juturu and J.R.
Komorowski, 2007. Effect of chromium on
carbohydrate and lipid metabolism in a rat model of
type 2 diabetes mellitus: the fat-fed, streptozotocin-
treated rat. Metabolism, 56(9): 1233-40.

Roberfroid, M.B., J. Cumps and J.P. Devogelaer, 2002.
Dietary chicory inulin increases whole-body bone
mineral density in growing male rats. The Journal of
Nutrition, 132(12): 3599-602.

Balk, E.M., A. Tatsioni, A.H. Lichtenstein, J. Lau and
A.G. Pittas, 2007. Effect of chromium
supplementation on glucose metabolism and lipids:
a systematic review of randomized controlled trials.
Diabetes Care, 30: 2154-2163.

Ahmed, B., S. Khan, M.H. Masood and
A H. Siddique, 2008. Antihepatotoxic activity of
cichotyboside, a sesquiterpene glycoside from the
seeds of Cichorium intybus. Journal of Asian Natural
Products Research, 10(3-4): 223-31.

Tabassum N., M.A. Qazi, A. Shah and M.Y. Shah,
2010. Curative potential of Kashni (Cichorium
intybus L.) extract against carbon tetrachloride
induced  hepatocellular ~ damage rats"
Pharmacology Online, 2: 971-978.

in



36.

37.

Middle-East J. Sci. Res., 13 (3): 347-353, 2013

Abd El-Ghany, M.A., M. Farouk, A.H. Mohamed,
M. Hatem and F. Hanaa, 2007. Effect of some
vegetables intake on the precarcinogenic risk

resulting from extreme grilled meat on experimental

rats. 2™ Specific Education Scientific Conference of
Home Economics, Mansoura Univ., 11-12 April:
959-982.

Hassan, H.A. and M.I. Yousef, 2010. Ameliorating
effect of chicory (Cichorium intybus L.)
supplemented diet against nitrosamine precursors-
induced liver injury and oxidative stress in male rats.
Food and Chemical Toxicology, 48(8-9): 2163-9.

353

38.

39.

40.

Amato, P., A.J. Morales and S.S. Yen, 2000. Effects of
chromium picolinate supplementation on insulin
sensitivity, serum lipids and body composition in
healthy, non-obese, older men and women.J.
Gerontol. Biol. Sci. Med. Sci., 55: 60-63.

Percival, M., 1998. Antioxidants. Clinical Nutrition
Insight, 31: 1-4.

Parr, A. and G.P. Bolwell, 2000. Phenols in the plant
and in man: The potential for possible nutritional
enhancement of the diet by modifying the phenols
content or profile. J. of the Science of Food and
Agriculture, 80: 985-1012.



