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Abstract: A dietary supplement was formulated from a number of plants and herbs including guar gum,
chicory, cape gooseberry fruit, turmeric, blackberry, ginkgo biloba and sumac. These food items were assumed
to improve hyperglycemia and to correct the associated complications. Analytical evaluation of this supplement
proved that it posses an antioxidant power evidenced by the total polyphenol content (1679.17 + 96.91 mg GAE
/100g dry weight) and flavonoid content as quercetin (802.33 £ 3.35 mg QE/100g dry weight). It is also rich in
some phenolic compounds including gallic acid, protocatchuic acid, chlorogenic acid, caffeic acid, vanillic acid,
coumarin, rosemarinic acid, cinnamic acid and chyrsin. Biological evaluation of the supplement proved its
ability to reduce hyperglycemia in streptozotocin injected rats (from 393.17 + 25.23 mg/dl for diabetics to
276.33 £ 42.98 mg/dl for diabetics + formula). This dietary supplement proved to be safe with regard to health.
It did not affect liver or kidney functions or hemoglobin synthesis. Even the derangement that occurred in these
parameters due to injection of streptozotocin and hyperglycemia was corrected when this supplement was
included in the diet of hyperglycemic rats.

In conclusion, it is assumed that this supplement can be given to human suffering from diabetes
mellitus along with hypoglycemic drugs after carful studies on humans to standardize the conditions most
suitable to its practical use.

Key words: Dietary supplement, hyperglycemia, streptozotocin, diabetes mellitus, guar gum, chicory, cape
gooseberry fruit, turmeric, blackberry, ginkgo biloba, sumac, antioxidants and polyphenols.

Introduction

Diabetes mellitus (DM) is a chronic metabolic disease. It is not mere a state of hyperglycemia but also
complications associating the disease. These complications affect so many organs in the body, such as
orthopedic complications (1), neuropathy (2), nephropathy (3), retinopathy (4), cardiomyopathy and diabetic
feet (5). It is thus necessary that the therapeutic strategies for the disease take into consideration to treat or
ameliorate its complications.

Several investigations proved that natural products present in plants either fruits, vegetables or herbs
have effective roles to control either hyperglycemia or the associating complications. These natural products
include lignanes, flavonoids, polyphenols and terpenoids (6).

There are several plants reported to contain active constituents able to control diabetes and its
complications. Guar gum is a soluble dietary fiber formed of polygalactomannan derived from seeds of the
legume plant, Cyamopsis tetragonalobus (7). Partially hydrolyzed guar gum was found to decrease the
postprandial blood glucose by lowering the rate of absorption from the small intestine in the rat and by reducing
the diffusion of glucose in the lumen (8).
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Chicory (Cichorium intybus L.) is a rich source of the dietary fiber inulin (9). Supplementation of inulin
(10 g/d) to diabetic women for 2 months improved fasting plasma glucose, insulin, and hemoglobin Alc
(HbAZc) levels, and decreased malondialdehyde levels compared with maltodextrin supplementation (10). It
was reported that chicory root extract could delay or prevent the early onset of diabetes mellitus and improve
bowel movements (11).

Kasali et al., (2013) found that the crude aqueous extracts from the leaves of Physalis peruviana L.
(cape gooseberry fruit) present hypoglycemic activity in animal model, but at high doses the plant may cause
severe intoxication.

It was mentioned that more than 7000 published articles have shed light on the various aspects of
curcumin including its antioxidant, hypoglycemic, anti-inflammatory and anti-cancer activities (13).

Berries are known to be rich in bioactive flavonoid compounds with antioxidant activities (14).

Ginkgo biloba extracts have drawn attention for their antioxidant and anti-platelet properties that can
protect against atherosclerosis in diabetic patients (15). It was reported to enhance the hepatic metabolic
clearance rate of insulin and hypoglycemic agents resulting in reducing elevated blood glucose in non-insulin-
dependent diabetes mellitus (16). Also, it was proved to prevent diabetic retinopathy in diabetic rats (17) and
improved blood flow rate in retinal capillaries in type 2 diabetic patients with retinopathy (18).

Sumac was among the plants listed by McCune (2013) that is associated with higher antioxidant
activity and antidiabetic effect.

The association between diabetes and free radicals reported before in many articles means that
compounds with antioxidant properties can be helpful to protect against the degenerative effect of these free
radicals which may be among the factors contributing to the incidence of diabetes. Diabetics can counteract the
progression of their disease by improving insulin sensitivity, enhancing glucose metabolism, and attempting to
mitigate the complications of disease.

The proper and effective treatment of diabetes or any other disease has to take into consideration the
control of the disease and alleviation of the associated complications. It seems difficult to verify this using only
one item. It is necessary to include several plant sources to make use of the diverse compounds with health
benefits they contain. In the present study, a dietary supplement was formulated. The formula constituted from
several plants and herbs including guar gum (Cyanopsis tetragonoloba), chicory (Cichorium intybus), cape
goose berry (Physalis peruviana L.), turmeric (Curcuma longa L.), black berry (Rubus fruticosus), ginkgo
biloba (Ginkgo biloba), and sumac (Rhus coriaria). These ingredients were selected according to reported
investigations indicating the presence of bioactive compounds able to control the disease and cure or minimize
associated complications. These ingredients were mixed in a dry powdered form in certain proportion and used
as dietary supplement to control streptozotocin induced diabetes in rats and its associated complications.

Materials and Methods
Materials

Animals used in this experiment were Sprague Dawley male albino rats obtained from the animal house
of the National Research Centre. The body weight of the animals ranged from 123-180 gm.

The formula used as a supplement composed of guar gum, chicory, cape gooseberry fruit, turmeric,
blackberry, ginkgo biloba and sumac. All these constituents were purchased from the local market.

Streptozotocin (STZ) used for induction of hyperglycemia in rats was obtained from Sigma-Aldrich
Co., USA. Citrate buffer (pH 4.5 & 0.1 mol/l) in which STZ was dissolved was obtained from Biodignostic Co.,

Egypt.

Most of the constituents of the diet formulated and introduced to the rats were purchased from the local
market, while, casein was obtained from Scerma Co., France. The salts and vitamins mixtures used were of
analytical grade obtained from Fluka (Germany) and BDH (England) Chemical Companies.


http://www.sciencedirect.com/science/article/pii/S2221169113601665
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Folin—Ciocalteu reagent, gallic acid, quercetin and all standards for HPLC analysis were obtained from
Sigma-Aldrich Co., USA.

Diagnostic kits used for the determination of alanine amino transferase (ALT) and aspartate amino
transferase (AST) activities were obtained from Salucea Co., Netherlands. Glycosylated hemoglobin (Hb A1C)
was measured using a kit from BioSystems S. A., Barcelona, Spain. The kit used for determination of glucose-
6-phosphate dehydrogenase (G6PDH) activity was from Biochemical Enterprise (BEN) Co., Millano, Italy. Kits
used for determination of blood glucose, blood hemoglobin, plasma urea, plasma creatinine, plasma total
protein, plasma albumin were obtained from Biodiagnostic Co., Egypt. Insulin was determined using the rat
insulin ELISA kit obtained from Glory Science Co., Ltd., USA.

Methods
Preparation of the formula

The selected ingredients (guar gum, chicory, cape gooseberry fruit, turmeric, blackberry, ginkgo biloba
and sumac) were dried in an air ventilated oven at 60 C° till complete dryness. Then, the dried ingredients were
milled into fine powder in a mechanical grinder (Braun, Germany). The powdered ingredients were mixed
together in suitable concentrations assumed to exert bioactive role and according to panel testing as follows;
guar gum (14%), chicory (14%), cape gooseberry fruit (22%), turmeric (14%), blackberry (15%), Ginkgo
biloba (14%) and sumac (7%). This powder was subjected to chemical analysis for determination of
polyphenolic compounds prior to the feeding experiment.

Extraction and Determination of total polyphenol & flavonoid contents

The powdered formula was extracted with either of two solvents, once with 80% methanol and the
other with 80% ethanol according to the method of Hayat et al., (2010). The moisture content of the sample was
determined in order to calculate the concentrations on a dry weight basis.

Total polyphenol content was determined by Folin—Ciocalteu assay according to the method of Ramful,
et al. (2011). Results are expressed in mg of gallic acid equivalent per 100 g of dry weight.

Total flavonoid content (TFC) was determined using a colorimetric method described previously (22).
The results were expressed as mg of quercetin equivalent (mg of QE/100 g of sample).

Determination of individual polyphenols by HPLC

Individual polyphenols content of the formula was determined in the two extracts by HPLC according
to Kim, et al., (2006) as follows:

The HPLC analysis was performed using a Gilent Technologies 1100 series liquid chromatograph
equipped with an auto-sampler and a diode-array detector. The analytical column was an Eclipse XDB-C18
(150 X 4.6 pm; 5 pm) with a C18 guard column (Phenomenex, Torrance, CA). The mobile phase consisted of
acetonitrile (solvent A) and 2% acetic acid in water (v/v) (solvent B). The flow rate was kept at 0.8 ml/min for a
total run time of 70 min and the gradient program was as follows: 100% B to 85% B in 30 min, 85% B to 50%
B in 20 min, 50% B to 0% B in 5 min and 0% B to 100% B in 5 min. The injection volume was 50 pl and peaks
were monitored simultaneously at 280 and 320 nm. All samples were filtered through a 0.45 um Acro disc
syringe filter (Gelman Laboratory, MI) before injection. Peaks were identified by congruent retention times and
UV spectra and compared with those of the standards.

Formulation of the diet

The standard control diet was prepared according to Reeves et al., (1993) as shown in table (1). Then
the formula was added to the diet of the selected groups on the expense of starch.
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Table (1): Composition of diet of control rats (g/100g) diet

Ingredients Amount
Casein* 22
Sucrose 10
Cellulose 5
Corn oil 4
Salt mixture (AIN-93 )* 3.5
Vitamin mixture (AIN-93 )* 1
Choline bitartrate 0.25
L- Cystine 0.18
Corn starch 54.07

* Protein content of casein was estimated as 54.6%.
*  Control diet was prepared according to Reeves et al., 1993.
*  Salt and vitamin mixtures were prepared according to Reeves et al., 1993

Animal Experiment

The experiment was done on a number of 24 rats. A group of 6 rats was separated from the whole
group to serve as control. This was denoted as (group 1) and was fed on the control diet. Another group denoted
group (2) was given the control diet with 100 gm formula/l1kg diet. The rest of the rats were injected
intraperitonealy with streptozotocin dissolved in 0.1 mol/l citrate buffer (PH 4.5) which was freshly prepared
before injection in a dose of 60 mg/kg B.wt. for each rat to induce hyperglycemia. The fasting blood sugar of
these rats was followed afterwards to insure hyperglycemia. Animals with fasting blood sugar of 200 mg/100
ml blood or above were included in the experiment others were excluded. These animals were subdivided into 2
groups each of 6 rats. These groups were:

Group 3: fed on a standard control diet and served as positive control.
Group 4: fed on the standard control diet containing 100 gm of the formula/kg diet.

Animals were kept in stainless steel cages in a temperature controlled room at 25 °C. Light was
adjusted day and night. Food and water were allowed ad libtum to the animals during the whole experiment
which lasted for 6 weeks. During the experiment the food consumption was followed every two consecutive
days and the body weight was also followed.

At the end of the experiment, all rats were fasted overnight and in the early morning fasting blood
samples were collected obtained by open heart puncture and divided into two portions; one over heparin to
determine parameters of the whole blood and that of the RBCs immediately. The other was also over heparin
but subjected for separation of plasma after centrifugation at 4000 rpm for 15 minutes. All biological samples
were chilled in crushed ice mixture till handled or for the next step. Plasma was kept in deep freeze at -20 °C
until analysis.

The methods used for the estimation of the chemical parameters were as follows:

Blood glucose was estimated according to the method described by Trinder (1969). Blood hemoglobin
was determined according to Betke and Savelsberg (1950). Glycosylated hemoglobin was detected as described
by the method of Hoelzel et al., (2004). G6PDH was estimated in whole blood following the procedure of
Beutler et al., (1979). Insulin assay was determined according to Lomedico et al., (1980). The activities of both
ALT & AST were measured according to the method of Henry et al., (1960). Plasma urea and creatinine each
was determined according to Fawcett & Soctt, (1960) and Bartles, et al., (1972), respectively. Plasma total
protein was determined according to Cannon et al. (1974). Plasma albumin was assessed according to Doumas
etal. (1971).
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Results

Analysis of the formula (table 2) showed that the total polyphenol content determined as gallic acid of
both ethanolic and methanolic extracts were 891.67 + 51.83 & 1679.17 + 96.91 mg gallic acid equivalent
(GAE) /100g dry weight, respectively, while the flavonoid content as quercetin equivalent of the formula was
312.33 £ 7.26 & 802.33 + 3.35 mg QE/100g dry weight for ethanolic and methanolic extracts, respectively.
From the obtained results it is obvious that methanol gives better extraction for both total polyphenols and

flavonoid contents of the formula.

Table (2): Total polyphenols (as gallic acid equivalent) & flavonoids (as quercetin equivalent) of ethanolic

and methanolic extracts for the prepared formula

Table (3): Differential pattern of polyphenol contents of the formula (ethanolic and methanolic extracts)

Test

Total polyphenols

Flavonoids

Extract (mg GAE/100g) (mg QE/100g)
Ethanolic extract 891.67 +51.83°2 312.33+7.26%
Methanolic extract 1679.17 + 96.91° 802.33 +3.35°

*Values that share the same letter at the same column are not significant.
*Values that share different letter at the same column are significant.
*The mean difference is significant at the 0.05 level.

as detected by HPLC expressed in mg/ 100g dry weight

The HPLC analysis of the formula (table 3) showed the presence of: gallic acid, protocatchuic acid,
chlorogenic acid, caffeic acid, vanillic acid, coumarin, rosemarinic acid, cinnamic acid and chyrsin.

Table (4): Food intake, change in body weight, feed efficiency ratio (FER) of the control group and the

different groups

Extract Ethanolic extract Methanolic extract
Polyphenol (mg/100g d. w.) (mg/100g d. w.)
Gallic acid 32 93.63
Protocatchuic acid 19.26 208.25
Chlorgenic acid 33 22.5
Caffeic acid 13.76 8.3
Vanillic acid 49
Coumarin 15 10.15
Rosmarinic acid 611.1 31.54
Cinnamic acid 54.42 4
Chyrsin 665 25.5

Test Food intake Body Weight FER
Group (9) change (g)
Control
Mean+ SE 591.00 + 5.77° 146.17 +16.73"° 0.25 +0 .03°
Control+formula
Meant SE 571.33 +5.77° 138.67 +5.12° 0.24 +0.01°
Control diabetic
Mean+ SE 493.17+8.49 2 -26.50+ 6.72% | -0.048 +0.01°
Diabetic+formula
Meant SE 574.17 + 4.81° -7.50 +7.80 2 -0.01 +0 .01°

*Values that share the same letter at the same column are not significant.
*Values that share different letter at the same column are significant.
*The mean difference is significant at the 0.05 level.
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As mentioned before the food intake and body weight of animals were followed. As shown in table (4).
The food intake of streptozotocin injected rats (493.17 + 8.49 g) was significantly lower than that of controls
(591.0 £ 5.77 g). Addition of the formula to the diet caused no marked change in the amount of diet consumed
by the control animals while the consumption of diabetic rats that were given the formula was significantly
increased relative to diabetic rats not given the formula. The body weight gain of control rats was not much
different when the formula was added to the diet. It can be noticed that diabetic rats lost weight (-26.50+ 6.72 g)
relative to a gain in control amounting to (146.17 +16.73 g); however the loss in body weight was less
significant when the formula was included with the diet (-7.50 + 7.80 g). The feed efficiency ratio in case of
diabetic rats was markedly affected showing a significant drop. The values obtained for control diabetic was (-
0.048 + 0.01) and for diabetic and the formula the drop was less significant (-0.01 + 0.01) relative to a value of
(0.25 = 0.03) for controls. Controls given the formula did not show any appreciable effect on the FER.

Table (5): Organ weight percentage of the control group and other groups

o Test Pancreas% Heart% Liver% Spleen% Kidney%
roup

Control

Mean+ SE 0.22+0.04° | 0.31+0.02% | 3.16+0.17° | 0.39+0.05° | 0.64 +0.02°
Control+formula

Mean+ SE 0.22+0.04° | 0.34+0.02% | 3.09+0.06° | 0.33+0.08° | 0.67+0.03"
Control diabetic

Meant SE 0.36+0.03% | 0.41+0.04* | 5.08+0.41* | 0.39+0.03* | 1.15+0.04°
Diabetic+formula

Mean+ SE 0.23+0.02° | 0.39+0.04* | 4.73+0.33* | 0.36+0.06° | 1.16+0.07%

*Values that share the same letter at the same column are not significant.
*Values that share different letter at the same column are significant.
*The mean difference is significant at the 0.05 level.

Regarding organ weight % (table 5), no marked difference was noticed between the weight percent of
pancreas, heart, liver, spleen or kidney of control rats either given the formula with the diet or not. However, the
organ weight percent of diabetic rats except the spleen was higher than normal. Adding the formula to the diet
of this diabetic group caused decrease in the weight percent of pancreas and heart.

Table (6): Concentration of plasma glucose & plasma insulin of the control group and other groups.

Test Glucose Insulin
Group mg/dI mU/L
Control
Mean+ SE 76.63 + 1.86° 2.88+0.27%
Control+formula
Mean+ SE 78.83 £ 7.01° 2.52 +0.31%
Control diabetic
Mean+ SE 393.17 +25.23° 2.26 + 0.09%
Diabetic+formula
Mean+ SE 276.33 + 42.98° 2.76 £0.22%

*Values that share the same letter at the same column are not significant.
*Values that share different letter at the same column are significant.
*The mean difference is significant at the 0.05 level.

Injection of streptozotocin caused a marked elevation of the fasting plasma glucose level of rats (table
6). The level of plasma glucose of normal rats was 76.63 + 1.86 mg/dl and that of diabetic animals was 393.17
+ 25.23 mg/dl. Addition of the formula to the diet of control animals caused non-appreciable change in blood
sugar while addition of the formula to the diet of diabetic rats caused a significant decrease in plasma glucose.
Plasma insulin of diabetic rats was lower than that of controls, however the decrease in plasma insulin was
statistically non significant. The values for plasma insulin of control rats was 2.88 + 0.27 mU/I and for diabetic
it was 2.26 + 0.09 mU/I. Addition of the formula to the diet of diabetic rats caused a moderate increase in the
value of plasma insulin (2.76 £ 0.22 mU/I).
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Diabetic rats had a low blood hemoglobin level (table 7). The control value of hemoglobin was 14.55 +
0.49 g/dl while the diabetic value was 12.45 + 0.30 g/dl. Addition of the formula to the diet of diabetic animals
restored the hemoglobin level to near the normal value (14.89 £ 0.33 g/dl).

Glycosylated hemoglobin (HBALC) level of control rats was not affected by addition of the formula to
their diet (table 7). Injection of streptozotcin caused a slight but significant drop in (HBALC) level, and addition
of the formula caused a marked increase in the level of (HBA1C).

Table (7): Hemoglobin concentration, glycosylated hemoglobin concentration (HbAlc) & activity of
whole blood glucose-6-phosphate dehydrogenase of the control group and other groups

est Hb HbAlc G6PDH
Group g/dl g/dl U/g hemoglobin
Control

Meanzt SE 14.55 +0.49° 4.67 +0.12° 14.24 +0.72"
Control+formula

Meanzt SE 15.49 + 0.59" 4.84 +0. 36° 13.13 + 0.60°
Control diabetic

Meant SE 12.45 +0.30° 3.82 +0.26° 23.43 +1.21°
Diabetic+formula

Mean+ SE 14.89 +0.33" 6.75 +0.25° 17.03+1.17°

*Values that share the same letter at the same column are not significant.
*Values that share different letter at the same column are significant.
*The mean difference is significant at the 0.05 level.

As shown in table (7), the level of glucose-6-phosphate dehydrogenase (G6PDH) was markedly
elevated as a result of injection of streptozotocin. The value obtained for normal rats was 14.24 + 0.72 U/g
hemoglobin and for diabetic it was 23.43 + 1.21 U/g Hb. Adding the formula to the diet of control animals did
not cause an appreciable change in the value, while addition of the formula to the diet of the diabetic group
caused a significant decrease in the value (17.03 £ 1.17 U/g Hb).

The parameters of liver function were all deranged due to injection with streptozotocin and the resulting
hyperglycemia. As shown in table (8) marked increase in the activities of the AST and ALT enzymes was
noted. The values reported for AST and ALT for normal rats were 33.83 + 2.99 and 23.00 £ 1.73 U/I,
respectively and the values for diabetic rats were 72.50 + 7.94 and 72.00 + 8.23 U/I, respectively. No
appreciable drop occurred in these values when the formula was included in the diet of control rats (27.67 £
3.20 & 21.67 + 1.59 U/l for AST & ALT, respectively), while the drop was significant in case of diabetic rats
having the formula (56.67 + 14.62 & 44.17 + 15.88 U/l for AST & ALT, respectively).

Table (8): Activities of aspartate aminotransferase (AST) & alanine aminotransferase (ALT) of the
control group and other groups

Test AST ALT
Group (U/IL) (U/L)
Control
Mean+ SE 33.83 +2.99™ 23.00+ 1.73°
Control+formula
Mean+ SE 27.67 +£3.20° 21.67 + 1.59°
Control diabetic
Mean+ SE 7250 + 7.94° 72.00 + 8.23°
Diabetic+formula
Meanzt SE 56.67 + 14.62% 4417 + 15.88°

*Values that share the same letter at the same column are not significant.
*Values that share different letter at the same column are significant.
*The mean difference is significant at the 0.05 level.

The plasma total protein and the albumin levels, as shown in table (9), were significantly decreased in
diabetic rats (7.32 £ 0.92 and 3.87 = 0.56 g/dl) relative to a control value of (10.49 + 0.73 and 6.39 + 0.15 g/dl).
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Addition of the formula to the diet of the diabetic group made the level of plasma protein and albumin return to
near normal.

Table (9): Concentration of total protein and albumin of the control group and other groups.

Test Total protein Albumin
Group g/dl g/dl
Control
Meanz+ SE 10.49 +0.73" 6.39 + 0.15"
Control+formula
Meanz+ SE 9.40 + 0.93% 6.31 + 0.40"
Control diabetic
Mean+ SE 7.32 +£0.92° 3.87+ 0.56°
Diabetic+formula
Meanz+ SE 8.24 +0.44% 6.19 + 0.45"

*Values that share the same letter at the same column are not significant.
*Values that share different letter at the same column are significant.
*The mean difference is significant at the 0.05 level.

The parameters of the kidney function namely urea and creatinine were significantly higher than normal
levels in hyperglycemic streptozotocin injected animals (table 10). The reported value for urea in control rats
was 27.12 £ 3.15 mg/dl and for creatinine was 0.51 + 0.03 mg/dl, respectively. In case of diabetic rats the
values were 71.48 + 4.87 and 0.80 + 0.06 mg/dl for urea and creatinine, respectively. The increase in plasma
creatinine that occurred in diabetic animals was not corrected by addition of the formula to the diet, while a
significant decrease in plasma urea was noticed by addition of the formula to the diet of diabetic rats.

Table (10): Concentration of plasma urea & plasma creatinine of the control group and all other groups

Test Urea Creatinine
Group (mg/dl) (mg/dl)
Control
Mean+ SE 27.12 + 3.15° 0.51 + 0.03"
Control+formula
Mean+ SE 29.58 + 1.49° 0.57 +0.03"
Control diabetic
Meanz+ SE 71.48 + 4.87% 0.80 + 0.06%
Diabetic+formula
Mean+ SE 54.12 + 5.63° 0.79 + 0.08%

*Values that share the same letter at the same column are not significant.
*Values that share different letter at the same column are significant.
*The mean difference is significant at the 0.05 level.

Discussion

In this study, a number of plant sources were selected reported to reduce hyperglycemia and ameliorate
the associated complications. They were air dried, ground and then mixed in proportions to insure safety use
and effective medical action. Guar gum is one of the constituents of the formula used in this study. It is the most
promising soluble type of dietary fiber that contains polygalactomannan derived from seeds of legume plant,
Cyamopsis tetragonalobus. European health claims ensure the role of glucomannan (konjac mannan) from guar
gum in the maintenance of normal blood cholesterol levels, and to the contribution of glucomannan in the
reduction of body weight (35). Thus, the reduction in body weight of control rats taking the formula with their
diet may be attributed to the role of guar gum. Hydrolyzed guar gum has been also reported to decrease
postprandial blood glucose and glucose absorption in the rat small intestine (8).

Chicory, which is also a rich source of the dietary fiber inulin, is another constituent of the used formula. It was
reported to delay or prevent the early onset of diabetes mellitus (36) and to improve bowel movements (37).
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It is postulated that the two constituents used in composition of the formula namely guar gum and
chicory that are main sources of dietary fiber either the polygalactomannan or inulin can be factors contributing
to the hypoglycemic action reported in diabetic rats receiving the formula with their diet. This action can be
attributed to promotion of satiety by slowing the rates of gastric emptying and nutrient absorption.

Curcumin (diferuloylmethane) which is one of the constituents of this formula is a component of
turmeric isolated from the rhizome of Curcuma longa. Several health benefits were attributed to curcumin
including its antioxidant, hypoglycemic, anti-inflammatory and anti-cancer activities (13, 38). The role of
curcumin as a hypoglycemic agent thus adds to the antidiabetic action of the formula.

The other 4 constituents of the formula namely blackberry, Ginkgo biloba, cape gooseberry and sumac
are known to be rich in several polyphenolic compounds such as anthocyanins, flavonols, flavones, flavanols,
flavanones, and isoflavonoids, stilbenes, tannins, and phenolic acids. Total polyphenolic content assay and total
flavonoid content assay (table 2) showed that the formula is rich in both polyphenolic and flavonoid contents.
The HPLC analysis of the formula as illustrated in table (3) showed that the formula is rich in some phenolic
compounds namely; gallic acid, protocatchuric acid, chlorogenic acid, caffeic acid, vanillic acid, coumarin,
rosemarinic acid, cinnamic acid and chyrsin. These phenolic compounds are known for their antioxidant
characters which protect the body against degenerative diseases. This may explain the protective action of the
formula particularly regarding the pancreas, against the free radicals generation known to occur in diabetes (39,
40, 41).

As expected, the plasma insulin level of streptozotocin injected rats was low relative to normal rats
however the drop was not significant. Again, adding the formula to the diet of diabetic animals caused a relative
increase in the level of plasma insulin. This may indicate a protective action of the bioactive compounds in the
formula to pancreatic tissue which prevent any further destruction to pancreatic cells and also the promoting
effect on insulin secretion by pancreatic cells. The polyphenols present in these constituents play the major role
against the degenerative action of streptozotocin or hyperglycemia (13).

The hemoglobin concentration of normal rats was not affected by consumption of the formula with the
diet which indicates that the constituents of the formula do not exert any adverse effect on hemoglobin
formation. Even the drop in hemoglobin concentration that occurred in diabetic rats was corrected when these
rats were given the formula with the diet. Most investigations on diabetes concentrate on blood glycosylated
hemoglobin rather than hemoglobin being considered as an indicator to the diabetic state. In spite of the high
blood sugar of the diabetic rats, the value of the glycosylated hemoglobin was low (3.82 + 0.26 g/dl) relative to
a normal value of (4.67 £ 0.12 g/dl). The concordance between blood glucose concentration and glycosylated
hemoglobin in human is strongly confirmed. However, in animals the situation seems different. It has been
reported that in humans the level of HbAlc reflects the average plasma glucose level over 3 months (42) a
condition that does not exist in animals where the diabetic state was induced in rats and the experiment lasted
for 6 weeks only. Perhaps if the experiment would last for longer time enough for glycosylated hemoglobin to
form, a correlation between blood glucose and glycosylated hemoglobin would be noticed.

The beneficial action of the formula extended to decrease the elevated activity of G6PDH in
streptozotocin injected rats (which is most probably due to lysing of the membrane of red blood cells) returning
it near the control value. The beneficial effect of the formula leads to a better supply of energy to the red blood
cells and keeping on their intact ability (43).

Liver dysfunction was reported in many patients suffering from diabetes mellitus decades ago (44). In
this study, the liver dysfunction of diabetic rats evidenced by the increased activity of both plasma enzymes
AST and ALT together with decreased level of plasma total protein and albumin was ameliorated by inclusion
of the formula with the diet of these animals. As mentioned before the presence of bioactive compounds with
anti-inflammatory characters or antioxidant properties are suggested to be behind the protective effect of these
constituents that could protect the liver either from the direct effect of the injected streptozotocin or the action
of hyperglycemia. Most probably the bioactive polyphenolic compounds are concerned with this role. They
protect the liver cells from degeneration caused by free radicals, thus minimize the leakage of the hepatic
enzymes from degenerated liver cells into the blood which is the cause of increased activities of the liver
enzymes AST and ALT in blood. This phenomenon of liver cell protection is reflected on the capacity of the
liver to synthesize different proteins including albumin. This explains the increase in plasma albumin level of
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diabetic rats given the formula. It has been reported that the plasma proteins from type 2 diabetics bind and
protect the antioxidants less than the ones in healthy blood do and that diabetes diminishes the benefits of
dietary polyphenols (45). This means that the hypoglycemic effect of the formula will diminish the formation of
glycation products thus render proteins more able to protect the antioxidants and make them able to efficiently
scavenge free radicals.

The kidney function of diabetic rats was also defected indicated by the increased level of both plasma
urea and creatinine. The development of diabetic nephropathy may be caused by several factors including
hyperglycemia, hypertension, oxidative stress, and inflammation (46). In this case the cause of kidney
dysfunction due to streptozotocin injection can be similar to that in case of the liver. In turn may be ameliorated
by the bioactive compounds that can act as anti-inflammatory or antioxidant present in the different constituents
of the formula. This is indicated by improvement in plasma urea when the formula was added to the diet of
diabetic rats, although there was no improvement in plasma creatinine.

In conclusion a dietary supplement could be composed from some plant constituents with specific
proportion aiming to control hyperglycemia and associated complications. This supplement did not show any
health complications evidenced by the normal growth, blood hemoglobin, liver and kidney functions of the rats
given the supplement with diet. This supplement succeeded to reduce hyperglycemia in rats after injection with
streptozotocin. It is assumed that this supplement can be given to human suffering from diabetes mellitus along
with hypoglycemic drugs after carful studies on humans to standardize the conditions most suitable to its
practical use.
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