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ABSTRACT

This study was designed to confirm the effect of different concentrations of water extract for stevia leaves on
lowering blood sugar, cholesterol and other blood traits in diabetes-induced mice. Forty mice with weights
ranging 30-35 mg per diabetic were injected intravenously into the gastric tube except for control group (non-
diabetic control) and were left for one week to confirm their diabetes. The animals were divided randomly into 5
groups with 8 mice per group; animals were given in group 1 (non-diabetic control) and group 2 (diabetic
control) fed standard diet with water supply, while groups 3, 4 and 5 were fed standard diet and different
concentrations 300, 400 and 500 mg / dl / day respectively of aqueous extract of stevia leaf powder for a period of
three weeks. A significant reduction was found in blood sugar, cholesterol, total fat and equal levels of other
blood traits in groups 3 and 4 compared to group 2. The results also showed that giving the aqueous extract of
Stevia at a concentration of 300 and 400 mg/kg weight, the blood sugar level is statistically and directly reduced
in all treated diabetes-induced groups of mice. It also led to a statistical reduction of cholesterol and triglyceride.
There is also a statistically significant increase in other blood characters in diabetic mice was also found that
leaves of the stevia plant contained 7,86, 5,28 and 2,58% for both steviol glycoside, stevioside and rebaudoside
respectively that measured by HPLC technique. These results have shown that consumption the leaves extract of
stevia plant have an important role in reduction blood sugar, cholesterol and total fat, as well as other blood
traits in mice induced for diabetes.
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INTRODUCTION

Diabetes is a major issue in the present century
for the steady increase of diabetics in most
developed and developing countries of the
world (39; 44). In addition, diabetes, if not
treated quickly, will be followed by many
chronic diseases, such as insulin resistance,
which in turn lead to many complications
including coronary heart disease, hypertension,
renal failure, serum lipid distortion, arterial
failure, renal failure and high body fat. SO that
diabetes presented as a common chronic
disorder of carbohydrates and leading cause of
high percentage death in the world which
needs constant care and attention (41).
Diabetes treatment can be decreased by
various by consuming healthy diet, exercise
and pharmacologic therapy. There are a lot of
chemical drugs that have proven to be able to
maintain blood sugar levels but there are many
side complications, which have not yet been
proven to be safe for use (25). In addition,
there is often a lot of uncertainty about these
drugs used to treat diabetes that may be
carcinogenic, so many scientists advise and
prefer the use of effective herbal plants,
including Stevia rebaudiana bertoni for the
treatment of diabetes because of its low cost,
effectiveness as antioxidants oxidation and
minor side effects. Intensive studies have been
conducted since 2006 to date, and through the
collection of various sources on the studies of
the characteristics of the plant and its chemical
and food components (4), which have been
fully protected and promise to contain any
adverse effects of their use as a domestic or
therapeutic by the World Health Organization
(6). Among these concerns are control of
blood sugar and effects on the reproductive,
cardiovascular (11), and renal systems (17,
26). The importance of the stevia's plant is
attributed in the food industry to its content the
diterpene  glycosides,  stevioside  and
rebaudioside A (RebA) that’s gives the sweet-
tasting (10). In addition to being a non-caloric
sweetener known in many parts of the world, it
has antioxidant and antihypertensive action
(40). Therefore, the dietary components of
stevia powder and its effect on blood sugar and
fat were studied and analyzed for a group of
mice induced for diabetes by (42).
Furthermore the dose effectiveness
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dependency of stevia on morphology of the
liver and pancreas as well as lipid and
glycemic parameters was evaluated. In 2006,
research data compiled in the safety evaluation
released by the World Health Organization
found stevia is completely safe and non-toxic
and no adverse effects (43). Among these
concerns are controlling blood sugar and
effects on the reproductive, cardiovascular,
and renal systems (3). Also, stevia is important
in the food and beverage industry due to its
high sweetness (10). In addition, being a non-
caloric sweetener known in many parts of the
world, and antihypertensive action (37). Hence
the present study was undertaken to analyze
the nutritional composition of Stevia leaf
powder and to assess its hypoglycaemic and
hypolipidaemic effect diabetic induced rats.
Furthermore the dose effectiveness
dependency of stevia on other blood characters
was evaluated.

MATERIALS AND METHODS

Stevia leaves were supplied from Medical &
Aromatic Plants Research Unit/ College of
Agricultural Engineering Sciences/University
of Baghdad/Irag. The plant was identification
and authenticated by Botanical Survey of
Agric. College (No.BSI/ SRC/5/23/2010-
11/Tech-1585). These stems were previously
cleaned well with running tap-water, then left
side until semi-drying, Then leaves of the plant
were separated from the stems, then were
carefully cleaned again to remove the dirt and
extra genus materials, washed several times
with running tap water, dried in an oven at
60°C, then grounded into fine powder by
laboratory electrical grinder and placed in a
sealed polyethylene bags, and then stored in a
refrigerator at 4 + 1°C until it used for
analysis.

Stevia leaves extraction

A certain weight of stevia leaf powder was
boiled at a rate of 1: 100 weight: volume in
boiled water for 30 minutes and then incubated
in a water bath at 40 ° C overnight with slow
and orbital shaking to obtain the aqueous
extract of the stevia (21). Then the aqueous
solution was centrifuged (6000 g, 10 min) and
the insoluble precipitate was discarded. The
supernatant was filtered by Whatman No.1
paper. The filter output was concentrated
under low pressure and at 40 ° C by using
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rotary evaporator (Laborota 4000, Heildolph,
Germany) and finally freeze-dried to get the
stevia extract. Then the powder were placed in
tighten sealed polyethylene bags in a
refrigerator and stored at 4 + 1°C until it used
for analysis.

Animals care

Fourty mice (males) with weights of 30-35 g
were obtained from Al-Razi center, and placed
in small micro-filter-top cages at Veterinary
drug Research Center/Baghdad. The mice
were left for one week to become acclimatized
at 22-25 °C with a 12:12-hr light:dark cycle
and 60-65% humidity, retired with rodent
chow and water ad libitum. The animals had
free access to food; water was given through
drinking bottles. The mice were applied and
cared according to the protocols under the
commission of Animal Care and Use
Committee for Animal Investigations. The
animals were randomly divided into 5 groups
of 8 mice each. After fasting for 12 h, diabetes
is induced in mice by using a single
intraperitoneal injection of alloxan with a dose
of 40 mg/kg body weight in 10 mmol/l sodium
citrate buffer with pH=4.5 (35) to all mice
signed for diabetic (DC) except group which
was assigned to be non-diabetic control group
(ND-C). After 5 days of the alloxan injection,
blood samples were drained from mice tail and
taken for glucose analysis by glucometer
(Bionime Rightest GM 300, Switzerland).
Animals with a blood glucose value more than
200 mg/dL were assumed to be diabetic
according to (36), and the others were
excluded.

Experimental design

Eight mice in each groups were conducted for
the experiment: group 1 was assigned as (non-
diabetic control group); group 2 was (diabetic
control group) were treated with distilled
water; For the treated group, stevia leaf
powder was mixed at 2, 4 and 6% level with
the stock diet and fed as in Table 1. The mice
diet included brown rice, oats, wheat, soy, and
fish meal, calcium carbonate, yeast culture
dehydrated, flax seed meal (Linseed), inulin,
mono-calcium phosphate, soy oil and needed
vitamins and minerals as was shown in Table
2. At the end of the experiment and after 12 hr.
of fasting, the mice were given a lethal
overdose of isof-lorane by inhalation to obtain

the blood for analysis. The blood samples were
withdrawn from the heart of the mice by a
medical syringe and placed in closed test tubes
and placed on pieces of ice. After that, they
were centrifuged with 300 g for 5 min. at 4°C,
after that serum was separated and kept in test
tubes at —80°C for further analysis. Analyses
were carried out at the laboratory of the
Veterinary drug Research Center on the day of
the blood collection. Serum glucose,
triglycerides (TGs), total cholesterol, and HDL
cholesterol were determined using the
enzymatic method at (Al-Maghreb Lab/
Baghdad) by using an auto analyzer, selectra-2
(vital science, spankeren, Netherlands).
Tablel. Design of the experiment

Groups | Receiving diet

1-NDC Commercial standard diet (CSD)

2-DC Diabetic control group (DC) fed
Commercial standard diet (CSD).

3-T200 Mice treated with 200mg/kg b.wt. of
stevia powder

4-T400 Mice treated with 400mg/kg b.wt. of
stevia powder

5-T600 Mice treated with 600mg/kg b.wt. of

stevia powder
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Table 2. Determination of the chemical
composition of the standard feed provided

to mice.
Diet compenents | %
Moisture 11.0
Ash 2.6
Protein 15.0
Fat 35
Crude fiber 6.5
Carbohydrate 61.4
Calcium 1.2
Phosphorous 0.8

Special Ingredients: Brown Rice, Oats and Wheat,
Soy and Fish Meal

Chemical composition of stevia powder

Moisture (44-16 A), crude ash (08-07), by
incineration in a muffle furnace at 580° C for
8hr.; fat estimated by using Soxlet extraction
(30-10) were determined according to AACC-
approved methods (1). The micro kjeldahl
method was used for crude protein level is
expressed by the total content of nitrogenous
compounds multiplying the corresponding
total nitrogen content by a conventional factor
Nx 6.25 ; dietary fiber was estimated
according to (36) method; Dry matter
estimated by drying in an electric oven with
ventilation (JR AD/ Italy, www jradco.org) at
105° C until reaching constant weight (7; 20);
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total carbohydrate was estimated by difference
as shows in Table 3.

Determination of blood glucose level

Blood glucose was estimated by drawing
blood from the tail vein by using the sugar test
strips (Accua chek, Germany) and the
examination was done daily after the
administration also recorded the changes in the
mice weights treated and untreated daily.
Blood analysis and lipid profile

After 21% days of the experiment, animals
were slaughtered and blood was withdrawn
directly from the heart. Blood hemostasis
parameters (WBC, RBC,HGB, HCT, MCV,
MCh, MCHC and PLT) were determined, the
percent of total glucose, total triglycerides and

cholesterol was determined using the
enzymatic method in Al-Maghreb Lab,
Baghdad.

The evaluation of Stevioside in Stevia leaves
Stevioside concentration was measured by
method (9; 32). Filtered solution of stevia
extract was injected to HPLC Agilent system.
Stevioside (2000 mg/l with 95% purity) was
used as the standard solution. According to the
area under the Standard Peak (AUSP),
stevioside concentration in the stevia leaves
was determined.

RESULTS AND DISCUSSION

The proximate contents of stevia leaves are
releave in Table 3. The results showed that the
plant Stevia is rich in nutrients because it
contains large amounts of carbohydrate,

protein, crude fiber, ash, and moisture as
shown clearly in Table 3. This finding was
comparable with (2; 26). So, it can be
concluded that stevia is a good source of
carbohydrates, proteins, dietary fibers.

Table 3. Chemical composition of stevia leaf

powder

Components® %
Moisture 4.85
Ash 9.55
Protein 11.43
Fat 4.86
Crude fiber 10.70
Carbohydrates 58.18

¥=each value is the mean of triplicate reading

It was found that body weight significantly
increased (p<0.05) in a diabetic groups treated
(2, 3, 4 and 5) with different concentration of
stevia's leaf aqueous extract when compared
with control group. Rats bodies weight were
treated with high dose of stevia extract
increased significantly (p<0.05) compared
with group 2 that treated with low dose of
stevia powder. While, diabetic mice treated
with high dose of stevia group 4 & 5 not
significantly increased compared with non-
diabetic control, group 1 (p<0.05).This finding
comparable with (13). However, treated group
2 with stevia significantly decreased (p<0.05)
the weight compared with diabetic group 2 as
shows in Table 4. This finding was
comparable with (38) who presented that
stevia significantly decreased weight.

Table 4. Bodies weight of animals during 3 weeks of applying different concentration of
aqueous stevia’'s treated diet

1 2 3 4 5
N-DC DC (T=300mg/dl) (T=400mg/dl) (T=500mg/dlI)
Control Diebete
control
325 31.6 30.0 321 35.0
30.5 315 29.2 33.1 39.0
31.6 30.1 28.5 325 32.0
325 31.0 27.8 32.9 33.1
31.0 31.6 30.0 32.0 35.0
33.0 30.0 30.7 33.0 34.0
315 30.1 28.9 33.3 34.1
32.0 20.8 35.1 34.0 345
>254.6 >'=236.7 >240.2 3262.9 >276.7
M=31.8b M=29.5ab M=29.9. a M=32.8 ab M=34.5 ab
LSD = 4.828 *

Groups: 1=non-diabetic control (NDC); 2=Diabetic control DC); 3=treated with 2% mg/kg b.wt. with stevia extract (T); 4=
treated with 4%mg/kg b.w with stevia extract (T); 5= treated with 6% mg/kg b.w with stevia extract (T). * (P<0.05).

Fasting blood sugar FBS significantly
increased in all diabetic groups when
compared with control mice (p<0.05).

Surprisingly, results of this study showed a
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significant decrease (P<0.05) in the level of
blood glucose compared with the control
group 1 and diabetic group 2 due to the
consumption of the stevia extract and all the
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different concentrations. However, 400 and
500 mg/dl of stevia extract were more
effective than 300 mg/dl of stevia in lowering
glucose compared with diabetic group 2 as
shows clearly in Table 5. This finding was
comparable with (38). The results of the study

were similar to those of previous studies (33;
25), which showed a significant reduction in
blood sugar levels in rats treated with
stevioside, a glycoside extracted from the
stevia plant.

Table 5. The effect of stevia extract on blood glucose of mice after three weeks.

1 2 3 4 5
N-DC DC (T= 300mg/dl) (T= (T=500mg/dl)
Control Diebete 400mg/dl)
control
1105 230.0 150.3 1555 1205
1205 240.0 155.0 145.9 121.2
1116 2515 149.9 140.4 110.6
110.6 252.4 239.6 1415 118.0
115.0 241.2 208.0 124.0 108.1
1115 250.0 228.0 142.0 1155
118.8 231.3 2205 1325 110.0
117.0 250.0 210.8 132.9 115.0
Y=915.5 Y=1946.4 y=1562.1 Y=11114.7 ¥=918.9
M=1144 M=2433  M=1953 ab  M=139.3 bc M=114.8 ¢
C a
LSD = 66.38 *
*(P<0.05). Previous studies have also shown the role of
Table 6 shows the role of different the stevioside component in maintaining and

concentrations of stevia leaf aqueous extract in
the maintenance of different blood parameters
percentages. It was found by increasing the
dose of stevia extract all blood parameters
maintains or increased significantly (P<0.05).
Overall, it seems that stevia could also
decrease the amount of serum cholesterol and
TG compared with diabetic group Table 6.
Similar results were observed in (22; 33).

Table 6.

regulating the level of blood sugar, because of
stimulation of insulin hormone in mice
suffering from lack of this hormone (29; 35).
The effect of stevioide on the inhibition of
gluconeogenesis due to the reduction of
phosphoenol pyruvate carboxykinase
(PEPCK) gene expression in liver of the rat
(12; 35).

the changes in blood parameter in mice after three weeks of different treatments.

Different treatments of stevia extract in mice's groups LSD
Hematoology 1 2 3 4 5
parameter N-DC DC (T 2%) (T 4%) (T 6%)

Control Diebete

control

WBC (x10° /pl) 3.67 2.50 3.44 3.98 3.20 0.647 *
RBC (x10°/ul) 33 4.7 4.60 5.24 4.20 1.09 *
HGB (g/dl) 9.88 8.60 8.33 9.84 9.50 1.483 NS
HCT (%) 40.6 55.6 36.0 38.4 39.00 7.92*
MCV (fl) 85.8 70.5 75.5 80.9 82.5 8.47 *
MCH (pg) 17.6 16.2 16.4 16.6 17.5 3.37NS
MCHC (g/dI) 34.7 29.2 30.50 31.54 34.82 6.02 NS
PLT (x10°/ul) 172 150 148 155.7 166.0 41.49 *
Serum  Cholesterol  205.0 2185 216.1 210.5 185.5 33.95NS
(mg/dl)
Triglyceride (mg/dl) 206.0 224.0 190.0 163.4 140.2 61.79*
* (P<0.05).

Globally, scientists have proved through long-
term research that it is safe to eat natural stevia
instead of artificial sweeteners and all age
groups for humans (36, 34). It has been proven
safe to take and use the leaves of Stevia or its
extracts such as stevioside, rebaudioside A and
steviol glycosides by the US Food and Drug
Administration, has also been adopted as a
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safe food supplement for humans (Generally
recognized as safe) rating in the US (GRAS
Notification 287 for Steviol Glycosides with
Rebaudioside A and Stevioside as Principal
Components) as they indicated enough daily
intake (ADI) of 25 mg/kg (18, 5) (following
100-fold safety factor, commonly seen in ADI
values) in rats which is around 7.9 mg/kg in
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humans. Also, (14, 8) recommended that a
daily intake of steviol glycoside of up to 4
mg/kg of body weight was acceptable. The
study also proved by researchers (10) that
daily consumption of 500-600 mg / dl body
weight from the extract of stevia leaves as a
safe nutritional sweetener (15, 16). Currently,

A

the results of the work of the Joint Committee
of Experts between the FAO/WHO Expert
Committee (JECFA) on Food Additives have
concluded a scientific review of all available
scientific data and concluded that, stevia
sweeteners are safe for use in foods and
beverages (31, 39).

mAU ] =
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i
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Results of this study showed stevioside concentration in the stevia plant leaves was 3.662 as in B
was determined as in Figure 1 compared with standard 3.517 as in
Figure 1. The area under the standard peak (AUSP). Stevioside standard (A) and alcoholic
extract of stevia's leaf (B).

Results of this study shows the different kinds
of stevioside as in Fig. 2. It is found the
highest percentage contents of stevia leaf
powder was total steviol glycoside 7.86, that’s
higher than finding by (23; 31), then stevoside
was 5.28, this comparable finding with (28;
16) and rebaudoside was 2.58, this

comparable with finding by (27; 28), while,
this finding is lower than finding by (19; 23).
Jeppesen et al., (24) were showed that both
steviol and stevioside can produce a direct
effect on beta cells in the pancreas to release
insulin, thus acts as potent antihyper-glycemic
agents

The percentage of St and Reb A in leaves of stevia

7.86

1 2 3
1=stevoside%  2=Rebaudoside% 3= Total steviol Glycoside in stevia
leaves

Figure 3. Shows the percentage of Stevoside, Reb A and the total steviol (St and Reb A) in
stevia leaves
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Result of this study showed the effect of stevia
consumption on decreasing blood glucose,
cholesterol and triglyceride levels, so it can be
used instead of chemical medicine to treat
diabetes without any side effect. In addition,
all  observation during the experiment
handling, it was showed mice were quiet,
highly motivating activity and healthy. It can
be concluded that stevia plant may be the ideal
candidate for further studies and scientific
research in all different scientific fields in the
future. The researcher recommends many
clinical trials on the real pathways of
metabolism on stevia to detect and confirm
many of its benefits.
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