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ARTICLEINFO ABSTRACT
Article type: Introduction: This study aimed to evaluate the effect of aerobic exercise and eryngium billardieri
Research Paper extract consumption on insulin resistance and lipid profile in obese women with type 2 diabetes.

. ) Methods: This quasi-experimental research used control group in pre- and post-tests. The subjects
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200ml of eryngium billardieri extract every day. Blood samples were collected 24h before and 48h
Keywords: after the last exercise to measure blood glucose, insulin, and lipid profile, including cholesterol,
Aerobic exercise triglyceride, HDL, LDL, and VLDL. Statistical methods include the Kolmogorov-Smirnov, Levene,
Eryngium billardieri extract ~ covariance (ANCOVA), and Bonferroni test.
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Results: A significant decrease was observed in plasma glucose, insulin, insulin resistance index,
cholesterol, triglyceride, LDL, and VLDL. There was a significant increase in HDL after aerobic
exercise and consumption of eryngium extract in type 2 diabetes in Drug groups compared to the
control group.

Conclusions: Based on the results, the effect of exercise and consumption of eryngium extract
increased insulin sensitivity by improving insulin and GLUT4 function. In addition, lipid profile
improvement was the positive effect of aerobic activity and consumption of eryngium extract by
increasing the lipase enzyme activity and thus increasing the removal of adipose tissue.
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Introduction routine clinical practice, which has changed the
Obesity and type 2 diabetes are essential and algorithm of type 2 diabetes (3).

epidemic problems in most societies. Chronic Diabetes is the most common cause of obesity.
diseases and mortality are associated with The overweight due to improper diet and lack of
obesity. People with obesity have many more physical activity can significantly reduce the risk
diseases, including type 2 diabetes, heart disease, of type 2 diabetes by controlling harmful blood
osteoporosis, cancers, etcetera (1). fats and increasing physical activity and proper
Diabetes is a metabolic disease with two leading diet. Cholesterol, triglycerides, high-density
causes: chronic hyperglycemia with disturbance lipoprotein  (HDL), low-density lipoprotein
in carbohydrate, fat, and protein metabolism and (LDL), and very low-density lipoprotein (VLDL)
deficiency in insulin secretion or both. Type I are risk factors for obesity, overweight, and body
diabetes is due to a disorder in insulin secretion, fat profile increase in blood level. The amount of
and type 2 diabetes is due to insulin inefficiency these substances in people with obesity is much
(2). The high prevalence of type 2 diabetes and higher than in people with normal weight
its personal and economic costs make this a (Hadaeq et al, 2009). Diabetic patients have
global issue. Correct treatment can reduce increased triglyceride and VLDL and decreased
mortality and related complications. HDL levels (4).

Pharmacological therapy is a new concept in The percentage of triglyceride distribution in

VLDL of diabetic patients with ischemic heart
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disease is significantly high (5). Studies have
shown that the drugs have a significant decrease
in blood glucose-lowering in cholesterol, LDL,
VLDL, and an increase in HDL (6). The leading
indicator of diabetes type 2 is insulin resistance
due to a decrease in insulin sensitivity observed
in people with obesity (7).

The Eryngium is a plant of the Umbelliferon
family with 274 species, of which nine are native
to Iran. The Persian name of the dominant
Eryngium Billardieri (E. Billardieri) species is the
Bogang. E. Billardieri has numerous
pharmacological effects such as anti-
inflammatory, antimicrobial, and antioxidant (8).
In an animal study, E. Billardieri extracts oral
consumption or intraperitoneal injection
increased serum insulin and decreased serum
malondialdehyde by protecting the pancreas
from damage using streptozotocin and
stimulating insulin secretion from healthy
pancreatic beta cells (8).

The effective dose of E. Billardieri was
100mg/kg (9), which has anti-diabetic
properties and positive effects on diminishing
lipid profiles and liver enzymes in type 2 diabetic
rats (10). The extract of E Billardieri can improve
liver function in hypercholesterolaemic rats
without leaving side effects on their renal
functions (11). The drug could reduce
triglycerides and glucose levels in diabetic rats
by increasing antioxidant activity. In addition,
Zarei et al. (2015) showed that the consumption
of E.Billardieri extract improves the liver and
kidney function of hypercholesterolemic and
reduces harmful blood fats in rats (11). In
addition, excessive consumption of medicinal
plants may cause a drop in blood pressure (11).
E. Billardieri extracts induced an anti-diabetic
effect by reducing malondialdehyde and
improving the antioxidant pathway of cells.
Diabetes treatment was affected by this
supplement, but glucose was not reduced. The
reduction of malondialdehyde as an oxidative
index significantly affected metformin (12). The
consumption of E. Carlinae extract can prevent
the development of heart problems due to
diabetes (13). A few studies have shown the
effect of Eryngium on humans. Rabiee et al.
(2017) studied the effect of E. Billardieri
supplements on some glycemic, ketoacidosis,
and lipid indicators of diabetic men after
exercise. Based on this study, consuming this
supplement decreased blood glucose levels (14).
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Rabiee et al. (2017) found a decrease in blood
glucose levels after consuming E. Billardieri
extract (14).

E. Billardierei consumption on HepG2 cells in
vitro showed no toxicity effects at 0.5 and 1
mg/mL. This supplement has no cytotoxicity,
increases insulin-resistance expression as a
reduction in G6Pase and PEPCK levels, and has
anti-hyperglycemic properties for diabetes
treatments (15).

Physical activity, especially aerobic activity in
patients with obesity and diabetes, weight loss,
and blood sugar control are some of the most
effective ways to treat and prevent obesity (16).
Regular aerobic, continuous, or intense exercises
may reduce body fat levels, insulin resistance
index, and glucose levels. A study on aerobic
exercise in diabetic patients reported a reduction
in blood sugar and harmful fat levels, which
reduced the effect of the factors -causing
metabolic diseases such as diabetes and
cardiovascular diseases (17).

Obesity, a sedentary lifestyle, and a diet pattern
with high saturated fat, refined carbohydrates,
and low fiber content are the main risk factors for
lifestyle in type 2 diabetes patients (18). Physical
activity and exercise have several metabolic
benefits, such as improving insulin sensitivity
and resistance and increasing peak oxygen
consumption, whose molecular basis remained
incomplete (19, 20).

Fat oxidation is key in improving insulin action,
and exercise increases fat storage in muscle and
fat oxidation capacity (21).

Based on the studies, the purpose is
simultaneous to investigate the effects of E.
Billardieri and exercise on women with obesity
and type 2 diabetes.

Materials and Methods

Participants

This quasi-experimental research used a pre-
and post-test design with the control group. The
population comprised 38 women with obesity
and type 2 diabetes, a body mass index over 30,
and fasting blood glucose of 126 to 180g/dl. The
sampling method was purposive and convenient;
the sample size was the entire volunteer list. The
subjects volunteered to participate in the
research and were nominated by the office of the
Kerman Diabetes Association. The results of a
general descriptive statistical analysis are shown
in Table 1. The groups were randomly divided
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into control (C=9), drug (DRG=10), exercise
(EX=9), and drug and exercise (DRG&EX=10).
The exclusion criteria included a history of
diseases, including kidney, nerve, cardiovascular,
depression, skin, joint, diabetic foot ulcer, and
hypoglycemia through the last two months.
Further, there was an inability to exercise, a lack
of regular aerobic activity, as well as a loss of
weight of over three kilograms in the past three
months.

Ethical Statement

The study and experiments on human subjects
were conducted by ethical standards, and
procedures were carried out with the subjects’
adequate understanding and written consent.

Exercise Protocol

The primary protocol includes 10min of warm-
up and contains 2 to 3min of brisk walking, 5min
stretching, and 2 to 3min of slow running. The
heart rate monitor measured exercise intensity
during the test. The primary protocol consisted
of 8 weeks of 3s/w of low-intensity continuous
aerobic exercise. The primary protocol consisted
of 8w/3 sessions of low-intensity continuous
aerobic exercise. Aerobic exercise was 35min
with an intensity of 50% of the heart rate max
and increased to 50min to 65% of the heart rate
max (5% every week). The cooled-down
program was performed at the end (22).

Table 1. General descriptive statistical analysis among groups in pre and post-test

Groups C DRG EX DRG&EX
Age (yrs) 51.30+5.16 50.80+5.45 53.40+5.27 50.77+5.15
Height (cm) 162.0+6.75 161.19+7.31 159.0+4.32 160.06+7.35
Body mass (kg) 85.37+9.04 84.19+6.77 78.13+3.12 82.97+6.13
BMI (kg/m?) 32.31#3.21 32.13+1.88 30.92+1.14 32.17+2.28

Control group (C=9), Drug group (DRG=10), Drug and Exercise group (DRG&EX=9), and Exercise group (EX=10), Body Mass Index (BMI)

Measurements IRAN), HDL, LDL, and VLDL (Randox kit, England
The subjects filled out the health questionnaire with a sensitivity of 1mg/dl). The dose of E.
and consent form. Anthropometrical Billardieri extract (Boganq) was determined via

measurements, including the subjects’ height and
weight, were measured using a digital scale
(Sahand, Iran, with an accuracy of 1g) and a
Stature Meter. Data were collected in two stages,
24h before the first exercise and 48h after the
last exercise session. The data included blood
glucose (Glucometer Emperor Model BGM-601,
China), insulin (ELISA kit, China), lipid profiles
(triglycerides and cholesterol Pars Azmoun Kkit,

a pilot study. The groups, including DRG and
DRG&EX, received 200ml of E. Billardieri extract
(100ml in the morning and 100ml in the
evening). The same amount of placebo was
determined for the control and EX groups. The
insulin resistance was calculated by the following
formula (13):

Insulin resistance = [fasting insulin (pU/mL) x
fasting glucose (mmol/L)/18] / 22.5

Table 2. Mean and Standard deviation of variables among groups in pre and post-test

Groups C DRG EX DRG&EX
Glucose (mg. dI) 148.55+16.40 141.60+12.13 161.88+16.99 150.20+17.89
Insulin levels (pU/ml) 12.78+1.95 10.99+2.51 13.84+2.07 11.93+2.37
+  Insulin Resistance (min) 4.75+1.18 3.90+1.23 5.59+1.21 4.50+1.34
&8  Total Cholesterol (mg/dl) 197.33£39.90 196.00+64.14 210.00+70.359 198.50+51.53
é Triglyceride (mg/dl) 123.66+42.07 153.40+£56.06 156.88+23.97 110.50+48.11
& HDL (mg/dl) 45.33+105.85 42.60+9.43 41.77+10.65 42.20+7.87
LDL (mg/dl) 127.22+32.25 123.50+55.95 123.33+61.36 132.10+45.18
VLDL (mg/dl) 41.44+12.89 43.40+11.85 46.00+14.38 43.50+7.97
Glucose (mg. dl) 149.33+17.24 138.50+13.34 157.77+19.14 141.10+16.48
Insulin levels (uU/ml) 12.91+2.14 10.92+2.53 13.45+2.12 10.92+2.30
2 Insulin Resistance (min) 4.83+1.38 3.80+1.24 5.30+1.25 3.87+1.21
& Total Cholesterol (mg/dl) 200.33+37.51 195.50+63.31 189.44+55.49 183.30+40.573
2 Triglyceride (mg/dl) 124.66+38.37 151.40+56.43 145.55+£27.69 100.13+45.26
£  HDL (mg/dl) 44.66+9.82 42.20+£7.91 44.66+10.13 45.30+6.78
LDL (mg/dl) 131.55+33.28 122.90+£53.47 115.77+44.81 122.50+39.92
VLDL (mg/dl) 42.00+12.05 42.80+10.27 38.11+10.50 39.57+10.15

Control group (C=9), Drug group (DRG=10), Drug and Exercise group (DRG&EX=9), Exercise group (EX=10), High-Density
Lipoprotein (HDL), Low-Density Lipoprotein (LDL), and Very Low-Density Lipoprotein (VLDL)
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Statistical Analysis determined for data analysis and differences
The normal distribution of data was analyzed by groups by the Bonferroni post hoc test (P<0.05).
the Shapiro-Wilk test. Homogeneity of variance The SPSS statistical software Version 22 was
as a prerequisite for the covariance was used for data analysis.

determined by Levene’'s test. ANCOVA was

Table 3. Analysis of covariance (ANCOVA) to compare groups in the post-test

F P
Glucose (mg. d 44.37 0.027*
Insulin levels (nU/ml) 7.27 0.001*
Insulin Resistance 5.10 0.005*
Total Cholesterol 6.07 0.002*
Triglyceride (mg/dl) 6.07 0.002*
HDL (mg/dl) 4.56 0.009*
LDL (mg/dl) 6.77 0.001*
VLDL (mg/dl) 13.83 0.001*

High-Density Lipoprotein (HDL), Low-Density Lipoprotein (LDL), and Very Low-Density Lipoprotein (VLDL), * Significant at level
p<0.05.

Table 4. Bonferroni posthoc test of means difference comparing groups in post-test

Groups C DRG EX DRG&EX
C -
Glucose (mg. dl) DRG 4196 -
EX 4.28 0.802 ---
Drug&EX 9.80* 5.61 5.52
C -
Insulin levels (pU/ml) DRG 0.22 o
EX 0.43 0.28 -—-
Drug&EX 1.15* 0.93* 0.65
C -
Insulin Resistance DRG 022 N
EX 0.34 0.12 ---
Drug&EX 0.72* 0.50 0.38
C -
Total Cholesterol DRG 3.70 -
EX 21.61* 17.90* ---
Drug&EX 18.21* 14.31* 3.59
C —
Triglyceride (mg/dl) DRG 1.003 -
EX 7.95 8.98 -—-
Drug&EX 11.40* 12.65* 3.98
C -
HDL (mg/dl) DRG 0.14
EX 3.03 -3.17 ---
Drug&EX 3.30* 3.44 0.27
C -
DRG 5.83 ---
LDL (mg/dI) EX 20.95* 15.45*
Drug&EX 15.69* 10.18 5.27
C -
DRG -0.76 -
VLDL (mg/dl) EX 7.51% 6.76*
Drug&EX 8.13* 7.38* 0.62

Control group (C=9), Drug group (DRG=10), Drug and Exercise group (DRG&EX=9), Exercise group (EX=10), High-Density
Lipoprotein (HDL), Low-Density Lipoprotein (LDL), and Very Low-Density Lipoprotein (VLDL), * Significant at level p<0.01.

Results triglycerides, HDL, LDL, and VLDL according to
Table 2 shows the statistical analysis of study groups.

dependent variables such as glucose, insulin The statistical results of the covariance test were
levels, insulin resistance, total cholesterol, (F (3, 33) = 44.37, P = 0.027) by removing the

possible effect related to glucose. Table 3 shows
a significant difference in glucose levels. The
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results of the Bonferroni post-hoc test showed a
significant difference in the post-test of glucose
in the C groups with the EX&DRG group (P<0.05),
but there was an insignificant difference between
EX with Drug, EX with C, and DRG with EX&DRG
groups (P>0.05) (Table 4).

The statistical results of the covariance test were
(F (3,33) =7.27, P = 0.001) after removing the
possible effect related to insulin levels. Table 3
presents a significant difference in insulin levels.
The results of the Bonferroni post-hoc test
showed a significant difference in the C groups
with the EX&DRG group and the Drug group with
the DRG&EX group (P<0.05), but there was an
insignificant difference in EX with DRG; EX with
C groups (P>0.05) (Table 4).

Table 3 reports the significant difference in
insulin resistance (F (3, 33) = 5.10, P = 0.005).
The results of the post-hoc test showed a
significant difference in the C groups with the
EX&DRG group (P<0.05), but an insignificant
difference was in EX with DRG, EX with C, and
DRG with EX&DRG groups (P>0.05) (Table 4).
Table 3 shows a significant difference in the
statistical covariance test related to total
cholesterol (F (3, 33) = 6.06, P = 0.002).
Interesting results from the post-hoc test showed
a significant difference in total cholesterol in the
C with the EX&Drug, the Drug with DRG&EX, C
with EX, and DRG with EX groups (P<0.05).
However, there was an insignificant difference in
EX with DRG&EX and C with DRG groups
(P>0.05) (Table 4).

The triglyceride was analyzed by the statistical
covariance test. A significant difference was
found (F (3,33) =6.07, P = 0.002) after removing
the possible effect reported in Table 3. The post-
hoc results test showed a significant difference in
the C groups with the EX&DRG group and the
Drug group with the DRG&EX group (P<0.05).
However, there was an insignificant difference in
EX with DRG, EX with C, and C with DRG groups
(P>0.05) (Table 4).

Table 3 shows a significant difference (F (3, 33) =
4.56, P = 0.009) in the statistical covariance test
HDL. The results of the Bonferroni test showed a
significant difference in the C with the EX&DRG
(P<0.05). However, there was an insignificant
difference in EX with DRG&EX, C with DRG, the
DRG with DRG&EX, C with EX, and DRG with EX
groups (P>0.05) (Table 4).

A significant difference in the statistical
covariance test of LDL (F (3,33) =6.77,P =0.001)
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is reported in Table 3. The results of LDL in the
post-hoc test showed a significant difference
were in C with the EX&DRG, C with EX, and DRG
with EX groups (P<0.05). Nevertheless, there
was an insignificant difference in EX with
DRG&EX, the DRG with DRG&EX, and C with DRG
groups (P>0.05) (Table 4).

According to Table 3, the statistical covariance
test of VLDL found a significant difference (F (3,
33) = 6.77, P = 0.001). The post-hoc test results
showed a significant difference in the C with the
EX&DRG, the DRG with DRG&EX, C with EX, and
DRG with EX groups (P<0.05). However, there
was an insignificant difference in EX with
DRG&EX and C with DRG groups (P>0.05) (Table
4).

Discussion

The effect of exercise and E. billardieri extract
consumption on plasma glucose

The glucose in the DRG&EX group is significantly
lower compared to the C group. The difference
was in DRG and EX with C groups. An increase in
time protocol over eight weeks may reveal
differences between the two groups. Aerobic
exercise and drug consumption significantly
affected reduced glucose compared to the C
group, but Drugs or exercise alone did not have a
significant effect. Rabiee et al. (2017) showed
that E. Billardieri extract consumption decreased
blood glucose levels, but there was insignificant
compared to the group placebo, which is
consistent with the results of the present study
(14). However, the effect of long-term use of this
drug may lead to a decrease in fasting glucose. In
addition,  Garcia-Cerrillo et al. (2017)
investigated the impact of E. Billardieri extract
consumption on heart problems caused by
diabetes and confirmed that E. Billardieri extract
consumption alone might cause unaffected
plasma glucose (13). E. Billardieri extract
possibly affects glycohemoglobin and can
modulate excess glucose through a non-
enzymatic mechanism (23). The present study
differed from the study of (13) primarily because
of the duration of the training and the lack of
ability to control diet in humans as opposed to
animal samples.

Many studies have confirmed the effect of
aerobic exercise on glucose levels. The present
study showed that the DRG&EX group had a
significant difference from the control group, and
the EX group had an insignificant difference from
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the control group. Exercise and consumption of
E. Billardieri extract may significantly affect
fasting glucose levels. Fatty acids in adipose
tissue accumulate and disrupt the transfer of
GLUT4 to the muscle cells, and exercise prevents
their accumulation and increases the oxidation of
fatty acids. Weight loss and increasing physical
activity are essential strategies related to
diabetes and cardiovascular disease (24).

The Effect of Exercise and Consumption of E.
Billardieri Extract on Insulin Levels

There were significant differences in insulin
levels between the C group and the EX&DRG;
group and between the DRG group and the
DRG&EX group. However, there was an
insignificant difference in EX with the DRG and
EX with the C groups. Rabiee et al. (2017)
observed a significant difference in insulin levels
in the exercise and drug group with the exercise
group, which was consistent with the present
study. Based on this study, aerobic exercises
increase insulin action, GLUT4 gene expression,
glycogen synthetase, and hexokinase activity
(14). In addition, a decrease was reported in the
release of glucose and an increase in the transfer
of glucose from the blood into the muscles due to
the rise in the muscle capillaries (25-27). The
increased activity of sports increases gene
expression of GLUT4 through the activation of
AMPK, which is then transferred to plasma. This
process improves the entry of glucose into the
muscle cell (24). Aerobic exercises make
biochemical changes in muscles, increasing
capillary density and oxidative enzymes,
improving glucose transport and metabolism,
increasing insulin to bind to muscle cell
receptors, and reducing the need for insulin.

The Effect of Exercise and Consumption of E.
Billardieri Extract on Insulin Resistance Index
This study showed that the insulin resistance
index in the DRG&EX was significantly lower
than in the control group, but it was insignificant
compared to the Drug group and the exercise
group. A significant difference was observed in
exercise groups with and without E. Billardieri
extract in the insulin resistance (14). Azimidokht
et al. (2015) indicated that intermittent exercise
positively affects the insulin resistance index
(28). Caro et al. (2013) showed that the insulin
resistance index is significantly lower in the
active group compared to the inactive group.
Therefore, regular exercise results in higher
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insulin sensitivity (29). Stuart et al. (2013 found
that 8 weeks of cycle training decreased insulin
resistance, but exercise without weight bearing
does not decrease insulin resistance but an
increase in muscle insulin receptors and GLUT4
expression (30). Malin et al. 2013 concluded that
exercise with weight loss increases the function
of beta cells in people with prediabetic symptoms
(31). Exercise helps improve insulin sensitivity
by increasing muscle mass and improving insulin
signaling (32). The present study showed that
fats such as triglycerides, cholesterol, LDL, and
VLDL have decreased significantly due to
exercise. Effect of aerobic exercises on recovery
improving insulin resistance attributed to the
activation of AMPK and increased activity of
phosphoinositide-3 kinase (PI3-Kinase) and
Akt/PKB (33). It seems the exercise and
consumption of E. Billardieri extract together can
affect on insulin resistance index.

The Effect of Exercise and E. Billardieri Extract
Consumption on Cholesterol Levels

Obesity and diabetes are associated, and E.
Billardieri extract consumption may affect the
lipid profile of women with obesity and type 2
diabetes. Blood variables, including cholesterol,
triglyceride, HDL, LDL, and VLDL, may change in
the obesity process. The present study showed
that plasma cholesterol levels were significantly
lower in EX and DRG&EX groups with and
without drugs compared to the C group, but this
difference was insignificant in the EX with
DRG&EX groups. The presence of tannin (a
substance with antioxidant properties) in the E.
Billardieri extract reduces fat absorption and
facilitates fat transfer into the cell. In the present
study, cholesterol levels were not affected by the
consumption of this drug. Nutrition, individual
differences, and environmental factors are the
possible reason. Following aerobic training,
cholesterol levels decreased in the training group
compared to the C group. The adaptations
following aerobic activity are increased
mitochondria volume and lipolysis enzyme
activities, which increase the ability to catabolize
fats during activity. Exercise can be a possible
reason for reducing blood cholesterol levels in
the EX and DRG&EX groups. Although the HDL
mechanism is still unclear, lecithin-cholesterol
acetyltransferase (L-CAT) and hepatic lipase
(HL) may facilitate the role of HDL in the reverse
transport of cholesterol from the arterial wall
(34). In the present study, the cholesterol levels
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of the two exercise groups were lower than the
control group, which may be due to exercise. The
consumption of E. Billardieri extract played a
lesser role in reducing cholesterol levels.

The Effect of Exercise and Consumption of E.
Billardieri Extract on Triglyceride Levels

This study showed significant differences in
triglyceride levels after aerobic exercise and
consumption of E. Billardieri extract in the four
groups of C, DRG, EX, and DRG&EX. The DRG&EX
group had significantly lower plasma levels of
triglycerides than the C group. However, an
insignificant difference was observed between
the two training groups with and without E.
Billardieri extract. A significant difference did not
find in the triglyceride levels of the two exercise
groups with and without E. Billardieri extract
consumption (14). The triglyceride levels were
significantly lower in the E. Billardieri extract
group than in the control group (11). The
probable reason is the presence of tannin in the
E. Billardieri extract and its effect on reducing fat
absorption and facilitating fat transfer in the cell.
However, in the present study, the consumption
of E. Billardieri extract did not affect triglyceride
levels. Complete control of nutrition and
environmental factors may help to find better
results.

The Effect of Exercise and Consumption of E.
Billardieri Extract on HDL Levels.

This study found a significant increase in HDL in
the DRG&EX group compared to the C group.
Zarei et al. (2015) observed a significant
difference between the levels of HDL following
the consumption of E. billardieri extracts in rats,
which is not consistent with the results of the
present study (11). An animal sample under
more significant environmental and nutrition
control might explain this difference. Some
researchers have concluded that the intensity of
exercise could affect the increase of HDL levels so
that HDL levels can increase significantly after
high-intensity exercises compared to low-
intensity exercises (35). Several factors seem to
affect HDL with various exercises, including
weight, sex, protocol, and duration of training.
Apolipoprotein (Apo A-1) increases the HDL
levels enhancing the activity of the enzymes
lipoprotein lipase and lysine
cholelysineacyltransferase and decreasing the
activity of the hepatic lipase enzyme (36). There
was no effect of exercise alone on HDL levels, but
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the intensity or duration of exercise may not be
sufficient to affect HDL levels.

The Effect of Exercise and E. Billardieri Extract
Consumption on LDL and VLDL Levels

LDL levels significantly decreased in the C with
the EX&DRG and EX groups and DRG with EX
groups. VLDL levels significantly decrease the C
with the EX&DRG, the DRG with DRG&EX, and EX,
and DRG with EX groups. LDL levels in the E.
Billardieri extract group in rats were
significantly lower than in the control group (11).
As a result of tannin in this supplement, fat
absorption is reduced, and fat transfer is
facilitated. Animal studies may significantly
control the diet and activity, which may explain
the differences in studies. A few studies have
shown that aerobic exercise reduces VLDL and
LDL levels (36, 37). Burning fat as an energy
source in aerobic exercise reduces the levels of
LDL and VLDL in exercise groups. Exercise
activity increases the activity of the lipoprotein
lipase enzyme and decreases hepatic triglyceride
lipase (HTGL). Increased lipoprotein lipase
activity increases the catabolism of lipoproteins
rich in triglycerides. Therefore, LDL and VLDL
levels decrease with physical activity (36).

Research Limitations

Research limitations for inclusion in the study
include the following:

Gender: The subjects of this study were females.
Type 2 diabetes: The subjects of this research
had type 2 diabetes.

Fasting blood sugar: 126-180 mg/dl

BMI: 30 and upper 30 kg/m2

Exercise protocol: The training protocol was the
same for all subjects.

The uncontrollable limitation of the research
included:

Nutrition: The subjects were recommended to
follow a similar diet during the study.

Physical activities lifestyle: The subjects were
advised not to do physical activity outside the
exercise program.

Motivation and mental state: Subjects were
encouraged during the exercises.

According to the limitations and results, topics
such as exercise intensities, inflammatory factors
such as adipokine, dose-dependent consumption
of Bogan extract, the long-term effect of Bogan
consumption, and Bogan consumption and
exercise in preventing obesity and diabetes need
to be researched.
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Conclusion

Based on the results, aerobic exercises with the
consumption of E. Billardieri extract (Boganq)
extract significantly improved the insulin
resistance index and lipid profile in people with
type 2 diabetes. The possible reason for
increasing insulin sensitivity and improving
insulin function and GLUT4 may be the exercise
and consumption of E. Billardieri (Boganq)
extract, which are the main factors in
transferring glucose into muscle cells. Aerobic
activities may be responsible for improved lipid
profiles. An increase in the activities of lipase
enzymes reduces harmful fats such as
triglycerides, cholesterol, LDL, and VLDL and
increases the production of good fats such as
HDL.
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