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Abstract

This study is aimed to determine the effect of broccoli intake on the antioxidant enzymes of the liver and kidney in experimental rats infected with diabetes. The
broccoli was obtained from the Saudi local market and the different chemical analyses were conducted. After the process of steam boiling for 4-5 minutes, it was dried
at 50°C degrees then added to the meal. The research sample included groups of experimental healthy male rats numbering (50) and the weight of the rat ranging from
200-210 grams; divided into five equal groups, each group of 10 rats. The first group was fed a standard meal. While the 40 rats were injected with Streptozotocin
substance dose of 60 mg/kg of body weight, and after confirmation of diabetes were then divided into 4 groups: the second to be the positive group and dealt with
the standard meal; and the third, fourth and fifth groups were fed a standard meals that contained 10, 20 and 30% of dried broccoli, respectively, for two months. The

results showed improvement in all biochemical parameters in serum and antioxidants of the liver and kidneys after broccoli feedings.

Introduction

Diabetes is considered as a chronic disease that often manifests in
patient during his lifetime. The acute symptoms such as coma results
in the increase or decrease of sugar in the blood, or the symptoms of
chronic diseases such as cardiovascular, or damage to the retina and
loss of vision, or kidney disease [1].

It was mentioned by Sharafetdinov et al. [2] that broccoli is rich in
chromium content, which works with insulin to maintain blood sugar
and less concentration of cholesterol and triglycerides in the blood
vessels. Broccoli helps to resist diabetes due to high content of fiber.
Whereby intake of high amounts of fiber helps regulate blood glucose
level and help in the treatment of diabetes [3].

The objective of this study is to identify the chemical composition
of broccoli, and to determine the effect of adding percentage of
broccoli to the meal on biochemical measurements of blood serum and
antioxidants in the liver and kidneys of diabetic rats.

Material and methods

Materials

Sample of broccoli found in the Saudi market. A group of healthy
Swiss Albino rats numbering (50), weighted ranges from 200-210
grams. Broccoli washed several times and then chopped into small
singular pieces and placed in the oven dryer at a temperature of 50°C .
Then the nutrient elements of the broccoli were estimated according to
the method of A.O.A.C [4].

All stages of the experiment to the ethics of scientific research on
animals according to the guide for caring of animals in experiments

[5].
Experimental design

All the rat were fed a standard meal and then divided into five
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groups, each group of (10) rat, the first group of (10) rat was fed
on a standard meal (negative control). While 40 rat were injected
Streptozotocin substance at a dose of 60 mg/kg of body weight to cause
diabetics [6]. After confirming diabetics it was divided into 4 groups,
each group of 10 rats, the second group to be the positive control group
and fed the standard meal, and the third, fourth and fifth groups fed
with standard meals containing 10, 20, 30% dried broccoli, respectively.
The provision of food was Ad Libitum.

Blood samples were drawn from all groups after the first week, the
third, fifth, seventh, and eighth to estimate the level of glucose. The
blood samples were withdrawn from the vessels of the eye [7]. At the end
of the period of treatment the animals were slaughtered after fasting 12
hours, taking the blood of the rats to estimate the level of hemoglobin
and glycated hemoglobin, insulin and enzymes alkaline phosphatase,
alanine amino, and aspartate amino transferase using a chemical device
[8,9]. The levels of Malondialdehyde compounds were estimated and
through the use of Thiobarbutyric acid (TBA) calculating methods [10].
The activity of Glutathione-S-transferase, catalase enzyme, Superoxide
dismutase, Gluthatione Peroxidase (GPX) were estimated by methods
of Habig et al. [11], Cohen et al. [12], Beuchamp and Fridovich [13],
Barjade et al. [14], respectively. Data were analyzed using the general
linear model of the program SAS [15].

Results and discussion

Chemical composition of broccoli

Table 1 indicates the chemical composition of broccoli. Manchali
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Table 1. The chemical composition of Broccoli.

Food component on wet basis

%

Moisture 86.51
Protein 435
Total carbohydrates 5.46
Fiber 1.82
Mineral elements 1.44
Fat 0.42
Mineral contents

Elements mg/100 gm
Potassium 525
Calcium 175
Phosphorous 162.5
Iron 3.95
Selenium 3.0
Manganese 1.53
Zinc 0.45

Food component on dry basis

0/0

Moisture 0.0
Protein 32.22
Total carbohydrates 40.51
Fiber 13.48
Mineral elements 10.6
Fat 3.12

Vitamin and antioxidants content
Elements mg/100 gm fresh broccoli

Vitamin C 90.0
Total carotene 10.37

Vitamin E 1.4
Total phenols 86.84

Total Polyphenols 20
Chlorophyll A 46.46
Chlorophyll B 19.64

Table 2. The mean and standard deviation of blood glucose (mg 100 ml) in the control groups of rat and treatment during the period of the experiment.

Weeks/Groups After a week After a week
First Third
Negative control 110.5 £4.2¢ 108.4 + 4.6

Positive control
brocceoli 10%

broccoli 20%
broccoli 30%

Diabetic
groups
Treated
groups

180.7 + 4.14%*

162.3 +4.38%*
161.6 +2.38%*
161.8 +3.98%*

208.2 £4.20%*

166.2 £ 7.18%*
166.7 + 2.38%*
159.2 + 6.3B%*

Table 3. The level of insulin in the blood serum, hemoglobin, and glycated hemoglobin

in the blood.
Variables/Groups Insulin Hemoglobin Glycated
mlU/ml /100 ml hemoglobin %
Negative control 21.50 + 1.424 13.70 £ 0.534 3.82+032¢
Positive control 7.94+0.54 7**  110.69 £ 0.915%* 1733 £0.814%*

After a week

After a week

After a week

Fifth Seventh Eight
109.1 £4.9¢ 108.1 +£3.7° 109.3 +3.4¢
249.7 + 9.3A%* 318.5 + 4.94%* 336.4 18.94%*
197.9 £ 8.4b%* 189.9 + 8.45%* 196.9 + 5.05%*

165.6 + 5.7¢%*
160.7 + 13.8%**

161.0 + 4.3¢0%*
158.1 + 3.4CD%*

160.9 + 10.1¢*
148.9 +7.8P*

Decrease was significant in the level of insulin of blood serum in

Broccoli 10% 10.31 £0.27°%* 12.45 +0.554
Broccoli 20% | 12.68 +0.84%* 1 12.33 +0.334
Broccoli 30% | 11.89 +0.54%%* 1 12.03 + 0.54*

6.30 + 0.7448%*
5.31 +£0.50%*
5.74 £ 0.60°*

Infected
groups

Groups

* Level of significance less than 0.05 ** Significant at less than 0.01

AB.C.D.E represents the moral differences between the mean within the standard at the level
of 0.05.

et al. [16] study has mentioned that every 100 grams of fresh broccoli
contains 2.82, 0.37, 6.64 grams protein, fats, and carbohydrates,
respectively. And it contains phosphorus, potassium, magnesium,
calcium increased by 66, 317, 21, 47 mg/100 g of fresh broccoli. And
the percentage of iron, selenium, manganese, zinc to 0.77, 0.003, 0.22,
0.44 mg/100 g in fresh broccoli, respectively. While the percentage of
fiber to 30% on a dry weight basis.

Level of glucose, insulin,

hemoglobin

hemoglobin and glycated

The results in Table 2 indicated the occurrence of high level of
glucose in the blood serum of all diabetic rat compared to the negative
control group at the end of the first and third week meal of fortified
powdered broccoli. At the end of the fifth and seventh week the level
of glucose in the blood serum continued to rise in the positive control
group and the group that rat fed with 10% powdered broccoli, while
little change occurred in the level of glucose in the groups that dealt
with broccoli powder by 20%, 30%. At the end of the eighth week an
improvement in the level of glucose in the group which dealt with
broccoli powder by 30%.
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the positive control group, and in all experimental diabetic groups
(Table 3).

Table 3 indicates the absence of any significant differences between
the level of hemoglobin in the blood of the negative control group
and diabetic groups, which had been treated with powdered broccoli.
However, the level of hemoglobin was significantly decreased in the
positive control group.

This study is in agreement with the study of Al-Malah [17] in which
it noted a decrease in blood glucose level in rat infected with diabetes,
which dealt with meals supplemented with powdered broccoli by 5, 10,
20% where the glucose level decreased by percentages of 13.86, 30.25,
35.56%, respectively, compared to the positive control group (infected
with diabetes without treatment).

A significant increase occurred in the concentration of the enzyme
alkaline phosphatase in the blood serum in each of the positive control
group and the groups that dealt with broccoli powder by 10, 20, 30%
of the meal (Table 4). Increased concentration of aspartate amino
transferase enzyme (AST) significantly (Table 4) in the blood serum
as a result of infection in diabetic rat positive control group and the
groups that dealt with broccoli powder concentration of 10, 20, 30%
compared to the negative control group.

Similar results in the concentration of the enzyme alanine amino
transferase (ALT) with enzyme the aspartate amino transferase, where
the concentration of the enzyme alanine amino transferase significantly
increased in the blood serum as a result of infection of rat with diabetes
in the positive control group and groups that dealt with powdered
broccoli concentration of 10, 20, 30% compared to the negative control
group (Table 4).

This study agreed with the results of the study of Guerrero-Beltran
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Table 4. The level of alkaline enzyme Phosphatase, aspartate amino transferase (AST) and alanine amino transferase (ALT) in the blood serum.

Variables/Groups

Negative control
Positive control

broccoli 10%
broccoli 20%
broccoli 30%

Diabetic
groups
Treated
groups

* Level of significance less than 0.05 ** Significant at less than 0.01

Alkaline phosphatase AST ALT
1U/ml 1U/ml 1U/ml
63.84 +£2.05" 45.93 £ 1.46° 36.98 £ 0.92¢

228.91 + 9.09A%* 79.61 + 1.764%* 69.89 + 1.304%*

100.10 + 1.67%**
80.23 £3.01¢*
85.62 +4.99¢**

67.42 £ 1.918%*
58.41 £2.73C%*
57.68 £ 1.74C%*

59.91 +£ 0.808**
56.36 + 1.878%*
55.21 £2.118%*

AB.C.D represents the significant differences between the mean and standard deviation at the level of 0.05

Table 5. Level of malondialdehyde (MDA), the enzyme catalase (CAT), and glutathione peroxidase (GPX), and glutathione S-transferase (GST), and super oxide dismutase (SOD) in the

wet liver tissue.

Variables/Groups MDA CAT
nmol/mg ml/mg
Negative control 1.9+£0.3" 90.6 + 1.5
Positive control 8.1 £ 0.44%x 33.8 £2.70k*
9 172] .
B = = 4  broccoli 10% 6.3 £ 0.55%* 53.7 £ 1.9P**
p=} ° L o R
g’ 5 § 8 |broccoli20%  5.8+0.8%* 62.5 +2.90%*
—
& broceoli 30% 3.9+ 1.5P* 64.5 +3.9%%*

* Level of significance less than 0.05 ** Significant at less than 0.01

GPX GST SOD

ml/mg ml/mg ml/mg
107.2 £ 1.94 4.1+£0.34 107.1 £2.54
40.6 + 2.3 0.7 +0.20%* 43.8 £2.30k*
72.9 + 4.1CD** 1.4 £ 0.4C%* 78.2 + 4.20%*
77.1 £ 7.36%* 2.6 £ 0.28C** 76.8 +£9.0P**
78.2 + 3.28CHk* 3.4+ 0.38* 89.7 £2.3CH*

AB.C.D.E represents the significant differences between the mean and standard deviations at the level of 0.05.

Table 6. Level of malondialdehyde (MDA), the enzyme catalase (CAT), and glutathione peroxidase (GPX), and glutathione S-transferase (GST), and super oxide dismutase (SOD) in the

wet tissues of the kidneys.

Variables/Groups MDA CAT
nmol/gm mg/gm

Negative control 7.7+0.6¢ 119.1 £5.9*
Positive control 18.9 £ 1.14%* 72.0 £ 1.98%*

9 172]

b s o » Broccoli 10% 10.7 + 0.95* 81.6 £ 5.10%*

29 8 = X

o) g g Broccoli 20% 9.7 £ 0.48* 82.2 +2.5P**
& Broceoli 30% 9.7 +0.75* 93.1 + 1.4%*

*Level of significance less than 0.05  **Significant at less than 0.01

GPX GST SOD

mg/gm mg/gm mg/gm
113.1£2.1* 4.6£0.3* 121.8 £2.54
33.8 £ 4.48%* 1.7 £0.20%* 37.7 £ 3.75%*
61.8 £2.4P%* 3.0 +£0.3%* 81.7 £2.5P*
65.7 £ 7.6+ 3.4+0.28% 85.8 +2.8P*
76.5 + 53¢k 3.2+0.55* 97.3 £2.58¢*

AB.C.D.E represents the significant differences between the mean and standard deviation at the level of 0.05.

et al. [18] in which indicated that a Solforavan compound extracted
from broccoli and cabbage led to a reduction in the concentration of
the enzymes aspartate amino transferase, and alanine amino transferase
and also the level of bilirubin in the blood serum of rat infected with
hepatitis, compared with rat that did not dealt with Solforavan. The
study concluded that solforavan is an antioxidant agent that may be
effective to relieve oxidative stress and damage that occurs in the cells
of the body.

The antioxidant enzymes in the liver tissue

The results in Table 5 showed a significant increase in the
concentration of malondialdehyde (MDA) in the liver tissue of the
positive control group compared to negative control group. There
was a significant decrease in the concentration of enzyme glutathione
S-transferase (GST) in the positive control group and turn out to be 0.7
+ 0.2 microseconds/mg liver (Table 5).

Decreased concentration of the enzyme catalase (CAT) in the
liver tissue was significant in the positive control group and all the
diabetic groups, which had been treated with broccoli compared to the
negative control group. But progressive improvement was observed in
the concentration of the enzyme catalase by increasing the amount of
broccoli powder intake but it did not reach the level for the negative
control group (Table 5).

Also, a decrease in the concentration of enzyme glutathione
peroxidase (GPX) significantly in the liver tissue of the positive control
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group and all diabetic groups and which was treated with broccoli
compared to the negative control group (Table 5). Similar results in
the concentration of the enzyme super oxide dismutase (SOD) with the
results of enzyme glutathione S-transferase (GST), where the results
showed in Table 5 was a decrease in the concentration of the enzyme
super oxide dismutase in the positive control group to 43.8 + 2.3 mg/g
liver tissue.

Antioxidant enzymes in the kidney tissue

The results in Table 6 showed a significant increase in the
concentration of malondialdehyde (MDA) in kidney tissues of all the
positive control group and the group that dealt with broccoli powder
by 10% compared to the negative control group. However, significant
differences were not observed among the negative control group and
the groups which had been treated with broccoli powder by 20, 30%.
Almost similar in concentration of glutathione S-transferase enzyme
(GST) in all diabetic groups which had been treated with broccoli
powder by 10, 20, and 30% (Table 6). This concentration was decreased
significantly compared to the negative control group (4.6 + 0.3 micro/
mg kidney tissues.

Decreased concentration of the enzyme catalase (CAT) in the
tissues of the kidneys was significant in the positive control group
and all the diabetic groups, which had been treated with broccoli
compared to negative control group. But it noted an improvement in
the concentration of the enzyme catalase in the group which dealt with
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30% broccoli powder compared to the control diet (Table 6). Decreased
in the concentration of enzyme glutathione peroxidase (GPX) in the
tissues of the kidneys was significant in the positive control group and
all the diabetic groups, which had been treated with broccoli compared
to negative control group (Table 6), and although there were significant
differences between the negative control group and experimental
groups but it is noted that the increase in the proportion of broccoli
powder in the diet led to improvement in the concentration of enzyme
glutathione peroxidase.

Results were similar in the concentration of the enzyme super oxide
dismutase (SOD) in the kidneys with the results of enzyme glutathione
peroxidase (GPX). The efficiency of the liver and kidneys improved
in groups dealt with powdered broccoli may be due to the content of
broccoli high in phenols and polyphenols compounds that have an
active role in reducing the effect of free radicals, which are produced in
patients with chronic diseases, especially diabetes.

This may be because the high concentration of antioxidant enzymes
in the liver and kidneys of the diabetic groups which dealt with broccoli
powder and extract for the body to try to take advantage as much as
possible of antioxidants available in the meal and to compensate the
body of the necessary antioxidants to neutralize free radicals and
oxidative stress.

The results agreed with Bahadoran, et al. [19] who mentioned the
occurrence of a significant decrease in the level of malondialdehyde,
low-density lipoproteins, and the index of oxidative stress, whereas an
increase in the total antioxidant capacity in the serum blood of patients
with diabetes who ate 5 gm dried broccoli, 10 gm daily for 4 weeks
(number 29, 27, respectively), and that by patients who did not eat
broccoli (number = 25).

And an increased level of malondialdehyde was noted in the
kidneys for increasing fat oxidation. Broccoli contains the pigment
anthocyanin, a strong worker to counter free electrolytes and acts as an
antioxidant. And it gives protection against harmful physical changes
such as fat oxidation and rapid breaking of cellular membrane. Broccoli
contains vitamin A, C, making it a protective role against oxidative
damage [20]. The study recommends expanding the cultivation of
broccoli to be supplied in the market at reasonable prices, because of
its good effects on public health and also encourage diabetics to eat
broccoli because it lowers the level of glucose in the blood.
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