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Abstract: Oxidative stress remains the underlying factor in many cases of cataracts. Selenite-induced cataract
was worked upon as a model system for oxidative stress in rats. Naturally occurring compounds like flavonoids
are known to exhibit antioxidant activity and hence, might be of potential therapeutic value. In the present
study,  an  attempt  has  been  made  to  determine  the  efficacy  of  broccoli in modulating or preventing
selenite-induced cataractogenesis. Twenty seven Wister rat pups were divided into four groups. Group one
(n=6) received basal diet and served as normal control group. The rats in group two (n=8) were injected
subcutaneously  with  sodium  selenite  (30µmol/kg body weight) to induce cataract and fed on basal diet.
Group three (n=7) normal rat pups supplemented with 10% broccoli added to their basal diet. Group four
selenite-induced cataract (n=6) was also fed on 10% broccoli in their basal diet and served as treated group.
Cataract was assessed one week later and its density was graded by slit lamp biomicroscopy. The identification
of individual phenolic compounds of the broccoli was performed. After the end of the experiment (two months),
all rats were fasted overnight. Blood samples were collected from the eye vein and then lenses were excised.
All  planned  samples  were prepared as will be described. The levels of serum lipid profiles were determined.
The activity and levels of catalase, superoxide dismutase, total antioxidant capacity, reduced glutathione,
malondialdehyde and nitric oxide were assessed in the blood and lens. Fas ligand (FAS-L) as apoptotic marker
was also assessed in the blood and lens. On the other hand; the levels of blood hemoglobin and fasting blood
sugar were determined. Ophthalmic examination revealed that, lenses in the control group were clear; but in
selenite-induced cataract group, all lenses developed complete dense opacification (grade 4), whereas mild
opacification was observed in the group four (after treatment). The development of cataract was reduced into
80% in the group supplemented with 10% broccoli. The consumption of 10% broccoli in cataractous group led
to a significant decrease in serum total lipids, total cholesterol, triacylglycerols and low density lipoprotein-
cholesterol as well as significant decrease in malondialdehyde, nitric oxide and Fas ligand levels. On the other
hand, supplementation of broccoli led to a significant increase in the activities and levels of catalase, superoxide
dismutase and total antioxidant capacity and reduced glutathione, respectively as compared to selenite-induced
cataract group. In conclusions, the present data showed that broccoli reduces selenite-induced cataract
formation by inhibiting lipid peroxidation, oxidative stress and acts as anti-apoptotic agent that can reduce or
even prevent progress of cataract formation. 
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INTRODUCTION vitamins and minerals mixture, methionine and choline

Cataract occurs when the lens of the eye becomes The protective diet was prepared by addition of 10%
clouded or opaque, resulting in poor vision or vision loss. broccoli powder. Broccoli was purchased from the local
It is the leading cause of blindness and contribute to market; cut into small pieces, dried in vacuum oven at
physiologically 50% of blindness worldwide [1]. The lens 35°C and then it was grinded. Sample diet supplements
is a closed system with limited capability to repair or were kept at -20°C to analyze flavonoids and polyphenolic
regenerate itself. Current evidence supports the view that compounds by using High Performance Liquid
cataractogenesis is a multi-factorial process. Oxidative Chromatography (HPLC). Diet preparation was done
stress is an important risk factor in the development of weekly to keep it fresh. Two types of diet were prepared;
age-related cataract and thus augmentation of the the 1  type was the commercial diet only. The 2  type was
antioxidant defense systems may be of benefit to prevent prepared by addition 10% broccoli powder to the
or delay cataractogenesis. An overdose of sodium commercial diet.
selenite induces cataracts in young rats by various
mechanisms, including calpain-induced hydrolysis and Experimental Animal Design: Twenty seven Wister rat
precipitation of lenticular proteins. Free radicals especially pups with an average body weight of 25±4 g were
reactive oxygen species are important factors, which obtained from the animal house of Research Institute of
damage biomolecules like proteins and enzymes which Ophthalmology. Four rat mothers having rat pups aging
produce cataract. Protein damage may mediate several 10±1 days were included in this study. Each rat mother
cellular processes, like apoptosis and thus may be and their pups were housed in one cage and served as
important factors in the development of cataract [2]. groups from one to four. Group one (normal control) fed

There is an urgent need for inexpensive, non-surgical on commercial diet (6 pups). Group two (selenite-induced
approaches for the treatment of cataract. Recently, cataract) fed on commercial diet (8 pups). Group three
considerable attention has been devoted to the search for (positive control) fed on commercial diet containing 10%
phytochemical therapeutics. Disease prevention, broccoli (7 pups) and group four (selenite-induced
including lifestyle modification, attention to dietary intake cataract +10%broccoli) fed on commercial diet containing
and micronutrient supplementation; must become more of 10% broccoli (6 pups).
primary vision care [3]. The rat pups in the experimental groups (2&4)

Vegetables that contain carotenoids are the main received a single subcutaneous injection of sodium
ingredient in the protection against cataracts. Broccoli is selenite (30µmol/kg) according to the method described
a great source of the carotenoids, flavonoids, vitamin C, by Orhan et al. [8], while groups (1&3) were injected with
folate and potassium that help to prevent different normal saline (0.3 ml). Water and diets were available ad
diseases. It also provides generous amounts of fiber, libitum for all rat pups. The ophthalmic investigation to
vitamin E and vitamin B  [4]. In addition to previous active follow up cataract progression was under observation all6

compounds, sulforaphane is effective to attenuate time of the experiment.
oxidative  stress  and  tissue/cell  damage   in   vivo  and
in vitro and is able to protect human eye cells from free Slit Lamp Biomicroscopic Examination and Lenticular
radical stress [5]. Previous study showed that people who Opacification: Ophthalmic examination was done to all
eat broccoli and therefore increase their intake of lutein or rats by using tropicamide (0.5%) and phenylephrine
zeaxanthin have less chances of developing cataracts, hydrochloride (2.5%) to dilate the pupils and assess the
even at old ages [6]. maturation states of cataract. Slit lamp biomicroscopic

This study aimed to investigate the antioxidant examination  was  carried  out  at  regular   intervals  and
protective effect of broccoli consumption, if any, in the stages were designated as described by
protecting  or  delaying  cataract  formation  rate in Suryanarayana et al. [9]. The incidence of cataract
selenite- induced cataract rat pups model. appearance was expressed as the percentage of total

MATERIALS AND METHODS

Diet Preparation: The experiment was done in the animal months), the rats were fasted overnight, anaesthetized
house of Research Institute of Ophthalmology. A and blood samples were withdrawn from the eye vein.
commercial diet was used as basal diet. This diet consists Serum, plasma and lysate were prepared and kept in deep
mainly of 21% protein, 6 % fat, 3% fiber and 6% of freezer at –30°C until used.

chloride [7].

st nd

lenses in each group.

Samples Collection: At the end of experiment (two
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The eyes were enucleated and lenses were excised, are expressed as the mean ± SE. The data were statistically
decapsulated and washed in saline solution. Lens analyzed using analysis of variance (ANOVA) and
homogenate was prepared according to each method and significant difference of the means was determined using
used in assessment of different biochemical parameters. Duncan’s multiple range tests at the level of P< 0.05.

Biochemical Analyses: Serum total lipids (TL) was RESULTS
determined according to the method described by Zollner
and Kirsch [10], triacylglycerols (TAG) and total Slit Lamp Examination and Degree of Lenses
cholesterol (TC) were analyzed according to the methods Opacification: Table (1) shows the anticataract effect of
described by Fossati and Prencipe [11] and Allian et al. broccoli against cataract formation. The results of slit
[12], respectively. High density lipoprotein-cholesterol lamp examinations indicated that 100% in selenite-induced
(HDL-C) was measured using the method of Lopes-Virella cataract  group  developed  bilateral  cataract  (stage  4).
et al. [13] and low density lipoprotein-cholesterol (LDL-C) All lenses were clear in control rat pups. Group four
was estimated by the method described by Tietz [14]. (selenite-induced cataract group fed on 10% broccoli)

Blood glucose and hemoglobin were measured lowered maturation of selenite-induced cataract to 83.4%,
according to the methods described by Howanitz and while 16.6% of the lenses displayed stage 1 (Figure 1:4).
Howantiz [15] and Young [16] respectively. Total proteins
content in the soluble part of the lens was determined Phenolic Compounds in Broccoli: Table (2) shows that,
according to the method described by Lowry et al. [17]. broccoli contains high amounts of catechines, para-

Catalase activity (CAT) was determined in plasma hydroxybenzoic, quercetin, pyrogallic acid, 3,5 dihydroxy
and eye lenses according to the method described by isoflavone, phenol, rutin and Kaempherol. Broccoli also
Aebi [18]. In serum and lenses, superoxide dismutase contains low amounts of daidzein.
activity (SOD) was assessed using the method described
by Marklund and Marklund [19], total antioxidants Lipid Profile: Results in Table (3) shows that the levels of
capacity (TAO), reduced glutathione (GSH) and total lipids, triacylglycerols, total cholesterol, low density
malondialdehyde (MDA) were measured according to the lipoprotein-cholesterol  were  significantly  high in
methods described by Koracevic et al. [20], Beutler et al. selenite-induced cataract group while were significantly
[21] and Draper and Hadley [22] respectively. Nitric oxide low in normal fed on broccoli group when compared to
(NO) was assessed according to the method described by normal control group. High density lipoprotein-
Moshage et al. [23] and (APO-1 Fas) was assessed in cholesterol was only significantly higher in normal fed on
serum and lens by a competitive enzyme linked broccoli group.
immunosorbant  assay  (ELISA)   Kit,   using  human An improvement in the levels of total lipids,
(APO-1 Fas) as standard to assess apoptosis according to triacylglycerols, total cholesterol, low density lipoprotein-
the manufacturer’s instructions (Biosource International, cholesterol and high density lipoprotein-cholesterol were
INC., Camarillo, California, U.S.A.) [24]. observed in cataract group fed on broccoli.

Identification of Phenolic Compounds by HPLC: The difference  found  in  the  levels   of   blood   hemoglobin
phenolic compounds present in broccoli sample were in all  groups.   Moreover,   a   significant   elevation in the
identified  according   to   the   method   described by levels of blood sugar was observed in selenite-induced
Duke et al. [25]. A known weight of air dried plant sample cataract and significant decrease in the normal group fed
was used. Identification of individual phenolic on broccoli when compared to normal control group.
compounds of broccoli was performed on JASCO HPLC,
using hypersil C  reversed-phase column (250 x 4.6 mm) Antioxidant Status: The results in Table (4) showed an18

with 5 particle size. increase in the percentage of catalase and superoxide

Statistical Analysis: Statistical calculations were carried glutathione and a decrease in levels of malondialdehyde,
out with the statistical package for social sciences (SPSS) nitric oxide and fas ligand after broccoli administration on
software program (version 10.0 for Windows). The values comparing to selenite- induced cataract group.

As shown in Figure (2), there was no significant

dismutase activities, total antioxidants and reduced
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Table 1: Grading of Cataract on the Basis of Slit Lamp Examination
Stages of cataract
-----------------------------------------------------------------------------------------------

Groups Number of rats Stage0 Stage1 Stage2 Stage3 Stage4 % of cataract
Normal control 6 6 - - - - 0%
Cataract 8 - - - - 8 100%
Normal fed on broccoli 7 7 - - - - 0%
Cataract fed on broccoli 6 5 1 - - - 16.6%

Table 2: Phenolic Compounds in Broccoli 
Phenolic compounds (mg/100g)
Phenol 160
Pyrogallic acid 190
Para-hydroxybenzoic 300
Quercetin (flavonol) 220
Kaempherol(flavonol) 70
3,5 dihydroxy isoflavone (isoflavonoid) 170
Catechines (flavone-3-ol) 660
Daidzein (isoflavonoid) 20
Rutin (flavonoid glycoside) 80

Table 3: Means±S.E., P Values and % of Change for Serum Total Lipids (TL), Triacylglycerols (TAG), Total Cholesterol (TC), High Density Lipoprotein-Cholesterol (HDL-C), and Low
Density Lipoprotein-Cholesterol (LDL-C) in Control and Experimental Groups.

Parameters
---------------------------------------------------------------------------------------------------------------------------------------

Groups TL mg/dl TAG mg/dl TC mg/dl HDL-C mg/dl LDL-C mg/dl
Normal control n= 6 Mean 372.1 82.4 90.1 43.3 31.3

±S.E. 21.04 2.09 2.03 1.34 2.12
Cataract n= 8 Mean 478.3 121.8 116.1 39.9 49.8

±S.E. 15.99 3.13 3.59 1.49 2.62
P  < 0.0005 0.0001 0.0002 N.S 0.00011

% Change 28.5 47.8 28.8 -7.8 59.1*

Normal   fed  on broccoli n=7 Mean 294.0 57.3 81.1 49.8 19.1
±S.E. 19.79 3.38 3.73 1.37 1.09
P  < 0.003 0.0002 0.049 0.015 0.00021

% Change -21.1 -30.5 -10.0 15.0 -38.9*

Cataract  fed  on  broccoli n=6 Mean 402.2 83.2 90.7 44.3 29.7
±S.E. 18.41 3.05 2.70 2.29 2.47
P < N.S N.S N.S N.S N.S1

P < 0.003 0.0002 0.0003 N.S 0.00032

%  Change 8.0 1.0 0.7 2.3 -5.1*

% Change# -15.9 -31.7 -21.8 11.0 -40.3
The asterisk (*) denotes that data of the percentage change compared to normal control group. The asterisk (#) denotes the percentage change compared to selenite-induced cataract group.
P < difference between normal control & all groups and P < difference between cataract group & cataract group fed on broccoli. The p values was significantly different at P<0.05.1 2

Fig. 1: Cataract formation observed in one sample from each group
1: normal control group; 2: selenite-induced cataract group; 3: normal fed on broccoli; 4: selenite-induced cataract
fed on broccoli
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Table 4: Means ±S.E., P values and % of change for catalase activity (CAT), superoxide dismutase activity (SOD), total antioxidants (TAO), reduced glutathione (GSH),  malondialdehyde
(MDA), nitric oxide (NO), and fas ligand (fas-L) in Control and Experimental Groups.

Parameters
-------------------------------------------------------------------------------------------------------------------------------------------------

Groups CAT U/L SOD U/ml TAO mmol/L GSH mg/dl MDA nmol/ml NO =µmol/L Fas-L Pg/ml
Normal control n= 6 Mean 283.8 111.0 1.13 65.2 2.48 3.10 348.3

±S.E. 8.45 2.16 0.07 0.82 0.14 0.05 6.01
Cataract n= 8 Mean 156.2 73.2 0.49 44.9 4.38 4.16 467.5

±S.E. 9.15 3.90 0.03 0.56 0.13 0.07 5.91
P  < 0.0007 0.0001 0.0001 0.00009 0.0001 0.00005 0.000021

%Change -44.9 -34.0 -56.6 -31.1 76.6 34.2 34.2*

Normal  fed  on broccoli n=7 Mean 314.6 128.5 1.43 76.0 1.82 2.32 272.8
±S.E. 3.55 3.46 0.02 0.63 0.13 0.09 5.22
P  < 0.047 0.0002 0.0002 0.0008 0.001 0.0008 0.00011

%Change 10.8 15.8 26.5 16.6 -26.6 -25.1 -21.7*

Cataract  fed  on  broccoli n=6 Mean 227.5 92.02 0.99 56.2 3.02 3.31 375.0
±S.E. 6.76 2.33 0.01 0.70 0.18 0.09 7.64
P < 0.001 0.0003 0.018 0.0002 0.006 0.049 0.0031

P < 0.0001 0.0001 0.0005 0.0003 0.0003 0.0005 0.00052

%Change -19.8 -17.1 -12.4 -13.8 21.8 6.7 7.7*

%Change# 45.6 25.7 102 25.2 -31.1 -20.4 -19.8
The asterisk (*) denotes that data of the percentage change compared to normal control group. The asterisk (#) denotes the percentage change compared to selenite-induced cataract group.
P < difference between normal control & all groups and P < difference between cataract group & cataract group fed on broccoli. The p values was significantly different at P<0.05.1 2

Table 5: Mean and Percentage Change for Total Proteins (TP), Catalase Activity (CAT), Superoxide Dismutase Activity (SOD), Total Antioxidants (TAO), Reduced Glutathione (GSH),
Malondialdehyde (MDA), Nitric Oxide (NO) and Fas-L in the Soluble Fraction of the Eye Lens Homogenate of Control and Experimental Groups.

Parameters
---------------------------------------------------------------------------------------------------------------------------------------------------------
TP CAT SOD TAO GSH MDA NO Fas-L
mg/g U/ mg U/ mg mmol/ mg =µg/ mg nmol/ mg =µmol/ mg Pg/ mg

Groups lens Lens protein Lens protein lens protein Lens protein lens protein lens protein lens protein
Normal control Mean 0.67 1.2 1.26 9.4 108.7 3.3 0.65 4.07*

Cataract Mean 0.47 0.7 0.66 7.1 65.8 5.8 1.24 6.9
%Change -30.5 -41.7 -47.6 -24.5 -39.5 74.2 90.7 69.5

Normal fed  on broccoli Mean 0.71 1.26 1.25 9.4 113.5 2.3 0.39 3.2
%Change 5.2 5.0 0.0 0.0 4.4 -30.9 -40.0 -21.4

Cataract fed on broccoli Mean 0.57 1.00 1.07 8.6 91.2 3.7 0.65 5.7
%Change -15.6 -16.7 -15.1 -8.5 -16.1 11.1 1.5 40.0

*The mean of duplicate sample.
% Change: Percent of change from normal control

Fig. 2: The Levels of Blood Suger and Blood Heamoglobin in Different Groups

Biochemical Assessment of the Lens Crystalline: of  malondialdehyde,  nitric oxide and Fas-L in the lenses
Results in Table (5) showed a marked reduction in the of cataract group as compared to normal control group.
percentage of change of lens total protein, catalase and No change was noticed in superoxide dismutase activity
superoxide dismutase activities, total antioxidants and and total antioxidants as compared to normal control
reduced glutathione, also a marked increase in the levels group.
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DISCUSSION prevents   selenite-induced   cataractogenesis,  possibly

Broccoli   belongs    to    the   family  Brassicaceae through Ca  ATPase pump, inhibition of lipid
(the crucifers or the cabbage family) and is a nutritionally peroxidation, calpain activation and protein
important crop grown all over the world. It is known as the insolubilization.
“Crown Jewel of Nutrition” since it posses an exceptional According to the data in Table (2), our results
health benefits. Broccoli is a significant source of suggested that, the defense mechanism of flavonoids
flavonoids  and  phenolics, as well as other nutritional against cataract formation may be due to numbers and
anti- oxidants, such as ascorbic acid and carotenoids positions of the hydroxyl groups and their antioxidant
(luetin and zeaxanthin). Also, broccoli is a dietary source activity to the ability to scavenge reactive oxygen species
of sulforaphane and indole-3-carbino [26]. generated from sodium selenite through cataract

Broccoli  is  among the most potent bioactive formation. Also, flavonoids are known to exhibit
components  with  antioxidant  and antitumor properties, antioxidant activity and could reduce the risk of cataract
it has received intense attention in the recent years for its formation by affecting multiple pathways as revealed by
chemo preventive properties [27]. It was suggested that the previous studies.
sulforaphane has the potential to reduce the risk of The results of degree of lens opacification as shown
various types of cancers, diabetes, atherosclerosis, in Table (1) and Figure (1), an attempt has been made to
respiratory diseases, neurodegenerative disorders, determine the efficacy of broccoli in modulating or
cardiovascular diseases and ocular disorders [28,29]. preventing selenite-induced cataractogenesis. Slit lamp

Hien et al. [6] and Gao et al. [30] have shown that examinations indicated the development of stage 4
generous consumption of xanthophyll-rich foods like (complete cataract formation) in the selenite-induced
broccoli is associated with a reduced risk of cataract. group. Selenite administration resulted in large nuclear
Also, lutein or zeaxanthin supplementation protects lens opacities in 100% of experimental animals. However,
protein, lipid and DNA from oxidative damage and cataract formation was prevented in 83.4% of the lenses
improves intracellular redox status upon oxidative stress. of rats who were supplemented with 10% broccoli, while;

Several pharmacological actions of natural flavonoids only 16.6% of the lenses exhibited to stage 1 cataract
may operate in the prevention of cataract since flavonoids (group 4). This effect may be attributed to the presence of
are capable of affecting multiple mechanisms or etiological phenolic compounds, vitamin c and xanthophylls in
factors responsible for the development of cataract. It was broccoli.
reported that broccoli is a good source health promoting Oxidative stress remains the underlying factor in
compounds since it contains the flavonoids quercetin, many cataracts. Selenite-induced cataract was worked
Kaempherol and rutin [31, 32]. upon as a model system for oxidative stress in rats. Major

In the present study as shown in table (2), the HPLC events of selenite-induced cataract are loss of calcium
analysis revealed that each 100 g of broccoli contains 660 homeostasis, generation of reactive oxygen species, lipid
mg catechines, 220 mg quercetin, 160 mg phenol, 170 mg peroxidation, calpain activation, insolubilization of
3,5 dihydroxy isoflavone, 80 mg rutin, 70 mg Kaempherol proteins, decreased concentrations of GSH and water
and 20 mg daidzein. soluble proteins [37].

The defensive effect of flavonoids against cataract Glutathione  is  found  in  unusually  high levels in
was investigated by some studies. Cataract development lens that maintain protein thiol group in the reduced state
was suppressed by administration of catechin; also, and  prevents  the  cross  linking of soluble crystallins.
treatment with rutin prevented the loss of  crystalline The  mechanism  of  GSH loss in selenite model is by a
chaperone property and protein insolubilization prevailed non-enzymatic reaction of GSH with selenite, which
during selenite-induced cataract [33, 34]. results  in  the  formation  of  the   selenium  derivative,

Moreover, protective effects of quercetin on cataract GS-Se-SG. Oxidation of GS-Se-SG by a single electron
formation via affecting multiple pathways pertinent to eye transfer to oxygen results in the formation of superoxide
lens opacification, including oxidative stress, non anion as an intermediate. Maintenance of GSH level in
enzymatic glycation, the polyol pathway, lens calpain lens may help to maintain its protective ability against
proteases and epithelial cell signaling. In addition, the oxidative stress, to lower the age-related loss of
bioavailability of quercetin to the lens is considered [35]. antioxidant activity of lens and eventually to delay the
Vibin et al. [36] found that flavonoid fraction of broccoli onset of cataract [36, 38].

by maintaining antioxidant status and ionic balance
2+
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In the present study flavonoids and phenolic Conversely, HDL-C was significantly increased in cataract
compounds present in broccoli also enhances antioxidant fed on broccoli group as compared to cataract group with
capacities and hence, maintenance the levels of GSH in percentage change 11%. Our data confirms with the
blood and lens. previous studies and suggested that broccoli can

The antioxidant enzymes SOD and catalase play a modulate lipids in serum and lens and have a protective
critical role in protecting cells from oxidative stress. role for cataract formation.
Selenite  administration  was found to decrease the Consumption of broccoli resulted in a significant
activities of these enzymes in the lens [37]. Interestingly decrease in malondialdehyde and significant increase in
Stefek [31] reported that flavonoids inhibit oxidative total oxidant status [45]. Nitric oxide and malondialdehyde
stress through inhibiting xanthine oxidase, the enzyme are believed to be involved in the oxidative stress status
responsible for superoxide anion production. Furthermore, in lens epithelial cells. Moreover, Nagai et al. [46] reported
Zhu et al. [39] reported that sulforaphane- rich in broccoli- that, nitric oxide and lipid peroxide are increased in the
pretreatment increasesd activities/levels of SOD, catalase opaque lenses.
and GSH of mitochondria of smooth muscle cells The present results showed decrease in the levels of
subjected to oxidative stress. nitric oxide and malondialdehyde in treated group as

The results in the present study showed that, the compared to the non-treated one. These results suggest
activities/levels of SOD, CAT and reduced GSH are that broccoli has a significant anticataract potential effect
significantly  increased in the groups treated with broccoli and acts primarily by preserving the antioxidant defense
as compared to the non-treated one. The present study system. Its protective effect was supported by the finding
suggested the protective effect of administrating 10% of lowered malondialdehyde and nitric oxide levels in the
broccoli to sodium selenite treated rats against oxidative lens.
stress. The activities of SOD and catalase were decreased Oxidative stress and formation of reactive oxygen
following selenite administration, while treatment with species by mitochondria are common features in the
broccoli was found to maintain significantly increased endothelial cell dysfunction in hyperglycemia.
activities of the enzymes in both rats' serum and lens. Sulforaphane resulted in activation of nuclear factor Nrf2
Furthermore, sodium selenite administration produced (a transcription factor that induces the expression of
significant fall in the levels of total antioxidants and genes which control several antioxidant enzymes) [47].
antioxidant enzymes (catalase, SOD and GSH) in In the present study administration of 10% broccoli
comparison with normal control group. restored sodium selenite-induced hyperglycemia. Broccoli

The relationships between cataract and increased reduced serum glucose in both normal and cataractous
serum lipids and cholesterol have been discussed earlier rats (Fig. 2). 
by Tsutsumi et al. [40]. Lipid peroxidation due to oxidative Apoptosis (Programmed cell death) is involved in a
stress is implicated in cataractogenesis because the whole array of normal physiologic processes, including
accumulated peroxidation products induce fragmentation immune defense, tissue homeostasis and development
of soluble lens protein and damage vital membrane and any tilt of the balance between life and death within
structure, correlating with an increase in lens opacity [41]. an organism that can lead to disease. The accelerated
Kivelä et al. [42] reported that sulforaphane in broccoli apoptosis can be regarded for selenite cataract [48].
prevents intracellular accumulation of reactive oxygen Apoptosis as indicated by the level of Fas-L in serum
species and inhibits endothelial lipase which is a new and lens. In the present study, the data showed an
member of triacylglycerol lipase family. Also, the effect of increase in the levels of FAS-L in both serum and lenses
flavonoids on modulating serum cholesterol has been of selenite-induced cataract rats. While in response to
described by Vibin et al. [36] and Prince and Sathya [43]. consumption of 10% broccoli-containing diet, Fas-L was
Bahadoran et al., [44] reported that broccoli flavonoids decreased by 19.8% in serum and 17.4% in the lens in
significantly reduce lipid peroxidation in diabetic rats. comparison with cataract group. This reduction may be

In the present study TL, TAG, TC and LDL-C were attributed to the flavonoids and sulforaphane present in
significantly increased in cataract group as compared to broccoli in considerable amounts as reported by
normal control group. However, treatment with 10% Fimognari and Hrelia [49], who suggested that
broccoli-containing  diet  significantly  reduced  their sulforaphane modulate events, such as apoptosis.
levels and the percentage changes were -15.9, -31.7, -21.8 Sulforaphane has received a great deal of attention
and -40.3% respectively, as compared to cataract group. because of its ability to simultaneously modulating
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multiple cellular targets involved in apoptosis 4. Vasanthi, H.R., S. Mukherjee and D.K. Das, 2009.
development, including DNA protection and blocking the "Potential health benefits of broccoli- a chemico-
action of mutagens. On the other side Li et al. [50] biological  overview."   Mini.   Rev.   Med.  Chem.,
reported that sulforaphane from broccoli is found to have 9(6): 749-759.
the ability for selective induction of apoptosis in cells. 5. Guerrero-Beltrán, C.E., M. Calderón-Oliver, J. Pedraza-

Applying the results of this work on human being, Chaverri and Y.I. Chirino, 2012."Protective effect of
definite preventive and/or therapeutic value of Broccoli sulforaphane against oxidative stress: recent adv
has not yet been proved although the widespread use of ances". Exp. Toxicol. Pathol., 64(5): 503-508.
antioxidants in the market and this in turn, necessitates 6. Hien,  T.V.,  L.  Robman, A. Hodge, A. Catherine and
much efforts and expanded studies, considering the R. Hugh, 2006. "Lutein and zeaxanthin and the risk of
effective prescribed antioxidant doses, problems of cataract: The melbourne visual impairment project."
gastrointestinal absorption, metabolism and permeability Invest. Ophthalmol. Vis. Sci., 47: 3783-378.
of effective elements into crystalline lens, if any, so as to 7. National Research Council (NRC), 1995. Nutrient
have preventive and/or therapeutic effect of cataract requirements of laboratory animal. 4  Revised ed.
formation. National Academy Press, Washington, D.C.,U.S.A.

It is to put in mind also that cataract induced in the pp: 11-79.
rats of this study might be easily reversed by the 8. Orhan, H., S. Marol, I.F. Hepsen and G. Sahin, 1999.
antioxidant effect of Broccoli, which might not the case in "Effect of some probable antioxidants on selenite-
human being and this adds more answer to an important induced cataract formation and oxidative stress-
question "how can we make benefit of antioxidant- related parameters in rats." Toxicol., 139: 219-232.
containing food elements in preventing or reducing 9. Suryanarayana,   P.,    M.   Saraswat,   T.  Mrudula,
cataractous changes of human being?". T.P. Krishna, K. Krishnaswamy and G.B. Reddy, 2005.

CONCLUSION diabetic cataract in rats.” Investig. Ophthalmol. Vis.

The administration of broccoli showed the 10. Zollner, N. and K. Kirsch, 1962. "Micro determination
prevention  of  selenite-induced cataractogenesis. of lipids by the sulphophosphovanillin reaction."
Broccoli administration  was  also  able   to   reduce Exp. Med., 135: 545-5.
oxidative  stress,   improve   the   antioxidative  status, 11. Fossati, P. and L. Prencipe, 1982. "Serum triglycerides
reduce apoptosis  and improve  lipids  profile.  Therefore, determination colorimetrically with an enzyme that
broccoli, being a significant source of flavonoids, produces   hydrogen    peroxide."   Clin   Chem.,
sulforaphane and the carotenoids lutein and zeaxanthin, 28(10): 2077-208.
can be propagated as a possible nutritional therapy for 12. Allian, C.C., L.S. Poon, G.S.C. Chan, W. Richmond
the prevention of cataract and for improving the overall and P.C. Fu, 1974. "Enzymatic determination of total
health pattern. serum cholesterol." J. Clin. Chem., 20: 470-475.
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