Eng. & Tech. Journal, Vol.30,No.9, 2012

Attenuation of Oxidative Stress and Cytokinesin Rabbits
with Experimentally Induced Hyperthyroidism by Ethanolic
Red Cabbage Extract

M ohaned S.M

Science College, University of Baghdad/ Baghdad
Hassan F.S Al-Azzawie

Science College, University of Baghdad/ Baghdad
Email:hazzawi e@yahoo.com

Received on: 21/9/2011 & Accepted on: 2/2/2012

ABSTRACT

The protective effects of red cabbage extract (RCE) on oxidative damage in
rabbits with experimentally induced hyperthyroidism were studied on forty male
New Zealand rabbits. The experimental animals were randomly divided into 4
groups :(hedlthy as (control), hyperthyroidism, hyperthyroidism treated with
vitamine E and hyperthyroidism treated with RCE .Hyperthyroidism was induced
by oral administration of 20 pg/kg b.w/day L-thyroxine for 4 weeks. At the end of
the experimental period, blood samples were taken from heart puncture of all
animals for the determination of oxidant/antioxidant biomarkers: lipid peroxidation
marker malonaldenyde (MDA), glutathione (GSH), glutathione peroxidase (GPx),
Catalase (CAT) and superoxide dismutase (SOD) ,triiodothyronine (T3), thyroxine
(T4) , thyroxine-stimulating hormone (TSH),interleukin 6 (IL-6),interleukin 10
(IL-10) and tumor necrosis factor apha(TNF-o) levels. Our results indicate that
levels of MDA, Tz , T4 ,IL-6, IL-10 and TNF-o were significantly
increased(P<0.05) in sera of the hyperthyroid animal group, while SOD; GPx,
CAT, GSH and TSH levels were decreased significantly (p<0.05) compared to the
control group. Hyperthyroid rabbits treated with 100 mg/kg.b.w daily of RCE for 4
weeks decreased significantly the elevated MDA, T3 ,T4 IL-6, I1L-10 and TNF-a
levels and restore levels of GSH, GPx, SOD, CAT and TSH to control vdue. In
conclusion, results indicated that RCE was beneficial as a protective agent against
oxidative stress induced by hyperthyroidism and it had antihyperthyroid activity for
thefirst time.
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INTRODUCTION

xidative stress accompanying hyperthyroidism is caused by increased
Osynthesis of reactive oxygen species (ROS) and changes in the antioxidant

defence system (1-3). ROS have a high reectivity potential, therefore they
are toxic and can lead to oxidative damage in cdlular macromolecules such as
proteins, lipids and DNA (4-5).In fact, the cell contains a variety of substances
capable of scavenging the free radicals, protecting them from harmful effects.
Among the enzymatic antioxidants, are GRx, GPx, CAT,SOD while the non-
enzymatic antioxidants are GSH, vitamin E, vitamin C, p-carotene, and
flavonoids(6).When ROS generation exceeds the antioxidant capacity of cdls,
oxidative stress develops (2,7). This phenomenon has been related to many
pathological conditions and it has also been suggested that some complications of
hyperthyroidism are due to Ts induced oxidative stress in target tissues (8-
10)Thyroid hormones are the most important factors involved in the regulation of
the basal metabolic state, as well as in the oxidative metabolism (11). Experimental
studies and epidemiologica data suggest that hyperthyroidism is associated with a
general increase in tissue oxidative stress (12-15). Great controversy exists as to
whether hyperthyroidism is associated with an increase or a decrease in the
activities of antioxidant enzymes (16). Vitamin E is a potent lipid soluble
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antioxidant in biological systems with the ability to directly quench free radicals
and function as membrane stabilizer (17).

Antioxidants treatments might be helpful in reducing the oxidative damage due
to hyperthyroidism. Severd studies have demonstrated that various agents,
including vitamin E (17) meatonin (18), and Selenium (19) can prevent oxidative
damage in hyperthyroidism. The antioxidant protection of natural plants is a
promising thergpeutic remedy for free radical pathologies (20). Among myriad
natural plants, red cabbage(Brassica oleracea var capitata) and other Brassica
vegetables, have been found to have antioxidant, antihyperglycemic
(21),anticancer(22-26),hypolipidmic (27).The principle congtituents of RC are
isothiocyanates  (glucosinolate),vitamin A, B, C and Anthocyanins(28)
Anthocyanins, a group of phenolic natural pigments present in RC, were found to
have the strongest antioxidizing power of 150 flavonoids (29).There are some
review articles on the general biochemical, cellular and medicinal properties of
anthocyanins (30-31), but no detailed mechanisms of its action has yet been
published. To date there is no study on the protective effect of RCE, a known
potent antioxidant and free radical scavenger on hyperthyroidism. This study aims
to investigate oxidative stress parameters, antioxidant status markers, some
cytokine levels in hyperthyroid rabbits induced by thyroxine and their response to
RCE supplementation compared with vitamine E as standard antioxidant.

MATERIALS AND METHODS
Preparation of Red Cabbage Extract

Red cabbage leaves were sliced into small pieces and oven-dried a 50C. Dried
plants (800 g) were extracted in 8000 ml of 70% agueous ethanol using ultrasonic
trestment at an intensity of 70 W/ cm2 and osdillation frequency at 20 kHz for 5
min. The use of an ultrasound extraction method has been shown to diminish the
danger of therma degradation (32). Ultrasound aso provides a greater penetration
of solvent into cdlular materials, via cavitation, and improves the release of cdll
contents into the bulk medium. Ultrasonic irradiation was applied by means of a
Branson 450 digital sonifier (20 kHz, 450 W) equipped with a cylindrical titanium
aloy probe (12.70 mm in diameter). The use of dry plants can be effective to
minimize enzymatic degradation of phonetic compounds inside plant tissues. After
overnight maceration, the extract was filtered through gauze and ethanol was
evaporated under reduced pressure at 50C by using a rotary evaporator. The
remaining water extract was dried using a freeze dry system under reduced
pressure. The dried extract was dissolved in distilled water to a concentration of 1
g/ml before administration to norma and diabetic rats. The extraction yield for RC
was about12 %.
Animals and Experimental design

Male New Zedland rabbits (1.400-1.5 kg) weights were obtained from the
Animal house at the biological control center, Ministry of Health. Rabbits were
maintained on standard pellet diet and tap water ad libitum. They were kept in
plastic cages under a 12 h light/dark cyde and room temperature 22—-24C and were
acclimatized to the environment for 2 weeks prior to experimental use. Procedures
for the care and use of research animals at Irag meet or exceed all applicable local,
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national and international laws and regulations. The forty animals were randomly
divided into four groups of ten animals in each group. The control rabbit's group
one, recaved only vehide. The animals in the experimental group two were orally
administered L-thyroxine (20ug/kg b.w) in 0.25 ml sterile physiologica saline.
Animals in experimental group three received thyroxine (20 pg/kg.b.w) and
vitamine E intramuscularly at a dose of 20 mg/kg b.w per day for 4 weeks. The
animals in the experimenta group four, received L-thyroxine (20ug/kg.b.w) and
RCE (10/kg.b.w)for4 weeks.RCE was administered at the same time each day. At
the end of the experimental period, the blood samples were collected through heart
puncture after overnight fasting in test tubes without anticoagulant and blood
samples were centrifuged at 2500 g for 15 minutes a room temperature to obtain
serum which used to estimate thyroid function tests: TSH, T, and T, oxidative
stress markers MDA, GSH, SOD, GPx, CAT and some cytokines leve (IL-6, IL-
10 and TNF-a).
Assay of thyroid function tests

Quantitative determination of rabbit T3 hormone was performed using rabbit
triodothyronine hormone, Ts; ELISA Kit Catalog No. E0453Rb from ELA
Ab,company.Quantitative detrmination of rabbit thyroxine hormone was performed
using rabbit thyroxine hormone, T, ELISA Kit Catalogue Number: E04T0040
from ShangHa Blue Gene Biotech CO., LTD. Quantitative determination of rabbit
thyroid stimulating hormone was performed using rabbit thyroid stimulating
hormone, TSH ELISA Kit Catalog No: E0463Rb from ELA Ab.The principle
depending on the microtiter plate provided in this kit has been pre-coated with an
antibody specific to Ts. The principle depending on the microtiter plate provided in
this kit has been pre-coated with an antibody specific to Ts. Standards or samples
are then added to the appropriate microtiter plate wells with biotin-conjugated
polydonal antibody preparation specific for Ts; and Avidin conjugated to
Horseradish Peroxidase (HRP) is added to each microplate wdl and incubated.
Then a TMB substrate solution is added to each well. Only those wells that contain
Ts, biotin-conjugated antibody and enzyme-conjugated Avidin will exhibit a
change in color. The enzyme-substrate reaction is terminated by the addition of a
sulphuric acid solution and the color change is measured spectrophotometrically at
a wavelength of 450 nm. The concentration of T3 in the samples is then determined
by comparing the O.D. of the samples to the standard curve. Quantitative
determination of rabbit thyroxine hormone was performed using rabbit thyroxine
hormone, T, ELISA Kit Catalogue Number: E04T0040 from ShangHai Blue
Gene Biotech CO., LTD Quantitative determination of rabbit thyroid stimulating
hormone was performed using rabbit thyroid stimulaing hormone, TSH ELISA Kit
Catalog No: E0463Rb from ELA Ab as the same principle
M easurement of MDA

Lipid peroxidation (LPO) is frequently investigated in biomedical research,

and the assays for thiobarbituric acid-reactive substances (TBARSs) are more
widdy used than any other index of LPO in biological samples. Thiobarbituric acid
reacts with LPO adehydes, such as MDA.Therefore, assessment of TBARS is a
useful index of oxidative deterioration and LPO determination in body fluids.
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MDA levels were determined & 532 nm by the method of Ohkowa (33). MDA
formed a colored complex in the presence of thiobarbituric acid, which was
detectable by measurement of absorbance at 532 nm. Absorbance was measured
with Shimadzu UV-160 spectrophotometer.1, 1, 3, 3 THP was used as a standard.
Levels were calculated as nmol/dl.

M easurement of reduced GSH.

Total reduced GSH content was measured according to the method of Tietze
(34). In brief, 0.5mL sample or standard solution was mixed with 0.25 ml of
1moal/L sodium phosphate buffer (pH 6.8) and 0.5 mL5-5-dithiobis-(2-nitrobenzoic
acid) (DTNB, 0.8 g/L in the phosphate buffer) for 5 minutes. Then, the absorbance
was measured at 412 nm using a Shimadzu UV-160 spectrophotometer. The GSH
levels were determined using standard agqueous solutions of reduced GSH. Results
were expressed as pumol/dl.

M easur ement of SOD activity

Superoxide Dismutase (SOD), which catadyzes the dismutation of the
superoxide anion (O2 ) into hydrogen peroxide and molecular oxygen, is one of
the most important antioxidative enzymes. In order to determine the SOD activity,
severd direct and indirect methods have been developed. Among these methods,
an indirect method using nitroblue tetrazolium (NBT) is commonly used due to its
convenience and ease of use. However, there are several disadvantages to the NBT
method (35), such as poor water solubility of the formazan dye and the interaction
with the reduced form of xanthine oxidase. The K-ASSAY SOD Assay kit Cat. No.
KT-019 dlows very convenient SOD assaying by utilizing water soluble
tetrazolium sat, 1(2-(4-lodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-
tetrazolium,Na sat that produces a water-soluble formazan dye upon reduction
with a superoxide anion. The rate of the reduction with O; is linearly rdated to the
xanthine oxidase activity, and is inhibited by SOD. Therefore, 50%inhibition
activity of SOD or SOD-like materials) can be determined.

Determination of GPx activity

Serum glutathione peroxidase was determined according a sandwich enzyme
immunoassay method for the in vitro quantitative measurement of rabbit GPy in
serum, plasma and other biological fluids (ELISA Kit for Rabbit Glutathione
Peroxidase (GPx) Cat. No.: E0295Rb Uscn Life Science Inc. Wuhan company .The
microtiter plate provided in this kit has been pre-coated with an antibody specific
to GPy. Standards or samples are then added to the appropriate microtiter plate
wells with a biotin-conjugated polycdonal antibody preparation specific for GPy.
Next, Avidin conjugated to Horseradish Peroxidase (HRP) is added to each
microplate well and incubated. Then a TMB substrate solution is added to each
well. Only those wdls that contain GPx, biotin-conjugated antibody and enzyme-
conjugated Avidin will exhibit a change in color. The enzyme-substrate reaction is
terminated by the addition of a sulphuric acid solution and the color change is
measured & a wavelength 450 nm spectrophotometrically. The concentration of
GPy in the samples is then determined by comparing the optical density (OD) of
the samples to the standard curve.

1513

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal, Vol.30, No.9, 2012 Attenuation of Oxidative Stressand Cytokinesin

Rabbitswith Experimentally Induced
Hyperthyroidism by Ethanolic Red Cabbage Extract

Determination of CAT activity

Serum glutathione peroxidase was determined according a Rabbit Catdase
ELISA kit Catalogue Number: EO04C0086.This CAT enzyme linked
immunosorbent assay applies a technique caled a quantitative sandwich
immunoassay. The microtiter plate provided in this kit has been pre-coated with a
monoclond antibody specific for CAT. Standards or samples are then added to the
microtiter plate wells and CAT if present, will bind to the antibody pre-coated
wells. In order to quantitatively determine the amount of CAT present in the
sample, a standardized preparation of horseradish peroxidase conjugated
polydonal antibody, specific for CAT are added to each well to “sandwich” the
CAT immobilized on the plate. The microtiter plate undergoes incubation, and then
the wells are thoroughly washed to remove al unbound components. Next, A and
B substrate solution is added to each well. The enzyme and substrete are alowed to
react over a short incubation period. Only those wells that contain CAT and
enzyme-conjugated antibody will exhibit a change in color. The enzyme reaction is
terminated by the addition of a sulphuric acid solution and the color change is
measured colormetrically using UV/Vis spectrophotometer at a wavelength of
450 nm.

Determination of IL-6 levels

Quantitative determination of rabbit IL-6 was performed using a sandwich
enzyme immunoassay kit Rabbit Interleukin 6, IL-6 ELISA Kit, Catdog No:
EOQ079Rb(EIA- AB company).The microtiter plate provided in this kit has been
pre-coated with an antibody specific to IL-6. Standards or samples are then added
to the appropriate microtiter plate wells with a biotin-conjugated polyclonal
antibody preparation specific for IL-6. Next, Avidin conjugated to Horseradish
Peroxidase (HRP) is added to each microplate well and incubated. Then a TMB
substrate solution is added to each well. Only those wells that contain IL-6, biotin-
conjugated antibody and enzyme-conjugated Avidin will exhibit a change in color.
The enzyme-substrate reaction is terminated by the addition of a sulphuric acid
solution and the color change is measured spectrophotometrically at a wavelength
of 450 nm 2 nm. The concentration of I1L-6 in the samples is then determined by
comparing the O.D. of the samples to the standard curve
Determination of IL-10 level

Quantitative determination of rabbit IL-10 was performed using a sandwich
enzyme immunoassay kit Catalog No.EOO56Rb (EIA-AB Company)
Determination of TNF-a level

Quantitative determination of rabbit TNFa was performed using a sandwich
enzyme immunoassay kit Catalog No E90133Gu from Uscn Life Science Inc.
Statistical analysis

The data analysis was performed with SPSS soft ware package (Version 10).
Data are presented as mean values (Mean+= S.E.M). Data were statistically analysed
using a oneway analysis of variance (ANOVA) followed by a Student-t test to
compare the groups. Linear regression anaysis was used with thyroid function as
the dependent variable. A value of P 0.05 was accepted as significant.
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RESULTS
Effect of RCE on thyroid hormones levels

Serum T3, T, and TSH concentrations in the control and experimental groups
are given in table 1 and Figure (1-3). S.T; and T, concentrations were significantly
increased 1.99 + 0.47 ng/ml and 16.5 + 2.22 pg/dL respectively in rabbits with
hyperthyroidism compared to controls 1.14 + 0.37 ng/ml and 9.82 + 2.33ug/dl
respectively.Co-dministration of RCE with L-thyroxine significantly decreased the
elevated T; levels (P<0.01) to 1.24 + 0.37 ng/ml compared with 1.99 + 0.47 ng/ml
in hyperthyroid group without extract treatment as in group (3). Similar data was
observed in the levels of serum T4 On the other hand RCE treatment increased
TSH concentration in hyperthyroid group (G4) to 1.04 = 0.54 mlU/L compared
with 0.66+0.12mIU/L before treatment with extract.

Data on the effects of vitamin E supplementation on thyroid hormone levels
show that vitamin E has a thyroid function suppressing action. The S.T; and S.T,
values in the L-thyroxine and vitamin E intake animals as in group 3 were
significantly decreased to 1.43+0.13 and 12.65 + 1.52ug/dl respectively in respect
to those of the L-thyroxine only administered group (G2) as shown in Table 1. This
data agree well with the results of Petrulea et al., (2009) who found a decrease in
T4 and T3levels in vitamin E-supplemented hyperthyroid rats and suggested that
Vitamin E intake in the hyperthyroid state decreases either T4/T3 synthesis or T,
Tsconversion.

Effect of RCE on cytokinelevels
Serum leves of IL- 6, IL-10 and TNF-o were significantly enhanced after L-

thyroxine administration (P < 0.01) as shown in table 2 & figure 4-6. In the
hyperthyroid rabbits, serum level of IL-6 was significantly higher than that in the
heelthy euthyroid rabbits, also a significant positive corrdation between serum IL-
6 and S.T3 levels (Pearson correation; r = + 0.98, P <0.01 was observed (Data not
shown). Meanwhile there was also a significant corrdation between serum IL-6
and total T, levels (r = + 0.88, P < 0.01). Similarly IL-10 corrlated with T3 (r = +
0.98, P < 0.01, and with T, but not with TSH. Interestingly, there was a significant
corrdation between IL-6 and IL-10 (r = 0.99, P <0 .01). By linear regression
analysis, IL-6 was found to be a potential risk factor that could predict the observed
higher circulating level of T3 ( P <0.01), in addition to IL-10 was anthor a
predictor (P<0.01). Importantly, IL-6 and IL-10 were potential predictors for the
higher thyroid hormone concentrations. Co-administration RCE with L-thyroxine
significantly decreased the elevated IL-6 levds (P<0.01) to 300.33 + 32.92 pg/L
compared with 385.99 + 109.20 pg/L in hyperthyroid group without extract
treatment as in group (2). Similar data was observed in the levels of serum IL-10
and TNF-a..
EFFECT OF RCE ON OXIDATIVE STRESS MARKERS

As expected, lipid peroxidation was significantly higher in the plasma of
hyperthyroid group compared to the control group 4.62 = 0.12 mol/dL and
2.23+0.08 mol/dL, respectively,. It was decreased after treatment with RCE in the
hyperthyroid group (P<0.01). When the sera were used to measure MDA
concentrations as index of lipid peroxidation, the result indicated a significant
increase in sera of hyperthyroid group compared to the control group. On the
contrary, when hyperthyroid rabbits were concurrently treated with RCE the result
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demonstrated a significant reduction in MDA concentrations (Table3 and figure
7).Serum GSH leve was significantly lower (P<0.01) in the hyperthyroid group
34.43+ 0.19 pmol/dL compared to the control group 44.32 + 0.13 pmol/dL as
shown in figure 8, while GSH level increased after treatment with RCE in the
hyperthyroid group to 47.57 + 0.16 umol/dL and this increase was restored by the
concurrent administration of RCE. The redox satus (GSH/GSSG ratio), an
oxidative stress indicator, was found to be significantly reduced (P<0.05).These
decreases were restored to norma level by concurrent treatment with RCE.

EFFECT OF RCE ON ENZYMATIC ANTIOXIDANT ACTIVITY

A significant decrease in the activity of serum GPx, SOD and CAT were
observed in the hyperthyroid group compared to the control group as shown in
table 4 and figures 9-11).For GPx activity it reduced to 8.25 + 0.14 compared
with18.70+0.13 mmol/dL in control. After hyperthyroid rabbits treatment with
RCE, GPx activity increased significantly and return to normal level 17.25 + 0.22
mmol/dl compare to the control groupl8.70 + 0.13 mmol/dL (Figure 9).0On the
other hand in hyperthyroid groups, the CAT activity reduced significantly
42.15+0.60 mmol/dL compared with control animal group (figure 10), while
treatment with RCE the activity increased to the mean value near normal. Thus, the
marked increase in the oxidative stress was found in hyperthyroid groups as
indicated by decrease in CAT activity, whereas treatment with RCE showed
decrease in oxidative stress as indicated by the increased CAT activity as compared
to hyperthyroid groups. The same pattern change was happen for SOD in
hyperthyroid groups, the SOD activity reduced significantly compared with control
animal group 55.45 + 0.19 and 95.75 + 0.22 U/dl respectively (figure 11), while
treatment with RCE the activity increased to the mean value near normal. Thus, the
marked increase in the oxidative stress was found in hyperthyroid groups as
indicated by decrease in SOD eactivity, whereas treatment with RCE showed
decrease in oxidative stress as indicated by the increased SOD activity as compared
to hyperthyroid groups. The present finding revealed decease in MDA leve and
increase in levels of GSH, GPx, SOD and CAT activity by the treatment of RCE,
indicating reduction in oxidative stress in hyperthyroid state. Thus, it was
concluded that the red cabbage extract had antioxidant property due to
reduction in all oxidative stress markers .

DISCUSSION

Hyperthyroidism acceerates ROS generation and produces changes in the
antioxidant systems of various tissues (2, 10). In the present study, increased
plasma Ts; and T4 levels and decreased in TSH levels were observed in the
hyperthyroid group, while treatment with red cabbage extract or vitamine E restore
levels near control healthy group. The mechanisms behind the RCE-induced
reduction in thyroid hormone may be related to glucosinolate active compound in
red cabbage extract. Possibilities include RCE induced modulation in deiodination
system, which affects delodinase activity through its antioxidant properties. Based
on the results obtained, it can be concluded that the hyperthyroid group, which
received RCE, shows a significantly different decrease of plasma T; and T,
concentrations and significantly different increase of TSH levels. Pharmacol ogical
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antioxidants may have an effect on the periphera conversion of thyroid hormones
by way of delodination and/or mechanism of cdl membrane defence, the integrity
of which may have an effect on the activity of deiodinases (36).0n the other hand
in this study, a subgtantialy high level of the proinflammatory cytokine, IL-6 was
detected in animals induced by thyroxine  supporting its possible role as an
endocrine cytokine with a regulatory effect on many endocrine systems including
the thyroid gland (37-38), in addition to a considerably high level of the anti-
inflammatory cytokine, IL-10 in the L-thyroxine treated animals was noticed too.
Interestingly, a direct association between IL-6 and IL-10 was indicated which
could be attributed to the fact that secretion of both Interleukins is stimulated by
the same cytokines such as TNF-o (39).The findings of this study suggest that
induced hyperthyroidism in animas by ord administration of L-thyroxine
stimulates firstly the oxidative stress response and the production of inflammatory
cytokines (IL-10, IL-6 and TNF-a), secondly there is a rdationship between
oxidative stress parameters and inflammatory cytokines, thirdly red cabbage extract
prevents the increase in T3 and T, caused by chronic T, administration, and finally
RCE based antioxidative treatment inhibits thyroid hormone induced increases in
MDA, GSH, and TNF-o levels. Meanwhile, to our knowledge, the latter
observation, which RCE acts on interleukins and TNF-a level, seems novd. We
hypothesized that reactive oxygen intermediates, which were induced by
hyperthyroidism, act as a signa for the release of cytokines like IL-6, I1L-10, and
TNF-a.The cdlular GSH plays an important role as biological antioxidant defence
systems, which act as protective mechanisms against oxidative damage (40),
therefore, the decreased level of GSH may be due to overproduction of free
radicals and increased lipid peroxidation in hyperthyroidism (7). In this study,
serum GSH levels were decreased in hyperthyroid animals as compared to control
animals, possibly secondary to increased ROS generation.RCE treatment caused
normalization of GSH levels in hyperthyroid animals. Theratio of GSH to GSSG is
considered an important marker of oxidative stress (16).The decrease in the ratio of
GSH dfter hyperthyroid state suggests induction of oxidative stress in the animals.
Furthermore, increase in the GSH levels of the RCE treated hyperthyroid rats
suggests that RCE as a regulatory effect on the antioxidant system. Increased
oxidative stress is a wel-known phenomenon in the hyperthyroid state.
Hyperthyroidism is believed to accelerate free radical generation that leads to
oxidative damage of lipids (7).

The Serum MDA level was increased in the hyperthyroid rabbits as compared to
the control rabbits. Our results are in accordance with Salwa, 2011 who reports a
significant increase in MDA levels of hyperthyroidism. Increased plasma MDA
concentrations in hyperthyroid rabbits suggest the role of free radicals in the
pathogenesis of this lipid peroxidation and, thus, support the need for studies
assessing the therapeutic role of antioxidants in hyperthyroidism. In support of the
above statement, we found a highly significant decrease in the leves of serum
MDA after treatment with RCE.The reduced MDA level by RCE likdy indicates
that RCE might be a novel agent to protect against oxidative damage induced by
hyperthyroidism. It is also possible that the action of RCE is primarily a
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normalization of thyroid function and secondarily a normalization of the oxidative
stress markers.

Superoxide dismutase is an important intracellular oxygen radical-scavenging
enzyme .It has been demonstrated that hyperthyroidism leads to accelerated free
radical formation. Conversely, increased free radica formation enhances
intracelular scavenging enzymes like SOD in experimentally hyperthyroid
animals. We investigated the therapeutic value of RC against oxidative stress in
hyperthyroid animals. These plants, members of the Cruciferae and genus Brassica
such as RC, broccoli, kale and Brussels sprouts, contain anthocyanin pigments that
are described as free-radical scavenging and antioxidant agents (42).Anthocyanin
isolates and anthocyanin rich mixtures of bioflavonoid provide protection against
myriad physiological failures such as LP, decreasing capillary permeability and
fragility and membrane strengthening. RC extract contains vitamins A, B and C all
of which have protective roles against oxidative damage. Our results indicate that
RCE is beneficial as a protective agent against oxidative stress induced by
hyperthyroidism in rabbits. The protection is probably due to multiple mechanisms
involving free radical scavenger properties, attenuating lipid peroxidation and
increasing the antioxidant status. However, further studies are essential to €l ucidate
the exact mechanisms of protection by RCE.
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Table (1) Effect of oral administration of red cabbage extract on serum T3, Ty,

TSH, leves
(Mean + SE) in normal and hyperthyroid rabbit's induced by L- thyroxine.
Parameters | Healthy | Hyperthyroid | Hyperthyroid Hyperthyroid
treated with Vit. | treated with
E RCE
T3(ng/ml) 114 +| 199+047* | 1.43+0.13* 1.24 + 0.37*
0.37
T4(pg/dl) 982 +| 145+28* 12.65+ 1.52* 102+ 2.7*
2.3
TSH( 204 +| 066+0.12* | 1.23+0.63* 1.04 + 0.54*
[U/ml) 0.54

*Significantly different (p<0.05), ** significantly different (p<0.01),

Table (2) Effect of oral administration of red cabbage extract
on serum, IL-6, IL-10 and TNF-
a levels (Mean £SE) in normal and hyperthyroid rabbit's induced by thyroxine.

Parameters | Healthy Hyperthyroid | Hyperthyroid Hyperthyroid
treated with Vit. | treated with
E RCE
IL-6(pg/L) | 314.66 +| 38599 +|32333+£3892¢ | 300.33+ 32.92*
26.28 109.20*
10.03 *
TNF 0.73+ 0.04 0.98+0.10* | 0. 78% 0.05* 0.76+ 0.04*
(ng/ml)

Table (3) Effect of oral administration of red cabbage extract
on serum MDA and GSH levels (M+SE) in normal and hyperthyroid
rabbit'sinduced by thyroxine.

Groups MDA( pmol/dL) | GSH(umol/dL)

Healthy 2.23+0.11 52.32+0.13

Hyperthyroid 4.62+013* 25.42+0.25**

Hyperthyroid + Vit E | 2.45+0.02* 50.66+0.22**

Hyperthyroid + Extract | 2.30+0.03* 47.57+0.16 **
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Table( 4) Effect of oral administration of red cabbage extract on serum
activity of antioxidant enzymes (M+SE) in normal and hyperthyroid rabbit's

induced by L-thyroxine

Groups GPX SOD U/dI)

(mmol/dl) CAT (mmol/dl
Healthy 18.70+0.13 | 95.75+0.22 67.00+£0.56
Hyperthyroid 8.25+ 0.14** | 55.45+0.19** 42.15+0.60
Hyperthyroid  +Vit | 13.95+0.02* | 86.66+0.16* 63.60+0.56
E *
Hyperthyroid + | 9.25+0.02** 68.61+0.10**
Extract 51.65+0.24**

*Significantly different (p<0.05), ** significantly different (p<0.01),

3.T3(nceml)

T3

Figure (1) Effect of oral administration of red cabbage extract on
serum T3 levesin normal  and hyperthyroid rabbit'sinduced by L -

thyroxine.
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Figure (2) Effect of oral administration of red cabbage extract on
serum T4 levesin normal  and hyperthyroid rabbit'sinduced by
L- thyroxine
TSH
= 2.5+
°
5 24
o
5 1.5 7
E 1
T
[ |
w 0
N & @b’ @t"

¢ & & N

N & @ )

© ¥ ¥ ¥

o ©) o

Figure (3) Effect of oral administration of red cabbage extract on
serum TSH levels innormal and hyperthyroid rabbit's
induced by L - thyroxine.
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Figure(4) Effect of oral administration of red cabbage extract on serum
IL-6levels innormal and hyperthyroid rabbit'sinduced by thyroxine

IL=-10

30 4

5.L-10{pgiL|

LL¥

Figure (5): Effect of oral administration of red cabbage extract on serum IL-
10levels in normal and hyperthyroid rabbit'sinduced by thyroxine
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Figure (8) Effect of oral administration of red cabbage extract on serum GSH
levels in normal and hyperthyroid rabbit'sinduced by thyroxine.
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Figure (9) Effect of oral administration of red cabbage extract on serum GPy
activity in normal and hyperthyroid rabbit'sinduced by thyroxine
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Figure (10) Effect of oral administration of red cabbage extract on serum CAT
activity in normal and hyperthyroid rabbit’sinduced by T4 thyroxine
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ABSTRACT

Bubble column slurry reactor was used for the measurements of gas adsorption
and ion-exchange in this work. Adsorption of chorine (dissolved in water) on
activated carbon was carried out in the same reactor. The effect of gas flowrates ug
0.016 m s%-0.027 m s * which covers the boundaries of the following four regimes:
bubbly flow, first transition, second transition, and coalesced bubble and solid
concentrations were investigated. In addition of studying the pH which gives an
indication for Hypochlorous Acid HOCI, the most active sanitizer form of Free
Chlorine. These design guiddines provide a good starting point for system of
removing chlorine from water at activated carbon concentration 20 gnvL, gas
velocity 0.023 m/s and contact period of time more 17 minutes.

Keywords: Activated carbon; chlorine removal; slurry bubble column.
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INTRODUCTION
unicipalities routinely began using chlorine to treat drinking water
M starting in 1908 with Jersey City, NJ. Its use has helped to virtually
eliminate diseases like typhoid fever, cholera and dysentery in the US
and other developed countries. Globally the World Health Organization (WHO)
estimates that 3.4 million people in underdeveloped countries die every year from
water-related diseases. Use of chlorine in water can produce an undesirable taste;
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therefore, many consumers prefer to remove it. Disinfection by products (DBPs)
may aso unintentionally form when chlorine and other disinfectants react with
natural organic matter that is in the water. To reduce DBP formation, many
municipalities are switching to monochloramine [1].

Chloramine is a generic term describing the products from the reaction of
ammonia and chlorine. While chlorine is an effective disinfectant for municipal
water supplies, the use of chloramine compounds has increased recently. The main
reason for this is the relative stability of chloramines over free chlorine. Free
chlorine tends to react with organic compounds in water systems cresting tri-halo-
methanes (THM’s) and other disinfection byproducts (DBP’s).

Chloramines are less reective in water systems and therefore less likdy to form
these EPA regulated substances. In addition, chloramines tend to maintain a
residual concentration throughout large distribution systems. They are dso much
more difficult to remove from water than free chlorine. This can become a problem
in many applications [2].

With more and more plants installing membrane technology, chloramine
removal has become a critical water treatment concern. Chloramines, just like any
other oxidant, can react with certain compounds in the beverage to effect the taste
and shelf life of the final product. Most public water utilities maintain a residual of
2.51t0 3.5 mg/L. Reverse osmosis (RO) and nanofiltration (NF) membranes that are
made of cellulose acetate can easily handle these levels, but then the chloramine in
the permeate must be removed before the water can be used for beverage and syrup
making purposes. Membranes that are polyamide (PA) or thin film composite
(TFC) will be damaged by strong oxidants, such as free chlorine, even in low
concentrations. While chloramines are not as aggressive as chlorine, they are till
capable of damaging the membranesand should be removed [3].

Tory L. Champlin et. al identify effective treatment methods for removing
chloramines, both chlorine and ammonia, while reducing natural organic matter
from the chloraminated water. Although possible technologies exist, including
granular activated carbon (GAC), their effectiveness to remove chloramines (i.e.,
chlorine and ammonia) is not well documented. Essential for converting from
chloramines to free chlorine is the removal of ammonia. If ammonia were to
remain, chloramines would once again be formed by the addition of chlorine
intended to provide free chlorine residual [4].

USEPA’s maximum residual disinfection levels (MRDLSs) are four mg/L for
chlorine; however, chlorine may cause problems that activated carbon can help
resolve. The addition of chlorine to disinfect water is accomplished by one of three
forms: chlorine gas (Cl,), sodium hypochlorite solution (NaOCI) or dry calcium
hypochl arite, Ca(OCl), [5].

The addition of any of these to water will produce hypochlorous acid (HOCI).
This disassociates into hypochlorite ions (OCI") to some degree. (The reaction is
summarized bel ow).

Cl, + H,O — HOCI + H" + CI” ...(

HoCl - H*+OC L. )

The ratio of hypochlorous acid and hypochlorite ion in water is dependent upon
pH levd and, to a much lesser degree, water temperature The ratio of
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hypochlorous acid and hypochlorite ion at various water pH and temperature is
shownin Table 1 [6].

It is important to understand the ratio of hypochlorous acid and hypochlorite ion
in water. First, it has been estimated that hypochlorous acid is dmost 100 times
more effective for disinfection than hypochlorite ion. Secondly, activated carbons
more readily remove hypochlorous acid compared to the hypochlorite ion [6].

Chlorine concentrations greater than 0.3 ppm in water can be tasted. Activated
carbon is very effective in removing free chlorine from water. The removal
mechanism employed by activated carbon for dechlorination is not the adsorption
phenomena that occur for organic compound removal [7].

Dechlorination involves a chemical reaction of the activated carbon’s surface
being oxidized by chlorine. There are reactions when hypochlorous acid and
hypochl arite ion react with activated carbon (shown below).

Carbon + HOCl - C'O+H" + CI- ...(3)
Carbon+OCI-—CO+ClI” .. 4)

C*O represents the oxidized site of activated carbon after reacting with chloring
the chlorine has been reduced to chloride ion (CI7). These reactions occur very
quickly [7].

Table (1) Percentages of HOCI and OCI ™ [1]
% % % %
HOCI | OCI- | HOCI | OCI-

pH | 0°C 0°C 20°C 20°C
4 1100.0 |00 100.0 | 0.0

5 1000 0.0 97.7 2.3
6 |982 1.8 96.8 3.2

7 |833 16.7 75.2 24.8
8 322 67.8 23.2 76.8
9 |45 95.5 2.9 97.1
10 | 05 99.5 0.3 99.7
1

1 |0.05 99.95 | 0.03 99.97

EXPERIMENTAL WORK

Chlorine remova with activated carbon applied by using transparence Plexiglas
bubble column in a 0.08 m I.D and 1.8 m high with liquid level 1.5 m. bubble
column equipped with a porous distributor. Air was used as the gas, while taped
water used as liquids Figure 1. Taped water with chlorine was aerated at pressures,
P = 0.1-0.3 MPaand ug 0.016 -0.027 m s* with ambient temperature 18-19 deg. C,
the boundaries of the following four regimes were visually identified: bubbly flow,
first trandition, second transition, and coalesced bubble. As the pressure increases
to P =0.3 MPain liquid, al four transition velocities shift to higher superfidad gas
velocity, Us. In addition, the existence of a chain bubbling regime was detected,
whereas in solid liquid & P = 0.3 MPa and us 0.027 m s, both laminar and
turbulent chain bubbling subregimes were identified. It was found that in solid-
liquid under ambient pressure, the transition velocities occur earlier than in liquid.
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The pH sensor readings vary from 0 mV for a neutral pH of 7 to about -60 mV for
apH of 8. For the recommended pH of 7.4, the reading is about -25 mV. It should
be recognized however that the pH readings vary slightly from eectrode to
electrode. This is why pH testers and controllers always include a pH calibration
adjustment. Calibration can be made with a Phenol Red test kit.

A colorimetric kit supplied by Hach company was used to monitor
dechlorination in the field. The kit can measure free or combined chlorine residuals
a concentrations of 0 to 4.5 mg/L with a detection limit of 0.1 mg/L. In this
method, a pre-measured amount of reagent is added to the water sample of 10 cn’,
mixed well, and the sample analyzed for chlorine concentration. A liquid crysta
detector indicates the chlorine concentration in solution based on the intensity of

the color formed.

Rota Meter ~—1

Bubble Column

O
(-
Air Compressor
pH meter
- ©)

Figure (1) Bubble column with activated carbon

RESULTS AND DISCUSSION

Activated carbon (AC) is generally used in water treatment for removing free
chlorine and / or organic compounds. Remova of organics from potable water
could be to prevent common organic acids such as humic or fulvic from reacting
with chlorine to form trihalomethanes pH represents the acidity or basicity of the
water on a logarithmic scale that represent the concentration of hydrogen ions H” in
the water. pH is very important to water chemistry because the hydrogen ions are
small and very active and therefore affect most chemical reactions in water.
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Most important, pH affects the dissociation, and therefore the effectiveness, of
Hypochlorous Acid HOCI, the most active sanitizer form of Free Chlorine, as

shown in curve Figure 2.
At apH of 7.5, Free Chlorine is about 50% HOCI . At higher pH values, HOCI
dissocdiates into theionic form OCL™ which is aless active sanitizer.

L | | ]
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= Al | i
= "Hoel [ oo |
= r T
..é = i I.! | 1 |
e '
= |
= .
B [ i [
% 411—-—- o
£ .\_' a7
L] [
PR o, e f
gH

190 - NOI JLHOTHIOARN v

Figure(2) lonization curve of HOCI as a function of pH [6]

EFFECT OF GASVELOCITY
Figure (3) shows the effect of the gas velocity on the pH with time and zero
concentration of activated carbon and Figure (4) shows the effect with presence of

activated carbon (5 gnvL)

8.67
8.66
8.65
8.64
863

=

-
8.62
8.61
8.6
8.59

8.58

O 5 10 15 20 25 30 35
Time (min}

—4—gas velocity 0.016 m/fs
-~ gas velocity 0.02 m/s
gas velocity 0.023 m/s

g as velocity 0.027 m/s

Figure(3) Effect of the gas velocity on the pH with time

and zero concentration of AC.
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e g a5 velocity 0.016 m/fs

~lgas velocity 0.02 m/s
gas velocity 0.023 m/s

e g a5 velocity 0.027 mifs

O 5 160 15 20 25 30 35
Time {min}

Figure (4) Effect of the gas velocity on the pH with time
and 5gm/L of AC.

4 gas velocity 0.016 m/s

~-gas velocity 0.02 m/s
—degas velocity 0.023 my/s

e g5 velocity 00027 mfs

8.6
8.5

Q > 10 15 20 25 20 35
Time {min}

Figure(b) Effect of the gas velocity on the pH with time
and 10 gm/L of AC.

9.4
9.3
9.2
9.1

9

Pz
8.8
8.7
8.6

8.5 I

8] 10 20 30
Time {min}

g gas velocity 0.016 my/s
~— gas velocity 0.020 m/s

gas velocity 0.023 my/s
w005 velocity 0.027 mfs

Figure(6) Effect of the gas velocity on the pH with time
and 15 gm/L of AC.
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9.4

o 0 20 30
Time {min)}

—— gas velocity 0.016 my/s
—~il— gas velocity 0.020 my/s

gas velocity 0.023 my/s
i gas velocity 0.027 myfs

Figure(7) Effect of the gas velocity on the pH with time

and 20 gm/L of AC.

Figures 3 through 7 showed that increasing then lowering in the pH of the water to
an activated carbon bubble column could extend the time before breakthrough of
chloramine occurs. Experimenta results yidded breakthrough time after
approximately 10 minutes then lowering the pH. This may prove valuable in the

application of pH reduction to existing equipment.

However, when designing a new system for chloramine removal it may be more
appropriate to design the equipment based on reaction kinetics. Because the
reactions of monochloramine with activated carbon are overal catalytic ones,
design of a carbon reactor using reaction kinetics should allow for a theoretically
infinite bed life for the removal of monochloramine. The reaction between
dichloramine and activated carbon is not catalytic meaning that eventualy the
carbon will lose its capacity to remove dichloramine and breakthrough will occur.

EFFECT OF ACTIVATED CARBON CONCENTRATION
Figure (8) shows the effect of the activated carbon concentration on the pH with

time and taking constant sd ected velocity a 0.020 m/s.
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i 0 @M1 L
== 5gm/L
10gmyL
=15 gm/L
—=— 20 gm/L

u] 5 10 15 20 25 30 35
Tirme (min)

Figure( 8) Effect of the activated carbon concentration the
PH with time at gas velocity 0.020 m/s.

The pH of the water can increase due to the addition of akaline (basic)
chemicals such as liquid chlorine (Sodium Hypochlorite NaOCI), dry chlorine
(Calcium Hypochlorite Ca(OCl),) or make-up water. It can decrease with the
addition of Chlorine Gas (Cl;), body perspiration, acid rain or make-up water.

Acids are used to decrease the pH of the water, usually liquid muriatic acid
(Hypochloric Acid HCl), dry acid (Sodium Bisulfate NaHSO,) or Carbon Dioxide
CO; gas. Bases like caustic soda (Sodium Hydroxide NaOH) or dry soda are used
to raise the pH.

The addition of pH correction chemicas used to be done manualy or with a
chemica feeder. It is now done on demand with automatic controllers.

A chemical controller monitors the pH of the water with an eectronic sensor
consisting of a glass pH dectrode

CONTENT OF CHLORINE

Figure 9-10 shows the effect of concentration of activated carbon for deferent
gas velocities aong with time it shows the effect of time and solid concentration of
AC more obvious than gas velocity.
Increasing contact time allows greater amounts of contaminant to be removed from
the water, contact is improved by increasing the amount of AC in the Bubble
column slurry reactor (abbreviated as BCSR) and reducing the flow rate of air
through the BCSR.
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= == 0.023|m/s
£ 2 0.020/m/s
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0.5
o
0 10 20 30 40
Time (min}
Figure( 9 Effect of the exposuretime on the content of chlorine
With 5 gm/L of activated carbon.
35
3
2.5 1 I —s—0.027 m/s

—a—0.023 m/fs
0.020 m/s
—.016 M5

water chlorine mg/L
[
W

o 5 10 15 20
Time {min}

Figure( 10)Effect of the exposure time on the content of chlorine
With 20 gm/L of activated carbon.

These Figures 9-10 gives the guidelines of design provide a good starting point
for activated carbon concentration 20 gm/L, gas veocity 0.023 m/s and contact
period of time more 17 minutes. However, these may not be enough to provide a
guarantee in certain situations. Other contaminants, such as organics, in the water
may compete for sites on the carbon slowing the reaction kinetics with
chloramines.

CONCLUSIONS
Chlorine Removal: AC catdyzes removal of free chlorine with little

consumption or degradation of the carbon during the process. This ability,
however, requires tremendous surface area and organics in the water will gradually
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adsorb onto the carbon particle, blocking or occupying pores. This leads to gradual
loss of dechlorination ability and the need to replace the carbon. Such carbon can
be replaced and this is frequently done; however, reprocessed carbon should only
be used in waste water applications.

These test results show that changhing the pH of a water containing
chloramines will speed the reaction kinetics between the chloramine and activated
carbon by converting monochloramine to dichloramine. For existing equipment,
which may be undersized to trest monochloramine, this would mean better removal
with run time after 10 minutes (breakthrough) and gas velocity 0.023 nvs.

Dechlorination occurs very rapidly with AC concentration 20 gnv/L than 5 gm/L
nearly to half its time required. One advantage of carbon for dechlorination is its
low operating cost once installed and virtual “fail safe” operation. A disadvantage,
however, is that once the chlorine is removed in the top one inch or so of the
media.
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