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Abstract: The present study was performed to evaluate the nephroprotective effects of
Kale (Brassica oleracea) leaves, Juice and seeds on potassium bromate, KBrO3 (200
mg/kg BW gavaged once) induced renal injury in rats. Forty adult male rats were assigned
to five groups (n=8) for a four-weeks experimental period; group (1) normal control,
group (2) KBrOgz-induced control, groups (3) administrated 150 mg/kg BW kale Juice (KJ)
by gastric tube, group (4) treated with 15 % kale leaves powder (KLP) in diet and group
(5) treated with 15% kale seed powder (KSP) in diet. Total phenolic content and total
antioxidant activity from the extract were identified. The serum lipid profiles, serum
kidneys biomarkers and lipid peroxidation marker MDA, non enzymatic antioxidant
reduced glutathione (GSH), enzymatic antioxidant superoxide dismutase (SOD), Catalase
(CAT) in kidneys were estimated. Total phenolic content was high 64.3 mg in methanolic
extract of kale seeds (MEKS) followed by methanolic extract of KL then aqueous extract
of KJ with 53.4 mg and 35.1 mg respectively. Moreover, total antioxidant capacity was
high in KJ then KL and KS at levels 0.83, 0.22 and 0.13 (mmol/g) respectively. Results of
KBrO3-induced renal injury rats showed significant (p<0.05) elevation levels of serum
cholesterol, triglycerides, low density lipoprotein (LDL-C) and very low density
lipoprotein (VLDL-C), kidney function markers uric acid, urea nitrogen, creatinine and
total protein in serum and (MDA) levels in kidneys tissue, whereas they showed
significantly decreased level of HDL-C and all kidneys tissue enzymatic and non
enzymatic antioxidants (SOD, CAT and GSH). Oral administration of KJ with 150 mg/kg
BW to nephrotoxicity rats were showed brought back in serum lipid profiles and hepatic
biomarkers, tissue lipid peroxidation product (MDA), enzymatic, and non-enzymatic
antioxidants to near normal followed by 15 % seed powder (KSP) group compared to 15%
KLP group. Thus results showed that the most effective results revealed from 150mg KJ
dose and 15 % KLP and 15 % KSP. Moreover, the histological evaluation of kidney
approved the amelioration of the previous parameters and confirms the effective
treatments were dried leaves, juice and seeds consequently. In conclusion, the present
study discloses the ameliorative and protective effects of Brassica oleracea against renal
injury that is at least, partly mediated by its antioxidant and phenolic properties as
indicated by increase of antioxidant status and decrease of lipid peroxidation markers.
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Introduction

Potassium bromate (KBrO3z) has been used widely for water disinfection, hair-
coloring solutions, cosmetics, and in food as a food additive in the bread-making process.
Toxicological studies have suggested that KBrOs; is: an oxidizing agent; causes
hepatotoxicity, neurotoxicity, and induces the development of mesothelioma tumors in
experimental animals as well as renal carcinomas in animals and humans. (Kurokawa et
al., 1990; Deangelo et al.,, 1998). Antioxidant enzymes as well as nonenzymatic
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compounds such as reduced glutathione (GSH), ascorbic acid, and a-tocopherol all help to
cope with the potential damage caused by oxidative stress. (Farombi et al., 2003). ROS
are largely generated from mitochondrial energy metabolism through oxidative
phosphorylation and mostly removed by endogenous antioxidants such as superoxide
dismutase (SOD), glutathione peroxidase (GPx), and catalase (CAT) (Sang-Hyun et al.,
2013). The increase in oxygen free radicals could be due to their overproduction and/or
decreased antioxidant reserve and antioxidant enzyme activity (Jeon et al., 2002).

Dietary intake of antioxidants and phenolic compounds (flavonoids) can inhibit or delay
the oxidation of susceptible cellular substrate to prevent oxidative stress. (Rice-Evans et
al., 1996).

Kale is a green leafy vegetable that belongs to the brassica family, a group of vegetables
including cabbage, collards and brussels sprouts that have widespread attention due to
their health promoting, containing phytonutrients. (Emebu and Anyika, 2011)

The most widespread and diverse group of polyphenols in Brassica species are
flavonoids (mainly flavonols), the major polyphenolic constituents of Brassica foods,
flavonols such as quercetin and kaempferol. (Rice-Evans et al.,, 1996) This health
promoting activity seems to be related to the antioxidant (free-radical scavenging) activity
of these compounds (Rice-Evans and Miller, 1996).

No detailed investigation has been addressed the efficacy of Kale leaves in treating
KBrO3-induced nephrotoxicity in rats. Thus, the present study was planned to addresses
the ameliorative and protective activities of Kale (Brassica oleracea) against potassium
bromate induced renal injury in rats.

Material and Methods
Materials

Fresh Brassica oleracea leaves were obtained from local markets in KSA and
seeds from traditional herbal store. The leaves were washed with tap water and grounded
in a blender and filtering by using funnel and filter paper to obtain juice while other dried
with hot air oven (50-60°C) and grinded to powder.(AOAC, 1995)

KBrO; and biochemical kits were pursued of analytical grade from Sigma Aldrich
Company for chemicals and Biodiagnostics, USA. The basal diet was prepared using
AIN-93 according to Reeves et al., (1993).

Samples extraction

A fresh, dried leaves and dried seeds were chopped, mixed, powered by blender
and extracted by soxhlet apparatus with the ageuous and methanolic extracts, The extracts
were then filtered and evaporated under vacuum by using Rotary Vacuum Evaporator. Dry
weight of these materials was determined and stored at -20°C until use in experimental
protocols. ( Birgll et al., 2011)

Estimation of total phenolics

Total phenolic content of the extracts was determined using the Folin—Ciocalteu
micro-method (Slinkard and Singleton, 1977). Briefly, 20 pl of ethanol extract was mixed
with 1.16 ml distilled water and 100 ul of Folin—Ciocalteu reagent, followed by 300 pl of
Na2CO3 solution (20%) after 1 min and before 8 min. Subsequently, the mixture was
incubated in a shaking incubator at 40 C° for 30 min and its absorbance was measured at
760 nm in a Cintra 20 (GMBH, Germany) double beam spectrophotometer. The phenolic
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content was expressed as gallic acid equivalents using the following linear equation based
on the calibration curve: A = 0.98C + 9.925 x 10-3; R? = 0.9996, where A is the
absorbance and C is concentration as gallic acid equivalents (ug/g).

Determination of total antioxidant activity

The total antioxidant activity of the Kale extract was evaluated using the
phosphomolybdenum complex method (Prieto et al., 1999); 0.4 mL of sample solution
(KLP extract) (100 pL/mL methanol) was combined with 4 mL of phosphomolybdenum
complex containing 0.6 M sulphuric acid, 2 mM sodium phosphate, and 4 mM ammonium
molybdate. Test tubes were capped and placed in hot water for 90 min at 95°C. Samples
were cooled to room temperature and the absorbance was measured at 695 nm on a
spectrophotometer (TU-1800; Human Corporation). Antioxidant activity was expressed as
the mg ascorbic acid equivalent per mL (mg AE/mL).

Experimental animals

Forty male Wistar albino rats weighted 180 + 20 gm were procured from college of
Pharmacy, King Saud University, KSA, and they were maintained in an air-conditioned
room (26 + 1°C) with a 12-hour light/12-hour dark cycle. Feed and water were provided
ad libitum for one week for adaptation before the start of experiment (4 weeks).

KBrOj; induced renal injury

Solution of KBrO3 was prepared in drinking water and given orally (200 mg/kg
bwt gavaged once) to the rats. After adaptation, rats were randomly divided into four
groups of eight animals each. Group (1) normal control, group (2) KBrO3-induced
control, groups (3) treated with 15 % kale leaves powder (KLP) in diet, groups (4)
administrated 150 mg/kg BW kale Juice (KJ) by gastric tube and group (5) treated with 15
% kale seed powder (KSP) in diet. At the end of the experimental period, the animals were
anesthetized by anesthetic ether. Blood was collected and the kidney dissected out, and
washed in ice-cold saline for removal of blood. Tissues were sliced into pieces and
homogenized in an appropriate buffer (pH 7.0) in cold condition to give 20% homogenate
(w/v). The homogenates were centrifuged at 1000 rpm for 10 min at 0°C in a cold
centrifuge. The supernatants were separated and used for various biochemical estimations.

Assessment of nephroprotective activity

The blood was allowed to clot and serum was separated at 2500 rpm for 15 min.
Serum urea nitrogen, uric acid and creatinine were determined according to the methods
described (Patton and Grouch, 1977; Fossati et al., 1980; Husdan and Rapoport, 1968).
Serum albumin was estimated by Biuret method (Reinholdm, 1953). Serum cholesterol
was determined according to the enzymatic method described by Allain et al. (1974),
serum triglycerides were colorimetrically determined according to the method described
by Wahlefeld (1974), HDL-C was determined according to the method described by
Albers et al. (1983), while concentration of VLDL-C was estimated according to the
method described by Friedewald’s equation (1972). According to the method described by
Friedewald et al. (1972), Low density lipoprotein cholesterol can be calculated as follows:
LDL-C = Total cholesterol — (HDL-C) — (VLDL-C).
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Lipid peroxidation and antioxidant biomarkers determinations in kidneys tissue

Lipid peroxidation (LPO) was determined by quantifying malondialdehyde (MDA)
that formed in terms of thiobarbituric acid reactive substances (TBARS) by the method of
Niehaus and Samuelson (1968). Determination of antioxidant biomarkers’ levels as
reduced glutathione (GSH) was estimated by Ellman, 1959. From other hand, the activities
of tissues superoxide dismutase (SOD), catalase (CAT) were determined calorimetrically
according to Spitz and Oberley (1989) and Sinha (1972); respectively.

Histopathological studies

For histological studies, the kidney tissues were fixed with 10% phosphate
buffered neutral formalin, dehydrated in graded (50-100%) alcohol and embedded in
paraffin. Thin sections (5M) were cut and stained with routine hematoxylin and eosin stain
for photo microscopic assessment. The initial examination was qualitative, with the
purpose of determining histopathological lesions in kidney tissue.

Statistical analysis

Data were analyzed by one-way analysis of variance followed by Duncan’s Multiple
Range Test (DMRT) using SPSS version 11 (SPSS, Chicago, IL). The limit of statistical
significance was set at P<0.05.

Results

Data from determination of total phenolic contents and total antioxidants of Kale
aqueous and methanolic extracts of Kj, KL and KS are shown in Table (1). The mean
value of total phenols expressed as gallic acid equivalent per 100 ml kale seeds methanolic
extract (KSME) was the highest compared to others with 64.3 mg/g dw, 53.4 mg of kale
leaves methanolic extract (KLME) and the lowest was the aqueous extract of kale juice
(AEKJ) with 35.1 mg. On other hand, the total antioxidant activity in kale aqueous and
methanolic extracts was 0.83, 0.22 and 0.13 mg/mL of KJ, KL and KS respectively,
expressed as ascorbic acid equivalent.

Table (1). Total phenolic compounds and antioxidant capacity of aqueous and methanolic extracts of Kale.

Extracts Total phenolic content Total antioxidant capacity
(mg/g dw)* (m mol/g dw)**
Aqueous extract (KJ) 351+12 0.83 +0.02
Methanolic extract (KL) 534+35 0.22 +0.02
Methanolic extract (KS) 64.3+2.7 0.13+0.03

* Expressed as gallic acid equivalent.
** Expressed as Ascorbic acid equivalent.

Data in Table (2) depicts the effects of kale juice, dried leaves and dried seeds
levels on serum lipid profiles of KBrO3 induced renal injury in rat. Administrating KBrO3
(200 mg/kg/ bwt) resulted in a significant (p<0.05) increase in total cholesterol,
triglycerides, low density lipoprotein (LDL-c), and very low density lipoprotein (VLDL-c)
while the level of high density lipoprotein (HDL-c) showed a significant (p<0.05)
decrease compared with normal control. Treatment with 150 mg KJ, 15% KL and 15%
KS to animals prior to KBrO3 treatment resulted in significant (p<0.05) attenuation in the
KBrO3- induced alterations in all lipid parameters compared to normal control.
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Significant alterations in uric acid (1.5-fold), UN (2.1- fold), creatinine (1.5-fold),
and total protein (3.5-fold) levels were seen after treatment with KBrO3 alone compared
to the control group showing the induction of nephrotoxicity (Table 3). Administration of
kale juice; leaves; and seeds to animals prior to KBrO3 treatment resulted in significant
(p<0.05) attenuation in the KBrO3- induced alterations in kidney parameters’ levels near
normal.

Table (4) showed the effect of kale parts on kidney tissues lipid peroxidation
MDA, GSH, SOD and CAT activities of KBrO3- induced renal injury rats. In the current
study there was a significant decreased in the mean value of kidney SOD, GSH and CAT
in KBrO3- induced control (p<0.05) and significant increased in MDA (p<0.05) compared
to normal control group. KJ treated group showed significant (p<0.05) increase in the
mean value of kidney enzymes, and significant (p<0.05) difference in MDA compared to
induced control, while KL group showed significant increased in the mean value of kidney
MDA (p<0.05) and significant decreased in SOD, GSH and CAT (p>0.05) compared to
normal control group. KS treated group showed lower values of kidney antioxidant
enzymes and MDA compared with other treatments. All the treatment groups showed
increase in kidney antioxidant enzymes and decrease MDA levels compared to KBrOs-
induced group.

Total Triglycerides HDL-c LDL-c VLDL-c
Groups cholesterol (mg/dl) (gm /dI) (mg /dl) (mg/dl)
(ma /dD

Normal control 80.31 +2.14° 62.34+1.88°  49.26+2.98* 1859 +1.85°  12.46 +0.376°
Induced control 144.42 +1.98° 11825+2.11%  29.95+158% 90.82+1.79°  23.65+ 0.422°
L(\Stgos + KJ (150mlikg 86.11+1.96 ® 68.61+1.99°  42.77+0.97° 29.62+1.62° 13.72+0.398"
KBro3 + KL (15% diet) ~ 92.46 + 1.25 76.27 +1.93°  38.53+1.10° 38.68+197° 1525+0.386"
KBr03 + KS (15% diet) 101.12 + 1.52° 91.03+2.17° 3251+153“ 5041+2.13% 1820 +0.434°

Table 2. Effects of kale parts on serum lipid profiles of KBr03-induced renal injury in rats.
Values are expressed as mean + S.D. n= 8 rats/group.

Values not sharing a common superscript differ significantly at p< 0.05 (DMRT).

Uric acid Urea nitrogen Creatinine Total protein
Groups (mg/ dl) (mg/dl) (mg/dl) (mg/dl)
Normal control 1.73+0.13° 24.45 + 2.34° 0.77 +0.03* 0.63+0.07°
Induced control 2.56 +0.10 51.56 + 2.46° 1.12 +0.02° 2.23 +0.10
KBro3 + KJ (150ml/kg bwt) ~ 1.76 +0.15° 29.35+0.67° 0.81+0.03* 0.68 +0.02°
KBr03 + KL (15% diet) 1.96 +0.12" 36.63 +0.75° 0.85 + 0.06" 0.72 +0.04™
KBr03 + KS (15% diet) 1.84+0.16° 34.66 + 0.88™ 0.90 +0.02° 0.85+0.01°

Table 3. Effect of kale parts on serum kidneys functions of KBr03-induced renal injury in rats.
Values are expressed as mean + S.D. n=8 rats/group.
Values not sharing a common superscript differ significantly at p< 0.05 (DMRT).
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Table 4. Effect of kale parts on kidneys tissues Lipid peroxide MDA, GSH, SOD, and CAT of KBr03-

Lipid Peroxidation GSH SOD CAT
Groups (umol / MDA/mg (mmol /min/mg (U/mg (U/mg
protein) protein) protein) protein)
Normal control 3.01 +0.04% 15.61 +2.12° 28.37 + 1.26" 42.12 +2.42°
Induced control 6.12 + 0.02° 8.55 + 2.71° 11.64 + 1.65° 21.13 +1.98°
KBro3 + KJ b ab c b
(150mi/kg bwt) 3.42 £0.02 9.43+2.23 22.36 +1.37 27.52+2.30
0]
55503 *+ KL (15% 3.13+0.03 11.74 +2.67° 15.28 + 1.41° 36.21 + 1.99%
(o)
;St;% +KS (15% 3.96 + 0.03° 12.81+2.01° 1817 +1.32%  31.11+227°

induced renal injury in rats.
Values are expressed as mean + S.D. n= 8 rats/group.
Values not sharing a common superscript differ significantly at p< 0.05 (DMRT).

Microscopic examination of normal control group, showed the normal histological
structure or renal parenchyma (Fig. A). The kidney of KBrOs-induced rats showed more
severe degeneration alteration, vacuolar degeneration of endothelial lining glomerular tufts
and epithelial lining renal tubules (Fig. B). In addition, microscopic examination of
kidneys for KL (15% diet) group showed slight hypertrophy of glomerular tuft as well as
mild presence of eosinophilic protein cast in the lumen of some renal tubules (Fig. C). In
same context, histological structure of kidney tissues of KJ (150 mg/kg bwt) treated rats
showed apparent normal histological structure (Fig. D), while, microscopic examination of
kidney tissues of rats administrated KS (15% diet) showed congestion of glomerular tufts
and granularity of epithelial lining renal tubules (Fig. E).

Figs 1: 1. Kidney microscopic examination of normal control rat group, showing the normal histological
structure; 2. Kidney’s tissue microscopic examination of KBr03 treated control rats showing gross necrosis
of nephrocytes with nuclear pyknosis, marked vascular degeneration and congestion; 3. Kidney microscopic
examination of KBr03+KJ (150ml/kg bwt) treated rats showing marked improvement in vacuolar
degeneration of focal nephrocytes over induced control group; 4. Kidney’s cells microscopic examination of
KBro3+KL (15% diet) treated rat, showing good histological structure near to normal architecture of kidney
cells. 5. Kidney’s cells microscopic examination of KBr03+KS (15% diet) treated rat, showing mild
structure for kidney’s tissue.
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Discussion

In the current study, ameliorative and protective activities of Brassica oleracea
juice, dried leaves and dried seeds on KBrOs-induced renal injury in rats were
investigated. Brassica oleracea is having several biological functions and exhibits anti-
bacterial and anti-inflammatory activities due to its anti-oxidant activities (Ferreres et al.,
2007; Kusznierewicz et al., 2008; Soengas et al., 2012]. Total phenolic content was high
64.3 mg in methanolic extract of kale seeds (MEKS) followed by methanolic extract of
KL then aqueous extract of KJ with 53.4 mg and 35.1 mg respectively. Moreover, total
antioxidant capacity was high in KJ then KL and KS at levels 0.83, 0.22 and 0.13 (m
mol/g) respectively.

Elevated plasma total cholesterol and triglyceride concentration is seen in KBrO3-
induced toxicity due to triglyceride over-production and /or underutilization and liver
tissue injury. Lipoprotein lipase activity is markedly impaired, besides, a significant
improvement in LDL internalization and degradation suggesting that chemical
modification of LDL particle like nonenzymatic glycation of LDL itself might result in its
increased incorporation in the arterial wall via a receptor independent pathway. Studies
have strongly suggested an inverse relationship of HDL cholesterol with atherosclerosis to
be independent of other lipid abnormalities (Taylor and Agius, 1988).

HDL cholesterol, the smallest of the lipoprotein species containing approximately
20% cholesterol ester and very little triglyceride is strongly and independently related to
Coronary heart disease (CHD). But, unlike LDL, the relationship is inverse, a low HDL
level being an important predictor of CHD and high HDL level protecting against CHD
(Gordon et al., 1997). A decrease in HDL turnover has been shown in KBrO3-induced
toxicity rats.

In the present study, total cholesterol, triglycerides, LDL and VLDL were brought
down significantly by Brassica oleracea treatment in KBrOgz-induced toxicity rats. This
effect could be partly due to the control of liver and kidney toxicity. Decreased HDL
cholesterol concentrations in KBrO3-induced toxicity rats appear to be markedly altered
favorably by Brassica oleracea supplementation. All the lipid abnormalities developed in
KBrO3-induced toxicity rats were effectively countered by feeding Brassica oleracea.

Urinalysis provides important clues about acid—base balance and kidney function
[Free and Free, 2002]. Urobilinogen is a conjugated product of bilirubin, which passes
through the bile duct and is metabolized in the intestine (Pels et al., 1989; Simerville et
al., 2005). High levels of urobilinogen, urea, creatinine, protein and albumin in urine
reflect the kidney dysfunction and renal injuries induced by KBrOj3 treatment (Ogeturk et
al., 2005 and Ozturk et al., 2003). The oxidative stress induced by KBrOs; might promote
the formation of various vasoactive mediators that can affect renal function directly by
initiating renal vasoconstriction or decreasing the glomerular capillary ultrafiltration
coefficient. This action will reduce the glomerular filtration rate, leading to proteinuria. In
our study the level of urea nitrogen, uric acid and creatinine increased in KBrO3
administered rats as reported previously (Ozturk et al., 2003). Treatment of Brassica
oleracea prevented KBrOs-induced toxicity, and that the levels of urea nitrogen, uric acid
and creatinine could be decreased to near control group.

Studies have shown that the plant extracts has been reduced the renal injuries
against BrO3 intoxication (Simerville et al., 2005 and Khan et al., 2003). In our study, the
activity of the antioxidant enzymes CAT, SOD, GSH-Px and GST were lowered in the
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KBrOs-induced rats when compared with that of the control group. Lowered activities of
these antioxidant enzymes with KBrOs in in-vivo experimental models have been reported
[Khan et al., 2003]. However, the treatment of Brassica oleracea with KbrOz; modified the
biochemical changes caused by KBrOj in rat. In the present study, concluded that the
Brassica oleracea treated group had a potential protective effect against KbrO3 induced
rats.

GSH is a vital extracellular and intracellular protective antioxidant against
oxidative stress. It reduces hydrogen peroxides and hydroperoxides by its redox and
detoxification reactions, and protects protein thiol groups from oxidation. This tripeptide
is present in high concentrations in kidney cells. In our study, the level of GSH was
depleted on KBrO3 treatment rats when compared with that of control group. Treatment
with Brassica oleracea the level of GSH were found to be increased with an
accompanying increase in the mean activities of GSH-Px, GST and GSR with rutin to that
of the KBrO3-treated group.

Increased TBARS concentration of renal tissues in KBrOj; treated rat may be result
of increased oxidative stress. TBARS, the final metabolite of peroxidized polyunsatured
fatty acids (Dotan et al., 2004), considered as a late biomarker of oxidative stress (Kim et
al., 2000), not only translate reactive oxygen species into active chemicals but also
magnifies the function of reactive oxygen species through the chain reaction, inducing
alterations in cellular and functional impairment (Cheeseman, 1993), and serves to
indicate the presence of free radicals, lipid peroxide formation (Banerjee et al., 2003). In
our study was found to be increased concentration of TBARS in KBrO3 induced rats.
This may be the consequence of an increment in the formation of oxygen free radicals
(generated by KBrOgs) since antioxidant defense systems are compromised (Simerville et
al., 2005). Treatment with Brassica oleracea to KBrOjz induced rats, the lower
concentration of TBARS was observed which indicates the ameliorating effects of this
extract against the oxidative stress induced with KBrOs in rats. Brassica oleracea
significantly improved the alteration of antioxidant status caused by KBrOj in male rat
which might be associated due the presence of flavonoids.

Histological examinations of rats’ kidney for all groups also revealed the
improvement in damaged tissues with the type of Brassica oleracea administration (KL
15% diet then KJ (150 mg/kg BW)) due to elevating the level of its antioxidants and
phenolic contents (Wu et al., 2006 and Yu Wang et al., 2015).

In conclusion, all previous results suggests that supplementation of Brassica
oleracea even with dried leaves, juice or seeds significantly improved the antioxidants
status and reduce the risk of oxidative stress and dyslipidemia in KBrOs-induced toxicity
in rats.

References

A .0. A. C. (1995): Official Methods of Analysis, Association of Official Analytical Chemists,
18th Ed., Virginia, U.S.A.

Albers N, Benderson V, Warnick G. Enzymatic determination of high density lipoprotein
cholesterol: Selected methods. Clin Chem 1983;10:91-99.

Allain CC, Poon LS, Chan CS. Enzymatic determination of total serum cholesterol. Clin Chem
1974;20:470-475.

Lkl aala e i) A 0 S cJand) (8 gau g SN . (o0 o) el - Y1 (N gl yasal
2018 sy 1 g «17g Aue ol Al c¥lae B Eigad) Alae

ISSN-1687-3424/2001 (axka) a gle g 4,355 ;yald 3c)




Nephroprotective effect of Kale (Brassica oleracea) against
potassium bromate induced renal injury in rats

Banerjee SK, Sood S, Dinda AK, Das TK, Maulik SK. Chronic oral administration of raw garlic
protects against isoproterenol-induced myocardial necrosis in rat. Comp Biochem Physiol
Part C. 2003;136:377-86.

Birgiil Vanizor Kural, Nurgin Kiigiik, Fulya Balaban Yiicesan and Asim Orem. (2011). Effects of
kale (Brassica oleracea L. var. acephala DC) leaves extracts on the susceptibility of very
low and low density lipoproteins to oxidation.Indian Journal of Biochemistry &
Biophysics; 48: pp 361-364.

Birgill Vanizor Kural, Nurgin Kiiglk, Fulya Balaban Yiicesan and Asim Orem. (2011). Effects of
kale (Brassica oleracea L. var. acephala DC) leaves extracts on the susceptibility of very
low and low density lipoproteins to oxidation.Indian Journal of Biochemistry &
Biophysics; 48: pp 361-364.

Cheeseman KH. Mechanisms and effects of lipid peroxidation. Mol Aspects Med. 1993;14:191—
197.

Deangelo A, George M, Kilburn S, Moore T, Wolf D: Carcinogenicity of potassium bromate
administered in the drinking water to male B6C3F1 mice and F344/N rats. Toxicol Pathol
1998, 26:724-729.

Dotan Y, Lichtenberg D, Pinchuk I. Lipid peroxidation cannot be used as a universal criterion of
oxidative stress. Prog Lipid Res. 2004;43:200-227.

Ellman GL. Tissue sulfhydrl groups. Arch Biochem Biophys 1959;82:70-77.

Emebu, P.K. and Anyika, J.U. (2011). Vitamin and antinutrient composition of kale (Brassica
oleracea) grown in Delta State, Nigeria. Pakistan Journal of Nutrition 10 (1): 76-79

Farombi EO, Alabi MC, Akuru TO: Kolaviron modulates cellular redox status and impairment of
membrane protein activities induced by potassium bromate (KBrO3) in rats. Pharmacol
Res 2003, 45:63-68.

Ferreres F, Souza C, Valentdo P, Seabra RM, Pereira JA, Andrade PB. Tronchuda cabbage
(Brassica oleracea L. var. costata DC) seeds: Phytochemical characterization and
antioxidant potential. Food Chem. 2007;101:549-58.

Fossati P, Prencipe L, Berti G. Uric acid measurements with enzymatic colorimetric method.
Medicinal Clin Chem 1980;26:227-273.

Free AH, Free HM. Urine analysis, critical discipline of clinical science. Critical Review Clinic
Lab Sci. 2002;3:481-531.

Friedewald WT, Leve RI, Fredrickson DS. Estimation of the concentration of low density
lipoprotein. Clin Chem 1972;18:499-502.

Gordon T, Castelli WP, Hjortland MC. High density lipoprotein as a protective factor against
coronary heart disease. Am J Med. 1997;62:707-14.

Husdan H, Rapoport A. Estimation of creatinine by Jaffe reaction. Clin Chem 1968;14:222-228.
Jeon SM, Bok SH, Jang MK, Kim YH, Nam KT, Jeong TS, Park YB, Choi MS. Comparison of

antioxidant effects of naringin and probucol in cholesterol-fed rabbits. Clin Chim Acta
2002;317:181-190.

Khan N, Sharma S, Sultana S. Nigella sativa (black cumin) ameliorates potassium bromate-
induced early events of carcinogenesis: diminution of oxidative stress. Human Exp
Toxicol. 2003;23:193-203.

Kim YH, Mun KC, Lee SS, Seo SH, Kwak CS, Park SB, Kim HC. Oxidative damage in renal
transplant patients. Transplant Proc. 2000;32:1777-1778.

Kurokawa, Y., A. Maekawa, M. Takahashi and Hayashi, Y. (1990): Toxicity and carcinogenicity
of potassium bromate, a new renal carcinogen. Environ. Health Perspect. 87:309-335.

Lkl aala e i) A 0 S cJand) (8 gau g SN . (o0 o) el - Y1 (N gl yasal
2018 sy 1 g «17g Aue ol Al c¥lae B Eigad) Alae

ISSN-1687-3424/2001 (axka) a gle g 4,355 ;yald 3c)




Nephroprotective effect of Kale (Brassica oleracea) against
potassium bromate induced renal injury in rats

Kusznierewicz B, Bartoszek A, Wolska L, Drzewiecki J, Gorinstein S, Namie$nik J. Partial
characterization of white cabbages (Brassica oleracea var. capitata f. alba) from different
regions by glucosinolates bioactive compounds total antioxidant activities and proteins.
LWT-Food Sci Technol. 2008;41: 1-9.

Niehaus WG, Samuelson B. Formation of MDA from phospholipid arachidonate during
microsomal lipid peroxidation. Eur J Biochem 1968; 6: 126— 130.

Ogeturk M, Kus I, Colakoglu N, Zararsiz I, llhan N, Sarsilmaz M. Caffeic acid phenyl ester
protects kidney against carbon tetrachloride toxicity in rats. J Ethnopharmcol.
2005;97:273-280.

Ozturk F, Ucar M, Ozturk IC, Vardi N, Batcioglu K. Carbon tetrachloride induced nephrotoxicity
and protective effect of betaine in Sprague dawley rats. Urology. 2003;62:353-356.

Patton C, Grouch SR. Enzymatic determination of urea. Anal Chem 1977;49:464-468.

Pels RJ, Bor DH, Woolhandler S, Himmelstein DU, Lawrence RS. Dip sticks urinalysis screening
of asymptomatic adults for urinary tract disorders. J Am Med Assoc. 1989;262:1221—
1224. doi: 10.1001/jama.262.9.1221.

Prieto P, Pineda M, Aguilar M. Spectrophotometric quantitation of antioxidant capacity through
the formation of a phosphomolybdenum complex: specific application to the determination
of vitamin E. Anal Biochem 1999;269:337-341.

Reeves PG, Nielson FH, Fahey GC. Reports of the American Institute of Nutrition, adhoc Willing
Committee on Reformulation of the AIN 93 Rodent diets. J Nutr 1993; 123: 1939-1951.

Reinholdm J. G. Manual determination of serum total protein, albumin and globulin fractions by
Biuret method. In: Reiner M (Ed.), Standard Methods in Clinical Chemistry, Academic
Press, New York. 1953; p. 88.

Reitman S, Frankel S. A colorimetric method for the determination of serum glutamate
oxaloacetate transaminase. Am J Clin Pathol 1957;28:53-56.

Rice-Evans CA, Miller NJ (1996). Antioxidant activities of flavonoids as bioactive components of
food. Biochem Soc Trans 24:790-795

Rice-Evans, C.A., N.J. Miller and Paganga, G. (1996): Structure- antioxidant activity relationships
of flavonoids and phenolic acids. Free Radic. Biol. Med. (20): 933- 956.

Sang-Hyun S, Si-Kwan K, Young-Ock K, Hyung-Don K, Yu-Su S, Seung-Ok Y, Seung-Yu K,
Sang-Won L. A comparison of antioxidant activity of Korean White and Red Ginsengs on
H202-induced oxidative stress in HepG2 hepatoma cells. J Ginseng Res 2013;37:442—
450.

Simerville JA, Maxted WC, Pahira JJ. Urinalysis: A Comprehensive Review. Am. Family
Physician. 2005;71:1153-1162.

Sinha KA. Colorimetric assay of catalase enzyme. Anal Biochem 1972; 47:328-330.

Slinkard K, Singleton VL. Total phenol analysis; automation and comparison with manual
methods. Am J Enology & Viticulture 1977;28:49-55.

Soengas P, Cartea ME, Francisco M, Sotelo T, Velasco P. New insights into antioxidant activity of
Brassica crops. Food Chem. 2012;134:725-33.

Spitz DR, Oberley LW. An assay for superoxide dismutase activity in mammalian tissue
homogenates. Anal Biochem 1989;179:8-18.

Taylor R, Agius L. The biochemistry of diabetes. Biochem J. 1988;250:625-40.

Wahlefeld AW. Enzymatic Determination of triglycerides. methods of enzymatic analysis. HU.
Bergmeyer, Ed. Academic Press, New York, 1974;5:1831-1835.

Lkl aala e i) A 0 S cJand) (8 gau g SN . (o0 o) el - Y1 (N gl yasal
2018 sy 1 g «17g Aue ol Al c¥lae B Eigad) Alae

ISSN-1687-3424/2001 (axka) a gle g 4,355 ;yald 3c)



http://www.ncbi.nlm.nih.gov/pubmed/?term=Sohn%20SH%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20SK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20YO%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20HD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shin%20YS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20SO%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20SY%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20SW%5Bauth%5D

Nephroprotective effect of Kale (Brassica oleracea) against
potassium bromate induced renal injury in rats

Wu, Y., Wang, F., Zheng, Q., Longxi, L., Hongtian, Y., Changxin, Z., Xiumei, Wu., and Yu, Z.
(2006). Hepatoprotective effect of total flavonoids from Laggera alata against carbon
tetrachloride-induced injury in primary cultured neonatal rat hepatocytes and in rats with
hepatic damage. Journal of Biomedical Science, vol. 13, no. 4, pp. 569-578.

Yu Wang, Changyun Tang, Hao Zhang. (2015). Hepatoprotective effects of kaempferol 3-O-
rutinoside and kaempferol 3-O-glucoside from Carthamus tinctorius L. on CCl4-induced
oxidative liver injury in mice. journal of food and drug analysis, 23: 310-317.

il daala, 2 ) 20 A0S Jal) (3 g g IV, (0 530 el S5 (gl yalpal
2018 s 1 178 e sl Ay Al ¥l B &gad) e

ISSN-1687-3424/2001 ( 4aska) o sl § 4,355 : pald ax)




Nephroprotective effect of Kale (Brassica oleracea) against
potassium bromate induced renal injury in rats

AL Conall agaualinall daag olad il il <) e gl Al
Guladl ¢l 4
G Gy QA daase 3 Baliall (9551 2ene

san BAGY lgla daala  Aiial) M@y A0S (Aaakl) agle g Akl and
uadlal)

o5t sl mae sl bl smad S e SEN OED sl bl s3a Cyal
AS ALY sl (3aals Ao ya fauad) ()5 paS/mle 200) asaslisdl das e ciySll als
el 4 a0 ol 8 Glesane 5 LY e <A1 (e S8 40 Auhall caeastial L o)l
(Aalles ) Aiapadl a Apl (uld clie o @l dggdall a5V de seadll
il jume (e s paS/mle 150 o dadlaal) diayyall an Gusaldlls daghlly 230G de gandl)
S sinal) L @l 13w ISy sadl Bsae %15 & GhY) Bsaae %15 &
o2 (MEKS) joall Jeadll paliiud)l 4 =l 64.3 el ASY) ol adgall Ul
Chaladl 380 5508l eyl e xl35.1 5 mle 53.4 cawiy yuasll & 3hsY) Galitie
0.13 22. <0.83 iy Hoddl & GV o juaall 3 eV CulSy Ly 5 5ausY)
SIS il g lyine 3 Gsine leliy) diayuall dajliall de el gl cajelil Laba/Use e
MDA il sl ji5as 430N diaiaid) (jgaally Jg siad <llg 2D (ysaal) Ciliidag
Ddly Lyl 3auSY) laliae s ABESH Aaiiye (ysaall b gine mlidd) ae SN dal
Qs paS/le 150 Ay adlly juael) Gileya . JSI) daisl 3 (SOD, CAT, GSH) 4y
Ampdal) e i Y el I Gl Gsaall Clise sale) 8 Al SYI CulS anall
(MDA) _aall auSoyll cbisal ddlad SV 3L Ssmase o %15 dus il
LS ol Gommna (e %15 dnnsi aa (AL Al 5 Gaarsi) ualls BnariiYl) 30uSY) ol
Gl Cpead o ab Cua Al &bl e JU Glie Aol and il cilg
Dslls GhsY) snaay meanl S el ledily auSY) Clalimay sl dgbaes)
S 5ike Ll W silly @hs¥) Geaaay il juas aladiuly Al g oKl
LY 0o B Bus Lneas Dugs b 0o L W L cplaally clypdal s
caspalisdl dse gyl Gyl (e dailill 4,41<l)
ol 32SY1 laliae ¢ SN Caillag ¢ KU Eyla) capmlisdl dsag s e KU s Apalidal) cilalst)

Lkl aala e i) A 0 S cJand) (8 gau g SN . (o0 o) el - Y1 (N gl yasal
2018 sy 1 g «17g Aue ol Al c¥lae B Eigad) Alae

ISSN-1687-3424/2001 ( 4aska) o sl § 4,355 : pald ax) -



