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Abstract: The aim of the present study was to investigate the protective effect of turnip leaves against oxidative
stress induced by high cholesterol diet in adult rats. Five groups of rats were used for 4 weeks, group (1) fed
on basal diet (negative group), group (2) fed high cholesterol-diet (positive group), groups (3), (4) and (5) were
fed high cholesterol-diets with addition of turnip leaves at three levels of intake (5, 10 and 15%, respectively).
Results revealed that positive control group had significant increase in serum levels of total cholesterol (TC),
triglycerides (TG), LDL-C, VLDL-C, ALT, AST, creatinine and urea as well as malondialdahyde (MOD) and nitric
oxide (NO). However, there was significant decrease in serum level of HDL-C; total antioxidant capacity (TAC)
and superoxide dismutase (SOD) compared to the negative control groups. Rats fed on high cholesterol diet
at different levels of turnip leaves showed significant reduction in serum levels of TG, TC, LDL-C, VLDL-C,
ALT, AST, creatinine, urea, MOD and NO, but significant increased in serum level HDL-C, TAC and SOD
compared to the positive control group. Nutrition education programs are needed to inform the public about
the importance of turnip leaves in decreasing the risk of heart disease.
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INTRODUCTION Plant-based foods contain significant amounts of

High cholesterol and high triglyceride level are well benefits beyond basic nutrition. Epidemiological evidence
established as a major health problem of coronary heart suggests that consumption of a diet rich in vegetables
disease. Strong evidences have been put forward by and fruits has positive implications for human health. In
various investigators for the involvement of free radicals the last decades, special attention has been paid towards
production and lipid peroxidation in the onset of edible plants; especially those are rich in secondary
atherosclerosis [1]. The role of antioxidants in food has metabolites (frequently called phytochemicals).
gained attention in the recent years. Growing evidences Nowadays, there is an increasing interest in the
indicate that chronic and acute overproduction of the antioxidant activity of such phytochemicals present in
reactive oxygen species (ROS) is integral in the diet. Recent reports suggest that cruciferous vegetables
development of cardiovascular diseases (CVD). Hence, act as a good source of natural antioxidants due to the
there is exhorting for finding newer, stringent and high levels of carotenoids, tocopherols and ascorbic acid.
potential sources of cardiovascular protective agents from Strong epidemiological evidence shows that these
natural sources [1, 2]. Thus identification of the compounds may help to protect the human body against
antioxidants, which can retard the process of lipid damage by reactive oxygen species [4, 5]. Many authors
peroxidation by blocking the generation of free radical have stated that Brassica crops have been related to the
chain reaction, has gained importance in recent years. The reduction of the risk of chronic diseases including
antioxidants raising the levels of endogenous defense by cardiovascular diseases, cancer and degenerative
upregulating the expression of genes encoding the diseases. Brassica foods are very nutritive, providing
enzymes such as superoxide dismutase (SOD), catalase, nutrients and health-promoting phytochemicals such as
glutathione peroxidase or lipid peroxidase [1, 3]. vitamins,   carotenoids,   fiber,   soluble   sugars,  minerals,

bioactive compounds, which provide desirable health
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glucosinolates and phenolic compounds [4-10]. The Group (1): Served as a control negative group (normal
consumption of Brassica vegetables have  been  related rats) and fed on basal diet for all experimental period
to human health due to their phytochemicals, such as (4 weeks).
glucosinolates and phenolic compounds that induce a Group (2): Kept as a control positive group and fed
variety of physiological functions including antioxidant on cholesterol containing-diet for all experimental
activity, enzymes regulation and apoptosis control and period (4 weeks).
the cell cycle. Twelve intact glucosinolates, belonging to Group (3): Fed on cholesterol containing-diet at level
the three chemical classes and more than 30 phenolic 1 of turnip leaves (5 %).
compounds were found in Brassica rapa leaves and Group (4): Fed on cholesterol containing-diet at level
young shoots (turnip greens and turnip tops). The 2 of turnip leaves (10 %).
majority of the flavonoids were kaempferol, quercetin and Group (5): Fed on cholesterol containing-diet at level
isorhamnetin glycosylated and acylated with different 3 of turnip leaves (15 %).
hydroxycinnamic acids. Phenolic compounds are higher
in turnip greens than in turnip tops in which flavonols are At the end of the experimental period (4 weeks),
always the major compounds [5, 7, 8]. animals were fasted for 12-h then rats were sacrificed.

The present study was aimed to examine the Blood samples were collected from the portal vein into dry
protective effect of turnip leaves against oxidative stress clean centrifuge tubes for serum separation. Serum
induced by high cholesterol diet in adult rats. samples were frozen at-10 C until chemical analysis. Liver

MATERIALS AND METHODS solution till processed for histopathological examination.

Rats and Diets: Male Sprague-Dawley rats weighing Determination of Food Intake, Body Weight Gain and
150±5g were purchased from the Laboratory Animal Feed Efficiency Ratio: Food intake (FI) was calculated
Colony, Ministry of Health and Population, Helwan, every other day, the biological value of the different diets
Egypt. Cholesterol and basal diet constituents were was assessed by the determination of its effect on body
obtained from El-Gomhoria Company for Chemical and weight gain (BWG) and feed efficiency ratio (FER) at the
Pharmaceutical, Cairo, Egypt. Turnip leaves (turnip end of the experimental period using the following
greens) were obtained from the local market. Washed and equation:
dried at room temperature then grinded to get the powder.

Chemicals: Kits for biochemical analysis of serum total FER = Weight gain (g)/Feed intake (g).
cholesterol, triglyceride, HDL-C, ALT, AST, creatinine, Organ relative weight was calculated according to the
urea, malondialdehyde, nitric oxide, total antioxidant following equation: 
capacity and superoxide dismutase were purchased from Organ relative weight = [Organ weight (g)/Animal final
the Gamma Trade Company for Pharmaceutical and weight (g)] x 100
Chemicals, Dokki, Egypt. The basal diet (AIN-93M) was
prepared according to Reeves et al. [11]. Diet was Lipid Profile   and  Lipoprotein  Cholesterol  Assay:
formulated to meet the recommended nutrients levels for Total  cholesterol,  triglyceride  and  high  density
rats. Cholesterol containing diet was prepared by adding lipoprotein   cholesterol   concentrations   were
2 % cholesterol to the basal diet. determined  using  enzymatic  methods  as  described  in

Experimental Design: twenty five rats (150 ± 5 g) were Biotechnologies AG, Germany). The absorbance of the
housed in healthy condition (21-23 C), with 40-60% tested samples was read using spectrophotometero

humidity, exposed to a 12:12-h light-dark cycle and fed on adjusted at 546 nm for TG, TC and 500 nm for HDL-C. Low
the basal diet. Water and diet were provided ad libitum density lipoprotein cholesterol concentration was
for one week before starting the experiment for calculated using formula of Friedwald et al. [12]. Very low
acclimatization. After acclimatization period rats were density lipoprotein cholesterol was calculated using the
divided into five groups, five rats each as follows: following equation:

and kidney of sacrificed rats were kept in 10% formalin

BWG = Final body weight (g)-Initial body weight (g).

the instructions provided with the kits (Analyticon®
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LDL-Cholesterol = Total cholesterol-(HDL-C + TG/5) Statistical Analysis: Data were expressed as mean ±
 VLDL-C = TG/5 standard deviation. In order to compare the groups,

Liver and Kidney Functions Assay: Alanine P<0.05 were considered to be statistically significant
aminotransferase (ALT) and serum aspartate according to SAS [19].
aminotransferase (AST) were determined using
colorimetric methods as described in the kits instruction RESULTS
(Diamond Co, Hannover, Germany). The absorption of the
test samples were read at 505 nm for ALT and AST were Body Weight Gain, Food Intake and Feed Efficiency
determined according to A.A.C.C. [13] Serum creatinine Ratio: Results in Table 1 illustrate the effect of diet
and urea were estimated according to the method of Brod supplementation with turnip leaves on feed intake, body
and Sirota [14] and Marshell et al. [15], respectively. weight gain and feed efficiency ratio of rats fed on

Determination of Lipid Peroxidation, Nitric Oxide and cholesterol-containing diet. Tabulated data show that rats
Antioxidant Enzymes: Malondialdehyde and nitric oxide fed on high cholesterol-diet (positive control rats) had
were assayed colorimetrically in serum according to the lower mean ± SD value of food intake (10.69±0.99 g/d)
method of Ohkawa et al. [16]. The level of serum which was significantly decreased compared to the rats
antioxidant as total antioxidant capacity and superoxide fed basal diet (negative control group) with a mean value
dismutase levels were determined by the methods of of 14.50±1.00 g/d. Rats fed on high cholesterol-diets and
Nishikimi et al. [17]. turnip leaves powder at any levels of intake (5 %, 10 %

Histopathological Examination: liver and kidney of the (10.09±1.00 g/d, 10.26±1.00 g/d and 10.14±1.63 g/d,
scarified rats were taken and immersed in 10% formalin respectively) at p<0.05 compared to the positive control
solution. The fixed specimens were then trimmed, washed rats (10.69±0.99 g/d). With regard to the effect of feeding
and dehydrated in ascending grades of alcohol. turnip leaves on body weight gain with high cholesterol
Specimens were then cleared in xylol, embedded in diet, the present data demonstrated that the positive
paraffin, sectioned at 4-6 microns thickness and stained control group had significant decrease in BWG at p<0.05
with heamtoxylin and eosin stain for examination of the (32.00±8.00g) compared to the negative control rats
liver and kidney as described by Carleton [18]. (36.33±11.06  g).  Rats  fed  cholesterol-diets  with  added

Analysis of Variance (ANOVA) test was used. Values at

and 15 %) had no significant changes in food intake

Table 1: Effect of turnip leaves on body weight gain, food intake and feed efficiency ratio in rats fed high cholesterol diet (n = 5)

Feed intake (g /day) Body weight gain (g) Feed efficiency ratio
----------------------------- ------------------------------ ---------------------------

Treatments Mean ±SD Mean ±SD Mean ±SD

Control Ve (-) 14.50 ± 1.00 36.33 ± 11.06 0.09 ± 0.03 a a b

Ve (+) 10.69 ± 0.99 32.00 ± 8.00 0.10 ± 0.02 b b a,b

Turnip leaves Level (1) 5% 10.09 ± 1.00 30.00 ± 6.55 0.11 ± 0.03 b b a

Level (2) 10 % 10.26 ± 1.00 31.33 ± 9.91 0.11 ± 0.11 b b a

Level (3) 15 % 10.14 ± 1.63 30.75 ± 4.34 0.11 ± 0.03 b b a

Values in the same column sharing the same superscript letters are not statistically significant.

Table 2: Effect of turnip leaves on organs relative weight in rats fed high cholesterol diet (n = 5)

Liver Heart Spleen Kidney
-------------------- ------------------- ------------------- ------------------

Treatments Mean ±SD Mean ±SD Mean ±SD Mean ±SD

Control Ve (-) 1.95 ± 0.20 0.26 ± 0.03 0.22 ± 0.03 0.51 ± 0.04a,b a c b,c

Ve (+) 2.55 ± 0.14 0.35 ± 0.04 0.35 ± 0.06 0.62± 0.05a a a a

Turnip leaves Level (1): 5% 2.37 ± 0.25 0.32 ± 0.02 0.26 ± 0.04 0.54 ± 0.05a,b a a,b,c b,c

Level (2): 10 % 2.31 ± 0.10 0.30 ± 0.05 0.23 ± 0.04 0.51 ± 0.04a,b a b,c b,c

Level (3): 15 % 2.40 ± 0.08 0.29 ± 0.05 0.32 ± 0.06 0.50 ± 0.04 a,b a a,b c

Values in the same column sharing the same superscript letters are not statistically significant.
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Table 3: Effect of turnip leaves on serum concentrations of total cholesterol and triglyceride in rats fed high cholesterol diet (n = 5)

Total Cholesterol (mg/dL) Triglyceride (mg/dL)
------------------------------------- -----------------------------

Treatments Mean ±SD Mean ±SD

Control Ve (-) 74.33 ± 5.13 116.33 ± 1.26 c c

Ve (+) 110.00 ± 0.5 155.00 ± 1.73 a a

Turnip leaves Level (1): 5% 107.00 ± 2.42 138.67 ± 1.48  b a,b

Level (2): 10% 104.60 ± 0.79 132.00 ± 0.86  b b

Level (3): 15 % 83.33 ± 2.71 123.65 ± 1.49  b,c b,c

Values in the same column sharing the same superscript letters are not statistically significant.

Table 4: Effect of turnip leaves on serum concentrations of HDL-C, VLDL-C and LDL-C in rats fed high cholesterol diet (n = 5)

HDL-C (mg/dL) VLDL-C (mg/dL) LDL-C (mg/dL)
----------------------- ------------------------- --------------------

Treatments Mean ±SD Mean ±SD Mean ±SD

Control Ve (-) 64.33 ± 0.09 23.26 ± 0.09 26.73 ± 0.09 a b c

Ve (+) 39.33 ± 0.09 31.00 ± 0.08 80.60 ± 0.05 c a a

Turnip leaves Level (1): 5% 40.66 ± 0.05 27.73 ± 0.03 79.67 ± 0.09 b a,b a

Level (2): 10% 49.00 ± 0.06 26.40 ± 0.06 70.60 ± 0.06 a,b a,b b

Level (3): 15 % 53.25 ± 0.08 24.73 ± 0.02 45.35 ± 0.01 a,b a,b b,c

Values in the same column sharing the same superscript letters are not statistically significant.

different levels of turnip leaves (5 %, 10 % and 15%) had negative control group (74.33±5.13 mg/dL and 116.33±1.26
no significant change in BWG (30.00±6.55g, 31.33±9.91 g mg/dL, respectively). Rats fed on high cholesterol-diets
and 30.75±4.34 g, respectively) compared to the positive with addition of turnip leaves at different levels (5 %, 10
control rats (32.00 ± 8.00 g). Results revealed that the % and 15%) had significant decrease in serum
positive control group had no significantly change in feed concentrations of TC and TG compared to the positive
efficiency ratio at p<0.05 (0.10 ± 0.02) compared to the control rats. Treated groups fed on 15% of turnip leaves
negative control group (0.09±0.03). Addition of different had significant lower mean values of TC and TG in serum
levels of turnip leaves (5 %, 10 % and 15%) had no (83.33±2.71 mg/dL and 123.65±1.49 mg/dL, respectively)
significant change in BWG, FI and FER compared with the compared to the other treated.
positive control group. Data in Table 4 indicated that rats fed high

Relative  Organs  Weight:  Concerning  relative  weight HDL-C (39.33±0.09 mg/dL) compared to the animal fed
of the tested organs such as liver, heart, spleen and basal diet (64.33±0.09 mg/dL). Feeding high cholesterol-
kidneys (Table 2). The group of rats fed on high diets at 5 %, 10 % and 15% turnip leaves caused
cholesterol  diet   showed   no   significant   decreased  on significant increase in serum level of HDL-C (40.66 ± 0.05,
liver  and  heart  relative  weight  compared  with  the 49.00± 0.06 and 53.25±0.08 mg/dL, respectively) compared
negative control group. However, there was significant to the positive control group (39.33±0.09 mg/dL). With
decrease  in   relative   spleen   and   kidney   weights regard to serum levels of VLDL-C and LDL-C, results
when compared with the negative control group. revealed that the positive control group had significant
Moreover,  the  addition  of  turnip  leaves  at  any  level increase in serum concentration of VLDL-C and LDL-C
of intake (5 %, 10 % and 15 %) showed decreased of (31.00±0.08 mg/dL and 80.60±0.05 mg/dL) compared to the
relative weight of the tested organs compared with the negative control group (23.26±0.09 mg/dL and 26.73±0.09
control groups. mg/dL). Animals fed different levels of turnip leaves had

Lipid Profile: Data in Table 3 demonstrated that rats fed (27.73±0.03 mg/dL, 26.40± 0.06 mg/dL and 24.73±0.02
on high cholesterol-diet (positive control group) had mg/dL, respectively) for VLDL-C and (79.67±0.09,
significant increases in serum concentrations of total 70.60±0.06 and 45.35±0.01 mg/dL, respectively) for LDL-C
cholesterol and triglyceride (110.00±0.5 mg/dL and compared to the positive control group (31.00 ± 0.08 and
155.00±1.73 mg/dL, respectively) compared to the 80.60 ± 0.05 mg/dL, respectively). 

cholesterol-diet had significant reduction in serum level of

significant decrease in serum level of VLDL-C and LDL-C
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Table 5: Effect of turnip leaves on serum concentrations of ALT and AST in rats fed high cholesterol diet (n = 5)

ALT(IU/L) AST(IU/L)
------------------- ---------------------

Treatments Mean ±SD Mean ±SD

Control Ve (-) 38.13 ± 3.99 42.12 ± 4.11 d c

Ve (+) 65.31 ± 7.81 73.08 ± 5.17 a a

Turnip leaves Level (1): 5% 51.66 ± 4.21 60.21 ± 7.21 b b

Level (2): 10% 45.27 ± 3.61 52.43 ± 5.31 b,c b,c

Level (3): 15 % 40.36 ± 5.11 50.01 ± 4.17 c b,c

Values in the same column sharing the same superscript letters are not statistically significant.

Table 6: Effect of turnip leaves on serum concentrations of creatinine and urea in rats fed high cholesterol diet (n = 5)

Creatinine (mg/dL) Urea (mg/dL)
------------------------- -----------------------

Treatments Mean ±SD Mean ±SD

Control Ve (-) 0.83 ± 0.10 29.27 ± 3.52 c c

Ve (+) 1.99 ± 0.03 59.54 ± 5.42 a a

Turnip leaves Level (1): 5% 1.29 ± 0.21 49.11 ± 4.71 b a,b

Level (2): 10% 0.99 ± 0.22 46.99 ± 3.56 b b

Level (3): 15 % 0.75 ± 0.05 42.86 ± 4.12 c b

Values in the same column sharing the same superscript letters are not statistically significant.

Table 7: Effect of turnip leaves on serum concentrations of malondialdehyde, nitric oxide, total antioxidant capacity and superoxide dismutase in rats fed high
cholesterol diet (n = 5)

MDA (mg/dL) NO (mg/dL) TAC (mg/dL) SOD (mmol/L)
------------------ ------------------ ------------------- --------------------

Treatments Mean ±SD Mean ±SD Mean ±SD Mean ±SD

Control Ve (-) 1.65 ± 0.10 1.37 ± 0.63 2.20 ± 0.80 0.91 ± 1.02 d e a a

Ve (+) 4.11 ± 2.42 5.61 ± 16.48 0.76 ± 0.09 0.35 ± 0.99  a a c d

Turnip leaves Level (1): 5% 3.41 ± 0.53 5.21 ± 0.86 1.33 ± 0.035 0.58 ± 1.13  a,b a,b a,b c

Level (2): 10% 2.83 ± 0.79 4.42 ± 0.98 1.39 ± 0.06 0.64 ± 0.95  b,c a,b,c a,b b

Level (3): 15 % 2.10 ± 2.71 3.24 ± 1.49 1.97 ± 0.08 0.87 ± 0.89  c,d c,d b b

Values in the same column sharing the same superscript letters are not statistically significant.

Liver and Kidney Functions: Results in Table 5 revealed (49.11±4.71 mg/dL, 46.99±3.56 mg/dL and 42.86 ± 4.12
that positive control group had significant increases in mg/dL, respectively) compared to the positive control
serum levels of ALT and AST at p<0.05 (65.31±7.81 IU/L group.
and 73.08 ± 5.17 IU/L, respectively) compared to the
normal control group (38.13±3.99 IU/L and 42.12±4.11 Lipid Peroxidation, Nitric Oxide and Antioxidant
IU/L, respectively). However, groups fed on different Enzymes: Data presented in Table 7 showed that the
levels from turnip leaves (5 %, 10 % and 15 %) had positive control group showed significant increase in the
significant decreases in serum levels of ALT and AST values of MDA and NO in serum compared with the
compared to the positive control group. Data in Table 6 negative control group as (4.11±2.42 and 5.61±16.48
showed that the positive control group (fed on high mg/dL, respectively) vs. (1.65±0.10 and 1.37±0.63 mg/dL,
cholesterol diet) had significant increase in serum level of respectively). However, these parameters were decreased
creatinine and urea (1.99±0.03 mg/dL and 59.54±5.42 when rats were fed on high cholesterol diet with turnip
mg/dL, respectively) compared with the negative control leaves at 5 %, 10 % and 15 %. The lowest levels of serum
group with a mean value 0.83±0.10 mg/dL and 29.27±3.52 concerning MDA and NO were observed in group fed diet
mg/dL, respectively. Animals fed on different three levels supplemented with turnip leaves at 15 % (2.10±2.71 and
of turnip leaves had significant decrease in serum level of 3.24±1.49 mg/dL, respectively). In addition positive
creatinine (1.29±0.21 mg/dL, 0.99±0.22 mg/dL and control group (Table 7) showed significant decrease in the
0.75±0.05 mg/dL, respectively) and serum level of urea values  serum of TAC and SOD than the negative control
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Fig. 1: The liver of the negative control group showed Fig. 5: The liver of rats fed on level 3 (15 %) of turnip
normal  histological  structure  of  hepatic  lobule leaves showed no histopathological changes (H
(H and E X 400). and E X400).

Fig. 2: The liver of rats fed on high cholesterol-diet Fig. 6: The kidney of the negative control group (fed on
showed kupffer cells activation and necrosis of basal diet) had the normal histological structure of
sporadic hepatocytes (H and E X 400). renal parenchyma (H and E X 400). 

Fig. 3: The liver of rats fed on high cholesterol-diet and (positive control group) showed cytoplasmic
5 % turnip leaves showed portal infiltration with vacuolizations of epithelial lining renal tubules and
leucocytes (H and E X 400). atrophy of glomerular tuft (H and E X 400). 

Fig. 4: The liver of rats received level 2 (10 %) of turnip turnip leaves showed vacuolations of epithelial
leaves showed cytoplasmic vacuolizations of liming renal tubules and endothelial lining
hepatocytes (H and E X 400). glomerular tuft (H and E X 400).

Fig. 7: The kidney of rats fed on high cholesterol-diet

Fig. 8: The kidney of group treated with level 1 (5 %) of
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Fig. 9: The kidney of rats received level 2 (10 %) of showed vacuolations of epithelial liming renal tubules and
turnip leaves had atrophy of glomerular tuft) H endothelial lining glomerular tuft (Fig. 8). Moreover, Fig.
and E X 400). 9 revealed that the kidney of rats received level 2 turnip

Fig. 10: The kidney of rats fed on high cholesterol-diet diet in rats. The biomarkers used in this study provide the
with level 3 (15 %) of turnip leaves showed no measures of atherosclerosis exposure in rats as an area of
histopathological changes (H and E X 400). high risk for development of cardiovascular disease. The

group (0.76±0.09 and 0.35±0.99 mg/dL, respectively) vs. weight gain and feed efficiency ratio were decreased in
(2.20±0.80 and 0.91±1.02 mg/dL, respectively). Groups of the positive control group as well as all groups received
rats fed on diets containing turnip leaves at 5 %, 10 % and turnip leaves at three levels of intake compared with the
15 % showed significant increase in the values of serum two control groups. This effect might be attributed to the
TAC and SOD. The highest increase in the TAC and SOD content of the tested sample in the diets, since it is
concentration in serum were shown when rats were fed on possibly due to their similar cellulose contents [20]. Also,
high cholesterol diet with turnip leaves at 15 % (1.97±0.08 flavor and odor of the turnip leaves could be anther
and 0.87±0.89 mg/dL, respectively). Results revealed that factor. These results were supported by those reported by
the highest level of turnip leaves in the diet (15%) showed Jahangir et al. [4], Padilla et al. [9] and Traka and Mithen
significant reduction in serum levels of MDA and NO, but [21], they illustrated that turnip leaves were characterized
significant increase in serum concentrations of TAC and by a particular sulfurous aroma, pungent flavor and a
SOD compared to the positive control group. bitter taste. However, the change in body weight gain

Histopathological Examination: Histopathological agreement with those obtained by Anderson et al. [22]
examination of liver the negative control group showed and Carter et al. [23] who reported that dietary fiber might
normal histological structure of hepatic lobule as shown influence weight gain by inhibiting energy intake resulting
in Fig.1. The liver of rats fed on high cholesterol-diet in lower weight gain. 
showed kupffer cells activation and necrosis of sporadic As expected the present results revealed that the
hepatocytes as shown in Fig.2. While, Fig.  3  illustrate positive control group had significantly increased serum
the liver of rats fed high cholesterol-diet with 5 % turnip levels of total cholesterol, triglycerides, LDL-C, VLDL-C,
leaves showed portal infiltration with leucocytes, while ALT and AST. In addition, significant decreased in serum
the group treated with level 2 (10 %) turnip leaves showed level HDL-C compared to the negative control group. The
cytoplasmic vacuolizations of hepatocytes as shown in increases in serum levels of TC, TG, LDL-C and VLDL-C
Fig. 4. Fig. 5 showed the liver of rats received diet with as well as the reduction in levels of HDL-C get a long with

level 3 of turnip leaves (15 %) showed no
histopathological changes. Results of this study showed
that kidneys of the negative control group (fed on basal
diet) had the normal histological structure of renal
parenchyma as shown in Fig. 6. On the other hand,
animals fed on high cholesterol-diet (positive control
group) showed cytoplasmic vacuolizations of epithelial
lining renal tubules and atrophy of glomerular tuft (Fig.7),
while the group treated with level 1 turnip leaves (5%)

leaves (10 %) had atrophy of glomerular tuft. Kidney of
rats fed high cholesterol-diet with level 3 turnip leaves
(15%) showed no histopathological changes as shown in
Fig. 10.

DISCUSSION

The present study aimed to investigate the protective
effect of different levels of turnip leaves (5 %, 10 % and
15%) against oxidative stress induced by high cholesterol

present data revealed that change in feed intake, body

might be attributed to the low food intake. This is in
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those reported by Tanaka et al. [24] and Abdelhalim and This study revealed that as a result of feeding turnip
Alhadlaq [25], who stated that high serum abnormally leaves at any levels of intake, MDA and NO decreased
levels of TC and LDL are associated with an increased risk significantly in serum but TAC and SOD increased
for atherosclerosis. Results of this study showed that the significantly compared to the positive control group.
groups of rats fed on high cholesterol diet with turnip These results may be due to the presence of the phenolic
leaves at any levels of intake (5 %, 10 % and 15%) had compounds in turnip leaves and its properties as an
significant decreased in total cholesterol, triglycerides, antioxidant.  These  results  are on the same line with
LDL-C, VLDL-C. As well as serum level of ALT, AST, results of Maria et al. [5] and Fatima et al. [26] and
creatinine and urea in addition a significant increase in Francisco et  al.  [36]  who  reported  that  the
HDL-C concentration. These changes may be related to consumption  of  Brassica  vegetables  has  been related
the phenolic compounds in turnip leaves and its to the phytochemicals, such as glucosinolates and
properties as antioxidant activity. These results are phenolic compounds that induce variety of physiological
confirmed by the findings of Maria et al. [5] and Fatima et functions   including   antioxidant,   enzymes   regulation
al. [26], who reported that phenolic compounds higher in and apoptosis control the cell cycle. Twelve intact
turnip leaves in which flavonols were always the major glucosinolates,   belonging   to  the  three  chemical
compounds. In addition consumption of Brassica classes and more than 30 phenolic compounds were
vegetables has been related to human health due to their found  in  Brassica  leaves.  Phenolic  compounds  are
phytochemicals, such as glucosinolates and phenolic higher in turnip leaves than in turnip tops in which
compounds that induce a variety of physiological flavonols are always the major compounds. In addition
functions including antioxidant activity, enzymes antioxidants, such as phenolic compounds, are
regulation and apoptosis control and the cell cycle [5]. considered as possible protective agents, reducing the

Concerning MDA, NO, TAC and SOD concentrations oxidative damage from ROS in the human body and
in serum. This study demonstrated that rats fed on high retarding the progress of many chronic diseases as well as
cholesterol-diet showed significant increase in MDA and the oxidation of low-density lipoproteins, which is
NO but significant decrease in the value of serum TAC thought to play an important role in atherosclerosis [10,
and SOD. It has been proposed that high cholesterol diet 37-40]. Some kaempferol derivatives found in high
induces free radical production and may result in oxidative quantities  in  Brassica  species  are  great  stability to
stress [27-29]. Increased MDA in this study as a marker of their radical scavenging capacity. Higher intakes of
oxidative damage may be attributable to high sensitivity kaempferol resulted in a lower risk of coronary heart
of rats to free radical production by high cholesterol. disease [39].
Similar results are in line with those reported by Mantha
et al. [27], Shern-Brewer et al. [30], Aguilera et al. [31], CONCLUSION
Deaton and Marlin [32] and Urso and Clarkson [33].
Decreased SOD activity under the concomitant effects of Turnip leaves have antioxidant activity which can
chronic exercise and high cholesterol diet may result from protect the body against the detrimental effects induced
high oxidative stress through increase superoxide by free radicals. This study recommends turnip leaves to
production. Superoxide may react with other ROS such as be included in human diet and nutrition education
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