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The Effect of Apple Juice on Antioxidant Enzymes and Lipid Profiles in
Orchidectomized Rats
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Background: The age-dependent worsening of lipid profiles increased the risk of cardiovascular disease in males. Eating fruits and
vegetables is known to be beneficial on lipid profile.
Objectives: The objective of this research was to delineate whether drinking daily squeezed apple juice (AJ) modulates lipid profile and
antioxidant enzymes in the animal model that gonadectomized.
Materials and Methods: In this experimental study, 28 male rats were equally divided among the following 4 groups: group I (control),
orchidectomized (ORX), ORX +AJ 10%, and ORX+ AJ 25%. After 60 days of drinking AJ, superoxide dismutase (SOD), alkaline phosphatase
(ALP), cholesterol, LDL, HDL and triglycerides in serum were evaluated. Data analyzed by SPSS-16 and computed using one way ANOVA
followed by Tukey multiple comparison test. P < 0.05 was statistically significant.
Results: In the ORX group compared with the sham group serum SOD and ALP activities decreased (P < 0.05), while serum cholesterol,
triglycerides, LDL increased but HDL decreased in ORX groups (P < 0.05). In contrast to the ORX group, drinking AJ decreased (P < 0.05)
concentration of LDL, TG and cholesterol in the serum. AJ also increased (P < 0.05) serum HDL, SOD and ALP activities compared with the
ORX group.
Conclusions: Drinking AJ prevented oxidative stress by elevating serum antioxidant enzymes.
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1. Background
The high incidence of atherosclerosis in elderly people
suggests that ageing process may be among the factors
that disturb lipid metabolism; hence put elderly subjects
at risk of developing cerebrovascular and/or coronary
heart diseases. Actually, previous reports proposed that
human with exceptional longevity have significantly
larger high density lipoproteins (HDL). This in turn decreases prevalence of hypertension, the metabolic syndrome, cerebrovascular diseases and other fatal diseases
which usually causes death in elderly people (1). While
the incidence of CVD is significantly lower among young
men, it increases exponentially in older men. Jones et al.
suggest that one of the main reasons is related to a decline in serum levels of testosterone with aging, which
contributes to the atherosclerotic process Low levels of
serum testosterone, are linked with several cardiovascular risk factors, including hyper cholesterolemia, dyslipidemia and insulin resistance (2).
Accumulated findings suggest that eating fruit and
vegetables is beneficial against CVD (3-6). Positive effects

of fruits and vegetables have been attributed to dietary
fibers, antioxidants, and especially phenolic compounds
(7). Fibers and polyphenols are capable of improving the
lipid profile in cardiovascular patients (8). Apple is one of
those fruits which can play a role in decreasing the risk of
chronic diseases, because of the fiber and chemical components such as flavonoids, polyphenols and carotenoids
(9, 10). For example, orange juice (OJ) and grapefruit juice
(GJ) were shown to be rich sources of antioxidants and
polyphenols, and they cooperatively reduced oxidative
stress and blood lipid profiles, making them a valuable
choice for disease prevention in particular among the elderly (11, 12). Apple is one of those fruits which can play
a role in decreasing the risk of chronic diseases, because
of the fiber and chemical components such as flavonoids,
polyphenols and carotenoids (8).

2. Objectives
Importance of apple can be explained by different factors
including their availability in the market throughout the
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year in a variety of forms (fresh fruit, juice, cider, mashed
apples) and also their reputation as a healthy food, therefore, we decided to assess the effect of apple juice on lipid
profile and antioxidant enzymes in gonadectomized rat.

plies with national institutes of health guidelines for the
human use of laboratory animals.
Laboratory evaluations: Blood samples were placed in
heparinated tubes and centrifuged for 15 min with acceleration g 1500. Plasma was separated and the next step
freezed in -20°C and then were measured by the kit for superoxide dismutase (SOD) (Boster Inc., Shanghai, China)
and alkaline phosphatase (ALP) levels by kit (Boster Inc.,
Shanghai, China) and both were determined by ELISA.
Concentration of triglyceride, total cholesterol (TC), LDLC, and HDL-C were measured by an enzymatic method,
using "Pars Azemoon" commercial kits (manufactured in
Tehran, Iran, under the license of German Herb company).
Statistical analysis: All data expressed as Mean ± SD and
for statistical analysis, SPSS-16 was used. Data were computed using one-way ANOVA followed by Tukey multiple
comparison tests. P values less than 0.05 was considered
meaningful level. This research has been conducted in
compliance with all ethical issue.

3. Materials and Methods
In this experimental study, 28 male Sprague Daley rats
weighing 280-320 g purchased from breeding and maintaining laboratory animal’s center of Guilan University
of Medical Sciences. After transferring rats to paramedical faculty, they were kept in animal room for 7 to 15 days
so that they yet close their ideal weight in addition to
having adaptation with environment. During study, rats
kept in animal room under 12 - 12 hour light/dark cycle
and in 22 ± 1°C.
The rats were randomly divided into 4 groups (N = 7 for
each group):
1) Group I: As control group, did not receive any treatment.
2) Group II: Rats gonadectomized and did not receive
any treatment.
3) Group III: Rats gonadectomized and received apple
juice with 10% concentration.
4) Group IV: Rats gonadectomized and received apple
juice with 25% concentration.
The rats were anesthetized by ketamine and xylazine
(100 mg/kg and 5 mg/kg respectively) and in sterile conditions, the incision made in the pelvic area, the testes
were removed. Three days after surgery diet with natural
extracts are listed. All of the animals were weight, water
intake and food consumption was measured during the
60-day period. After 60 days, blood samples were taken
from the tail vein and the animals were killed by i.p. injection of pentobarbital. I hereby certify that the procedures
and the experiments I have done respect the ethical standards in the Helsinki declaration of 1975, as revised in
2000, as well as the care of experimental animals com-

4. Results
Weight: in all groups, final body weights compared
to initial weight increased dramatically (P = 0.001), but
not significant differences were seen in food intake and
drinking water of all groups. Compared with the control
group, the group II showed a significant (P = 0.008) decrease in SOD and ALP activities (Table 1). However, SOD
and ALP activities were significantly higher (P = 0.011) in
rats drinking apple juice compared with the ORX group
drinking water. The concentration of triglycerides, cholesterol, and LDL in the serum numerically increased (P =
0.001) in the group II in comparison to the control group.
In contrast, rats that drank AJ exhibited decrease in mentioned parameter in serum compared with the group II.
Compared with the control group, concentrations of HDL
in serum of the group II decreased dramatically and in AJ
groups (10%, 25%) HDL increased significantly (P = 0.015).

Table 1. Comparison of Body Weight, Food Intake, Drinking Water in all Groups a, b
Variable

Group I

Group II

Group III

Group IV

Initial

230 ± 7

242 ± 8

238 ± 6

251 ± 13

Final

275 ± 9

271 ± 11

278 ± 7

290 ± 11

22 ± 0.6

21 ± 0.4

21 ± 0.3

21 ± 0.3

31 ± 7

26 ± 4

23 ± 4

27 ± 4

Body weight

Food intake
Drinking water

a Data are presented as mean ± SD.
b P < 0.05, significant difference with control group.

Table 2. Evaluation of SOD and ALP Concentration in All Groups a, b
Variable
Plasma SOD, U/L
Plasma ALP, U/L

Group I

Group II

Group III

Group IV

143 ± 5

126 ± 6 c

142 ± 7 d

160 ± 7 d

61 ± 6.1

85 ± 5.95 c

47 ± 4.67 d

60 ± 7.11 d

a Abbreviations: ALP, alkaline phosphatase; SOD, superoxide dismutase.
b Data are presented as mean ± SD.
c P < 0.05, significant difference with control group.
d P < 0.05, significant difference with Group II.
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Table 3. Assessment Lipid Profile in All Groups
Groups

TG

HDL

LDL

TC

Group I

94.5 ± 2.1

43.7 ± 1.7

38.2 ± 1.39

80.8 ± 1.95

Group II

128 ± 3.3 c

33.2 ± 1.22 c

58.3 ± 1.58 c

122.5 ± 1.19 c

Group III

113.5 ± 1.3 d

37.2 ± 1.7 d

47.5 ± 1.6 d

111.1 ± 1.4 d

Group IV

102.5 ± 1.7 d

39 ± 1.9 d

42 ± 1.3 d

104.8 ± 1.61 d

a Abbreviations: HDL, high density lipoprotein; LDL, low density lipoprotein ; TG, triglyceride; TC, total cholesterol.
b Data are presented as mean ± SD.
c P < 0.05, significant difference with control group.
d P < 0.05, significant difference with Group II.

5. Discussion
In the present study, apple juice 10% and 25% could increase antioxidant enzymes levels (SOD and ALP) in gonadectomized rats. Apple juice also decrease the level of
LDL, TG and cholesterol and increase the concentration of
HDL in groups III and IV that treated by this extract.
Tam et al. showed that testosterone depletion induces
oxidative stress and attenuates antioxidant levels (13).
In a similar study, an increase in the plasma antioxidant
activity was observed in rats receiving either fresh OJ or
GJ. The authors attributed the high antioxidant capacity
largely to the bioactive compounds (14). In another study,
rats that ate a diet rich in cholesterol while drinking either red GJ or naringin exhibited a higher antioxidant capacity than the control group (15). A recent animal study
has reported that in mice, naringin reduced lipid peroxidation status in tissues by enhancing tissue antioxidant
status (16). Barp et al. (17) and Azevedo et al. (18) reported
that castration decreases SOD and CAT levels. The data
reported here suggest that orchidectomy modulates the
antioxidant enzymes while citrus juices prevent activities of liver antioxidant enzymes from being depressed.
Furthermore, in comparison with the sham group, drinking citrus juice in gonadectomized rats prevented total
antioxidant status and liver SOD and CAT activities from
decreasing, suggesting natural products from dietary
components prevent free radical accumulation (17, 18).
In the present study, gonadectomy increased LDL, TG and
cholesterol levels and HDL concentration but apple juice
could reverse this situation. In a study by Dennison et al.
consumption of 5.5 ounces (158.7 g) fruit juice including
a mixture of 35% (1.8 ounces) apple juice, 31% (1.5 ounces)
orange juice, 25% (1.3 ounces) grape juice and 9% other
types of fruit juices caused no significant difference on
the level of TG, TC, LDL-C and Lp (a) (19).
In a study by Nagasako-Akazome et al. a daily intake of
600 mg apple polyphenol extract caused a significant
decrease of serum TC and LDL-C22 (10). In several animal
studies, when normolipidemic rats and diet-induced hyperlipidemic rats were given flavanones, the triglyceride
level in serum or plasma was reduced (20, 21). In another
study in ovariectomized mice, a diet containing 0.5%
hesperidin decreased serum and hepatic triglyceride
Zah J Res Med Sci. 2015;17(03):e1132

concentrations compared with the control diet (22). It
is likely that bioactive compounds from OJ and GJ mediated the low triglyceride concentration in liver. However,
the potential benefits of these bioactive compounds may
be mediated by inhibition of the activity of 3-hydroxy3-methylglutaryl-CoA reductase and acyl-CoA: cholesterol
acyl transferase, causing a net decrease in hepatic cholesterol synthesis. In conclusion, frequent drinking of AJ can
be used as a nonpharmacologic protective agent that enhances total antioxidant status and antioxidant enzymes
while it reduces oxidative stress in hypogonadal rats.
Furthermore, hypolipidemic and hypocholesterolemic
effects of daily drinking of AJ can significantly protect
against atherosclorosis.
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