Cell Biology
2015; 3(1): 1-13

Published online January 12, 2015 (http://www.sciencepublishinggroup.com/j/cb)

doi: 10.11648/j.cb.20150301.11

otlencePl

Science Publishing Group

ISSN: 2330-0175 (Print); ISSN: 2330-0183 (Online)

Effects of lycopene on kidney antioxidant enzyme activities
and functions in streptozotocin-induced diabetic Wistar
rats

EzeEjike Daniel" ", Aliyu Mohammed®, Yusuf Tanko?,Abubakar Ahmed®

'Department of Physiology, Faculty of Basic Medical Sciences, Bingham University, Karu, Nasarawa State, Nigeria
*Department of Human Physiology, Faculty of Medicine, Ahmadu Bello University, Zaria, Nigeria
3Department of Pharmacognosy and Drug Development, Ahmadu Bello University, Zaria, Nigeria

Email address:
daneze4@gmail.com (E. E. Daniel)

To cite this article:

Eze Ejike Daniel, Aliyu Mohammed, Yusuf Tanko, Abubakar Ahmed. Effect of Lycopene on Altered Kidney Antioxidant Enzymes Activity
and Functions in Streptozotocin-Induced Diabetic Wistar Rats. Cell Biology. Vol. 3, No. 1, 2015, pp.1-13.

doi: 10.11648/j.cb.20150301.11

Abstract: The present study assessed the effects of lycopene on kidney antioxidant enzymes activities and functions in
streptozotocin-induced diabetic Wistar rats.Diabetes was induced in animals by single intra-peritoneal injection of
streptozotocin. Thereafter the animals were randomly assigned into the following groups: Group I and II (Normal control +
olive oil and Diabetic control + olive oil)while Group III to VI were treated with (10, 20 and 40 mg/kg of lycopene and 2
mg/kg glibenclamide) respectively. Alltreatments were givenonce daily orally for four weeks. Results obtained showed that
blood glucose was significantly (P < 0.05) reduced. MDAconcentration was reduced in kidney tissue, with increased activities
of antioxidant enzymes (superoxide dismutase, catalase, glutathione peroxidase) in diabetic animals administered with
lycopene when compared with diabetic control group.There was significant (P < 0.05) increase in the level of serum sodium
ion and reduction in serum urea level in diabetic rats treated with lycopene when compared with the diabetic control group.
Histological findings showed improved renal architecture as reflected by reduced glomerular and tubular necrosisin all treated
groups when compared with control group. It can be concluded that lycopene protects against diabetes-induced kidney damage
through elevation of endogenous antioxidant enzymes and improved renal dysfunction in diabetic animals.
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1. Introduction

Diabetic nephropathy (DN) has become a worldwide
epidemic, accounting for approximately one third of all cases
of end stage renal disease[1]. DN is classically defined as the
increase in protein excretion in the urine. The early stage of
DN is characterized by a small increase in urinary albumin
excretion  (microalbuminuria), while overt diabetic
nephropathy is defined as the presence of macroalbuminuria
or proteinuria [2]. Pathophysiological changes associated
with diabetic nephropathy include renal and glomerular
hypertrophy, mesangial cell hypertrophy and matrix accretion,
glomerular basal membrane thickening and functional
alterations in glomerular filtration barriers [3], leading to a
progressive reduction in thefiltration surface of the
glomerulus, a process known as glomerulosclerosis[4].
Furthermore, there is now compelling evidence to suggest

that disruption of the tubulointerstitial architecture is as
important, if not more important in contributing to kidney
injury as glomerular damage [5]. An upregulation of reactive
oxygen species in diabetes has been implicated in the
pathogenesis of kidney injury [6]. Forbes et al.[6] have
shown that in diabetic kidney, there is enhanced glucose
uptake in many of the cell populations including glomerular
epithelial cells, mesangial cells and proximal tubular
epithelial cells, leading to the excessive production of
intracellular reactive oxygen species, making these cells
particularly susceptible to the diabetic milieu. Reports from
Cericlloet al. [7] suggest that glucose alters antioxidant
defenses in endothelial cells as well as in patients with
diabetic complications such as diabetic nephropathy [8].
From example, the concentration of the antioxidant
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(glutathione) has been found to decrease in a range of organs
including the kidney, liver, pancreas, plasma, and red blood
cells of chemically induced diabetic animals [9]. Thus,
increased reactive oxygen species in diabetes is not only the
result of their increased production, but also a consequence
of impaired antioxidant defenses[10]. Furthermore, reports
exist from both clinical and pre-clinical studies, to suggest
that oxidative stress accompanies the progression of diabetic
nephropathy. Hyperglycaemia has been shown to increase 8-
hydroxy-2’-deoxyguanosine (8-OHdG), a marker of
oxidative mitochondrial DNA damage in diabetic rat kidneys
[11]. Therefore, development of targeted therapeutics is
needed in order to ameliorate or eliminate diabetes associated
kidney damage. In both experimental and clinical models of
diabetes, antioxidants have been reported to reduce markers
of oxidative stress [12, 13]. Besides, some studies have
showed that antioxidants are effective and cheaper than
conventional therapy in management of some diseases [14].
Carotenoids have extensive applications as anti-oxidants in
dietary supplements and have extensively studied because of
their potential health benefits. More recently, protective
effects of carotenoids against serious disorders such as cancer
[15], heart disease [16] and degenerative eye disease [17]
have been recognized, and have stimulated intensive research
into the role of carotenoids as antioxidants. The carotenoids
used as food ingredients include astaxanthin, beta-apo-
carotenal, canthaxanthin, beta-carotene, lutein, zeaxanthin
and lycopene [18].Lycopene has been reported as one of the
strongest antioxidants among dietary carotenoids found in
foods. The higher antioxidant capacity has been linked to the
fact that the B-cycle in its structure is opened[19].Lycopene,
the predominant carotenoid in tomatoes,has the highest
antioxidant activity among all dietary carotenoids[20].
Tomato fruits are virtually the sole dietary source of lycopene
[21]. Other sources of lycopene include:
Gac(MomordicacochinchinensisSpreng) fruit, tomatoes and
tomato products, including ketchup, tomato juice, pizza sauce,
watermelon, papaya, pink grapefruit, and pink guava [22].
Several studies have been carried out into lycopene’s
antioxidant properties andan increasing body of evidence
based on laboratory and population-based research has
demonstrated the role of lycopene in health and disease.
However, there are limited studies on the nephroprotective
activity of lycopene in diabetes. Therefore, the present
investigation was aimed at evaluating the effect of lycopene
on changes in antioxidant enzymes activity and functions in
streptozotocin-induced diabetic Wistar rats.

2. Materials and Methods
2.1. Materials

2.1.1. Animals

Adult Wistar rats of both sexes weighing 150 to 200 g
were obtained from the Animal House of the Department of
Human Physiology, Ahmadu Bello University Zaria Kaduna
State. The animalswere kept and maintained under laboratory

condition of temperature, humidity and light. The animals
were housed five animals per cage. They were fed on
standard commercial feeds with water ad libitum.

2.1.2.Chemicals and Lycopene

Streptozotocin was purchased from Sigma chemicals (St
Louis U.S.A), while Lycopene (30 mg capsule, General
Nutrition Corporation, Pittsburgh, U.S.A.). It was
reconstituted in olive oil (Goya en espana, S.A.U., Savilla,
Spain) to appropriate working dosage as earlier described by
Ogundejiet al.[23] with modifications. All other chemicals
andsolvents used were of analytical grade.

2.2. Methods

2.2.1.Induction of Diabetes Mellitus

Experimental diabetes mellitus was induced by single
intra-peritoneal injection of 60 mg/kg body weight dose of
streptozotocin (STZ) dissolved in fresh 0.1M cold citrate
buffer of pH 4.5 into 18 h-fasted Wistar rats. Seventy two (72)
hours after STZ injection, blood was taken from tail vein of
the rats. Animals having blood glucose levels >200mg/dl
were considered diabetic and included in the study. The
diabetic animals were randomly dividedinto different
groups[24].

2.2.2.Experimental Design

In the present study, a total of 30 Wistar rats were used.
They comprised of twenty five (25) diabetic and five (5)
normal animals and were randomly divided into six groups of
five ratseach as follows:

Group 1:Normal control (NC) and administered (0.5 ml/kg
body weight) olive oil

Group 2:(DC) Diabetic control and administered (0.5
ml/kg body weight) olive oil

Group 3:(D + LYC 10 mg/kg) Diabetic and treated with 10
mg/kg b w of lycopene

Group 4:(D + 20 mg/kg) Diabetic and treated with 20
mg/kg b w of lycopene

Group 5:(D + 40 mg/kg) Diabetic and received 40 mg/kg b
w of lycopene

Group 6:(D + GLB 2 mg/kg) Diabetic and received
Glibenclamide 2 mg/kg b w
All administration was given orally once daily for four weeks.
The study was carried out according to the specification of
the Ahmadu Bello University Animal Research Committee.

2.2.3. Determination of Fasting Blood Glucose Level

Fasting blood glucose level was estimated at interval of 0
week, 1*'week, 2™week, 3"week and 4"week of the treatment
period respectively by glucose-oxidase principle as described
by Beach and Turner [25] using digital glucometer (Accu-
chek Advantage) and was expressed as mg/dL.

2.2.4. Blood Sample Collection and Serum Preparation
Twenty four hours after lastadministration animals from
each group were euthanized by exposure to light chloroform
soaked in cotton wool placed in anesthetic box. Blood
waswithdrawn by cardiac puncture into specimen bottles and
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was allowed to clot. The serum was separated by
centrifugation at 2,000 g for 10 minutes using Centrifuge
Hettich (Universal 32, Made in Germany), after which the
supernatant obtained and used for the determination of serum
electrolytes.

2.2.5. Tissue Sample Collection and Homogenates
Preparation

Kidney tissue (1.0 g)wasdissected out and immediately
washed with ice-cold normal saline, weighed and
homogenized immediately in equivalent volume of ice-cold
phosphate buffer of 0.1 M of pH 7.4.The homogenates were
centrifuged at 2,000 x g for 5 min to remove debris and
supernatant collected for evaluation of some of the kidney
tissue antioxidant enzyme activities and malondialdehyde
(MDA) concentration.

2.3. Assessment of Some Kidney Tissue Oxidative Stress
Bio-makers

2.3.1. Estimation of Kidney Tissue Lipid Peroxidative
Changes (MDA) Concentration

Kidney tissue Malondialdehyde Concentration (MDA)
levels were measured by the double heating method as
described by Placer et al[26]. The principle of the method
was based on the spectrophotometric measurement of the
colour during the reaction to thiobarbituric acid with MDA.
Concentration of thiobarbituric acid reactive substance was
calculated by  the absorbance coefficient of
malondialdehydethiobarbituric acid complex and expressed
in nmol/mg protein.

2.3.2. Determination of Kidney Tissue Superoxide
Dismutase Activity (SOD)

Total superoxide dismutase activity was measured
spectrophotometrically using xanthine/xanthine oxidase as an
O, generating system and nitro-bluetetrazolium (NBT) as a
detector as described by Suzuki [27]. Briefly, each sample
was diluted 1:10 with phosphate buffer (50 mM, pH 7.5,
EDTA 1 mM). Sodium-carbonate working solution (50 mM,
xanthine 0.1 mM, NBT 0.025 mM, EDTA 0.1 mM), xanthine
oxidase (0.1 U/mL in ammonium sulfate 2 M) and sample or
blank (phosphate buffer 50 mM, pH 7.5; EDTA 1 mM) were
mixed in a cuvette. The change in absorbance per minute at
560 nm (DAS560) was calculated. Enzymatic activity was
expressed in units of SOD activity per mg of protein (U/mg
protein). One unit of SOD activity is defined as the amount
of enzyme needed to inhibit the reaction of O,  with NBT by
50%.

2.3.3. Determination of Kidney Tissue Catalase Activity
(CAT)

Catalase activity in the kidney tissue was evaluated by
measuring the decrease in H,O, concentration at 240 nm as
described by Aebi[28]. Briefly, working solution (phosphate
buffer 100 mM; H,O, 10 mM) and sample were mixed in a
cuvette. The change in absorbance per minute at 240 nm
(DA240) was calculated. Enzyme activity was expressed in

units of CAT activity per milligram of protein (U/mg protein).

One unit of CAT activity is defined as the amount of enzyme
needed to reduce 1 pmol H,O,/min.

2.3.4. Determination of Kidney Tissue Glutathione
Peroxidase Activity (GPx)

Glutathione Peroxidase activity in the kidney tissue was
measured by monitoring the continuous decrease in NADPH
concentration using H,O, as a substrate as described by
Flohe andGiinzler[29]. Briefly, in a cuvette, potassium
phosphate buffer (500 mM), EDTA (50 mM), sodium azide
(20 mM), glutathione reductase (15 U/mL), NADPH (1.5
mM), reduced glutathione (250 mM), sample and H,O, (10
mM) were mixed; the absorbance was followed at 340 nm,
and the change in absorbance per minute (DA340) was
calculated. Two blanks, one without H,O, and another
without sample, were run simultaneously. Enzyme activity
was expressed in units of GPx activity per mg of protein (U/
mg protein). One unit of GPx activity is defined as the
amount of enzyme that oxidizes 1 Amol of NADPH per min.

2.4. Evaluation of Renal Function

The level of serum urea was determined using the method
of Tietzet al.[30]. Serum sodium and potassium ions were
measured by the flame photometry method of Vogel [31] and
bicarbonate ion was determined using the titration method of
Segal [32]. Chloride ion was analyzed using the method of
Schales and Schales [33].

2.5. Histological Preparation of Kidney Tissues

At the end of four weeks of lycopene and drug treatment,
all animals from each group were euthanized and kidney
tissues dissected out and fixed immediately in 10% neutral
formal-saline fixative solution for histological studies with
Haematoxylin and Eosin. The slides were viewed at the
magnification of X 250 and photomicrographs taken.

2.6. Statistical Analysis

Data obtained from each group were expressed as mean +
SEM. The data was statistically analyzed using ANOVA with
Tukey’sPost hoc test to compare the levels of significant
between the control and experimental groups. All statistical
analysis was evaluated using SPSS version 17.0 software and
Microsoft Excel (2007). The values of p < 0.05 were
considered as significant.

3. Results

Results obtained showed that after STZ injection there was
significant (P < 0.05) increase inthe fasting blood glucose
level in diabetic control animals when compared with the
normal control group. These values represent the fasting
blood glucose levels at week O that is, before treatment
commenced. Following treatment with lycopene and
glibenclamide, there was significant (P < 0.05) steady
decease on blood glucose levels especially after week 4 when
compared with corresponding diabetic control group (Table
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1).

The concentration of MDA, a maker of lipid peroxidation
was significantly (P < 0.05) higher in the kidney of diabetic
control rats (2.45 + 0.10) when compared with those obtained
in normal control animals (1.60 + 0.15). However, lycopene
treatment at all doses and glibenclamide lowered the level of
kidney MDA to (1.80 £ 0.19, 1.36 £+ 0.18, 1.42 + 0.12) and
(1.44 £ 0.11) when compared to diabeticcontrol animals
(Figure 1).

The activity of SOD was significantly (P < 0.05) depleted
in the kidney of diabetic untreated rats (1.66 £ 0.05) as
compared to the animals in the normal control group.
Decreased activity of SOD was elevated to (1.80 + 0.08, 2.08
+ 0.21, 2.32 £ 0.12) and (2.22 £ 0.06) when the diabetic
animals was treated with (10, 20 and 40 mg/kg) of lycopene
and glibenclamide (2 mg/kg) in comparison with diabetic
control group (Figure 2).

Result obtained also showed a significantly (P < 0.05)
decreased catalase activity in kidney of diabetic untreated
group (43.20 £ 1.16) when compared with that obtained in
the normal control group (52.20 £ 1.39). Administration of
lycopene (10, 20 and 40 mg/kg) and glibenclamide (2 mg/kg)
caused a significant (P < 0.05) increase on the level of CAT
to (44.80 = 0.90, 47.80 + 0.90, 52.60 + 1.86) and (52.00 +
0.95) when compared with the diabetic control group (Figure
3).

The results obtained showed that kidney GPx activity was
significantly (P < 0.05) lowered in diabetic control animals
(36.00 + 0.84) when compared with those obtained from the
normal control animals (46.62 + 0.66). Lycopene and
glibenclamide administration at dose concentrations of (10,
20 40 mg/kg) and (2 mg/kg) to diabetic animals, significantly

(P < 0.05) increase the activity of GPx to (41.20 = 0.50,
46.00 £ 1.79, 49.20 + 1.80) and 46.80 = 0.97 when compared
with the diabetic control group (Figure 4).

Table 2: showed the results of changes in some kidney
serum electrolytes of both control and experimental groups.
There was a significant (P < 0.05) depleted serum sodium ion
concentration with a concomitant elevated serum urea level
in diabetic untreated group (128.60 =+ 0.60 and 5.04 + 0.18),
when compared with animals in the normal control animals
(139.00 = 0.84 and 2.68 + 0.16). However, oral
administration of (10, 20 and 40 mg/kg) of lycopene and (2
mg/kg) glibenclamide produced a significant (P < 0.05)
increase of (138.80 £ 0.97, 135.20 £ 3.93, 130.40 + 4.69) and
(139.80 +1.20) in the serum sodium ion level and reduction
of (3.14+£0.12,2.20+£ 0.31, 2.40 = 0.18) and (2.84 + 0.24) in
the serum urea level when compared with the diabetic control
group.No significant (P > 0.05) difference was recorded in
the serum potassium, chloride and bicarbonate ions
concentrations of all diabetic animals treated various doses of
lycopene when compared with the diabetic control group.

The histological changes of kidney tissues of control and
experimental groups treated with graded doses of lycopene
and glibenclamide are shown in (Plates I to VI). The
microscopic findings revealed intact and normal architecture
of glomeruli, renal tubules and epithelium in kidney tissue of
normal control rats treated with olive oil (Plate I). However,
the histological finding of kidney tissue of streptozotocin-
induced diabetic untreated group showed severe glomerular
necrosis with lymphocyte hyperplasia when compared (Plate
II). Administration of lycopene and glibenclamide to diabetic
animals showed improved renal damage as reflected by
reduce glomerular and tubular necrosis (Plate III to VI).

Table 1.Effects of Lycopene Administration on Blood Glucose Levels in Streptozotocin-induced Diabetic Wistar Rats.

Fasting blood glucose level (mg/dL)
Treatment Groups(n=5) ‘Week 0 Weekl ‘Week 2 Week 3 Week4
NC + OL (0.5 ml) 91.0 + 5.74 90.8 + 7.50? 73.4+ 587 76.0 + 3.86 79.8 + 2.94
DC + OL (0.5 ml) 364.4 + 44.50" 392.6 +33.52° 465.2 +39.81° 487.0 + 25.64° 431.4 +48.84°
D+ LYC10 mg/kg 373.8+36.45"° 2782 +26.40° 216.4 +19.55° 186.2 £9.20° 171.1 +7.65°
D+ LYC 20 mg/kg 3712+40.82° 27743 £2433° 240.2 +21.60° 183.0 £ 10.57° 118.4 + 1.97°
D+ LYC 40 mg/kg 370.6 £26.54°  279.8+38.47° 216.0 £28.51° 164.4 +21.19° 100.8 + 6.89°
D+ GLB 2 mg/kg 3742 +£58.65°  260.3+29.744° 188.0 + 10.06° 150.2 +20.28° 108.8 + 16.74°

a,b,c,d = Means on the same column with different superscript letters differ significantly (P < 0.05) compared with the control groups

abcP<0.05VsNC;abcP<0.05VsDC

Table 2.Effects of Lycopene Administration on Some Serum Electrolytes in Streptozotocin- induced Diabetic Wistar Rats.

Treatment Groups Na*(mmol/L) K* (mmol/L) CI' (mmol/L) HCO; (mmol/L) Urea(mmol/L)
NC+OL (0.5 ml) 139.00 £ 0.84" 4.14+£0.14* 97.60 + 1.47* 22.80 +1.36% 2.68 £0.16°
DC+OL (0.5 ml) 128.60 + 0.60° 426+0.13* 98.40 + 0.93* 24.60 £ 0.87* 5.04 +0.18°
D+LYC10 mg/kg 138.80 + 0.97° 4.08+0.17* 96.40 £ 1.17* 20.80 + 1.02* 3.14+£0.12¢
D+ LYC 20 mg/kg 135.20 +£3.93° 4.06 +0.51* 97.40 + 3.40° 22.80 +£1.02% 2.20+0.31°
D+ LYC 40 mg/kg 130.40 + 4.69° 3.28 +£0.49° 92.00 + 3.74* 21.40 +£2.44° 2.40+0.18°
D+ GLB 2 mg/kg 139.80 + 1.20° 4.08+0.13* 98.80 £ 1.24* 24.00 + 0.63* 2.84 +£0.24°

a, b, c = Means on the same column with different superscript letters differ significantly (P < 0.05) compared with the control groups ; **°P < 0.05Vs NC ; *"°

P<0.05Vs DC
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DC+OL = Diabetic rats treated with olive oil (0.5 ml),  with 20 mg/kg of lycopene,D+ LYC 40 mg/kg = Diabetic rats
NC+ OL = Normal (Non-diabetic) rats treated with olive oil  treated with 40 mg/kg of lycopene and D+ GLB 2 mg/kg =
(0.5 mL) D+ LYCI10 mg/kg = Diabetic rats treated with 10  Diabetic rats treated with gilbenclamide 2 mg/kg
mg/kg of lycopene, D+ LYC 20 mg/kg = Diabetic rats treated
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NC+OL(05mL) DC+OL{0.5mL) DHLYC10mgks  DHLYC 20mg D+LYC 40meke D+ GLE 2mekg

dehyvde Conc.
3

Kidney Tissue N

Treated Groups
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Figure 1. Effects of lycopene on kidney tissue malondialdehyde concentration in streptozotocin-induced diabetic Wistar rats; **° P < 0.05 Vs NC;*"°P < 0.05
Vs DC.

Bars with different superscripts letters (a, b, c, d) differ  mg/kg of lycopene, D+ LYC 20 mg/kg = Diabetic rats treated
significantly (P < 0.05) compared with the control groups with 20 mg/kg of lycopene,D+ LYC 40 mg/kg = Diabetic rats
DC+OL = Diabetic rats treated with olive oil (0.5 ml), treated with 40 mg/kg of lycopene and D+ GLB 2 mg/kg =
NC+ OL = Normal (Non-diabetic) rats treated with olive oil ~ Diabetic rats treated with glibenclamide 2 mg/kg
(0.5 ml) D+ LYC10 mg/kg = Diabetic rats treated with 10

3

0

NC'+ OL (0.5 mL) DC+ OL (0.5 mL) D+LYC10 mgkg D+LYC 20mgkg  D+LYC 40 mgks D+ GLB 2mgkg

(U/mg protein)
—
o 2

—
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Figure 2. Effects of lycopene on kidney tissue superoxide dismutase activity in streptozotocin-induced diabetic Wistar rats; **° P < 0.05 Vs NC***P < 0.05 Vs
DC.

Bars with different superscripts letters (a, b, c¢) differ  significantly (P < 0.05) compared with the control groups
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DC+OL = Diabetic rats treated with olive oil (0.5 ml),  with 20 mg/kg of lycopene,D+ LYC 40 mg/kg = Diabetic rats
NC+ OL = Normal (Non-diabetic) rats treated with olive oil  treated with 40 mg/kg of lycopene and D+ GLB 2 mg/kg =
(0.5 ml) D+ LYC10 mg/kg = Diabetic rats treated with 10  Diabetic rats treated with glibenclamide 2 mg/kg
mg/kg of lycopene, D+ LYC 20 mg/kg = Diabetic rats treated
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Figure 3. Effects of lycopene on kidney tissue catalase activity in streptozotocin-induced diabetic Wistar rats; “*¢ P < 0.05 Vs NC while **“ P < 0.05 Vs DC.

Bars with different superscripts letters (a, b, ¢, d) differ  mg/kg of lycopene, D+ LYC 20 mg/kg = Diabetic rats treated
significantly (P < 0.05) compared with the control groups with 20 mg/kg of lycopene,D+ LYC 40 mg/kg = Diabetic rats
DC+OL = Diabetic rats treated with olive oil (0.5 ml), treated with 40 mg/kg of lycopene and D+ GLB 2 mg/kg =
NC+ OL = Normal (Non-diabetic) rats treated with olive oil  Diabetic rats treated with glibenclamide 2 mg/kg
(0.5 ml) D+ LYC10 mg/kg = Diabetic rats treated with 10

60

40 I I I I I
0 I
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Figure 4. Effects of lycopene on kidney tissue glutathione peroxidase activity in streptozotocin-induced diabetic Wistar rats;***P < 0.05Vs NC while **“P <
0.05Vs DC.

Bars with different superscripts letters (a, b, c¢) differ NC+ OL = Normal (Non-diabetic) rats treated with olive oil
significantly (P < 0.05) compared with the control groups (0.5 ml) D+ LYC10 mg/kg = Diabetic rats treated with 10
DC+OL = Diabetic rats treated with olive oil (0.5 ml), mg/kg of lycopene, D+ LYC 20 mg/kg = Diabetic rats treated



