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The purpose of this study is to evaluate the capacity of lycopene against diabetes-induced oxidative
damage in Wistar rats. Thirty Wistar rats of both sexes, twenty-five of which were diabetic, were used.
Diabetes was induced by a single intraperitoneal injection of streptozotocin (STZ) 60 mg/kg body weight
and it was confirmed by the elevated blood glucose ≥200 mg/dl after three days. The rats were divided
randomly into groups 1 to 6, each containing 5 rats. Group 1 (Normal control) and Group 2 (Diabetic
control) rats were administered 0.5 ml of olive oil; Groups 3, 4, and 5 rats were respectively
administered 10, 20 and 40 mg/kg body weight of lycopene, while Group 6 rats were administered 2
mg/kg body weight of Glibenclamide. All administrations were done orally and once daily for twentyeight days. At the end of the treatment, serum levels of antioxidant enzymes, cortisol and
malondialdehyde (MDA) were determined. Administration of graded doses of lycopene to diabetic
animals significantly (P<0.05) decreased the blood glucose concentration after four weeks of treatment
when compared to diabetic untreated animals. Serum levels of cortisol and MDA (index of oxidative
stress) were reduced while there were up-regulated activities of serum endogenous enzymes
(superoxide dismutase, catalase and glutathione peroxidase) in diabetic animals treated with all doses
of lycopene when compared with diabetic untreated animals. Overall, lycopene attenuated the
biomedical alterations in STZ-induced diabetic Wistar rats. Lycopene therefore possesses antioxidant
activity at the doses tested in this study.
Key words: Lycopene, diabetes mellitus, oxidative stress, cortisol, malondialdehyde, catalase, glutathione
peroxidase.

INTRODUCTION
Diabetes mellitus (DM) is a metabolic disorder that
features hyperglycemia and deficiency of secretion or
action of insulin (Sailaja et al., 2003). Increased free
radicals coupled with the reduction of antioxidant defence

mechanisms, caused by diabetes mellitus, may result in
insult to cellular organelles, alteration in biomolecules,
and increased lipid peroxidation (Maritim et al., 2003;
Rajasekaran et al., 2005). In diabetics, sustained
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hyperglycemia causes increased generation of free
radicals especially reactive oxygen species due to
glucose auto-oxidation and protein glycosylation which
results in diabetes-induced oxidative stress (He and King,
2004; Moussa, 2008; Al-Faris et al., 2010). Diabetesinduced oxidative stress is associated with diabetic
complications (Negi et al., 2011). The sustained rise in
reactive oxygen species (ROS) and reactive nitrogen
species (RNS) coupled with a decline in antioxidant
activity leads to the occurrence of oxidative and
nitrosative stress that can result in endothelial
dysfunction, insulin resistance as well as alteration in the
number and function of pancreatic β-cells, contributing to
diabetic microvascular and macrovascular complications
(Baynes and Thorpe, 1999; Bandeira et al., 2013).
Lycopene is reported as one of the most powerful
antioxidants which contain carotenoids found in foods
particularly tomatoes (Gartner et al., 1997). It has gained
increased attention for its health-enhancing properties
(Bramley, 2000; Yang et al., 2006; Madhava et al., 2011).
It is a member of the carotenoid family of phytochemicals
that gives plants its characteristics red color (Blum et al.,
2005; Tadmor et al., 2005). Lycopene is also found in
watermelon, papaya, pink grapefruit and pink guava
(Tadmor et al., 2005). Its high antioxidant capacity has
been attributed to the open β-cycle in its structure (Yegin
et al., 2013). Lycopene is the most predominant
carotenoid in tomatoes and has the highest antioxidant
property among all dietary carotenoids (Rao and
Agrawal, 1999). Studies reported on lycopene’s effects in
STZ-induced diabetic animals included altered thyroid
profile (Eze et al., 2015a), atherogenic cardiovascular risk
(Eze et al., 2015b), kidney antioxidant enzyme activity
(Eze et al., 2015c), a hypoglycemic effect (Eze et al.,
2015d), altered liver markers and glucokinase activity of
diabetic animals (Eze et al., 2016) as well as histological
changes (Soleymaninejad et al., 2017). Haribabu et al.
(2013) found that lycopene at 2 and 4 mg/kg body weight
in combination with glipizide and metformin had antidiabetic activity on the 21st day of treatment in alloxaninduced diabetic rats. Kuhad and Chopra (2008),
Duzguner et al. (2008) and Ali and Agha (2009) reported
that 90 mg/kg body weight of tomato extract of lycopene
reduced elevated blood glucose, lowered free radicals
and improved serum lipids in STZ-induced diabetic rats.
Dalbeni et al. (2016) reported increased nitric oxide
bioavailability and inhibition of endothelial cells migration
by lycopene. Petyaev (2016) and Chen et al. (2015),
respectively, reported lycopene deficiency in ageing and
prostate cancer in human. Zigangirova et al. (2017)
reported that lycopene inhibits propagation of Chlamydia
red blood cells (RBC) osmotic fragility and lipid
peroxidation in animals by lycopene. Moreover, Pandir et

al. (2016) reported the effect of lycopene at 4 and 40
mg/kg body weight against oxidative damage induced by
furan. Karahan et al. (2005) reported the protective
capacity of lycopene at 4 mg/kg infection, while Eze et al.
(2017) reported differences in body weight on gentamicininduced oxidative stress. Aydin and Celik (2012) reported
the ability of lycopene at 4 mg/kg body weight on
reduction of oxidative stress in STZ-induced diabetic rats.
Furthermore, Duzguner et al. (2008) assessed the activity
of lycopene at 10 mg/kg body weight on oxidative stress
in STZ-induced diabetic rats. However, there are no
studies on the antioxidant activity of lycopene especially
at the unique and therapeutic doses of 10, 20 and 40
mg/kg body weight on diabetes-induced oxidative stress
in rats. This work therefore aimed to study the activity of
lycopene against diabetes-induced alterations of serum
endogenous enzymes, cortisol and malondialdehyde
(MDA) concentrations in Wistar rats at 10, 20 and 40
mg/kg body weight.
MATERIALS AND METHODS
Experimental animal model and care
Apparently healthy Wistar rats of both sexes (20 males and 10
females) weighing 150 to 200 g were procured from the Department
of Human Physiology Animal House, Ahmadu Bello University,
Zaria, Nigeria. The rats were kept under the laboratory condition.
The rats were housed five in each cage, fed with standard
commercial feeds and allowed to access drinking water. The study
protocol was approved by the Institutional Animal Ethics Committee
of the Ahmadu Bello University, Zaria, Nigeria.
Induction of experimental diabetes mellitus
Diabetes mellitus was induced by a single intraperitoneal injection
of 60 mg/kg body weight dose of STZ (Sigma Chemicals, St Louis,
U.S.A.) dissolved in fresh 0.1M cold citrate buffer of pH 4.5 into 18
h-fasted rats. Because STZ has the capacity to produce severe and
chronic hypoglycemia as a result of massive pancreatic insulin
release, the rats were treated with 20% glucose solution orally after
6 h. For the next 24h, the diabetic rats were given 5% glucose
solution bottles in their cages to prevent hypoglycemia
(Dhandapani, 2007). Three days after STZ injection, the blood was
collected from the tail artery of the animals. Rats having fasting
blood glucose concentration ≥200 mg/dl were considered diabetic
and recruited for the study.

Experimental design
Thirty Wistar rats were used and randomly divided into six groups of
five animals each as follows:
Group 1: Non-diabetic rats (Normal Control) treated with 0.5 ml/kg
olive oil;
Group 2: Diabetic rats treated with 0.45 ml/kg olive oil;
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Group 3: Diabetic rats treated with 10 mg/kg of lycopene;
Group 4: Diabetic rats treated with 20 mg/kg of lycopene;
Group 5: Diabetic rats treated with 40 mg/kg of lycopene;
Group 6: Diabetic rats treated with glibenclamide 2 mg/kg.
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Determination of serum catalase (CAT) activity

Blood samples were collected from the tail artery of the animals
before the commencement of treatment indicated as week 0 and
weeks 1, 2, 3, and 4 after the treatment. Fasting blood glucose
concentration was determined with glucometer (Accu-chek
Advantage) and results were expressed as mg/dl.

The activity of catalase was evaluated using North West Life
Science Specialties (NWLSS™) Catalase assay kits (Product NWKCATO1) based on the method of Beers and Sizer (1952) with little
adjustment in order to increase robustness and convenience of the
method. The method is relied on monitoring the consumption of
H2O2 substrate at 240 nm. Briefly, to a clean cuvette, 1000 μL of
sample dilution buffer was added and placed in the reference
cuvette holder and the wavelength of spectrophotometer was set to
240 nm. To a clean semi-micro UV cuvette, 950 μL of working
assay buffer was added. The 50 μL of diluted standard or sample
was pipetted to the cuvette and mixed as quickly as possible by
repeated pipetting (About 10 times) with the same pipette tip.
Absorbance was measured immediately at 240 nm.

Collection of erythrocytes and serum preparation

Estimation of serum glutathione peroxidase (GPx) activity

After the last day of treatment (28th day), all the animals were
slayed using light chloroform after 24 h and 5 mL of blood was
collected through the cardiac puncture into specimen bottles and
allowed to clot. The blood was separated by centrifugation at 2,000
g for 10 min using Hettich Centrifuge (Universal 32, Made in
Germany). The supernatant was used for the determination of
serum cortisol level, MDA and antioxidant enzyme activity.

The activity of GPx was assessed by adopting the protocol of North
West Life Science Specialties (NWLSS™) cGPx (GPX1) ELISA kit
(Product NWK-GPX02) based on the method described by Avissar
et al (1994). Estimation of GPx activity follows the sandwich
Enzyme-Linked Immunosorbent Assay, where sample GPx
concentration was determined by comparing the 450 nm
absorbance sample wells to the absorbance of known standards.

Determination
of
serum
cortisol,
malondialdehyde
concentration and antioxidant enzyme activities

Data analysis

All animals were treated orally once per day for four weeks.

Determination of fasting blood glucose concentration

Determination of serum cortisol level
Serum was collected in the morning hours before the noon time.
Cortisol was determined using the standard laboratory of BLK
diagnostics kit (BLK Cortisol Enzyme-linked Immunosorbent Assay
(ELISA) kit, Badalona, which was based on the principle of
competitive binding (Tietz et al., 1994).

Estimation of serum malondialdehyde (MDA) concentration
Malondialdehyde is one of many low molecular weight end-products
of lipid hydroperoxide decomposition and is the most often
measured as an index of lipid peroxidation. Serum MDA
concentration was evaluated using the NWLSS™ Malondialdehyde
assay kits (Northwest Life Sciences Specialties, Product NWKMDA01, Vancouver WA. The assay is based on the principle that
MDA reacts with thiobarbituric acid (TBA); forming an MDA-TBA2
adduct that absorbs strongly at 532 nm.

The data were expressed as mean ±SEM. The data were analyzed
using one-way ANOVA with Tukey’s post-hoc test. All data
analyses were evaluated using SPSS version 17.0 software and
Microsoft Office Excel (2007). The values of P≤0.05 were
considered statistically significant.

RESULTS
Fasting blood glucose
administration of lycopene

level

following

oral

STZ significantly (P<0.05) increased blood glucose level
of the animals on week 0. However, treatment of the
experimental diabetic animals with graded doses of
lycopene (10, 20 and 40 mg/kg body weight) and
glibenclamide (2 mg/kg body weight) significantly
(P<0.05) decreased blood glucose concentration when
compared with the diabetic untreated animals (Figure 1).

Determination of serum superoxide dismutase (SOD) activity
superoxide dismutase activity was assessed using the North West
Life Science Specialties (NWLSS™) SOD assays kit (Product
NWK-SOD02). The method is based on the principle of superoxide
inhibition of auto-oxidation rate of hematoxylin as previously
described by Martin et al. (1987) with modification to increase
robustness and reliability of the method. Briefly, 920 μL of assay
buffer was added to each cuvette. This was subsequently followed
by addition of 40 μL of assay buffer (for blank) and 40 μL of the
sample. The mixture was incubated for two minutes, after which 40
μL hematoxylin reagent was added and mixed quickly to start the
auto-oxidation reaction. Absorbance was read at 560 nm for every
10 s for 5 min.

Serum
cortisol
concentration
administration of lycopene

following

oral

STZ substantially (P<0.05) increased serum cortisol
levels in the diabetic untreated animals when compared
with normal control. Lycopene at all doses significantly
(P<0.05) reduced the serum cortisol levels in a manner
not comparable with the glibenclamide (2 mg/kg body
weight) treated diabetic animals. The greatest reduction
was obtained with the 10 mg/kg body weight of lycopene
(Figure 2).

14

J. Diabetes Endocrinol.

Figure 1. Blood glucose levels after oral administration of lycopene in diabetic Wistar rats. Results are
represented as mean ±SEM. DC+OL: diabetic untreated animals treated with olive oil; NC+OL: normal control
animals treated with olive oil; D+LYC10 mg/kg: diabetic animals treated with 10 mg/kg of lycopene; D+LYC 20
mg/kg: diabetic animals treated with 20 mg/kg of lycopene; D+LYC 40 mg/kg: diabetic animals treated with 40
mg/kg of lycopene; D+GLB 2 mg/kg: diabetic animals treated with 2 mg/kg of glibenclamide.

Figure 2. Results of lycopene on serum cortisol levels in diabetic Wistar rats. Data are presented as mean
±SEM. *P<0.05 versus diabetic control group; **P<0.05 versus diabetic control group; DC+OL: Diabetic
animals treated with olive oil; NC+OL: normal control animals that received only olive oil; D+LYC 10 mg/kg:
diabetic animals treated with 10 mg/kg of lycopene; D+LYC 20 mg/kg: diabetic animals treated with 20 mg/kg
of lycopene; D+LYC 40 mg/kg: diabetic animals treated with 40 mg/kg of lycopene; D+GLB 2 mg/kg: diabetic
animals treated with 2 mg/kg of glibenclamide.
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Figure 3. Serum malondialdehyde levels in diabetic Wistar rats after treatment with lycopene. Data are presented as mean
±SEM. *P<0.05 versus diabetic control group; **P<0.05 versus diabetic control group; DC+OL: diabetic animals
treated with olive oil; NC+OL: normal control animals that received only olive oil; D+LYC10 mg/kg: diabetic animals
treated with 10 mg/kg of lycopene; D+LYC 20 mg/kg: diabetic animals treated with 20 mg/kg of lycopene; D+LYC 40
mg/kg: diabetic animals treated with 40 mg/kg of lycopene; D+GLB 2 mg/kg: diabetic animals treated with 2 mg/kg of
glibenclamide.

Serum
MDA
concentration
administration of lycopene

following

oral

Serum CAT activity following oral administration of
lycopene

STZ significantly (P<0.05) elevated the serum MDA
levels when compared with the normal control animals.
Lycopene at all doses and glibenclamide significantly
(P<0.05) reduced the serum MDA levels. The greatest
decrease was observed in diabetic animals treated with
40 mg/kg body weight of a lycopene (Figure 3).

STZ significantly (P<0.05) reduced the activity of serum
CAT in the diabetic untreated group when compared with
nondiabetic animals (P<0.05). Lycopene at all doses
notably (P<0.05) increased CAT activity in the serum of
the diabetic animals when compared with the diabetic
untreated group. The effect of glibenclamide (2 mg/kg
body weight) was comparable to those with the 20 mg/kg
body weight of lycopene. The highest serum CAT activity
was obtained with the 40 mg/kg body weight of lycopene
(Figure 5).

Serum SOD activity following oral administration of
lycopene
Compared with the non-diabetic rats, STZ significantly
(P<0.05) decreased the activity of serum superoxide
dismutase in untreated diabetic animals. Administration
of lycopene to diabetic animals significantly (P<0.05) and
dose-dependently increased SOD activity when
compared with the diabetic untreated animals. The 40
mg/kg body weight of lycopene increased SOD activity
comparable to (P>0.05) glibenclamide (2 mg/kg body
weight) (Figure 4).

Serum GPx activity following oral administration of
lycopene
Serum GPx activity was lower (P<0.05) in the diabetic
untreated group when compared with nondiabetic
animals. Treatment of diabetic rats with lycopene
significantly (P<0.05) increased serum GPx activity in a
dose-dependent manner, the 20 mg/kg body of lycopene
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Figure 4. Serum superoxide dismutase activity in diabetic Wistar rats after treatment with lycopene. Data
are presented as mean ±SEM. *P<0.05 versus diabetic control group; DC+OL: diabetic animals treated
with olive oil; NC+OL: normal control animals that received only olive oil; D+LYC 10 mg/kg: diabetic
animals treated with 10 mg/kg of lycopene; D+LYC 20 mg/kg: diabetic animals treated with 20 mg/kg of
lycopene, D+LYC 40 mg/kg: diabetic animals treated with 40 mg/kg of lycopene; D+GLB 2 mg/kg:
diabetic animals treated with 2 mg/kg of glibenclamide.

Figure 5. Activity of serum catalase in diabetic Wistar rats after oral treatment with lycopene. Data are
presented as mean ±SEM. *P<0.05 versus diabetic control group; DC+OL: diabetic animals treated with
olive oil; NC+OL: normal control animals that received only olive oil; D+LYC10 mg/kg: diabetic animals
treated with 10 mg/kg of lycopene; D+LYC 20 mg/kg: diabetic animals treated with 20 mg/kg of
lycopene; D+LYC 40 mg/kg: diabetic animals treated with 40 mg/kg of lycopene; D+GLB 2 mg/kg:
diabetic animals treated with 2 mg/kg of glibenclamide.
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Figure 6. Activity of glutathione peroxidase in diabetic Wistar rats after treatment with lycopene. Data are
presented as mean ±SEM. *P<0.05 versus diabetic control group; DC+OL: diabetic animals treated with
olive oil; NC+OL: normal control animals that received only olive oil; D+LYC10 mg/kg: diabetic animals
treated with 10 mg/kg of lycopene; D+LYC 20 mg/kg: diabetic animals treated with 20 mg/kg of lycopene;
D+LYC 40 mg/kg: diabetic animals treated with 40 mg/kg of lycopene; D+GLB 2 mg/kg: diabetic animals
treated with 2 mg/kg of glibenclamide.

increased serum GPx activity comparable to (P>0.05)
that of the glibenclamide (Figure 6).

DISCUSSION
This study showed the ameliorative effect of lycopene at
10, 20, and 40 mg/kg body weight on oxidative stress
indicators in diabetic rats. Following treatment of diabetic
rats with lycopene at all doses, the blood glucose levels
were significantly reduced. This finding agrees with the
previously reported investigations on glucose-lowering
effect on lycopene by (Ali and Agha, 2009); (Haribabu et
al., 2013) as well as (Aydin and Celik, 2012).
Hyperglycemia is mediated largely in part, by a state of
enhanced oxidative stress which results in the increased
production of reactive oxygen species which can cause
adverse structural and functional changes in tissues
(Mehta et al., 2006). In addition, various mechanisms
have been associated with hyperglycemia which includes
glucose autoxidation, stimulation of the polyol pathway,
activation of the reduced form of nicotinamide adenine
dinucleotide phosphate oxidase, and generation of
advanced glycation end-products which results in
increased production of reactive oxygen species
(Bonnefont-Rousselot et al., 2000). Therefore, the ability
of lycopene to lower blood glucose levels in diabetic rats

may be as a result of its capacity to protect vital
biomolecules including lipids, protein and DNA of beta
cells from free radicals or as a result of its antioxidant
activity through scavenging of free radicals released from
glucose
autooxidation
resulting
from
sustained
hyperglycemia (Ashwani and Prachi, 2013). More so,
lycopene may also have acted by stimulating glucose
utilization by peripheral tissues or increasing insulin
production by the pancreas from regenerated β-cells
(Suganya et al., 2012).
The present study showed that serum cortisol levels
were significantly elevated in the diabetic untreated rats
when matched with those of normal control animals. This
effect is consistent with reports of Bitar (1998) and
Radahmadi et al. (2006) which showed that diabetes is
closely linked with heightened status of glucocorticoids
and elevated adrenal function. The ability of lycopene to
significantly reduce the elevated serum cortisol level in
diabetic treated rats indicates that lycopene could be
exerting ameliorative effects in diabetes-induced
hypercortisolism in the animals. Administration of
lycopene considerably lowered MDA concentration in the
serum of the diabetic treated rats. This finding
corroborates the report of Singh et al. (2012) which
demonstrated that treatment of diabetics with lycopene
given once daily for three months attenuated oxidative
stress by significantly decreasing serum MDA level. The
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activity of lycopene observed in the present study may be
due to its various antioxidant defense strategies, most
especially the scavenging of two of the ROS: singlet
molecular oxygen and peroxyl radicals (Atessahin et al.,
2006).
Lycopene has been reported to act as a chain-breaking
antioxidant (Singh et al., 2012). The combination of
peroxyl radicals formed in the propagation phase of lipid
peroxidation with lycopene yield carbon-centered
radicals. These carbon-centered radicals then react
readily and reversibly with oxygen to form new chain
carrying peroxyl radicals which are stable than reactive
oxygen species (Singh et al., 2012). The potent freeradical scavenging capacity of lycopene, owing to its
unique structure (high number of conjugated double
bonds), might have quenched the superoxide and other
free radical anions, which are highly released in chronic
diseases like diabetes mellitus (Rao and Agrawal, 1999;
Upritchard et al., 2000; Khachik et al., 2002). Hence, the
observed effects of lycopene in this study may be
attributed to this property. In this study, serum anti-free
radical enzymes (GPx, CAT and SOD) activities were
significantly decreased in diabetic treated rats. These
findings are consistent with the reports of various
researchers (Balasubashini et al., 2004; Al-Azzawie and
Alhamdani, 2006; Cheng and Kong, 2011; Singh et al.,
2012; Cheng et al., 2013). Overproduction of free radicals
from increased oxidative stress may result in diabetic
complications (neuropathy, nephropathy, retinopathy, and
vascular disorders) (Al-Azzawie and Alhamdani, 2006).
However, whether anti-oxidative effects of lycopene can
reduce those complications is unknown.

Conclusion
Lycopene ameliorated diabetes-induced hypercortisolism,
increased serum lipid peroxidation (MDA) and reduced
serum antioxidant enzyme (SOD, CAT and GPx)
reserves. The ability of lycopene to restore depleted
serum enzymatic antioxidant activities in the diabetic
animals could represent its antioxidant property.
CONFLICT OF INTERESTS
The authors have not declared any conflict of interest
REFERENCES
Al-Azzawie HF, Alhamdani MSS (2006). Hypoglycemic and antioxidant
effect of oleuropein in alloxan-diabetic rabbits. Life Science
78(12):1371-1377.
Al-Faris NA, Al-sawadi AD, Alokail MS (2010). Effect of samh seeds
supplementation (Mesembryanthemum forsskalei Hochst) on liver
enzymes and lipid profiles of streptozotocin (STZ)-induced diabetic
Wistar rats. Saudi Journal of Biological Sciences 17(1):23-28.
Ali MM, Agha FC (2009). Amelioration of streptozotocin induced
diabetes mellitus, oxidative stress and dyslipidemia in rats by tomato

extract lycopene. Scandinavian Journal of Clinical and Laboratory
Investigation 69(3):371-379.
Ashwani KS, Prachi G (2013). Phytomodulatory Potential of Lycopene
from Lycopersicum esculentum against Doxorubicin-Induced
Nephrotoxicity. Indian Journal of Experimental Biology 51(8):635-645.
Atessahin A, Karahan I, Turk G, Gur S, Yilmaz S, Ceribas IAO (2006).
Protective role of lycopene on cisplatin-induced changes in sperm
characteristics, testicular damage and oxidative stress in rats.
Reproductive Toxicology 21(1):42-47.
Avissar N, Eisenmann C, Breen JG (1994). Human placenta makes
extracellular glutathione
peroxidase and secretes it into maternal
circulation. American Journal of Physiology-Endocrinology and
Metabolism 267(1):E68-E76.
Aydin M, Celik S (2012). Effects of lycopene on plasma glucose, insulin
levels, oxidative stress, and body weights of streptozotocin-induced
diabetic rats. Turkish Journal of Medical Sciences 42(Supl. 2):14061413.
Balasubashini MS, Balasubashini R, Rukkumani P, Visawanathan VP,
Menon H (2004). Ferulic acid alleviates lipid peroxidation in diabetic
rats. Phytotherapy Research 18(4):310-314.
Bandeira SDM, da Fonseca LJS, Guedes GDS, Rabelo LA, Goulart
MOF, Vasconcelos SML (2013). Oxidative stress as an underlying
contributor in the development of chronic complications in diabetes
mellitus. International Journal of Molecular Sciences 14(2):32653284.
Baynes JW, Thorpe SR (1999). Role of oxidative stress in diabetic
complications: a new perspective on an old paradigm. Diabetes 48:19.
Beers RF, Sizer IW (1952). A Spectrophotometric method for measuring
the breakdown of hydrogen peroxide by catalase. Journal of Biology
and Chemistry 195(1):133-140.
Bitar MS (1998). Glucocorticoid dynamics and impaired wound healing
in diabetes mellitus. The American Journal of Pathology 152(2):547554.
Blum A, Monir M, Wirsnsky I, Ben-Arzi S (2005). The beneficial effects
of tomatoes. European Journal of Internal Medicine, 16(6):402-404.
Bonnefont-Rousselot D, Bastard JP, Jaudon MC, Delattre J (2000).
Consequences of the diabetic status on the oxidant/antioxidant
balance. Diabetes and metabolism 26(3):163-177.
Bramley PM (2000). Is lycopene beneficial to human health?
Phytochemistry 54(3):233-236.
Chen P, Zhang W, Wang X, Zhao K, Negi DS, Zhuo L, Qi M, Wang X,
Zhang X (2015). Lycopene and risk of prostate cancer: A systematic
review and meta-analysis. Medicine 94(33):e1260.
Cheng D, Kong H (2011). The effect of Lycium barbarum
polysaccharide on alcohol induced oxidative stress in rats. Molecules
16(3):2542-2550.
Cheng D, Liang B, Yunhui T, Li Y (2013). Antihyperglycemic effect of
Ginkgo biloba extract in streptozotocin-induced diabetes in rats.
BioMed Research International 2013:1-7.
Dalbeni A, Treggiari D, Molesini, B, Fava C, Pandolfini T, Minuz P
(2016). Lycopene increases nitric oxide bioavailability and inhibition
of endothelial cells migration by lycopene. Journal of Hypertension
34(5):56-59.
Dhandapani R (2007). Hypolipidaemic activity of Eclipta prostrata (L.) L.
leaf extract in atherogenic diet induced hyperlipidaemic rats. Indian
Journal of Experimental Biology 45(7):617-619.
Duzguner V, Kucukgul A, Erdogan S, Celik S, Sahin K (2008). Effect of
lycopene administration on plasma glucose, oxidative stress and
body weight in streptozotocin diabetic rats. Journal of Applied Animal
Research 33(1):17-20.
Eze ED, Aliyu M, Tanko Y, Abubakar A (2015b). Lycopene ameliorates
atherogenic cardiovascular risk in streptozotocin-Induced diabetic
hyperlipidaemia in Wistar rats. Research and Reviews in Bioscience
10(3):79-95.
Avaialable
at:
http://www.tsijournals.com/articles/lycopene-ameliorates-atherogeniccardiovascular-risk-instreptozotocininduced-diabetic-hyperlipidaemiain-wistar-rats.pdf
Eze ED, Mohammed A, Tanko Y, Ahmed A, Adams MD, Atsukwei D
(2015a). Effects of lycopene on thyroid profile in streptozotocininduced diabetic Wistar rats. European Journal of Biotechnology and
Bioscience 3(1):21-28.

Eze et al.

Eze ED, Mohammed A, Tanko Y, Abubakar A (2015c). Effect of
lycopene on altered kidney antioxidant enzyme activities and
functions in streptozotocin-induced diabetic Wistar rats. Cell Biology
3(1):1-13.
Eze ED, Mohammed A, Tanko Y, Abubakar A, Rabiu KM (2015d).
Hypoglycaemic effect of lycopene in streptozotocin-induced diabetic
Wistar rats. British Journal of Medicine and Medical Research
7(9):762-770.
Eze ED, Tanko Y, Abubakar A, Sulaiman SO, Rabiu KM, Mohammed A
(2017). Lycopene ameliorates diabetic-induced changes in
erythrocyte osmotic fragility and lipid peroxidation in Wistar rats.
Journal of Diabetes Mellitus 7:71-85.
Eze ED, Tanko Y, Tende JA, Ehinomhen UA (2016). Effects of
lycopene on liver markers and glucokinase activity in experimentallyinduced diabetes mellitus rat model. Journal of Basic and Applied
Research 2(3):353-362.
Gartner C, Stahl W, Sies H (1997). Lycopene is more bioavailable from
tomato paste than from fresh tomatoes. The American Journal of
Clinical Nutrition 66(1):116-122.
Haribabu T, Divakar K, Divakar G (2013). Evaluation of anti-diabetic
activity of Lycopene and its synergistic effect with Metformin
hydrochloride and Glipizide in Alloxan induced diabetes in rats.
Scholars Academic Journal of Pharmacy 2(2):119-124.
He Z, King GL (2004). Microvascular complications of diabetes.
Endocrinology and metabolism clinics of North America 33(1):215238.
Karahan I, Atessahin A, Yilmaz S, Ceribasi AO, Sakin F (2005).
Protective effect of lycopene on gentamicin-induced oxidative stress
and nephrotoxicity in rats. Toxicology 215(3):198-204.
Khachik F, Carvalho L, Bernstein PS, Muir GJ, Zhao DY, Katz NB
(2002). Chemistry, distribution and metabolism of tomato carotenoids
and their impact on human health. Experimental Biology and
Medicine 227(10):845-851.
Kuhad A, Chopra K (2008). Lycopene ameliorates thermal hyperalgesia
and cold allodynia in STZ-induced diabetic rat. Indian Journal of
Experimental Biology 46:108-111.
Madhava RA, Banji D, Banji OJF, Kumar K, Ragini M (2011). Lycopene
and its importance in treating various diseases in human.
International Research Journal of Pharmacy 2:31-37.
Maritim AC, Sanders RA, Watkins JB (2003). Effects of α-lipoic acid on
biomarkers of oxidative stress in streptozotocin-induced diabetic rats.
The Journal of Nutritional Biochemistry 14(5):288-294.
Martin JP, Dailey M, Sugarman E (1987). Negative and positive assays
of superoxide dismutase based on hematoxylin autoxidation.
Archives of Biochemistry and Biophysics 255(2):329-336.
Mehta JL, Rasouli N, Sinha AK, Molavi B (2006). Oxidative stress in
diabetes: a mechanistic overview of its effects on atherogenesis and
myocardial dysfunction. The International Journal of Biochemistry
and Cell Biology 38(5-6):794-803.
Moussa SA (2008). Oxidative stress in diabetes mellitus. Romanian
Journal of Biophysics 8(3):225-236.
Negi G, Kumar A, Joshi RP, Ruby PK, Sharma SS (2011). Oxidative
stress and diabetic neuropathy: current status of antioxidants.
Institute of Integrative Omics and Applied Biotechnology Journal
2(6):71-78.

19

Pandir D, Unal B, Bas H (2016). Lycopene protects the diabetic rat
kidney against oxidative stress-mediated oxidative damage induced
by furan. Brazilian Archives of Biology and Technology 59:1-12.
Petyaev IM (2016). Lycopene deficiency in ageing and cardiovascular
disease. Oxidative medicine and cellular longevity 3(6):1-6.
Radahmadi M, Shadan F, Karimian SM, Sadr SS, Nasimi A (2006).
Effects of stress on exacerbation of diabetes mellitus, serum glucose
and cortisol levels and body weight in rats. Pathophysiology 13:5155.
Rao AV, Agrawal S (1999). Role of lycopene as antioxidant carotenoid
in the prevention of chronic diseases: A review. Nutrition research
19(2):305-323.
Sailaja YR, Baskar R, Sarala T, Kumari D (2003). The antioxidant status
during maturation of reticulocytes to erythrocytes in type II diabetes.
Free Radical Biology and Medicine 35(2):133-139.
Singh U, Singh S, Kochhar A (2012). Therapeutic potential of
antidiabetic neutraceuticals. Phytopharmacology 2(1):144-169.
Soleymaninejad M, Joursaraei SG, Feizi F, Anarkooli IJ (2017). The
effect of lycopene and insulin on histological changes and the
expression level of Bcl-2 Family Genes in the Hippocampus of
streptozotocin-induced diabetic rats. Journal of Diabetes Research
2017:1-9.
Suganya S, Narmadha R, Gopalakrishnan VK, Devaki K (2012).
Hypoglycaemic effect of
Costus pictus D. Don on alloxan-induced
type 2 diabetic mellitus in albino rats. Asian Pacific Journal of
Tropical Disease 2(2):117-123.
Tadmor Y, King S, Levi A, Davis A, Meir A, Wasserman B (2005).
Comparative fruit colouration in watermelon and tomato. Food
Research International 38(8-9):837-841.
Tietz NW, Prude EL, Sirgard-Anderson O (1994). Textbook of clinical
chemistry. Burtis CA, Ashwood ER, Bruns DE (Eds), WB Saunders
Company, Philadelphia pp. 1354-1374.
Upritchard JE, Sutherland WH, Mann JI (2000). Effect of
supplementation with tomato juice, vitamin E and C on LDL oxidation
and products of inflammatory activity in type-2 diabetes. Diabetes
Care 23(6):733-738.
Yang K, Lule U, Xiano-Lin D (2006). Lycopene: Its properties and
relationship to human health. Food Reviews International 22(4):309333.
Yegin SC, Yur F, Ceylan E (2013). Effect of Lycopene Application in
Rats with Experimental Diabetes Using Lipoprotein, Paraoxonase
and Cytokines. The Journal of Membrane Biology 246(8):621-626.
Zigangirova NA, Morgunova EY, Fedina ED, Shevyagina NV, Borovaya
TG, Zhukhovitsky VG, Kyle NH, Petyaev IM (2017). Lycopene inhibits
propagation of Chlamydia infection. Scientifica 2017:1-11.

