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ABSTRACT

Aim: The study was designed to investigate the hypoglycaemic potential of lycopene in
streptozotocin (STZ)-induced diabetic Wistar rats.

Methodology: To achieve this, a total of thirty (30) adult Wistar rats of both sexes were used. The
animals were made diabetic by single intraperitoneal injection of freshly prepared (60 mg/kg body
weight) of STZ. Diabetes was confirmed by the presence of high blood glucose = 200 after 72 hr.
Diabetic animals were divided into six (6) groups (1, 2, 3, 4, 5 and 6) comprising five animals each.
Animals in Group 1 (Diabetic control) and Group 2 (Normal control) received 0.5 ml of olive oil,
while those in groups 2, 3, 4, 5 and 6 were administered 10, 20, 40 and 2 mg/kg b w of lycopene
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and glibenclamide respectively orally once daily for a period of four weeks. After the last day of
treatments, all animals were sacrificed and blood samples collected and the serum separated for
determination of serum insulin concentration. The liver tissue was excised and homogenized in
equivalent volumes of phosphate buffer for the determination of hepatic glucokinase enzyme
activity.

Results: The results obtained showed that lycopene at all doses significantly (P < 0.05) decreased
the blood glucose concentration steadily from (431.4+48.84 mg/dL) to (171.1+7.65, 118.4+1.97
and 100.846.89 mg/dL) after four weeks of treatment. The Serum insulin level was increased from
(3.02+0.24 plU/mL) to (4.02+0.70, 3.96+1.41 and 5.06+0.96 plU/mL), but was not significant
(P>0.05), when compared with diabetic control animals. The activity of hepatic glucokinase was
significantly (P<0.05) increased from (8.78+1.11 ng/mL) to (11.96+0.54, 14.23+0.88 and
15.78+0.27 ng/mL), when compared with diabetic control group.

Conclusion: It is therefore, suggested that antidiabetic-activity may be linked to enhanced
glucokinase enzyme activity and not due to increased serum insulin level as the elevation was not
statistically significant (P > 0.05) when compared with the diabetic control group. It is
recommended that, lycopene may be used as a dietary component in controlling sustained

hyperglycaemia in diabetes.

Keywords: Diabetes mellitus; lycopene; hypoglycaemia; insulin; rats; glucokinase.

1. INTRODUCTION

Diabetes mellitus is a multi-systemic disorder
that affects almost every cell in the body and
considered one of the most important health
problems worldwide [1]. It is a common metabolic
disorder resulting from defects in insulin
secretion or action or both, is characterized by
hyperglycemia and often accompanied by
glycosuria, polydipsia, and polyuria [2]. During
diabetes, persistent hyperglycemia causes
increased production of free radicals especially
reactive oxygen species as a result of glucose
auto-oxidation and protein glycosylation that
occurs [3,4]. This leads to secondary
complications affecting eyes, kidneys, nerves
and arteries [5]. Diabetes mellitus is classified
into two types namely: type 1 and type 2. Type 1,
also known as insulin-dependent diabetes
mellitus (IDDM), in which the body does not
produce any insulin, most frequently occurs in
children and young adults. This type of diabetes
accounts for 5-10% of diabetes. Type 2,
otherwise called non-insulin-dependent diabetes
mellitus (NIDDM), in which the body does not
produce enough, or properly uses insulin. It
accounts for 90-95% of diabetes [6]. Poor and
inadequate glycemic control constitutes a major
public health problem and thus research on new
substances with hypoglycemic properties is
required. So there has been an increasing
interest in the search of hypoglycemic agents
from natural products, especially those derived
from plants. This is because they are usually
considered to be non-toxic, safe and with fewer
side effects than synthetic sources. Several

reports have shown that antioxidants could be
useful in preventing or attenuating the adverse
effects of chronic hyperglycemia [7]. Lycopene is
a natural constituent of red fruits and vegetables
and of certain algae and fungi [8]. It is one of the
most powerful antioxidants among dietary
carotenoids found in foods. It has gained
increased attention for its health giving properties
Lycopene is synthesized by plants and
microorganisms, but not by animals. It is a red
open-chain unsaturated carotenoid, acyclic
isomer of beta-carotene and longer than any
other carotenoid. Several studies have been
conducted on lycopene’s antioxidant properties
and health benefits [9]. Gac fruits, tomatoes and
tomato products, including ketchup, tomato juice,
and pizza sauce, are the more bioavailable
sources of lycopene [10]. It is also found in
watermelon, papaya, pink grapefruit, and pink
guava [11]. However, lycopene is more
bioavailable in processed and cooked tomato
products than in fresh tomatoes [11]. In vitro,
animal and clinical studies suggest that lycopene
may attenuate liver injury and possibly prevent
the development of hepatocellular carcinoma
[12]. Some evidence suggests that cancers of
the pancreas, colon and rectum, esophagus, oral
cavity, breast and cervix could be reduced with
increased lycopene intake [13]. Studies [13]
demonstrated that oral administration of
lycopene to men with infertility significantly
improved the sperm concentration in 66% of
cases and motility in 73% of cases. Korucuoglu
et al. [14] in their studies showed that lycopene
can be used to prevent osteoporosis by its ability
to reduce carbonyl levels. Carbonyl a product of
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protein oxidation, leads to oxidative stress and
osteoporosis. Lycopene also was shown to have
an effect on proliferation and differentiation of
osteoblasts, the cells responsible for bone
formation [15]. Liu et al. [16] also demonstrated
that lycopene exhibited anti-atherogenic effects
by inhibiting the expression of inflammatory
mediators in hyperhomocysteinemic rats. In
addition, some studies have demonstrated the
anti-diabetic effect of lycopene, however, most
investigations  carried out were mainly
epidemiological in nature with little or no
experimental validation. Also coupled with the
fact that there is limited information on
hypoglycaemic activity of lycopene using animals
as models. Therefore, the current study aimed at
evaluating the hypoglycaemic effect of lycopene
in STZ-induced diabetic Wistar rats.

2. MATERIALS AND METHODS

2.1 Materials

2.1.1 Experimental animals and care

Adult Wistar rats of both sexes weighing 150 to
200 g were purchased from the Animal House of
the Department of Human Physiology, Ahmadu
Bello University, Zaria, Kaduna State. The
animals were maintained in clean aluminum
cages, under laboratory condition of temperature,
humidity and light. They were fed on standard
commercial rat pellets (Vital Feeds) with free
access to water.

2.1.2 Chemicals and lycopene

Streptozotocin was purchased from Sigma
chemicals (St Louis U.S.A), while Lycopene (30
mg) capsule was procured from General Nutrition
Corporation,  Pittsburgh, U.S.A)). It was
reconstituted in olive oil (Goya en Espafa,
S.A.U., Sevilla, Spain) to appropriate working
dosage. All other chemicals and solvents used
were of analytical grade.

2.2 Methods

2.2.1 Induction of experimental diabetes

Experimental diabetes was induced by single
intraperitoneal injection of 60 mg/kg body weight
dose of streptozotocin dissolved in fresh 0.1 M
cold citrate buffer of pH 4.5 into animals deprived
of feeds 18 h but with access to water. Three
days after streptozotocin administration, blood

was taken from the tail artery of the rats. Animals
having blood glucose levels = 200 mg/dl were
considered diabetic and included in the study.
Thereafter, diabetic animals were randomly
assigned into different groups.

2.2.2 Experimental design and treatments

In the present study, a total of thirty (30) Wistar
rats (twenty five diabetic and five normal
animals) were wused. The animals were
randomized into six groups of five rats each:

Group I: Comprised of normal control rats
that were administered with 0.5
ml/kg body weight of olive oil

Group Ill: Consisted of diabetic control

animals that were treated with 0.5
mi/kg body weight of olive oil

Group lll: Diabetic animals that received 10
mg/kg body weight of lycopene

Group |V: Diabetic rats that were administered
with 20 mg/kg body weight of
lycopene

Group V: Diabetic rats that were treated with
40 mg/kg body weight of lycopene

Group VI: Diabetic animals that received 2
mg/kg body weight of glibenclamide
[17]. All treatments were given orally
once daily for four weeks. The study
was conducted according to the
Ahmadu Bello University Animal
Committee guideline in compliance
with the National Institute of Health
Guidelines for Care and Use of
Laboratory Animals (Pub No0.85-23
revised 1985).

2.2.3 Assessment of fasting blood glucose
level

Fasting blood glucose level was determined by
collection of blood sample from the tail artery of
the rats at interval of 0 week, 15! week, 2" week,
3™ week and 4" week of the treatment period
respectively by  glucose-oxidase = method
described by Beach and Turner [18] using digital
glucometer  (Accu-chek  Advantage) and
expressed as mg/dl.

2.2.4 Preparation of serum sample

Twenty four hours after the last day of treatment,
all rats from each group were euthanized and
blood was collected through cardiac puncture
into sample tubes. The blood in the sample tubes
was allowed to clot and the serum separated by

764



Eze et al.; BIMMR, 7(9): 762-770, 2015; Article no.BJMMR.2015.386

centrifugation at 1,964 g for 10 minutes using
Centrifuge Hettich (Universal 32, Made in
Germany). Serum obtained was used for the
determination of serum insulin concentration.

2.2.5 Tissue homogenates preparation

Approximately 1.0 g of liver and kidney were
dissected out, washed with ice-cold saline,
weighed and homogenized immediately in 10 ml
ice-cold phosphate buffer of 0.1 M of pH 7.4. The
homogenates were centrifuged at 1,964 g for 10
minutes to remove debris and supernatant
collected for evaluation of hepatic glucokinase
activity.

2.2.6 Estimation of serum insulin level

The estimation of serum insulin levels was done
by radio-immunoassay (RIA) using Mercodia
Ultrasensitive Rat Insulin ELISA kits (10-1251-
01).

2.2.7 Estimation of
enzyme activity

hepatic glucokinase

The activity of hepatic glucokinase enzyme
activity was determined by method of Goward et
al. [19] by continuous spectrophotometric rate
determination.

2.2.8 Statistical analysis

Values obtained from each group were
expressed as mean + SEM. The data were
statistically analyzed using ANOVA with Tukey’s
Post hoc test to compare the levels of
significance  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

Fig. 1 shows the comparison between the normal
control and diabetic control groups as well as the
diabetic rats treated with various doses of
lycopene and glibenclamide. Results obtained
indicated that there was a significant increase (P
< 0.05) in the level of fasting blood glucose in the
diabetic control rats three days after
streptozotocin injection, when compared with
those obtained in normal control animals.
Treatments of diabetic animals with lycopene at
all doses (10, 20 and 40 mg/kg) and
glibenclamide (2 mg/kg) produced a steady
significant (P < 0.05) decrease in the fasting
blood glucose concentration especially after the
3 and the 4™ weeks when compared with
diabetic control group.

600 -
=
S, 500 -
=
N’
< 400 - ——NC + OL (0.5 mL)
>
= =8—-DC + OL (0.5 mL)
9 300 -
3 D+ LYC10 mg/kg
a 200 - —>=D+LYC 20 mg/kg
= =#=D+ LYC 40 mg/kg
S 100 -
=) D+ GLB 2 mg/kg

0 T T T T 1

Week 0 Week 1 Week 2

Week 3

Week 4

Duration of Treatment

Fig. 1. Effects of lycopene on fasting blood glucose level in streptozotocin-induced diabetic
Wistar rats
NC+ OL = normal (non-diabetic) rats + olive oil (0.5 ml), DC+OL = diabetic rats + olive oil (0.5 ml), D+ LYC10
mg/kg = diabetic rats + 10 mg/kg of lycopene, D+ LYC 20 mg/kg = diabetic rats + 20 mg/kg of lycopene, D+ LYC
40 mg/kg = diabetic rats + 40 mg/kg of lycopene and D+ GLB 2 mg/kg = diabetic rats + glibenclamide 2 mg/kg
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There was also a significant (P < 0.05) reduction
in serum insulin level in the diabetic control rats
after STZ injection, when compared with normal
control rats (Fig. 2). However, oral administration
of lycopene to diabetic rats resulted in elevation
of serum insulin level, but it was not statistically
significant (P > 0.05) in comparison with the
diabetic control group. Conversely, there was a
significant increase (P < 0.05) in the level of
serum insulin in diabetic animals treated with
glibenclamide (2 mg/kg) when compared with
diabetic control group (Fig. 2).

The activity of hepatic glucokinase was
significantly reduced (P < 0.05) in the diabetic
untreated animals when compared with normal
control rats. Administration of lycopene and
glibenclamide to diabetic rats significantly (P <
0.05) increased activity of hepatic glucokinase
with the reference drug (glibenclamide)
producing a better activity when compared with
diabetic control group (Fig. 3).

4. DISCUSSION

Experimental diabetes models have been
reported to be an important tool in analyzing
diabetes  complications and  determining
treatment approaches [20]. The present study
evaluated the hypoglycaemic activity of lycopene

in STZ-induced diabetes mellitus. Results
obtained showed that blood glucose
concentration was significantly elevated in

animals three days after STZ injection. This
finding is in agreement with those reported by
other authors [21,22]. STZ is well known for its
selective pancreatic B-cell toxicity and has been
extensively used for the induction of diabetes
mellitus in animal models [23]. STZ induces
diabetes which resembles human
hyperglycaemic non-ketotic diabetes mellitus in
animal models by selectively destroying the
insulin producing B-cells by inducing necrosis
and hence, causing alterations in plasma insulin
and glucose concentrations [24]. Thus, the
significantly reduced serum insulin level recorded
in the present investigation showed that STZ
administration  caused  destruction  insulin
producing B-cell in the pancreas. This finding has
been reported by other investigators [25-27]. The

present study showed that lycopene
administration to diabetic animals increased
serum insulin concentration, although this

elevation was not statistically significant when
compared with the diabetic control group. This
observation indicated that lycopene may possess
insulin secreting or releasing activity [28], even

though the level of increase was not significant.
Thus, this may partly account for the significantly
reduced blood glucose levels recorded in the
experimental animals when compared with the
diabetic control group. However, glibenclamide
produced a better activity than the lycopene
treated groups when compared. The finding is
consistent with the reports of Sevim et al. [20]
and Duzguner et al. [29], who have
demonstrated a significantly reduced blood
glucose concentration in diabetic animals
following lycopene administration. Furthermore,
chronic hyperglycemia in diabetes mellitus has
been shown to cause increase in the levels of
free radicals generation [30]. And it has been
reported that lycopene possess good free radical
scavenging capacity because of its unique
structure (high number of conjugated double
bonds) being one of the most potent antioxidants
carotenoids [31]. Therefore, anti-diabetic activity
of lycopene observed in our present study may
be attributed to its strong antioxidant property
[31], since hyperglycaemia in diabetes mellitus
has been shown to cause depletion of the
cellular antioxidant defenses and increases the
levels of free radicals as well. Similar study
carried out by Bose and Agrawal [32] have
demonstrated the ability of lycopene to quench
the superoxide and other free radical anions
which are released in diabetes due to abnormal
glucose metabolism.

Abnormal insulin secretion is one of the
characteristics of chronic hyperglycaemia in
diabetes; and this often results to derangement
in carbohydrate metabolism [33]. Liver has been
shown to be an insulin dependent tissue, and is
reportedly involved in glucose and lipid
homeostasis, which is usually severely affected
during diabetes [34]. Insulin influences the
intracellular utilization of glucose in a number of
ways. It increases hepatic glycolysis by
increasing the activity and amount of several key
enzymes including glucokinase [35]. Glucokinase
catalyzes the conversion of glucose to glucose -
6- phosphate and plays a central role in the
maintenance of glucose homeostasis. In the
liver, this enzyme is an important regulator of
glucose storage and disposal [36]. In the present
study, the glucokinase activity was decreased in
STZ-induced diabetic untreated animals when
compared to normal control group. This finding is
similar with the reports of the previous studies by
lynedjian et al. [37] and lynedjian [38] who
demonstrated that hepatic glucokinase was
significantly reduced in STZ-induced diabetic
rats. Hence the decreased activity of hepatic
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glucokinase in diabetic untreated animals
recorded in the current investigation may be
attributed to depleted insulin  secretion.
Treatment with lycopene enhanced the activity of
glucokinase in liver of diabetic animals when
compared with the control group. This
observation suggests that increased activity may
be due to stimulation of insulin secretion from
pancreatic B-cells as evidenced by increased
serum insulin level recorded in our current
investigation [39], however this elevation was

14

10

Serum Insulin Level (uIU/mL)
o

)

NC+OL (0.5mL) DC+OL(0.5mL)

D+ LYC10 mg/kg

statistically significant when compared with the
diabetic  control group. The enhanced
glucokinase activity does not appear to be
related to increased insulin secretion, since there
was only a modest, statistically insignificant
increase in insulin levels with lycopene
treatment. Thus, the increased activity of this
glucose regulating enzyme may have resulted in
increased glucose utilization by the cells leading
to reduced levels of blood glucose [34,40].

0 .

D +LYC20 mg/kg D+ LYC40 mg/kg D+ GLB 2 mg/kg

Treated groups

Fig. 2. Effects of lycopene on serum insulin level in streptozotocin-induced diabetic Wistar rats
Bars with different superscript letters (a, b, c) differ significantly (P<0.05) when compared with
the control groups
NC+ OL = normal (non-diabetic) rats + olive oil (0.5 ml), DC+OL = diabetic rats + olive oil (0.5 ml), D+ LYC10
mg/kg = diabetic rats + 10 mg/kg of lycopene, D+ LYC 20 mg/kg = diabetic rats + 20 mg/kg of lycopene, D+ LYC
40 mg/kg = diabetic rats + 40 mg/kg of lycopene and D+ GLB 2 mg/kg = diabetic rats + glibenclamide 2 mg/kg
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Fig. 3. Effects of lycopene on hepatic glucokinase acitivity in streptozotocin-induced diabetic
Wistar rats bars with different superscript letters (a, b, c) differ significantly (P<0.05) when
compared with the control groups
NC+ OL = normal (Non-diabetic) rats treated with olive oil (0.5 ml), DC+OL = diabetic rats treated with olive oil
(0.5 ml), D+ LYC10 mg/kg = diabetic rats treated with 10 mg/kg of lycopene, D+ LYC 20 mg/kg = diabetic rats
treated with 20 mg/kg of lycopene, D+ LYC 40 mg/kg = diabetic rats treated with 40 mg/kg of lycopene and D+
GLB 2 mg/kg = diabetic rats treated with glibenclamide 2 mg/k
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5. CONCLUSION

In conclusion, the observed significant reduction
in blood glucose level in diabetic rats recorded in
our present investigation suggests that lycopene
may exert its hypoglycaemic activity via
increased hepatic glucokinase activity and
probably by stimulating insulin release from
pancreatic p-cells as evidenced by elevated
serum insulin level, although the increase was
not significant. It is therefore suggested that
lycopene may be a promising candidate as a
dietary hypoglycaemic agent.
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