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ABSTRACT

Aim: To investigate the antidiabetic, anti-hyperlipidaemic, and antioxidant potentials of the combined
aqueous extracts of Morinda lucida and Saccharum officinarum leaves.
Study design: Thirty alloxan-induced diabetic male rats were randomly and evenly distributed into six
groups, and  were subsequently exposed to the following treatments for twenty-one days: Group I
(Control): Normal saline; Group II: Untreated Diabetic control; Group III: Diabetic rats treated with
glibenclamide (600mg/Kg. b.w); Group IV: Diabetic rats treated with Morinda lucida (400mg/Kg b.w);
Group V: Diabetic rats treated with Saccharum officinarum (400mg/Kg b.w); Group VI: Diabetic group
treated with Morinda lucida and Saccharum officinarum (400mg/Kg b.w, 1:1).
Place and Duration of Study: This work was carried out in the Department of Biochemistry,
University of Lagos,Lagos, Nigeria between November 2012 and February 2013.
Methodology: Blood samples were collected for the determination of fasting blood sugar and
biochemical profiles following the last oral treatment and an overnight fast. The pancreas, liver, and
kidney tissues of each animal were excised and subjected to tests for oxidative stress markers.
Result: There was a significant reduction (P< 0.001) in the fasting blood glucose of diabetic rats

treated with the plant extracts, both separately and the extract mixture when compared to the
untreated diabetic group. Diabetic treated groups showed a significant decrease (P<0.001) in the
levels of Total cholesterol and Low Density Lipoprotein Cholesterol when compared to the diabetic
untreated group. Levels of reduced glutathione and Catalase activities in the pancreas and liver of
diabetic treated groups were significantly increased compared to the non-treated diabetic control
(P<0.001). Activities of Super-Oxide Dismutase were significantly increased (P<0.001) in the
pancreas and kidney of rats treated with the plant extracts while Malondialdehyde showed a
significant reduction in the treated groups of all organs evaluated (P<0.001).
Conclusion: The extracts showed anti-hyperglycaemic, anti-hyperlipidaemic and antioxidant
potentials.
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1.INTRODUCTION

Diabetes mellitus is a severe health problem, a heterogenous metabolic disorder characterised by
defects in insulin secretion, insulin action, or both [1]. The incidence is on the increase all over the
world in both developing and developed countries predisposing chronic complications like retinopathy,
nephropathy, coronary heart disease, and neurologic disease [2]. The global prevalence of diabetes is
estimated to increase, from 4% in 1995 to 5.4% by the year 2025 [3].
Numerous studies have demonstrated that oxidative stress, mediated mainly by hyperglycaemia-
induced generation of free radicals, contributes to the development and progression of diabetes and
related complications [4]. Diabetes causes disturbances of lipid profiles, much more causing
increasing susceptibility of cell membrane to lipid peroxidation [5]. Antioxidants may offer resistance
against oxidative stress by scavenging the free radicals, inhibiting the lipid peroxidation [6]. By
extension therefore, combating effects of oxidative stress through treatment with natural compounds
that possess potent antioxidant activities might be an effective strategy for reducing diabetic
complications.

Traditional systems of medicine is  widely practised today on many accounts which include population
rise, inadequate supply of drugs, prohibitive cost of treatments, side effects of several allopathic
drugs. These have led to increased emphasis on the use of plant materials as a source of medicines
for a wide variety of human ailments [7].

Morinda lucida Benth (Rubiaceae) is a medium-sized tree, about 15m tall (lucifera). It is a tropical
West Africa rainforest tree popularly known as Brimstone tree [8]. It has different local names among
different West Africa countries where the plant is found. In Nigeria, the plant is widely used in the
treatment of typhoid fever, jaundice, and malaria [9]. Phytochemical constituents of aqueous and
methanolic extracts of M. lucida stem bark have shown the presence of flavonoids, saponins,
glycoycosides and steroids [8] while the methanolic extract of M. lucida leaves contain flavonoids,
alkaloids, tannins and saponin [10].

Saccharum officinarum, family Poaceae, is generally called sugarcane while it is known as Ireke
among the indigenous people of South Western Nigeria.

Among the traditional practitioners in Lagos, Nigeria, fresh leaves of M. lucida and S. officinarum are
squeezed, mixed with water and taken orally in the treatment of diabetes mellitus. Hence, this study
aimed at evaluating the folkloric use of the plants in the management of diabetes.

2. MATERIALS AND METHODS

2.1 Plant Materials and Preparation of Extracts

Fresh leaves of M. lucida benth and S. officinarum were collected from Ilaro, Ogun State, Nigeria in
November 2012. The plants were identified and authenticated by Mr Banji Oyetola, a taxonomist in
the herbarium, Department of Botany, University of Lagos, Akoka, Lagos. The voucher numbers were
LUH 3819 and LUH 5516 for M. lucida benth and S. officinarum respectively. The leaves of M. lucida
and S. officinarum were air dried in an open space of laboratory. Aqueous infusions of the plants were
prepared to mimick the native traditional method of preparation by performing a cold maceration of
200 g each of the pulverized plant material in 1000 mL of distilled water. It was kept in the Laboratory
at room temperature for 48 hours after which it was filtered using muslin cloth and filter paper. The
filtrate was collected in a beaker; the water was allowed to evaporate over a water bath to yield 19.6g
and 15.4g extract concentrate of M. lucida and S. officinarum respectively. The concentrates were
dissolved in normal saline for this study.

2.2 Experimental animals
Twenty wistar rats, twelve weeks old weighing (120-150g) and thirty Swiss albino mice (weighing
18.85± 0.27 g) were obtained from the animal house College of Medicine of the University of Lagos,
Idi-Araba. The animals were housed in clean plastic cages, well ventilated (26 ± 2°C and relative
humidity 30-35%) in 12 hours light and 12 hours dark cycle respectively. The animals were provided
with standard pelleted rat chow and water ad libitum, and were allowed to acclimatize for two weeks
before commencing the experiment. This research was conducted in accordance with the
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internationally accepted principles for laboratory animal use and care (NIH Publication: 83-23) [11]
and in strict compliance to the guidelines of the Ethical committee on the use and care of animals of
the College of Medicine, University of Lagos.

2.2.1 Acute toxicity study

The toxicity study was carried out using thirty (30) Swiss albino mice of both sexes. The animals were
randomly grouped into six groups (five in each group) and treated with oral administration of plant
extracts as follows after fasting them for 16 hours:  Group I received normal saline (control); Group II
received 100mg/Kg of M. lucida; Group III received 1000mg/Kg of M. lucida; Group IV received
2000mg/Kg of M. lucida; Group V received 1000mg/Kg of S. officinarum and Group VI received
2000mg/Kg of S. officinarum. The animals were observed continuously for the first 4 hours and then
each hour for the next 24 hours; and at 6 hours intervals for the next 48 hours after the administration
of the respective extracts to observe any death, external body surface changes or changes in general
behaviour of the animals [12,13].

2.2.2 Induction of diabetes in rats

Thirty Wistar male rats weighing 139.30 ± 5.69 were induced with diabetes by intraperitoneal injection
of alloxan monohydrate (C4H2N2O4.H2O, 10%), 150mg/kg body weight dissolved in normal saline (0.2
ml, 154mM Nacl) after 18 hours fasting to induce hyperglycaemia in experimental rats [14]. The blood
glucose level was monitored for 72 hours after alloxan administration in blood samples collected by
tail tipping method using a Glucometer (ACCU-CHEK, Roche Diagnostics). Animals with blood
glucose level greater than 250mg/dl were considered diabetic and selected for this study.

2.3 Experimental design
Aqueous leaf extracts of M. lucida and S. officinarum were administered through oral route as follows:
Group I (Control): Normal saline
Group II: Diabetic control untreated

Group III: Diabetic rats treated with glibenclamide (600mg/Kg. b.w)

Group IV: Diabetic rats treated with M. lucida (400mg/Kg b.w)

Group V: Diabetic rats treated with S. officinarum (400mg/Kg b.w)

Group VI: Diabetic group treated with M. lucida and S. officinarum (400mg/Kg b.w, 1:1).

Following twenty-one days of treatment, blood samples were collected through cardiac puncture into
Lithium heparin bottles for biochemical analysis after an overnight fasting. Pancreas, kidney and liver
were excised, blotted with tissue paper and suspended in cold normal saline for rinsing. The blood
samples were centrifuged at 3500 rpm for 10 minutes. The plasma was used for the biochemical
assay.

2.3.1 Tissue Sample Preparation
The pancreas, liver, and kidney tissues excised from each animal were homogenised in cold buffer
using teflon homogeniser in a tissue to buffer ratio of 1:10. The resulting tissue buffer mixture was
centrifuged at 3500 rpm for 10 minutes at 4°C and the supernatants were kept at -200C and were
assayed within 48 hours for markers of oxidative stress.

2.4 Assessment of Biochemical parameters

Aspartate Aminotransferase-AST and Alanine Aminotransferase-ALT were both determined by the
method of Reitman and Frankel, [15] using Randox Reagent Kits. Determination of Alkaline
Phosphatase was done using Teco Reagent kit according to the method described by Tietz et al [16].
Biolabo reagents were used for the determination of Urea [17], Creatinine [18], Triglycerides (GPO
method) by Fossati et al., [19], Total Cholesterol by Allain et al., [20], High Density Lipoprotein (HDL)
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– Cholesterol (PTA) by Tietz [21]. LDL-Cholesterol was determined mathematically using the following
formula as posited by Lopez et al, [22]:

LDL–Cholesterol = Total Cholesterol – (TG/2.2) – HDL-Cholesterol.

2.5 Evaluation of Oxidative stress markers
2.5.1 Determination of Superoxide Dismutase (SOD) activity

Superoxide dismutase (EC 1.15.1.1) catalyses the of superoxide anions converting them to hydrogen
peroxides. Superoxide Dismutase activity was determined by its ability to inhibit the auto-oxidation of
epinephrine determined by the increase in absorbance at 480nm as described by Sun and Zigma
[23]. The reaction mixture (3 ml) contained 2.95 ml 0.05 M sodium carbonate buffer pH 10.2, 0.02 ml
of liver homogenate and 0.03 ml of epinephrine in 0.005 N HCL was used to initiate the reaction. The
reference cuvette contained 2.95 ml buffer, 0.03 ml of substrate (epinephrine) and 0.02 ml of water.
Enzyme activity was calculated by measuring the change in absorbance at 480 nm for 5 mins.

2.5.2 Catalase activity determination

Catalase (EC 1.11.1.6) activities of liver and brain tissues were determined by Goth’s colorimetric
method [24], in which homogenate was incubated with H2O2 substrate. The enzyme reaction was
stopped by the addition of ammonium molybdate. The intensity of the yellow complex formed by
molybdate and H2O2 was measured at 405nm.

2.5.3 Reduced Glutathione Determination

The reduced glutathione (GSH) content was estimated according to the method described by Sedlak
and Lindsay [25]. To the homogenate 10% TCA was added, centrifuged. 1.0ml of supernatant was
treated with 0.5ml of Ellmans reagent (19.8mg of 5,5-dithiobisnitro benzoic acid (DTNB) in 100ml of
0.1% sodium nitrate) and 3.0ml of phosphate buffer (0.2M, pH 8.0). The absorbance was read at
412nm.

2.5.4 Lipid Peroxidation

Malondialdehyde (MDA), an index of lipid peroxidation was determined using the method of Buege
and Aust [26]. 1.0 ml of the supernatant was added to 2 ml of (1:1:1 ratio) TCA-TBA-HCl reagent
(thiobarbituric acid 0.37%, 0.24N HCl and 15% TCA) tricarboxylic acid- thiobarbituric acid-hydrochloric
acid reagent boiled at 100oC for 15 min, and allowed to cool. Flocculent materials were removed by
centrifuging at 3000 rpm for 10 minutes. The supernatant was removed and the absorbance read at
532 nm against a blank. MDA was calculated using the molar extinction coefficient for MDA-TBA
complex of 1.56 × 105 M-1CM-1.

2.5.5 Determination of total protein

This was determined using Biuret method [27]. 5.0 ml of blank Biuret reagent prepared by dissolving
CuSO4..5H20 crystal in 500 ml of distilled water was added to sample blank. These were mixed well
and allowed to stand for 20 min at room temperature 25 - 27oC. Absorbance was read for one test
and standard against a blank at 540 nm. The concentration of protein was calculated using: optical
density for standard × concentration of standard.

2.6 Statistical analysis

Data were analyzed by comparing values for different treatment groups with the values for individual
controls. Results were expressed as mean ± SEM. The significant differences among values were
analysed using analysis of variance (One-way ANOVA) and Bonferroni for post hoc tests (multiple
comparison) at P-value = 0.05. Graph pad prism 5.0 software was used for the analysis.
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3. RESULTS

Acute toxicity study of the two extracts did not show any sign of mortality or toxicity in the animals
indicating that the extracts are safe at the administered dosage (2000mg/Kg b. wt) and non-toxic to
the animals.

Table 1 shows the blood glucose level in the control and experimental groups. There was no
significant difference in the basal blood glucose in the test groups and the control group. After the
three days of diabetes induction with alloxan monohydrate, a significant rise in fasting blood glucose
was recorded and after twenty-one days of plant extracts administration, there was a significant
reduction (P<0.001) in the blood glucose of diabetic rats treated with the plant extracts, both
separately and the extract mixture compared to the diabetic control rats. No significant difference was
observed in the blood glucose of diabetic rats treated with the standard drug, glibenclamide and the
plant extracts treated groups though diabetic rats administered with S. officinarum and those treated
with the combined M. lucida and S. officinarum showed lower fasting blood glucose levels.

The groups administered with the plant extracts showed a significant reduction (P<0.001) in the levels
of AST, ALT, and creatinine when compared to the diabetic control group (P<0.001). The rats
administered with combined plant extract mixture had a significant increase in HDL when compared to
the diabetic control whereas the M. lucida administered group was not significant. The plant extract
groups except those administered with S. officinarum only also showed a significant reduction in the
levels of ALP, Urea, and TG when compared with the diabetic control group (P<0.001). The lipid
profile of diabetic treated groups showed a significant decrease (P<0.001) in the levels of Total
cholesterol and LDL-Cholesterol when compared to the diabetic untreated group (Table 2).

Table 3 showed the effects of extracts on the antioxidant enzymes. Evaluation of reduced glutathione
and Catalase activities in the pancreas and liver of diabetic treated groups were significantly
increased compared to the non-treated diabetic control (P<0.001).   Levels of Super-Oxide Dismutase
were significantly increased (P<0.001) in the pancreas and kidney of rats treated with the plant
extracts while malondialdehyde showed a significant reduction in the treated groups of all organs
evaluated (P<0.001).

Table 1. Blood glucose level (mg/dl) variation during the 21 days treatment

Groups Group I Group II Group III Group IV Group V Group VI

Basal

Value

83.6±3.5 80.8±5.6 70.6±6.9 70.4±7.5 91.0±2.7 80.0±4.9

After

Induction

83.4±3.7 431.8±51.8a 421.8±47.6 a 516.6±10.2 a 381.6±42.6 a 444.6 ±44.4 a

After

Treatment

85.0±2.7 389.6±40.2a 120.6±5.9 b 123.0±9.4 b 110.2±3.0 b 110±3.5 b

Values are expressed as Mean ± SEM (n=5); Statistical significance at P< 0.001

a: significant compared with control; b: significant compared with diabetic group; c: significant

compared with group III. Group I - Non-diabetic Control; Group II – Diabetic control; Group III –

Diabetic + Glibenclamide; Group IV – Diabetic + M. lucida; Group V – Diabetic + S. officinarum; Group

VI – Diabetic + M. lucida + S. officinarum.
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Table 2: Biochemical profiles of experimental rats after 21 days of treatment.

Parameters Group I Group II Group III Group IV Group V Group VI

AST (U/L) 110.2±4.09 273.8±19.67 a 159.0±15.02ab 126.0 ±1.62b 107.5±3.71b 62.84±0.94

abc

ALT (U/L) 24.52±0.72 108.4 ± 4.91a 69.7 ± 0.46ab 71.68 ± 2.16 ab 100.0 ± 3.53 abc 14.68± 0.55

a, b

ALP 60.50±0.45 151.20±2.17 a 136.20 ± 1.94

ab

92.51 ± 1.59 ab 145.30 ± 3.21 a 1.25±0.01ab

c

Urea (mmol/L) 2.81 ± 0.36 b 12.04 ± 0.41 a 11.21 ± 0.08 a 8.93 ± 0.05 ab 12.00  ± 0.68 a 2.68  ± 0.19

bc

CREA (mmol/L) 15.58 ± 0.16

b

90.68 ± 0.49 a 81.88 ± 0.70 ab 81.04 ± 0.58 ab 62.40 ± 2.65 a,b 15.28± 0.18

b

T-CHOL

(mmol/L)

2.77 ± 0.03 6.49 ± 0.14 a 4.38 ± 0.09 ab 3.79 ± 0.11 ab 4.27 ± 0.02 a, b 3.31±0.05

abc

TG (mmol/L) 0.72 ± 0.02 2.38 ± 0.03 a 1.38 ± 0.04 ab 1.30 ± 0.05 ab 2.34 ± 0.06 a 1.78±0.01

abc

HDL (mmol/L) 1.53 ± 0.08 0.43 ± 0.01 a 1.08 ± 0.04ab 0.42 ± 0.01 a 0.81± 0.01 a, b 1.77±0.02

abc

LDL (mmol/L) 0.91 ± 0.01 4.76±0.19 ab 2.64 ± 0.01ab 2.76 ± 0.01ab 2.37 ± 0.01 ab 0.72±0.01 b

Values are expressed as Mean ± SEM (n=5); Statistical significance at P< 0.001

a: significant compared with control; b: significant compared with diabetic group; c: significant

compared with group III. Group I - Non-diabetic Control; Group II – Diabetic control; Group III –

Diabetic + Glibenclamide; Group IV – Diabetic + M. lucida; Group V – Diabetic + S. officinarum; Group

VI – Diabetic + M. lucida + S. officinarum.
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Table 3: Effects of the extracts on antioxidant enzymes

Organ Group I Group II Group III Group IV Group V Group VI

GSH Pancreas 1.56±0.02 0.91±0.04

a

1.15±0.01ab 1.37±0.02ab 1.17±0.02

ab

1.41 ± 0.01 ab

Kidney 1.33±0.01 0.77±0.05

a

1.07 ± 0.02 a 1.17±0.01 1.00±0.05

a

1.16 ± 0.02 a

Liver 1.25±0.01 0.51±0.01

a

0.81±0.01 ab 1.54±0.01 ab 0.66±0.01

ab

1.21 ± 0.01bc

SOD Pancreas 2.40±0.01 0.56±0.01

a,

1.51±0.01 ab 1.13±0.12 ab 1.04±0.02

a, b

1.20 ± 0.01 ab

Kidney 1.82±0.01 0.32±0.02

a

0.98±0.01 ab 1.17±0.01 ab 1.77±0.13

b

1.04±0.05 ab

Liver 1.74±0.01 0.74±0.01

a

1.05±0.01 ab 1.82±0.01 ab 0.80±0.01

a

1.23±0.01 abc

CAT Pancreas 9.91±0.01 4.55±0.03

a

8.02±0.01 ab 6.40±0.20 ab 6.47±0.02

ab

6.26±0.02 ab

Kidney 4.73±0.01 2.99±0.31

a

4.17±0.31 4.27±0.26 b 4.46±0.29

b

4.14±0.27

Liver 8.80±0.58 1.39±0.01

a

1.96±0.01 a 5.53 ±0.06 ab 3.68±0.14

ab

3.49±0.07 a, b,

c

MDA Pancreas 0.11±0.00 0.87±0.01

a

0.17 ± 001 ab 0.15 ± 0.01

ab

0.35±0.01

ab

0.19±0.00 abc

Kidney 0.16±0.00 0.23±0.01

a

0.16 ± 0.01b 0.13 ± 0.00

ab

0.17±0.00

b

0.12±0.01 ab

Liver 0.06±0.00 0.19±0.00

a

0.12 ± 0.01

ab

0.15 ± 0.00

ab

0.12±0.00

ab

0.11±0.00 abc

Values are expressed as Mean ± SEM (n=5); Statistical significance at P<0 .001

a: significant compared with control; b: significant compared with diabetic group; c: significant

compared with group 3. Group I - Non-diabetic Control; Group II – Diabetic control; Group 3 –

Diabetic + Glibenclamide; Group IV – Diabetic + M. lucida; Group V – Diabetic + S. officinarum; Group

VI – Diabetic + M. lucida + S. officinarum.
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4.0 DISCUSSION

Diabetes is a chronic disorder of carbohydrate, fat, and protein metabolism characterised by
increased fasting and post prandial blood sugar levels [3]. Alloxan is a chemical that is generally used
in experimental animals to induce diabetes by a way of establishing a redox cycle resulting in the
production of superoxide radicals. A sudden selective destruction of pancreatic β-cells occurs when
the radicals undergo dismutation to hydrogen peroxide with a concurrent massive increase in
cytosolic calcium concentration [28].

One of the fundamental basis of hyperglycaemia in diabetic condition is the overproduction of glucose
by means of excessive hepatic glycogenolysis and gluconeogenesis [29]. Medicinal plants with
hypoglycaemic activities increase insulin secretion by enabling glucose utilization by the peripheral
tissues and inhibit glucose absorption from intestine and glucose production from the liver [30]. Leaf
extracts of M. lucida has been reported to contain high concentrations of flavonoids, alkaloids, tannins
and saponin and hypoglycaemic activities of flavonoids and alkaloids have been documented [10,
31].The hypoglycaemic effect of the plant extracts shown in this study could be by a way of inhibiting
enzymes in the small intestinal brush border that are responsible for the degradation of
oligosaccharides and disaccharides into monosaccharide suitable for absorption. This action in turn
will halt glucose entry into the systemic circulation and lower post prandial glucose concentrations
[28].

Assessment of biochemical profiles of ALT, AST, and ALP are important in the evaluation of liver
integrity and damage [32]. Marked increase in release of hepatic enzymes into the blood stream is
often associated with massive necrosis of liver [33].
Urea is the predominant nitrogen waste product of protein catabolism; when in excess urea induces
generation of free radicals and oxidative stress [34, 35]. Urea and creatinine are important markers of
kidney function. The significant reduction of urea and creatinine levels observed in this study suggests
that the aqueous leaf extract of M. lucida could aid kidney recovery functions in diabetes caused
kidney dysfunction.

Dyslipidaemia is a common diabetic condition sequel to both insulin deficiency and insulin resistance
which affect enzymes and pathways of lipid metabolism [36]. High levels of Total Cholesterol,
triglycerides, and LDL- Cholesterol in the diabetic rats observed in this study compared to the non-
diabetic control groups are in tandem with what has been reported that elevated serum
concentrations of total cholesterol, low density lipoprotein (LDL) cholesterol and triglycerides are
usually evident  in diabetic conditions [37]. This study further revealed the hypolipidaemic potential of
separate extracts and the combined extracts in lowering the levels of TC and LDL-Cholesterol.
Significant reduction in the lipid profile of the ethanolic root extract of M. lucida has been reported
[38].

During diabetes, persistent hyperglycaemia promotes increased production of Oxygen free radicals as
a result of glucose auto-oxidation, lipid peroxidation of low density lipoprotein, and in the processes
involved in the formation of advanced glycation end products (AGE) [39, 4]. Increase in the levels of
Oxygen free radicals have been implicated in the pathophysiology of diabetes mellitus which could be
due to their increased formation and/or decreased destruction by enzymic (e.g. Catalase and Super-
Oxide Dismutase) and non-enzymic antioxidants (e.g. reduced glutathione) [40]. The decreased
activity of antioxidants and elevated lipid peroxide levels in the diabetic untreated rats observed in this
study could be linked to oxidative stress and/or decreased antioxidant defence mechanisms [41].
Impaired glutathione metabolism is also implicated in the pathogenesis of diabetes [42]. Glutathione,
a substrate for glutathione peroxidase and glutathione S-transferase, is mainly concerned with the
removal of oxygen free radicals and maintenance of membrane protein thiols [43]. Marked increased
levels of reduced glutathione and Catalase in the pancreas and liver of diabetic treated groups
observed could be associated to the free radical scavenging activities present in the plant extracts.
Superoxide Dismutase just like Catalase are important scanvengers of superoxide ion and hydrogen
peroxide, protecting the cellular constituents from oxidative damage [44].
TBARS were measured as an index of malondialdehyde production. Elevated levels of MDA suggests
enhanced lipid peroxidation resulting into tissue damage; decreased level of reduced glutathione is
associated with enhanced lipid peroxidation [45]. Reduction in MDA levels of the organs of diabetic
treated rats further emphasised the antioxidant potentials of the extracts.



9

CONCLUSION

The findings of this study support the reported use of the combined leaf extracts of M. lucida and S.
officinarum in Lagos, Nigeria for the management of diabetes. The extracts showed anti-
hyperglycaemic, anti-hyperlipidaemic and antioxidant potentials. The possible mechanism of action
could be the free radical scavenging activities of the metabolites present in the extracts.

ACKNOWLEDGEMENT

We acknowledge the efforts of Mr. Seyi Ayinde and Mr. Sola Ajibaye for their assistance in this work.

COMPETING INTERESTS

Authors declared that no competing interests exist.

AUTHORS’ CONTRIBUTIONS

This work was carried out in collaboration between all authors. Authors OO and TO designed the
study and wrote the protocol. Author OO wrote the first draft of the manuscript, managed the literature
searches and performed the statistical analysis. Authors OO, CM and SA prepared the plant materials
and performed the laboratory analyses. All authors read and approved the final manuscript.

REFERENCES

1. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes
Care. 2005; 28(1):37–43.

2. Saini V. Molecular mechanisms of insulin resistance in type 2 diabetes mellitus. World J Diabetes. 2010;
1(3): 68-75

3. Joseph B, Jini D. Insight into the hyperglycaemic effect of traditional Indian herbs used in the
treatment of diabetes. Research Journal of Medicinal plants. 2011; 5(4): 352-376.

4. Johansen JS, Harris AK, Rychly DJ, Ergul A. Oxidative stress and the use of antioxidants in
diabetes: Linking basic science to clinical practice. Cardiovascular Diabetology. 2005; 4:5
doi:10.1186/1475-2840-4-5.

5. Lyons, T.J., Oxidized low density lipoproteins: a role in the pathogenesis of atherosclerosis in
diabetes? Diabet Med., 1991, 8, 411– 419.

6. Youdim KA, Joseph JA. A possible emerging role of phytochemicals in improving age-related
neurological dysfunctions- a multiplicity of effects. Free Rad Biol med. 2001; 20:583.

7. Joy PP, Thomas J, Mathew S, Skaria BP. Medicinal plants. Kerala Agricultural University.
8. Odutuga  AA, Dairo JO, Minari JB, Bamisaye FA. Anti-diabetic effect of Morinda lucida stem

bark extracts on alloxan-induced diabetic rats. Research Journal of Pharmacology. 2010;
4(3): 78-82.

9. Akinmoladun AC, Obuotor EM, Farombi EO. Evaluation of antioxidant and free radical
scavenging capacities of some Nigerian indigenous plants. J med Food. 2010; 13:444-51.

10. Olajide OA, Awe SO, Makinde JM, Morebise O. Evaluation of the antidiabetic property of
Morinda lucida leaves in streptozotocin-diabetic rats. Journal of Pharmacy and
Pharmacology. 1999; 51(11): 1321-1324.

11. National Institutes of Health. Guide for the Care and Use of Laboratory Animals. NIH
Publication; 1985;85-23.

12. Shah  AMA, Garg SK, Garg KM. Subacute toxicity studies on pendimethalin in rats. Indian
Journal of Pharmacology. 1997; 29:322-324.

13. Bürger C, Fischer DR, Cordenunzzi D A, Batschauer de Borba  AP, Filho VC, Soares dos
Santos AR. Acute and subacute toxicity of the hydroalcoholic extract from Wedelia paludosa
(Acmelabrasilinsis) (Asteraceae) in mice. Journal of Pharmaceutical Science. 2005; 8(2):370-
373.



10

14. Aruna RV, Ramesh B, Kartha VN. Effect of betacarotene on protein glycosylation in alloxan
induced diabetic rats. Indian J Experimental Biology. 1999; 37:399–401.

15. Retimen S, Frankel SA. Colorimetric method for determination of serum glutamic oxaloacetic
and glutamic pyruvate transaminases. Am J Clin Pathol. 1957; 28: 56-63.

16. Tietz NW, Burtis CA, Ducan P, Ervin K, Petitclera CJ, Rinker AD, Shney D, Zygowicz ER. A
reference method for measurement of alkaline phosphatase activity in human serum. Clin.
Chem. 1983; 29:751-761.

17. Searcy RL, Reardon JE, Foreman JA. A new photometric method for serum urea nitrogen
determination. Amer. J. Med. Technol. 1967;33:15-20.

18. Fabiny DL, Ertingshausen G. Automated reaction-rate method for determination of serum
creatinine with centrifichem. Clin. Chem. 1971;17:696-700.

19. Fossati P, Prencipe L. Serum Triglycerides Determined Colorimetrically with an Enzyme That
Produces Hydrogen Peroxide. Clin. Chem. 1982; 28(10):2077-80.

20. Allain CC, Poon LS, Chan CSG, Richmond W, Fu PC. Enzymatic Determination of Total
Serum Cholesterol. Clin. Chem. 1974;20 (4):470-5.

21. Tietz NW. Text book of Clinical chemistry (3rd Ed.) (eds, C.A Burtis, E.R Ashwood, W.B
Saunders); 1999; 819-861.

22. Lopez VMF, Stone P, Elis S, Colwell JA. Cholesterol determination in high density
lipoproteins separated by three different methods.Clin Chem. 1997; 882-884.

23. Sun M, Zigma S. An improved spectrophotometric assay of superoxide dismutase based on
ephinephrine antioxidation. Anal Biochem. 1978; 90:81-89.

24. Goth L. A simple method for determination of serum catalase activity and revision of
reference range. Clin. Chim. Acta. 1991; 196,143-52.

25. Sedlak J, Lindsay R.H. Estimation of total, protein-bound, and nonprotein sulfhydryl groups in
tissue with Ellman’s reagent. Anal Biochem. 1968; 25: 1192–1205.

26. Buege JA, Aust SD. Microsomal lipid peroxidation. Methods Enzymol. 1978; 52: 302–310.
27. Gonall AG, Bardawill CJ, David MM. Determination of total protein. J. Biol. Chem. 1949; 177:

751-760.
28. Sollu M, Banji D, Banji OJF, Srilatha VC, Kumbala KK. Appraisal on causes and treatment of

Diabetes Mellitus. Archives of Applied Science Research. 2010; 2 (5):239-260
29. Latner A. Clinical Biochemistry. Philadelphia: Saunders; 1958. 48-50.
30. Hui H, Tang G, Go VLW. Hypoglycemic herbs and their action mechanisms. Chin Med. 2009;

4: (11):1-11. DOI: 10.1186/1749-8546-4-11. PMID:19523223.
31. Adesogan EK. Anthraquinones and anthraquinols from Morind lucida. The biogenic

significance of Oruwal and Oruwalol. Tetrahedron etters. 1973;29:4099-102.
32. Vaishwanar I, Kowale CN. Effect of two ayurvedic drugs Shilajeet and Eclinol on changes in

liver and serum lipids produced by carbontetrachloride. Ind J Exp Biol. 1976; 14: 58-61.
33. Hossain CM, Maji HS, Chakraborty P. Hepatoprotective activity of lawsonia inermis linn, warm

aqueous extract in carbon tetrachloride-induced hepatic injury in wister rats. Asian J Pharm
Clin Res. 2011; 4(3):106-109.

34. Walser M. Determinants of ureagenesis, with particular reference to renal failure. Kidney Int.
1980; 17: 709–721.

35. Zhang Z, Yang X, Cohen DM. Urea associated oxidative stress and Gadd153/CHOP
induction. Am. J. Physiol. 1999; 276:786–793.

36. Gibbons GF. Hyperlipidaemia of diabetes. Clin Sci. 1988; 71:477-486.
37. Von Eckardstein A, Schulte H, Assmann G. Risk for diabetes mellitus in middle-aged

Caucassian male participants of the PROCAM study: Implications for the definition of
impaired fasting glucose by the American Diabetes Association. Prospective Cardiovascular
Muenster. Journal of Clinical Endocrinology & Metabolism, 2000; 85: 3101-3108.

38. Ashafa AO, Olunu OO. Toxicological evaluation of ethanolic root extract of Morinda lucida (L.)
Benth. (Rubiaceae) in make Wistar rats. Journal of Natural Pharmaceuticals. 2011; 2 (2):108-
114.

39. Kakkar R, Mantha SV, Radhi J, Prasad K, Kalra J. Increased oxidative stress in rat liver and
pancreas during progression of streptozotocin-induced diabetes. Clinical Science.1998;
94:623-632.

40. Hunt JV, Smith CCT, Wolff SP. Autoxidative glycosylation and possible involvement of
peroxides and free radicals in LDL modification by glucose. Diabetes. 1990; 39:1420-1424.

41. Mclennan SV, Heffernen S, Wright I. Changes in hepatic glutathione metabolism in diabetes,
Diabetes.1991; 40:344–348.



11

42. Prakash J, Gupta SK, Kochupillai V, Singh N, Gupta YK, Joshi S. Chemopreventive activity of
Withania somnifera in experimentally induced fibrosarcoma tumors in Swiss albino mice.
Phytother Res. 2001;15 (3):240-244. PMID:11351360.

43. Mahdi AA, Singh R, Singh RK. Role of reactive oxygen species and antioxidants in human
disease. An Overview. Perps. Biol. In: Rai V, Naik ML, Manoharacharry C, editors. School of
Life Sciences. Raipur: World Laser Graphics; 1996.

44. Scott MD, Lubin BH, Zuo L, Kuypers FA. Erythrocyte defense against hydrogen peroxide:
Preeminent importance of Catalase. J. Lab Clin Med. 1991; 118: 7-16.

45. Maritim AC, Sanders RA, Watkins JB. Diabetes, Oxidative Stress, and Antioxidants: A
Review. J. Biochem Molecular Toxicology. 2003;17(1):24-38.


