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Objective. Mallotus oppositifolius (Geiseler) Mill. Arg. (Euphorbiaceae) is folklorically used to “treat” diabetic conditions in some
parts of Nigeria therefore the study, to investigate the extract of the leaves for activities on hyperglycaemia, lipid peroxidation,
and increased cholesterol levels in vivo in alloxan diabetic rats as well as its potential antioxidant activity in vitro. Methods. Albino
rats (240-280 g) were given an injection of 120 mg/kg body weight, i.p. of alloxan monohydrate. After 8 days, diabetic animals
with elevated fasting blood glucose levels (>9 mmol/L) were considered and selected for the study. Results. Oral treatment with the
extract administered every 12 h by gavage at doses of 100, 200, and 400 mg/kg of the extract to the test rats, for 14 days, resulted in a
significant dose-dependent decrease in blood glucose levels from 12.82 + 1.02 mmol/dL to 4.92 + 2.01 mmol/dL at the highest dose
of 400 mg/kg compared to the control drug and glibenclamide as well as attendant significant decline in diabetic rats employed
in the study. Conclusion. The extract also showed in vitro concentration-dependent antioxidant activity following the 1,1-diphenyl-
2-picryl-hydrazyl (DPPH) and ferric reducing assays. Findings further suggest the presence of active antidiabetic and antioxidant

principles in M. oppositifolius leaves.

1. Introduction

Diabetes mellitus (DM) is a multifactorial syndrome resulting
from a variable interaction of hereditary and environmental
factors. It is characterized by inapt hyperglycaemia caused by
damaged S-cells of the pancreas or resistance to the action
of insulin at the cellular level, or possibly a combination
of both factors [1, 2]. DM affects more than 200 million
people worldwide and is projected to be one of the world’s
major killers in the next 25 years [3], Nigeria with about
160 million people has the highest number of people with
diabetes (approximately 1,338 x 10°), thus, the highest dia-
betes prevalence in the African Region (19.1%), as well as the

highest number of people with impaired glucose tolerance
with an estimate of about 3.85 million people.

With on-going researches in diabetes and oral hypogly-
caemic agents (OHA), the management of DM is still a global
problem. One important area in diabetes management receiv-
ing particular attention today is that of herbal hypoglycaemic
agents. Several factors such as dyslipidemia or hyperlipidemia
which are involved in the microvascular and macrovascular
complications as well as hyperglycemia are associated with
the diabetes disease which is the major cause of morbidity
and death [4]. There are also lipoprotein abnormalities with
diabetes mellitus [5]. High blood glucose levels not only
increase the production of reactive oxygen species (ROS) but
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TABLE 1: The effect of MP extract on the fasting blood glucose levels of test rats.

Blood glucose levels in mmol/L

No. of .
Group Treatment animals Weight Sampling time in hours
0 1 6 12
I Negattlve .contr.ol (dist. water), 6 220.44 + 1.55 15.28 +1.89 16.26 + 1.46 17.18 + 1.98 17.72 + 2.14
that is, Diabetic rats (0.231) (0.817) (0.280) (0.121)
Diabetic rats treated with MP 11.48 +£0.69 11.06 £ 0.77 10.14 + 0.62" 9.12 £ 1.61
T 00 mg/ke 6 23254208 5 (0.108) (0.021) (0.075)
Diabetic rats treated with MP 11.22 £ 0.37 9.04 +0.52" 7.36 + 0.35" 7.02 +1.10
1 200 mg/kg 6 233.92£1.85 (0.583) (0.005) (0.014) (0.770)
Diabetic rats treated with MP 12.82 £ 1.02 9.88 +0.58"" 5.06 + 0.65" 492+201"
Vo 400 mg/kg 6 22046+ 115 (0.021) (0.0001) (0.013) (0.04)
Positive control-diabetic rats N .
11.38 £ 1.13 7.14 £0.22 4.72 £ 0.63 4.01+£1.03
A treated with glibenclamide 6 221.42 +2.68
Nl .034 2 .
(2 mg/kg) (0.108) (0.034) (0.280) (0.033)

Data are expressed as mean + SEM. "P values () < 0.05 **P values < 0.001 compared to the control groups were considered significant.

also affect antioxidant activities of ROS scavenging enzymes
(6, 7].

Mallotus oppositifolius (Geiseler) Miill. Arg. (Euphorbia-
ceae), locally known as “Ukpo,” is an edible plant to the South-
Eastern part of Nigeria. The seed is a special soup thick-
ener in the region. The leaves have ingredients of common
antidysentery, antimalarial, and anti-inflammatory remedies
[8]. Preliminary phytochemical screening of M. oppositifolius
(MP) revealed the presence of secondary metabolites such as
alkaloids, phenols, flavonoids, anthraquinones, and cardeno-
lides [8, 9]. Iwu [10] reported five hydrolysable tannins and
cytotoxic phloroglucinol from the bark of another species
Mallotus japonicus. MP is also claimed to have antidiabetic
activity by local healers in the South-East area of Nigeria.
The present study was carried out to evaluate the antihy-
perglycemic, antioxidant, cholesterol lowering, and lipid
peroxidation properties of MP in the rat model.

2. Materials and Methods

2.1. Plant Collection and Identification. Fresh M. oppositifolius
leaves (MP) were obtained in May 2010 from the demonstra-
tion Botanical garden of the University of Nigeria, Nsukka,
and authenticated by Mr. A. Ozioko, a Taxonomist with the
Biodiversity Development Centre Program (BDCP), Nsukka.
Voucher samples were deposited in the herbarium of the
Department of Veterinary Physiology and Pharmacology,
University of Nigeria, Nsukka, where the research was carried
out for reference (UN/VPP-08216). The leaves were air dried
on the bench, pulverized into coarse powder, and kept in
polythene bags at room temperature (23-25°C), ready for
extraction.

2.2. Plant Extraction. The dried pulverized leaves (1500 g)
were extracted with 80% methanol in water for 48 h with
intermittent shaking every 2h. The mixtures were filtered
with Whatman number 1 filter paper. The filtrates were
concentrated using a rotary evaporator at 38-40°C. The water
was removed using a vacuum lyophilizer, yielding 35.1g of

brownish-green powder. The powder was resuspended in
distilled water before use.

2.3. Animals. Male albino Wistar rats (240-280 g) procured
from the Animal Farm of the Faculty of Veterinary Medicine,
University of Nigeria, Nsukka, were used for the study. They
were kept under the following conditions temperature (25-
30°C), relative humidity (40-60%) and 12h lighting cycle,
and were fed ad libitum with standardized rat cubes (Argo).
The rats were fasted overnight before experimentation but
were allowed free access to water. Ethical guidelines in animal
handling and use were strictly adhered to in the execution of
the study.

Diabetes was induced by a single intraperitoneal injection
of 120 mg/kg body weight of alloxan monohydrate (Sigma,
St. Louis, MO, USA) freshly dissolved in distilled water [11].
After 8 days, animals with fasting blood glucose level above
9 mmol/L were considered diabetic and used for the study.

Thirty mature male albino rats were randomly divided
into 5 groups (Tablel). Treatment with the extract was
administered every 12h by gavage at doses of 100, 200, and
400 mg/kg of the extract to the test rats for a total of 14 days.
The control drug, glibenclamide (2 mg/kg) was administered
the same way for the same duration to rats in the control
group.

After 14 days, being the end of the treatment period,
the fasting blood glucose level of each rat was measured at
0, 1, 6, and 12h by a snip-cut at the tip of the tail under
mild anaesthesia with the aid of a glucometer (AccuChek
Advantage II) as previously described [2, 12, 13]. The rats
were then anaesthetized by halothane inhalation. Blood was
collected from heart using disposable hypodermic syringes
and transferred into EDTA tubes immediately. The blood was
then centrifuged at 4000 g for 10 min to remove blood cells
and recover plasma. Each rat’s liver was surgically removed
and washed immediately with cold-saline and stored in a
freezer set at -4°C.

2.4. Biochemical Assays. Two (2) gram weight of liver tissues
were homogenised with 20 milliliters of phosphate buffered
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saline (PBS), using Sonic Dismembrator (Fisher Scientific,
Indiana, PA, USA). The homogenised liver tissues were used
to measure lipid peroxidation using malondialdehyde (MDA)
levels as markers [14]. Total cholesterol concentrations were
evaluated by the methods described by Allain et al. [15] using
assay kits purchased from Quimica Clinica Aplicada, S.A.,
Spain.

2.5. In Vitro Free Radical Scavenging Assay. The total antiox-
idant activity of the Mallotus oppositifolius (MP) extract was
estimated by the ferric reducing antioxidant power (FRAP)
assay [16] and the 1,1-diphenyl-2-picryl-hydrazyl (DPPH)
photometric assay [17]. The procedures were carried out in
triplicates and the mean used in computations.

2.6. Statistical Analysis. All data were analysed using SPSS
version 15 (SPSS Inc., Chicago, IL) and descriptive data were
expressed as mean + SEM. Differences between the groups
were separated by post hoc LSD. Using one-way ANOVA,
values were considered significant at P < 0.05.

3. Results

3.1. Plant Extraction. The powder of the 80% methanol in
water extract of Mallotus oppositifolius was brownish-green
in colour. The yield of the extract was 2.34% w/w.

3.2. Blood Glucose Levels. The extract decreased the blood
glucose levels of experimental rats significantly (P < 0.05),
in a dose-dependent manner (Table 1). Experimental studies
reveal that orally administered extracts of MP at a dose
of 200 mg/kg produced significant fasting blood glucose
lowering activity in 12 h compared to the control. An increase
in the dose of the extract (400 mg/kg) showed an even more
observable antihyperglycaemic activity in alloxanized rats.
This activity at 400 mg/kg dose was very comparable to
that of the reference standard, glibenclamide over the 12h
period. The variations observed in the blood glucose levels
of test rats at the 0 h may be attributable to idiosyncrasies
usually observed with the use of live animals in biological
experiments.

3.3. Lipid Peroxidation Test. The study indicated a concen-
tration dependent increase in hepatic lipid peroxidation
marker-malondialdehyde (MDA) levels. Table 2 shows the
effect of the extract on the liver MDA levels of diabetic
rats. The 200 mg/kg dose had values statistically significant
and comparable to the control drug, glibenclamide. Rats
administered the highest dose of 400 mg/kg of the extract
had higher MDA levels when compared with the control,
although the increase was not significant (P > 0.05) (Table 2).

3.4. Total Cholesterol Levels. The total cholesterol levels of
experimental animals treated with the methanol extract of
MP leaves is presented in Figure 1. The results show that the
levels decreased in a dose-dependent manner. The variations

TABLE 2: Malondialdehyde (MDA) levels in the liver of diabetic rats
treated with different doses of MP extract.

Groups  Treatments  No. of animals tixff rii‘;illsi(%/EgM
I Dist. Water 6 0.866 + 0.02 (0.159)
II MP 100 mg/kg 6 0.154 +0.01" (0.031)
III MP 200 mg/kg 6 0.173 +0.03** (0.001)
v MP 400 mg/kg 6 1.401 + 0.04 (0.121)
\4 Glib. (2 mg/kg) 6 0.187 +0.10* (0.017)

Data are expressed as mean + SEM. " P values () < 0.05, ** P values < 0.001
compared to the control groups were considered significant.
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F1GURE 1: Total cholesterol levels in diabetic rats treated with various
doses of MP extracts.

in the cholesterol values of the rats compared with the control
groups were not significant (P > 0.05).

3.5. Free Radical Scavenging Activities. MP demonstrated
appreciable antioxidant activity with DPPH radical scaveng-
ing method. At the lowest concentration (10 yg/mL), the
extract exhibited a mean antioxidant activity of 38% while
ascorbic acid produced 72.6% (Figure 2). In the same manner,
the extract elicited 56.1% antioxidant activity in contrast to
75.5% with ascorbic acid at 1000 pug/mL. However, at the
highest concentration (400 ug/mL), the extract had 78.7%
antioxidant activity compared to 80.0% with ascorbic acid at
the same concentration.

The ferric reducing ability of plasma, a measure of
the antioxidant ability, showed that MP produced a dose
dependent antioxidant effect. At 10 yug/mL, the mean antiox-
idant power (FRAP) value was 0.3 uM. The value however
increased significantly between 100 yg/mL and 400 pg/mL
from 1.1 yuM to 1.6 uM, respectively (Figure 3). The frap value
of the extract at the highest concentration employed in this
study was still below the standard which is 1000 ug/mL
ascorbicacid (2.0 uM). All free radical scavenging assays were
carried out in triplicates and the results shown in the figures
represent a mean of the values obtained.

4. Discussion

The diabetes disease is snowballing very fast and huge
amounts of resources are spent in almost all countries to
combat this multifactorial metabolic disease.
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FIGURE 3: In vitro antioxidant activity of M. oppositifolius extract
using the FRAP assay.

Alloxan, from the literature, has been shown to cause
hyperglycaemia in laboratory animals due to increased oxida-
tive stress by elaborated free radicals [12], thus a model
for type 1 diabetes studies. Medicinal plants are effective in
controlling plasma glucose levels with minimal side effects
and are commonly used in under-developing and developing
countries like Nigeria as alternative therapy. It has also gained
popularity for decades in the treatment of diabetes mellitus [3,
18]; however, majority of the remedies have not been precisely
evaluated. Therefore we selected and evaluated the methanol
leaf extract of MP for its claimed antidiabetic potentials
considering also, its effect on total cholesterol and biomarkers
of oxidative stress in vivo and in vitro, respectively.

The results showed that MP significantly reduced the
blood glucose and was found to possess significant antiox-
idant potentials in vitro both in the DPPH and the ferric
reducing assay. Diabetes which is associated with impaired
glucose metabolism leads to oxidative stress which with
an attendant protein glycation will produce free radicals
[19]. The lipid peroxidation was evaluated by measuring
the raised hepatic MDA levels which lower doses (100 and
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200 mg/kg) showed some significant reduction in. Further
chronic toxicological evaluations on hepatocytes and other
cell lines of organs in the mammalian body may be a step in
the right direction.

Earlier phytochemical studies on the MP indicates the
presence of large amounts of bitter tasting secondary metabo-
lites known as alkaloids, as well as some phenolics, flavonoids
and quinines in the leaves than in the roots [9, 10]. Reviews
on bioactive components in plants express that desirable
biological and therapeutic activities observed with plants
predominantly range between the alkaloid and flavonoid
components [20, 21].

Reactive oxygen species (ROS) have been implicated in
many pathologies such as heart diseases, cancers, arterioscle-
rosis, diabetes mellitus, and arthritis [22]. Phenol compounds
such as flavonoids isolated from plants scavenge for hydroxyl
radicals, superoxide anion radical, and lipid peroxyl radicals
unearths many of the flavonoid health promoting functions,
which are important for managing diseases associated with
oxidative damage such as diabetes mellitus [23]. Flavonoids
in human diet may reduce the risk of various cancers as
well as prevent menopausal symptoms [24]. Therefore, the
antioxidant effect and the antidiabetic activities of MP are
suspected to be due to its flavonoid component as observed
both in vitro and in vivo, respectively.

Alkaloids of plant origin such as Solanine from S. gilo
fruit have been linked with the improvement in the symptoms
of diabetes mellitus; also those of Momordica charantia have
been reported to improve the diabetes condition [25, 26].
Hence, it is also possible that the alkaloids present in MP may
be responsible for the observed hypoglycaemic potential and
associated effects on cholesterol levels in test rats.

Furthermore, increased glycogenesis, glycolysis, de-
creased glycogenolysis, and reduced carbohydrate break-
down as well as potential reduction in glucose absorption
are further proposed as possible mechanisms of antidiabetes
activity with MP.

Also, close correlations between cholesterol levels in
blood and the diabetes have been previously reported [27,
28]. Elevated cholesterol (TC) and low-density lipoproteins
(LDL-C) levels in the blood of diabetics are considered
the primary cause of coronary heart disease (CHD) [29-
31]. The reduction of TC and LDL-C by drugs and diet
could reduce CHD risk [22, 32]. The reduction of cholesterol
levels observed in the present study coinciding with earlier
reports unearths potential cardioprotective effects also of M.
oppositifolius.

The findings with MP extract in this study confirm its
folkloric uses in the management of diabetes, thus making
Mallotus oppositifolius a probable plant for drug discoveries.

5. Conclusion

Bioactive components of the leaf extracts of M. oppositifolius
may suggest multiple mechanisms of action in the control of
blood and cholesterol levels.

Further studies will be needed to isolate and purify the
bioactive compound(s) in the extract for bioassay-guided
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experiments in a view to pin-point its mechanisms of antidi-
abetic action. MP poses as a potential for ground-breaking
diabetes study.
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