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Abstract
Acute toxicity and histological findings of aqueous stem extract of Pennisetum purpureum on alloxan–induced diabetic wistaralbino rats was studied. Acute toxicity of the plant were orally administered to four groups (100mg/kg, 1000mg/kg, 5000mg/kg
and 10000mg/kg) of rats for a day and LD50 observed at 7071mg/kg, making the plant relatively safe for consumption.
Histopathological study of the liver and pancreas on alloxan induced diabetic wistar albino rats was carried out on 24 albino
rats, which were divided into six groups of four rats each designated as C, D, D200mg/kg, D400mg/kg, D600mg/kg and
Dmet®. Diabetes was induced in all the groups, except group C (positive control). Group D (negative control) was not treated
while the other groups were treated with aqueous stem extracts of Pennisetum purpureum and a reference drug (metformin®
1.4mg/kg), which were administered orally to the animals once daily for 21 days at varying concentrations of 200mg/kg,
400mg/kg and 600 mg/kg body weights. Histological studies showed that the extract (400mg/kg) improved the liver cells and
the pancreatic cells. These findings suggest that the extract at 400mg/kg can be used therapeutically for the management of
diabetes mellitus.
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1. Introduction
Diabetes mellitus is an endocrine disorder with different
aetiologies, it is characterized by aberration in carbohydrate,
protein, blood relating functions and fat metabolism caused
by complete or relative insufficiency of insulin secretion and
action (Andreoli et al., 1990; Lebovitz, 1994; Asanga et al.,
2013). Defective insulin secretion is the major cause for
chronic hyperglycemia resulting in impaired function or
serious damage to many of the body’s systems, like eyes,
kidneys, nerves, heart and blood vessels (Arun et al., 2012).
The incidence of diabetes worldwide is now estimated to be
around 366 million (Hussain and Marouf, 2013) and global
estimates predict that the proportion of adult population with
diabetes will increase 69% for the year 2030 (Maria-Luisa
and Cristina, 2013).
Medicinal plants are of great importance to the health of

individuals and communities. The plant derived drugs are
healthier and safer alternate to the synthetic drugs (Rai et al.,
2007: Vijayanand et al., 2014).Traditional medicinal
practices on the African continent dates as far back as 4000
years and were the sole medical systems for health care
before the advent of orthodox medicine (Eseyin et al., 2005;
Asanga et al., 2013). Parts of the plants used for medicinal
purposes include the roots, stems, leaves, barks or even fruits
to promote and improve health (Akinyemi et al., 2005;
Asanga et al., 2013).The medicinal value of these plants
(plant parts) lies in some chemical substances that produces a
definite physiological action on the human body. These
chemical substances are called secondary metabolites which
are produced as a by-product of primary metabolism (Bako
and Aguh, 2007: Lawal et al., 2012). These secondary
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metabolites include alkaloids, flavonoids, glycosides, tannins
and terpenoids present in these plants (Vijayan and et al.,
2014).
Pennisetum purpureum also known as elephant grass
belongs to the Poaceae (alt. Gramineae) family. It is called
‘Achara’ by the Ibo speaking people of South Eastern
Nigeria, used generally as animal food, an ornamental and
for erosion control and the matured matrix shoots are used
for cooking a special soup called ‘ofe achara” by the Ngwa
and Umuahia people of Abia State, in South Eastern Nigeria
(Okaraonye and Ikewuchi, 2009). Phytochemical and
proximate analysis was carried out by Okaraonye and
Ikewuchi (2009) and Pennisetum purpureum was found to be
rich in tannin, alkaloids, flavonoids and saponins, with tannin
having the highest concentration. Some of these
phytochemicals are said to have beneficial properties.
Alkaloids, flavonoids, saponins and tannins are known to
have antimicrobial, as well as other physiological activities
(Okaraonye and Ikewuchi, 2009). Tannins such as tannic acid
stimulate the transport of glucose and inhibit adipocyte
differentiation (Maqsood et al., 2008).
Also, studies had shown that some medicinal plant have
antidiabetic properties. These include, aqueous-methanolic
extract of Acacia nilotica Pods which causes a decrease in
blood glucose levels in alloxan induced diabetic rabbits
(Maqsood et al., 2008). Smith et al., (2012) showed
antihyperglycaemic effect of saponin extracted from the root
of Garcinia kola root (bitter kola) on alloxan induced
diabetic rats. Also, Dioscorea bulbifera had been shown to be
an effective antidiabetic regimen (Okon and Ofeni, 2013) and
Yerima et al., (2013), showed Tamarindus indica Linn to
significantly lower elevated blood glucose concentration in
experimental animal models. Therefore, this study was
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designed to determine whether the aqueous stem extract of
Pennisetum purpureum (achara) has antidiabetic effect,
protecting the histoarchitecture of the liver and pancreas on
alloxan-induced diabetic rats.

2. Materials and Methods
2.1. Preparation of Plant Extract
2.1.1. Collection of Plants
Fresh edible portion of Pennisetum purpureum (Achara)
stem were bought from mile 3 market from traders in Port
Harcourt, Nigeria. The plant was identified and authenticated
by Dr. (Mrs) O. B. Green, of the Department of Plant Science
and Biotechnology, Rivers State University of Science and
Technology, Rivers state.
2.1.2. Processing of Plant Material
The plant was washed in a running tap water to get rid of
the dirt. The outer, hard and fibrous portion of the plant was
removed and discarded, while the inner fresh, tender and
edible portion was retained. These were cut into smaller bits
and oven-dried (model) to a constant weight at 40ºC and
ground into powders. The sample was stored in a clean glass
ware until required for analysis.
2.1.3. Preparation of Aqueous Extraction of
Plant Material
Five hundred grams (500g) of the powered sample was
mixed with a 2000ml of distilled water. The mixture was
stirred severally and covered and left overnight (12hours) at
room temperature and then filtered using a Whatman’s filter
paper No. 1. The filtrate was then concentrated to a constant
weight in a water bath at 80 ºC and was later stored at 4ºC.

Table 1. Experimental design for antidiabetic screening.
S/N

Groups/ Tittle

Treatment

1

Control (C)

Rats fed with normal feed only

2

Diabetic (D)

3

D200mg/kg

4

D400mg/kg

5

D600mg/kg

Rats induced with diabetes only(150mg/kg Alloxan)
Rats induced with diabetes(150mg/kg Alloxan) and treated with 200mg/kg of aqueous stem extract of Pennisetum purpureum
(achara)
Rats induced with diabetes (150mg/kg Alloxan)and treated with 400mg/kg of aqueous stem extract of Pennisetum purpureum
(achara)
Rats induced with diabetes (150mg/kg Alloxan)and treated with 600mg/kg of aqueous stem extract of Pennisetum purpureum
(achara)

6

Dmet®

Rats induced with diabetes (150mg/kg Alloxan) and treated with 1.4mg/kg of metformin®

2.1.4. Acute Toxicity Test
Acute toxicity was checked according to Lawal et al
(2012), although slightly modified. Four-groups of three rats
each were respectively administered 100mg/kg, 1000mg/kg,
5000mg/kg and 10000 mg/kg of the extract orally. The
treated rats were monitored for 24 hour for mortality and
general behaviour. The LD50 was calculated as the
geometrical means of the maximum dose producing 0%
mortality (a) and minimum dose producing 100% mortality
(b). LD50 = √

2.2. Experimental Design for Antidiabetic
Study
Twenty four (24) Wistar-albino rats weighing between
100-125g were used for the study. The animals were obtained
from the Animal House of the Department of Biochemistry,
University of Port Harcourt, Choba, Rivers state. All the
animals were housed in the animal house, University of Port
Harcourt, Choba campus.
The rats were randomly distributed into six groups of four
rats each, such that the initial mean weights of the groups
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were equalized as nearly as possible and housed individually
in cages.
The rats were acclimatized for 7 days with free access to
feed (Top feed grower’s mash) and water ad libitum. After
acclimatization, feeding was discontinued, leaving the rats
with free access to only water for 6hr after which their
weights (initial weights) were taken. All procedures and
techniques in handling the animals were according to
standard methods.
Administration of the extract was done orally. Animals
received their doses once a day for 21 days. At the end of the
treatment period, the rats were fasted overnight, weighed and
euthanized by exposure to chloroform vapour for a period of
5mins. They were then painlessly sacrificed and their organs
(liver and pancreas) collected for histological studies.

Plate 2. Histology of the pancreas of Diabetic control group (D).

2.3. Induction of Diabetes
Hyperglycemia was induced by a single intraperitoneal
injection of 150mg/kg alloxan monohydrate diluted in citrate
buffer to the rats previously fasted for 12hr overnight. Six
hours after the induction, the rats were maintained on 5%
glucose solution for 24hours to prevent hypoglycaemia that
may result from acute massive pancreatic release of insulin.
Rats with blood glucose level of 10mmol/l to 31mmol/l were
used for the study (Yerima et al., 2013).
2.4. Histological Examinations

Plate 3. Histology of the Pancreas of Diabetic group treated with 200mg/kg
of aqueous plant extract (D200mg/kg).

The pancreas and the liver were fixed in 10% formalsaline solution for light microscope studies at X400
magnification.

3. Results
3.1. Acute Toxicity
LD50 was recorded at 7071mg/Kg of the plant extract.
3.2. Histological Findings
Histology of the pancreas
The results of the histology of the pancreas of Pennisetum
purpureum on alloxan-induced diabetic wistar-albino rats
after three weeks of treatment are shown below.

Plate 4. Histology of the pancreas of Diabetic group treated with 400mg/kg
of aqueous plant extract (D400mg/kg).

Plate 1. Histology of the pancreas of control group (C).

Plate 5. Histology of the pancreas of Diabetic group treated with 600mg/kg
of plant aqueous extract (D600mg/kg).
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Plate 9. Histology of the Liver of Diabetic group treated with 200mg/kg of
aqueous plant extract (D200mg/kg).
Plate 6. Histology of the pancreas of Diabetic group treated with 1.4mg/kg
of metformin® (Dmet®).

3.3. Histology of the Liver
The results of the histology of the liver of Pennisetum
purpureum on alloxan-induced diabetic wistar-albino rats
after three weeks of treatment are shown below.

Plate 10. Histology of the Liver of Diabetic group treated with 400mg/kg of
aqueous plant extract (D400mg/kg).

Plate 7. Histology of the Liver of control group (C).

Plate 11. Histology of the Liver of Diabetic group treated with 600mg/kg of
aqueous plant extract (D600mg/kg).

Plate 8. Histology of the liver of Diabetic control group (D).
Plate 12. Histology of the Liver of Diabetic group treated with 1.4mg/kg of
metformin® (Dmet®).
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Photomicrograph of the histoarchitecture of control
pancreas depicts normal
appearance (Plate. 1).
Histopathological study of the pancreas of the diabetic
(untreated) group showed severe degeneration of islet cells
and presence of several cavities (Plate 2). Also other diabetic
animals treated with 200mg/kg and 600mg/kg of the aqueous
plant extract had similar degeneration of their pancreatic cells
(Plate 3 & 5). Photomicrograph of the pancreatic islet of
animals treated with the reference drug (metformin®
1.4mg/kg), showed few cavities and some areas without cells
(Plate. 6). There was better preservation of the pancreatic
cells of animals treated with 400mg/kg of the aqueous plant
extract which showed similar compacted pancreatic islet cells
although there were few cavities present (Plate. 4).
Histology of the liver sections of normal control animals
showed normal liver architecture with well brought out
central vein, well preserved cytoplasm, prominent nucleus
and cord of hepatocytes radiating away from the central vein
(Plate. 7). Acute administration of alloxan (150mg/kg) for
once caused significant degeneration in hepatocytes,
distortion of cyto-architecture of hepatocytes, depleted
cytoplasm and collapse of cell membrane between two nuclei
(Plate. 8). Distortion of cyto-architecture of hepatocytes,
Cytoplasm depletion and collapse of cell membrane between
two nuclei was also observed in animals treated with
200mg/kg of the aqueous plant extract (Plate. 9). The Liver
of animals treated with 600mg/kg of the aqueous plant
extract and reference drug (metformin® 1.4mg/kg) showed
inflammatory cells (arrowed), sinusoids filled with
inflammatory cells and liver inflammation (Plate 11 & 12).
But those diabetic animals treated with 400 mg/kg of the
aqueous plant extract (Plate. 10) markedly decreased
degenerated hepatocytes or inflammatory cells and also
appeared to significantly prevent alloxan toxicity as revealed
by the hepatic cells with well preserved cytoplasm. It also
caused marked decrease in inflammatory cells (Plate. 10).

4. Discussion
A toxicity test was carried out on Pennisetum purpureum
(Achara) and the plant was found to have a very low toxicity
level of 7071mg/kg, indicating that it is safe for
consumption.
Alloxan induced toxicity generates reactive oxygen species
(ROS) and superoxide radicals resulting to DNA
fragmentation, damage (Tripathi and Verma, 2014) and
selective necrosis of the β-cells of pancreatic islets (Etuk,
2010). Antioxidants like superoxide dismutase, catalase and
the non-enzymatic scavengers of hydroxyl radicals have been
found to protect against alloxan-induced toxicity. In this
study, diabetic animals treated with 400mg/kg of the aqueous
plant extract had protective effect against alloxan induced
toxicity, this might be due to the presence of flavonoids and
phenols in the plant extract (Okaraonye and Ikewuchi, 2009),
since these phytochemicals have been found to have free
radical scavenging properties and also stimulates the
synthesis of antioxidant enzymes (Mohamed and Amr, 2013),

which protects against alloxan-induced toxicity. There might
also be a possibility of regeneration of the pancreatic β-cells
at this concentration in order for it to carry out its function
(Akter et al., 2014).
There was also preservation of the liver cells at this
concentration only (400mg/kg of aqueous plant extract), this
might also be due to the presence of the phytochemicals
earlier mentioned that was present in the plant as reported by
Okaraonye and Ikewuchi (2009).

5. Conclusion
The histological findings of this work indicated the
usefulness of the plant as potential antidiabetic medicine but
at 400mg/kg of the aqueous plant extract., all groups had
depleted pancreatic islet cells and degenerated liver cells
except D400mg/kg of the aqueous plant extract which had a
similar structure as the control and was possibly able to
regenerate the pancreas and liver cells after the treatment.
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