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SUMMARY

Diabetes mellitus is becoming a serious health
challenge to many individuals all over the world.
The treatment and management of diabetes is
geared towards keeping blood glucose levels
as closely related as possible to that in healthy
individuals. Medications used to treat diabetes are
usually associated with complications and may
cause different side effects, in addition to being
unavailable in some rural areas. Many traditional
anti-diabetic plants have become popular in
the management of diabetes mellitus in such
instances, and Leptadenia hastata has been used
as locally as treatment for diabetes. The present
study aimed at evaluating the effect of n-hexane
extract of Leptadenia hastata on the histology of the
liver in streptozotocin (STZ)-induced diabetic rats.

Diabetes mellitus was induced in 20 Wistar rats
using a single injection of streptozotocin (50 mg/
kgi.p.). The rats were divided into four groups of 5
rats each. Group III were untreated diabetic rats,
Group IV and V were administered with 100mg/kg
and 200mg/kg of the extract respectively, group VI
was treated with insulin (6IU/kg) Groups I and II
were non-diabetic rats. Group I rats were treated

with olive oil and group II rats were treated with
200mg/kg of the extract for 28 days. Histological
observation revealed dilation of central veins,
degeneration of hepatocytes, and reduced
glycogen granules in the untreated diabetic group.
These pathological changes were ameliorated in
the Leptadenia hastata extract and insulin-treated
rats. Leptadenia hastata extract may represent an
alternative treatment to control diabetes mellitus
and its associated hepatopathy.
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INTRODUCTION

Diabetes mellitus (DM) was once considered
to be a disease of trivial significance but has now
become a major public health challenge of the
215t century, especially in developing countries
(Venkataramana et al.,, 2013). DM is defined
as a clinical syndrome which is characterized
by hyperglycemia due to absolute or relative
deficiency of insulin, as well as disturbances
of carbohydrate, fat and protein metabolism
associated with absolute or relative deficiency in
insulin secretion or insulin action (Jayakar and
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Suresh, 2003; World Health Organization 2013).
DM can be divided into two principal forms: Type I
diabetes mellitus (Type I DM) and Type II diabetes
mellitus (Type II DM). Type I DM is characterized
by loss of insulin producing beta cells of the islets
of Langerhans in the pancreas leading to insulin
deficiency. This type can be further classified as
immune-mediated or idiopathic. The popular
cause of Type I DM is of the immune-mediated
nature, in which beta cell loss is a T-cell-mediated
autoimmune attack (Rother, 2007). Type II DM
is characterized by insulin resistance and/or
abnormal insulin secretion. Individuals with Type
II DM are not dependent on exogenous insulin, but
may require it for control of blood glucose levels
if this is not achieved with diet alone or with oral
hypoglycemic agents (Venkataramana et al., 2013).

The past two decades has heralded an upsurge
in the number of people diagnosed with DM
worldwide (Ukwani and Igbokwu, 2015). It is
one of the major causes of premature death
worldwide. Every ten seconds, a person dies
from diabetes-related causes, mainly from
cardiovascular complications. In 2010, it was
reported that about 6.6% people (representing
285 million people) suffer from diabetes
(International Diabetes Federation, 2017, Cho et
al., 2018). It is predicted that about 366 million
people are likely to be diabetic by the year 2030
(Wild et al., 2004). In sub-Saharan Africa, Nigeria
has the highest number of people with DM with
an estimated 3.9 million people (World Health
Assembly, 2013). In addition, there are about 1.8
million undiagnosed Nigerians suffering from DM
(Dahiru et al., 2016). Treatment of DM has always
included the administration of insulin and oral
hypoglycemic agents in conjunction with dietary
counselling and life style modification (Bella,
1990). Insulin therapy and oral hypoglycemic
agents offer effective glycemic control; yet, their
shortcomings limit their usage (Anuradha et al.,
2004). The disadvantages of oral and injected
hypoglycemic agents include: injection-site pain
or abscess, cost implications, decreased appetite,
weight gain, risk of hypoglycemia and gastro-
intestinal discomfort (Valeron and de Pablos-
Velasco, 2013). Leptadenia hastata (Pers) Decne
(Family-Asclepiadaceae), commonly known as
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yadiya, is an edible non-domesticated vegetable
collected in wild throughout Africa. It is a voluble
herb with creeping latex stems, glabescent leaves,
glomerulus and racemus flowers, as well as follicle
fruits. Wild plants like Leptadenia hastata provide
food security during seasonal changes and are
used medicinally in many areas. The breeders
commonly used the leaf and stems for their
parasitic activity and against placental retention
(Bello et al., 2011).

Ethno-botanical information obtained from
traditional medical practitioners in northern
Nigeria and during the course of this study
revealed that it is used locally for the treatment
of diabetes mellitus. Its antimicrobial effect has
been also reported by Aliero and Wara (2009).
DM induced by streptozotocin and alloxan
in laboratory animals have been reported in
causing pathological alterations in the liver,
which vary from steatosis to steatohepatitis
and liver fibrosis (Bilal et al., 2016). Currently
available therapies for diabetes have a number of
adverse effects, and as such there is an increased
interest in the search for more effective and safer
hypoglyceamic agents to be administered in lieu
of the existing medication. Leptadenia hastata is
traditionally used in the management of DM and
its hypoglycemic activities has been previously
reported. However, there is the dearth of scientific
evidence on the effects of the plant on organs like
the liver, which serves as the body’s primary organ
for detoxification and metabolism. It is also a site
for biotransformation by which a toxic compound
gets transformed to less harmful form to reduce
toxicity. However, compounds
damage the liver cells and produce hepatotoxicity
(Rajeshkumar, 2010). In view of the above, the
present study was aimed to evaluate the effects of
Leptadenia hastata on the histology of the liver in
streptozotocin-induced diabetic rats.

toxic could

MATERIALS AND METHODS

Collection, identification and extraction of plant
material

Leptadenia hastata was collected from a garden,
the leaves were harvested, washed and shade-
dried for a period of two weeks, and then ground



to powder using a mortar and pestle. The powder
was sieved to obtain the fine powder; it was then
labeled and stored for use.

Maceration technique as described by Azwanida
(2015)was used forextractionin the current study.
The leaf powder weighing 500g was dissolved in 3
liters of n-hexane in a 5-liter stoppered container.
Maceration involved soaking the plant, which is
allowed to stand at room temperature for a period
of 3 days at the minimum with periodic agitation.
The process softened and broke the plant’s cell
wall to release the soluble phytochemicals. After
3 days, the mixture was filtered using Whatman’s
filter paper. The resulting n-hexane filtrate
was concentrated to dryness in-vacuo using an
evaporator and the resulting powder was kept in
an air-tight container and refrigerated.

Experimental animals

All experiments were performed using Wistar
albino rats of both sexes. A total of 30 albino rats
weighing 135-190 g were used. The rats were
obtained from the National Veterinary Research
Institute (NVRI) Vom, Plateau State, Nigeria. They
were kept in the Animal house of the Department
of Human Anatomy, Faculty of Basic Medical
Sciences, College of Medical Sciences, University
of Maiduguri, Borno State for two weeks prior
to the start of the experiment to acclimate to
the new environment. The rats were weighed
and maintained under controlled conditions of
humidity (50-60%), temperature of 22°C+3°C, 12
hours light and 12 hours dark as well as adequate
ventilation. They were fed with pelletized ECWA
(Jos) feed and water ad libitum.

Experimental design

Diabetes was induced in twenty rats. These
diabetic rats were divided into four groups (3-6)
of 5 rats each. Rats in groups 3-6 received olive
oil, 100 mg/kg of extract, 200 mg/kg of extract
and insulin (6 IU/kg), respectively. In addition,
10 non-diabetic rats were grouped into 1 and 2.
They received olive oil and 200 mg/kg of extract,
respectively for 28 days. Olive oil was used as
vehicle to dissolve the extract as it was not soluble
in water.
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Experimental induction of diabetes in rats

Hyperglycemia was induced in overnight fasted
Wistar rats by a single intra-peritoneal injection
of 50 mg/kg streptozotocin (Bristol-Sigma, Bristol
Scientific Company, Missouri, United States of
America) dissolved in 0.1M ice-cold sodium
citrate buffer, (pH = 4.5), immediately before use
in a volume of 1 ml/kg body weight as described
by Etuk (2010). Hyperglycemia was confirmed by
the elevated plasma glucose levels determined
in tail blood sample using a glucometer (Roche,
Germany). Rats whose fasting blood glucose levels
exceeded 250 mg/dl (13 mmol/dl) after one week
were considered as diabetic and used for the
study. Urinalysis was also carried out to confirm
diabetes in all groups according to a method
adopted by Houcine et al. (2011).

Administration of the extract

The extract was given orally for a period of 28
days and administration was carried according
to OECD guidelines (OECD TG 407) [European
Chemicals Agency, 2016]. At the end of the
experimental period, the animals were sacrificed
by inducing sleep by injecting with ketamine
hydrochloride (Rotexmedica, Trittau, Germany);
the liver was removed and fixed in 10% formalin
in preparation for routine histological processing.

Use of glucometer strips to determine blood
glucose level

Serum glucose levels were determined weekly
by testing the blood obtained from the tail of
rats in all groups using Acucheck glucometer
strips. The tip of the rat tail was swabbed with a
disinfectant and then the tip of the tail pierced
using an Accu-check Softclix lancet, and then
the blood was applied to an Accu-check strip and
then the strip, which was inserted into the Accu-
check blood glucose meter to obtain a reading.
The blood glucose level was read off the meter and
the result recorded.

Analysis of serum glucose level

At the end of 28 days, the serum glucose
levels were determined using Labkit protocol
(Barcelona, Spain) kits using the glucose oxidase
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method as described by Kanagasabapathy and
Kumari (2000). The mass spectrometer was
adjusted to zero with blank or reagent. The
sample was pipetted into a curvette along with the
following solutions: in the first test tube, 1.0 ml of
the reagent was added, in the second test tube, 1.0
ml of reagent and 10 uL of calibrator was added
and in the third test tube, 1.0 ml of reagent and
10 uL was added. These solutions were mixed and
incubated for 5 minutes at 37°C or 10 minutes at
room temperature (15-25°C). The absorbance of
the samples and calibrator were observed against
the blank and calculated if the color was observed
to be stable for at least 30 minutes.

Calculations:

(A) Sample x 100 (Calibrator conc)
Glucose (mg/dl) =

(A) Calibrat

or Calibrator Conversion factor: mg/dL x 0.555 = mmol/L

Analysis of the histological sections

The images of the histological sections were
obtained using an Amscope light microscope
(MBJX-ISCOPE, Los Angeles) fitted with a digital
camera (M500, X 64, version 3.7) under several
magnifications. Images of the histological
sections were obtained using 10X objective lens
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and were also analyzed using Amscope Image
software. An ocular micrometer, which was
previously standardized with a stage micrometer,
was also used to measure areas of interest in the
histological slides. The results were analyzed
using GraphPad Instat Software (Version 3.75).

The histological section of the liver in all groups
were morphometrically analyzed to observe the
following measurements.

a) Diameter of the central vein (um)
b) Width of the sinusoids (um)
¢) Width of the hepatocytes (um)

RESULTS

Histological observations in the liver

The micrographs of the liver in all groups are
represented by Figs. 1A-F and 2A-F. Liver sections
obtained from normal group (group 1) revealed
normal histological architecture with regular
hepatic lobules with central veins, and peripheral
portal areas were observed (Fig. 1A). Hepatocytes
with sinusoidal spaces were extending radially
from the central veins to the boundaries of portal
areas. There was mild congestion of the hepatic

Fig. 1.- Photomicrographs of liver of rats in all groups after the 28 day oral toxicity study. Black arrow — cords of hepatocyte, white arrow — sinusoid,
black arrow head — central vein, yellow arrow — portal triad. Groups I (A), I (B), I1I (C), IV (D), V (E) and VI (F). H&E staining. x 100.
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vein in the rats in Group II. The rats in Group
III showed wider sinusoids (white arrow) and
degenerative changes to the hepatocytes (white
arrow). The central veins (black arrow head) in
this group were wider and more dilated than
in the other groups. In Group IV, V and VI, the
architecture of the liver was normal (Figs. 1D, E
and F), with clear sinusoid (white arrow), hepatic
cords (black arrow) and central vein (black arrow
head).

Fig. 2A-F represents the micrographs of the liver
stained with PAS to show the presence of glycogen
in the hepatocytes. The presence of glycogen
is indicated by a magenta-colored cytoplasm
and blue-black nucleus. The micrograph of the
liver tissue in all groups showed the presence
of abundant distribution of glycogen in the
cytoplasm of the hepatocytes in all groups, which
was most marked in Group III rats (Fig. 2F).

Morphometric findings of the liver

The central vein diameter in the diabetic
untreated rats (group III) showed a significantly
(P<0.05) wider sinusoids and central vein when
compared to the extract treated (group IV and V),
non-diabetic (groups I and II) and insulin-treated
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group (VI). The hepatocytes in the extract treated
group (IV) were significantly (P<0.05) larger than
the hepatocytes in other groups (Table 1).

Hypoglycemic activity of Leptadenia Hastata

The hypoglycemic/anti-diabetic activity of
the extract was evaluated by demonstrating the
effect of the extract on fasting blood glucose,
and the results obtained are presented in Table
2 below. The extract demonstrated a progressive
reduction in fasting blood glucose level in diabetic
rats, which became noteworthy on days 21 and
28 for animals administered with 100 mg/kg
and 200 mg/kg of the extract respectively. This
was comparable to the reduction observed in
animals injected with insulin (days 14, 21 and 28).
However, no significant reduction was observed in
the fasting blood glucose in normal non-diabetic
rats. Non-diabetic rats that were administered
the extract in group II also showed no significant
change in blood glucose levels (Table 2).

DISCUSSION

Diabetes mellitus is a metabolic disorder
characterized by  hyperglycaemia, which
predisposes sufferers to chronic complications

Fig. 2.- Photomicrographs of liver of rats in all groups after the 28 oral toxicity study. Black arrow — cords of hepatocyte, white arrow — sinusoid, black
arrow head — central vein. Groups I (A), IT (B), III (C), IV (D), V (E) and VI (F). PAS staining. x 100.
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affecting several organs of the body, including
the eye, blood vessels, kidneys, liver and nerves
(Ahmed, 2005). The liver is an important organ
that has its main function in maintaining and
controlling blood glucose through the processes
of glycogenesis and glycogenolysis. Hepatocyte
damage and lipid peroxidation products induce
an inflammatory response. Diabetes mellitus
is considered to be one of the most common
causes of liver damage (Manna et al., 2010). It
has been correlated with the entire spectrum of
liver diseases, including abnormal levels of liver
enzymes, non-alcoholic fatty liver disease and
liver cirrhosis and carcinoma (Kini et al., 2016;
Al-Ani et al., 2017).

The anti-diabetic property of the extract was
observed as it reduced blood glucose levels in
the treated groups, while having no effect on the
serum glucose levels in non-diabetic groups. The
glucose-lowering property is well documented
by several researchers like Bello et al. (2011),

Table 1. Morphometric findings of the liver.

Effect of Leptadenia hastata on streptozotocin-induced diabetic liver

Sanda et al., (2013), Umaru (2018) and Attah
(2019a) have evaluated the hypo-glycaemic and
hypolipidaemic effects of water and methanol and
root extracts of L. hastata in normal and alloxan-
induced diabetic rat models and found out that
the plant has glucose lowering properties.

In the present study, the diabetic control group
showed high level of cellular abnormalities
including
degeneration, vascular congestion, hyperplasia
of the hepatocytes and vacuolation, which are
features observed in a diabetic liver. This is
similar to the result obtained in a study carried out
by Salih et al., 2009 who observed hydrophobic
changes, necrotic aggregation and aggregation
of lymphocytes in the liver of rats induced with
streptozotocin. There was also a severe reduction
inglycogen contentofhepaticcellsintheuntreated
diabetic groups as evidenced by the degenerated
hepatocytes. Histopathological evaluation of the
liver after oral ingestion of 100 mg/kg and 200

necrosis, cellular and vascular

Groups | Treatment Cv SN HEP
(um?) (um) (um)

I Olive Oil 177.3+16.52 19.8+1.82 19.8+1.8*

II Extract (200mg/kg) 175.4+11.22 12.6 £2.2¢ 16.2+1.82

III Olive Oil 340.2 + 31.6" 36.0 +4.0° 12.8 +2.2¢

IV Extract (100mg/kg) 158.0+15.6% 9.0+0.0¢ 25.2+1.8°

A% Extract (200mg/kg) 2241 +16.9¢ 18.0+2.8% 12.6 £2.2¢

VI Insulin 169.2+17.82 9.0 £0.0°¢ 12.6+2.2¢

Data are presented as mean + S.E.M. The values are expressed as mean + S.E.M expressed (n = 5). Values in the same column with
different superscript are significantly different at P<0.05. Values in the same column with same superscript are not significant. CV-

area central vein, SN- width of sinusoid, HEP- size of hepatocytes

Table 2. Effect of n-hexane extract of Leptadenia hastata on fasting blood glucose in experimental rats.

Groups | Treatment
Initial Day 1

I Olive Oil 105.2+4.3* | 100.2 +3.3?
II Extract (200 mg/kg) 108.3+6.6% | 112.3 £4.8°
111 Olive Oil 120.2+4.1% | 420.2 £5.2"
A% Extract (100 mg/kg) 108.0+8.8% | 450.0 £ 6.9
Vv Extract (200 mg/kg) 116.8+5.42 | 440.8+5.6°"
VI Insulin 113.4+3.78 | 462.4+6.8"

Fasting Blood Glucose levels (mg/dl)

Day 7 Day 14 Day 21 Day 28
96.5+7.42 99.9+6.9° 92.3+3.52 110.6 £12.6%
114.2 £5.52 108.8+8.1* | 119.2+7.3? 105.0 £9.3°
444.8 +8.7° 547.0+ 4.2¢ | 567.8+2.4¢ 539.0+8.5¢
494.0+3.6° |414.2+3.3> |124.6+12.9% |180.7+8.7°
446.0 £4.7° 391.4+4.7> | 214.4+6.3° 93.4+8.9°
441.0+£9.3° 374.4+3.3» | 291.7+6.0° 222.4+3.0°

This table is reproduced with permission from Sumerianz Journal of Medical and Healthcare. The values are expressed as mean +
SEM (n=5). Values in the same column with different superscript are significantly different at p<0.05. Values in the same column
with the same superscript are not significant. I — Non-diabetic and untreated with extract, II — non-diabetic but extracted treated,
III — diabetic and untreated, IV — diabetic and treated with 100mg/kg extract, V — diabetic and treated with 200mg/kg of extract,

VI - diabetic and treated with insulin
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mg/kg of n-hexane extract indicated that the
extract did not adversely affect the morphology of
the liver, but preserved the histology of the liver
to be similar to the control group. The results are
similar to studies conducted by Waer and Helmy
(2012), Oyebadejo et al. (2014) and Al-Ani et al.
(2017), where plant extracts were observed to
have ameliorated the adverse histopathological
effectson the liver of diabetic rats.

The liver tissue treated with extract had
significantly reduced sinusoid and central vein
compared to the diabetic control group. The
hepatocytes in the extract treated groups were
also significantly larger than the diabetic group,
and thisincrease may be the result of enlargement
of metabolically active cells to be able to cope with
the additional stress on the liver tissue.

Sinusoidal dilatation, which was present in the
diabetic rats, has been suggested to represent
the early stages of hyperplasia of the sinusoidal
lining cells of the liver. It could be also caused by
impaired portal perfusion or an inflammatory
reaction. This feature is described by Marzano
et al. (2015). The extract may have played a role
in protecting the liver in the treated groups from
an inflammatory reaction that was observable
in the diabetic control group. The mechanism
of the ameliorative effect of Leptadenia hastata
extract on the histopathological changes in STZ-
induced diabetic rats is still not clear. However,
phytochemical analysis of Leptadenia hastata has
revealed the presence of triterpenoids, which has
been reported to be hepatoprotective (Mandal
et al., 2015). Triterpenes isolated from L. hastata
latex have also been known to possess anti-
inflammatory activity (Nikiema et al., 2011). Zinc
has been found to have insulin-like effect in that
it enhances glucose uptake by inhibiting glycogen
synthesis (Schlenger et al., 2014). Iron is an
essential element for wide varieties of metabolic
processes including playing pathogenic roles in
diabetes mellitus and its complications. Some
trace elements (Zn, Cr, and Mn) have important
roles in metabolism and insulin action (Djama
et al., 2012). These elements were found in trace
amounts in the n-hexane extract of Leptadenia
hastata when analysed (Attah et al., 2019b).
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in accordance with the University of Maiduguri
Research and Ethical Committee guidelines,
the ARRIVE guidelines (reporting of in vivo
experiment), and the National Institutes of Health
(NIH) guide for the CARE and use of laboratory
animals (NIH Publications No. 8023, revised
1978). The research was also conducted in
accordance with the Helsinki Declaration of 1975,
as revised in 2000.

ACKNOWLEDGEMENTS

The Authors appreciate the support given by
H.B. Ishaya Ph.D., N.I. Dibal, M.S. Chiroma Ph.D,,
JV. Zirahei Ph.D. for the moral and academic
support. The authors also appreciate the staff of
the Histology Laboratory, Department of Human
Anatomy, University of Maiduguri and the staff of
Pharmacognosy Laboratory, Faculty of Pharmacy,
University of Maiduguri for the endless hours of
assistance during the experimental study.

REFERENCES

ABDENNABIA R, BARDAAB S, MEHDIC M,
RATEBD ME, RAABE A, ALENEZIF FN, SAHNOUNB
Z, GHARSALLAHA N, BELBAHRI L (2016) Phoenix
dactylifera 1. sap enhances wound healing in
Wistar rats: Phytochemical and histological
assessment. [nt J Biol Macromol, 88: 443-450.

AHMED N (2005) Advanced glycation
endproducts — role in pathology of diabetic
complications. Diabetes Res Clin Pract, 67: 3-21.

ALIERO A, WARA SH (2009) Validating the
medicinal potential of Leptadenia hastata. Afr J
Pharm Pharmacol, 3(6): 335-338.

ANURADHA K, HOTA D, PANDHI P (2004)
Investigation of central mechanism of insulin-
induced hypoglycemic convulsions in mice. Indian
JExp Biol, 42: 368-372.

ATTAH MOO, JACKS TW, GARBA SH, BALOGUN
JB (2019a) Hypoglycemic and anti- diabetic profile
of n-hexane extract of Leptadenia hastata leaves on
streptozotocin-induced diabetes in albino rats.
Sumerianz J Med Healthcare, 2(4): 42-46.

141



ATTAH MOO, JACKS TW, GARBA SH, MSHELIA
HE (2019b) Physico-chemical and phytochemical
screening of n-hexane extract of Leptadenia hastata
leaves: a proposed herbal remedy in the treatment
of diabetes mellitus. Int J Res - Granthaalayah, 7(2):
45-57.

AZWANIDANN (2015) Areview on the extraction
methods used in medicinal plant: principles,
strengths and limitations. Med Arom Plants, 4(196):
1-6.

BILAL HM, RIAZ F, MUNIR K, SAQIB A, SARWAR
MR, SCHUMACHER U (2016) Histological
changes in the liver of diabetic rats: a review of
pathogenesis of non-alcoholic fatty liver disease
in type i diabetes mellitus. Cogent Med, 3(1).

BELLA AF, ADETUYIBI A (1990) Insulin-binding
antibodies in Nigerian diabetic patients. West AfrJ
Med, 9:291-294.

BELLO A, ALIERO AA, SAIDU Y, MUHAMMAD
A (2011) Phytochemical screening, polyphenolic
content and alpha-glucosidase inhibitory
potential of Leptadenia hastata (Pers.) Decne,
Nigeria. Bayero J Pure Appl Sci, 19(2): 181-186.

CHO NH, SHAW JE, KARURANGA S, HUANG
H, DA ROCHA JD, OHLROGGE AW, MALANDA B
(2018) Diabetes research and clinical practice
diabetes. Res Clin Pract, 138: 271-278.

DAHIRU T, ALIYU A, SHEHU AUA (2016) Review
of population-based studies on diabetes, mellitus
in Nigeria. Downloaded from http:/www.ssajm.
org on Friday, September 15, 2017.

DJAMA AAD, KOUASSI-GOFFRI, MC, OFOSU FG,
ABOH JK (2012) Heavy metal analysis of some
anti-diabetic medicinal plants in Cote d’Ivoire.
Curr Res J Biol Sci, 4(5): 633-637.

ETUK EU (2010) Animals models for studying
diabetes mellitus. Agric Biol JN Am, 1(2): 130-134.

HOUCINE B, RACHID A, RABAH D, FARID
L, NABILA B, BOUFELDJA T (2011) Effect of
saponosides crude extract isolated from Citrullus
Colocynthis (L.) seeds on blood glucose level in
normal and streptozotocin induced diabetic rats.
J Med Plants Res, 5(31): 6864-6868.

AL-ANI IM, ABIRED AN, MUSTAFA BE, WAHAB
ENA, AZZUBAIDI MS (2017) Effect of flaxseed

142

Effect of Leptadenia hastata on streptozotocin-induced diabetic liver

extract on the liver histological structure in
streptozotocin induced diabetic rats. Int Med J
Malaysia, 16(1): 1-8.

INTERNATIONAL DIABETES ATLAS (2017)
International diabetes atlas: global estimates of
diabetes prevalence for 2017 and projections for
2045, 8th Edition.

JAYAKARB,SURESHB (2003) Antihyperglycemic
and hypoglycemic effect of aporosa lindleyana in
alloxan-induced diabetic rats. J Ethno-pharmacol,
84:247-249.

KANAGASBAPATHY AS, KUMARI S (2000)
Guidelines on standard procedures for clinical
chemistry. World Health Organization Regional
Office, New Delhi, pp 26-30, 45-49.

KINI S, TRIPATHI P, AMARAPURKAR AD (2016)
Histopathology of liver in diabetes mellitus - an
autopsy study. Int J Sci Stud, 4(5): 110-113.

MANDAL A, DAS V, GHOSH P, GHOSH S (2015)
Anti-diabetic effect of freiedelan triterpenoids
in streptozotocin induced diabetic rat. Nat Prod
Commun, 10(10): 1683-1686.

MARZANO C, CAZALS-HATEM D, RAUTOU
EP, VALLA DC (2015) The significance of non-
obstructive sinusoidal dilatation of the liver:
impaired portal perfusion or inflammatory
reaction syndrome. Hepatology, 62: 956-963.

NIKIEMA JB, VANHAELEN-FASTRE R,
VANHAELEN M, FONTAINE J, GRAEF CD,
HEENEN M (2001) Effects of anti-inflammatory
terpenes isolated from Leptadenia hastata latex on
keratinocyte proliferation. Phototherapy Resources,
15(1): 131-134.

ORGANIZATION FOR  ECONOMIC  CO-
OPERATION AND DEVELOPMENT (OECD) (2008)
Guidance document on acute oral toxicity testing
420; Organization for Economic Co-operation and
Development: Paris, France.

OYEBADEJO S, BASSEY E, OYEWUNMI A,
ARCHIBONG V, USORO E (2014) Histopathological
study of the liver of alloxan induced diabetic rats
and macerated Allium sativum (garlic) ameliorative
effect. Asian J Biomed Pharm Sci, 4(34): 72-77.

RAJESHKUMAR D (2010) Evaluation of

antioxidant property and toxicological assessment



of Polyalthia Longifolia var. Pendula Leaf. Thesis
PhD, Saurashtra University.

ROTHERKI(2007) Diabetes treatment—bridging
the divide. New Eng J English, 356(15): 1499-1501.

SALIH SD, MUSLIH RK, HAMOODI SR (2009)
Histological liver changes in streptozotocin
induced diabetic mice. Int Med J Malaysia, 8(1): 1-4.

SANDA KA, SANDABE UK, AUWAL MS, BULAMA
I, BASHIR TM, SANDA FA, MAIRIGA A (2013)
Hypoglycemic and antidiabetic profile of the
aqueous root extracts of Leptadenia hastata in
albino rats. Pakistan J Biol Sci, 16(4): 190-194.

SCHLIENGER JL, GRUNENBERGER F, MAIER
EA (1998) Disorders of plasma trace elements
in blood glucose equilibrium. Press eMedicine, 17:
1076-1079.

SWIMNATHAN S, FONSECA VA, ALAM MG,
SHAH SV (2007) The role of iron in the diabetes
and its complications. Diabetes Care, 30(12): 1923-
1933.

UKWUANI AN, IGBOKWU MO (2015) In vitro
anti-diabetic effect of Leptadenia hastata leaves
fractions. Biosci Res Today’s World, 1(1): 40-46.

UMARU 1J, BADRUDDIN FA, UMARU HA (2018)
Phytochemical, antifungal and antibacterial
potential of Leptadenia hastata stem-bark extract.
MOJ Toxicol, 4(4): 263-268.

VALERON PF, DE PABLOS-VELASCO PL (2013)
Limitations of insulin-dependant drugs in the
treatment of type 2 diabetes mellitus. Clin Med, 2:
20-25.

VENKATARAMANA G, INDIRA P, RAO DVM
(2013) Changes of plasma total proteins, albumin
and fibrinogen in type 2 diabetes mellitus - a pilot
study. Ind J Basic Appl Med Res, 7(2): 679-685.

WAER H, HELMY SA (2012) Cytological and
histochemical studies in rat liver and pancreas
during progression of streptozotocin induced
diabetes and possible protection of certain natural
antioxidants. J Nutriton Food Sci, 2: 165.

WILD S (2004) Global prevalence of diabetes:
estimates for the year 2000 and projections for
2030. Diabetes Care, 27(10): 2568-9.

WORLD HEALTH ORGANIZATION (2013)

Martha 0.0. Attah et al

World Traditional Medicine EXPO Sancheong,
Retrieved December 2017, from www.who.int/
medicine/traditional medicine.com World Health
Organization. Fact Sheet No 312, 2013.

143



