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Abstract

The antidiabetic potentials of Heliotropium indicum L. leaf aqueous (HILA) extract used for the management of diabetes
by Traditional Medicinal Practitioners (TMPs) in Nigeria was assessed. Alloxan (ALX)-induced hyperglycaemic rats were
orally administered with known folkloric dosage of 30 and 75 mg/kg b. wt. of HILA extract, once a day, for 14 days. Fasting
blood glucose (FBG) levels were monitored and pancreatic histology was examined. Net hepatic glycogen (GLY)
concentration and lipid profiles were also determined. Prior to treatment, ALX-induced hyperglycaemia (>250 mg/dL) was
established in rats. Oral administration of 30 and 75 mg/kg b. wt. HILA extract to diabetic rats for 14 days caused significant
reduction in FBG to baseline values observed in non-diabetic conditions. Treatment with HILA extract also showed
improvement in lipid abnormalities observed in hyperglycaemic condition, levels of triglyceride, total cholesterol and LDL-
cholesterol were significantly reduced and HDL-cholesterol increased resulting in improved artherogenic index. Hepatic GLY
concentration was significantly increased in diabetic rat treated with the extract. Histological examinations showed
degenerated and sparse pancreatic islets f-cells in non-treated diabetic rat, whereas microscopy of treated rats showed mild to
normal architecture with enriched B-cells. Preliminary phytochemical profiling of the extract revealed the presence of alkaloids
(2.54 mg/g), saponins (0.28 mg/g), phenols (0.04 mg/g) and anthraquinones (0.01 mg/g). Results from this study revealed
that the aqueous leaf extract of H. indicum possesses not only antihyperglycaemic, but also antidyslipidemic activities, that may

prove to be of clinical importance in the management of diabetes and associated secondary complications.
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other hormones (Guthrie and Guthrie, 2009). It is a chronic
disease characterized by persistent hyperglycaemia caused by
inherited or acquired deficiency of insulin production by
pancreatic (-cells and alterations in the insulin sensitivity of

Introduction

International Diabetes Federation reported that about
387 million people have diabetes and this is projected to ascend

t0 592 million by 2035. The projected increase in prevalence
rate is due to urbanization and associated lifestyle changes,
increase in life expectancy at birth of diabetic population,
physical inactivity, obesity and possibly a genetic predisposition
(Wild ez al., 2014). The number of persons living with type 2
diabetes is increasingin every population and 77% of people
with diabetes live in low income and middle income countries
(IDF, 2014).

Diabetes results from an alteration in the availability of
insulin and/or the inability of the body to utilize the hormone,

as well as irregularities in the endocrine system that may involve

tissues such as muscle, liver and adipose tissue (Adisakwattana
etal.,2005).

Diabetes mellitus is often associated with classical
characteristic symptoms such as vision blurring, polydypsia,
polyphagia and polyuria (Shin ez 4/, 2012). It is associated with
reduced quality of life and increased risk factors for mortality
and morbidity. The eftects of diabetes mellitus include long-
term damage, dysfunction and failure of various organs as a
result of secondary complications (Oyagbemi ez 4., 2014). The
long-term hyperglycaemia is an important factor in the
development and progression of micro- and macro vascular
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complications  (Strojek, 2003; Oyagbemi e al, 2014).
Dyslipidemia is an important risk factor of vascular
complications in diabetes mellitus (Cade, 2008). Abnormal
lipid metabolism is common in patients with diabetes causing
alterations in lipid profiles (Li ez al., 2004). Dyslipidemia
results from multiple factors which are either a direct
manifestation of defects in insulin action and hyperglycaemia
or the obesity/insulin-resistant metabolic disarray which is
the source of type 2 diabetes and could lead to lipid
abnormalities exclusive of hyperglycaemia (Goldberg, 2001).

Conventionally, type 2 diabetes is treated with synthetic
drugs, over the decade, the most significant and most
preferred being metformin (Rojas and Gomes, 2013).
Gastrointestinal side effects such as abdominal discomfort,
anorexia, bloating and diarrhoea are adverse side effects
associated with its therapy. This may be due to its associated
decreased intestinal glucose absorption (Ikeda ez 4., 2000).
Due to high profiles of adverse side effects associated with
synthetic anti-hyperglycaemic agents, there is a need to
develop improved alternatives with less or no net side effects
for the management of diabetes, by exploring potentials
offered by traditional phytotherapies (Akolade ez 4., 2014).
There is a growing interest in herbal remedies that play
important roles in the management of diabetes mellitus by
Traditional Medicine Practitioners (TMPs).

Heliotropium indicum is considered one of the important
herbs prescribed by TMPs for the treatment of diabetes
mellitus in North Central Nigeria (Atawodi ez 4/, 2014). It
belongs to the family Boraginaceae (Burkhill, 1985). It is
found in both tropical and non-tropical regions. It is usually
associated with moist rich soils of the lowland tropics near
rivers and lakes, on the roadsides and also in waste places. It is
also commonly found in moist sandy soils or shallow swamps
(Holm et al, 1997). In Nigeria it is referred to as “Agogo
Igun” or “Ogbe Akuko” by the Yorubas (South west, Nigeria)
and Kalkashin or korama by the Hausas (Northern Nigeria).

Decoctions from different parts of the plant are used as
medicine by TMPs in many parts of Africa for treatment of
fever, urticaria, ulcers, wounds, localized inflammation,
gonorrhoea, ringworm, AND rheumatism (Ige, 2011;
Nordeng ez al,, 2013; Atawodi ez al,, 2014). Antibacterial
(Das, 2011), anti-inflammatory (Srinivas ¢# 4., 2000), anti-
tuberculosis (Machinan e al, 2005), anti-proliferative
(Moongkarndi et al., 2004), gastro protective activity (Adelaja
et al., 2008), wound healing (Reddy er al, 2002) and
immune-stimulant (Ashoka ez 4/, 2009) of the extracts from
different parts of the plant have been reported in literature.

Agheel ez al. (2013) and Mohammed ez 4l (2014)
showed that the methanolic extract of root and the whole
plant  have significant antihyperglycaemic activity in
chemical-induced diabetic rat models. The extensive
medicinal use of the aqueous broth of H. indicum leaves for
management of diabetes and its secondary complications
especially dyslipidemia by TMPs in Nigeria is yet to be
established by adequate scientific data. Thus, in furtherance
of the current investigations of medicinal plants used in the
management of diabetes in Nigeria, the hereby study was
carried out to evaluate the antidiabetic potentials of the
aqueous extract from the leaves of H. indicum.
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Materials and Methods

Plant materials, chemicals and reagents

Fresh leaves of Heliotropium indicum were obtained from a
vegetable farm in Ilorin, Kwara State. Identification was carried
at the herbarium of the Plant Biology Department of the
University of Ilorin, Ilorin, Nigeria, where voucher specimen
(UIHO15) was deposited. Alloxan monohydrate was procured
from Sigma Chemical Company, St. Louis, Mo, USA.
Glucose, cholesterol, triglycerides and high density lipoprotein-
cholesterol assay kits used were products of Randox
Laboratories Ltd., Antrim, UK. All other chemicals used were
of analytical / research grades.

Preparation of the extracts

The fresh leaves (200 g) of H. indicum were pulverized and
soaked in distilled water (1,000 ml). The pulverized leaf juice
was left to settle for about five hours and thereafter sieved twice
using muslin cloth. This was done basically to simulate the
method used locally by TMPs in Ilorin metropolis, Kwara
State, Nigeria. The slightly greenish brown juice obtained was
lyophilized, labelled HILA in air-tight container and stored

under refrigeration.

Phytochemical profiles
Phytochemical analyses of the HILA extract were carried
out on the aqueous extracts to identify the constituents using

procedures employed by Njoku and Obi (2009).

Experimental animals

Albino rats (Rattus norvegicus) of average weight of 110.88
+ 533 g were obtained from the animal house of the
Department of Biochemistry, University of Ilorin, Ilorin,
Kwara State. They were acclimatized for two weeks to standard
laboratory housing conditions. The research adheres strictly
and conforms to the Principles of Laboratory Animal Care
(NIH Publication No. 85-23, 1996). The research protocols
were requested to and approved by Department of
Biochemistry, University of Ilorin, Ilorin, Nigeria.

Dosage determination

Ethno-botanical survey and personal communications with
TMPs showed that approximately 250 ml of the extracted juice
is taken once a day for management of diabetes by a patient of
70 kg average weight, while obese patients are given same
volume two-three times daily. However 1,000 ml of the juice,
after freeze-drying yielded 8.46 g of HILA extract. This implies
that 250 ml is likely to contain 2.11 g of the extract. From this
extrapolation, a dosage of 30 mg/kg b. wt. was adopted to
ascertain the acclaimed antihyperglycaemic activity of the
extract.

Animal grouping and extract administration

Fifty (50) rats of both sexes (housed separately) were used.
They were allowed access to standard rat pellets and water ad
Libitum, except at about 12 h before the measurement of fasting
blood glucose (FBG; when the feeds were temporarily
withdrawn). The animals were randomly selected into five
groups of ten animals each as follows:
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L. NC: Normal Control (normoglycaemic rats
receiving 1 ml of distilled water)

2. DC: Non-Treated Control (hyperglycacmic rats
receiving 1 ml of distilled water)

3. DR: Hyperglycaemic rats treated with reference drug
(14.2 mg/kg b. wt Metformin)

4. DHi30: Hyperglycaemic rats treated with 30 mg/kg
b.wt. of HILA extract

5. DHi75: Hyperglycaemic rats treated with 75 mg/kg
b.wt of HILA extract

Induction of experimental yperglycaemia

Chemical induction of “hyperglycaemia”, the main feature
of diabetes mellitus, was done using the method employed by
Sharma ez al. (2010) with little modification as illustrated
below. Animals were fasted for 12 h and then were subjected to
a single intra-peritoneal injection of alloxan monohydrate, 150
mg/kg b. wt, freshly dissolved in normal saline solution. A fifth
of the rats were also given normal saline to serve as
normoglycaemic  control.  Fasting blood glucose was
determined using multicare-in  multiparameter - diagnostic
device (Biochemical Systems International, Arezzo-Italia) and
compatible strips 48 h after alloxan injection. Rats showing
EBS above 250 mg/dl and sustained hyperglycacmia for the
next 72 h (5 days after alloxan induction) were considered
diabetic and used in the study.

Glycaemic studies

FBG levels of all experimental rats were determined as
described above prior to treatment and after 2,4, 8, 12 and 14
days of administration of metformin and HILA extract by
withdrawing blood from the rats’ caudal vein.

Preparation of serum and tissues homogenates

The rats were anaesthetized, sacrificed and blood was
collected. The sera were collected and used for lipid profile
analyses. Also, sacrificed carcasses were dissected; the liver and
pancreas were excised. The pancreas was fixed in 10 % formalin
for histological examination. The livers were weighed, rinsed
and homogenized in ice cold 50 mM Tris / HCl buffer pH 7.5
(Ugochukwu and Babady, 2002) containing Triton x-100 at a
final concentration of 0.5% (Muhammad ez 4/, 2006). The
homogenates were stored under refrigeration (each in a labelled
specimen bottle) and used for glucose and glycogen content

analyses within 24 h.

Biochemical analysis

Serum total cholesterol (TC), triglycerides (TG) and high
density lipoprotein cholesterol (HDLc) were determined
spectrophotometrically by using commercially available
diagnostic kits obtained from Randox Laboratories (UK). Low
density lipoprotein was calculated as described by Fridelwald ez
al. (1972). Glycogen measurement was carried out, as described
by Passoncau and Lauderdale (1974) with slight modifications.
Glucosyl units were determined by enzymatic oxidation by the
method described by Barham and Trinder (1972). Protein
concentration was also determined (Gornall ez 2/, 1949).

Statistical analysis
Data were expressed as the mean of three or six replicates +
standard error of mean. One way analysis of variance followed

by Turkey’s post hoc test for multiple comparisons using
Graph Pad prism version 5.02. Values were considered
significantly significant at p < 0.05.

Results

Phytochemical profiles

Lyophilization of aqueous broth of H. indicum leaves
afforded 8.46 g of HILA extract per 200 g (4.23 % w/w) of
fresh plant sample. Preliminary chemical profiling revealed that
the extract was predominated by alkaloids, while other classes
of secondary metabolites detected and quantified included
saponins, cardiac glycosides, phenols, phlobatannins and
anthraquinones. Table 1 shows the quantitative analyses of
some of the detected phytochemicals in decreasing order:
alkaloids > saponins > cardiac glycosides > phenols >

phlobatannins > anthraquinones.

Glycaemic studies

Fig. 1 shows the antihyperglycaemic effect of the orally
administered aqueous extract of H. indicum leaf in alloxan
induced hyperglycaemic rats. There was significant (p < 0.05)
reduction in the blood glucose of the diabetic rats administered
with either 30 or 75 mg/kg b wt. of the extract, as well as the
reference drug (14.2 mg/kg metformin) over the course of
treatment. After 14 days of treatment, normoglycaemic levels
were observed in diabetic rats treated with 14.2 mg/kg of
metformin and 30 mg/kg of HILA extract (above 97%
reduction in hyperglycacmia were achieved), whereas about
60% reduction was observed in diabetic group treated with 75

mg/kgb. wt. of the extract (Table 2).

Hepatic glucose and glycogen

Glucose and glycogen contents in the liver of diabetic rats
treated with 30 and 75 mg/kg b. wt. HILA extracts and 14.2
mg/kg b. wt. metformin are shown on Figs. 2 and 3. Non-
treated diabetic control (DC) rats showed significant (p <
0.05) increase in hepatic glucose levels and decrease (p < 0.05)
in glycogen content when compared to the non-diabetic
control (NC) rats. The elevated glucose levels were significantly
lower in diabetic rats treated either with metformin or both
doses of the extract. Rats treated with 30 mg/kg b. wt. of HILA
extract recorded significantly lower hepatic glucose contents
compared to those treated with 75 mg/kg b. wt of the extract
(Fig. 2). Also, the reference drug and extracts significantly

Table 1. Phytochemical profiles of aqueous leaf extract of Heliotropium

indicum
Phytochemical Concentration (mg/g)

Alkaloids 2.54+0.02
Tannins 0.01+£0.01
Phlobatannin 0.01+0.00
Saponins 0.28+0.01

Flavonoids ND
Anthraquinones 0.01 £0.00

Steroids ND

Terpenes ND
Phenol 0.04 +0.00
Cardiac glycosides 0.08 £0.01

*ND = not detected
Values are expressed as means of three replicates+ S.E.M
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Table 2. Glucose (mg/dL) lowering effect of oral administration of aqueous leaf extracts of Heliotropium indicumand metformin in alloxan induced

hyperglycaemic rats

Day -5 Day 0 Day 14 %
Prior to ALX Induction Before Treatment After Treatment Glucose Reduction
NC 86.2 + 6.08* 95.6 + 5.47° 85.0 + 6.72* ND
DC 80.2 + 6.57* 296.2 + 66.48" 442.6 + 8.60¢ -67.78
DR 88.5 +3.12° 315.6 + 26.77™ 81.6 + 8.05° 103.04
DHi30 84.0 £ 4.39* 374.6 +37.75" 91.2 +£20.14* 97.52
DHi75 83.0 £ 4.39* 277.2 +12.06° 163.0 + 19.02* 58.81

Values are cxprcsscd as mean of six rcplicatcs + SD and those with different superscripts along arow or column are signiﬁcantly different (p <0.05) from each other.
NC = normal control; DC = hyperglycaemic control; DR= hyperglycacmic + reference drug (14.2 mg/kg metformin); DHi30 = hyperglycaemic + 30 mg/kg
b.we HILA; DHi75 = hyperglycaemic + 75 mg/kg b.wt HILA; HILA = Heliotropium indicum leaf aqueous extract; FBG = Fasting Blood Glucose.% Glucose

reduction = [(Day0 - Day14)/(Day0 - Day-5)] x 100

5001

NC
DC
DR
DHi30
DHi75

FBG (mg/dl)

-4 0 4 8 12 16
Time (d)

Fig. 1. Anti-hyperglycaemic effect of oral administration of
aqueous leaf extract of Heliotropium indicum and metformin

on glycaemia (mg/dl) in alloxan induced rats

Point values are expressed as mean of six replicates + SEM and those with
different superscripts are significanly different (p < 0.05).

NC = normal control; DC = hyperglycaemic control; DR= hyperglycacmic +
reference drug (14.2 mg/kg metformin); DHi30 = hyperglycacmic + 30 mg/kg
bwe HILA; DHi75 = hyperglycaemic + 75 mg/kg bwe HILA; HILA =
Heliotropium indicum leaf aqueous extract;FBG = Fasting Blood Glucose.

increased hepatic glycogen contents of treated diabetic rats
compared to values in non-treated diabetic rats. Hepatic
glycogen values determined in diabetic rats treated with 30
mg/kg b. wt. HILA were not significantly different, whereas
the other groups treated with 75 mg/kg b. wt. HILA and 14.2
mg/kg b. wt. metformin recorded significantly lower glycogen
contents compared to values observed in non-diabetic rats.

Serum lipid profiles

Fig. 4 depicts the eftect of oral administration of aqueous
extract of H. indicum leaf on serum total cholesterol (TC) and
triglycerides (TG) of alloxan induced diabetic rats. TC and TG
were significantly higher in the non-treated diabetic rats
compared to non-diabetic control rats. Hyperlipidemia
observed in the diabetic rats were not significanty different
from values recorded in rats treated with 30 mg/kg b. wt.
HILA extract, whereas 14.2 mg/kg b. wt. of metformin and 75
mg/kg b. wt. of the extract causedsignificantly (p < 0.05)
reduction in TC and TG to values not significantly different
from non-diabetic rats.

In contrast, both 30 and 75 mg/kg b wt. of the extract
caused significant (p < 0.05) increase in serum HDLc and
decreased LDLc lipid fractions when compared to the non-
treated diabetic rats (Fig. 5). More so, treated diabetic groups

1007 B NC
d B8 DC
80 B DR
C, E DHi30
£ 601 DHi75
2
o
£ 40]
o
20
0.

Fig. 2. Effect of oral administration of aqueous leaf extracts of

Heliotropium  indicum  and  metformin  on  glucose

concentration in the liver homogenate (mg/g) of alloxan-
induced hyperglycaemic rats

Bars are expressed as mean of six replicates + S.EM and those with different are
significantly different (p < 0.05).

NC = normal control; DC = hypcrglycacmic control; DR= hypcrglycacmic +
reference drug (142 mg/ kg metformin); DHi30 = hypcrglycacmic + 30 mg/ kg
bwe HILA; DHi75 = hyperglycaemic + 75 mg/kg bwe HILA; HILA =
Heliotropium indicum leaf aqueous extract.

recorded significantly (p < 0.05) lower calculated artherogenic
index when compared to values computed for non-treated

diabetic group (Table 3).

Pancreatic histology

Photomicrograph of non-diabetic control rats revealed
compactly arranged and evenly distributed B-cells (Fig. 6A),
whereas non-treated alloxan induced diabetic rats showed
severely degenerated pancreatic architecture with cellular
changes, which include reduction in the B-cell counts, number

of islet and atrophic changes (Fig. 6B). Micrographs of

Table 3: Effect of oral administration of aqueous leaf extracts of

Heliotropium  indicum and  metformin  on  artherogenic  index
(LDL/HDL) in alloxan induced diabetic rats
LDL/HDL
NC 0.99+0.23*
DC 641+1.10°
DR 1.14+0.07*
DHi30 0.65+0.05*
DHi75 1.13+0.10*

Values are expressed as mean of five replicates + SD and those with different
superscripts al()ng a column are signiﬁcantly different (p <0.05) from each other.
NC = normal control; DC = diabetic control; DR= diabetic + reference drug
(14.2 mg/kg metformin); DHi30 = diabetic + 30 mg/kg b.wt HILA; DHi75 =
diabetic + 75 mg/kg b.wt HILA; HILA = Heliotropium indicum leaf aqueous
extract.
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Fig. 3. Effect of oral administration of aqueous leaf extracts of
Heliotropium indicum and metformin on glycogen content in

the liver homogenate (mg/g) of alloxan-induced diabetic rats
Bars are expressed as mean of six replicates + S.EM and those with different are
significantly different (p < 0.05).

NC = normal control; DC = hyperglycaemic control; DR= hyperglycaemic +
reference drug (142 mg/kg metformin); DHi30 = hyperglycacmic + 30 mg/kg
bwe HILA; DHi75 = hyperglycaemic + 75 mg/kg bwe HILA; HILA =

Heliotropinm indicum leaf aqueous extract.

100+

B NC
B DC
801 B DR
B DHi30
DHI75

Concentration (mg/g)

LDLc

HDLc

Fig. 5. Effect of oral administration of aqueous leaf extracts of
Heliotropium indicum and metformin on serum lipoprotein

cholesterol fractions (mg/dl) in alloxan induced diabetic rats
Bars are expressed as mean of six replicates + SE.M and those with different are
significantly different (p < 0.05).

NC = normal control; DC = hyperglycaemic control; DR= hyperglycaemic +
reference drug (14.2 mg/kg metformin); DHi30 = hyperglycaemic + 30 mg/kg
bwe HILA; DHi75 = hyperglycaemic + 75 mg/kg bwe HILA; HILA =
Heliotropium indicum eaf aqueous extrac;;HDLe= High density lipoprotein
cholesterol LDLc = Low density lipoprotein cholesterol.

diabetic rats treated with 30 mg/kg b wt or 75 mg/kg b. wt.
HILA extracts demonstrated mildly to moderately
degenerated pancreas with distorted architecture of lesser

degeneration (Fig. 6C-D) compared to the non-treated
diabetic slide.

Discussion

Hyperglycaemia was achieved within 48 hours of
induction with alloxan monohydrate and the elevated blood
glucose level persisted for five days post-induction. This is in
agreement with the summation of Lenzen (2008) saying that
the last phase during which complete degranulation and loss
of the integrity of the beta cells takes place occurs within 24-
48 h after administration of the alloxan, resulting in sustained
hyperglyecmia. Treatment of alloxan-induced rats with oral

1501
b
b EE NC
1001 B DC
B DR
B DHi30

DHi75

Concentration (mg/dl)
wm
il

Cholesterol

Triglycerides
Fig. 4. Effect of oral administration of aqueous leaf extracts of
Heliotropium indicum and metformin on serum cholesterol

and triglycerides of alloxan-induced diabetic rats

Bars are expressed as mean of six replicates + S.EM and those with different are
significantly different (p < 0.05).

NC = normal control; DC = hyperglycaemic control; DR= hyperglycacmic +
reference drug (14.2 mg/kg metformin); DHi30 = hyperglycaemic + 30 mg/kg
bwt HILA; DHi75 = hyperglycaemic + 75 mg/kg b.we HILA; HILA =

Heliotropium indicum leaf aqueous extract.

Fig. 6. Photomicrographs (x100) of the pancreas of
normoglycaemic rats (A), non-treatedhyperglycaemic rats (B),
hyperglycaemic rats treated with 30mg/ kg b wt of
Heliotropium indicum (C) and hyperglycaemic rats treated
with 75mg/kg b wt of Heliotropium indicum (D)

administration of 30 and 75 mg/Kg b. wt. aqueous extract of
H. indicum leaf caused significant reduction in hyperglycacmia
after 4 and 12 days of administration respectively.
Normoglycaemic baseline level was achieved in rats treated
with the 30 mg/kg b. wt. of the extracts after 14 days of
administration. This implies that the extract effects normalized
fasting blood glucose and established the local use of the leaf

extract for the management of diabetes.
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The antihyperglycaemic effect of the extract may be
attributed to its secondary metabolite profile. The medicinal
worth of plants lies in their phytochemical constituents which
produce definite physiological action. The aqueous extract of
H. indicum Linn leaf contained alkaloids > saponins > phenols
> tannins > anthraquinones, in decreasing abundance among
others found in trace amount. This profile is similar to that
reported by other researchers (Akinlolu ez 4/, 2008; Geroge et
al., 2012). Phenols and saponins are known for their
antioxidant activities and in addition, they have also been
reported to inhibit #-amylase and suppress postprandial
hyperglycacmia (Michalak, 2006). Also, tannins are well
known for their precipitating effect on proteins, and they also
have effects on carbohydrates, particularly starch (Schofield ez
al., 2001). Interaction between tannins and membrane
proteins of the intestinal mucosal cells changes the permeability
of the intestinal wall, resulting in a reduction of the intestinal
absorption (Silanikove, 2000). This may be an important
factor in reducing the influx of glucose from the
gastrointestinal tract. This effect modulated by tannins may
contribute to the overall antihyperglycaemic effect of the
aqueous extract of H. indicum leaf.

Alkaloid is the major secondary metabolite quantified in
aqueous leaves extract of H. indicum. Previous studies have
attributed the glucose lowering and antihyperglycaemic eftects
of plant extracts to their alkaloid contents (Ignacimuthu and
Amalraj, 1998). The alkaloid fraction of the H. indicum
aqueous extract has been reported to contain pyrolizidine
alkaloids and their N-oxides (Pandey ez 4/, 1996; Singh ez 4.,
2005; Souza et al., 2005). These compounds are known to be
hepatotoxic, however, there is a wealth of evidences on
therapeutic uses of the extract of H. indicum such as wound
healing activity (Reddy ez 4/, 2002; Suresh ez al., 2002; Muthu
et al., 2006); anti-inflammatory activity (Srinivas ez 4., 2002;
Abubakar ez al, 2007; Betanabhatla ez 4/, 2007) and
gastroprotective active activity (Akinlolu ez 4/, 2008). These
data suggest that the alkaloid component of the extract may
contain some more beneficial compounds that may account for
its antihyperglycaemic activity.

In the hereby study, histological examination of the
pancreas showed massive destruction of B-cells of the islets of
langerhans caused by induction of alloxan. This can occur
through the formation of reactive oxygen species (Szkudelski,
2001). Treatment of alloxan induced rats with HILA caused
improved pancreatic architecture of lesser degeneration. This
amelioration of alloxan toxicity further affirmed the beneficial
potentials of the extract.

The selective destruction of P-cells of the islets of
langerhans caused by alloxan results in marked decreased in
insulin levels (Rohilla ¢z 4/, 2012) and hence a reduction in
hepatic glycogen in diabetic rats (Sharma ez 4/, 2010).
Glycogen is the primary intracellular storable form of glucose in
mammalian tissues, especially the liver and its concentration in
such tissues is a direct indication of insulin activity. Therefore,
hepatic glycogen concentration may be considered as one of the
best parameter for assessing antihyperglycaemic activity of a
drug (Grover ez al., 2000). In the present study, the observed
reduction in hepatic glycogen of diabetic rats is in accordance
with the findings of Ahmed ¢# 4/ (2006) and Thambi ez 4/,
(2008). Many researchers have ascribed hepatic glycogen
reduction to the loss of glycogen synthetase activating system
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(Huang ez al, 2006) and/or increased activity of glycogen
phosphorylase and glucose -6- phosphatase (Ahmaed ez 4l
2006) in diabetic subjects. The depressed hepatic glycogen
levels were elevated in diabetic rats treated with the aqueous
extract of H. indicum. There is likelihood that the extract
contains bioactive principles that may promote the conversion
of the inactive form of glycogen synthetase to the active form
and the conversion of the active form of glycogen
phosphorylase to its inactive form or inhibition of glucose -6-
phosphatase. Any of these effects will enhance conversion of
blood glucose into glycogen.

In diabetes mellitus, the composition and amount of the
different lipoprotein particles are altered as a result of the
hyperglycaemia induced-dyslipidacmia. The key features of this
dyslipidaemia are the elevated levels of cholesterol and
triacylglycerols, the reduced levels of HDL cholesterol, and the
increased number of LDL particles (ADA, 2009). In addition
to the glucose lowering activities of aqueous extract of H.
indicum, the extracts also ameliorates dyslipidemia observed in
diabetic rats. Many phytochemicals such as phenols, tannins,
saponins and alkaloids have been implicated in the
antidyslipidemic effects elicited by plant extracts by virtue of
their proven antioxidant properties (Aly ez al, 2010), or
through demonstrated insulin-like effect (Khushbaktova ez 4L,
2001).

Saponin, which is one of the major constituents of F.
indicum, is known to elicit serum cholesterol lowering activity
and may be classified as a direct antidyslipidemic agent, in
contrast  indirect antidyslipidemic ~ agents like the
sulphonylureas that act through the stimulation of pancreatic
beta cells increase insulin release (Abdel-Hassam et /., 2000;
Chang-Yong ez al,,2010). This is more so because saponins are
known for their detergent properties; they have the possibility
of forming micelles with lipids and can interact with cholesterol
to form soluble complexes (Mitra ez 4/, 2000).

The elevated cardioprotective HDL-C concentration in
rats treated with the extract reflects afflux of cholesterol from
the tissues, the first step in reverse cholesterol transport from
the peripheral tissues to the liver. The antioxidant and
artherogenic activities of HDL-C are enhanced when its
circulating level is increased. Improved artherogenic index of
diabetic rats treated with the HILA extract is in line with the
finding of George ¢ al. (2012), who reported that aqueous
extract of H. indicum possesses stimulatory effects (comparable
to the stimulatory effect of acetylcholine) on the muscarinic
and nicotinic receptors. Muscarinic-receptor stimulation by
acetylcholine increases arterial flow (Steif ez al, 1989) and its
activity on the myocardium results in a negative ionotropic and
chonotropic effect that contributes immensely to reducing
blood pressure and total peripheral resistance. Therefore the
current study further gives basis for the traditional use of H.
indicum for treatment of not only diabetes, but also its
associated secondary complications such as dyslipidemia and
hypertension.

Conclusions

It can be concluded from the hereby study that
Heliotropium ~ indicum ~ does  not  only  possess
antihyperglycaemic potentials, for which it is prescribed by
TMPs, but also possess antidyslipidemic activities. The aqueous
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leaf extract of H. indicum can therefore be explored for the
management of diabetes and its associated complications.
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